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Preface·ahd1
• AcJc.nowledgments 

ON MAY 23, 1CJ77, President Carter stated in his Environmental Message to 
the Congress: 

Environmental problems do r.ot stop a\ national boundaries. In the past 
decade, we and other nations ~:we comc1 to recognize the urgency of 
international efforts to pror.ect our common .environment. 

As part of this process., I am directing the Council on Environmental 
Quality and the Department of State, working in cooperation with the 
Environmental Protection l\gency, the Natio1'al Science Foundation, the 
National Oceanic and Atmci.,!)heric Administr.ttion, and other appropriate 
agencies, to make a one-yeiir study of the probable changes in the world's 
population, natural resouro!s, anrl envi:'cra.ment through the end of the 
century. This study will ·.serve as the foundation of our longer-term 
planning. 

Entering the Twenty-first Century is the interagency report prepared by 
the Global 2000 Study in response to President Carter's directive. The 
rtport comprises three volu.mes: (1) an interpretive report that summarizes 
thefindings in nontechnical 'enns, (2) this technical report, which preS#'nts 
the projections and related :malyses in greater detail, and (3) a volum::: of 
basic documentation on the models used in this Study. 

The Study was supervised by an ~xecutive group cochaircd originally by 
Charles Warren, Chainnan of the Council on Environmenla.J Quality, and 
Patsy Mmk, Assistant Secretary of State for Oceans and International 
Bnviro17mental and Sdentific Affairs. During the course of the study Mr. 
Warren was succeeded by Mr. Gus Speth, and Mrs. Mink by Mr. Thomas 
Pickering. The other executive group members and participating agencies 
are as follows: 

ALVIN ALM (later C. WILLIAM 
FISCHER) 

Assistant Secretary for Policy 
Department of Energy 
RICHARD C. ATKINSON 
Director 
National Science Foundation 
BARBARA BLUM 
Deputy Administrator 
Environmental Protection Agency 
RUPc.RT CUTLER 
Assistruit Secretary for Natural Re

sources and Environment 
Department of Agriculture 
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JOAN DA VENPOf(i' 
Assistant Secretary for Energy and Min· 

erals 
p...,partment of' the Interior 

RICHARD A. FRANK 
Adininistral'or 

· National Oceanic and Atmor.pheric 
Administration 

Department of Comme11:e 

ROBERT A. FROSCH 
Administrator 
National Aeronautics and Space Admin

istration 



vi 

JOHN J. GILLIGAN (later DoUGLAS BEN· 
NET) 

Administrator 
Agency for International Development 
Department of State 

JAMES LIVEPMAN (later RUTH CLUSEN) 
Assistant Secretary for Environment 
Departme11t of Energy 

FRANK PRESS 
Director 
Office of Science and Technology Policy 
Executive Office of the President 

BARDYL R:-·TIRANA (later JOHN W. 
MACY) 

Director, Federal Emergency Manage. 
mentAgency 

STANSFIELD TURNER 
Director 
Central Intelligence Agency 

Each executive group member designated a member of his or her staff to 
be a point of coordination for the Study. The coordinators are as follows: 

WILLIAM ARON 
Director, Office of Ecology and Envi

ronmental Conservation 
National Oceanic and Atmospheric 

Administration 
Department of Commerce 

CARROLL BASTIAN (later ELINOR c. 
TERHUNE) 

Division of Policy Research and Analy
sis 

National Science Foundation 

LINDSEY GRANT (later WM. ALSTON 
HAYNE) 

Deputy Assistant Secretary for Environ-
ment and Population Affairs 

Department of State 

GoRDON LAW 
Science Advisor to the Secretary 
Department of tlie Interior 

CLIFFORD McLEAN 
Director, Program Analysis and Evalua

tion 
Federal Emergency Management Agency 

RICHARD MESERVE 
Office of Science and Technology Policy 
Executive Office of the President 

JAMES R. MORRISON (later PITT THOME) 
Director, Resource Observation Divi-

~ion 
National Aeron3lltics and Space Admin

. istration 

ROGER NAILL 
Office of Analytical Services 
Department of Energy 
ALICE PoPKIN (later LEWIS HUOHES 
Associate Administrator for Interna-

tional Activities 
Environmental Protection .Agency 
C. LEROY QUANCE 
Economics, Statistics, and Cooperatives 

Service · 
Department of Agriculture 
FRANK ROSSOMONDO 
Chief, Environment and Resource Anal

ysis Center 
Central Intelligence Agency 
PENNY SEVERNS (later JOHN WASIE· 

LEWSKI) 
Special Assistant to the Administrator 
Agency for International Development 
Department of State 
GEORGE SHEi>HERD (later PETER HouSE) 
Office of The Assistant Secretary for 

Environment 
Department of Energy 

LEE M. TALBOT (later lfA THERINE B. 
GILLMAN) 

Assistant to the Chairman for lntema
. tional and Scientific Affairs 

Council on Environmental Quality 
Executive Office of the President 



Study Plan and Focus 
President Carter's purpose in requesting this Study was to understand the 
long-term implications of present policies and programs and to establish a 
foundation for longer-range planning. Such a foundation cannot be estab
lished by merely publishing official projections. An assessment and a 
strengthening of the Government's current analytic capabilities is also 
needed. 

Accordingly, it was decided early that the Global 2000 Study should 
exercise and employ the "present foundation" to the fuUest extent possible. 
As a result the Study has been conducted almost exclusively with 
Government personnel and Government projection tools. Research and 
data from outside the Government were used only when needed capabilities 
and inforntation within the Government were not available. 

It was also decided that methodologies underlying the Study's projections 
should be carefully described. Therefore, Chapters 14 through 23 of this 
technical report contain an analysis--in relatively nontechnical terms-of 
every model and analytical tool used to project trends for this Study. 

Entering the Twenty-First Century builds upon the work of a number of 
important Government-sponsored organizations that preceded it, including: 

National Commission on Supplies and Shortages (1975) 
Advisory Committee on National Growth Policy Processes (1975) 
National Growth Reports Staff (1972) 
Commission on Population Growth and the American Future (1972) 
National Commission on MateriaJs Policy (1970) 
National Goals Research Staff (1%9) 
Public Land Law Review Commission ( 1965) 
President's Commission on National Goals (1960) 
Outdoor Recreation Resources Review Commission (1958) 
President's Materials Policy ("Paley") Commission (1951) 
National Resources Planning Board (1939) 

The work of thest organizations has contributed significantly to the 
Government's present foundation of tools for longer-range planning relating 
to· population, resources, and environment, and one of the Study's fll'St 
priorities was to review and assess the impact of this earlier work. The 
results of this historical review are summarized in Appendix A. 

Perhaps the most striking feature of this review is the very existence of a 
70-year record of Government concern with issues relating to population, 
resources, and environment-issues that are often thought of as r,, iw. There 
are, however, several genuinely nt!W features emerging in the most recent 
studies, interdependence being perhaps the most important. The early 
studies view population, resources, and environment primarily as unrelated 
short-term, national (regional, or even local) topics. On!y in the most recent 
studies does the interrelatednes~ of these three topics come increasingly 
into focus. 

The present Study is the first Government study to address all three 
topics from a relatively long-term, global perspective. It also attempts to 
emphasiz~ interconnections and feedback, but in this much remains to be 
done. 



The basic plan for the Global 2000 Study was to identify the long·tenn 
global models* currently used by Government agencies and to establish a 
set of unifonn assumptions so that these models and tools could be used by 
the agencies' projection experts as a single, internally consistent system. 
Since the models and tools used in this Study are the ones now employed 
by the agencies in their long-tenn global analyses, they reflect the present 
foundation for long-terrn planning. Collectively, therefore, ~hese models and 
tools can be thought of as the Government's present .. global model." 

The elements of the Government's global model were not, of course, 
designed to be used together as an integrated whole. The constituent 
models were developed separately and at different times to serve the 
various projection needs of individual agencies. As a result, there are certain 
inconsistencies in the Government's overall global model. These inconsist· 
encies and the individual constituent models are described and analyzed in 
Chapters 14 to 23. While some of the inconsistencies were eliminated 
during the Study, difficulties were encountered in linking the agencies' 
models together and in synthesizing the (irojections into a coherent whole. 

A group of outside experts (listed in the acknowledgments) met with the 
agency experts and the Study staff to assist in synthesizing the projections. 
This group had many criticisms. Some of the problems noted were 
corrected; others could not be. Excerpts from the criticisms are included in 
Appendix B. 

In spite of remaining weaknesses, the projections reported in Chapters I 
through 13 present an important and useful picture of the future. Assuming 
continued technological progress (but no departures from present public 
policy), the picture that emerges is one of only mode~t-if any-global 
increase in human welf~e. In fact, there is real risk that population growth 
and environmental degradation may lead to a significant decrease in welfare 
in parts of the world by 2000. (See appendix C for examples of this 
phenomenon already being observed.) Furthennore unless present efforts 
to meet human expectations and basic human needs are rriOdified between 
now and 2000, they may undennine biological capabilities to meet basic 
needs early in the 21st century. Finally. Chapter 31 suggests that the 
projections behind this picture would be still more sobering if it had been 
possible to correct the remaining inconsistencies in the analysis and to 
supply the missing linkages. 

The projections were developed assuming no change in public policy. t 
Clearly policy changes will be made, and these changes will have important 

• The agencies guided the selection of these models and tools. Emphasis ,was placed on 
models that are (1) long-term, (2) global, and (3) used. I 
t Exceptions to thii> rule wer made in the population projectiaas and the projections of 
energy impacts on the environment. The population projections assumed that countries 
that do not already do so will make family planning services available to an appreciable 
portion of their populations during the 1975-2000 period, and that countries with family 
planning programs now in operation will extend coverage, particularly in rural areas. The 
projections of energy impacts on the environment assume that all countries will have 
implemented U.S. new-source emission-standards by 1985 at all energy-conversion 
f1cilities. 
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effects on long-term trends. Equally clearly, improved tools are needed to 
analyze and evaluate alternative policies if optimal choices to be made. 

Since only one policy option-no policy change-was analyzed. the 
Study is not an adequate basis for detailed policy recommendations. 
Consequently, no detailed policy recommendations are made, but the 
chapters presenting the projections and those presenting the analysis of the 
projection tools (see the following table) unavoidably imply ways in which 
both the projections and the future might be improved. 

The Study plan also called for the examination of alternative methodolo
gies for projecting longer-term global trends on an integrated basis. Since 
the early 1970s, when the Club of Rome sponsored the first global model to 
examine longer-term trends involving population, resources and the environ
ment, there have been several private-sector ·attempts to develop internally 
consistent global models from a variety of differing perspectives. At least 
five global models now exist. Chapters 24 to 31 exa.Jl'jne these models and 
compare their results and structures with the Government's global model. 
Most of the non-Government global models contain many more feedback 
link.age~ than it has been possible to achieve in this Study with the agencies' 
models. Chapter 31 describes the results of experiments in which feedback 
linkages in two global models were cut to make these two models more 
closely resemble the linkages achieved by this Study among the agencies' 
models. Projections from these two global models are distinctly more 
optimistic when the feedback linkages are missing (as they are in the 
Government's global model) than when the linkages are present. 

Finally, it should be stated· that this is the first time the Government has 
attempted such a broad study, and difficulties in interagency coordination 
of analyses and assumptions were encountered on an enormous scale. 
Resolving of the inconsistencies received the first priority of attention, and, 
in spite of time extensions, other important (but less urgent) objectives thus 
proved to be unattainable. For example, there is an unevenness in style in 
the chapters of this volume. There is no indication of the uncertainty 
associated with most of the numbers reported, and in several places results 
are reported as, for example, "3.745816352," when what is really meant is 
"4, plus or minus 50 percent." It was intended originally to use metric 
units throughout followed by values in other units in parentheses; instead, 
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the report contains a mixture of metric and other units. (To help the reader 
with the units problem, Appendix D provides an extensive set of conversion 
tables.) A consistent grouping of countries by region, with individual detail 
provided for a small set of representative countries, was desired, but 
cuITent methodological differences underlying the agencies' projections 
made this impossible. In the time available, problems of this sort were 
simply unavoidable. 
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1 Introduction to the Projections 

The President's 1'177 Environmental Message 
required the Global 2000 Study to develop projec
tions of trends in population, resources, and the 
environment for the entire world through the year 
2000. There is nothing uniquely significant about 
the year 2000, however, and the projections 
reported in this volume are not intended to be 
precise estimates for partkular years. They are, 
instead, broadly indicative of the direction in 
which major trends po~;·it. 

Similarly, it must be stressed th;1t the results of 
this study are projections, not forecasts. Forecasts 
are attempts to predict the future, which, of 
course, is influenced by public-policy decisions. 
In contrast, this study projects foreseeable trends 
under tire assumption that present policies and 
policy trends continue without major change.* In 
a sense, the projections are intended to be self
defeating, it: that the basic purpose of the Presi
dent's directive was to establish a foundation for 
longer-term planning-which in tum should lead 
to policy changes aimed at altering the projected 
trends. 

A considerable amount of longer-range analysi.; 
and planning was already being conducted l i 
various federal agencies prior to this study, but 
usually only in response to the planning require
ments of the agencies' individual areas of respon
sibility. As a result, most longer-term government 
projections tend to focus on a single factor, 
directly relevant to the sponsoring agency's area 
of responsibility (for example .• food or population), 
without adequate considerntion of the interrela
tions and feedbar.k involved in a world system in 
which population, resources, and the environment 
are all interacting variables. 

As the President's directive establishing this 
study makes clear, however, the time has passed 
when population (or energy, or food, or clean air, 
or public health, or employment) can be consid
ered in isolation. In establishing a foundation for 
longer-range analysis and planning, ways must be 
found to better understand the linkages and inter
actions among these important elements of the 
world system. 

•As discussed in Chapter 14 and summarized in Table 14-2, 
some policy changes were nevertheless assumed in devel
oping the projections. 

'fhe Study PIRn 
The approach used in the Global 2000 Study 

was relatively simple. Each of the participating 
agencies was asked to make projections using the 
projeci:ion tools it currently employs in making 
long-term projections.• The assignments were as 
follows: 

Population: 

GNP: 

Climate: 

Technology: 

Bureau of the Census and 
Agency for International 
Development. 

Global 2000 Study staff, 
with assistance from the 
Agency for International 
Development, Central 
Intelligence Agency, and 
World Bank. 
National Oceanic and 
Atmospheric 
Administration, 
Department of Agriculture, 
National Defense 
University, and Central 
Intelligence Agency. 

The Global 2000 Study 
staff, with assistance from 
participating agencies. 

• Emphasis was placed on models that are (I) global, (2) 
long-term, and (3) used. The government has large numbers 
of other models. some of which include more fc:edback and 
interactions than the models used in this Study. The models 
chosen. however. are the global, long-term models most 
often used by the agencies in their long-term planning and 
analysis. Broad surveys that include other gov¢rnment 
models are provided in A Guide to Models i11 Go1·enmen1al 
Planning and Operations, Office of Research and Develop
ment, Environmental Protection Age~cy. Washington, D.C .. 
Aug. 197,t, and in G. Fromm. W. L. Hamilton. and D. E. 
Hamilton, Federally Supported Matlwmatical Models: Sur· 
vey and Analysis, National Science Foundation, Washing
ton. D.C .. June 1974. A discussion of the evolving role of 
models in government is provided by M. Greenberger, M. 
A. Crenson. and B. L. Crissey in their Models in the Policv 
Process, Russell Sage Foundation. New York. l'H6, and i~ 
Congressionai Research Service. Computer Simulation 
Methods to Aid National Growth Policy, prepared for the 
Subcommittee on Fisheries and Wildlife Conservation and 
the Environment, U.S. House of Representatives, Washing
ton: Governmenl Printing Office, 1975. 



4 THE PROJECTIONS 

Food: 
. Fisheries: . 

Forestryi 

Water: 

Fuel M.inerats: 

. Noiifuel Minerals: 

Energy: 
Environment: 

Department of Agriculture. 
National Oceanic and 
Atmospheric 
Administration and outside 
consultants. 
Central Intelligence 
Agency, with assistance 
from the Department of 
Agriculture, Department of 
State, and Agency for 
International Development. 
Department of the Interior, 
with assistance from 
outsidt:. consultants. 
Department of Energy, 
with assistance from the 
Bureau of Mines and the 
Geological Survey. 
The Global 2000 Study 
staff, with assistance from 
the Department of the 
Interior and outside 
consultants. 
Department of Energy. 
The Global 2000 Study 
staff, with assistance from 
the Environmentai 
Protection Agency, Agency 
for 111temational 
Development, and outside 
consultants. 

This approach has had both advantages and 
disadvantages. It was a distinct advantage to be 
able to move ahead quickly, using previously 
developed tools. It was also an advantage to be 
able to test and evaluate the existing long-term 
analytical capabilities of the government. It was a 
disadvantage to use projection tools that do not 
!end the.mselves easily to the analysis of the many 
mte.ract1ons among population, resources, and 
environment. It was also a disadvantage that these 
analytical tools require that the projections be 
undertaken sequentially. This last point needs 
explanation. 

Future environmental trends depend in large 
measure on demands for resources (minerals, 
energy, food, water, etc.); therefore, the environ
me~tal trends cannot be projected and assessed 
until relevant resource projections have been 
C!}mp!eted. However, the demand for resources 
depends on the number of people and their 
income, as well as on policy, climate, and tech
nology. In the real world (and in more interactive 
models) all of these variables evolve and interact 
continuously, but with the government's present 

tools, the projections must be made independently 
and sequentially . 

The sequential approach used in this study is 
illustrated in Figure 1-1. The first step is the 
establishment of policy assumptions (assumed 
constant in this study), followed by projections of 
population, GNP, technology, and climate. These 
assumptions and projections are necessary inputs 
to the resource projections in the second step. 
The resource projections, in tum, are needed for 
the environmental analysis. It is only through this 
sequential process that a measure of self -<:onsist
ency, coherence, and interrelationship is obtaina
ble with present government projection tools. 

Many important linkages, however, cannot be 
established by this sequential process. In particu
lar, the population and GNP projections that are 
made in the first step are based largely on 
extrapolations of past trends and are uninformed 
by interactive feedback from the resource and 
environmental proj1:ctions. The resoun.e and en
vironmental analyses, however, project develop
ments that may significantly influence GNP and 
population trr.mls. 

The Proj~tions 
The agency experts wer~ asked to produce a 

first draft of their projecticns in just six weeks, at 
which time they, the Global WOO Study staff, and 
a small group of 01jtside c:xperts,* met for a 
weekend synthesis meeting. The purpose of the 
meeting was to imrrove the consistency of the 
projections and to b!gin-at leas' subjectively-to 
consider the implirntions of the resource and 
environmental projections for the independently 
derived projections nf GNP and population. So 
unusual is this tv!)C of agency interactio11 that 
most of the agencies' long-term prcjection experts 
were until then not acquainted with each other. 

A certain amount of difficulty was expected in 
this preliminary meeting, and, in fact, many 
inconsistencies were revealed. The experts then 
decided collectively how best to adjust and modify 
the projections to improve the internal consistency 
of the whole set. The final projections were 
prepared during the following two months. 

It must be made clear, therefore, that the 
projections reported in this study are based on the 

•Anne Carter, Brandeis University, Wallham, Mass.; Ni· 
cholas G. Carter, World Bank, Washinglon, D.C.; Anne 
Ehrlich, Stanford Uni\'ersity, Stanford, Calif.; Peler Hen
riot, Center of Concern, Washinglon, D.C.; Mihajlo Mesa
rovic, Case Western Reserve University, Cleveland, Ohio; 
Douglas Ross, The Conference Board, New York City; and 
Kenneth E. F. Wall, University of California, Davis. 
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Figure 1-1. The process of projecting trends. 

collective judgment of the agency experts who 
participated in the effort. To ensure internal 
consistency, several adjustments were required in 
individual agency projections. As a result, the 
projections may not agree completely with projec
tions previously published by the participating 
agencies. Since the manusclipt has not been 
subjected le formal interagency clearance proce
cedures, the agencies are not responsible for any 
errors in fact or judgment that may have occurred. 

One striking finding of this study is that, collec
tively, the executive agencies of the government 
are currently incapable of presenting the President 
with a mutually consistent set of projections of 
world trends in population, resources, and the 
environment. While the projections presented in 
the chapters that follow are probably the most 
internally consistent ever developed with the long
range, global models now used by :he agencies, 
they are still plagued with inadequacies and incon
sistencies. 

While the analyses are admittedly imperfect, 
they are still highly useful. This is the first time 
that an effort has been made to apply-collec
tively and consistently-the global, long-range 
models used by the government. Careful attention 

was given throughout to introducing as much 
feedback and interaction as possible. The resulting 
nrojections are certainly sufficient to indicate the 
general nature and direction of the trends. Fur
thermore, as discussed in Chapter 31, the inade
quacies and inconsistencies that remain genernlly 
tend to make the projections more optimistic than 
they would be if it had been possible to eliminate 
the inadequacies and inconsistencies. The projec
tions therefore establi~h a "best-case" analysis in 
that (given the assumptions of steady technologi
cal progress, but no public-policy changes) im
proved analysis b likely to assign more impor
tance-rather than less-to future problems of 
population, resources, and environment. 

Finally, analysis of the limitations and weak
nesses in the models now in use (see Chapters 14 
through 23) provides a basis for developing and 
introducing improved models. The issues are 
important. Population, resources, and environ
ment are long-term, giobal, highly interrelated 
issues, not likely to disappear without further 
attention. Improved methods of analysis are 
needed to better understand the future implica
tions of present decisions and policies. Given 
adquate coordination and the necessary resources, 
better models can be developed. 



2 ·Population Projections 

Population projections comprise one of the 
basic prerequisites for predicting and planning for 
future needs in such areas as food, energy, 
employment, community facilities, and sociaJ 
services. It would be ideal to have a single 
forecast of population on which there was generaJ 
agreement. However. since the factors influencing 
population trends-fertility, mortality, migration-
are not perfectly predictable, projections usuaJly 
represent indi viduaJ or collective judgments rhat 
differ greatly, even among experts. Indeed, there 
is often even disagreement about the data used as 
the base for projections. 

Because of these inherent difficulties, popula
tion estimates are presented in this chapter in 
terms cf an illustrative range, with a high and a 
low series, r~presenling the highest and lowest 
population counts that may reasonably be ex
pected to occur, and a medium series, represent
ing reasonable expectations, given existing trends 
and present knowledge of the underlying factors. 

Two sets of population projections are used in 
the Global 2000 Study: those made by the U.S. 
Bureau of the Census and those made by the 
Community and Family Study Center (CFSC) of 
the University of Chicago. 

It was decided to include the CFSC projections 
aJong with the Census projections in order to 
illustrate how such estimates are affected by 
differences in basic assumptions about such fac
tors as fertility rates. For instance, the Census 
Bureau's high, medium, and low projections of 
world population in the year 2000 are 14, 8, and 3 
percent higher, respectively, than the correspond
ing CFSC projections. 

Along with discrepancies between the base-year 
data used in the two sets of projections (popula
tion estimates, fertility rates and mortality rates 
for 1975), there are also significant differences in 
the way in which each group projected trends in 
fertility. Using a mathematicaJ model, the CFSC 
arrived at significantly more optimistic projections 
of fertility rates in the year 2000. Differences 
between the two methodologies will be discussed 
further in Chapter 16. 

The projections by both tne Bureau of the 
Census and the Community and Family Study 
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Center assume no migration; a finaJ section in this 
chapter discusses probable developments in mi
g:"S!ion and their possible effects on the projec
tions. 

The terms used in the tables and the discussions 
in this chapter are defined as follows: 

Crmlt• birth ratt•: The number of births per 
1,000 persons in one year (based on midyear 
population). 

Crude death ratt•: The number of deaths per 
1,000 persons in one year (based on midyear 
population). 

Grow1li ratt•: The annuaJ increase (or decrease) 
in the population resulting from a surplus of deficit 
of births over deaths and a surplus or deficit of 
migrants into or out of the country, expressed as 
a percentage of the base population.* 

R alt' of 1w11tral increase: The annual increase 
(or decrease) in the population resulting from a 
surplus or deficit of births over deaths, expressed 
as a percentage of the midyear population. The 
naturaJ increase of the populati.Jn does not include 
the migration of persons iilto or out of the 
country. 

Total fertility rate (TFRJ: The average number 
of children that would be born per woman if aJI 
women lived to the end of their childbearing years 
and bore children according to a given set of age
specific fertility rates. It is five times the sum of 
the age-specific fertility rates, divided by 1,000.t 

Bureau of the Census Projections 

The detailed Bureau of the Census projections 
are presented in Tables 2-10 through 2-14 at the 
end of this section. Tables 2-10 and 2-11 include 
estimates and projections for aJI three series (high, 
medium, and low) to provide an indication of the 

•Average annual growth rates are computed using the 
compound growth formula r = ln!P.JP,)/t. 
t Population projections usually employ total fertility rate as 
a unit of measure rather than crude birth rate. in order to 
avoid methodological difficulties pertaining to age composj.. 
tion, sex ratios, and interaction between fertility and mor
tality. 
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range covered by the projections and to serve as 
a basis for comparison with the corresponding 
CFSC projections. Tables 2-12, 2-13, and 2-14 

· show only the medium range projections of popu
lation growth rates, mortality rates, and birth 
rates. Table 2-1 summarizes the salient data from 
the Census estimates and project.ions. The map on 
the following page illustrates the population 
changes projected in the medium case. 

Assumptions 
Fertility Assumptions. The general assumptions 

that underlie the Census projections with regard 
to fertility are: 

I. Less developed countries will continue to 
make moderate progress in social and economic 
development during the 1975-2000 period. 

2. As less developed countries (LOCs) progress 
in sociaJ and economic development, the fertility 
level is expected to decline more or less continu
ously but with some temporary plateaus. 

3. Almost all countries that do not aJready do 
so will make family planning services available to 
an appreciable portion of the population during 
the 1975-2000 period, and countries with present 
family planning programs will extend coverage, 
particularly in rural areas. 

TABLE 2-1 

Bureau of Censm Estbnates and Projections, 
Medium Serles, Summary Data, 1975-2000 

(Population in hilU1ms) 

1975 World 
More developed regions 
Less developed regions 

1980 World 
More. developed regions 
Less developed regions 

1985 World 
More developed regions 
Less developed resions 

1990 World 
More developed regions 
Less developed regions 

1995 World 
More developed regions 
Less developed regions 

2000 World 
More developed regions 
Less developed regions 

Percent Annual 
Popula· of World Percent 

lion Pop. Growth• 

4.09 
1.13 28 
2.96 72 
4.47 1.78 
1.17 26 0.68 
3.30 74 2.18 
4.88 1.77 
1.21 25 0.70 
3.67 15 2.14 
5.34 1.78 
t.25 23 0.66 
4.09 77 2.14 
5.83 1.77 
1.29 22 0.59 
4.54 78 2.11 
6.35 1.70 
1.32 21 0.51 
5.03 79 2.02 

•Anllllll percent arowth ror the precedin1 5-year period. 

4. Knowledge and methods of family limitation 
will become better known and will be better used 
among populations that wish to reduce fertility. 
Expansion of family limitation practices will ex
pedite the process of fertility decline, and in 
countries where rapid social and economic prog
res!. and Mrong desires for smaller families coin
cide, fertility decline will be very rapid. 

In making projections for each country or 
region, the Census Bureau adopted fertility levels 
for the year 2000 that represented in their judg
ment the "most likely" level, which corresponds 
to the level for the medium series. Specific fertility 
levels were also assumed for the purpose of the 
high and low series. Considerntion was given to 
fertility assumptions made in existing projections 
prepared by national agencies or universities, 
based on the belief that demographers in the 
individual countries could be expected to have a 
special understanding of what are "reasonable" 
fertility levels to expect in the future of their own 
country. 

For the more developed countries the fertility 
assumptions in existing official national projec
tions were used with, in some instances, slight 
modification. The aggregates of Eastern and West
ern Europe were projected on the basis of fertility 
trends according to the U.N. medium series, with 
slight adjustment at the U.S. Bureau of the 
Census to take account of fertility data available 
since the U.N. projections were prepared. Forthe 
less developed countries the fertility assumptions 
were made on a judgmental basis by demogra
phers who have worked with the demographic 
and related socioeconomic data for the individual 
countries over extended time periods. Specifically, 
no mathematical model of fertility change was 
used. However, in setting the target fertility levels 
and paths off ertility decline for the less developed 
countries, the demographers took into considera
tion the following major factors: 

I. Current level off ertility. 
2. Recent trends in fertility. 
3. Current levels and recent trends in social and 

economic development. 
4. Current status and approximate past impact 

of family planning and public health programs. 
5. Government policy on population matters. 
6. Recent fertility trends in countries with 

similar cultural. social, and economic conditions 
and prospects. 

7. Expressed "desired" family size in the 
population. 

8. Fertility assumptions made by internationaJ 
agencies, such as the U.N. and the World Bank. 
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Furthermore. two general guidelines were 
adopted in setting the range of fertility levels in 
the year 2000. 

1. The higher the level of fertility at the base 
date, the wider the range of assumed fertility 
levels in the year 2f.)OO. 

2. The greater ti~e uncertainty about current 
fertility levels and current trends, the greater the 
range of assumed fertility levels in the year 2000. 

MtJrWlity Assumptions. Only one specific mor
tality trend was assumed for each projection, 
except for the People's Republic of China. Esti
mates for mortality in the base year of the 
projections and for the projection period through 
2000 are developed through the use of life table 
estimates. The life tables for the base year of the 
projections were usually compiled from 1:a variety 
of sources, including vital registration data on 
deaths by age and sex (adjusted at times for 
underregistration) and survey or census data on 
deaths by age and sex during the preceding year 
(after appropriate evaluation and adjustment if 
necessary), or by analyzing age distributions of 
the population at one or more points in time and 
applying a variety of demographic techniques such 
as stable population analysis and use of model life 
tables. In a few countries, such as Nigeria, where 
little reliable information is available, "guessti
mates" of the appropriate level of mortality and 
of the model life table pattern were made, always 
considering estimates that have been made by 
other institutions, such as the United Nations. 

Projection of mortality, using the base year as 
the starting point, was generally done in one of 
two ways: 

J. Either a target life expectancy at birth (and 
corresponding life table) was chosen for the year 
2000 with life expectancies for the intervening 
years obtained by assuming a .. reasonable pat
tern" of chanp.e of mortality; or 

2. The patt"m and degree of change in mortality 
from year to year was assumed with the eventual 
life expectancy in the year 2000 "falling out" of 
the process. 

In either case, consideration was alwa)·s given 
to the trends and levels shown in national projec
tions and in projections by international organiza
tions, and by considering the mortality trends in 
similar countriee in the region that have already 
experienced the relevant portion of the mortali~y 
transition. Targi;:t life expectancies for the year 
2000 were sometimes chosen, in fact, to be the 
same as those already achieved in "leading" 
countries, or previously assumed in national or 
U.N. projections. 

Total Population 

AJI three Bureau of the Census estimates and 
projections of total world population are summa
rized in Table 2-2. The medium series is consid
ered the population growth trend most likely to 
occur. The high af'd low series represent a 
"reasonable range" above and below the medium 
series. 

TABLE2-2 

Census Bureau World Estimates and ProjectJons 

· Medium. series 
High series 
Low series 

Medium series 
High series 
Low aerie& 

Population Size and Net Growth 

Total Population Net Growth 
· (Ml/lions) 1975 to 2000 

1975 

4,090· 
4,134 
4,043' 

. 6,351 
6,798 
5,922 

Crude Birth Rate 
(per 1.000) 

1975. 2000 

30.4 
32.0 
28.8 

25.6 
29.4 
21.9 

Millions 

2,261 
2,664 
1,879 

Vital Rates• 

Crude Death Rate 
(per 1,000) 

1975 2000 

12.3 
12.9 
tt.9 

9.l 
9.4 
8.9 

• Rides lllown for 2000 refer IO midyear 1999 IO midyear :zooo. 

Average 
Annual 
Growth 

Percent Rate 
(Percent) 

55 
64 
46 

1.8 
2.0 
1.5 

Rate ~f Netural Increase 
(Perce'.'lt) ,;.__ __ 

1975 2000 

t.8 
1.9 
1.7 

t.6 
2.0 
t.3 
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The medium series begins with a 1975 base 
population total of about 4.09 billion, a crude birt..'1 
rate of 30 per l,000, and a crude death rate of 12 
per 1,000. The series implies declines of 16 
percent in the crude birth rate and 26 percent in 
the crude death rate from 1975 to 2000, generating 
changes in the natural increase from 1.8 percent 
in 1975 to 1.6 percent in 2000. Net population 
growth during this whole 25-year period would 
add about 2.26 billion to the base population and 
produce an end-of-century world population total 
of about 6.35 billion. 

The high series of world population projections 
begins with a 1975 base population of 4.13 billion, 
and the low series with a 1975 h~e population of 
4.04 billion.* Using the !975 base populations 
and, alternately, the high and low series trends of 
1975-2000 vital rates, world population would 
increase in the high series by about 2.66 billion 
between 1975 and 2000 and would total about 6.8 
billion by the end of the century; in the low series, 
world population would increase by about 1.88 
billion between 1975 and 2000 P.nd would total 
about 5.92 billion by the end of L'le century. 

World population growth between 1950 and 
1975 is estimated at about 1.56 billion, reflecting 
an average growth rate of about 1.9 percent per 
year. The latter may be compared to the medium, 
high, and low projections for 1975 to 2000 as 
follows: 

1950 to 1975 estimates 
1975 to 2000 projections 

Medium series 
High series 
Low series 

Net Growth 
(billions) 

1.56 

2.26 
2.66 
1.88 

Average 
Annual 
Growth 

Rate 
(percent) 

1.9 

1.8 
2.0 
1.5 

The medium projection series suggests that the 
iJOpulation of the world may grow between 1975 
and 2000 at a slightly lower annual rate than that 
observed from 1950 to 1975. The high and low 
series present alternative increase rates for 1975 
to 2000. However, it should not be overlooked 
that irre!>pective of the medium, high, or low rates 
of growth during 1975 to 2000, all three projection 
series indicate a net addition to the world popula
tion total of an appreciably greater number of 

•Nearly all of the differences between the 1975 estimates of 
world population in the medium, high, and low series are 
due to the use of the following alternate 1975 population 
estimates for the People's Republic of China: medium 
series, 93' million: high series, 978 million; low series, 889 
million. 

people during the period 1975-2000 (1.88-2.26 
billion) than during the 1950-1975 period (1.56 
billion). 

Contrasts Between Morr? Developed and Less 
Developed Regions. There are characteristic de
mographic differences between the populations of 
the more developed and less developed regions of 
the world (Table 2-3). For example, the estimated 
crude birth rate for the less developer! reg.ions in 
1975 was more than double the estimated crude 
birth rate for the more developed regions; the 
estimated crude death rate for the less developed 
regions in 1975 was significantly higher than for 
the more developed regions; and the resulting rate 
of natural increase for the less developed regions 
in 1975 was two-thirds higher than for the more 
developed regions. These characteristic differ
ences are expected to persist into the future, as 
indicated by the projected vital rate differences 
for the year 2000. 

The medium series for the more developed 
regions begins with a 1975 base population total of 
about 1.13 billion, a crude birth rate of about 16 
per 1,000, and a crude death rate of about 9.6 per 
I ,000. The series implies a slight change in the 
crude birth rate, increasing from 16 in 1975 to a 
peak of 17 by 1985, and thereafter declining to 15 
by the year 2000, an increase in the crude death 
rate from 9.6 per 1,000 in 1975 to !0.4 per I ,000 in 
2000 and an average annual growth rate of 0.6 
percent. Net population growth during this entire 
25-year period would add about 0.19 billion to the 
base population and produce an end-of-century 
population figure of 1.32 billion for ihe more 
developed regions. 

The same 1975 base population estimate is used 
for the more developed regions in the high and 
low series as in the medium series. How.ever, 
alternately high and low trends in vital rates are 
utilized for 1975 to 2000. Thus, the population of 
the developed regions in the year 2000 might be 
as high as 1.38 billion or as low as 1.27 billion. 

The medium series for the less developed 
regions begins with a 1975 base population total of 
2.96 billion, a crude birth rate of about 36 per 
1,000, and a crude death rate of about 13 per 
I ,000. The series implies declines of 21 percent in 
the crude birth rate and 35 percent in the crude 
death rate during 1975 to 2000; these changes 
result in 1~tes of natural increase of 2.2 percent in 
1975 and 2.0 percent in 2000. Population growth 
during this 25-year period would add over 2 billion 
to the base population, producing an end-of-cen
tury population figure of about 5 billion for the 
less developed regions. 

\ .. (;, 
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TABLE ~3 

More Developed Regl0ns and Less Developed Reglom-Census Bureau Estimates and Projeetlom 

Population Size and Net Growth 

Total population Net Growth 
Average 
Annual 

(Mil/imrs) 197S to 2000 Growth 

197S 2000 Milllmu Perf'ent 
Rate 

(Perr·et11) 

More developed regions 
Medium series 1.131 1,323 192 17 0.6 
High series 1,131 1,377 246 22 0.8 
Low series 1.131 1,274 143 13 o.s 

Less developed regions 
Medium series 2,9S9 S,028 2,069 70 2.1'1 
High series 3,003 . S,420 2,417. 

· Low series 2,912 4,648 1,736 
80 2.4 
60 1.9 

Vital Rates• 
Crude Dinh Rate 

(per l,000) 

197S 2000 

M\>re developed regions 
Medium series 16.1 IS.2 
High series 16.1 17.4 
Low series l~.I 13.0 

Less developed regions 
Medium series 3S.9 28.4 
High series 38.0 32.4 
Low series 33.7 24.3 

• Rael tbown ror 2000 n:fcr to midyear 1999 tu midyear 2000. 

For the less developed regions, alternate high 
and low projections of population growth for the 
1975 to 2000 period result in total population 
growth during the period of as high as 2.42 billion 
or as low as I. 74 billion. 

Estimates of net population growth in the more 
developed and less developed regions between 
1950 and 1975 may be compared to the projections 
for 1975 to 2000, as follows: 

Average 

Net Growth Annual 

(billions) Growth 
Rate 

(pert't'lll) 

More developed regions 
19!10 to 197!1 0.27 I. I 
197S to 2000 

Medium series 0.19 0.6 
High series 0.2S 0.8 
Low series 0.14 o.s 

Less developed regions 
1950 to 1975 1.28 2.3 
197S to 2000 

Medium series 2.07 2.1 
Hild! series 2.42 2.4 
low series 1.74 1.9 

For the more developed regions, all three projec
tfon series in the present report indicate that 

Crude Death Rate 
(per 1,000) 

197S 2000 

9.6 10.4 
9.6 10.1 
9.6 I0.7 

13.4 8.7 
14. I 9.2 
12.8 8.4 

Rate of Natural Increase 
(Ptn·tnt) 

197!1 2000 

0.6 o.s 
0.6 0.7 
0.6 0.2 

2.2 2.0 
2.4 2.3 
2.1 1.6 

population growth from 1975 to the end of the 
century would be lower than was the case be
tween 1950 and 1975, in terms of both absolute 
increments and rates of growth. 

For the less developed regions, the medium 
projection series sugg~sts that the population may 
grow between 1975 and 2000 at a somewhat lower 
annual rate than that observed from 1950 to 1975. 
Regardless of the differences in the high, mediwn, 
and low series growth rates, however, all thn:e 
projections indicate a net addition to the popula
tion of the leas developed regions of an apprecia
bly greater number of people during the 197.>-2000 
period ( 1.74 to 2.42 billion) than during the 
preceding 25-year period (1.28 billion). 

The population of the less developed regions 
comprised about 72 percent of the world's popu
lation in 1975 and, according to the three proje,:
tion series, will constitute 78-80 percent of the 
world's population in the year 2000. This dramatic 
increase is hardly surprising when one considers 
that the less developed regions would account for 
nine-tenths of world population gruwih accordin,g 
to tile projections (see Fig. 2-1 for medium series 
projections). During the previous quarter century, 
less developed regions accounted for four-fifths of 
world population growth, and thereby increased 
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€#1 t.ea ~ Countries 

Grvwth From 1975-2000 
2.261 millan 

Unitlld Stat.s 3' 
Wntwn Europe 34 
Eamm Europe 22 

U.S.S.R. 55 
T.mperate 

So. America 
14 

+ 

Remainder No. Anwica, 
Australia and New Zealand 

12 

s!,~~Q 
53 

Fipre 2-1. Twenty-five years of world population growth, medium series. 

....... No. Anwlco. .. 
Avstrala and New Z9Clland 

50 
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their share of world population :·~ 1
:· o 66 percent in 

19.SO to 72 percent in 1975. 

Note: Hereafter, the tables and discussions of 
the Bureau of the Census projections will pertain 
only to the medium series of estimates and 
projections unless otherwise specified. 

Changes in Selected Vital Rates arid Tow/ 
Pop11le11io11. The data presented in this chapter 
refer to a projection period of 2" years, from 1975 
to 2000. In terms of fundamental demographic 
change, this is a relatively short time period. Any 
profound modification (barring major calamities) 
of world population growth trends, including reG
uisite changes in age composition, would require 
a much longer time to evolve. According t these 
prqjections, the population growth rates for the 
world as a whole and for the less developed 
regions in particular, will decline only slightly 
from 1975 to 2000, despite significant declines in 
fertility levels. 

For the less developed regions the projected 
rate of natural increase declines from 1975 to 2000 
by only 12 percent, despite a decline in the crude 
birth rate of 21 percent and a decline of 30 percent 
in the total fertility rate.• This projected decline 
of 12 percent notwithstanding, the resulting 
"lower" rate for 2000 of about 2.0 percent per 
year is still relatively high. For example, applied 
to the laJBer base population of 5.03 billion, it 
produces a much higher annual increment of total 
population in 2000 (99 million) than the 2.2 percent 
rate of natural increase pmduced in 1975 (67 
million). In fact, an annual rate of natural increase 
of 2 percent, if continued aft~r 2000, would double 
the population of the less developed regions in 
only 35 years. 

For the more developed regions of the world, 
the projections indicate a decline from 1975 to 
2000 of about one-fourth in the rate of natural 
increase, concurrently with a slight decline in the 
crude birth rate and a slight increase in the 
projected total fertility rate. However, the rate of 
natural increase for 2000 (about 0.5 percent per 
year) is quite low; it produces a lower annual 

•The difference between the 30 percent decline in the lotal 
ferti6ty rate and the 21 percent decline in the crude birth 
rate from 1975 to 2000 can be explained as follows. About 6 
percentage points of the difference is due to a larser 
proportion or women in the childbearing ages (15-49 years) 
in 2000 than in 1975. The rest or the difference is due to 
changes in the age patterns of fertility within the childbear
ing years. The difference between the 21 percent decline in 
the crude birth rate and the i2 percent decline in the rate of 
natural increase is due to the decrease in the crude death 
rate by a greater percentage than the decrease in the crude 
birth rate. 

increment in total population in 2000 than in 1975 
and, if continued after 2000, would require nearly 
140 years to cause the population of the more 
developed regions to double. 

Mcynr Regiofls. The medium series of estimates 
and projections of population growth for the 
world's major regions from 1975 to 2000 are 
shown in Table 2-4. 

Africa's population is characterized by high 
fertility and high mortality rates.-a population of 
about 0.81 billion in the year 2000, a net increase 
of 0.42 billion over 1975. This increase would 
reflect a more than doubling of Africa's population 
in only 25 years and represents the most rapid 
population growth rate projected for any major 
world region during the period 1975 to 2000. 

Moderately high crude birth c:ind death rates 
characterii.e the less developed c<:untrie' of the 
Asia and Oceania region. The projected popula
tion of these LOCs in 2000 is 3.63 billion, a net 
increase of 1.36 billion over 1975, or about 60 
percent of wodd population growth projected for 
this period. 

Fertility remains high in Latin America and 
crude death rates low. The projections indicate a 
total population of about 0.64 billion by the year 
2000, a 96 percent increase over 1975. Latin 
America's projected percent increase is the sec
ond highest for any major world region. 

The populations of the U.S.S.R. and Eastern 
Europe (including Albania and Yugoslavia) are 
characterized by relatively low fertility, mortality, 
and growth rates. The projections reveal a total 
population of 0.46 billi'ln by 2000, or an increase 
of 20 percent over 1975-the second lowest of any 
major world region. 

The industrialized North Americun countries, 
Western Europe, Japan, Australia, and New Zea
land have completed their "demographic transi
tion," and their populations are characterized by 
relatively low fertility, mortality, and growth rates. 
By the end of the century, their population will 
increase to about 0.81 billion, or 14 percent over 
1975, by far the lowest percent increase of any 
major world region. 

The percentage distribution of world population 
by major regions as estimated for 1975 and as 
projected in the medium ~eries for 2000 are shown 
in Table 2-5. 

The projections indicate that at the end of the 
century the less developed countries of Asia and 
Oceania will continue to have the highest percent
age of world population of any major region by 
far-about 57.2 percent in 2000, as compared with 
about 55.6 percent in 1975. Also, by 2000 Africa's 
and Latin America's percentages of world popu-
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TABLE 2-4 

• ~or Reglom-CensusBureau Estimatf.SandProjectlons 

Population Size and Net Growth 

Total Population Net Growth 
197S to 2000 

l,\verage 
Annual 
Growth 

(Millions) 

197S 2000 

Wortd 4;090 6,3SI 
Africa 399 814 
Asia and Oceania• 2,274 3,630 
Latin America 325 637 
U.S.S.R. and Eastern Europe 11 384 460 
North America, Western Europe,' Japan, 

Australia, and New 1.ealand 708 809 

Mfllions 

2,261 
416 

l,3S6 
312 
76 

IOI 

Percent 

SS 
104 
60 
96 
20 

14 

Rate 
(Percent) 

1.8 
2.9 
1.9 
2.7 
0.7 

o.s 
Vital Ratesd 

Crude Birth Rate Crude Death Rate 
Rate of Natural 

Increase 
(Perc"ent) (per 1,000) (per 1,000) 

197S 2000 197S 2000 197S 2000 

Worlrl 30.4 25.6 12.3 9.J 1.8 1.6 
Africa 46.7 38.S 19.0 11.3 2.8 2.7 
Asia and Oceania• 33.7 2S.9 13.0 8.7 2.1 1.7 
Latin America 37.2 28.7 8.9 S.7 2.8 2.3 
U.S.S.R. and Eastern Europe 11 17.7 l.S.9 9.7 10.S 0.8 o.s 
North America, Western Europe,' Japan, 

Australia, and New 1.ealand 14.8 14.S 9.6 w.s o.s 0.4 

•De•elopina coun1rit1 only, i.e .. ucludi111 Japan. Au11rall1, and New Zcll1nd. 
• Easlem F.urope includes Albania and Yu1a.ra•ia. 
• Wulem Europe as used here comprises all of Europe except l!ulem Europe, Albulia, and Yuaosliivla. Tbo U.S.S.R. Is also cxcluded. 
• Ralu shown for 2000 refer 10 midyear 1999 tu midyear 2000. 

TABLE 2-S 

Percent Distribution or World Popula&n by 
M~or Region, Census Bureau Medium Serles 

197S 2000 

Africa 9.8 12.8 
Asia and Oceania• SS.6 S7.2 
Latin America 7.9 10.0 
U.S.S.R. and Eastern Europe 11 9.4 7.3 
North America, Western Europe,' Japan, 

Australia, and New :ZCaland 17.3 12.7 

"l>e•elopir.11 counlrie~ only. I.e., eacludina Japan, Au11rllia. and New Zelland. 
'Easlern Europe includes Albanir. ind Y111osla•la. 
•Wesler!' Europe- as L1Sed hrre con.prises all of Europe ucepl Easlern Eur~. 
Albania. and Yugoslavia. The U.S.S.R. is aho ucluded. 

lation will increase significantly, while the percent
age of world population living in the U .S.S.R. and 
Eastern Europe will decline to about 7.3 percent, 
and the percentage living in the nonsocialist more 
developed countries of North America and We.I· 
em Europe, as well as in Japan, Australia, and 
New Zealand, will decrease to less than 13 
percent. 

15 Selected Countries. Estimates and projec
tions of populatfon growth from 1975 to 2000 for 
the 15 selected countries are pres~nted zn Table 
2-6. 

The largest population increases indicated are 
for India and the People's Republic of China, each 
adding about 0.4 billion inhabitants between 1975 
and 2000. The highest percentage increases, how
ever, are projected for Mexico, Nigeria, Pakistan, 
Brazil, and Bangladesh, each of which shows an 
increase of 100 percent or more. The lowest 
percentage increases are projected for the United 
States, Japan, anc! the U .S.S.R. In the year 2000 
the People's Republic of China would still be the 
world's most populous nation, comprising one
fifth of the world's population. The second most 
populous nation-India-would constitute about 
16 percent of the world's population. The 
U.S.S.R. and the United States would remain the 
third and fourth most populous nations with about 
S pr.rcent and 4 percent, respectively, and Japan, 
which in 1975 was the sixth most populous of the 
15 selected countries, would drop to 10th place 
with about 2 percent of the total world ~:>ulation. 
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TABLE 2-6 

. Poputathm Sile •. Net Growth, and Percent or World Population or 15 Selected Countries, 
Census Bureau Medium Series 

Total Population Net Growth, Average Percent of World 
(ml/11011s) 197S to 2000 Annual Population 

Country Growth 
191S 2000 Mll/fo11s Perc·ent Rate 197S 2000 

(Percent) 

People's Republic of China 93S 1.329 
India 618 I ,021 
Indonesia 135 226 
Bangladesh 79 IS9 
Pakistan 71 149 
Philippines 43 73 
Thailand 42 1S 
South Korea 37 51 
F.gypt 37 65 

. Nigeria 63 13S 
Brazil 109 226 
Mexico 60 131 
United States 214 248 
U.S.S.R. 254 309 
Japan 112 133 

Age Composition or the Population 
Broad Age Groups. The age composition of the 

world and of the more developed and less devel-
. aped regions in 1975 is summarized in Table 2-7 
(medium series). The more developed regions had 
significantly higher percentages of population in 
the 1.5-64 age group and in the age group 65 and 
over, and a far lower percentage of population in 
the 0-14 group. For the world as a whole, the 
percentages of population in the various broad age 
groups were closer to the age composition per
centages of the less developed regions, since over 
72 percent of the world's population lived in the 
less developed regions in 1975. 

TABLE 2-7 
Broad Age Groups, by More Developed Reglom 

and 
Less Developed Regions, 1975 and 2000 

(Cemus Bureau) 
(Populutfon in millions) 

World More Dev. Less Dev. 

1975: 
0-14 yrs I.SOS 37 281 2S l,~.24 42 
15-64 yrs 2,368 SB 731 6S 1,637 SS 

· 65 & over 217 s 119 10 98 3 
All ages 4,090 100 1,131 100 2,959 JOO 

2000: 
0-1.4 yrs 2,055 32 297 22 l,7S8 3S 
15-64 yrs 3,906 62 859 6S 3,047 61 
65 4 OVel 390 6 167 13 223 4 
All ages 6,351 100 1,323 100 S,028 100 

394 
402 
91 
79 
78 
30 
33 
20 
29 
72 

117 
71 
35 
54 
21 

42 1.4 22.9 :20.9 
6S 2.0 IS.I 16.1 
68 2.1 3.3 3.6 

100 2.8 1.9 2.S 
111 3.0 1.7 2.4 
71 2.2 1.0 1.2 
77 2.3. 1.0 1.2 
SS 1.7 0.9 0.9 
77. 2.3 0.9 1.0 

114 3.0 1.5 2.1 
108 2.9 2.7 3.6 
119 3.1 1.s 2.1 

16 0.6 S.2 3.9 
21 0.8 6.2 4.9 
19 0.7 2.7 2.1 

As projected to 2000, the age composition of 
the population of the world's more developed 
regions would still be significantly different from 
that of the less developed regions, as can be seen 
from Figure 2-2. The age composition of the less 
developed regior1s would still be very similar to 
that of the world as a whole, since 80 percent of 
the world's population would be living in these 
regions by 2000. 

In absolute figures, the 15-64 age group shows 
the largest projected increases from 1975 to 2000. 
The highest percentage increase over 1975, how
ever, is shown by the 65 and over group, and the 
lowest by the 0-14 group. 

For the five major world regions and the 15 
selected countries, Table 2-8 shows the percent 
distribution of population by age in 1975 and in 
2000 and the 1975-2000 percent increase in popu
lation by age. 

F1111ctio11lll Age Groups. Table 2-9 presents a 
summary of projected changes from 1975 to 2000 
in the population of certain functional age groups 
for the world, the more developed and less 
developed regions, the m"'jor regions, and 15 
selected countries. 

For the world as a v. !tole, the projected percent 
increases in the school-age populr,tion are lower 
than the projected percent increa:::s in total pop
ulations, but for Africa, Latin America, and many 
of the selected LDCs, the projected percent 
i~creases in school-age population are extreme!}' 
high. For the less developed regions as a whole, 
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TABLE 2~ 

Percent Distribution of Population, 1975 and 2000, and 1975-2000 Increase for Major Regions 
· · and Selected Coontries, Census Bureau Medium Series 

Percent Distribution of Percent Distribution , 
Total Population by Age in Percent Increase of Population by Total Population by As 

197S Age, 1975 ro 2000 2000 

0-14 15-64 65 0-14 15-64 65 All 0-14 15-64 65 
and over and over Ages and over 

Major regions 
Africa 44 S3 3 97 109 129 104 43 S4 3 
Asia and Oceania• 41 S6 3 29 78 125 60 32 63 s 
Latin America 42 . 54 4 73 112 124 96 38 58 4 
U.S.S.R. and Eastern 

Europeb 25 6S 10 10 19 49 20 23 6S 12 
North America. Western Eu· 

rope, c Japan, Australia, and 
New Zealand 25 64 11 IS 36 14 22 6S. 13 

S"'lected countries 
28 People's Republic of China 38 S8, 4 s 62 116 42 66 6 

India 40 S7 3 36 82 147 65 34 62 4 
Indonesia 43 SS 2 44 82 201 68 37 60 3 
Bangladesh 46 SI 3 79 .120 85 j 100 41 S6 3 
Pakistan 46 SI 3 84 133 124 111 40 S7 3 
Philippines 44 S3 3 30 102 119 91 34 62 4 
Thailand 43 S4 3 4S 99 13S 77 3S 61 4 
South Korea 3? S8 3 14 . 75 170 SS 28 66 6 
Egypt 41 S6 3 S4 91 136 77 lS 60 s 
Nigeria 45 S3 2 115 Ill 159 114 4S S2 3 
Brazil 43 54 3 88 119 167 108 39 S7 4 
Mexico 48 49 3 88 ISO 109 119 41 S6 3 
United States 26 64 10 0 19 40 16 21 66 13 
U.S.S.R. 26 6S 9 JI 20 59 21 23 65 12 
Japan 24 68 8 2 16 108 19 20 66 14 

•0evelopin1 countriea only. l.r., ncludlna Japan, Australia, and New Ze11land. 
•eutcm Europe includes Albania and Yu1oslavia. 
•Western Europe as used here comprise• aU of Europe ucept Easlem Europe. Albania, and Yugoslavia. The U.S.S.R. 11 al!IO ucluded. 

the projected net increase in the school-age popu- tional demands for training and employment. In 
lation amounts to 0.36 billion (a 48 percent in· more developed regions, the projected increment 
crease), an enonnous increment in tenns of main· amounts to only about 0.13 billion persons (an 
taining or improving the quality of education. By increase of 18 percent). 
comparison, in the more developed regions of the As may be expected, the growth patterns for 
world, where nearly full enmliment has already the female population in the reproductive ages will 
been achieved, th~ projected increment for the be similar to those of the working-age population. 
school-age group is only 8 million (an increase of Th1.:i;, the projected increase of females in the 
4 percent). i'eproductive ages in the less developed regions is 

The broad age group comprising persons 15-64 about 85 percent from 1975 to 2000, as compared 
years of age corresponds approximately to a with about 13 percent in the more developed 
country's working-age (or main working-age) pop- regions. Such rapid growth in the numbers of 
ulation. For the less developed regions, the pro· women in the fertile ages in the less developed 
jected 86 percent increase in this group is greater regions will ensure an increase in the absolute 
than the projected 70 percent increase in total number of births, even if fertility rates decline. 
population. Among the 15 selected countries, the The highest percentage lricreases are projected 
largest projected percentage increases are for for the age group 65 years and over in both less 
Mexico, Pakistan, Bangladesh. Brazil, and Ni- and more developed regions. Although the growth 
geria. While such a large growth in working-age of this group is particularly rapid in the less 
population repregents a beneficial increase in the developed regions (127 percent as shown in Table 
productive sector of the population, the net incre- 2-S), it constitutes only about 6 percent of total 
ment (about 1.41 billion persons) will create addi- 1975-2000 population increase for these regions. 



TABLE 2-9 

Changes in Functional Age Groups and Total Population, 1975-2000, for World, More Developed and 
Less Developed Regions, Major Regions, and Selected Countries, Census Bureau Medium Series 

Females of 
School-Age Working-Age Popu- Reproductive Age: Old-Age Population: Total Population: 

Population: 5-14 lation: 15--64 15-49 65 and over AU ages 

Millions Percent Millions Percent Millions Percent Millions Percent Millions Percent 

World 369 39 1,538 65 619 64 173 80 2,261 SS 
Mon: developed regions• 8 4 128 18 37 13 49 41 192 17 
Less developed regions 361 4S 1,410 86 582 85 125 127 2,069 70 

Major regions 
Africa 110 105 231 lOCJ 99 108 lS 129 416 104 a Asia and Oceania" 184 32 994 78 405 76 96 125 1,356 60 
Latin America 69 82 196 112 83 Ill 15 124 312 96 "a 

c 
U .S.S.R. and Eastern !:"' 

Europee 7 10 4S 19 14 14 18 49 76 20 ~ 
Northern America, Western 5 

Europe,4 Japan, Australia, z 
and New Zealand -I -I 70 15 19 II 29 36 JOI 14 "a 

Selected countries 9 
People's Republic of China 9 4 334 62 133 59 43 116 394 42 l'l'I 

India 61 39 286 82 114 80 27 147 402 6S Q 
Indonesia 18 52 61 82 26 79 s 200 91 68 0 z 
Bangladesh 20 93 4S 120 21 126 2 85 79 100 I'll 

Pakistan 19 96 49 133 21 138 2 124 78 Ill 
Philippines 4 30 23 102 10 96 2 119 30 71 
Thailand 6 so 23 99 10 98 2 135 33 77 
South Korea I 14 16 76 6 68 2 170 20 SS 
Egypt 6 60 19 91 8 89 2 136 29 77 
Nigeria 20 122 37 Ill 16 114 3 IS9 72 114 
Bnml 28 103 70 119 30 116 6 167 117 108 
Me:Uco 17 9S 44 ISO 19 146 2 108 71 119 
Hnited States -I -2 26 19 9 17 9 40 35 16 
U.S.S.R. s 10 34 20 II 16 13 59. S4 21 
Japan 1 4 12 16 0 0 9 108' 21 19 

•Includes Nonb America. Europe (includills !be U.S.S.lt.). Australia. New Zealand, Japan, tempende South "-b (i.e.. Arpnlina. Cbilc. Falkland Islands. and Uruauay). 
•Dnelopina tOLmlries only, i.e., escludins Jap1111, Auwalia, and New Zaland. 
•Eaotera Europe includes Albania and Yqosla'ria. 
•WCllem Europe as WICd bcrl! campises all ol Earope eiu:epe E.ulcm Europe. Albania. and Y...,...via. Tiie U.S.S.11. Is also cllduded. 

-'° 



20 THE PROJECTIONS 

In the more developed regions, however, the 
increase of about 41 percent in the size of the old
age group is especially significant, since it com
prises one-fourth of the total population increase 
for these regions. 

Summary 
The Bureau of Census projections• presented in 

Tables 2-10 through 2-14 can be summl\rized 
briefly as follows: 

World population totaled about 4.09 billion 
persons in I '1'15 and as projected in the Bureau of 
the Census medium series would increase by 
about 55 nercent and number about 6.35 billion in 
2000. This means that world population would 

•A more detailed presentation of the Census projections is 
provided in U.S. Department of Commerce Bureau of the 
Census. lll11stratfre Projecrions of World Pop11/ations 10 1he 
21sr Century, Washington: U.S. Government Printing Qf. 
fice. 1979. 

grow between 1975 and 2000 at a slightly lower 
annual rate than between 1950 and 1'1'15, but that 
an appreciably greater number of people would be 
added to the total world population during the 
1975-2000 period than during the former period. 
The less developed regions would account for 
nine-tenths of the world population growth be
tween 1975 and 2000. By 2000 these regions would 
comprise more than three-fourths of the world's 
population, reflecting notable projected population 
increases in Africa, Latin America, and the less 
developed countries of Asia and Oceania. As 
indicated in Table 2-1, the percentage of the 
world's population in the LDCs continues to 
increase, approaching 80 percent by 2000. The 
LDC growth rate declines from about 2.28 percent 
to 2.02 percent and by 2000 is the predominant 
influence in the world growth rate-which de
clines only slightly, from I. 78 percent in the 1975-
80 period to I. 70 percent in the 1995-2000 period. 

BUREAU OF THE CENSUS PROJECTIONS 
U.S. Bureau of the Census projections for total population, total fertility rates, 
population growth rates, crude death rates, and crude birth rates are presented in 
Tables 2-10 through 2-14. In each table: 

More de,•eloped regions comprise Northern America, temperate South America, 
Europe, U.S.S.R., Japan, Australia, and New 7.ealand. All other regions of 
the world are classified as less de,•eloped regions . 

. ,Asia and Oceania excludes Japan, Australia, and New Zealand. 
Eastern Europe includes Albania and Yugoslavia. 
Western Europe comprises all of Europe except Eastern Europe (including the 

U.S.S.R.), Albania, and Yugoslavia. 

TABLE2-10 

Census Bureau Projected Total Population ror World, MiUor Regions, and Selected Countries 
(/n thousands) 

197S 1980 1985 1990 199S 2000 

HIGH SERIES 
World 4,134,049 4,548,928 5,012,753 5,544,671 6,143,076 6,797.504 

More developed regions 1,130,989 l, 173,831 1,224,157 1,276,131 1,327,400 1,377,258 
Less developed regions 3,003,060 3,375,096 3,788,596 4,268,539 4,815,676 5,420,245 

Major Region' 
Africa 398,694 459,653 533,548 621,830 726,565 846,880 
Asia and Oceania 2,318,028 2,580,123 2.861,277 3,185,185 3,SSl,394 3,951,198 
Latin America 325,085 377,073 438,796 509,969 589,698 677,904 
U.S.S.R. and Eastern 

Europe 384,336 402,262 422,289 441,660 460,433 479,518 
Northern America, Western 

Europe, Japan, Australia, 
and New Zealand 707 ,9()1) 729,817 7S6,842 786,028 814,987 842,003 

Selected Countries and Regions 
People's Republic of China 977,862 1.071,378 1,150,998 1,241,497 1,347,876 1,467,860 
India 618,470 694,190 786,222 893,586 1,012,941 1,141,900 
Indonesia 134,988 IS0,467 168,155 188,290 210,993 135,720 
BanaJadesh 79,411 92,319 107,565 125,171 144,862 166,185 
Pald!ltan 70,974 83,261 98,078 115,339 134,777 l.~6.083 

6/; 
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TABLE 2-10 (Cont.) 
(In 1housands) 

1975 1980 1985 1990 1995 2000 

HIGH SERIES {cont.) 
Philippines 43,029 49,063 55,S45 62,697 70,771 79,773 
Thailand 42,473 41l.43S 55,168 62,805 71,354 80,806 
South Korea 36:895 40,946 45,501 50,663 56,087 61,535 
Egypt 36,859 42,122 48,250 S5,162 62,6S8 70,534 
Nigeria 62,925 72,473 84,271 98,722 116,159 136,934 
Brazil 108,882 128,235 151,309 177.977 207,995 241,436 
Mexico 60,188 72,214 86,468 103,006 121,618 142,022 
United States 213,540 222,395 234,841 248,034 2S9,823 270,174 
U.S.S.R. 254,393 267,577 282,384 296,415 309,SSI 322,787 
Japan ll 1,S66 117,076 122,169 126,768 131,102 13S,300 
Eastern Europe 129,943 134,685 139,905 14S,24S 150,882 1S6,731 
Western Europe 343,517 348,908 35S,6IO 364,tn 374,386 384,331 

MEDIUM SERIES 
World 4,090,133 4,470,380 4,884,743 5,340,419 5,833,887 6,351,070 

More Jeveloped regions 1,130,989 1,169,863 1,211,772 1,252,233 1,289,712 1,322,824 
Less developed regions 2,959,143 3,300,516 3,672,971 4,088,186 4,544,175 S,028,246 

Major Regions 
Africa 398,694 458,861 530,567 613,894 708,896 814,272 
Asia and Oceania 2,274,471 2,508,490 2,7S4,50S 3,02S,189 3,320,192 3,630,195 
Latin America 324,725 374,774 432,486 496,624 565,431 636,937 
U.S.S.R. and Eastern 

Europe 384,336 400,789 418,080 433,672 447,658 460,471 
Northern America, Western 

Europe, Japan, Australia, 
and New Zealand 707,906 727,466 749,105 771,041 791,710 800,195 

Selected Countries and Regions 
People's Republic of China 934,626 1,007,858 1,075,999 1,151,665 1,237,029 1,328,645 
India 618,471 689,545 764,IS7 843,643 929,102 1,020,917 
Indonesia 134,988 150,246 167,005 185,375 205,425 226,388 
Bangladesh 79,411 92,186 106,892 123,202 140,666 158,724 
Pakistan 70,974 83,145 97,S12 113,754 131,296 149.~ 
Philippines 42,8!0 48,181 53,6S7 59,526 66,064 73,229 
Thailand 42,420 48,JOI 54,307 61,0SI 68,056 75,238 
South Korea 36,846 40,604 44,561 48,721 52,902 56,983 
Egypt 36,859 42,046 47,739 .53,648 .59,477 65,380 
Nigeria 62,925 72,469 84,21.S 98,439 115,261 134,680 
Brazil 108,797 127,825 149,762 173,723 199,110 225,897 
Mexico .59,913 71,136 84,016 98,555 114,4.SO 131,320 
United States 213,540 220,497 228,912 237,028 243,581 248,372 
u.s.s.R. 2.54,393 266,304 278,973 290,235 300,020 308,8:l3 
Japan 111,.566 116,962 121,741 125.870 129,574 132,95' 
Eastern Europe 129,943 134,485 139,107 143,437 147,638 1.51,.578 
Western Europe 343,517 348,133 3.54,878 362,306 370,702 378,222 

LOW SERIES 
World 4,043,444 4,384,420 4,753,612 5,140,162 5,533,442 S,921,74.S 

More developed regions 1,130,989 1,166,263 1,200,970 1,231,408 1,256,351 1,274,174 
Less developed regions 2,912,455 3,218,157 3,552,642 3,908,754 4,277,091 4,647,.571 

Major Regions 
Africa 398,694 457,621 525,247 599,.530 677,723 758,842 
Asia and Oceania 2,228,443 2,431,561 2,650,767 2,882,418 3,121,231 3,3.59,002 
Latin America 324,064 370,543 421,024 473,826 527,467 .580,9.58 
U .S.S.R. and Eastern 

Europe 384,336 399,321 413,884 42.5,712 4:!4.9.SS 441,680 
Northern America, Western 

Europe, Japan, Australia, 
and New Zealand 707,906 725,374 742,689 758,677 772,066 781,174 

Selected Countries and Regions 
People's Republic of China 889,0IS 937,9.SS 991,58!. l,OS0,!502 1,113,447 l,17',761 
India 618,471 686,790 7.57,233 827,960 l!S9,438 974,282 

c. '~ ::,) . 
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TABLE 2-10 (Cont.) 
(In thousands) 

197.s· 1980 1985 1990 199.'I 2000 

LOW SERIES (cont.) 
Indonesia 134,988 149,831 164,983 180,321 195,349 209,125 
Bangladesh 79,4lt 91,993 105,995 120,959 136,299 151,136 
Pakistan 70,974 83,075 97,169 112,735 128,852 144,181 
Philippines 42,630 47,462 52,031 56,682 61,635 66,786 
Thailand 42,352 47,813 53,349 58,824 64,219 69,384 
South Korea ·36,677 39,990 43,372 46,918 50,390 53,550 
Egypt 36,859 41,918 46,772 51,067 54,909 .58,803 
Nigeria 62,925 72,437 83,907 97,313 112,397 128,749 
Brazil 108,524 126,508 146,.582 168,100 190,688 213,838 
Mexico 59,526 68,800 78,432 88,664 99,451 110,595 
United States 213,540 219,078 224,962 229,919 233,078 234,328 
U.S.S.R. 254,393 26.5,031 27.5,.563 284,0.56 290,495 295,11.5 
Japan 111,.566 116,733 120,884 124,141 126,796 128,891 
Eastern Europe 129,943 134,290 138,321 141,6.56 144,460 146,.565 
Western Europe 343,517 348,457 353,916 359,983 366,132 370,788 

TABLE 2-11 

Census Bureau Projected Total Fertllity Rate• for World, Ml\)or Regions, 
and Selected Countries 

197.5 1980 1985 1990 1995 2000 

HIGH SERIES 
World 4.5299 4.2163 4.0892 4.0.523 4.0037 3.9189 

More developed regions 2.1505 2.3184 2.4060 2.4700 2.5408 2.608o 
Less developed regions 5.5202 4.9494 4.6814 4.5493 4.4103 4.2417 

Major Regions 
Africa 6.3847 6.3826 6.3315 6.2211 6.0155 5.6424 
Asia and Oceania 5.350I 4.6174 4.2917 4.1600 4.017.5 3.8829 
Latin America .5.3992 .5.2939 5.1726 4.9912 4.7436 4.4952 
U.S.S.R. and Eastern 

Europe 2.3687 2.4887 2.5284 2 • .5642 2.6178 2.6719 
Northern America, Western 

Europe, Japan, Australia, 
and New Zealand 1.9703 2.1702 2.2987 2.3832 2.4577 2.5328 

Selected Countries and Regions 
People's Republic of China 5.1710 3.6.56.5 3.0870 3.07.SO 3.0750 3.07.SO 
India .S.3000 5.2099 5.17SO 5.0500 4.8000 4 • .5000 
Indonesia 5.3235 4.880.S 4.6495 4.4490 4.2495 4.0000 
Bangladesh 6.9999 6.8500 6 • .S.SOO 6.1000 5.5600 .S.0000 
Pakistan 6.9000 6.6100 6.2700 .S.8900 5.4.SOO .S.0000 
Philippines 5.399.S 4.900.S 4.4.505 4.1000 3.8995 3.799.S 
Thailand 5.167.S 4.700.S 4.4000 4.2005 4.0000 3.9000 
South Korea 3.92.SI 3.4000 3.2250 3.1249 3.1100 3.1000 
Egypt .S.8190 .S.8.500 5.7000 5.4700 5.1000 4.6001 
Nlaeria 6.6999 6.7000 6.7000 6.6749 6.5499 6.3750 
Brazil .S.7800 5.1255 5.6150 5.5155 .S.300.S 5.0000 
Mexico 6.700.S 6.46IO 6.1600 .5.7200 .S.2600 4.7000 
United Slates 1.7705 2.2160 2.478.S 2.6335 2.6890 2.6965 
U.S.S.R. 2.4055 2.5390 2 • .5690 2.6000 2.6305 2.6610 
Japan J.924.S 2.1122 2.3000 2.3000 2.3000 2.3000 
Eastern Europe 2.2699 2.3520 2.4340 2 • .5160 2.5980 2.6800 
Western Europe 2.0219 2.0830 2.1540 2.2520 2.3380 2.4199 

MEDIUM SERIES 
World 4.2654 3.8.571 3.6692 ~.54.56 3.4389 3.3098 

More developed regions 2.1481 2.1714 2.1891 2.t921 2.2120 2.2272 
Less developed regions 5.1473 4 . .SO.SI 4.1862 3.91''83 3.7789 3 • .577.S 

• n. IOU.I 1111lllly 1111e In a 11- ,._ bMlcally repr11en11 the aYtl'llP munber of children ear;b woman would have over her utetlmc, u1umlns the 1111·1pcc:Ule 
"'1lllry nlel ror lilll , .... ..,iled 10 her lifctlme. 
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TABLE 2-11 (Cont.) 

1975 1980 1985 1990 1995 2000 

MEDIUM SERIES (cont.) 

Major Regions 
Africa 6.3524 6.2884 6.1263 5.8446 5.4979 5.0156 
Asia and Oceania 4.8865 4.0835 3.7307. 3.5315 3.3713 3.2238 
Latin America 5.2679 5.0546 4.7661 4.4427 4.0520 3.6391 
U.S.S.R. and Eastern Eu· 

rope 2.3694 2.3513 2.3230 2.2920 2.2783 2.2659 
Northern America, Western 

Europe, Japan, Australi.:., 
and New Zealand t.9697 2.017S 2.0748 2.IOSJ 2.1430 2.1751 

Selected Countries and Regions 
People's Republic of China 4.1280 2.8590 2.5690 2.5620 2.5620 2.5620 
India 5.3000 4.6150 4.1749 3.8750 3.6500 3.4999 
Indonesia 5.3235 4.7700 4.4205 4.1100 3.8400 3.5000 
Bangladesh 6.9999 6.7400 6.2700 5.5900 4.9200 4.2500 
Paki!>tan 6.9000 6.SJOO 6.0400 5.4999 4.87911 4.2500 
Philippines 5.0105 4.3500 3.8495 3.4495 3.3000 3.1995 
Thailand 5.0500 4.2500 3.9500 3.6000 3.3005 3.1000 
South Korea 3:/889 3.1199 2.7800 2.5499 2.5200 2.5000 
Egypt 5.8190 5.6500 5.2000 4.SSOO 3.9499 3.6000 
Nigeria 6.7000 6.6800 6.6499 6.5250 6.2750 5.9000 
Brazil 5.1255 5.6000 5.2155 4.9005 4.4000 3.9995 
Mexico 6.3600 5.9605 5.4805 5.0005 4.4800 4.0005 
United States 1.7705 1.8710 1.9940 2.0615 2.0900 2.0955 
U.S.S.R. 2.4055 2.3740 2.3455 2.3170 2.2865 2.2575 
Japan 1.9245 2.0622 2.2000 2.1667 2.1333 2.1000 
Eastern Europe 2.2699 2.2699 2.2699 2.2699 2.2699 2.2699 
Western Europe 2.0220 2.0520 2.0919 2.1340 2.1740 2.2070 

LOW SERIES 
World 3.9942 3.5261 3.3180 3.0877 2.9026 2.7546 

More developed regions 2.1473 2.0363 2.00SO 1.9429 1.9092 1.8694 
Less developed regions 4.7647 4.0967 3.7747 3.4449 3.1796 2.9761 

Major Regions 
Africa 6.3146 6:1381 5,1409 5.1969 4.5308 4.0436 
Asia and Oceania 4.4170 3.6382 3.3499 3.0668 2.8700 2.7163 
Latin America 5.1030 4.6033 4.0976 3.6399 3.2144 2.8949 
U.S.S.R. and Eastern Eu· 

rope 2.3696 2.2162 2.1196 2.0219 1.9429 1.8620 
Northern America, Western 

Europe, Japan, Australia, 
and New Zealand 1.9695 1.8774 1.8986 1.8653 1.8622 1.8559 

Selected Countries and Regions 
People's Republic of China 3.0830 2.0600 2.0SOO 2.0500 2.0500 2.0500 
India 5.3000 4.S2SO 3.9500 3.4250 3.1500 3.0000 
Indonesia 5.3235 4.5400 3.9995 3.4695 2.9700 2.4995 
Bangladesh 6.9999 6.5800 5.9200 5.1100 4.2999 3.5000 
Pakistan 6.9000 6.4500 5.9000 5.2300 4.4300 3.5000 
Philippines 4.1995 3.8995 3.2505 2.8500 2.6COO 2.5000 
Thailand 4.9000 4.0000 3.4000 3.0000 2.6500 2.4000 
South Korea 3.4099 2.6800 2.3200 2.1799 2.1300 2.1275 
Egypt 5.8190 5.3000 4.2001 3.2500 2.7500 2.6000 
Nigeria 6.6999 6.6500 6.4500 6.1300 5.5999 4.9999 
Brazil 5.5500 5.2000 4.8005 4.4000 3.9750 3.5000 
Mexico 5.9120 4.7600 4.0595 3.5695 3.2000 3.0000 
United States 1.7705 1.6070 1.6975 1.6940 1.6935 1.6935 
U.S.S.R. 2.4055 2.2120 2.1230 2.0335 1.9440 1.8540 
Japan 1.9245 1.9622 2.0000 t.9333 1.8667 1.8000 
Eastern Europe 2.2700 2.1900 2.1100 2.0300 1.9499 1.8700 
Western Europe 2.0219 2.0039 2.0260 1.9850 1.9750 1.9590 
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fABLE 2-12 

· Cen5us Biirft.u Projected Av~ Annual Population Growth Rates for World, ~or' Regions, and 
· · Selected Countries (Medium Serles) 

1975 to 1980 1980 to 1985 1985 to 1990 1990 to 1995 1995 to 2000 

'World 1.8 
More developed regions 0.7 
Less developed regions 2.2 

Major Regions 
Africa 2.8 
Asia and Oceania 2.0 
Latin Ame:"i<"l 2.9 
U.S.S.R. and Eastern Europe 0.8 
Northern America, Western 

Europe, Japan, Australia, 
and New Zealand 0.5 

Selected Countries and Regions 
People's Republic of China 1.5 
India 2.2 
Indonesia 2.1 
Bangladesh 3.0 
Pakistan 3.2 
Philippines 2.4 
Thailand 2.5 
South Korea 1.9 
Egypt 2.6 
Nigeria 2.8 
Brazil 3.2 
Mexico 3.4 
United States 0.6 
U.S.S.R. .0.9 
Japan 0.9 
Eastern Europe 0.7 
Western Europe 0.3 

Community and Family Study Center 
Projedions 

1.8 
0.7 
2.1 

2.9 
1.9 
2.9. 
0.8 

0.6 

1;3 
.2.1 
2.1 
3.0 
3.2 
2.2 
2.4 
u 
2.5 
3.0 
3.2 
3.3 
0.7 
0.9 
0.8 
0.7 
0.3 

The CFSC projections of population, fertility 
rates, death rates, and birth rates are shown in 
Tables 2-16 through 2-20 at the end of this 
section. 

Assumptions 
Fertility Assumptions. The CFSC projections 

rest on the condition that fertility has considerably 
more potential for change in population grnwth 
and hence is more important than the other two 
components of population growth-migration and 
mortality. The •'validity'' of the population projec
tions in this series depends then primarily upon 
asswnptions made concerning fertility. In the case 
of the CFSC prni~ctions, these assumptions rest 
upon a theoretic •. base somewhat different from 
that employed by the Census Bureau aud others. 
The basic premises underlying the CFSC argu-
ment are as follows: , 

1. Throughout the entire world, in developed 
and developing societies, the need to reduce the 

1.8 1.8 1.7 
0.7 0.6 0,5 
2.1 2.1 2.0 

Z.9 2.9 2.8 
1.9 1.9 1.8 
Z.8 2.6 2.4 
~.7 0.6 0.6 

J.ii 0.5 0.4 

1.4 1.4 1.4 
2.0 1.9 1.9 
2.1 2.1 1.9 
2.8 2.7 2.4 
3.1 2.9 2.6 
2.1 2.1 2.1 
2;3 2.2 2.0 
1.8 1.6 1.5 
2.3 2.1 1.9 
3.1 3.2 3.1 
3;0 2.7 2.5 
3.2 3.0 2.7 
0.7 0.5 0.4 
0.8 0.7 0.6 
0.7 0.6 0;5 
0.6 0.6 0.5 
0.4 0.5 0.4 

pace of population growth is being increasingly 
felt. This pressure is manifested both at the 
aggregate (governmental and policy) level and at 
the level of the family and the individual. Modern
ization is inherently inconsistent with high fertility, 
and high fertility is inherently inconsistent with 
most of the objectives and life goals sought by 
most peoples (literacy, health, a higher standard 
of living, better housing, basic luxury commodi
ties, physical comfort). Even in nations where this 
set of pressures has not been officially recognized, 
they are present and mounting in individual fami
lies. Environmental, economic, and social factors 
will increase this pressure substantially during the 
remainder of this century. 

2. The present pace of economic development 
and modernization will bring down fertility to the 
replacement level gradually through provision of 
facilities and gradual accumulation of knowledge 
and motivation. The pace will be somewhat faster 
than that followed by Europe and North America 
during the 19th and early 20th centuries because 
of improved communic:.>•i"ns and improved meth
ods of contraception. 
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T A..JJLE 2-13 

Census Bureau Estimated and Projected Crude Death Rates for World, Ma\lor Regions, and Selflded 
· Countries (Medium Serles) · 

Estimated Projected July I to June 30 
197.5 1979180 198418.5 1989/90 199419.5 199912000 

World 12.3 11.4 
More developed regions 9.6 9.9 
Less developed regions 13.4 ll.9 

Major Regions 
Africa 19.0 17.7 
Asia and Oceania 13.0 11.4 
Latin America 8.9 8.0 
U.S.S.R. and Eastern Europe 9.7 10.0 
Northern America, Western 

Europe. Japan, Australia, 
and New Zealand 9.6 9,8 

Selected Countries and Regions 
People's Republic of China 9.8 8.3 
India 14.4 12.7 
lnJoncsia 18.2 16.1 
Bal18ladesh 18.2 16.8 
Pakistan 13.6 11.7 
Philippines 10.1 9.3 
Thailand 9.9. 9.S 
South Korea 6.2 .5.8 
Egypt 12 • .5 11.9 
Nigeria 22.0 20.4 
Brazil 8.3 7.3 
Mexico 7.2 6.7 
United States 8.9 9.3 
u.s.s.R. 9.3 9.7 
Japan 7.0 7.1 
Eastern Europe 10.4 10.7 
Western Europe 11.0 

3. The pace of fertility decline is directly 
influenced by family planning programs, organized 
on a national or regional basis to provide infor
mation, motivation, and contraceptive services. 
The larger the per capita investment, the more 
wholehearted the official support, and the greater 
the accessibility to the entire public of these 

:services, the more rapid will be the decline. 

ll.2 

.. 4. The pace of the decline of fertility will be 
that of a reverse S curve. When birth rates are 
high and family planning programs are in stages of 
establishment and gaining social acceptance, the 
pace will be slow. As birth rates sink to lov1er 
levels, the rate of decline will accelerate to a 
maximum when the crude birth rate is between 38 
and 20 per 1,000 women. In this interval, the pace 
may be very rapid. When the crude birth rate 
reaches the lower 20s, complete saturation of 
contraception is being approached. Only young 
people still starting families and a residue .:.f 
reactionary "late adopters'' wil1 remain to be 
convinced about the need for th · .. ly decline. The 
decline continues, but at a decelerating rate. 

10.6 10.l 9 • .5 9.1 
10.0 10.1 10.1 10.4 
10.8 10.0 9.4 8.7 

16.0 14.3 12.8 11.3 
10.4 9.7 9.2 8.7 
7.2 6.6 6.1 .5 ... 

·' 10.2 10.3 10.0 10 • .5 

10.0 10.1 10.2 10 • .5 

7.9 7.9 8.1 8.3 
11.1 10.I 9.2 8.4 
14.3 12.7 11.3 10.2 
1.5.4 14.2 13.1 12.1 
10.3 9.2 8.2 7.3 
8.4 7.4 6.4 6.1 
9.0 8.l 7.1 6.7 
.5.6 .5.4 .5.7 6.0 

11.0 9.9 9.0 8.3 
18.6 16.8 1.5.0 . 13.2 
6 • .5 6.(1 .5.7 .5.7 
6.1 .5.4 .5.0 4.8 
9.6 9.8 10.1 10.3 

10.0 10.2 10.l 10 • .5 
7.3 8.0 8.8 9.7 

10.6 10.4 10.0 10.4 
11.3 ll.2 10.8 II.I 

S. Those countries which now have no family 
planning programs may be expected to begin at 
least weak (partial) programs within the very near 
future. Nations that presently have weak or mod
erate family planning programs may be expected 
to strengthen them substantially. By the end of 
the century, every nation on earth may be ex
pected to have at least some kind of a substantial 
family planning effort (either public or private or 
both) and these programs may be expecti:.d to 
have a substantial impact in reducing fertility 
faster than otherwise would be the case. 

Table 2.-15 illustrates the impact on future birth 
rates of the far.tors identified above. The right
hand column of the table shows the estim&ted 
annual decline in crude birth rate that may be 
expected in the future on the b~is of moderniza
tion alone, with no special efforts at providing 
family planning information and services. The 
downward trend anticipated then is almost linear. 
w;th a one-point decline in the crude birth rate 
every four or five years. Under this set of 
conditions, it would require about 135 years for a 

El} 
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TABLE2-14 

Census Bureau Estimated and Projected Crude Birth Rates ror World, MiUor Regions, and Selected 
Countries (Medhun Serles) 

Estimated Projected July I to June 30 
191S 1979/80 1984/8S 1989/90 199419S 1999/2000 

World 30.4 29.0 28.S 27.9 27.0 2S.6 
More developed regions 16.1 16.8 17.0 16.4 IS.7 IS.2 
Less developed regions 3S.9 33.3 32.2 •31.S 30.3 28.4 

Major Regions 
Africa 46.7 46.3 4S.2 43.S 41.4 38.S 
Asia and Oceania 33.J 30.2 29.1 28.S 27.6 2S.9 
Latin America 37.2 36.9 3S.6 33,7 31.2 28.7 
U.S.S.R. and Eastern Europe 17.7 18.6 18.3 17.1 16.1 IS.9 
Northern America, Western 

Europe, Japan, Australia, 
and New Zealand 14.8 IS.4 .• IS.9 IS.7 IS. I 14.S 

Selected Countries and Regions 
People's Republic of China 27.6 21.6 210 21.8 22.S 22.0 
India 36.9 33.9 31.J 29.7 28.3 27.1 
Indonesia 40.3 37.3 3S.3 33.4 31.6 28.9 
Bangladesh 47.9 46.7 44.7 41.9 38.8 3S.2 
Pakistan 44.6 43.7 42.0 39.3 3S.8 32.1 
Philippines 3S.3 31.7 29.S 27.9 27.4 26.3 
Thailand 3S.8 34.0 33.2 30.8 28.I 26.2 
South Korea . 26.9 24.6 24.1 22.6 21.6 20.2 
Egypt 38.9 36.1 3S.8 32.1 28.S 26.9 
Nigeria 49.4 49.S 49.3 48.4 46.S 44.1 
Brazil 40.2 39.8 37.S 34.8 32.0 30.3 
Mexico 42.0 40.7 38.9 36.7 34.0 31.3 
United States 14.S 16.1 17.1 16.3 14.8 13.8 
U.S.S.R. 18.1 19.1 18.9 17.4 16.4 16.1 
Japan 17.0 IS.9 14.9 14.2 14.4 14.4 
Eastern Europe 17.0 17.6 17.2 16.3 IS.6 IS.S 
Western Europe 13.8 14.3 IS. I IS.S IS.4 14.7 

population to make the demographic transition The "Strong" column of Table 2-15 shows the 
from a crude birth rate of 45 to the replacement annual decline in the crude birth rate that CFSC 
level of about 15 per thousand. expects in the presence of a strong, well-financed, 

TABLE2-1S 
well-organized, and well-administered family plan-
ning program that reaches the entire population, 

Census Bureau Armual Decline In Crude Birth both urban and rural, in a sustained way. Under 
Rate these conditions, the CFSC estimated that the 

Crude Birth Rate Strength of Family Planning Effort annual rates of decline would be two to four times 
(per thousand) Strong Moderate Weak None those that would occur in the absence of a 

4S and over .40 .333 • 2S • .<.'1 program . 
40-44 .60 .so .30 .20 This acceleration in the pace of decline, it is 
35-39 .80 .667 .40 .2S estimated, would be capable of bringing about a 30-34 1.00 .1S .so .2S 
25-29 1.00 .667. .40 .2S complete demographic transition from a i::rude 
20-24 .80 .so .30 .20 birth rate of 45 to one of 15 within a span of about 
IS-19 .60 .333 .2S .20 38 years, or in about one-fourth the time that 
13-14 .40 .• 2S .IS • IS would be required in the absence of a family 
40-44 8.0 10.0 17.0 .2S planning program. 
35-39 6.0 8.0 12.0 .2S 
30-34 s.o 7.0 10.0 .20 The assumptions of Table 2-15 were translated 
25-29 s.o 8.0 12.0 .20 into annual declines in birth rates for individual 
20-24 6.0 10.0 17.0 .2S countries and regions of the world on the follow-
15-19 8.0 IS.O 20.0 .25 ing basis: 

Timr.i required to 
decline from CBR • 4S 1. Each country was classified into one of four 
toCBR •ts 38.0 58.0 88.0 13S categories, according to the level of its family 

,., 
f /6 
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· planning program effort: Strong, Moderate, Weak, 
or None. 

2. Tile lrigll estimmes in the tahle assume that 
each country will maintain its present family 
planning status and will follow out the schedule of 
changes in the total fertility rate that would be 
expected under this set of assumptions. 

3. The medium projections assume that the 
schedule of fertility declines shown in the table 
will occur, but in addition, the respective nations 
will strengthen their family planning programs as 
follows: 
• Nations that presently have no family planning 

program will remain in that status for five years 
(until 1980) and then linearly trend toward a 
weak program by 1985. They will then trend 
toward a moderate family planning program by 
1990 and a strong family planning program by 
the year 2000. 

• Nations that presently have a weak family 
planning program will remain in that status until 
1980 aod then linearly trend toward a moderate 
program by 1990 and a strong program by the 
year 2000. 

• Nations that presently have a moderate family 
planning program will remain i11 that status for 
five years and then trend toward a strong family 
planning P.rogrnm by 1990 and remain in that 
status until the yi:ar 2000. 

• Nations that presently have strong family plan
ning programs will remain in that status for the 
entire span of time. 
4. The low projections assume a much greater 

family planning effort than for the medium projec
tions. They assume that the respect: ve nations 
will strengthen their family planning: ,;rograms as 
follows: 

• Nations that presently have no family planning 
programs will linearly trend toward a weak 
program by 1985. a moderate prOIJl1Ull by 1990, 
and a strong program by the year 1995. 

• Nations that presently have a weak family 
planning program will trend linearly toward a 
moderate program by 1985 and toward a strong 
program by 1995. They will remain in that status 
until t!le year 2000. 

• Nations that presently have a moderate family 
planning program will trend linearly toward a 
stron~ family planning program by 1980 and will 
remam in that status until 2000. 

• Nations that presently have a strong family 
plannin~ prog111m will remain in that status for 
the entire span of time, but the efficacy of the 
program will improve linearly from its present 
38 years for transition time to one-half that 
amount (to 19 years), equivalent to doubling the 

. coefficients in the table for the strong program. 

When canied out mechanically, some of these 
assumptions, especially the "low" projections, 
will call for birth rates that are exceedingly low. 
CFSC assumes that when crude birth rates (CBR) 
approach the replacement levels-CBR = 14, or 
TFR (total fertility rate per woman) 2.1-no 
further fertility decline will be experienced. The 
birth rates will be allowed to sink to a minimum 
level, and it is assumed that they will remain at 
this level for the remainder of the century. These 
minimum levels are: 

For high projections, TFR = 2.0 (CBR about 
14) 

For medium projections, TFR = 1.9 (CBR 
about 13.5) 

For low projections, TFR = 1.8 (CBR about 
13). 

Thus, the medium and low projections permit 
fertility to sink somewhat below replacement 
levels and remain there indefinitely. 

Birth rates i~. the nations of Western Europe 
and North America are already below replacement 
levels, but CFSC anticipates that they will remain 
in this state for a period of 10 years and will then 
trend linearly toward replacement by the year 
2000; for medium and low projections, the rates 
trend linearly toward 1900 and i 800 respectively. 
As these countries reach a stage of absolute zero 
growth, it is expected that systems of subsidies 
and other inducements will be launched that will 
seek to encourage fertility. 

Mortality Assumptions. Throughout the world 
there is a slow but nevertheless steady increase in 
survivorship over mortality. That increase is great
est in LDCs where mortnlity rates have been high, 
and least in industrialized countries that have 
already pushed public health and medical technol
ogy almost to the limits of their lifo saving 
capability. The United Nations has made detailed 
and careful studies of trends in mortality decline 
and projected future declines in mortality, assum
ing that national and international efforts to pro
vide health and medical care to the population 
continue. These projt.;;t ~d declines have been 
carefully reviewed by th- World Bank. It has 
been observed that in recr.t: years the declines in 
mortality have not been as great as those antici
pated by the U .N. in certain countries, especially 
those classified as "underdeveloped." The World 
Bank, with considera.tions of each nation's cummt 
income status, has therefore rescheduled the ex
pected future mortality (survivorship) rates on a 
somewhat less optimistic basis. In most cases, 
these revisions have been reviewed with the 
U.N., and it is expected that future U.N. assump
tions will also reflect the slower progress in 
mortality reduction encountered in recent years. 
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For the CFSC project.ions, the mortality as
sumptions of the World Bank were accepted 
without change. 

The Community and Family Study Center esti
mates and projections are presented in Tables 2-
16 through 2-20. 

COMMUNITY AND FAMILY STUDY CENTER PROJECTIONS 
Community and Family Study Center (CFSC) projections for total population, total 
fertility rates, population growth rates, crude death rates, and crude birth rates are 
presented in Tables 2-16 through 2-20. In each table: 

Asia and Oceania excludes Japan, Australia, and New Zealand. 
East£'Tll Europe includes Albania and Yugoslavia. 
Western Europe comprises all of Europe except Eastern Europe (including the 

U.S.S.R.), Albania, and Yugoslavia. 

TABLEl-16 

CFSC Projected Total Population for World, Major Regions, and Selected Countries 

(In tho1m111ds) 

1975 1980 1985 1990 1995 2000 

HIGH SERIES 
World 4,014,902 4,379,997 4,762,226 5,151,919 5,553,432 5,973,719 
Major Regions 

Africa 402,363 465,323 536,100 616,108 707,303 811,216 
Asia and Oceania 2,201,322 2,417,633 2,641,232 2,865,626 3,092,772 3,325,036 
Latin America 312,372 356,695 405,041 456,277 509,700 564,195 
U.S.S.R. and Eastern 

Europe 384,408 401,934 419,237 434,386 446,964 458,467 
Northern America, Western 

Europe, Japan, Australia 
and New Zealand 714,437 738,412 760,616 779,522 796,693 814,805 

Selected Countries and Regions 
People's Republic of China 896,806 952,133 1,002,270 1,048,207 1,092,397 1,138,447 
India 607,375 675,841 747,010 821,080 895,715 967,732 
Indonesia 130,496 144,184 1.57,569 170,888 183,481 194,387 
Bangladesh 79,314 91,341 105,554 121,900 139,648 157,978 
Pakistan 70,267 80,164 91,763 105,030 119,525 134,561 
Philippines 41,821 47,823 .54,136 60,674 67,185 73,348 
Thailand 41,648 46,769 51,980 57,267 62,438 67,034 
South Korea 35,274 38,129 40,990 43,790 46,393 48,748 
Egypt 37 ".'66 42,257 46,872 51,643 56,404 61,155 
Nigeria 62,921 71,991 82,697 95,220 109,838 126,850 
Brazil 106,997 122,502 138,878 156,010 173,565 191,148 
Mexico 59,924 70,136 81,929 95,324 109,979 125,335 
United States 216,625 224,242 231,69.1 237,673 242,5"9 247,714 
U.S.S.R. 254,394 266,698 279,145 290,209 299,2119 306,962 
Japan 110,955 116,990 121,333 124,309 126,9lll 130,266 
Eastern Europe 130,014 135,235 140,092 144,177 147,755 151,505 
Western Europe 347,439 355,461 363,684 371,601 387,669 396,307 

MEDIUM ~ERmse 
World 4,014,902 4,380,258 4,159,425 5,137,885 .5,512,997 5,883,373 
Major Regions 

Africa 402,363 465,364 535,148 611,779 694,452 781,496 
Asia and Oceania 2,201,322 2,417,830 2,639,989 2,858,619 3,072,769 3,281,203 
Latin America 312,372 356,694 404,434 453,695 503,361 551,672 
U.S.S.R. and Eastern 

Europe 384,408 401,934 419,225 434,340 446,532 456,934 
Northern America, Western 

Europe, Japan, Australia 
and New Zealand 714,437 738,436 760,629 779,452 795,883 812,068 

lloo (ootaolcl OI• DHI PllC• 
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1975 1980 198.5 1990 1995 2000 

MEDIUM SERIES (cont.) 
Selected Countries and Regions 

People's Republic of China 896,806 9.52,133 1,001,232 1,043;867 1,083,.505 1,124,943 
India 607,374 67.5,629 74.5,389 81.5,7.50 884,040 946,761 
Indonesia 130,496 144,184 1.57,.569 171l,888 183,481 194,387 
Bangladesh 79,314 91,30.5 10.5,308 121, l.56 137,909 1.54,442 
Pakistan 70,267 80,12.5 91,417 103,848 116,842 129,.566 
Philippines 41,821 47,823 .54,136 60,674 67,18.5 73,348 
Thailand 41,648 46,769 .51,980 .57,267 62,438 67,034 
South Korea 3.5,274 38,129 40,990 43,790 46,393 48,748 
Egypt 37,766 4i,2.57 46,809 .51,344 .5.5,669 .59,698 

· Nigeria 62,921 71,977 82,4.59 94,361 I07,476 121,4.51 
Brazil 106,997 122,.502 138,644 1.5.5,004 171,070 186,2.5.5 
Mexico .59,924 70,101 81,662 ~.409 107,8.56 121,261 
United States 216,62.5 224,242 231,693 237,6?3 242,371 246,844 
u.s.s.R. 2.54,394 266,698 279,14!) 290,2()1) 298,948 30.5,932 
Japan 110,9.5.5 116,990 121,333 124,3()1) 126,879 129,823 
Eastern Europ;: 130,014 13.5,236 140,080 144, 131 147,584 151,004 
Western Europe 347,439 355,485 363,697 371,351 378,944 386,147 

LOW SERIES 
World 4,014,902 4,378,932 4,448,622 5,102,327 5,437,410 5,7.52,30') 

Major Regions 
Africa 402,363 465,364 .534,732 610,662 689,.594 770,168 
Asia and Oceania 2,201,322 2,417,413 2,633,.507 2,834,121 3,020,138 8,192,445 
Latin America 312,872 3.56,291 402,572 448,914 493,386 .533,369 
U.S.S.R. and Eastern 

Europe 384,408 401,704 418,151 431,793 442,211 450,845 
Northern America, Western 

Europe, Japan, Australia 
and New Zealand 714,437 738,160 7.59,660 777,437 792,081 80.5,482 

Selected Countries and Regions 
People's Republic of China 896,805 9.51,79.5 1,001,038 1,04.5,632 1,086,428 1,12.5,249 
India 607,374 67.5,382 743,1.57 808,1.57 867,631 918,104 
Indonesia 130,496 144,228 1.56,848 167,4.52 176,344 183,839 
Bangladesh 79,314 91,289 10.5,1()1) 120,368 13.5,716 149,478 
Pakistan 70,267 80,IJ.5 91,217 103,036 114,8.52 12.5,.5.56 
Philippines 41,821 47,780 .53,768 .59,410 64,623 69,3.50 
Thailand 41,648 46,734 .51,700 .56,262 60,46.5 64,272 
South Korea 3.5,274 38,039 40,68.5 43,261 4.5,640 47,778 
Egypt 37,766 42,23.5 46,641 .50,809 .54,.540 .57,73.5 
Nigeria 62,921 71,97.5 82,398 94,106 106,774 llS,630 
Brazil 106,997 122,4.57 138,212 153,4.58 167,673 180,224 
Mexico .59,924 70,()1)3 81,48.5 93,672 106,008 117,.508 
United States 216,62.5 224,242 231,693 237,673 242,1.5.5 24.5,997 
U.S.S.R. 2.54,394 266,S36 278,36.5 288,311 29.5,740 301,.563 
Japan 110,9.5.5 116,906 121,101 123,938 126,301 128,863 
Eastern Europe 130,014 13.5,168 139,786 143,482 146,471 149,282 
Western Europe 347,439 3.5.5,307 363,010 370,017 376,221 381,870 

• Prqjected renlllly ~banae lo 1980 II llower in the medl11111 miH tlwl In the blab Kriet, and u a mull some country projections produce ieponal tolal1 that ue 
.upuy lli,ber thall tbe medium eeriH 111111 In the blah series. 

Migration technological and economic inequalities that exist 
between individual settlements. Today, countries 

Both sets of population projections used in the are looking at the role migration plays in both 
Global 2000 Study assume no influence of migra- urban growth and urban decay since most migra-
tion. Migration, of course, produces no global tion is, in fact, to urban areas. Internationally, 
change in population, but it certainly has regional, individual nation states are beginning to look more 
national and local implications. seriously at migration flows as they feel the effects 

Modem migration has taken on the characteris- of either a rapidly expar.ding or a stabilizing 
tic of an ebb and flow that results from the population, resource scarcity, and economic slow-

~\ 
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TABLE~l7 

CFSC Esllmated Total Fertlllty Rate• for World, 
Midor Regions, and Selected Countries 

1975 20CJ0b 

High Med· Low High Med- Low ium ium 

· Work. 3777 3777 3777 2241 1998 1800 
M!Uot negions 

Africa 5280 5280 5280 3763 3535 3246 
Asia and Oceania 4201 4201 4201 2000 1900 1800 
Latin America 4422 4422 4422 2547 2194 1829 
U.S.S.R. and 

Eastern Europe 2485 2485 2485 2000 1900 1800 
Northern America, 

Western Europe, 
Japan, Australia, 
New leaJand 2256 2256 2256 2000 1900 1800 

Selected Countries 
China(PRC) 3200 3200 3200 2000 1900 1800 
India 5500 5500 5500 3206 2886 2471 
Indonesia 5120 5120 5120 2333 2333 1899 
Bangladesh 6515 6.57.5 657.5 4501 4085 3409 
Pakistan 6265 6265 6265 4170 3583 3053 
Philippines 5505 5S05 5505 2526 2526 2037 
Thailand 4850 4850 4850 2036 2036 1800 
South Korea 3580 3580 3580 2000 1900 1800 
Egypt 5210 5210 mo 2986 2596 2182 
Nigeria 6699 6699 6699 5761 4790 4499 
Brazil 5150 5150 5150 2937 2536 2122 
Mexico 6133 6133 6133 3956 3429 2898 

· United States 1799 1799 1799 2000 1900 1800 
U.S.S.R. 2417 2417 2417 2029 1900 1803 
Japan 2159 2159 2159 2000 1900 1800 
Eastern Europe 2034 2034 2034 2000 1900 1800 
Western Europe 2205 2205 2205 2000 1900 1800 

• Tbe total (Clllllty race In • liven year basically rt(lrtSCnll the averqe number a( 
chlldnn eacb - would have over her lif'eUme, auumina 1he qNpcclllc fcnlllty 
ralca ror lhal year applied 10 her lil'c:tlme. 
• RqiomJ cslilmle1 ror 2000 were not based on qarcplcd projected r~nllity rules. 

down. The developing countries 3re looking at 
hOw migration might relieve their developmental 
pressures, while the industrialized countries strug
gle to determh1e whether migration will exacerbate 
or relieve their current economic worries. Essen· 
tially, what concern there is for the migration 
issue is of an economic nature with little attention 
being given to the demographic, environmental, 
and resource consequences of continued large
scale migration. 

The study of migration is at least as complex as 
the study of fertility and mortality. The latter are 
distinct biological processes that are relatively 
easy to distinguish and record. Migration is a less 
distinct process that can have several stages. For 
instance, a person may move first from his rural 
village to an urban area nearby. Failing to find the 
personal opportunities he expected, he crosses the 
border and enters a second country. After remain-

ing there for a period of months or years, he may 
move again, either to a third destination or back 
to his country of origin. 

·The measurement of these movements within 
countries and across national boundaries is decid
edly more difficult than the recording of births 
and deaths and at least as difficult as determining 
the cause of changes in the rates of fertility and 
mortality. Countries have become increasingly 
interested in the collection of immigration statis
tics as they have sought to control their growth 
through restrictive immigration policies, but the 
collection of emigration statistics is still limited in 
most areas of the world. 

The measurement of migration is further com
plicated by definitional problems. The effect of 
migration on a sending or receiving country is 
sure to be different if a migrant is temporary 
rather than permanent. (The U.N. has defined a 
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TABLE 2-18 

CFSC ProJected Average Annual Populadon Growth Rates for World, Major Regions, and Selected 
· · Coontrfes (Medium Series) 

197.5-79 1980-84 198S-89 1990-94 199.5-99 

World 1.82 
Major Regions 

Arri ca 3.13 
Asia and Oceania 1.97 
Latin America 2.84 
U.S.S.R. and Eastern Europe 0.91 
Northern America, Western Eu· 

rope, Japan, Australia, and 
New Zealand 0.67 

Selected Countries and t\1'!) .ins 
People's Republic or china 1.24 
India 2.18 
Indonesia 2.0.5 
Bangladesh 2.87 
Pakistan 2.12 
Philippines 2.7.5 
Thailand 2.38 
South Korea 1 • .57 
Egypt 2.31 
Nigeria 2.74 
Brazil 2.78 
Mexico 3.22 
United States 0.69 
U.S.S.R. 0.94 
Japan l.06 
Eastern Europe 0.80 
Western Europe 0.46 

temporary or short-tenn isnmigrant as a nonresi
dent intending to talce up a remunerated occupa
tion for one year or less.) 

Recent Trends 
People began migrating from the then developed 

world to the less developed in massive numbers 
between 1840 and 1930. In the past 100 years, 25 
million persons emigrated from Italy alone, a huge 
movement when compared with its present day 
population of 55 million. This trend of migration 
continued in pulses of VW)'ing strength through 
1950 with the recipient nations developing and in 
some cases surpassing the countries of origin in 
their stage of development. 

Since the end of World War II, the flow of 
migrants from the developed countries of northern 
Europe has slowed, and the historic pattern of 
migration from the less to the more developed 
countries has returned. The poorer countries 
around the Mediterranean and those of Latin 
America, Africa, and Asia are now supplying 
increasing numbers of migrants. Before attempting 
to predict future migration flows und their impact, 
a review of migration patterns since 1950 is in 
order. 

1.73 1..59 1.46 1.34 

3.00 2.86 2.70 2 • .51 
1.84 1.66 1 • .50 1.36 
2.84 2.44 2.19 1.92 
0.86 0.72 0 • .56 0.47 

0.60 0.49 0.42 0.41 

l.07 0.8.5 0.74 0.74 
2.03 1.82 1.61 1.38 
1.83 1 • .59 1.3.5 1.10 
2.92 2.84 2.61 2.28 
2.79 2.74 2 • .53 2.20 
2 • .5.5 2.31 2.04 1.77 
2.19 1.97 1.73 1.42 
1.46 1.33 1.16 1.00 
2.11 1.87 1.61 1.40 
2.77 2.73 2.63 2.47 
2.S6 2.26 1.98 1.72 
3.14 2.94 2.69 2.37 
0.6.5 0 • .51 0.39 0.36 
0.91 0.78 0 • .59 0.46 
0.73 0.48 0.41 0.4.5 
0.72 0 . .58 0.48 0.46 
0.46 0.43 0.40 0.38 

North America and Oceania. The United 
States, Canada, Australia, and New Zealand have 
long been the principal countries of destination for 
European emigrants. According to the U.N. 1976 
"Report on Monitoring Population Trends," the 
gross intalce of immigrants by these four countries 
during 1950-74 amounted to more than 16 million, 
with net immigration totlliing about 8.3 million in 
the United States, 2.2 million in Canada, 1.9 
million in Australia, and 200,000 in New Zealand. 
But by tne late l.960's Latin America had sur
passed Europe as the region supplying the largest 
numbers of legal immigrants to the United States. 
In the 1970's, the proportion from Latin America 
stopped rising and in fact declined slightly. Similar 
reversals also took place in Canada, Australia, 
and New Zealand. 

Europe. While international migration within 
Europe is not new, it has assumed a larger volume 
and taken on different patterns since the Second 
World War, particularly since the early 1960s. The 
increasing inflows from Turkey and North Africa 
and a high return rate among European emigrants 
appear to have led to a net immigration for the 
continent in the 1970-74 period before immigration 
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TABLE2-19 

CFSC Estimatecland Projected Cn1de Death Rates for World, M~or Regions, and Selected Countries 
· · · · (Medium Serles) 

Estimated Projected July I to June 30 
19751 

1979/80 1984185 1989/90 1994/95 1999/2000 

World 11.2 10.56 9.71 9.06 8.61 8.25 
Major Regions 

Africa 18.9. 16.03 14.50 13.35 12.30 11.29 
Asia and Oceania IO.O 10.91 9.95 9.26 8.81 8.42 
Lalin America 8.8 7.86 7.12 6.54 6.14 5.73 
U.S.S.R. and Eastern Europe 9.7 9.18 9.07 9.19 9.27 9.28 
Northern America, Western 

Europe, Japan, Australia 
and New Zealand 9.0 9.30 9.63 9.98 10.18 10.22 

Selected Countries and Regions 
People's Republic o! China 6.0 9.45 8.98 8.69 8.57 8.46 
India IS.O 14.18 13.20 12.39 11.69 11.10 
Indonesia 18.0 14.27 12.93 12.04 11.27 10.65 
BanaJadesh 20.0 16.90 IS.34 13.84 12.12 10.73 
Pakistan IS.O 14.32 13.05 11.96 10.99 9.92 
Philippines 10.0 8.72 7.72 7.05 6.49 5.90 
Thailand 9.0 7.85 7.23 6J8 6.39 6.07 
South Korea 7.0 7.92 7.68 7.03 6.94 6.58 
Egypt 12.0 13.02 11.45 10.56 9.39 8.69 
Nl1eria 23.0 20.59 18.77 17.06 15.21 13.44 
Brazil 9.0 8.30 7.36 6.63 6.07 5.62 
Mexico 7.0 7.87 6.96 6.01 5.29 4.67 
United States 9.0 9.39 9.29 9.37 9.43 9.SS 
U.S.S.R. 9.0 8.63 8.63 8.84 9.07 9.14 
Japan 6.0 7.01 7.35 7.98 8.40 9.04 
Eastern Europe 9.7 I0.03 10.09 I0.45 I0.73 I0.72 
Western Europe 9.1 I0.88 10.81 10.88 10.80 10.54 

•These flawc1 were taken from Apnc:y for lnlcmallonal Development, Esllmaltd l'op11/at/011, Crwdt Binn and CrMdt Dtarlt Ratt. and Ratt of Natllral IMrtOJt fOI 
Evtff1 Country and RtR10tt o{tlrt World, 197'; they wcrc not used u base numben for these projeclions. 

was slowed by the effect of the world energy 
crisis. 

Compared to the rest of Europe, Southern 
Europe has had, until very recently, relatively 
high rates of natural population increase, resulting 
in an excess labor supply, and large numbers of 
migrants left the region in search of better oppor
tunities. At first, they went mainly to overseas 
areas, but beginning in the late 1950s they went 
increasingly to the industrialized countries of 
Western and Northern Europe. 

Africa. According to recent estimates of the 
International Labor Office, about 1.6 million per
sons from North African countries (mainly Al
geria, Morocco and Tunisia) were living in Europe.: 
at the beginning of 1975. More than 90 percent of 
the Algerian migrants had gone to France. Emi
gration from Egypt, though increasing, has been 
on a smaller scale, with Australia, Canada, and 
the United States as the main destinations. 

Migration within Africa, which tends to be 
mostly of an intraregional character, has greater 
significance than intercontinental migration. The 

main patterns of this migration were established 
during the period of colonial rule, and the general 
tendency of newly independent states, for either 
economic or political reasons, has been to reduce 
movement-; across national boundaries. The larg
est importer of African labor has been the Repub
lic of South Africa, but this migration is of a 
temporary nature, most workers being restricted 
from bringing their families and from staying in 
South Africa for more than two years. 

Latin America. The principal countries of im
migration in Latin America are Argentina, Uru
guay, Venezuela. and Brazil. The flow of immi
grants to these countries from other Latin 
American countries and from Italy, Spain, and 
Portugal, heavy during the 1950s, was cut by 
more than half in the 1960s. 

Little is known of the migration of Latin 
Americans to Europe. The statistics of Northern 
and Western European countries give no indica
tion of significant numbers of migrants from 
Spanish-speaking Latin American countries. The 
countries of Southern Europe, which, owing to 
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CFSC Estlmlltftl and ~jected Crude Birth Rates for World, Major Regions, and Selected Countries 
· (Medium Serles) 

Estimated Projected July 1 to June 30 
. 19751 

1979/80 198418.S 1989/90 199419.S 1999/2000 

World ·26.6 24.4.S 22.80 20.79 19.60 17.90 
Major Regions 

Africa 4.S.4 37.20 3.S.66 33.91 31.BS 29.2.S 
Asia and Oceania 27.0 2.S.09 23.07 20.53 19.24 17.29 
Latin America 34.6 28.28 26.3.S 23.87 24.SS 24.32 
U.S.S.R. and Eastern Europe 18.0 17.ts t.S.64 13.79 13.54 13.40 
Northern America, Western 

Europe, Japan, Australia 
and New Zealand 14 • .S ts.62 ts.OS 14.23 13.89 13.4.S 

Selected Countries and Regions 
People's Republic of China 26.0 20.09 18.28 1.S.96 16.10 IS.82 
India 3.S,0 34.Sl 32.08 29.41 26.64 23.41 
Indonesia 38.0 32.74 29.99 27.26 24.32 20.SS 
Bangladesh 47.0 4.S.34 43.72 41.29 :l6.39 31.71 
Pakistan 44.0 40.92 39.08 36.80 33.16 29.0.S 
Philippines 35.0 34.46 31.61 28.61 25.60 21.73 
Thailand 31.0 29.70 27.66 24.95 22.18 18.48 
South Korea 24.0 22.56 21.66 19.09 17.63 15.75 
Esypt 36.0 34.27 31.04 27.68 24.59 21.31 
Nigeria 49.0 47.75 4.S.73 43.88 40.41 37.14 
Brazil 37.0 34.20 30.9.S 27.57 24.48 21.ll 
Mexico 38.0 38.97 36.71 34.09 30.34 26.38 
United States 15.0 14.14 14.68 14.32 13.40 12.80 
U.S.S.R. 18.0 17.01 16.10 14.42 13.69 13.23 
Japan 17.0 14.83 12.98 12.40 13.00 13.57 
Eastern Europe 18.1 14.58 13.81 12.93 13.06 13.13 
Western Europe 13.7 13.64 13.45 13.02 13.23 13.03 

• Tllue flaln1 WCR liken from Apncy for lntematlollal Developmcnl, E1tlmal4'd PopM/atlon, Crud" Birth and Ct11d4' Dn111t Ralf, and Rau of Nat11ra/ tncu°'" fOI' 
EwrJ COll111'1 attd R4'tlott oftlw Wor•-f, 111"; they were not ulled u bue numbcra for these projectlon1. 

cultural similarities, might have attracted such 
migrants, generally publish immigration data only 
for returning nationals. 

Several new or intell.5ified currents of emigra
tion from Latin America since 1950 include a 
sharply rising trend of emigration from Spanish
speaking areas of the region to the United States, 
a substantial flow from the Conner British West 
Indies to Canada and the United States, as well 
as to the United Kingdom, and a flow of consid
erable sianificance in recent years from Surinam 
to the Netherlands. 

Mexico and Cuba have sent the largest numbers 
of Latin American migrants to the United States. 
The estimated number of Cubans in the U.S. in 
1974 equaled nearly 6 percent of the Cuban 
population. Three other Caribbean countries have 
equally large percentages of their population that 
have migrated to the U.S.: Jamaica (6 percent) 
and Trinidad and Tobago (5 ~rcent each). 

Migration between Latin American countries 
· has taken on greater importance since 1950 with 
Argentina and Venezuela being the principal coun
tries of immigration and Paraguay, Chile, Colom-

bia, Bolivia, and El Salvador the principal coun· 
tries of emigration. In contrast to previous trends, 
the bulk of the current migration is of an intracon
tinental nature. 

Asia. Except in western South Asia, reiatively 
little migration in the economic sense has occW'red 
between Asian countries since 1950. In recent 
decades the largest international migration move
ments in Asia have been refugee movements. 

One of the major Asian migration movements 
since 1960 has been the flow of Turkish workers 
to Western Europe. Workers sent abroad through 
the Turkish Ministry of Labor totaled 569,200 for 
1960-71, and many others emigrated without going 
through official channels. The Federal Republic of 
Gennany, the main recei•1ing country for TW'kish 
migrants, recorded 429,000 Turkish nationals in 
their May 1970 population census. Between 1970 
and 1974 the number doubled, bringing the num
ber of Turkish immigrants in Gennany close to 1 
million. 

Another major Asian migration flow was the 
movement of Indians to the United Kingdom from 
1950 to 1975, with more than 20,000 Indians 
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entering the U.K. each year during the 1900;. The 
United States replliCed ;lie United Kin&dom as 
the leading country of . '..:sl!nation for Indiars by 
the 1970s. Indian migra.ion to Australia is also on 
the rise. 

Modem migration flows in western South Asia 
are probably best described by the "push" and 
"pull" principle which is in operation around the 
globe today. Foreign workers have begun to flow 
into oil-producing countries in western South Asia 
and No. £h Africa to fill the jobs created as a result 
of the increased oil revenues of recent years. 
Migration in this region has been stimulated by 
existing dfaparities among the Arab States. Those 
states that are rich in resources and have been 
experiencing rapid economic growth lark qualified 
manpower, while other countries in the region 
lack resources but, have an abundance of man
power. Migrants to the resource-rich countries 
have been mainly, but not exclusively, Arabs; 
they have also been worke~ from more distant 
countries such as Pakistan and, to a lesser extent, 
India. By early 1~76, according to press reports, 
an estimated 50,000 Pakistanis were living in the 
United Arab Emirates and around 30,000 in Ku-
wait. . 

Though it is impossible to predict the size, 
composition and destination of future migration 
flows it is safe to assume that international flows 
will continue to function in response to global 
technical and economic inequalities, but accept~ 
ance of these influxes will vary according to the 
changing needs of the country in question. Al
ready we see many areas of the world where the 
size of the migration flow exceeds the perceived 
needs and hospitalit1· of the countries of destina
tion. More people wish to enter the United States 
Utan are alloweJ under current U.S. immigration 
law, and migrants are entering outside the legal 
immigration process. 

Historical immigration flows were not thought 
to have much impact on the population of receiv
ing countries, since such countries were experi
encing high birthrates, which reduced the contri
bution immigration made to their annual growth. 
The major receiving c<.'untries today, however, 
have low birthrates, which either stabilize or 
reduce the native population. As a consequence, 
immigration is accounting for a higher percentage 
of their annual growth than ever before-a posi
tive 1.>r negative phenomenon, depending on the 
population goals of the receiving countries. 

Neither internal nor international migration are 
expected to have a direct effect on projected 
trends in total world population growth. Even if 
the fertility and mortality experiences of certain 

types of migrants change from previous levels, the 
averai.:e fertility and mortality experiences for all 
migrauts must significantly differ from pre-migra
tion levels in order to have a noticeable &ffect on 
the projections. The following discussion consid
ers whether or not such changes are likely to 
occur and the extent to which this may affect 
world population growth. 

International Migration 

International migration will have a direct effect 
on the projected growth of countries and regions 
in proportion to the net movement across bound
aries. The total effect will be a combination of 
these direct effects and the indirect effects of 
fertility and mortality experiences within the mi
grant population. 

International migration on a world scale is a 
relatively unstudied aspect of popuhttion change, 
due to the lack of complete and reliable measures 
for most countries, particularly the LDC<;. Thus, 
any set of naiianal and regional population projec
tions on a globru scale must either exclude consid
eration of intemat::-inal migration, as was done in 
the Global 2000 Stuo) orojections, or selectively 
include available data-the approach taken by the 
United Nati :is in its 1977 study World Population 
Prospects as Assessed in 1973 (Population Studies 
No. 60). The distribution of the world population 
in 1975 is very similar for both the Global 2000 
Study medium projections (without migration) and 
the U.N. medium variant projection series (with 
migration). The change in distribution implied by 
each of the two studies for the years 1975 and 
2000 is shown in Table 2-21. 

Individual Countries. The change in the per
centage of the world population represented by 
any particular country will be somewhat affected 
by the net growth in all countries or regions; 
however, large changes will reflect differences in 
the assumptions of growth within the country. If 
the figures in Table 2-21 showing the change in 
percent of world population 1975-2000 were 
rounded to the nearest whole percent, only two 
estimates of change-People's Republic of China 
and Bangladesh-would differ between the two 
projections. If rounded to the nearest tenth of a 
percent, only two estimates of change-People's 
Republic of China and India-would differ by 
one-half of I percent or more. The significance of 
this observation is that the largest differences 
between the net change of selected countries, as 
shown in the table, occur in cases where no 
migration was assumed by the United Nations. 



TABLE 2-21 

Cemparison of Global 2000 Medium Series Projectiom Without Migration, and U.N. Medium Variant Projections 
With Migration, 1975 and 2000 

(Population in millions) 

197S 2000 

Global 2000 Study U.N. Medium Global 2000 Study U.N. Medium Change in Percent 

Area· Medium Series Variant Series Medium Series Variant Series of World Pop. 

Popu· Percent Popu- Percent 
Popu· 

Percent 
Popu· Percent Global U.N. 

of World of World of World of World 2000 Medium lation Pop. lation Pop. lation Pop. lation Pop. Series Variant 

World 4,090 100.0 3,968 100,0 6,351 100.0 6,254 100.0 
More deveklped regions" 1,131 27.7 1,132 28 (; 

.~ 1,323 20.8 1.360 21.8 -6.82 -6.77 
Less developed regions., 2,9S9 72.4 2,836 71.S S,028 79.2 4,894 78.3 +6.82 +6.77 

Major Regions 4,090 100.0 3,968 100.0 6,351 100.0 6,254 100.0 a Africa" 399 9.8 --rot 10.1 814 12.8 814 13.0 +3.07 +2S'l "O 
Asia and Oceania" 2,274 5S.6 2,ISO S4.2 3,630 S7.2 3.Sl3 S6.2 +I.SS +1.99 c: 
Lalin America" 32S 7.9 324 8.2 637 10.0 620 9.9 +2.09 +1.74 I"'" 

U.S.S.R. and Eastern Europe 384 9.4 38S 9.7 «JO 7.3 466 1.S -2.IS -2.2S ~ 
Northern America, Western Europe. ~-

Japan, Australia. and New Zea· 
land" 708 17.3 708 17.8 809 12.7 842 13.S -4.S7 -4.38 ii 

Selected Countries and Regions 3,282 80.2 3.176 80.1 4,867 76.6 4,761 76.1 -3.61 -}.91 e 
"' People's Republic of China 93S 22.9 839 21.l 1.329 20.9 1,241 18.4 -1.93 -2.79 _- !:l- -

India 618 IS.I 613 JS.S I ,UZI 16.J l,O.S9 16.9 +0.9S +1.49 0 Indonesia l3S 3.3 136 3.4 226 J.6 238 3.8 +0.26 +0.37 z 
Bangladesh 79 1.9 74 1.9 IS9 2.S 144 2.3 +0.S6 +0.4S "" Pakistan 71 1.7 71 1.8 149 2.4 147 2.4 +0.61 +0.S7 
Philjppines 43 1.1 44 I.I 73 1.2 90 1.4 +0.10 +0.31 
Thailand 42 1.0 42 1.1 15 J.2 86 1.4 +0.14 +0.31 
South Korea 37 0.9 35 0.9 S7 0.9 S3 0.9 0.00 -0.02 
Egypt 37 0.9 38 1.0 6S 1.0 6S 1.0 +0.13 +0.08 
Nigeria 63 l.S 63 1.6 135 2.1 13S 2.2 +0.S8 +0.S7 
Brazil 107 2.67 110 2.8 226 3.6 213 3.4 +0.90 +0.63 
Mexico" 60 l.S S9 1.5 131 2.1 132 2.1 +0.61 +0.62 
United States" 214 5.2 214 5.4 248 3.9 264 4.2 -1.31 -1.16 
u.s.s.R. 2S4 6.2 2SS 6.4 309 4.9 31S s.o -1.36 -1.39 
Japan 112 2.7 Ill 2.8 133 2.1 133 2.1 -0.64 -0.67 
Eastern Europe 130 3.2 130 3.3 1S2 2.4 ISi 2.4 -0.79 -0.86 
Western Europe" 344 8.4 343 8.7 378 6.0 388 6.2 -2.44 -2.44 

Nou: f"l;&Ul'lls may noc add to l<ltlll• due to rauadins-
•"Mon: ~loped rqio'!ls" compri!IC Nonbem A-1ca. -perale Soulll A-1ca. Eunipe. U.S.S.R •• Japu, Amtralia. -1 New Zealand; all odler rep.as are dassi&d as ''las dneloped. .. "Asia 
ud Ol::eaaia" excludes Japu. Amtralia, Md New Zcalimd. "Easlttn Europe'' includes Albania ud YQllClll&via. "Walcm Europe" comprises all of Europe naept Eutcm Europe tiDc:ludiliil die 

w U.S.S.R.). Albania. and YQIOl!avia. 
•Mip'llion asswaptioas wen: nmlr: by IM U.N. in rqard to dae rqions and naliorl1 oaly; Ille otben wen: -med to have no misratioli- Ut 

s SIMl'Ct:: U.N. data are from Worltl PDpf"'1.liOlt l"ro•pttts as Autfurd iii 197J CU.N. Popdlllioa Sludiell No.~. 1977. Table 211. 
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Thus. it is easy to see that the projected 
distribution of the world population by country in 
the year 2000 is likely to be more affected by the 
assumptions of fertility and mortality than by 
selectively including assumptions regarding inter
national migration. This does not exclude the 
importance of projected migration trends for the 
future of individual countri-:s; rather it illustrates 
the relative importance of such trends in detennin
ing global projections. 

When international migration between specific 
countries is an important concern, such as be
tween the United States and Mexico, a case study 
approach provides the best opportunity t<J char
acterize and assess the situation. This is particu
larly true when registered data or officiru estimates 
on migration are considered to be incomplete. In 
the case of the United States and Mexico, it is 
suspected that there are a significant number of 
illegal migrants in addition to the legal migrants; 
however, neither the U.S. Bureau of the Census 
nor the U.S. Immigration and Naturalization Serv
ice have enough hard data to officially estimate or 
project the illegal portion of this migration stream 
with any statistical accuracy. In addition, the 
United States does not statistically record emigra
tion to other countries, which increases the sub
j":tivity of performing any analysis of illegal 
international migration from census data and legal 
immigration statistics. Such problems are by no 
means unique to the U.S. data collection system, 
and the global proliferation of similarly incomplete 
data on international migration was the major 
consideration for not including migration assump
tions for individual countries in the Global 2u00 
Study prQjections. The effect of inci;tding esti
mates of legal migration for the United States and 
Mexico is summarized in Table 2-22. 

Mqjor Regions. In table 2-21, it can be seen 
that international migration assumptions may have 
a noticeable effect on the projected distribution of 
the world population by major regions in the year 
2000. In particular, the historically large ·.~t move
ment of North Africans to Western Europe and of 
Latin Americans to North America was taken into 
account in the U.N. projections and is reOected in 
the re~ulting regional population distribution in 
Table 2-21. 

The largest regional difference between the 
Global 2000 Study and U.N. projections is in the 
percentage gain for the Asia and Oceania region. 
This difference is likely the result of differing 
fertility and mortality assumptions for the People's 
Republic of China and India, rather than of the 
few migration assumptions that the U .N. included 
for this region. 

TABLE 2--22 

Population Projections, Medium Serles, for U.S. 
and Mexico, 19'7~No Migration vs. 

Estimated Net Migration 

(In thousands) 

Global 2000 01her Percent 
Study Est. Estimates Change 

without with (migration 
Migration Migrationa included) 

United Stales h 

197.S 213,540 213,540 
1980 220,497 222,1.59 +0.7.S 
198.S 228,912 232,880 +l.73 
1990 237.028 243,.513 +2.74 
1995 243,581 2.52,7.50 +3.76 
2000 248,372 260,378 +4.83 

Mexico•· 
197.Srt .59,913 .S9,.S62 -0 • .S9 
1980 71,136 70,314 -1.16 
198.S 84,016 82,626 -1.65 
1990 98,.55.S 96,520 -2.06 
199.S 114,4.SO 111,706 -2.40 
2000 131,320 127,801 -2.68 

•Projected mlaration is based on assumed lnnd1 in le1ally n:gislcrcd immilfants 
and emiarants. 
•Projec1ion1 with misration arc as reported in U.S. Bun:au or the Census. 
"Projections or the Population or lhe United States: 1977 to 20,0.'' Curr1111 
Population Rtpom. Series P-2,, No. 704, Washinaton, 1977, Table 8. 
'Projections with misration are unpubll•hed U.S. Bureau or the Census 
e•timalH. 
"The 197' populations dilTcr as the result or anumcd miaration since the 1970 
census. Althouah ii was intended to includt migration through 197' in the base 
population ror th• Global 2000 Study projeclions. this was accidentally over· 
looked in the case or Mexico. 

Examination of the statistics on migration be
tween major regions (see the 1976 U.N. Report 
011 Monitoring Populatio" 1 rends) reveals similar 
data deficiencies as for individual countries. Fur
thermore, since regional migration tends to be 
economically motivated, the proMem of projecting 
future trends in regional migration involves the 
related questions of trends in economic growth. 
Table 2-21 again illustrates that the relative differ
ence in the projected distribution of the world 
population at the regional level is only slightly 
affected by the exclusion of the U .N. estimates of 
legal international migration. Illegal immigration, 
while of potential significance, is by its nature so 
poorly documented that it cannot be addressed 
here. 

Summary. The fertility and mortality assump
tions made for individual countries or groups of 
countries will be the major determinants of pro
jected population levels in the year 2000, excluding 
extraordinary and U"lpredictable mass migration 
movements, such as those that occurred at the 
time of ?artition of Bangladesh and Pakistan. 
Since the net effect of predictable levels of 
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international migration is relatively small, it is 
reasonable to conclude that any change in the 
fertility and mortality experience of international 
migrants will have a negligible effect on projec
tions of global population growth. 

Internal Migration 

Internal migration, by definition, does not have 
a direct effect on the population size of a particu
lar country at the time it occurs. Certain patterns 
of population redistribution within a country may, 
however, have a significant indirect effect on the 
fertility and mortality experience of the migrants 
and consequently affect the future level of popu
lation growth within that country. Among the 
patterns of redistribution most studied in this 
regard is that of urbanization. 

"Urbanization" refers to an increase in the 
proportion of a given population living within and 
in close proximation to major urban centers. The 
impact of population redistribution from rural to 
urban areas has been studied in the context of 
numerous demographic and socioeconomic varia
bles, but a concise understanding of this process 
and its importance in future trends of population 
growth has not yet emerged. 

One of the most sigulficant difficulties involved 
in studying urbanization is that of conceptualizing 
and measuring the process. Definitions of urban 
areas, particularly according to criteria other than 
size of population, are often unavailable in the 
published results of censuses and surveys and 
may change from one census or survey to the 
next in the same country. Even when reasonable 
data are available, there are many measures of 
urbanization that can be constructed and analyzed 
in relation to other demographic or socioeco
nomic variables. 

The unified study and analysis of urbanization 
on a global scale is further complicated by the 
many socioeconomic and cultural variations in the 
urban setting. It is often difficult to justify applying 
observed relationships between measures of ur
banization, fertility, and mortality from one coun
try or region to another, particularly when com
paring industrialized countries with less developed 
countries. There are also serious theoretical diffi
culties involved in projecting the impact of urban
ization on future population growth. It is generally 
recognized that inverse relationship exists be
tween the level of urbanization and the rate of 
urban growth, with LDCs currently having lower 
levels of urbanization and projecting £ubstantial 
urban growth through the year 2000. It has also 
been said that the growth in urban population is 
largely a reflection of growth rates in total popu-

lation. However, at least two opposing hypotheses 
can be proposed regarding global projections for 
population growth. 

One is to assume that urbanization advances 
the level of economic growth and social develop
ment, and that progress in this direction will tend 
to induce a substantial decline in fertility and a 
noticeable decline in the net rate of natural 
increase as has been the case in many industrial
ized countries. The other relies less on the past 
experience of industrialized countries and views 
the present trend of rapid urbanization in LDCs 
as a new and different problem. It is possible to 
assume that continued LDC urbanization will be 
due more to a failure to restrain general population 
growth than to the success of economic deveiop
ment or modernization. From this point of view, 
one could project urban poverty as a persistent 
and possibly growing problem, with varyi.1g impli
cations on the rate of population growth, depend
ing on the assumed nature of such massive 
poverty, were it to occur. 

Therefore, one of the recognized purposes for 
cmstructing alternative projections on future pop
ulation growth is to account for equaily possible, 
yet virtually unpredictable, variations in popula
tion growth without becoming futilely entangled in 
specific and complex assumptions. The assump
tion is that a 1;et of complex assumptions would 
yield a range of future population projections no 
more useful or accurate than the standard low, 
medium, and high growth variants employed by 
the Bureau of the Census and the United Nations. 
This is likely to be and remain a valid assumption 
until our understanding of the relationships be
tween demographic change and urbanization, be
tween socioeconomic deve!.:>0ment and moderni
zation, becomes more precise, and our ability to 
forecast changes in these related vaii.iuJes im
provrs considerably. 

Summary. There is little doubt that future levels 
and trends of internal migration will have a 
significant impact on the global population per
spective in the year 2000, particularly in the less 
developed regions of the world. The trends in, 
and the effects of, internal migration are inherently 
more indicative of significant social and cultural 
change within a country than are th$! trends in, 
and effects of, international migration. 

The above discussion has focused on urbaniza
tion, since present data indicate a global trend in 
this direction, but the fact remains that a trend in 
continued urbani:.ttion cannot be assumed with 
absolute certainty. It is not beyond reason to 
consider the potential effect of advancements in 
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the science of agriculture and of programs for 
refonn in land tenure. Perhaps the future eco
nomic development of less developed countries 
will result in. the ruralimtion of their populations. 
For the present. however, it is reasonable to 

assume that internal migration will not likely affect 
world population growth beyond the low or high 
growth rate projections that surrol•nd the medium
growth series of the Global 2000 Study projec
tions. 

, Io 



3 GNP:Projections 

All the methodologies used in making resource 
projections for the Global 2000 Study require 
projections of real gross national product (GNP) 
as inputs. It was therefore nece-.sary to develop a 
set of real GNP projections (01 assumptions) in 
order to provide a common frame of reference for 
other projections in the Glohal 200(} Study.• 

GNP, however, should not be the starting point 
for Jong-term pr•jjections. It represents the total 
goods and services available to a society and is a 
consequence of all other developments in an 
economy, not a pr~determined input. As an indi
cator of social and economic progress, it is now 
widely recognized as seriously inadequate. GNP 
components that are growing rapidly today in 
many countries are merely compensation for for
merly "free" goods and services, such as pollu.· 
tion control, and for the increased security re
quired by ·.iociety in such vulnerable sites as 
airports, large buildings, and nuclear powerplants. 
Conversely, many economic activities that make 
significant contributions to social welfare are not 
included in gross national product. GNP data are 
particularly misleading in the case of less devel
oped countries (LDCs) because the contributi.ons 
of the "traditional" sector are not adequately 
represented. 

Ideally, GNP and other indicators of social and 
economic health should be outputs of the analyti
.c:;it rrocess, but since a properly integrated analyt
ical system was not available, it was necessary in 
developing the other projections in this volume to 
use a few common guidelines-such as GNP-to 
achieve an approximation of consistency. 

It must aiso be pointed out that Jong-range 
projections of GNP are extremely difficult to 
make, due to a lack of knowledge about all the 
variables involved. Projections for 2000 can differ 
by a factor of two or more simply as a result of 
slightly different assumption5 about major compo
nents such as energy or population. The shorter 

•QNP Is the most widely used economic indicator in the indus
trialir.ed nations; in the LDCs ODP (gross domestic product) is 
more commonly used. Since the two indicalors arc alm~"St idenli· 
cal for most LDCs, they are u$.Cd interchangeably with regard to 
LDCs throughout this study. 

the time !iorizon, the more reliable the projec
tions; projections of GNP (and GDP) are made 
routinely on a quarterly basis and for periods up 
to five years. Beyond five years, the few projec
tions that do exist have been developed primarily 
as extrapolations of shorHun projections. 

No federal agency makes the GNP projections 
required for the Global 2000 Study. The Treasury 
and Commerce Departments and the CIA make 
short-tenn pr.::;:::::tions for selected countries. The 
Department of State uses data from other agencies 
but make& no projections itself. Its Agency for 
International Development (AID) formerly made 
GNP projections, but burlget cuts have forced the 
Agency to rely for the present entirely on World 
Bank data for its projections. 

The United Nations publishes GNP projections 
for the entire world, but the projections are often 
unreliable and based on optimistic hopes of the 
nations providing the data. However, the World 
Bank Atlas: Popu/atiofl, per Capita Product, and 
Growth Rates, published by the Bank in 1976, 
provides a complete and consistent set of GNP 
figurec: for the wo1·ld in 1975, and these figures 
were used as a starting point for the Global 2000 
Study projections. While some concern has ariser. 
regarding the Study's use of 1975 as the base 
year, since 1975 growth was generally slowerthan 
in previous years, the World Bank has taken this 
characteristic of 197.5 into account in its projec
tions. Some developm~nt experts even ~onte,1d 
that :~n5 is closer to what is likely to becomt. a 
normal year for the world than any other recent 
year. 

39 

A basic tool used by the Wodd Bank for ensuring 
consistency among its GDP projections is the 
SIMLINK model, described in Chapter 16 of ttus 
volume. Unforturretely, SIMLINK generally pro
jects to 1985 only, rather than to the ye:!!' 2000. 
However, the 1977 report of the Workshop on 
Alternative Energy Strategies (W AES) judgmen· 
tally extended the SIMLINK projections to .~000 
for all but the Sovie: and Chinese bl<.ick countries.t 
The World Bank staff recommended that the 

tThc WAES report was published in tm by McOraw-HiU as 
Energy: Global Prospects 1985~000. 

1\ 
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W ABS growth rates be used in the Global 2000 
Study and this, in fact, was done.• Projected 
growth rates for the Soviet and Chinese bloc coun
tries were obtained from the CIA. 

GNP figures for the industrialized nations in the 
WAES report have not been derived from SIM
LINK. Instead, they have been derived by W AES 
from analyses of individual countries. In general, 
they are lower than unrealistic expectations of 
member nations oi the Organization for Economic 
Cooperation and Development (OECD), making 
them more nearly consistent with the WAES 
energy projections.t 

Seven growth rate assumptions were made on 
the basis of the information obtained from the 
World Banlc, WAES, and the CIA. The growth 
rates are presented in Table 3-1. The countries to 
which each assumption applies is as follows. 

Assumption A applies to the OPEC countries: 
Algeria 
Ecuador 
Gabon 
Indonesia 
Jrp,n 
Iraq 
Kuwait 

Libya 
Nigeria 
Qatar 
Saudi Arabia 
United Arab Emirates 
Venezuela 

Assumption B applies to the non-OPEC lower
income LDCs (annual per capita income in 1975 
under $200, as denominated in 1972 U.S. dollars). 
In South Asia these countries are: 

Afghanistan 
Bangladesh 
Burma 
India 

Nepal 
Pakistan 
Sri Lanka 

In sub-Saharan Africa the non-OPEC lower-in
come LDCs are: 

Burundi 
Central African 

Republic 
·Chad 

Dahomey 
Ethiopia 
Guinea 
Kenya 
Madagascar 
Malawi 
Mall 

Niger 
Rwanda 
Sierra Leone 
Somalia 
Sudan 
Tanzania 
Togo 
Uganda 
Upper Volta 
Zaire 

'The World Bank model is officially described in "The 
SIMLIN K Model of Trade and Growth for the Developing 
World," lnlemational Bank for Reconstructirn and Devel· 
opment Working Paper No. 220, Oct. 1975. 
tOECD has a large "lnterfulures" study in prl'gress, in 
which GNP projections are being made. Draft projections 
were considered for use in the Global 2000 Study, but the 
Interfutures GNP projections seemed high, and documenta· 
tion at this stage was inadequate to determine how the 
projections had been made. 

Assumption C applies to the non-OPEC middle
income LDCs (with annual per capita incomes in 
197.5 of$200 or over, as denominated in 1972 U.S. 
dollars). In East Asia these countries are: 

Fiji 
Hong Kong 
South Korea 
Malaysia 
Papua New Guinea 

Philippines 
Singapore 
Taiwan 
Thailand 

Non-OPEC middle-income LDCs in sub-Saharan 
Africa and West Asia are: 

Angola 
Bahrein 
Cameroon 
Congo P.R. 
Cyprus 
Egypt 
Ghana 
Israel 
Ivory Coast 
Jordan 
Lebanon 
Liberia 

Mauritania 
Morocc1> 
MoV\mbique 
Omt•n 
Rhodesia 
Senegal 
Syria 
Tunisia 
Turkey 
Yemen AR,DM 

,:Zambia 

In the Caribbean and Central and South America 
the non-OPEC middle-income LDCs are: 

Argentina 
Barbados 
Bolivia 
Brazil 
Chile 
Colombia 
Costa Rica 
Dominican Republic 
El Salvador 
Guatemala 
Guyana 

Haiti 
Honduras 
Jamaica 
Mexico 
Nicaragua 
Panama 
Paraguay 
Peru 
Trinidad and Tobago 
Uruguay 

Assumption D applies to the following indus
trialized nations: 

Australia 
Austria 
Belgium 
Canada 
Denmark 
Finland 
France 
Federal Republic ofGennany 
Iceland 
Ireland 
Italy 

Japan 
Luxembourg 
Netherlands 
Norway 
Portugal 
Spain 
Sweden 
Switzerland 
United Kingdom 
United States 
New Zealand 

Assumption E applies to most Eastern Euro
pean countries and Mongolia: 

Poland 
Yugoslavia 
Romania 
German Democratic 

Republic 

Czechoslovakia 
Hungary 
Bulgaria 
Albania 
Mongolia 
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Assumption F applies to the U.S.S.R. only. 
Assumption G applies to the centrally planned 

economies of Asia: 

People's Repul:lic of China North Korea 
Socialist Republic of Lao People's Democratic 

Vietn. ·rn Republic 
Cambodia 

The actual GNP projections are given in Tables 
3-2 and 3-3 and summarized in the maps on the 
following two pages. Table 3-2 presents the pro
jections for each country for the years 1985 and 
2000. Table 3-3 provides similar data by regional 
aggregations for (I) more developed regions and 
less developed regions, {2) major regions of the 
world, and (3) 17 selected countries and regions. 
The first map prese.1ts total GNP in 1975 and 
2000, the second per capita GNP. All the projec
tions are in constant 1975 U.S. dollars. 

The per capita GNP projections were developed 
for the Global 2000 Study by attributing aggregate 
GNP growth rates to individual countries and 
regions and dividing these figures by the Study's 
population projections for the same countries and 
regions. This procedure clearly does not take into 
account country-specific charcteristics, which 
would cause GNP projections for individual coun
tries to vary from aggregate projections. A con
sistent set of country-specific GNP projections 
was not available for the study. 

The GNP projections were aggregated (Table 3-
3) so as to be comparable with the Study's 
population projections (Table 3-4). The resulting 
per capita GNP projections are presented in Table 
3-5. Because these calculations were not based on 
country-specific GNP projections, they should be 

considered as only roughly suggestive of trends 
applicable to types of countries rather than spe· 
cific countries. 

Some confusion resulted from this process be· 
cause the base year (1975) figures used by the 
CIA and the World Rank are derived using 
different conversion me~hodoto&ies. The net result 
is that the low-growth rate of 2.5 percent for 
China and the 1975 GNP figure for the U.S.S.R. 
are regarded by the CIA as too low. It should be 
noted, however, that the World Bank model used 
to develop the GNP projections for the LDCs 
assumed a 6 percent growth rate for the socialist 
bloc for all growth cases, which significantly 
exceeds current CIA estilnates. 

TABLE3-1 

Annual Growth Rates, Assumptions A to G 
(Ptrc:~nt) 

As- 1960- 1972- 1976-85 1985-2000 
Applie5 IO -sump- 72 76 High Low High Low ti on 

A OPEC countries 7.2 12.5 7.2 5.5 6.5 4.3 
B Non-OPEC lower-

income LDCs 3.7 2.3 4.4 2.8 3.1 2.5 
c Non-OPEC middle-

income LDCs 6.2 5.9 6.6 4.4 4.9 3.9 
D Industrialized 

countries 
(OECD) 4.9 2.0 4.9 3.1 3.7 2.5 

E Soviet bloc (except 
U.S.S.R.) 3.5 3 3 2.5 

F U.S.S.R. 3.5 3 3 2.5 
G China, etc.• 5.0 2.5" 

I Include• lhc People'• Republic or China. lht Soclall11 Republlc: or Vittum, 
the Democratic People'• Republic of Korea, Cambodia, and Ille Lao People's 
Democratic Republic. 
' OroWlh ratu for 197S-2000. 



TABLE3-2 t 
GNP Estimates (1975) and Projections and Growth Rates (1985, ~)by Country-

(Millions of constant 1975 doflan) 

Growth 1975-8S 1985 198S-2000 2000 
Rate 197S Growth Rate Projections Growth Rate Projections 

Assump- GNP 
High Med. Low High Med. Low High Med. Low High Med. Low ti on 

~rr:t!nt pt:rr:t:nt 
ASIA 

People•s Republic of China G 285,960 s.o 3.1S 2.S 46S,799 413.22S 366,0S3 s.o 3.1S 2.S 968,362 717,808 S30.154 
India B 91,810 4.4 3.60 2.8 141,220 130.764 121.010 3.1 . 2.8 2.S 223.242 197,872 17S,2S9 · 
Japan . D 49S,180 4.9 4.0 3.1 798,947 732.987 671,970 3.7 3.1 2.S 1,377,842 l,ISB,714 973.213 
Banaladesh B 8,820 4.4 3.6 2.8 13,S67 12,S62 ll,62S 3.1 2.8 2.S 21,447 19.009 16,836 
Pakistan B 9,830 4.4 3.6 2.8 JS,120 14,001 12,SS6 3.1 2.8 2.S 23.902 21,186 18,764 

Socialist Republic of Viet Nam G 7,100 s.o 3.1S 2.S I l.S6S 10,260 9,089 s.o 3.1S 2.S 24,043 17,823 13,164 
Philippines c IS,730 6.6 s.ss 4.S 29.806 26,997 24,428 4.9 4.4 3.9 61,08S Sl,S02 43,363 
Thailand c 14,S40 6.6 s.ss 4.S 27,551 24,9.54 22,S80 4.9 4.4 3.9 S6,464 47,604 40,083 -i 
Republic of Korea c 18,6.50 6.6 S.5S 4.S 3S.339 32.008 28,963 4.9 4.4 3.9 72,42S 61,061 51.413 :c 
Iran A 48,820 7.2 6.3S s.s 97,847 90,3S9 83.392 6.S S.4 4.3 2Sl,647 198,87S JS6,dl6 "' 
Bunna B 3,270 4.4 3.6 2.8 S,030 4,657 4,310 3.1 2.8 2.S 7,951 "/,047 6,242 ~ Afghanistan B 2.160 4.4 3.6 2.8 3.322 3,076 2.847 3.1 2.8 2.S S,2SJ 4.6SS 4,123 

"' Republic of China c 1.:,210 6.6 s.ss 4.S 26,926 24,388 22,068 4.9 4.4 3.9 SS,183 46.525 :!'. ,174 Q Democratic People's Republic of Korea G 6,790 s.o 3.1S 2.S 11.060 9,812 18,692 s.o 3.1S 2.S 22.993 ~.,,044 12,S89 
Sri Lanka B 1,980 4.4 3.6 2.8 3,046 2,820 2,610 3.1 2.8 2.S 4,BIS 4,267 3,780 0 z 
Nepal B J,390 4.4 3.6 2.8 2.138 1,980 1,832 3.1 2.8 2.S 3,380 2,996 2,653 I'll 

Malaysia c 8,690 6.6 s.ss 4.S 16,466 14,914 13,49S 4.9 4.4 3.9 33,746 28,451 23,9S6 
Iraq A 14,260 7.2 6.3S s.s 28,SSO 26,393 24,3S8 6.S S.4 4.3 73,S03 S8,090 4S,804 
Saudi Arabia A 24,960 7.2 6.3S s.s S0,026 46,198 42,63S 6.S 5.4 4.3 128,659 101.679 80,174 
Cambodia G n.a. s.o 3.7S 2.S s.o 3.7S 2.S 
Syrian Arab Republic c 4,870 6.6 s.ss 4.5 9,228 8,3S8 7,S63 4.9 4.4 3.9 18,912 15,944 13,42S 
Yemen Arab Republic c 1,380 6.6 s.ss 4.S 2,61S 2,368 2,143 4.9 4.4 3.9 S,3S9 4,Sl7 3,804 
Hong Kong c 7.S20 6.6 S.S5 4.S 14,249 12,906 11,678 4.9 4.4 3.9 29,202 24,621 20,730 
Israel c 12,400 6.6 S.5S 4.S 23,496 21,282 19,257 4.9 4.4 3.9 48,IS3 40.S99 34,184 
Lao People's Democmic iC.q>d>lic G n.a. s.o 3.7S 2.S s.o 3.7.5 2.S 
Lebanon c n.a. 6.6 s.ss 4.S 4.9 4.4 3.9 
Jordan c 1,240 6.6 s.ss 4 • .5 2,3SO 2,128 1,926 4.9 4.4 3.9 4,816 4,060 3,419 
Singapore c S,640 6.6 5.5S 4.S 10,687 9,680 8,759 4.9 4.4 3.9 21,902 18,466 15,548 
People's Democralic Republic of Yemen c 410 6.6 s.ss 4.S 777 704 637 4.9 4.4 3.9 l.S92 1.343 1,131 
Mongolia E 1,000 3.S 3.2S 3.0 l,411 1.377 1,344 3.0 2.7.5 2.S 2,198 2,069 1,947 

Bhutan B 90 4.4 3.6 2.8 138 128 119 3.1 2.8 2.S 218 194 172 
Kuwait A 11,280 7.2 6.3S s.s 22,608 Z0,878 19,268 6.S .5.4 4.3 S8,144 4S,9S1 36,233 
Oman c 1,600 6.6 5.55 4.S 3,032 2,746 2,485 4.9 4.4 3.9 6,214 S,239 4,411 

...i United Arab Emirates A 6,870 7.2 6.3S s.s 13.769 12,71S ll,73S 6 • .5 S.4 4.3 3S,412 27,985 22,067 
Bahrain c 630 6.6 5.SS 4.S l,194 1.081 978 4.9 4.4 3.9 2,447 2,062 1,736 

"'fr 



Qmr A. 1.680 7.2. 6.35 5..5 3.367 3.109 2.l'JO 6..5 5.4 4~ 1.659 6.143 5;J'.11 

AFRICA 

Niaaia A 23.080 7.2 6.35 5.5 46.258 42.718 39.424 6.5 S.4 4.3 118.968 94.020 74.135 
Arab Republic of Egpt c 11..SSO 6.6 s.ss 4.5 21.885 19.823 17.937 4.9 4.4 3.9 44.852 37,816 31.141 
Etlliopia B 2,860 4.4 3.6 2.8 4,399 4,073 3.110 3.1 2.8 2.S 6.954 6.163 5.460 
Solillb Africa D 33..540 4.9 4.0 3.1 54,llS 49,647 4S.Sl4 3.7 3.1 2.S 93,325 78,483 6S.91B 
Zaire B 3,740 4.4 3.6 2.8 S,7S3 S.327 4,930 3.1 2.8 2.S 9,0!U 8,061 7.140 

Morocco c 7,890 6.6 s.ss 4.S 14,9SO 13.541 12,253 4.9 4.4 3.9 30,639 25,832 21,7SI 
Sudan B 4..510 4.4 3.6 2.8 6,937 6,424 S,944 3.1 2.8 2.S 10,966 9,721 8,609 
Algeria A 12,290 7.2 6.3S s.s 24.632 22.747 20,993 6.S S.4 4.3 63.3.50 S0,06S 39,477 
Tanzania B 2.560 .4.4 3.6 2.8 3,938 3,646 3.374 3.1 2.8 2.S 6.22S S.Sl7 4,887 
Kenya B 2,900 4.4 3.6 2.8 4,461 4,139 3,822 3.1 2.8 2.S 7.0S2 6,250 S.sJS 
Uganda B 2,880 4.4 3.6 2.8 4,430 4.102 3,196 3.1 2.8 2.S 7,003 6,207 S,498 
Ghana c 4,S80 6.t s.ss 4.S 8,678 7.Sc:iO 7,113 4.9 4.4 3.9 17,785 14,994 12.627 
Mozambique c 2,8.50 6.6 s.ss 4.S S.400 4,891 4,426 4.9 4.4 3.9 11,067 9,331 7,8S7 
Madapsc:ar B 1,730 4.4 3.6 2.8 2,661 2,464 2.280 3.1 2.8 2.S 4.207 3,729 3.302 
Cameroon c 1,940 6.6 s.ss 4.S 3,676 3.330 3,013 4.9 4.4 3.9 7,S34 6,3S3 S,349 

Ivory Coast c 3.3.50 6.6 s.ss 4.S 6,348 S,749 S.202 4.9 4.4 3.9 13,010 10.967 9,234 
llbodesia c 3,430 6.6 s.ss 4.S 6,499 S,881 S,327 4.9 4.4 3.9 13.319 11,231 9,4S6 0 
Angola c 3,710 6.6 s.ss 4.S 7,030 6,367 S,762 4.9 4.4 3.9 14,407 12,146 10,228 z 
Upper Volta B S60 4.4 3.6 2.8 861 798 738 3.1 2.8 2.S 1,361 1,208 l,070 

.,, 
Mali B 540 4.4 3.6 2.8 831 769 712 3.1 2.8 2.S 1.314 1,164 1.031 ~ Tunisia c 4,230 6.6 .us 4.S 8,GIS 7,260 6.569 4.9 4.4 3.9 16,426 13,8.50 11,661 .. 
Guinea B 710 4.4 3.6 2.8 1,()1}2 I.Oil 936 3.1 2.8 2.S 1.726 l.SJO l,3S6 m 

Malawi B 760 4.4 3.6 2.8 l,169 1,082 1,002 3.1 2.8 2.S 1,848 1,637 l,4SI Q -Senepl c l,8.50 6.6 s.ss 4.S 3,SOS 3,17S 2,873 4.9 4.4 3.9 7,183 6,0S7 S,100 0 
Zambia c 2.6.SO 6.6 S.55 4.5 5,021 4.548 4,llS 4.9 4.4 3.9 10,290 8.676 7.305 z 

en 

Niger B 600 4.4 3.6 2.8 923 SSS 791 3.1 2.8 2.5 l,4S9 1,294 l,146 
Rwanda B 360 4.4 3.6 2.8 5S4 Sil 47S 3.1 2.8 2.S 876 776 688 
Chad B 490 4.4 3.6 2.8 7S4 698 646 3.1 2.B 2.S 1,192 l,OS6 936 
Burundi B 370 4.4 3.6 2.8 S69 527 488 3.1 2.8 2.s 899 m 707 
Somalia B 320 4.4 3.6 2.8 492 456 422 3.1 2.8 2.5 778 690 Gil 
People's &cpublic of Benia B 420 4.4 3.6 2.8 646 S98 SS4 3.1 2.8 2.S 1,021 905 802 
Sk.::';;. Leone B 590 4.4 3.6 2.8 908 840 778 3.1 2.8 2.S l,43S 1.271 1.127 
Libyan Arab Republic A 12,000 7.2 6.35 5.S 24.852 22,9S1 21.181 6.S 5.4 4.3 63,91S S0..514 39,830 
TOfl,O B S90 4.4 3.6 2.8 908 840 778 3.1 2.8 2.S l,43S 1.271 1,127 
Ceolral ~;can Empire B 410 4.4 3.6 2.8 631 S84 540 3.1 2.8 2.S 997 884 782 

Liberia c 630 6.6 s.ss 4.S l,194 J,081 978 4.9 4.4 3.9 2.447 2,062 1,136 
People's Republic ofdle C.., c 660 6.6 s.ss 4.S 1.251 1.133 1,02.5 4.9 4.4 3.9 2.564 2,161 1.820 
Mauritania c 410 6.6 s.ss 4.S m 704 637 4.9 4.4 3.9 l.S92 1..343 1,131 
LetodK> B 210 4.4 3.6 2.8 323 299 rn 3.1 2.8 2.5 Sil 452 401 
Mauritius c 510 6.6 S.S5 4.5 966 81S 792 4.9 4.4 3.9 1.980 1.669 1.406 

Botswana c 220 6.6 S.5S 4.S 417 378 342 4.9 4.4 3.9 SSS 721 607 
Gabon A t,l(IC 7.2 6.JS s.s 2,405 2.221 2,050 6..5 S.4 4.3 6,18S 4,888 3.BSS 

"Ill_.-..-..._.._ ..-111.--....-111r..,. •~ l'llllllrtlllill rar illliYidml coalria. 1'11111, 11111 ... wllidl-..,.,... ... ildirillll ux::. 1a dtia ..... _ 
~ 

~ 
.................................. wtlidl .... __, _ .................. pnljn:tlolll ... dD ... '* --~c:lllnckrilaia. 
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TABLE 3-2 (cont.) t 
Growth 197.5-85 1985 1985-2000 2000 

Rate 197.5 Growthltate Projeetioas Growth Rate ProjectionS 
~ GNP 

tioa Hip Med. Low Hip Med. Low Higb Med. Low Higb Med. Low· 

Pf'IT:ltnt Pf'tT:ltnt 

TheOambia B 100 4.4 3.6 2.8 1.54 142 132 3.1 2.8 2.S 243 21.5 191. 
Swaziland c 239 6.6 s.ss 4..5 436 395 3.57 4.9 4.4 3.9 894 7.54 634 
Equatorial Guinea c 100 6.6 s.ss 4 • .5 189 172 15.5 4.9 4.4 3.9 387 328 215 
Comoros B 70 4.4 3.6 2.8 108 100 92 3.1 2.8 2 • .5 171 I.SI 133 

EUROPE 
U.S.S.R. F 665,910 3.S 3.2.5 3.0 939,332 916,888 894,927 3.0 2.15 2..5 1,463,449 1,377,348 1.296,121 
Federal Republic of Germany D 408,750 4.9 4.0 3.1 6.59,497 60.5.050 .554,682 3.7 3.1 2.S 1,137,350 9.56.470 803,34.5 
l1aited K.qdom D 214,940 4.9 4.0 3.1 346,794 318,164 291.678 3.7 3.1 2.S 598,071 .502,957 422,437 
Italy D 1.54,Jl~ 4.9 4.0 3.1 248,648 228,120 209,131 3.7 3.1 2.S 428,811 360,61.5 302,884 
France D 304,600 4.9 4.0 3.1 491,4.56 4.50,882 413,349 3.7 3.1 2.S 847.S.51 712,7.59 .598,6.53 
Twtey c 34..S90 6.6 s.ss 4 . .5 6.5,.542 .59,36.5 .53,717 4.9 4.4 3.9 134,324 113,2.50 95,3.SS -! 
Spa.in D 9.5,630 4.9 4.0 3.1 1.54,294 141..556 129,m 3.7 3.1 2 • .5 266,091 m.m 187,949 ::c 

'" Poland E 98.970 3 . .5 3.2.5 3.0 139,607 136,271 133,007 3.0 2.7.5 2.5 217,.503 204,706 192,634 .,, 
Yuaoslavia E 31.640 3.S 3.2.5 3.0 44,631 43,.56.5 42..522 3.0 2.7.5 2 • .5 69,.534 6.5,443 61,.58.5 ~ Romania E T/,650 3 . .5 3.2.5 3.0 39,003 38,071 37,1.59 3.0 2.7.5 2.5 60,76.5 .57,190 .53,817 .... 

!'ft 
German Democratic Rcpqblic E 71.2.50 3 . .5 3.2.5 3.0 100 • .50.5 98,104 95,754 3.0 2.7.5 2..5 1.56..584 147,372 138,680 ~ 
Czechoslovakia E S.S0,040 3 . .5 3.2.5 3.0 77,639 7.5,784 73,969 3.0 2.7.5 2 • .5 120,9.59 113.843 107,129 -
The Netherlands D 76,340 4.9 4.0 3.1 123,171 113,002 103,.595 3.7 3.1 2 • .5 212.417 178,63.5 1.50,036 0 z 
Hunpry E 26,070 3 . .5 3.2.5 3.0 36.774 3.5,896 3.5,036 3.0 2.7.5 2 • .5 .57,293 .53,923 .50,743 en 
Belgium D .59,440 4.9 4.0 3.1 95,903 87,986 M,661 3.7 3.1 2 • .5 16.5,392 139,089 116,821 
GRlCce D 21..500 4.9 4.0 3.1 34,689 31,82.5 29,176 3.7 3.1 2..5 .59,824 .50.309 42,2.56 
Portupl D 1.5.040 4.9 4.0 3.1 24,266 22.263 20,410 3.7 :u 2 • .5 41,848 3.5,194 29,.560 
Bulpria E 17,770 3 . .5 3.2.5 3.0 2.5,066 24.467 23.881 3.0 2.7.5 2 • .5 39,0.52 36,7.54 34,.587 
Sweden D 64,.580 4.9 4.0 3.1 104,196 9.5..594 87.636 3.7 3.1 2 • .5 179,694 I.51,116 126,923 
Austria D 3.5,.520 4.9 4.0 3.1 .57.310 .52 • .578 48.201 3.7 3.1 2 • .5 98,83.5 83,116 69,809 

Switzerland D .51,.510 4.9 4.0 3.1 83,109 76.247 69,900 3.7 3.1 2 • .5 143.327 120,.532 101,236 
Denmark D 3.5,030 4.9 4.0 3.1 .56,.519 .51,8.53 47,.536 3.7 3.1 2 • .5 97,471 81.970 68.846 
F"mland D 24,000 4.9 4.0 3.1 38,723 3.5,.526 32,.569 3.7 3.J 2 . .5 66,781 .56.160 47.170 
Norway D 26.240 4.9 4.0 3.1 42.337 38.842 3.5.608 3.7 3.1 2 • .5 73,013 61,402 .51,571 
Ireland D 7,.560 4.9 4.0 3.1 12.198 11.191 10.259 3.7 3.1 2 • .5 21,036 i7,691 14,8.58 

Albania E 1.4.50 3 • .5 3.2.5 3.0 2,04.5 J,997 1,949 3.0 2.7.5 2 • .5 3.186 3,000 2.823 
C)-p~'..!S c 740 6.6 s.ss 4 • .5 1.402 i.27~ 1,149 4.9 4.4 3.9 2,873 2,423 2,040 
Luxembours D ~.200 4.9 4.0 3.1 3 • .5.50 3,2.57 2,98.5 3.7 3.1 2.S 6,122 .5,149 4,323 
Iceland D 1.250 4.9 4.0 3.1 2,017 1.8.50 1.696 3.7 3.1 2 • .5 3.478 2.92.5 2.4.56 

NORTH AND CENTRAL AMERICA 
United States D 1..508,680 4.9 4.0 3.1 2.434,176 2.233.21.5 2,047.311 3.7 3.1 2 • .5 4,197,9i2 3..530.291 2,96.5,117 
Mexico c 71,170 6.6 s.ss 4 • .5 134,8.56 122,146 110..Sl.5 4.9 4.4 3.9 T/6,377 233,017 196,198 
Canada D l.51,730 4.9 4.0 3.1 244,808 224,.597 20.5,901 3.7 3.1 2..5 422.189 3.5.5,04.5 298,206 



Cuba c 7,430 6.6 s.ss 4.S 14,079 12,7S2 ll,S39 4.9 4.4 3.9 28,8S4 24,327 20,483 
Guatemala c 3,530 6.6 s.ss 4.S 6,689 6,0S8 S,482 4.9 4.4 3.9 13.709 ll,SS7 9,731 
Dominican Republic c 3,380 6.6 s.ss 4.S 6.40S S.801 s.2.:9 4.9 4.4 3.9 13,127 i:.~7 9,318 
Haiti c 810 6.6 s.ss 4.S l,S3S 1,390 1,258 4.9 4.4 3.9 3,146 2,652 2,233 
El Salvador c 1,820 6.6 s.ss 4.S 3.449 3,124 2,826 4.9 4.4 3.9 7,068 S,960 S,017 
Pueno Rico c 7,100 6.6 s.ss 4.S 13,4S3 12.18S 11,026 4.9 4.4 3.9 27,571 23,24S 19,573 
Honduras c 1,010 6.6 s.ss 4.S 1.914 1,733 l,S69 4.9 4.4 3.9 3,923 3,306 2,785 
Nicaragua c l.SIO 6.6 s.ss 4.S 2,861 2,S92 2,34S 4.4 4.4 3.9 S.863 4,94S 4,163 
Jamaica c 2,630 6.6 s.ss 4.S 4,983 4,Sl4 4,084 4.4 4.4 3.9 10,212 8,611 7,250 
Cos~a Rica c 1.790 6.6 <;.SS 4.S 3,392 3,072 2.780 4.4 4.4 3.9 6,9S2 S.860 4,93S 
Panama c 1.770 6.6 s.ss 4.S 3,3S4 3,038 2,749 4.4 4.4 3.9 6,874 S.796 4,880 
Trinidad and Tobago c 2,0SO 6.6 s.ss 4.S 3,884 3,Sl8 3,184 4.4 4.4 3.9 7,960 6,711 S,6S2 
Barbados c 310 6.6 s.ss 4.S S87 S32 481 4.9 4.4 3.9 1,203 l,01S 854 
Bahamas c S30 6.6 s.ss 4.S 1,004 910 823 4.9 4.4 3.9 2,0S8 1,736 1,461 
Grenada c 40 6.6 s.ss 4.5 76 69 62 4.9 4.4 3.9 1S6 132 110 

SOUTH AMERICA 

Brazil c .J7,870 6.6 s.ss 4.S 204,396 18S,133 167,Sl9 4.9 4.4 3.9 418,89S 3S3,176 297,370 
Argentina c 39,810 6.6 s.ss 4.S 7S,433 68,324 61,824 4.9 4.4 3.9 IS4,594 130,341 109,746 
Colombia c 13,170 6.6 s.ss 4.S 24,9SS 22,603 20,4S3 4.9 4.4 3.9 Sl.143 43,119 36,307 
Peru c 12,S20 6.6 s.ss 4.5 23,723 21,488 19,443 4.9 4.4 3.9 48,619 40,992 34,514 0 z 
Venezuela A 26,670 7.2 6.3S s.s S3,4S3 49,363 4S,SS6 6.S S.4 4.3 137,473 108,64S 85,666 .,, 
Chile c 8,0SO 6.6 s.ss 4.S IS.253 13,816 12,SOl 4.9 4.4 3.9 31,260 26,3.:;~ 22,191 ;a 
Ecuador A 3,890 7.2 6.3S s.s 7,796 7,200 6,64S 6.S S.4 4.3 20,0SO IS,847 12,496 e 
Bolivia c 1,770 6.6 s.ss 4.5 3,3S4 3,038 2,749 4.9 4.4 3.9 6,874 S,796 4,880 r!l 
Uruguay c 3,670 6.6 s.ss 4.5 6,9S4 6,299 S,699 4.9 4.4 3.9 14,252 12,017 10,117 Q 
Paraguay c 1,460 6.6 s.ss 4.5 2,766 2,506 2,267 4.9 4.4 3.9 S,669 4,781 4,024 6 
C-uyana c 4SO 6.6 s.ss 4.5 853 m 699 4.9 4.4 3.9 1,748 1,473 1.241 z 

c:n 

OCEANIA and INDONESIA 
Indonesia A 24,180 7.2 6.3S s.s 48,462 44,754 41,303 6.5 S.4 4.3 124,637 98,501 77,669 
Australia D 76,190 4.9 4.0 3.1 122,929 112,780 103,391 3.7 3.1 2.S 212,000 178,284 149,741 
New Zealand D 14,460 4.9 4.0 3.1 23,330 21,404 19,623 3.7 3.1 2.5 40,234 33,836 28,420 
Papua New Guinea c 1,220 6.6 s.ss 4.5 2,312 2,094 l,89S 4.9 4.4 3.9 4,738 3,99S 3,364 
F'di c 520 6.6 s.ss 4.5 98S 892 808 4.9 4.4 3.9 2,019 1,702 1,434 

Western Samoa c so 6.6 s.ss 4.S 9S 86 78 4.9 4.4 3.9 19S 164 138 



TABLE3-3 

GNP E111•••1 (1975) and Projectlom and Growth 8*J (JM, 2GOO) by 1'fldal'...,.. ~ 
Selected Countries and RegioJs 

(Millions of consuuu 1975 dollanJ 

J97S-8.5 J985 J98S-2000 2000 
J97S GrowthJWe Projections • Growth Rate ProjectioDs • 
GNP 

High Med. Low High Med. Low High Med. Low High Med. Low 

percent perc~nt 

WORLD 6,024.900 4.91 4.08 3.26 9,733,054 8,990,808 s;,r_1,ss1 3.93 3.32 2.73 17,3S3,097 J4,676,724 J2,432,918 
More developed regions 4,891,760 4.6.5 3.87 3.10 7,70S,109 7, IS0,2.51 6,63S,268 3.S9 3.0S 2.S2 13,085,720 11,224,326 9,636.003 
Less developed regions J,133,140 S.99 4.97 3.9S 2.027.94S 1,840,5.57 1,669,283 S.08 4.28 3.SO 4.267.377 3,4S2,398 2,796,91S 

MAJOR REGIONS 
Africa J61,S80 6.10 S.18 4.26 292,001 267,731 24S,31S S.0.5 4.32 3.60 611,741 SOS,210 417,223 
Asia and Oceania 696,880 S.69 4.64 3.60 1,212,127 1,097,289 992,6SS S.08 4.16 3.27 2,S.50,112 2,023,422 J,608,SSJ 
Latin America• 326,2JO 6.66 S.63 4.60 621,4.57 S63,976 Sl 1.337 S.07 4.Sl 3.94 J,30S,630 J,092,48J 913,195 ~ 

U.S.S.R. and Eastem Europe 99S,1SO 3.SO 3.2.5 3.00 1,404,602 1,371,043 1,338,204 3.00 2.7S 2.SO 2,188,32.5 2,0S9,579 J,938,IJ9 ::c 
"' Northern America, Westem ;JI Europe, Japan, Australia, 

and New ZeaJand 3,844,480 4.90 4.00 3.10 6,202,867 S,690,169 S,217,040 3.70 3.JO 2.SO 10,697,289 8,996,032 1,SSS,830 e 
"' SELECTED COUNTRIES AND REGIONsc a People's Republic of China 28S,960 s.o 3.7S 2.S 465,799 413,225 366,0S3 s.o 3.7.5 2.S 968,362 717,ilOS S30,JS4 0 India 91,810 4.4 3.6 2.8 14J,220 130,764 121,0JO 3.J 2.8 2.S 223.242 197,lm 17S,259 z 

Indonesia 24,180 7.2 6.3S s.s 48,462 44,1S4 4J.303 6.S S.4 4.3 124,637 98,501 77,669 Cf.I 

Bangladesh 8,820 4.4 3.6 2.8 13,567 12,562 IJ,62S 3.J 2.8 2.S 2J,447 19,009 J6,836 
Pakistan 9,830 4.4 3.6 2.8 lS,120 14,001 12,956 3.1 2.8 2.S 23,902 21,J86 18,764 
Pbilippines lS,730 6.6 S .SS 4.S 29,806 26,997 24,428 4.9 4.4 3.9 61,085 Sl,.502 43,363 
Tbailand 14,540 6.6 s.ss 4..5 27,SSl 24,9S4 22,.580 4.9 4.4 3.9 .56,464 47,604 40,083 
South Korea J8,6.50 6.6 s.ss 4.S 3.5,339 32,008 28.963 4.9 4.4 3.9 72,42.5 61,061 Sl,413 
P.mt 11,SSO 6.6 s.ss 4.S 21,88.5 19,823 17,937 4.9 4.4 3.9 44,852 37,816 31,841 
N'ipria 23,080 7.2 6.3S s.s 46,2.58 42,718 39,424 6.S S.4 4.3 118,968 94,020 74,J3S 
Brazil 107,870 6.6 s.ss 4.S 204,396 18.5,133 167,519 4.9 4.4 3.9 418,89S 3.53,J76 297.370 
Mexico 71,J70 6.6 s.ss 4.S 134,8.56 122,J46 :10,s25 4.9 4.4 3.9 276.377 233,017 J96,198 
United States• J,508,680 4.9 4.0 3.1 2,434,176 2,233,21S 2,047,3Jl 3.7 3.J 2.S 4,J97,912 3,.530,29J 2,96S,Jl7 
U.S.S.R. 66.5,910 3 • .5 3.2.5 3.0 939,332 916,888 894,927 3.0 2.7S 2.S J,463,449 J,377,348 J,296,12J 
Japan 49S,180 4.9 4.0 3.1 798,947 732,987 671,970 3.7 3.1 2.S J,377,842 1,1S8,714 973,213 
Eastem Europe (excluding U.S.S.R.) 329,840 3 . .50 3.2.5 3.0 46S,270 4S4,1SS 443,277 3.0 2.75 2.S 724,876 682,23J 641,998 
Westem Europe 1,598,240 4.90 4.00 3.10 2,.578,677 2,36.5,786 2,168,844 3.70 3.10 2.S 4,447,112 3,739,862 3,14J,J33 

• Pnljcclal pvwtll - or ll'OIS ....._. pmdDct -- developed min& <:Omplcx eomputer simulation tcdmiques described in Chapter 16. Tbcse projectiom rcpmeat Ille raalt or llpplJin& -
pftljected pvwtll - to Ille 1975 ClNP dllla ..-- in Ille 11'76 World Bank Alias • 
• IJldDdes Piiato Rico. 
• Ill - -. ll'OU lllllioaal mic- pvwtla rala "'9 pn:ljcc1ed for POftJ11 of COWltrics ndhcr lhaA for individual CO'l1lltries.. 11ms, Ille ra1a Wflich are altribuled to illdi'l'illmll LDCa in dlia bble ..-e 
die sr-tll nra anilicable 10 Ille puup with wWc.11 dllll comuy - aanpted rw makiaa projections and do not tate into .::count COlilalrY·specilic ~ 
• Does not IDclade Piiato Rico. 

~ 



TABLEJ-4 

Population EWimates (1'75) and Projections and Growth Rates (1985, 2000) by Major Regions.and Selected Countries and 
Regions 

Un millions) 

Average Annual Growth Average Annual Growth 
197S Rate 198S Rate 2000 

197S-8S• 1985-2000• 

High Med. Low High Med. Low High Med. Low High Med. Low Hip Med. Low 

percent percent 
WORLD 4,134 4,090 4,043 J.9S 1.79 1.63 S,013 4,88S 4,7S3 2.0S 1.77 1.48 6,797 6,3SI S,92_1 

More developed regions 1,131 1,131 1,131 0.79 0.69 0.60 1,224 1,212 1,201 0.79 O.S9 0.40 1,377 1,323 1,274 
Less developed regions 3,003 2,959 2,912 2.3S 2.18 2.01 3,789 3,673 3.SS3 2.42 2.12 1.81 5,420 S,028 4,648 

MAJOR REGIONS 
Africa 399 399 399 2.96 2.90 2.80 534 S31 S25 3.13 2.90 2.48 847 814 7S9 
Asia and Oceania 2,318 2,274 2,228 2.13 1.93 l.7S 2,861 2,7SS 2,6SI 2.17 1.86 t.S9 3,951 3,630 3,3S9 
Latin America" 325 :;25 324 3.04 2.91 2.6S 439 432 421 2.94 2.61 2.17 678 637 SSI 
U.S.S.R. and Eastern 

Europe 384 384 384 0.9S o.ss 0.74 422 418 414 0.8S 0.6S 0.43 480 460 442 0 
Northern America. z 

"a 
Western Europe, ;g Japan, Australia and 0 
New Zealand 708 708 708 0.67 O.S7 0.48 7S7 749 743 0.71 O.S2 0.34 842 781 .. 

m 
SELECTED COUNTRIES AND REGIONS Q 

People's Republic of 6 China 978 93S 889 1.64 1.42 I.JO l,ISI 1,076 992 1.63 1.42 1.14 1,468 1,329 1,176 z 
India 618 618 618 2.43 2.14 2.04 786 764 7S7 2.S2 1.95 1.69 1,142 1,021 974 (ll 

Indonesia 13S 13S 13S 2.22 2.lS 2.03 168 167 16S 2.28 2.0S l.S9 263 226 2QIJ 
Bqladesh 79 79 79 3.08 3.02 2.93 108 107 106 2.94 2.67 2.39 166 IS9 ISi 
Pakistan 71 71 71 3.29 3.23 3.19 98 98 97 3.IS 2.SS 2.67 IS6 149 144 
Philippines 43 43 43 2.S9 2.28 2.01 S6 S4 S2 2.44 2.09 1.68 80 73 67 
Thailand 42 42 42 2.6S 2.SO 2.34 SS S4 S3 2.SS 2.20 1.77 81 7S 59 
South Korea 37 37 37 2.12 1.92 1.69 46 4S 43 2.03 l.6S 1.42 62 S7 S4 
Egypt 37 37 37 2.73 2.62 2.41 48 48 ~7 2.S6 2.12 l.S4 71 6S S9 
N'lgeria 63 6l 63 2.96 2.96 2.92 84 84 84 3.29 3.18 2.90 137 134 129 
Brazil 109 109 109 3.3S 3.2S 4 .os ISi ISO 147 3.16 2.78 2.SS 241 226 214 
Mexico 60 60 60 3.69 3.44 2.80 86 84 78 3.36 3.02 2.32 142 131 Ill 
United Stales c 214 214 214 0.96 0.70 O.S2 23S 229 225 0.94 o.ss lJ.27 270 248 234 
U.S.S.R. 2S4 2S4 2S4 I.OS 0.93 0.80 282 279 276 0.90 0.68 0.46 323 3QIJ 29S 
Japan 112 112 112 0.91 0.88 0.81 122 122 121 0.68 O.S9 0.43 13S 133 129 
Eastern Europe 

(excluding U.S.S.R.) 130 130 130 0.74 0.68 0.63 140 139 138 0.76 O.S7 0.39 IS7 IS2 147 
Western Europe 344 344 344 0.3S 0.33 0.30 3S6 3SS 3S4 O.S2 O.A.3 0.31 384 378 371 

·~ ... 19115 lllld 2000 - de¥doped mills Ille camplcx lilllllllllioa llldmiques dacribed in Qaptcr u. These IPowdl,.... men:ly -= die raulll ot lllole Clk:Dliitiam 
•Jaclada .....,., lb. 
•Does - iDdllde Piiato llico. ~ 

<:fa. -



TABLE3-S Vl 
Q 

Per Qapb GNP. F.stbates (1975) and Projections and Growth Rates (1985, 2000) by Major Regions and Selected Countrf:s and 
. . Rigions 

(Constant 1975 U.S. dollars) 
Average Annaal Growth 1985 Average Annual Growth 2000 

197S Rate, 197S-198S Rate. 1985-2000 

High Med. Low High Med. Low High Med. Low High Med. Low High Med. Low 

percent percent 
WORLD 1,490 1.473 l,4S7 3.23 2.26 1.29 2,048 1,841 1,657 2.42 l.S3 0.66 2,930 2,311 1,829 

More developed 
countries 4,325 4,325 4,325 4.02 3.16 2.28 6,416 S,901 S,420 3.19 2.4S 1.72 10,270 8,485 6,996 

Less developed 
countries 388 382 377 3.94 2.7S l.S8 s~· '• 501 441 3.22 2.13 I.OS 918 5fr1 Sl6 

MAJOR REGIONS 
Africa 405 40S 40S 3.22 2.23 1;28 SS6 sos 460 2.51 1.38 0.46 806 620 493 
Asia and Oceania 313 306 301 3.86 2.66 1.43 4S1 398 347 3.44 2.27 1.07 1S9 SS1 407 
Latin America b 1,007 1,005 1,003 3.90 2.'i4 I.SI 1,476 1,304 1,165 2.84 1.84 0.97 2,247 l,71S 1,347 
U.S.S.R. and Eastern '"'! 

Europe 2,591 2,591 2,591 2.74 2.38 2.03 3,394 3,279 3,169 2.SS 2.09 1.64 4,954 4,472 4,042 :c: 
m 

North America, ..,, 
Western Europe, ~ 
Japan, Australia, and ... 

m 
New Zealand S,431 S,431 S,431 4.40 3.41 2.41 8,3S2 7,597 6,894 3.3S 2.S7 1.77 13,693 11,117 8,974 (") 

SELECTJ ' COUNTRIES AND REGIONSe 
'"'! s 

People':!> .3ublic of z 
China 322 306 292 3.8S 2.30 0.86 470 384 318 3.81 2.30 0.85 824 540 361 tll 

India 148 148 148 2.37 l.4S 0.40 187 171 154 1.36 0.84 -0.04 229 194 IS3 
Indonesia 179 179 179 S.09 4.12 3.23 294 268 246 4.82 3.07 1.98 S96 422 330 
Bangladesh Ill IH 111 1.44 0.61 -0.27 128 118 1(18 0.69 0.11 -0.4S 142 120 IOI 
Pakistan 138 138 138 1.23 0.43 -0.44 IS6 144 132 0.42 -0.09 -0.63 166 142 120 

Philippines 369 368 366 4.SO 3.17 1.86 S13 503 440 3.16 2.27 1.41 914 704 543 
Thailand 343 343 342 4.19 2.98 1.81 Sl7 460 409 3.07 2.IS 1.29 814 633 496 
South Korea sos S07 sos 4.83 3.S4 2.3S 814 718 637 3.44 2.70 1.83 l,3SI 1,071 836 
Egypt 313 313 313 4.10 2.89 1.71 468 416 371 3.31 2.22 1.33 763 578 4!'2 
Nigeria 367 367 367 4.IS 3.28 2.46 SSI 507 468 3.SI 2.IS 0.98 924 698 S42 

Brazil 994 991 991 3.44 2.23 I.I I 1.394 1,236 1,107 2.29 1.58 0.72 l,9S9 l.S63 1.232 
Mexico 1,196 J,188 1,182 3.70 2.04 0.78 1,720 l,4S4 1,278 2.S2 1.34 O.S2 , 499 l,77S 1,382 

United Stalesd 7,066 7,066 7,066 4.3S 3.28 2.12 10,819 9,1S6 8,719 3.42 2.S4 I.SS 17,917 14,212 10,974 
U.S.S.R. 2,618 2,618 2.618 2.67 2.30 1.93 3,408 3,286 3.169 2.S3 2.06 1.59 4,9S9 4,4S9 4,0IS 
Japan 4,437 4,437 4,437 4.06 3.10 2.17 1',608 6.023 S,499 3.26 2.49 1.81 10,689 8,712 7,193 
Eastern Europe 2,S39 2,S39 2,S39 2.8S 2.SS 2.24 3,364 3.26S 3.169 2.60 2.16 1.73 4,94S 4,500 4,097 
Western Europe 4,6S3 4,6S3 4.6S3 4.59 3.66 2.74 7,286 6,666 6,099 3.38 2.66 1.97 11,993 9,889 8,174 

"fbe projections of aross nalioaal product and population prcscrud in Tables 3-3 and 3-4 were used to calculate the 197,, 1985. ard 2000 per capita gross national product riprcs prcsemc.! ;., this table. The biah riprcs arc based on 
diYidinslbe hiab GNPfipircs by lbe low population fiaurcs; the low riprcs arc based on dividina the low GNP rigurcs by the biah population rqpircs; lbe medium r,.,.:rcs arc based on the medium o,,;:- ..nd population fi&urcs. The powth 
raies S1111111Wize Ille results of these calculations. 
"Includes Puerto Rico. 
"In most c:un, aros• national product srowth nucs were pro.iccted for 1111JUps of countries nuher than for individual countries. Thus. the nucs a11nbutcd to individual LDC• in this !able arc tbe powth rases applicable IO 
the lfOUP with wmcb that country was aarcpred for maltina projections and do noc take into llCCOUnl country-specific characteristics. 
"Does nae include Pueno Rico. 

<:P.. 
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4 , Climate Proje~tions 

Because climate has a profound effect on Jur 
lives and economies and has possible conse
quences for the future. we cannot ignore it. yet 
there are unresolved problems which make state
ments about future climate very uncertain. This is 
to say. not enough is known about climate to 
prov~de us with a reliable predictive capability. 

A particular pattern of climate results from very 
complex interactions between the atmosphere, 
oceans, land masses, ice pack and glaciers, vege
tation, and, to an increasing extent, man. Depend
ing on the specific interaction mechanism, the 
reaction time from cause to effect-and the dura
tion of the effect-may range from days to mil
lenia. Changes in one part of the sr•~m are 
interlinked with changes in other parts of the 
system, so that no part. such as the atmosphere, 
may be considered in isolation from the others. 

Before the future climate can be reliably esti
mated, science must understand it well enough to 
build realistic quantitative models that relate cause 
and effect. This understanding would also serve 
as a basis for evaluating the impact of variations 
in any of the causes, both in terms of how 
important they are and the time scales on which 
they operate. Such models are as yet primitive 
and incomplete. Until the climatic interactions are 
understood and quantified, there can be no relia
ble climatic prediction capability. 

As climate research progresses, internal climatic 
interlinkages are becoming better understood. 
Many investigators are also studying causal fac
tors external to the climatic system itself. These 
factors include solar activity, planetary tides, 
changes in the earth's orbit and rotation, and man
induced (anthropogenic) alterations of our envi
ronment. The latter include carbon dioxide, flu
orocarbons, particles in the air, changes due to 
land use, and heat generated by use of energy. A 
complete understanding has yet to be a(.;hieved. 

Carbon dioxide increase is th0ugiit to produce 
warming of the earth by the so-called gre1~nhouse 
effect. There is Iese; agreement as to the effect of 
increasing atmospheric particles, which may result 
in eitl1er warming or cooling, depending on many 
details in the situation. 

SI 

Study of the interactions of the various climatic 
si.:bsyi.tems has l..:d to the development of some 
simple models of glo1,,al-scale climate behavior. 
Research into the interaction of sea-surface tem
perature anomalies and the overlying air has 
produced seasonal forecasts a season in advance 
that have a small but statistically significant degree 
of accuracy. Research on the effects of anthropo
genic and volcanic inputs· on the earth's heat 
budget has led to provisional assessments of mean 
temperature and precipitation changes in future 
decades and centuries. Validation and further 
refir1ement of climate models is urgently needed. 

There is wide variation in the use of the word 
"climate." Some reserve the word climate for 
averages of climate over a 30-year (or longer) 
period. Others speak of the climate of individual 
months, seasons, or years. The discussion of 
climate in this chapter is based on the latter usage. 
Most users of the word are usually concerned 
with the assemblage of weather that makes up a 
month or a season. Annu::-1 crops do not respond 
to 30-year averages or hemi!>~!'leric mean temper
atures. Useful crop yield modeis must have at 
least monthly temperature and rainfall inputs. 
Also, to be useful, climatic information must be 
specific to geographical regions and preferably to 
areas as small as crop districts. 

At a range of a month to several decades into 
the future, descriptions of the climate as aggre
gates of weather need not be detailed as to timing 
or sequence in order to be useful. However, they 
do need to include information on variability and 
probable extremes. Given estimates of monthly 
means and variances, fairly accurate estimates 
may be made of grain production. However, in 
general, statistical studies have not yet sufficed to 
establish to what extent the variability of weather 
within a month or season varies with the average 
"climate" of the month or season. Climate 
changes may include changes of climatic variabil
ity as well as those of averaging climate. 

Despite these difficulties, it can still be said that 
in the remainder of the century there is likely to 
be less than a 0.5° C change in the mean sea level 
temperature of the Northern Hemisphere, and 
that: 
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• Hemispheric wanning or cooling will probably 
be most pronounced in high latitudes, with httle 
temperature change in the tropics. 

• Hemispheric temperature changes will be ac
companied by changes in the intensity ar..d 
pattern of atmospheric circulation and probably 
chru1ges in the variability of climate. 

• These atmospheric circulation changes will 
probably result in important variations in the 
longitudinal (e:ist-west) direction and affect the 
distribution of precipitation, including that in 
the tropics. 

Oimate in the Year 2000 
An attempt to quantify perceptions of global 

climate change to the year 2000 has been the 
initial focus of an interdepartmental study a·l the 
National Defense Univt:rsity (NDU) in Washing
ton, D.C. Subjective probabilities for the occur
rence of specified climatic events were elicited in 
a survey of 24 climatologists from seven countries. 
Individual quantitative responses to 10 major 
questions were weighted according to expertise 
and then a~eraged, a method of aggregation that 
preserved the climatologists' collective uncertainty 
about future climate trends. The aggregated sub
jective probabihLics were used to construct five 
possible climate scenarios for the year 2000, each 
having a "probability" of occurrence. The aggre
gated probabilities of contingen: events are com
pared from scenar~o to scenario, across zones of 
latitude, and by time; ~riods. 

A discussion of the "1t>thodology used in the 
stutiy will be ft.und in Chapter 17 of this volume. 
T'ite c;escriptions of the scenarios that follow are 
from the report of the first phase of the study. 
"Climate r·,~ge to the Year 2000: A Survey of 
Expert Oph-. on," issued by the National Defense 
University in February 1978. 

'lrhe Climate Scenariri>s 
In the text and tables ')f thi!I. chapter, the 

latitudinal zones are define~ as: "polar latitudes," 
65° to 90° ; "higher midlatitudes," 45° to 65° ; 
"lower midla~itudes," 300 to 45° ; and "subtropi
cal latitudes," 10" m ?OO • 

Large Global Cooling• 

The global cooling trend that began in the 1940s 
accelerated rapidly in the last quarter of the 20th 

•statemenls concerning some details of this scenario reflect 
a higher degree of certainty than was expressed by the 
climatologists who participated in this study. See Tables 4-
1 A and B for the range of uncertainty. 

·~~~~~~~--~~~~~~~ 

century. The average global temperature reached 
its lowest value of the past century a few years 
before the century ended. By the year 2000, the 
mean Northern Hemii.phere temperature was 
about 0.6° C colder than in the early 1970s, and 
climatic conditions showed a striking similarity to 
the period around 1820. Climatologists explained 
this large global cooling in terms of natural 
climatic cycles, partly solar induced and partly 
attributable to several major volcanic eruptions 
that occurred between 1980 and 2000. Although 
most ci:'Tlatologists had exp.:!cted a continued 
increase 1.i carbon dioxide to be reflected in global 
warming, this warming influence was over~ 
whe1med by the natural cooling in the period. 

While temperature decreased over the entire 
globe, the largest decreases occurred in the higher 
latitudes of tite No11hern Hemisphere. The north 
polar latitudes, marked by an expansion of arctic 
sea ice and snow cover (~specially in the north 
Atlantic sector), had cooled by about 2° C since 
the earl•· 1970s.• The northern higher and lower 
middle latitudes cooled by slightly more than 1° C. 
The subiropical latitudes in both hemispheres 
showed a 0.5° C decrease in avcrnge temperature, 
while ~he remainder of the southern latitudes 
showed a 1° C decrease. The large global cooling 
trend was also reflected in a significant decrease 
in the length of the growi11g season in the higher 
middle latitudes and a substantial increa5e in the 
variability in the lr.ngth of the growing seasoq 
from year to year. " 

By th~ year 200V, 1t was also raining less in thei 
higher middle and subtropical latitudes, although; 
precipitation amounts in the lower midcile latitudes 
changed little or possibly increased slightly. 

Prec.ipitation also became more variable. The 
westerlies showed a pronounced shift from the 
hig~1er middle to lower middle latitudes. This shift 
brought brief, yet se··ere, "hit-and-run" droughts 
as well as severe cold spells (including early and 
late killing frosts) in the lower middle latitudes. 
The higher middle latitudes, particularly Canada, 
from which tlle westerlies a11d their associated 
storm tracks were displaced, stiffered an increased 
incidence of long-term drought and winter cold. 
In the subtropical latitudes, the subtropical highs 
tended to displace the tropical easterly rainbelt 
and, hence, increased the incidence of long pe
riods of hot, dry weather. The center and intensity 
of the Asiatic mom;oon changed dramatically 

•one climatologi.;t who inclined to this scenario reasoned 
that the north polar regions would cool only about O.SO C, 
considerably less than the cooling in the middle northern 
latitudes. 
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between the late 1970s and the tum of the century. 
The frequency of monsoon failure in northwest 
India increa...ed to such an extent that the last 
decade of the 20th century bo1e a resemblance to 
the period from 1900 to 1925. Droughts were also 
more frequent in 1 ae Sahel region of Africa. 

Moderate Global CCMlling" 
The global cooling trend that began in the 1940s 

continued through the last quarter of the 20th 
century. By the year 2000, mean Northern Hemi
spbe~-:: temperature had decreased by approxi
mately 0.15° C compared to the early 1970s. 
Climatologists explained this trend principally in 
terms of a natural coolir.g cycle, mo-.!erated by the 
warming effects of increasing amounh1 of carbon 
dioxide in the atmosphere. The cooling ~ycl~ was 
partly solar in origin and partl~1 associated with an 
increase in volcanic activity. 

While temperature decreased over the entire 
globe, the largest temperature decreases occurred 
in the higher latitudes of the Northern Hemi
sphere. Specifically, the polar latitudes of the 
Northern Hemisphere cooled by 1° C; the higher 
middle latitudes by 0.4° C; the lower middle 
latitudes by 0.3° C; and the subtropical latitudes 
by 0.2° C. The Southern Hemisphere, with its 
more zonal circulation and larger ocean area, 
cooled more uniformly and slowly; th~ average 
cooling in that hemisphere was about 0. 15° C. The 
extent of the cooling in the higher middle latitudes 
was not sufficiently large to cause a significant 
change in the mean length or interannual variabil
ity of the growing season. 

The growing-season precipitation as well as 
annual precipitation levels remained unchanged in 
the lower middle latitudes but decreased slightly 
in the hi4her middle and subtropical latitudes. 
Am1ual a _. growing-season precipitation variabil
ity increased slightly compared to the 1950-75 
period, with the strongest tendency toward in
creased variability in the subtropical latitudes. 

Drought conditions again plagued the midlati
tude &rP,as of the United States, corroborating the 
20- to 22-year ~;.:,ught cycle 1' ypothesis. In the 
other midlatitude areas of the world, there ".''!re 
intermittent drought condi~ ... ns comparable to 
those of the 1970s. Droughts were also more 
frequent in the Sahel region, as was monsoon 
failure in Asia. 

•Statements co ''-l:ming some details of this scem:.rio reflect 
a higher degree of certainty than was -:llpressed by the 
climatologists who participated in this study. See Tables 4-
2 A and B for the range of uncertainty. 

Same as the Lut 30 Year!i* 
The global cooling trend that began in the 1940s 

leveled out in the 1970s. Average global tempera
ture in the last quarter of the 20th centt1ry 
increased slightly; thus, temperatures were more 
consistent with those in the period from 1940 to 
1970. By the year 2000, mean Northern Hemi
sphere temperature had risen approximately 0.1° C 
compared to the early 1970s. Climatologists ex
plained that the warming effects of the increasing 
amounts of carbon dioxide in the atmosphere had 
balanced a natural cooling cycle. Temperature 
increases were nearly uniform throughout the 
Northern ~nd ~. 1uthern Hemispheres, with slightly 
more warming in the Northern Hemisphere than 
in the Southern. No significant changes in the 
mean length or interannual variability of the 
growing season were noted. 

The annual precipitation levels as well as the 
growing-season precipitation remained unchanged 
from the 1941-70 period. Also unchanged was the 
variabilitv of annual precipitation. However, a 
small. shift toward increa.1ted v~riability in the 
growing season was detected. 

Drought conditions again plagw!d the midlati
tude areas of the United State~, corroborating the 
20- to 22-year drought ryde hypothesis. In other 
midlatit~de areas of the world, drought conditions 
recurred also, but not to the same i;:xtent as in the 
Unitec States. On the other hand, favorable 
climati ; conditions returned to India and other 
pans uf Asia. Monsoon failures became more 
infrequent. Also, the Sahel region, which had 
suffered severe drought from 1965 to 1973, re
turned to average weather conditions. 

Moderate Global Warmlngt 

The global cooling trend that began in the 1940s 
was reversed in the last quarter of the 20th 
century. By the year 2000, mean Northern Hemi
sphere ter.tperature had risen by approximately 
0.4° C, comr.ared to the early 1970s. Climatolo
gists explain1~d that :his increase in temperatures 
was due principally t) the warming effects of 
increasing amom~ts of carbon dioxide in the at
mosphere, which predominated over a slow, nat
ural cooling effect. 

•Statements concerning some details of this scenario reflect 
a higher degree of certainty than was expressed by the 
climatologists who parti~ipated in this st•~dy. See Tables 4-
3 A aud B for the range of uncertainty. 

tStatements concerning some details of this scenario reflect 
a higher degree of certainty than was expressed by the 
climatologists wh3 participate<l in this study. See Tables 4-
4 A and B for the range of uncertainty. 
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TABLE4-IA 

LARGE GLOBAL COOLING 

PROBABILITY OF SCENARIO: 0.10 
MEAN NORTHERN HEMISPHERE TEMPERATURE CHANGE SINCE 1969: between 0.3° and 1.2°C colder 

PROBABILITY OF TEMPERATURE CHANGE BY LATITUDE 

(Compared with 1970·76) 
0 0 0 0 0 0 0 0 
0 0 0 0 0 OL.q Qj 0 .. 'ln .. C! .. C! .. It! .. C! .. It! .. 0 cu 
M cu N cu .... cu .... cu c;> cu c;> E ~ E ~ ~ oE • "C • "C • "C 0 !! 0 .. ... ... 

~~ 8 o- ltl - ~ ; ~; r-i 8 • 0 • 0 • 0 d; .... u 0 u 0 u 

Polar 0.2 0.6 0.1 0.1 
Northern Higher mid·latitude • 0.1 0.5 0.3 0.1 

homisp'11re Lower. mid·latitude 0.4 0.4 0.2 
Subtropical 0.5 0.5 

Subtropical 0.5 0.5 
Southern Lower mid·latitude 0.5 0.4 0.1 

hemisphere Higher mid·latilude • 0.6 0.3 0.1 
Polar 0.6 0.3 0.1 

'Growing season in hi!t'ier middle latitudes: Probability of an increase (decrease) in the length of the growing season 
exceeding 10 days is 0.0 (0.9); probability of an increase (decrease) in the variability of the length of the growing 
season in exceu of 25% is 0.8 (0.01. 

PHOBABILITY OF PRECIPITATIO~I CHANGE BY LATITUDE 

0 
00 .. 

r-i ~ 
~ i 

(Compared with 1941·70) 
GROWING SEASON ANNUAL 

~~ 
cu 

~s 
31 

~g "' ~s "' g "' ti!. ~ ~o 
~ .. "' .. ~ .... ~ .... !! .... ~ .... - /\ ov 0 /\ - /\ UV 0 /\ 

Higher mid·latitude 0.2 0.5 0.3 0.2 0.5 0.3 
Lower mid·latitude 0.3 0.5 0.2 0.3 0.5 0.2 
Subtropical 0.2 0.5 0.3 0.2 0.4 0.4 

PROBABILITY OF PRECIPITATION VARIABILITY CHANGE BY LATITUDE 

(Compared with average for the 
GROWING SEASON previous 26·year period) ANNUAL 

~ti!. 
cu 

~ti!. 
31 

8. t/!. "' 8. ti!. "' ti!. ~~ cu ltl c: ltl ~ ·!!3 cu ltl c: ltl ._ N "'N ._ N 
~N ~N ~ /\ ov 0 /\ ~ /\ !..) v 0 /\ 

Higher mld·latitude 0.3 0.6 0.2 0.3 0.6 0.1 
Lower mid·letitude 0.3 0.6 0.2 0.3 0.5 0.2 
Subtropical 0.4 0.4 0.2 0.4 0.4 0.2 

-

i 
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TABLE4-18 

L A R G E . G L O'B A L C 0 0 L I N G 

c .. .... .!:! • I 
.8 :v e.s J 

Ji Ji .. )( la l cl ~ 

RELATIVE IMPORTANCE OF CARBON DIOXIDE 
AND TURBIDITY IPERCENTI DURING THE 15 05 20 50 10 
PERIOD 1975·2000 

1977-80 1981-90 1991-2000 

.. .. 
!: 

J ! !: t I !: t .. II !I t i ::» ~ 
i i ~ - ~ ~ 

II. II. .5 u. < 

PROBABILITY OF MID·LATITUDE DROUGHT" 

United States 0.6 0.3 0.1 0.4 0.5 0.1 0.7 0.2 

Other Mid·Latitude 0.6 0.3 0.1 0.4 0.5 0.1 0.7 0.2 

PROBABILITY OF SAHEL DROUGHT"• 0.5 0.5 0.5 0.4 0.1 0.6 0.3 

PROBABILITY OF MONSOON FAILURE 00
• 

Northwest India 0.4 0.5 0.1 0.4 0.5 0.1 0.6 0.5 

Other India 0.6 0.4 0.1 0.4 0.6 0.1 0.6 0.3 

Other Monsoon Asia 0.6 0.4 0.1 0.4 0.6 0.1 0.5 0.4 

°Fnrquent-similar to early to mid· 1930s and early to mid· 1950s; averllfl'-Similar to the frequency over the longest 
period of rec0td available; infr1quent-similar to 1940s and 1960s. 

°FnrqtY .'-similar to 1940·50 and 1965-73 periods; awirage-similar to the frequency over the longest period of 
record avail .,,., infr11quent-similar to 1950-65 period. 

•••F11tquent-similar to 1900·25 period; aV11rage-similar to the frequency over the longest period of record 
available; lnf111quMt-similar to 1930·60 period. 

.. 
~ 
1 
.5 

0.1 

0.1 

0.1 

0.1 

o.t 

----------------------------------------------------------------------------
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TABLE4-2A 

MODERATE GLOBAL COOLING 

PROBABILITY OF SCENARIO: 0.25 
MEAN NORTHERN HEMISPHERE TEMPERATURE CHANGE SINCE 1969: between 0.05° and 0.3°C colder 

PROBABILITY OF TEMPERATURE CHANGE BY LATITUDE 

(Compared with 1970·76) 
u u u u 0 u u u u 

0 0 0 0 olll .. 'In .. 00 .. ,,, .. 
~1 ~ t C! .. "? .. C! t ·~ ..: ~ ..: ~ N °' -.. c;> .. • "C • "C • "C ":" "C 

0 :E 
c;> .. 

~; ~8 in - o- in - ~ j ~- "! ...; 8 ...; 8 . 0 ci 8 0 u -
Polar 0.1 0.6 0.1 0.1 0.1 

Northern Higher mid·latitude • 0.1 04 0.4 0.1 
hemisphere Lower mid·latitude 0.1 0.1 0.7 0.1 

Subtropical 0.2 0.7 0.1 

Subtropical 0.2 0.6 0.1 0.1 
Southern Lower mid·l~titude 0.1 0.2 0.3 0.3 0.1 
hemisphere liigi':..r mid·liltitude• 0.1 0.2 0.3 0.3 0.1 

Polar 0.2 0.2 0.2 0.3 0.1 

•Growing season In hi~er middle l11titudes: Probability of an increase (decrease) in the length of the growing season 
eiccet.dlng 10 deys is 0.1 (0.2); probability of an increase (decrease) in the variability of the length of the growl"~ 
season In excess of 25% is 0.2 (0.1 I. 

PROBAEILITY OF PRECIPITATION CHANGE BY LATITUDE 

(Compared with 1941·70) 
ANNUAL GROWING SEASON 

~~ ~~ 
51 

!~ ·~ 1~ E~ 
"' - ~-

I!!_ .. - ~ i\ ~- ov ~ " 6v - " 0 " 

Higher mld·latitude 0.2 0.5 0.3 0.2 0.5 0.3 
Lower mld·latltude 0.2 0.6 0.2 0.2 0.6 0.2 
Subtropical 0.2 0.5 0.3 0.2 0.5 0.3 

PROBABILITY OF PRECIPITATION VARIABILITY CHANGE BY LATITUDE 

(Compared with a11erage for the 
previous 25·vear period) 

Higher mld·latltude 
Lower mld-tatltude 
Subtropical 

0.2 
0.:2 
0.3 

ANNUAL 

0.6 
0.6 
o.~ 

0.2 
0.2 
0.2 

GROWING SEASO~~ 

I'~ t~ I~ 
-" 6v c!" 
0.3 
0.3 
0.4 

0.6 
0.6 
0.5 

0.1 
0.1 
0.1 

I 

! 
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TABLE4-2B 

MODERATE GLOBAL COOLING 

c QI ej .!:? n 
~~ ll ~! ~:it 

r.'J :S £ B ~ 5~ > ,, 03. 

RELATIVE IMPORTANCE OF CARBON DIOXIDE 
AND TURBIDITY !PERCENT) DURING THE 20 10 26 30 15 
PERIOD 1975·2000 

1977-80 1981·90 1991·2000 

.. .. 
~ 

c .. c ... 
& 

QI c t 
.. c: t :> !I :I .. 

I l! i i :I 

l .:: i ~ .. C' 

~ - .. .s .. 
~ .s .. u. u. u. 

PROBABILITY OF MID·LATITUDE DROUGHT" 

United Stites 0.6 0.3 0.1 0.3 0.6 0.1 0.6 0.3 

Other Mld·Letitude 0.6 0.4 0.5 0.4 0.1 0.5 0.4 

PROBABIL ITV OF SAHEL DROUGHT"• 0.4 0.5 0.1 0.4 0.4 0.2 0.5 0.4 .. - . 
" ·PROBABl1.ITV OF MONSOON '=Al LURE"'" 

, 
f 

Northwest India 0.4 0.6 0.1 0.3 0.5 0.2 0.4 0.6 

Other lndi1 0.5 0.4 0.1 0.3 o.r 0.2 0.5 0.4 

Other Monsoon Asia 0.5 0.4 0.1 0.3 0.6 0.2 0.4 0.5 

"Frwquenr-similar to early to mid· 1930s and early to mid· 1950s; average-similar to the frequency over the longest 
perk.Id of record evailable; infrequ11nt-1imilar to 1940s and 1960s. 

""Fntqwnr-similar to 1940·50 and 1: 35·73 periods;.tverage-similar to the frequency over the longest period of 
· record available; /nf,.quenr-1imilar to 1960·1 .:i period. 

• .. F,.qwnr-similar to 1900·25 period; average-similar to the frequency over the longest period of record 
1v1ll1ble; /nfntquent-similar to 1930·60 period. 

... 
c 
!I 
i .. -.s 

0.1 

0.1 

0.1 

0.1 

0.1 
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THE PROJECTIONS 

' 
TABLE4-3A 

SAME AS THE LAST 30 VEA RS 

PROBABILITY OF SCENARIO: 0.30 MEAN NORTHERN HEMISPHERE TEMPERATURE CHANGE 
SINCE 1969. between 0.05° colder and 0.25°C warmer 

PROBABILITY OF TEMPERATURE CHANGE BY LATITUDE 

(Compared with 1970·76) 
0 0 0 0 0 0 0 0 

'lit ... OC! .._ " 'tq a; 00 ... ciq t 00 ... oq ~ It! ... ..: e l"i ~ - ., - ., 0 ... c;> E - E "? E ' 'C • 'C • "Q i}, ~ q = lh ;u o- in- o- 0 .. 0 .. 

..: 8 d 8 •O ci ~ d I - I ..: I l"i ~ 0 u 

Polar 0.1 0.1 0.1 0.3 0.2 0.2 
Northern Higher mid·latitude* 0.1 0.2 0.4 0.2 0.1 
hemisphere Lower mld·latitude 0.1 0.2 0.4 0.2 0.1 

Subtropical 0.1 0.2 0.5 0.1 0.1 

Subtropical 0.1 0.3 0.4 0.1 0.1 
Southern Lower mid·latitude 0.1 0.3 0.4 0.1 0.1 
hemisphere Higher mid·latitude" 0.1 0.3 0.4 0.1 0.1 

Polar 0.1 0.1 0.3 0.3 0.1 0.1 

"Growing season in hillier middle latitudes: Probability of an increase (decrease) in the length of the growing season 
eKceeding 10 days is 0.2 (0.1 I; probability of an Increase (decrease) in the variability of the length of the growing 
season in e1u .. "ess of 25% is 0.1 (0.11. 

PROBABILITY OF PRECIPITATION CHANGE BY LATITUDE 

0 
OC? t 
in E 
6 :; 
C"i I 

(Compared with 1941·70) 
ANNUAL GROWING SEASON 

-
~~ ·~ ~~ 

., 
~~ 

SI 
!~ e~ 

~- .2 - ~- ~-
l'(I .. ~ .. 

- " .. o v Cl\ -" ov 0 I\ 

-
Higher mid·latitude 0.2 0.6 0.2 0.2 0.6 0.2 
Lower mid·latitude 0.2 0.6 0.2 0.2 0.6 0.2 
Subtropical 0.2 0.6 0.2 0.2 0.6 0.2 

---
PROBABILITY OF PRECIPITATION VARIABILITY CHANGE BY LATITUDE 

(Compared with average for the 
ANNUAL GROWING SEASON previous 26·year period) 

~~ ., ... 51 ~~ ., '<fl SI 
!' 0' ~~ l'(I~ 

., Ill 
,~ 

., Ill 8' Ill e 1.11 
l;iN ~N i~ "'N ~N .s /\ ov c I\ 6v c I\ 

Higher mld·latltude 0.2 0.6 0.2 0.2 0.7 0.1 
Lower mld·latitude 0.2 0.6 0.2 0.2 0.7 0.1 
Subtropical 0.2 a.a 0.2 0.3 0.6 0.1 



CLIMATE PROJECTIONS 

TABLE4-JB 

SAME AS THE LAST 30 VE AR S 

c: ... ... .!;! .. ~ e c: ... c: 
~~ .Mi 13 .. g .8 ~ ... ·-
ts ~ i.i: it ~~ iS t: 

en oa 
RELATIVE IMPORTANCE OF CARBON DIOXIDE 

AND TURBIDITY !PERCENT) DURING THE 50 10 10 15 15 
PERIOD 1975·2000 

1977·l'O 1981·90 1991·2000 

.. E E t & c ... ... 5 Si ... :I ... 
~ 

:I g. i :I i :I I! 

~ w l .. w J ~ - -u. .5 u. .E u. 

PROBABILITY OF MID·LATITUDE DROUGHT" 

United States 0.5 0.4 0.1 0.2 0.6 0.2 0.5 0.4 

Other Mid·Latitude 0.4 0.5 0.1 0.3 0.6 0.1 0.4 0.5 

PROBABILITY OF SAHEL DROUGHT*• 0.2 0.6 0.2 0.2 0.7 0.1 0.2 0.7 

PROBABILITY OF MONSOON FAILURE .. " 

Northwen India 0.3 0.6 0.1 0.2 0.6 0.2 0.2 0.5 

Other India 0.3 0,6 0.1 0.2 0.6 0.2 0.2 0.6 

Other Monsoon Asia 0.3 0.6 0.1 0.2 0.6 0.2 0.2 0.6 -
"Frequent-similar to early to mid· 1930s and early to mid· 1950s; aver•-similar to the frequency over the longest 

period of record available; infrequent-similar to 1940s and 1960s. 

""Frequent-similar to 1940·50 and 1965·73 periods; average-similar to the frequency over the longest period of 
record available; infrequent-similar to 1950·65 period . 

... Frequent-similar to 1900·25 period; avenge-similar to 1he frequency over 1he longest period of record 
aw1ilable; infrequent-similar to 1930·60 period 

c ... 
:I g 

:5 

0.1 

0.1 

0.1 

0.3 

0.3 

0.2 

S9 

'\ \ 



60 THE PROJECTIONS 

TABLE4-4A 
-Tot' In 

MODERATE GLOBAL WARMING 

PROBABILITY OF SCENARIO: 0.26 
MEAN NORTHERN HEMISPHERE TEMPERATURE CHANGE SINCE 1969: between 0.26° and 0.6°Cwarmer 

~~~-----------------------------------------------------------Pl=IOBABILITY OF TEMPERATURE CHANGE BY LATITUDE 

(Compared wi ' 1970·75) 
u u u u u u u u 

0 q~ 0 OU'I '- 00 ... OU'I ._ 00 .. 00 .. Ill ... Lil ... 
c;i ~ ..: ~ ...: ~ t:i ~ ·~ - .. -.. g~ • "O • "O 

~I 
Q ... ~ ftl o- U'I- ~; ~; ...: 8 ci 8 08 ..: I N. 

Polar 0.1 0.1 0.2 0.2 0.2 0.2 
Northern Higher mid·latitude • 0.1 0.3 0.4 0.1 0.1 
hemisphere Lower mid-latitude 0.1 0.5 0.3 0.1 

Subtropical 0.1 0.6 0.2 0.1 

Subtropical 0.1 0.6 0.2 0.1 
Southern Lower mid·latitude 0.1 0.5 0.3 0.1 
hemisphere Higher mid·latitude• 0.1 0.3 0.6 0.1 

Polar 0.1 0.2 0.6 0.1 0.1 

"Growing season in higher middle latitudes: Probability of an increase (decrease I in the length of the growing season 
exceeding 10 days is 0.4 (0.21; probability of an increase (decrease) in the variability of the length of the growing 
se1son In excess of 25% is 0.1 10.21. 

PROBABILITY OF PRECIPITATION CHANGE BY LATITUDE 

(Compared with 1941·70) 

u 
oo. I 
~. 

ANNUAL GROWING SEASON 

1~ ~~ 
SI 

!~ ·~ ·~ =~ g- 2- IJ - §- .. - j;\ -/\ UV ~" -" 6v 

Higher mld·latltude 0.3 0.5 0.2 0.3 0.5 0.2 
Lower mid·latitude 0.2 0.6 0.2 0.2 0.6 0.2 
Subtropical 0.2 0.6 0.2 0.3 0.6 0.2 

PROBABILITY OF PRECIPITATION VARIABILITY CHANGE BY LATITUDE 

(Compared with average for the 
previous 26·vear period) ANNUAL GROWING SEASON 

I 11tt t~ 
!II II 

·~ ·~ "'~ =~ !U'I f U'I bN ~N "'N UN ~N •N 
-I\ 6v 21 /\ -J\ 6v c!l " 

HIQher mld·latitude 0.2 0.6 0.2 0.2 0.6 0.2 
Lower mld·latltuda 0.2 0.6 0.2 0.2 0.6 0.2 
Subtropical 0.2 0.6 0.2 0.3 0.6 0.2 



CUMATE PROJECTIONS 

TABLE4-4B 

MODERATE OLOBAL WARMINO 

c: .. . "' .!.! II 

I~ 
.. c: 

.8 ~ "" ~ .. t :g 
~~ ii: 8 ~ :e .a 8i 

RELATIVE IMPORTANCE OF CARBON DIOXIDE 
AND TURBIDITY IPERCENTt DURING THE 60 16 6 10 10 
PERIOD 1975·2000 

1977-80 1981·90 1991·2000 

... .. ... c: E ! ... c: t 
.. .. ii f .. :i Cll !' :i ~ f I t w l - ~ I u. .s u. < u. 

PROBABILITY OF MID·LATITUDE DROUGHT° 

United States 0.6 0.3 0.1 0.2 0.2 0.6 0.6 0.3 

Other Mid·Latitude 

PROBABILITY OF SAHEL DROUGHT"" 0.3 0.4 0.3 0.3 0.4 0.3 0.3 0.4 

PROBABILITY OF MONSOON FAILURE ... 

Northwest India 0.3 0.4 0.3 0.3 0.4 0.3 0.2 0.6 

Other India 

Other Monsoon Asit. ,_ 

•Fl'l'qwnt-similar to early 10 mid·1930s and early to mid·1950s: avsr6gi!t-slmllar to the frequency over the 
longest p.iriod of record available; inll'lfquent-similar to 1940s and 1960s • 

.. Fl'l'qwnt-similar to 1940·50 and 1965·73 periods: average-similar to the frequency over the longest period of 
record .av1ilable; infrequtnt-similar to 1960·65 period . 

... F1.rqu•nt-simi11r to 1900·25 period; average-similar to the frequency over the longest period of record 
1v1ll1ble; lnfl'l'qutmt-similar tt' 1930·60 period. 

.. 
ii 
:i 

' :s 

0.2 

0.3 

0.3 
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62 THE PROJECTIONS 

TABLE4-5A 

LA.ROE GLOBAL WARMING 

PROBABILITY OF SCENARIO: 0.10 
MEAN NORTHERN HEMISPHERE TEMPERATURE CHANGE SINCE 1969: between 0.6° and 1.8°C warmer 

PROBABILITY OF TEMPERATURE CHANGE BY LATITUDE 

(Compared with 1970·75) 
0 0 0 0 0 0 (J 0 
'ln 'b 'ln 0

U'l t 'b .. ~t 'b .. ~t ... . .. q ...: ~ N ~ ':" .g - "' q e - e " e • 'ti 
C! 0 .. ... 

~j 
. .. 0 .. o- in - ~ i in "' ...: 8 •O d j t">i j 0 u ..: I 

Polar 0.1 0.1 0.2 
Northern Higher mid·lat1tude" 0.1 0.5 0.4 
hemisphere Lower mid·latitude 0.1 0.5 0.2 0.2 

Subtropical 0.1 o.e 0.1 

Subtropical 0.1 0.8 0.1 
Southarn Lower mid·latitude , 0.5 0.2 0.2 
hemisphere Higher mid·latitude • 0.1 0.6 0.4 

Polar 0.1 0.1 0.1 0.2 

•Growing season in higher mi.idle latitudes: Probability of an increase (decrease! in the length of growing season 
eicceeding 10 days is 0.8 (O.OJ; rirobability of an increase (decrease) in the variability of the length of the growing 
season in e><cess of 25% is 0.0 10.71. 

PROBABILITY OF PRE(;IPITATION CHANGE BY LATITUDE 

0 
'b .. 
in ~ 
0 :; 
MI 

0.6 

0.5 

(Compared with 1941-70) 
ANr~UAL GROWING SEASON 

~~ ~~ 
SI 

!~ t~ 
91 

~~ f~ u ... "' - &:- ~ ;\ "' ... u ... 
..!: I\ 6v 0 /\ t5 v i!I /\ 

Hlghar mid·latitude 0.4 0.5 o.' 0.3 0.5 0.2 
lower mid·latitude 0.3 0.5 O.i 0.3 0.4 0.3 
Subtropical 0.3 0.5 0.2 0.4 0.5 0.1 

• 
PROBABILITY OF PRECIPITATION VARIABILITY CHANGE BY LATITUDE 

(Compared with average for the 
previous 25·year period) ANNUAL GROWING SEASON 

1~ !i* 
SI 

~~ 
SI 

~~ ~;ii! "'~ 
"' in !rlN I!! in 

"' in 
e:! in 

~N t5 ~ ~N 6~ ~ ;:; -" 0 I\ - /\ 

Higher mld·l1tltudt 0.2 0.5 0.3 0.2 J.5 0.3 
Lower mid·l1Ut11de 0.2 0.5 0.3 0.3 0.5 0.2 
Subtropitil 0.2 0.5 0.3 0.3 0.5 0.2 



CLIMATE PROJECTIONS 

TABLE4-SB 

LARGE GLOBAL WARMING 

,\! II ji JI J c: 

~ §= ~ :g ii t: 
~ .a a. 

RELATIVE IMPORTANCE OF CARBON DIOXIDE 
AND TURBIDITY (PERCENT) DURING THE 90 10 0 0 
PERIOD 1976·2000 

1977·80 1981·90 1991·2000 

.. ... 
~ i ~ c: ... 

t f !I c .. 
!I !I .. ! I I :I 

l l r ~ r J .5 u. .s u. 

PROBABILITY OF MID·LATITUDE DROUGHY-

United St•tes 0.8 0.3 0.1 0.6 0.3 0.1 0.7 0.2 

Othtr r.tid Latitude 0.6 0.3 0.2 0.6 0.3 0.2 0.3 0.3 

PROBAFJILITY OF SAHEL DROUGHT .. 0.1 0.8 0.1 0.1 0.7 0.2 0.1 f>.8 

PROBABILITY OF MONSOON FAILURE ... 

Northwest India 0.1 0.8 0.1 0.1 0.6 0.3 0.2 

Other India 0.1 0.8 0.1 O.t 0.6 0.3 0.1 0.2 

Other Monsoon Asia 0.1 0.8 0.1 0.1 0.6 0.3 0.1 0.2 

•F,equMt-similar to earlv to mid·1930l and earlv to mid· 1950s; 1v1r..,,,-similar to the frequencv over the longest 
period of record 1v1il1ble; infteqlla"lt-1imi11r to 1940s and 1960s . 

.. F,equ.nt-similar to 1940.50 end 1965·73 periods;aw~g.r-similar to the frequency over the longelt period of 
record availeble; /nfnqu4Pnt-,imilar to 1950-65 period . 

... F,eqwnt-simit1r to 1900·25 period; 1vt,..,.-si-.nll1r ro the frequency over the longest period of record avall1ble; 
lnftwqutnt-sil"',il .. r to 1930430 period. 

0 

... 
c .. 
::i 

i ..:: .s 

0.1 

0.4 

0.3 

o.e 

0.7 
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64 THB PROJECTIONS 

While average global temperature increased 
moderately, the largest temperature increases 
came in the higher latitudes. The Northern Hemi
sphere wanned slightly more than the ~outhern 
Hemisphere due to its greater land area and the 
larger thermal inertia of the southern oc~ans. In 
the Northern Hemisphere, the polar latitudes 
wanned by 1.2° C: the higher middle latitudes by 
0 . .5° C, the lower middle latitudes by 0.3° C; and 
ihe subtropical latitudes by 0.25° C. In the South
ern Hemisphere, average temperatures over the 
polar latitudes increased by 0.65° C; the higher 
middle latitudes by 0.4° C; the lower middle 
latitudes by 0.3° C; and the subtropical latitudes 
by 0.2° C. The increase in global temperature was 
reflected in a moderate increase in the length of 
the growing season in higher middle latitudes, but 
no significant change in the interannual variability 
of the growing season was noted. 

AMual precipitation levels increased slightly in 
the higher middle latitudes but showed little 
1::hange for lower latitudinal bands. Growing-sea
son precipitation also increased slightly in the 
higher middle latitudes and subtropical regions but 
remained unchanged in the lower middle latitudes. 
Both aMUal and growing-season precipitation var
iability remained essentially unchanged except for 
a slight increl!: in the variability of growing
season .,recipitation in subtropical latitudes. 

Drou(. ht conditions again plagued the midlati
tude areas of the United States, corroborating th! 
20- to 22-yei r drought cycle hypothesis. Climatic 
conditions were somewhat more favorable in the 
Asiatic region and in subtropical North Africa. 
The frequency of monsoon failure, especially in 
northwest India, resembled more closely the long
term average; so did the frequency of drought in 
the Sahel region. 

Large Global Warming• 

The global C<X'ling trend that began in the 1940s 
was dramatically reversed in the last quarter of 
the 20th century. By the year 2000, tb~ mean 
Northern Hemisphere temperature had increased 
by about 1° C compartd to the early· 1970s. 
Oimatologists explained that this trend was due 
principally to the warming effects of the increRsing 
amounts of carbon dioxide in the atmosphere. 

While temperature increased over the 1mtire 
&lobe, temperature increases were more pro
nounced at higher latitudes. The subtropical lati-

•statements concerning some details of this scenario reflect 
a hiahcr degree of certainty than wa& expressed by the 
cllmatoloaists who parlici.,~!ed in this study. Sec Tables 4-
5 A and D for the range or uncertainty. 

tudes warmed, on the average, by 0.8° C; the 
lower middle latitudes by Ur C; the higher mid
dle latitudes by 1.4° C; and the polar latitudes by 
a remarkable 3.00 C, compared to the early 1970s. 
Symmetry prevailed as similar temperature 
changes were obseived in both the Northern and 
Southern Hemispheres. The increase in tempera
ture was accompanied by a significant increase in 
the length of the growing season in the higher 
middle latitudes, &s well as by a substantial 
decrease in the variP.Oility from year to year in the 
length of the growing season. 

Precipitation levels generally increased, espe
cially in the subtropical and higher middle lati
tudes. In the lower middle latitudes there was 
little net change of precipitation. Annual precipi
tation variability decreased slightly compared to 
the 1950--75 period; precipitation variability during 
the growing season similarly decreased in the 
higher middle latitudes. but increased slightly in 
the lower middle and subtropical latitudes. 

The wanning trend also ushered in more favor
able climatic conditions in India and other parts of 
Asia. These conditions were similar to those of 
the 1930-60 period. Monsoon failure was infre
quent~ especially in northwest India. But in the 
midlatitude areas of the United States, extending 
from the Rockies to the Appalachians, drought 
conditions similar to the mid-1930s and the early 
to mid-1950s prevailed. In other midlatitude areas 
of tne world, notably Europe, the probability of 
drought declined. The increased levels of precipi
tation also returned the Sahel region to wetter 
weather conditions. 

Climate Scenarios for the Global 2000 
Study 

The NDU scenaiios provide a richness of detail 
that could not be used in the Global 2000 Study. 
At the beginning of the Study it was assumed that 
the government's long-term global models would 
require climatological inputs. and three simplified 
scenarios-infonned by the National Defense Uni
versity study-were developed. More careful in
vestigation established lhter that none of the 
>:lo/}(11 /o11>:-tt•1w models 11.H'd hy the ''J.:etlcie.i; for 
this Study tin' capable of accepting climatologicr' 
inputs. 'flte energy, food, water and furestry 
projections all assume implicitly ll t'Ontinuation of 
flt(' 11t'<1rfr icln1I dinwte of tltt' 1950s mid 1960s. 
Although. the climate scen.arios developed for the 
Global 2000 Study could not be incorpomted into 
the Study's projections, the scenarios a-~ reported 
here 10 indicate the range of climatic change that 
should be analyzed in a stuuy of this sort. 



CLIMATE PROJECTIONS 

The Global 2000 Case I scenario described 
below is similar to the .. swne as the last 30 yt ·:rs .. 
scenario in the NDU study. The Case II sce.1ario 
is intetmediate between NDU's "moderate watm
ing" and "large watming"; similarly, Case III is 
intetmediale between "IDU's two cooling scena
rios. Note that thestt xenarios span a narrower 
rcm1:e of l't1riutio11 than thl' Nlltimwl Dlfense 
University .\·ce1wrios and that the 1utrrow span 
exdud<'S climatolo1:iml de1•e/opments that 11'011/d 
have ci pm1101111ced l'ffi'ct 011 flllure demands for 
mid .mpplit•s of fiwd, 1moc/, water, and e11er1:y. 

The three Global 2000 climate scenarios are: 
Case I: No Change. Yearly rainfall and tem

perature statistics are similar to those of the 1941-
70 period. Drought conditions in the U.S. continue 
to occur every 20 to 22 years. Monsoon failures 
in India become less frequent than recently and 
the Sah!l region of Africa no longer experie .. ces 
severe drought of the type that occurred in th1.. 
late '60s and early '70s. 

Case II: Warming. Global temperatures in-

·~· 

'~:6' . 
. , 1.~ 

!~' 

crease by 1° C. Most of the watming is in the 
polar regions and the higher middle latitudes, with 
only slight watming in the tropics. Annual precip
itation increases by 5-10 pefl.".ent, and year to year 
variance decreases slightly. There is an increased 
likelihood of U.S. drought conditions similar to 
those of the mid-'30s. 

Case Ill: Cooling. Global temperatures de
crease by 0.5° C. Cooling of 1° C occurs in the 
higher and middle latitudes, with a smaller change 
in the tropics and subtropics. Precipitation 
amounts decline and variability increases both 
from month to month and from year to year. 
Stotm tracks-and the precipitation C.;y bring
r.hift toward the equator, improving conditions in 
the upper latitudes of the great deserts and 
worsening them on the equator side. Severe 
monsoon failures are more frequent in India, 
severe droughts more frequent in the Sahel. 

The three Global 2000 scenarios are compared 
in Figure 4-1 with the historical record of temper· 
ature changes from the 1870s to the 1970s. 

Global 2000 ea.. 11/ 
"Warming" 

Global 2000 CotJ I 

·~1~ 
Global 2000 em. Ill 

"Cooling" 

.,.--~~. ~1""'llO-, -..,......~1-f00-.~..,..--.1-'920-, ---,9.1..*l---l...1NG._., ---,1980...__: --,2ftM-' 

Flpr.: 4-1. The three Global 2000 Study 1>.."!lnarios compared with the annual mean temperature changes 
during the past \!Cntury for the latitude band 0°-80°N. The period 1941-70 Is the zero reference base. 



5 · TechnologyPrOjections 

Logically, technology is an input to the Global 
2000 Study projections much as are population, 
GNP, and climate. But, because technology is so 
highly specific to each type of projection, it was 
impossible to fonnulate a single set of measures 
of technological change for all analyses.. It was 
therefore left to the individual eJCj)Crts to make 
their own ass11mptious about tile effects of tech
nology in their own fields and to devetop their 
projections from those assumptions as well as 
from the exogeriously supplied population, GNP. 
and climate forecasts. They were requested to 
make these assumptions as explicit as possible in 
statements to the Global 2000 Study--0ften a 
difficult task, as when trends of technobgical 
advance were concealed in time series extrdpola
tions of other input variables, or when it was 
unclear whether a particular idea was more cor
rectly considered an assumption or a conclusion. 

TI1is chapter gathers together the assumptions 
of technological change made in the individual 
analyses of the Global 2000 project. For the sake 
of comprehensiveness, the assumptions behind 
the development of the input forecasts alre~dy 
considered (population, GNP, climate) are in
cluded. 

In gtneral, the analyses assume that the adop
tion and refinement of existing technologies will 
continue at about the same rate as iri the recent 
past. The verbal analyses often refer to possible 
technological brear!hroughs, and mariy of the 
quantitative forecasts extrapolate from historical 
data taken from the past two or three decades, 
which were characterized by many such break
throughs. These forecasts implicitly assume, 
therefore, that breakthroughs will occur in the 
future at recent historical rates. 

Population 
Technology affects population primarily in the 

tbnn of birth control. which lowers fertility, and 
health care, which lowern the death rate. In 
making the · popula!;..,n .,.:-ojection., used in the 
Global 2000 Study, the U.S. Bureau of the Census 
implicitly assumed continued adoption of both 
fonns of technology at moderate rates by project-

67 

ing generally declining fertilities and mortalities. 
While the Bureau recognizes the possibility of 
technological breakthroughs in both fields, some 
of which are currently under study, it believes 
that it is uncertain whether any will be penected 
and adopted widely enough by the year 2000 to 
have a siiJlificant impact on fertility and mortality 
levels. rJimilarly, the Bureau assumed that no 
regression in either type of technology serious 
enough to significantly affect their forecasts will 
occur in the near future-for example, major harmful 
side effects of existing birth control techniques will 
not be discovered, and new uncontrollable micro
bial strains hannful to humans will not develop. 
While technological advaucr or regression may 
occur before 2000 and shift population growth up or 
down slightly, the Bureau believes that such oc
currences will not result in increases or decreases 
that excee<! the limits of its high and low projec
tions. 

The discussion of migration in Chapter 2 makes 
no technological assumptions except that world 
industrialization will probably continue at about 
present rates. 

Gros5 National Product 
·The GNP forecasts in Chapter 3 were made by 

analysts in three separate agencies according to 
somewhat different methods. The forecasts for 
industrialized noncommunist and communist 
countries, made by a panel of W AES (Workshop 
on Alternative Energy Strategies) expr.rts and by 
the CIA, respectively, are largely the result of 
subjectively extrapolating historical growth rates. 
Thus, technology is implicitly assumed to contrib
ute to future eco.10mic g!"owth about as it has in 
the recent past. The W AES pane~ ac1justed its 
estimates downward to account for the supposed 
restrictive effect of slowed future population 
growth. The CIA adjusted its forecasb for parts 
of Eastern Europe downward on the basis of the 
availability of energy, thus assuming that techno
logic9J advance will not completely counteract an 
incr~asing scarcity of energy. Initially, however, it 
based all of its forecasts on direct extrapolation of 
past trends of GNP and productivity growth, 



THE PROJECTIONS 

implicitly assuming·a continuation of past techno
logical trends. 

Forecasts for the less developed countries 
(LDCs) were made by the World Bank (originally 
for use by the W AES study) in three stages: 

1. Projections were developed by analysts on 
an independent, country by country basis, relying 
on a combination of professional judgment and 
the use of specializ~d country or regional models. 
Typically, past tates of increase in the productiv
ity of new capital investment were implicitly 
projected to continue in the future. These in
creases were not explicitly attributed to technolog
ical change. However, because capital productiv
ity increases in the past r:sulted partially from 
technological advance, extensions of the upward 
trend in productivity presumably imply continued 
advancP. 

2. Using a computer-based model, the various 
country projections were aggregated and adjusted 
on a globally consistent basis to reflect probable 
economic growth constraints due to likely limita
tions in tht availability of foreign trade earnings 
and foreign investment capital. Each LDC eroup 
was represented in a way that implicitly assumed 
that major increases in the productivity of new 
capital investment will occur in each LDC, in part 
as a result of tet;hnological change (see Chapter 
16). For example, in the case of the Other South 
Asian LDC group, a given investment was implic
itly assumed \O produce about 60 perr.ent more 
incremental GDP in 1985 than in 1977 (in constant 
dollars). However, there is no way to infer the 
precise ext~nt to which this improved productivity 
of capital might properly be attributed to techno
logical change. 

3. The projections were further adjusted judg
mentaliy by Bank and W AES analysts. but these 
adjustments were not related to assumptions re
garding technological change. 

Climate 

The climate foreca!!.is make no assumptions 
about technology excep( that industrir·d processes 
will continue to rele~.sc ~arge amounts of carbon 
dioxide into the atmosphere, with the possible 
effect of wanning the earth's atmosphere. No 
other foreseeable technological developments be
fore the year 2000 were considered to have a 
significant effect on the climate of the pl&net. 

Food 
As an econometric projection model, the OOL 

(grain, oilseed, livestock) model that was used to 

make the Global 2000 Study's agricultural fore
casts assumes that economic variables such as 
product and input prices will influence food pro
duction efficiency as in the recent past. However, 
provision is also made to incorporate an exoge
nously estimate<'. trend rate of growth in technol
ogy over and above the growth explained by 
economic variables. This is done by adjusting 
regional food yield and thus, implicitly, yields per 
hectare. Vield rer hectare is the measure of 
production !:r.l::iency 'Jsed in the GOL model. 

The exogenous Qdju!ltments for changes in yield 
are made in the n:-gional production equations. 
Fo; each regio11, GOL has one linear regression 
equation for each major agricultural product pro
duced locally. In each equation, total production 
is calculated as a function of endogenously deter
mined crop hectarage, a base crop yield, a time 
trend variable. and changes in product prices, 
input prices, and the prices of producis competing 
for inputs. The time treiid variable is equal to 1 in 
the first year of the estimation period, to 2 in the 
second, and so on. It is intended to capture the 
effects of factors-other than those inC"luded in 
the total production equation-that influence total 
yield...; over time. The most important of these is 
uelieved to be technology, which has acted over 
time to increase yields. The following steps are 
taken to adjust the estimated coefficient of the 
trend variable to reflect country analysts' judg
ments about future productivity trends: 

1. GOL supply and demand inputs are used to 
project roughly the direction of likely future price 
movements. 

2. For each region, a measure of likely pressure 
on supply calcl'lated from the price projections is 
used to es1 11ate changes in "innovative technol
ogy," which in turn defines the physical or 
biological limitation on yield per hectare with the 
best available technology; the estimation thus 
assumes that technological advance responds di
rectly to econcmir incemives. 

3. The innovative technology level for each 
region and various data forecasted from the GOL 
run (see Step 1) are given to the appropriate 
regional analysts within the Department of Agri
culture. 

4. On the basis of the data received, each 
regiunal analyst re-estimates trend growth in yield 
to reflect possible constraints or sources of growth 
not included in the original r.:gression analysis. 

5. In each regional production equation of 
GOL, the coefficient of the time trend variable is 
recalcula,cd so that the trend increE1-res approxi
mate the values estimated by the regio11al analyst. 



TECHNOLOGY PROJECTIONS 69 

6. The GOL model is run with the judgmentally 
modified trend coefficients along with the other 
economic variables cited above. The output of the 
model is its final forecasts. The yields per hectare 
that can be calculated from the output are called 
"adopted technologv" ~~ause they are the yields 
per hectare tiuu the regions are projected to 
actually achieve. 

Thus, potential yields per beer.are in the future, 
estimated with data from the GOL model, are 
used by analysts in adjusting productivity data 
within the model. 

A graph of innovative and adopted technology 
taken from actual model data is reproduced in 
Fig:.ire 5-1. It is for rice production in Thailand. 
The first half of each curve is historical data. The 
right half of the top c11r1e is future innovative 
technology, calculated as explained in Step 2 

above. The d11ht half of the bottom curve is 
adopted technoJo~y calculated as expl,1ined in 
Step 6. GOL was run twice, once for ea•:h of two 
years, to get two points from each kind of 
technology with which to draw the extrapcfations 
shown. The innovative technology data are what 
is given to the Thailand regional analyst to con
sider in setting Thailand's rice output for the 
adjustment of the GOL model described in Step 
3. The adopted tech,...ology data points were 
calculated from the output of the runs as described 
in Step 6. 

Fertilizer consumption per unit of food produc
tion, also often considered an important .neasure 
of agricultural technology, is estimated subjec
tively by Department of Agriculture analysts on 
the basis of the GOL output after the model run 
is complete. The fertilizer consumption and food 
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F1pre S.I. Innovative and adopted technology levels ror rice production in Thailand 
as projected by the GOL (grain, oilseed, livestock) model. 
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production data in Chapter 6 show an assumption 
of continued increases in fertilizer use per unit of 
food output, from about 800 nutrient tons arf.'lund 
1971 to 970 nutrient tons in 1985 and to 1210 
nutrient tons in· the year 2000. 

Fisheries 
The fisheries analysis assumes that the means 

to harvest and process former iy unfish~d marine 
animals, such as Antarctic kri!l, will be increas·· 
ingly adopted through the year 2000. Ocean pol
lution will continue unabated. Technolo~y will 
soon be ineffective and perhaps counreiprociuctive 
in increasing catches from natural fisheries because 
of reduction of fish populations. 

Forestry 
The forestry analysis assumes a continued de

velopment and adoption of technologies that in
crease both forest productivity and the percentage 
of that productivity that can be exploited and 
used. Particularly in the industrialized countries, 

· the management of forests will become more inten
sive, uses for formerly discarded parts of trees will 
be found, and cut timher will be used more effi
ciently. In the LDCs, harvesting technologies and 
uses for formerly ignored species and size classes 
will be adopted; fuelwood plantations may also be 
established. 
. Also assumed is that no fuel as cheap as wood 
1s at present will become as widely availab:1: in 
LDCs before the year 2000. 

Water 
The following major uses of water are expected 

to remain the same through 2000. Currently, they 
are domestic, inigation, industrial (primarily in 
manufacturing but also in mining and mineral 
processing), and energy production (thermal and 
hydroelectric). The two projections of total world 
water use in Chapter 9 make no explicit techno
logicru assumptions. The Doxiadis projection gives 
no technological justitication for its S-shaped 
growth curve for water use. The Kalinin projec
tion admittedly neglects the possibilities of (1) 
decreasing water requirements per unit of indus
trial or agricultural output, (2) increasing water 
purification or desalinimtion, and (3) increasing 
direct use of unpurified and salt water. 

Energy 
The energy forecasts, made with the lntema

tionru Energy Evaluation System (IEES) com-

puter model, assume that only proven techniques 
for producing final fossil fuels will be widely 
enough adopted to significantly affect the world 
energy market by the year 2000. Produ~ers' sup
ply curves, indirectly representing their cost of 
prod1Jction, assume no rapid acceleration in yield. 
The real costs and efficiencies of refining and con
v~rthi!l primary fuels and the costs, routes, and 
modes or i.nmsporting intermediate products are 
al!!o held constant. ffowever, the types of final 
foels demanded, the sources of the primary fuels 
used to make them, the refining and conversion 
tec.hniques applied in production, and the transpor
tation modes and routes all vary according to rela
tive costs. Large increases in the adoption of exist
ing technologies an:: also assumed to be possible. 
The IEES allows world shipping and refining 
capacities to expand indefinitely to meet world 
energy demand, and miscellaneous conversions 
capacity to expand up to high limits. Miscellaneous 
conversions capacity in 1985 and 1990 is allowed to 
be as much as two and three timei: its historical 
1975 level, respectively. In general, the expzlflsions 
in refining and miscellaneous conversions 
capacities are restricted to the industrialized na
tions. 

The forecasts assume continued new adoption 
of nuclear and hydro power for electrical genera
tion. Regional electrical generatir n capacities from 
nuclear and hydro (including geothermal and so
lar) power are inputs to the IEES; the exact 
quantities assumed (Table 5-J) show an increase 
in total world generation from these power 
sources of about 200 percent from 1975 to 1990. 
c;an.~citie~ of conventional thennal generation, 
like refining and transportation capacities, are 
determined within the model but allowed to ex
pand as much as necessary to meet final demands. 

Fuel Minerals 
The primary purpose of the fuel minerals 

analysis was to estimate current world energy 
resources and reserves. The estimation of re
sources (rill potentially recoverable occurrences of 
a minend) implicitly assumes how far technology 
can or will advance in the recovery of low-grade 
ores. Exactly how it will advance is typically left 
unspecified. The estimation of reserves (all re
~urces. ~onomically recoverable at cum:nt prices 
with ex.tsu.ng technology) assumi:s by definition no 
technological change. 

Nonfuel Minerals 
The nonfuel minerals demand forecasts were 

made from combinations of expert judgment and 
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TABLES-1 

· Electrical Generation from Nuclear 
and Hydro lbwer Assumed In Energy Fomuts 

(Terawatt./iour.s per year) 

Less Indus- Devel· OPEC Centrally 
United trializcd oped Coun- Planned 
States Coun· Eco no-

tries• Coun- tries mies tries 

1975 415 1,343 240 0 
1985 

Low growth 969 2,492 S!l5 19 760 
Medium 

growth 915 2,515 585 19 760 
High 

growth 976 2,516 585 19 760 
High prices 1,045 2,584 585 19 760 

1990 
Low growth 1,373 3,316 924 64 1,350 
1'.fe:Jium 

growth 1,397 3,513 924' 64 1,350 
High 

growth 1,402 3,518 924 64 1,350 
High prices 1,555 3,670 924 64 1,350 

'lncludlna the U.S. 

data analysis. Technology entered the develop
ment of the forecasts taken from the 1977 Malen
baum Report (see Chapter 22) in the derivation of 
intensity-of-use curves. Many of the technological 
assumptions that influenced the construction of 
any one curve tended to be highly specific to the 
mineral and region for which it was drawn. The 
general technological assumptions implied in the . 
repo11 to underlie all of the curves, with some 
qualification for individual curves, are: 

1. As an economy g "':>Ws, it first develops or 
adopts production processes that are relatively 
mineral-intensive. Then increasingly it refines 
these processes or shifts away from them, which 
contributes to a gradual decline in the economy's 
mineral intensity of use. 

2. The advances in mineral production technol
ogy necessary to allow continued growth in pro
duction will be made. Mineral production will 
grow through 2000 quickly and reliably enough to 
make end-use factors, not supply constraints, the 
dominant determinants of mineral consumption. 
Econ(lmic growth will not be restricted by mineral 
availa~Jility or price; in fact, real mineral prices 
:nay dt:cline in the fumre. 

The Bureau of Mines demand forecasts used 
the judgments of the Bureau's individual commod
ity analysts, aided by analyses of historical data. 

U.S. primary demand for minerals is projected to 
1985 and 2000 by use of a regression analysis 
using the following U.S. economic indicators as 
explanatory variables: GNP, Federal Reserve 
Board index of industrial production. gross private 
domestic investment. new construction, popula-
tion, and GNP per capita. The historical values of 
these variables, supplied by the Office of Manage-
ment and Budget, are taken from the 1954-73 
period. Such a regression equation would implic-
itly assume that the role that technological ad· 
vance has had in making mineral consumption 
track the explanatory variables in the past will 
continue into the future. The forecasts of the 
regression equations are considered b}' the indi-
vidual commodity analysts, who ~hen make the 
final U.S. forecasts after considering other infor-
mation relevant to their specifi: commodity mar-
kets, including expected technological advances. 
The analysts' forecasts for rest-of-the-world de-
mand are made with consideration of various 
world and regional data, including population. 
GDP. and GDP per capita, and 1heir own knowl-
edge of world markets and probable technology. 
but without formal regression forecasts of de-
mand. 

Environment 
As Chapter 13 assesses the environmental im

pact that would result if the other forecasts were 
valid, it generally accep1s their assumptions and 
conclusions pertaining to technology, in addition 
to its own technological assumptions. The tech
nological assumptions made specifically for the 
environmental analysis are listed below. The tech
nological assumptions used to make the other 
forecasts are not repeated here. The general 
assumption underlying the entire environmental 
analysis is that most environmental problems are 
the result of conflict between population and 
general economic growth on the one hand and 
evolved biological systems and physical constants 
of the globe on the other; technology can aid the 
management of these problems but not eliminate 
their cause. The sector-specific assumptions are 
as follows: 

Population. The relatively resource-intensive 
living habits and practices of the industrialized 
nations will continue to supplant other lifestyles 
around the world. 

Energy. There will be a global acceptance of 
U.S. new source performance standards in the 
near future. (This is an asstnnption of the Energy 
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Systems Network Simulator model used to convert 
the energy consumption forecasts to emissions 
forecasts, described in Chapter 19). 

Food. The productivity increases projected in 
the food analysis will involve no major break
throughs in genetic engineering of food crops 
(such as the development of nitrogen-fixing strains 
or c-4 grains, which are relatively efficient in 

photosynthesis) or soil, water, and air manage
ment. Plant breeding will continue to reduce the 
genetic diversity of food crops. 

Minerals. 1be means to extract increasingly low
grade mineral ores will continue to be developed and 
adopted. No breakthroughs in reducing the land 
disturbance, water use, or waste quantities resulting 
from mining will occur. 



6' · · Food· and Agriculture Projections 

Recent shifts in world food supplies from snr· 
plus toward deficit and back again toward surplus 
have generated wide cor.cern as to future food 
balances. This chapter reports on world food 
projectioos to 198S and 2000, emphasizing the 
problem of food balances in the context of wider 
resource and environmental balances. The projec
tions are summarized in the maps on the following 
pages. The anruytic fram:!work used to generate 
the projections and their broad implications are 
highlighted. Resource balances. estimates of the 
changing cost and growth in investment required 
to develop the productive capacity projected to 
2000. and the broad environmental implications of 
the projections are also treated. 

Caveats 
Long-range projections, particularly food pro

jections, are subject to several qualifications. 
First, estimating changes in population, income, 

taste, resources, technology, and weather as weU 
as their interrelationships 25 years in the future 
calls for a number of studies rather than a single 
paper. The wide range of credible silldies analyz
ing these f actor.s but reaching conflicting conclu
sions points up the latitude posHibh! in estimating 
changes in these key variables and their interrela
tionships. The analyses that follow endogenize as 
many of these variables and intentelationships as 
possible but depend to a large e:(tent on output 
from other models that study indMdual variables 
in greater detail. 

Second, highly aggregated food projections with 
so distant a time horizon are not forecasts of what 
will happen but rather educated guesses of what 
could happen. Assigning probabilities to projec
tions is co1~sequently difficult; projection studies 
themselves are designed to test altemati-res and to 
identify potential problems and e't .:sluatc possible 
solutions. 

Third. global fOOd projectio:11s in particular de
pend on generally limited and sometimes conflict
ing data. Any global food analysis must balance 
the wealth of information availab~ for most of the 
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industrialized countries against the paucity or 
information available for the les3 developed and 
centrally planned countries. The extent to which 
govemments intervene to influence Lthe quar1tities 
and prices of food produced and consumed in 
much of the world also leaves long-range projec
tions subject to wholesale revision as agricultural, 
food, and trade policies change. 

Hence, the food projections presented in this 
chapter must be seen as broad directional indica· 
tors only. 

Model and Methodology 
The projections outlined below were generated 

using a world grain-o~seed-livestock (GOL) model 
and three !lmaller sets of aggregate food. arable 
area, and fertilil.er relationships. 

GOL is a fonnal mathematical model made up 
of roughly 1,000 equations describing the function
ing and interaction of ·the world's grain, oilseed, 
and livestock sector.;, More precisely, GOL is a 
conglomerate of some 28 regional agricultural 
sector models made up of grain, oilseed, and 
livestock supply, demand, and trade equations 
that sum to a world total. The parameters for the 
mathematical relationships underlying the models 
were estimated using data from 1950 through 197S 
or were drawn from the literature and the judg
ment of experts. 

The strength of the GOL model lies in its 
emphasis on cross-regional and cross-commodity 
quantity and price linkages. The individual grain, 
oilseed, and livestock sectors within each regional 
model are linked on the "'Upply side in their 
comp:tition for resources, and on the demand 
side as intermediate or finished products in the 
human diet. Production and consumption across 
regions are balanced at the world level. Imports 
and exports sum to zero, and world and regional 
tr.ufe prices are harmonized. Each of the regional 
models provides for physical factors (such as 
tec!mical input-output relationships) and economic 
factors (such as supply, dtmano, and trade 
prices). Exogeneous inputs include population and 
income growth rate, , agri-:ultural and trade policy 
assumptions, and weatJier assumptions. 
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hate: Malgin ~ altwnative$ based 
on Regional Standard Erron 
and summed to a world total 
colculcmd on 1950-76 d:lto 

'1pre 6-1. World grain yields, actual and projected under Alternatives I. II. Ill. 
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GOL materials were supplemented with three 
smaller, infonnal sets of relationships dealing with 
aggregate food production and consumption, ara
ble area, and fertilb:er use. The first is used to 
translate GOL output into indices of total food 
production and consumption; the second and third 
sets of relationships are used to estimate arable 
area and fertiliz.er use. Fertiliz.er is used as a 
proxy for a larger collection of inputs, including 
improved varieties, pesticides, and irrigation. Sec
ondary measures of land-man ratios and use of 
fertilizer per arable hectare are also generated. 

Scenario DeOnltlons 
Three alternative sets of projections were gen

erated for the Global 2000 Study using different 
income, popubtion, and weather assumptions as 
well as different assumptions about the rate of 
petroleum price increases. 

Alternative I, a baseline projection, assumes 
median world population and per capita income 
growth rates averaging roughly 1.8 percent and 
1.5 percent, respectively, through the year 2000 
(fables 6-1 and 6-2). Growth in yields, ultimately 
raised or lowered by the producer prices gener
ated under a specific alternative, is projected at 
rates compatible with the technological advances 
of the past two decades. Weather is held con
stant-Le., the impact of weather on yields 
through 2000 is assumed to be comparable to that 
of the past 25 years. Agricultural and trade 
policies are assumed to continue to be largely 
protectionist in the major importing countries and 
trade-expansionist in the major exporting coun
tries. Alternative I's median income, population, 
and weather assumptions are run in combination 
first with constant energy prices-i.e., assuming 
petroleum prices do not increase markedly from 
the real-price highs of 1974-76---and second as
sumint: marked increases more than double the 
cost oi energy inputs by 2000. As will be noted 
later, the resultant quantity and price ranges 
quoted under Alternative I reflect not so much 
uncertainty about petroleum price increases as 
uncertainty about the ability of the agricultural 
sector to adjust to chang:s in input costs. 

Alternative II, which defines an optimistic up
per bound, assumes lower population growth and 
higher per capita income growth of about 1.5 
percent and 2.4 pen:ent, respectively. Growth in 
yields is projected assuming favorable weather
i.e., assuming weather through 2000 to be more 
favorable than weather over the last 25 years. 
Good weather is assumed to raise yields about the 
equivalent of one standard error calculated on 

1950-75 regional yield series (see Table 6-3 and 
Fig. 6-1). Alternative II is run assuming petroleum 
prices remain at their real 1974-76 level through 
the year 2000. 

Alternative III, which defines a lower bound, 
assumes higher population growth and lower per 
capita income growth rates of about 2.1 percent 
and 0.7 percent, respectively. Growth in yields is 
projected assuming poor weather-i.e., assuming 
weather through 2000 to be less favorable than 
over the last 25 years. Yields are projected the 
equivalent of one standard error below Alternative 
I levels (see Table 6-3). Alternative III is run 
assuming that real petroleum prices more than 
double by 2000. 

No provision Wl\S made for long-term improve
ments or deterioration in climate. It is assumed 
that the world's climate continues largely as 
reported over the past several decades, or that 
changes in climate will be small enough to be 
compensated for by changes in cultural practices 
and development of new technology. Assuming 
no significant climate changes, however, does not 
rule out years of good weather comparable to the 
late J960s in the Soviet Union or bad weather 
)ears comparable to the mid-1960s in India. The 
variations in yields between Alternative~ t~ and 
III provide some measure of the good wc~'io1=r· 
bad weather range likely without a major change 
in climate. 

Gelieral Results 
While the output generated under Alternatives 

I, II, and III differ with regard to specifics, a 
number of conclusions hold for all three scenarios. 
The following general conclusions pertain to Alter· 
native I output. 

Record Growth 
The world IUls the capacity, both physical and 

e~o11omic:, to produce enough food to meet sub· 
stamial increases ill demand througlr 2()(}(J. The 
projections are compatible in this regard with a 
number of other studies suggesting a world food 
potential several times higher than current produc
tion levels. The food growth rates implied in this 
Study's production and consumption projections 
are comparable to the record increases reported 
for the 195Qs and the 1960s. Growth in the grain 
component of total food production and consump
tion-for which longer historical series are avail
able-is also projected near or above the record 
rates of the last two decades and more than 
double the rate of increase for the first half of 
the century (Table 6-4). Several significant quail-

0 .!::b 
\ 
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fications are needed, however, to put this growth early 1970s (Tables 6-5 and 6-6). 
into proper perspective. Driving neaNecord growth Driving neaMecord rates of growth on the sup-
in demand are equally impressive growth in pop- ply side are marked increases in the resources 
ulation in the less developed countries (LDCs) committed to food production-measured roughly 
and affluence in the industrialized countries. The in terms of land under cultivation-and strong 
world's food sector must grow at near-record rates gains in productivity-based primarily on wider 
simply to maintain the benchmark per capita con- adoption of technology and increased use of re-
sumption levels reported in the late 1960s and source-augmenting inputs such as fertilizers and 

TABLE 6-1 

Population Growth Rates, Actual and Projected 
(Percent) 

1985/1975 2000/1975 
1970/1960 Alternatives Alternatives 

I II Ill II Ill 

Percent 
Industrialized countries 1.09 .51 .48 .67 .52 .34 .71 

United States 1.26 .70 .52 .96 .55 .27 .94 
Other developed exponers• 2.28 2.05 1.99 2.1~ 1.80 1.60 1.94 
Western Europe .80 .33 .30 .35 .43 .31 .52 
Japan 1.04 .88 .81 .91 .59 .43 .68 

Centrally planned countries 1.54 1.25 .99 1.45 1.21 .94 1.43 
Eai>tern Europe .70 .68 .63 .74 .51 .39 .76 
U.S.S.R. 1.25 .93 .80 l.05 .68 .46 .90 
People's Republic of China 1.78 1.42 1.10 1.64 1.42 t.14 1.63 

Less developed countries 2.56 2.50 2.36 2.66 2.37 2.04 2.71 
Latin America 2.82 2.91 2.6S 3.04 2.61 2.17 2.94 
North Africa/Middle East 2.74 2.75 2.61 2.86 2.75 2.44 3.0S 
Other Arrican LDCs 2.42 2.61 2.50 2.69 2.68 2.31 2.94 
South Asia 2.56 2.34 2.25 2.S8 2.13 1.88 2.63 
Southeast Asia 2.68 2.50 2.34 2.65 2.20 t.77 2.S8 
East Asia 2.23 2.13 1.94 2.28 1.99 I.SS 2.27 

World 1.93 1.79 1.63 t.95 1.77 1.48 2.0S 

•Canada, Australia, Soulh Africa. 
So11ru: U.S. Bureau of the Cc111us. 

TABLE6-2 

Per Capita Income Growth Rates, Actual and Projected 
(Perc:t<nt) 

198511975 2000/t98S 
1960-1970 Alternatives Alternatives 

II Ill JI Ill 

Industrialized countries 3.29 3.41 4.40 2.41 2.57 3.35 1.77 
United States 2.52 3.28 4.35 2.12 2.54 3.42 I.SS 
Other major exporters• l.87 1.95 2.85 1.10 1.40 2.25 .55 
Western Europe 3.S2 3.66 4.59 2.74 2.456 3.38 1.97 
Japan 8.76 3.10 4.06 2.17 2.49 3.26 l.81 

Centrally planned countries 3.65 2.35 3.22 I.SO 2.20 3.15 1.25 
Eastren Europe 3.88 2.55 2.85 2.24 2.16 2.60 1.73 
U.S.S.R. 5.17 2.30 2.67 1.93 2.06 2.53 1.59 
People's Republic of China .90 2.30 3.85 .86 2.30 3.81 .85 

Less developed countries 3.13 2.S4 3.52 1.55 2.01 3.00 1.03 
Latin America 2.62 2.64 3.90 I.SI 1.84 2.84 .97 
North Africa/Middle East 2.79 3.95 4.70 3.35 3.20 4.15 2.26 
Other African LDCs 1.00 2.95 3.60 2.35 2.IS 3.00 1.38 
South Asia .73 1.12 1.91 .20 .66 1.20 .IS 
Southeast Asia 2.26 2.50 2.65 2.34 2.20 2.58 l.77 
East Asia 2.01 3.34 4.37 2.66 2;80 3.98 1.54 

WorlJ 2.80 2.26 3.23 1.29 t.S3 2.42 .66 
"Canida, Aultnll.la, South Africa 
StHtru: Olobll 2000 Study ltd. 
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TABLE6-3 

Yleld Variations Due to Assumpdnns Regarding Weather Conditions 

Variation from Kilogram per Hectare 
Alternative I 198.5 Equivalent 

and 2000 Yield 198.5 2000 

Ptrcenl 
Industrialized countries 

United States ::t .5.7.5 2.50 280 
Other developed exporters :!:14.50 3IO 400 
Western Europe :t .5.00 190 220 
Japan :t 4.7.5 190 160 

Centrally planned countries 
Eastern Europe :t 6.2.5 220 280 
U.S.S.R. :tll.7.5 240 310 
People's Republic of China :!: .5 • .50 100 130 

Less developed countries 
Latin America · :!:: 8.00 130 200 
North Africa/Middle East :!:: 9.00 130 200 
Other developing Africa :t 3 • .50 .50 80 
South Asia :t 4.7.5 60 80 
Southeast Asin :t 6 . .50 110 160 
Ea!it Asia :!: 6.00 110 160 

Weighted total above 11 :t 7.20 180 220 
World agjlf'Cgated" :t 3.00 70 90 

Natt':· Yield variations arc calcul1ted on the basis or one 11sndard mor or the rqreulon or 19!0..7J yield data aplns11lme • 
• Production wclahttd 1111rtpte or rc,;onal variations. 
•variation calculated usin1 world yield miu. 
SDMtt:t: Economlc•. Statltlk:s. and Cooperatlv .. Sel'\llcc, U.S. Departmcm of Asrlculturc. 

TABLE6-4 
pesticides. The rates of growth in production and 
the relativ~ importance of area and productivity 

Grain Production and Consumption Growth gains shown in Figure 6--2's grain data are repre-
Rates, Actual and Projected (Alternative I) sentative of the changes projected for the food 

sector as a whole. Land-man ratios decline 
1973-7'1 198.5/ 2000/ throughout the projection period, however, and 
19.51-.5.5 1973-7.5 198.5 the productivity gains needed to keep up growth 

Percent in production come at increasing real cost, partic-
Industrialized countries ularly if sharp increases in petroleum prices are 

Production 2.5 2 . .5-1.8 1.8-1.7 incorporated into the analysis. 
Consumption 2.2 2.4-2.0 1.9-1.8 Problems of distribution m:rms and within re-Exporters 

2.1-2.0 l.(ions ttl.m detract from tilt• hi1:lr ll'orld growth Production 2.6 2.9-2.5 
Consumption 2.1 2.7-2.l 2.2-2.1 mies shown in Tt1ble 6-S. Production and con-

Importers 
J.1-1. l 

sumption increase at faster rates in the LDCs than 
Production 2.3 1.6-0.l in the industrialized countries. LDC growth, how-
Consumption 2.1 2.1-1.7 1.6-1.5 ever, is from a substantially smaller base. Further-

Centrally planned countries 
2.4 

more, the LDC aggregate and many of the re-Production 2.8 1.6 
Consumption 3.0 1.2 1.6 gional totals are somewhat misleading because the 

Less developed countries difference between individual LDCs-i.e., an Ar· 
Production 2.8 3.3-3.7 3.0-2.8 gentina compared with an India, or an Egypt 
Consumption 3.1 3.6-3.6 2.8-2.6 compared with a Bangladesh-are far wider than 

Exporters 
3.1-4.2 3.2-2.9 

the differences between the industrialized coun-
Production 3.2 tries totaJ and the LDC total. 
Consumption 3.5 1.7-1.7 2.4-2.3 Growth in food production amt consumption Importers 
Production 2.7 3.3-3.6 3.0-2.8 are not likely to balance at the regional or country 
Consumption 3.0 3.8-3.7 2.8-2.7 levels. Significant increases in trade-exported by 

World a few major surplus p1oducers, including the 
Production 2.7 2.7-2.5 2.1-2.0 United States, Canada, Australia, and several 
Consumption 2.7 2.7-2 • .5 2.J-2.0 emerging exporters such as Thailand and Brazil-

,,o 



TABLE6-S 

Grain and Total Food Production, Consumption, and Trade, Aduai sJ!d Projected (AJtemathe I) 

Grains Food 
(million metric tons) (1969-71 = 100) 

1969-71 1973-75 1985 2000 1969-71 1985 2000 

Industrialized countries 
Production 401.7 434.7 569.S- 525.9 739.7-679.1 100.0 126.~118.1 157.0-143.7 
Consumption 374.3 374.6 486.2- 465.3 648.4-610.8 100.0 121.0-116.6 155.8-147.7 
Trade +32.1 +61.6 +83.3-+60.6 +91.3-+68.3 

United States 
ProGuction 208.7 228.7 304.0- 297.1 416.0- 402.0 100.0 137.8-134.9 184.3-178.5 
Consumption 169.0 158.5 210.9- 199.8 290.0- 272.4 100.0 119.~114.0 160.3-151.3 
Trade +39.9 +72.9 +93.1-+97.3 + 126.0-+ 129.6 

Other developed exporters 
Production 58.6 61.2 93.0- 83.1 121.9- 106. I 100.0 139.1-126.7 175.4-155.6 
Consumption 33.2 34.3 47.1- 45.5 68.1- 65.2 100.0 126.8-123.2 173.3-166.8 
Trade +28.4 +27.7 +45.9-+37.6 +53.8-+40.9 

Western Europe "'i 
:c 

Production 121.7 132.9 160.0- 133.0 182.8- 153.0 100.0 tt9.1-105.0 133.S-114.6 rn 
Consumption 144.2 151.7 182.2- 175.5 225.9-213.1 100.0 115.1-111.5 138.S-13 l.6 ;g 
Trade -11.8 -19.7 -22.2--42.S -43.1--60.1 e Japan rn 
Prodpction 12.7 11.9 12.S- 12.7 19.0- 18.0 100.0 102.0-103.6 125 .• 0-131.5 ~ Consumption 27.9 30.1 46.0- 44.5 64.4- 60.1 100.0 150.7-146.3 205.~192.8 6 Trade -14.4 -19.3 -33.S--31.8 -45.4--42.1 z 

CentraUy planned countries en 
Production 401.0 439.4 567.0 722.0 100.0 138.2 174.0 
Consumption 406.6 472.4 596.0 158.S 100.0 143.3 179.9 
Trade -S.2 -24.0 -29.0 -36.S 

Eastern Europe 
Production 72.1 89.4 110.0 140.0 100.0 146.2 183.2 
Consumption 78.7 97.7 118.5 151.5 100.0 144.4 181.7 
Trade -6.1 -7.8 -8.5 -tl.S 

U.S.S.R. 
Production 165.0 179.3 230.0 290.0 100.0 137.7 172.7 
Consuq>tion 161.0 200.7 242.S 305.0 100.0 148.5 185.9 
Trade +3.9 -10.6 -12.5 -15.0 

People's Republic or China 
Production 163.9 176.9 227.0 192.0 100.0 134.0 169.0 
Consi;mption 166.9 180.8 235.0 302.0 100.0 136.0 171.4 
Trade -3.0 -3.9 -8.0 -10.0 

Less developed countries 
Production 306.5 328.7 471.7-490.7 735.0- 740.6 100.0 154.4-161.4 244 • .5-247.7; 
Consumption 326.6 355.3 526.0-5~.3 789.S-m.4 100.0 163.4-162.8 247.8-242.8 
Trade -18.5 -29.5 -54.3--31.6 -54.8--31.8 

~ y 



TABLE6-S 

(continued) 

Grains Food 
{million metric tons) (1969-71 = 100) 

1969-71 1973-7S 198S 2000 1969-71 1965 2000 
Exporters• 

Production 30.1 34.S 48.S- 54.4 7P..l- 84.0 100.0 132.S-142.9 209.2-22.S.O 
Consumption 18.4 21.S 2S.7- 2S.S 36.7- 36.0 100.0 122.2-121.7 160.8-15'.0 
Trade +11.3 +13.1 +n.8-+28.9 +41.4-+48.0 

Importersb 
Production 276.4. 294.2 423.2- 436.3 656.9- 656.6 100.0 tS6.0-tS8.4 247.0-249.3 
Consumption 308.2 333.S S00.3- 496.8 7S3. 1-J36.4 100.0 166.2-~64.6 254.0-2411,9 g Trade -29.8 -42.6 -11. l--60.S -96.2--79.8 

Latin America c Production 63.8 72.0 101.0.:. 11 t.9 182.6- 18S.9 100.0 158.7-174.8 279..5-284.4 >·,·: 
Consumption 61.2 71.2 99.S- 98.2 168.8- 166.0 100.0 162.7-160.7 269.7-265.3 % 
Trade +3.2 +0.2 +l.S-+13.7 + 13.8-+ 19.9 .c 

North AfricalMiddle East ~ Production 38.9 42.4 S6.2- S6.8 ~.2- 89.0 100.0 146.::'-148. l 252.5-257.8 "' Consumption 49.S 54.t 80.6- 79.6 127.S- 123~7 100.0 167.4-165.1 276.1-267.3 n 
Trade - _9.l -13.8 -24.4--22.8 -3S.3--29.7 c: 

Other African LDCs ~ 
Production 32.0 31.3 47.l- so.o 61.3- 63.7 100.0 ISO.'? -!~').2 197. l-204.9 c: ,, 
Consumption 33;0 33.8 Sl.9- Sl.S 63.3- 63.0 100.0 161.2-~·::G.O 1S.S.4-i96.4 '" Trade -1.0 -2.4 -4.8- -1.S -2.0- +0.7 ii South Asia e Production 119.l 127.7 184.2- 186.0 26S.O- 2S9.0 100.0 154.0-ISS.S 221.~16.8 

~ Consumption 12S.3 13S.I 199.7- 199.0 284.3-275.7 100.0 lS8.7-lS8.2 226.~19.4 
Trade -6.2 -9.3 - lS.S--13.0 -19.3--16.7 

Southeast Asia 
~ Production 22.8 21:4 38.3- 41.4 62.0- 6S.O 100.0 179.1-194.3 295.3-310.0 

Consumption 19.3 17.9 30.S- 30.S 47.9- 47.0 100.0 1_68.0-168.0 268.8-263.6. 
Trade +3.4 +3.7 +7.8-+10.9 + 14. 1-+ 18.0 

East Asia 
Production 29.9 34.0 44.9- 44.6 71.9- 73.0 100.0 lSS.8-154.7 '.?St.~S.3 
Comumption 38.3 42.9 63.8- 63.5 98.0- 97.0 100.0 173.1-172.3 "JJiU..:JfJA.9 _ 
Trade -8.S -9.7 -18.9--18.9 -"JJi.l--24.0 

World 
Production 1.10!>.2 l,202.8 l.608.2-l.S83.6 2,196.7-2,141.7 100.0 141.S-140.5 194.0-191.0 
Consumption l,107.5 1.202.0 I ,608.2-l .S83.6 2,196.7-2.141.7 100.0 141.S-140.:5 194.0.:.191.0 
Trade - +l.7 -0.8 

Notr: IA tnlde ft,pres + iadicales expoit; miims lip iDdiC.ta import. 
•Arpnliaa llld Tllailaad. . 
•AD Clllll:n, ladudias llCftnl coulltrin Ullll export In- .:e1mim (e.., llruil. lndallak. &Dd Colombia}. 00 --

~ 
~ 



TABLE6-6 ,~ 
Per Capita Grain and Total Food Production, Consumpdon, and Trade. Actual and Pro)ded (Altenudhe I) 

Grains Food 
(kilograms ,;er capita) (1969-71 "" 100). 

·' 

. '1969-71 .1973-75 1985 2000. 1969-71 1985 2000: 

lnduitriali7al countries 
128.8-118.4 l~OJction 573.6 592.6 718.9- 663.8 838.S- 769.8 . 100.0 112.9-UM.5 

Consumption 534.4 510.7 613.7- 587.3 735.0- 692.4 . 100.0 108.8-104.9 127.7-121.2 
Trade +45.8 +84.0 + lOS.1- +i6.5 + 103.S- +77.4 

United States 
Production 1,018.6 1,079.3 1.331.2-1,301.0 1,697.4-1,640.3 IOb.O. 124.8-121.2 . IS6.0-15U 
Consumption . 824.9 748.0 923.S- 874.9 1,183.3-1,111.5 ' 100.0 108.5-103.4 135.9-128.3 
Trade +194.7 +344.0 +407.7-+426. I +514.1-+528.8 

Other developed exporters 
Production 1,015.6 917.0 1,117.4-l,OS2.1 I .OS2.0- 915.6 100.0 103.3- 98.6 98.6- 88.7 
Consumption 575.4 514.0 596.3- 576.1 587.7- S62.6 100.0 98~6- 96~0 . !J1.S- 94.3 
Tr.ide +492.2 +41S.O + S81.1-+476.0 +464.3-+ 353.0 

;! Western Europe 
Production 364.9 388.4 441.S- 367.0 470.7- 394.0 100.0 .• 111.0- 95.2 117.1-101.0 "' Consumption 432.4 443.3 502.8- 484.3 S81.7- 548.8 100.0 107.4-104.I 121.4-1 lS.5 

~ Trade -65.4 -S7.6 -61.3-- tl7.3 -lll.O--!S4.8 
Japan rll 

Production 121.7 108.5 102.1- 103.7 142.9- 135.4 100.0 83.4- 84.5 111.3-106.1 a 
. Consumption · 267.5 274.4 37S. 7- 363.4 484.4- 452.3 100.0 130.4-126.6 164.2-154.2 -0 

Trade -138.1 -'17S.9 -273.6--259.7 -341.5--316.7 z 
Centrally planned countries 

1:1.1 

Production 356.1 368.0 411.S 451.1 100.0 116.7 129.6 
Consumption 361.0 395.6 . 432.5 473.9 100.0 121.4. 135.8 
Trade -4.6 -20.1 -21.0 -22.8 

Eastern Europe 
Production 514.0 693.0 788.6 921.9 100.0 132.7 153.3 
Consumption 6'26.6 757.4 849.S 997.6 1,00.0 131.1 · 1S2.I 
Trade . -48.6 -60.S -60.9 -7S.8 

u.s.s.R. 
Production 697.6 711.2 812.8 903.2 100.0. 115.6 128.1 
Consumption 663.1 796.1 856.9 949.9 100.0' 127.9 .141;4 
Trade +16.1 -42.0 -44.I -46.7 

Peop~'s Republic of China 
Production 216.3 217.6 237.6 259.0.c 100:0 108.7 117.4 
Consumption 220.2 222.4 246.0 267.8 100.0 . 110.3 119.1 
Trade -4.0 -4.8 -3.4 -1:1 

Less· developed countries 
Production 176.7 168.7 182.0- 1@9.4 195.6- 197.J 100.0 101.7-106.S 109.5-U0.8 
Copsumption 188.3 182.2 203.0- 201.6 210.Z.:. 205.5 100.0 107.7-106.7 UJ.0-108.6 
Trade -10.7 -IS.I -21.0- -12.2 -14.6- -8.4 

~!.::> 
'-J 



TABLEM 

(CGDtinued) 

Grains Food 
(kilograms p~r capita) (1969-71 == 100) 

1969-71 1973-7S 1985 2000 1~71 1985 2000 

Exporters• 
Production 491.0 S21.9 541.1- 606.9 624.S- 671.7 100.0 90.6- fJ'l.1 102.6-110.4 
Consumption 300.1 325.3 286.7- 284.S 293.S- 287.8 100.0 8.1.6- 83.2 78.9- 77.4 
Trade +184.3 +198.2 +254.4-+322.4 +331.l-+383.9 

lmportcrsh 
169.2- 174.4 100.0 Production IS9.4 173.8 180.8- 180.7 104.3-106.0 l 10.0-IJ0.8 

Consumption 177.7 193.6 200.0- 198.6 207 .3- '1J11.. 7 100.0 tll.2-110.L l 13.3-110.8 
C! Trade -17.2 -24.1 - 30.8- -24.2 -26.S- -21.9 

Latin America g 
Production 236.l 241.0 247.6- 2'7.4 30S.9- 311.4 100.0 108.2-118.9 131.S-133.7 
Consumption 226.S 238.3 244.G- 240.8 28'Z.;.... 278.1 100.0 110.9-109.6 127.1-125.1 > z· 
Trade +11.8 +2.7 +3.7- +33.6 +23.J- +33.3 Cl 

North Africa/Middle East ~ Production 217.1 214.6 201.8- 203.9 218.):.. 222.S 100.0 87.2- 88.3 9S.9- 98.2 
Consumption 276.2 273.8 289.4- 28S.8 301.8- 292.8 too.o 101.8-100.3 IOS.9-102.2 ~ 
Trade -S0.8 -69.8 -87.6--81.9 -83.6--70.3 c 

O!her African LDCs 
100.0 ~. 

Production 134.9 118.3 130.7- 138.7 109.0- 113.2 98.1-104.3 81.2- 84.S c 
Consumption 139.1 127.7 144.0- 142.9 112.S- l 12.0 100.0 lOS.0-104.2 81.3- 80.9 ::io. 

ru. 
Trade -4.2 -9.l -13.3- -4.2 -3.6- +t.2 :I South Asia 
Production 161.6 162.4 170.0- 171.7 174.0- 170.0 100.0 104.6-lOS.6 107.0-104.6 e 
Consumption 176.0 171.8 184.3- 183.7 186.7- 181.0 100.0 107.8-107.4 UJIJ.2-lOS.8 1:12 

~ Trade -8.4 -11.8 -14.3--12.0 -12.7--11.0 -Southeast Asia 0 
Production 244.7 214.S 273.6- 29S.8 301.9- 316.S 100.0 l 16.3-126.4 129.2-13S.9 z en 
Consumption 207.2 182.6' 217.9- 217.9 233.2- 228.S 100.0 108.9-108.9 117.1-114.6 
Trade +37.S +31.9 +SS.7-+77.9 +68.7-+87.S 

East Asia 
100.0 Production 137.3 136.0 139.9- 138.9 161.1-163.S 104.6-104.9 121.1.:.122.8 

Consumption 176.2 171.S 198.8- lfJ'l.8 219.S- 217.3 100.0 116.2-1 lS.6 128.7-127.3 
Trade -40.4 -38.8 -S8.9--S8.9 -S8.S--S3.8 

World 
Production 311.S 313.6 337.7- 332.6 3S2.2- 343.2 100.0 109.5-108.S 117.0-114.S 
f'.onsumption 311.0 313.4 337.7- 332.6 3S2.0- 343.2 100.0 115.5-108.S 117.0-114.S 
Trade +o.s +0.2 

Nottt: In 11W fipra, + iDdbtes clq)Clft; minus sip illdiCliln impon. 
•Arpntina lllld n.ilaad. 
•AD otbln, illcJDdioa .,..,_.. COlllllrieS tllllelq)Clft ill---1os (c. ... BruB. ~and Colombia). 

···:...---:: 
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Figure 6-2. Indices of world grain production. area and yield, actual and projected. 
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will be needed to balance excess demand in food· 
deficit Western Europe, Japan, the centrally 
plaMed countries, and parts of developing Africa 
and Asia. World trade varies from alternative to 
alternative but exceeds record 1973-75 levels by 
at least 20 percent by 1985 and 60 percent by 
2000. 

Energy Price Impacts 

The quantity and price ranges shown in Tables 
6-S and 6-6 reflect model outputs on the impact 
energy price increases could have on the agricul
tural sector. The bottom end of the range provides 
for no marked increase in the price of energy from 
real 1973-75 levels. The upper end provides for 
moderately higher real prices by 1985 and substan
tially higher 1eal prices by 2000. Tire range 
reflects not so much uncertainty about petroleum 

· price increases as uncertainty about the effect 
changing petrole11m prices have cm agriculture 
and the ability of farmers to maintain or expand 
production while shifting mmy from e11ergy-inte11· 
sive inpms. A variety of cultural practices and 
management techniques are available in the short 
and medium terms to minimize the effect of 
energy price increases. The experience of the past 
2-4 years suggests that food and overall agricul· 
tural production could well adjust in the long run 
to substantially high>l!r energy prices, depending 
on the timing of increases, without the degree of 
dislocation implied at the upper end of the range. 

The model results suggest that, while world 
production and consumption levels might not be 
changed measurably by marked but gradual in
creases in energy prices, major shifts within and 
across sectors and regions would be likely. The 
comparative advantage of the resource-endowed 
LDCs such as Brazil and Thailand, which use 
relatively few high energy-intensive inputs, would 
improve. Higher energy prices, however, would 
likely exacerbate problems of compc.rative disad
vantage in food production common to many of 
the industrialized and higher-income LDCs. 

Adjustments in the food-exporting countries 
would likely be mixed. In countries such as the 
United States, higher energy prices could be 
offset at least partially by increasing the land 
resources committed to food production and by 
decreasing on the use of, or increasing returns to, 
energy-intensive inputs. The comparative advan
tage of the traditional food-exporting countries 
would likely deteriorate relative to the resource
endow~d LDCs but improve relative to most of 
the industrialized countries and several of the 
resource-tight LDCs. The sizes of these changes 
in comparative advantage are projected to keep 
the exporters' sales on the world market at or 

above the levels projected under a constant petro-
leum price alternative. · 

Even a rough estimate of the impact of higher 
energy prices on agricultural production depends 
on the timing of price increases, long-run rates of 
technological change, and short-run input flexibil
ity. The real energy price increases projected to 
2000 in the energy projections of this study 
(Chapter 10) are so large as to suggest that t!1e 
severity of the impact in the long run depends on 
the rate at which energy-conserving technologies 
replace existing energy-intensive technologies. 
Little can be done to project the rate or the 
impact of such long-run technological change. In 
the shorter term, however, some estimate of the 
impact of higher energy prices can be made on 
the basis of data on energy intensity and judg
ments a.s to how much flexibility farmers in a 
particular country have to change input mixes. 

Figure 6-3 can be used to gauge approximate 
energy intensity and to demonstrate the impor· 
tance of energy flexibility. Both cross-sectional 
data for the 30 largest agricultural producers, and 
time- series data for a smaller number of countries 
suggest the energy-intensity curve is basically S·· 
shapi!d. Given the position of countries along 
the curve, there appears to be little question that 
past increases in productivity have generally de· 
pended on marked increases in energy inputs. The 
impact of any energy price increase, all other 
things being equal, depends on where a country is 
on this energy-intensity curve. The efficiency of 
energy use measured roughly in terms of energy 
input-product output ratios might well strengthen 
or weaken the impact of any energy price change, 
but the genr.ral ranking of the countries from right 
to left would not be likely to change much. The 
experience of the past 3-4 years of higher energy 
prices suggests that a country's ability to move 
back down the curve toward lower energy inten
sity-i.e., to adjust production techniques without 
sac1 iticing the high productivity associated with 
advanced technology-is particularly crucial. 

A review of the adjustments U.S. farmers can 
and, in many cases, are making suggests that t~e 
range of options available even within a basically 
energy-intensive technology is quite wide. Data 
from Department of Agriculture and Federal En
ergy Administration studies estimate that the e.1· 
ergy used in the U.S. agricultural sector in 1974 
was equivalent to 2,000 trillion Btu (British ther
mal units) or roughly 5,300 Btu per hectare of 
total cropped area. As Figures 6-4 and 6-S 
indicate, the largest energy expenditures were 
reported in cultural operations, transportation, 
irrigation, livestock operations, crop drying, and 
energy investment in fertilizers and pesticides. 



Fipre ~3. En~ intensity data. Cross-sectional energy use data plotted against crop and livestock yidds for 30 largest food 
producing cov.-:;uics; 15-year historic;J scri~ plotted against time for United States and .several major European producers. 



10 

LP. Gal 
1.5 bl. ... 

EIK1ricify 
32 blL kWh 

Fipre M. Energy used in agriculture., 1974. 

,-·,,,. 
',;·.· .. ; 

rutural 
op«ations 
til, ....... 
aAtM:do, 

Tra.~ 
hcding. pickup 

~.er~ ct.nicals: .. . \ 

fwtifiz9n, 
pesticid9s, 
hriic:ide!, 
fungiddn 

Flpre 6-5. Energy used in agriculture, plus fcrtiliz.cr and chemicals. 1974. 



88 THE PROJECTIONS 

A review of the literature on energy-saving 
techniques suggests that considerable reductions 
in energy use are possible in all of these areas. 
The energy savings possible from modifying cul
tural practices, which currently account for 20 
['lCrcent of energy use, to provide for reduced or 
minimum tillage are quite large. Net energy sav
ings range up to 50 percent. Moreover, reduced 
tillage in 1975 amounted to only 35.8 million acres, 
while conventional tillage amounted to 218.2 mil
lion acres. 

Another potential area of large savings is in 
fertilizer use, which currently accounts for over 
one-third of total energy expenditures. Significant 
energy savings are possible through proper selec
tion and use of fertilizers. The proper timing and 
method of application also contribute to fertilizer 
efficiency. Moreover, considerable savings appear 
possible by changing mixes of fertilizers to empha
size organic and green fertilizers as well as 
inorganic chemical fertilizers. 

lnigation engineers also suggest that it is tech
nologically impossible to reduce the JO percent of 
total energy use accounted for by inigation by as 
much as one half. Reductions in energy consump
tion of as much as 10-20 percent appear to be 
possible through minimal efforts to increase ini
gation pumping plant efficiency, to upgrade water 
usage and water scheduling, and to adopt runoff 
control procedures. 

Drying grain for storage-which accounts tor 5-
10 percent of energy use-is another area of 
potential saving. There appear to be several ways 
to reduce grain-drying fuel requirements, including 
more in-the-field drying, better management of :he 
existing system, and the use of new technical 
developments such as solar heat. There are <tl:m 
significru\t potential savings in the transporti:i.tion 
sector through more efficient use of equipment. 

!{eeping these short-tenn options for minimiz
ing energy inputs in mind, the projection alterna
tives can be seen in a number of different con
texts. Those Alternative I runs assuming constant 
petroleum prices would be valid either given no 
increase in petroleum prices or given increases at 
a fairly e· 1en pace-possibly S-10 percent per 
year-provided the agricultural sector maximizes 
short-tenn energy savings and ultimately substi
tutes energy-conservmg technologies. A uumber 
of the model's coefficients have been adjusted to 
reflect estimates of both short-tl.!nn flexibility in 
energy use and the long-tenn development of 
energy-conserving technologies as discussed in 
Chapter 18. The Alternative I projections based 
on an increasing petroleum orice would be valid 
should agriculture not adju:it to gradual energy 
price increases or should the: increases be sudden 

or much shaiper than a graduated S-10 percent per 
year. The present capabilities of the GOL model 
do not pennit more precise measurement of the 
impact of gradually changing petroleum prices or 
reliable projections of the impact of more extreme 
energy price changes. 

Continuing Trends 

The projections also suggest that the major 
trends of the past two decades-( J) the increasing 
dependence of LDCs on food imports; (2) the 
growing importance of variability in supply; and 
(3) the increasing importance of the trade and 
agricultural policy decisions of a few major ex
porting and importing countries-are likely to 
continue on to 2000. Shifts in demand toward 
livestock products as incomes increase, however, 
are also likely to play an increasingly important 
role in detennining the quantities and prices of 
commodities moving on the international market. 

The grain trudc prujt:clions shown in Table 6-5 
suggest that the LDCs, exclutling food-surplus 
exporters,• fac1• .'ilzarp increase.'i ill the absolllle 
volume of food import.ii as well as possifile in
crellse .'' in the proportion of food imported. 
The increased food imports of many of the de
veloping countries, however, are not without 
positive implications. The grain gap-the differ
ence between grain production and consump
tion-is generally seen as an indication of the less 
developed countries' inability to feed themselves. 
Increases in imports, however, also measure the 
LDCs ability to supplement limited domestic out
put with foreign production. A closer look at 
which LDCs import more through 2000 suggests 
that the largest increases are concentrated in the 
relatively affluent upper one-third of the develop
ing world. The calorie gap-the difference be
tween recommended caloric consumption mini
mums and food energy supplies-suggests a much 
larger, more persistent problem concentrated in 
the lowest-income countries but affecting groups 
within nigher-income countril''i as well. The aver
age LI >C per capita calorie gap narrows margin
ally through 2000 but, with the number of people 
increasing at near-record niles, the absolute size 
of the gap and the number of people eating below 
the recommended minimum is projected to in
crease under all but optimistiC Alternative II. 

While the direction, frequency, and size of 
fluctuations in supply will continue to depend 
largely on weather, the importllnce of variability 
in supply is likely to increase markedly as world 
productive Cllpaciry is used at significantly higher 

•Primarily Argentina and Thailand, but in some scenarios 
other LDCs as well, e.g .. Brazil, Colombia, and Indonesia. 
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levels. The experience of a number of countries 
suggests that expansion of cultivation into mar
ginal areas increases susceptibility to weather 
fluctuations. The resource balances reviewed be
low indicate that a larger proportion of the world's 
food supplies will have to be grown on increas
ingly marginal areas dependent on favorable 
(rather than nonnal) rainfall and temperature. 

Reserves are likely to increase in importance as 
a means of ensuring that production windfalls and 
temporarily low producer prices do not generate 
production cutbacks in the food-exporting coun
tries. Reserves are also likely to increase in 
importance as a means of reducing price fluctua
tions and the market-rationing effect of short-tenn 
drops in production in a world of rising real 
prices. 

All three alternatives also suggest that the 
agricultural cmd tmde policies of" small 1111111/Jer 
of importers and exporters ll'il/ plt1y "" imn•<1s
ingly domi1w111 role in det<'1'mi11ing the £//Ullltities 
and prices of food tr<1ded 011 the ll'orld 11wrket. 
The increased importance of policy decisions in 
the exporting countries would result from their 
control of scarce excess productive capacity. The 
experience of the last five years suggests that 
without marked changes in international trading 
conventions. the role of major but sporadic im
porters such as the Soviet Union is also likely to 
increase. Protectionist agricultu:al and trade poli
cies currently allow large countries or blocs rela· 
tively close to self-sufficiency to avoid the costs 
of adjusting to world production shortfalls. The 
current structure of the world market also allows 
them to pass on part, if not all, of the cost of 
disruptions in their domestic agricultural econo
mies for absorbtion by the world market. The 
impact of changes in world supply and llemand 
are consequently likely to be absorbed more and 
more by countries exporting a large proportion of 
production and cou,1tries importing a large propor
tion of consumptic n on a regular basis. 

All three alternatives also suggest that, in addi
tion to population and income growth, shifts in 
consumption patterns are likely to play a major 
role in sh'.:lping demand, particularly beyond 1985. 
Growth in demand cmd shifts i11 taste mmy from 
calorie-efficielll diets based 011 cereals and 
starches toward less n1/orie-efjic:ie11t, lfrestad
oriented diets will detem1i11e to " IMJW extent the 
demand price. of grains, oilseeds, other higll
protein feeds, and possibly food prices in gelleml. 

Changes in the proportion of concentrate-fed 
products in the livestock total will be critical in 
determining the impact of this shift toward live
stock diets and the grain and oilseed balance. 
Biological Hmitations on the expansion of the 

ruminant herd suggest that a larger proportion of 
meat supplies will have to come from pork. and 
poultry products heavily dependent on grain and 
oilseed feeds. Moreover, the world's fish catch is 
an essentially concentrate-free source of animal 
protein, and, should the world's fish catch not 
increase at the 1.5-2.0 percent .rate a~sumed in 
the model runs, demand for feed to produce a 
comparable amount of animal protein from pigs 
and chickens could increase grain and oilseed de
mand by another 1 percent. The impact on prices 
and diets worldwide would be relatively small, 
since Jess than 6 percent of the world's protein 
and 1 percent of the world's calories are derived 
from fish and seafood products. However, in se
lected countries-such as Japan, where fish ac
counts for 25 percent of protein supplies and 8 
percent of calories-the impact would be very sig
nificant. 

World grain and overall food balances could 
tighten funher if the lower-income industrialized 
countries, centrally planned countries, and the 
higher-income less developed countries were to 
markedly increase their consumption of livestock 
products and adopt the grain-intensive feeding 
techniques of the U.S. World food prices could 
also be pushed up substancially as price-inelastic 
food demand in the poorest LDCs competes 
against more elastic feed demand in the affluent 
countries. 

DilTering Perspectives 

All three alternatives also suggest that the food 
and em•ircmmc•/llal concerns of the i11d11strialized 
md less developed cmmtriel· are likely to differ 
widely. The prime concern in the industrialized 
countries is likely to be adjustment. The major 
exporters will continue to face the problem of 
adjusting their production to higher but widely 
fluctuating foreign demand. The food-deficit 
higher-income countries will continue to face the 
problem of worsening compamtive disadvantage 
and increasingly ~xpensivc protectionist agricul
tuml and trade polici~s. The effect of changing 
production levels on the environment and the 
impact of environmental constmints on production 
costs, however, will be a concern common to all 
the industrialized countries. 

In contrast, the LDCs are likely to face the 
more pressing problem of expanding production
often regardless of environmental cost[l--(o meet 
rapidly expanding food needs. Several of the 
higher-income countries, such as Korea and Tai
wan, and several of the resource-constrained 
countries of North Africa ~nd the Middle East will 
face the same comparative disadvantage problems 
as many of the food-deficit industrialized coun-
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tries, but the bulk of the LOCs will be concerned 
with environmental quality only after basic human 
needs are met. 

Alternatives I-ID: Results and 
Conclusions 

The projections presented in Tables 6-7 and 
6-8 point up a number of alternative-specific 
conclusions regarding (1) the impacts of popula
tion, income, yield, and petroleum price variations 
in particular regions and over time, (2) the range 
of possible LDC food consumption improvements 
through 2000, (3) the variability of world trade and 
the role of the U.S. as residual suppiier, and (4) 
the range of likely world market price increases. 

Before reviewing specifit.: conclusions, however, 
comments on the range spanned by the alterna
tives and on short-term versus long-tenn 8.lljust
ments are called for. 

The range covered by the population and in
come growth rates for Alternatives II and Ill is 
narrow (see Tables 6-1 and 6-2). 1be range of 
yield variations is also narrow (see Table 6-3). 
Given the amount of uncertainty about rates of 
growth in these variables, the ranges tested here 
would appear to be too narrow. Moreover, com
parisons in terms of absotute production and 
consumption levels suggest rather minimal differ
ences between alternatives. However, the combi
nation of all the favorable assumptions in Alter
native II and all the unfavorable assumptions in 
Alternative III suggests it is highly probable that 
the outcome for the world and for major regions 
would fall within the range bounded by these two 
alternatives-particularly if analyzed in tenns of 
per capita (rather than absolute) production and 
consumption levels. 

With regard to short-term versus long-term 
adjustments, the static nature of the GOL model 
and the long-range specification of its elasticities 
limit the model to measuring net long-term adjust
ments. The model can say ti:tle about the year to 
year adjustments within the agrh.:ultural sector 
needed to reach the solutions calculated for 1985 
or 2000. Consequently, the fluctua~ions in endog
enous variables generated by the changes in the 
exogenous variab!es noted above could well be 
substantially wider if gauged over a shorter 3- to 
5-year rather than a 10- to 20-year period. 

Results 
A comparison of the results of the alternatives 

tested suggests that the impact of changes in 

population, income, yield, and petroleum price 
variables differs widely by regions and over time. 
In the food-importing countries of Western Eu
rope and in Japan, with relatively stable yields 
and low population growth rates, the crucial 
demand variables both in 1985 and 2000 are likely 
to be income growth rates and shifts in taste. The 
crucial determinants of supply are likely to be 
petroleum prices and domestic agricultural and 
trade policy decisions. Among the traditional 
exporters, foreign demand, weather-related fluc
tuations in yields, and, to a lesser extent, petro
leum price increases will be the most r:levant 
considerations. Among the centrally planned 
countries, yield variations &re likely to continue to 
be the most relevant factors. Among the less 
developed importing countries, population growth 
is by far the dominant demand factor, with 
variability in yields dominating on the supply side. 

The importance of each of these exogenous 
variables changes over time. Petroleum prices 
become more important as increasingly tight re
source supplies narrow the alternatives to energy
intensive food production techniques. Variation£ 
in yields are also likely to become more important 
as agricultural production expands into increas
ingly marginal areas more susceptible to weather 
fluctuations. Income growth becomes increasingly 
important in LOCs as low but sustained growth 
over the rest of the century pushes per capita 
levels in the middle-income countries high enough 
to generate shifts in taste toward grain-fed live
stock products. 

With regard to improvements in per capita 
LDC food consumption, eve11 Alternative l/'s 
combination of optimistic supply and demand 
assumptions sugge<tts gains are likely to be small 
and poorly distributed. Annual gains in per capita 
consumption for the LDCs as a group average 
less than 0.5 percent but range as high as I 
percent and as low as declining per capita con
sumption. Given Alternative Ill's pessimistic as
sumptions, LDC p'.!r capita levels do not grow. 
While increase in the high-growth regions slows 
somewhat, per capita consumption levels fall 
below substandard benchmark 1%9-71 levels in 
low-growth South Asia and Central Africa. 

The food problem in many nf the LDCs with 
the slowest growth in consumption appears to be 
as much a problem of effective market demand as 
a problem of expanding production. l11e effect of 
production constraints-be they limited agricul
tural resources, inadequate agricultural infrastruc
ture, outdated technology, institutional con-



TABLE6-7 

Grain and Total Food Production, Consumption, and Trade (.Alternatives I, D, fil) 

1985 2000 

Grain Food Grain Food .. 

(million merric rons) (1969-71 = 100) (millio11 merric rans) (1969-71 = 100) 

I JI Ill I n DI I II .Ill I II m 
Industrialized countries 

569.S- 52S.9 
.. 

Production S68.l 536.2 126.6-118.1 127.3 118.2 739.7-679.1 730.0 683.3 157.0-143.7 157.1 143.S 
Consumption 486.2- 465.3 SlS.7 4SS.9 121.0-116.6 127.1 114.6 648.4- 610.8 687.6 590.2 lSS.8-147.7 · 165.7 143.6 
Trade +83.3-+60.6 +52.4 +80.3 +91.3-+68.3 +42.4 +93.1 

United States 
Production 304.0- 297.1 2Cfl.S 309.7 137.8-134.9 13S.I 140.2 416.0- 402.0 409.8 414.0 184.3-178.S 181.8 183.S ~ 
Consumption 210.9- 19'J.8 229.S 194.4 ll9.6-ll4.0 129.2 lll.2 290.2- 272.4 325.0 256.8 160.3-151.3 17t.3 143.2 0 
Trade +93.1-+Cfl.3 +68.0 +I tS.3 + 126.0-+ 129.6 +84.8 +157.2 0 

Other developed exporters > 
Productic..n 93.0- 83.1 91.S 78.7 139.1-126.7 137.3 12i.2 121.9- 106.1 126.0 107.3 17S.4-1SS.6 180.6 157.1 z. 
Consumptiott 47.1- 45.S 49.9 44.2 126.8-123.2 133.0 120.3 68.1- 65.2 1S.9 65.9 173.3-166.8 190.6 168.4 

0 

Trade +4S.9-+ 37 .6 +41.6 +34.S +S3.8- +40.9 +SO.I +41.4 ~ 
Western Europe 

. ::r::i -Production 160.0- 133.0 166.0 135.S 119.1-lOS.O 122.9 UB.S 182.8- 153.0 184.3 143.0 133.S-114.6 134.4 108.3 n 
c:: 

Consumption 182.2- 17S.S 188.8 173.3 115.1-lll.S 118.6 110.4 225.9- 213.t 229.9 208.S 138.S-131.6 140.6 129.2 ~ Trade -22.2--42.S -22.8 -37.8 -43.1- -60.1 -4S.6 -6S.S c:: 
Japan ::r::i 

Production 12.S- 12.7 13.1 12.3 102.0-103.6 104.2 96.0 19.0- 18.0 19.S 19.0 125.0-131.S 139.3 138.0 rn 
Consumption 46.0- 44.S 47.S 44.0 150.7-146.3 lSS.2 144.8 64.4- 60.1 66.4 S9.0 205.6-192.8 211.S 189.S 

.,, 
::r::i 

Trade -33.S--31.8 -34.4 -31.7 -4S.4- -42.1 -46.9 -40.0 e 
Centrally planned countries 

rn 

Production 567.0 589.S S34.0 138.2 •43.7 130.l . 722.0 746.0 .691.0 174.0 179.S 166.1 Q 
.f79,9 -Consumption S96.0 SCfl.S 578.S 143.3 143.8 139.1 158.S 1SS.O 730.0 179.2 173.2 0 

Trade -29.0 -8.0 -44.S -36.S -9.0 -39.0 z 
tn 

Eastern Europe 
110.0 114.S 104.0 146.2 ISL7 138.8 140.0 14S.O 183.2 189.4 178.3 Production 136.0 

Consumption 118.S 119.S 116.S 144.4 14S.6 142.2 ISl.S ISJ.O 148.0 181.7 181.2 177.8 
Trade -8.S -s.o -12.S -11.S -6.0 -12.0 

U.S.S.R. 
Production 230.0 245.0 210.0 137.7 146.4 126.0 290.0 305.0 270.0 172.7 181.S 161.0 
eo.,sumption 242.5 244.S 232.0 148.S 149.7 142.2 30S.O 304.0 289.0 18S.9 18S.3 176.3 
Trade -12.S +.s -22.0 -IS.O +1.0 -19.0 

People's Republic of China 
227.0 230.0 220.0 134.0 292.0 Production 13S.6 130.2 296.0 285.0 169.0 171.1 165.2 

Consumption 23S.O 233.S 230.0 136.0 13S.2 133.4 302.0 300.0 293.0 171.4 170.4 166.7 
Trade -8.0 -3.S -10.0 -10.0 -4.0 -8.0 

-~ .. ~ 
uss developed countries 

Production 471.7-490.7 485.3 470.S 154.4-161.4 158.9 152.9 735.0- 740.6 757..0 74S.3 244.S-l47.7 268.2 246.4 
Consumption S26.0- 522.3 S29.7 506.3 163.4-162.8 165.1 157.1 789.8- m.4 790.4 79'J.4 247.8-242.8 261.2 249.0 '° Trade -54.3--31.6 -44.4 -35.8 -54.8- -31.8 -33.4 -54.1 -

~ .J 
~ 



TABLE 6-7(conL) 

Gnm and Total Food Production, Consumption, and Trade (Altematlws I, II, ID) . 

1985 2000 

Grain Food Grain Food 
(million mttric tons) (1969-71 = JOO) (million mttric tons) (1969-71 .;.. 100) 

II Ill II Ill II Ill . JI Ill 

Exporters• 
48.S- 54.4 48.7 52.2 132.S-142.9 133.0 139.7 78.J- 84.0 81.0 79.3 209.~.o 216.9 212.4 Production 

Consumption 25.7- 25.S 26.1 25.6 122.2-121.7 124.1 122.0 36.7- 36.0 37.7 39.3 160.8-1.58.0 16S.2 172.2 
Trade +22.8-+28.9 +22.6 +26.6 +41.4- +48.0 +43.3 +40.0 

Importers" 
423.2- 436.3 436.6 418.3 1S6.0-ts8.4 IS9.9 ISS.6 6S6.9- 6S6.6 676.S Ci66.0 247.0-l49.3 271.9 248.8 Production 

Consumption 500.3- 496.8 SOJ.6 480.7 166.2-164.6 Ui6.3 160.9 7S3.1- 736.4 7S2.2 760.l 2S4.0-l48.9 268.1 254.S 
Trade -77.1--60.S -67.0 -62.4 -96.2- - 79.8 -7S.7 -94.l 

Latin America 
Production 101.0- It 1.9 104.3 107.6 IS8.7-174.8 163.6 168.4 182.6- 18S.9 19S.4 188.4 279.S-284.4 298.4 288.1 
Consumption 99.S- 98.2 103.7 97.2 162.7-160.7 169.2 ts9.2 168.8- 166.0 i72.S 160.6 269.7-26S.3 27S.4 257.0 ;! 
Trade +l.S-+13.7 +.6 +10.4 + 13.8- + 19.9 +22.9 +27.8 fl! 

North AfricafMiddle East "CJ. 

Production S6.2- S6.8 S7.3 S3.0 146.3-148.1 149.6 136.9 92.2- 89.0 94.S 88.1 2S2.S-2.57.8 259.3 240.4 " Consumption 80.6- 79.6 80.9 79.9 167.4-16S. I 168.1 16S.8 127.S- 123.7 125.S 132.S 276.1-267.3 271.4 7Ir'/.7 e 
Trade -24.4--22.8 -23.6 -26.9 -3S.3- -29.7 -31.0 -44.4 

~ Other African LDCs 
197.8 Production 47.1- so.o 48.6 45.S 150.7-160.2 ISS.6 145.S 61.3- 63.7 63.1 61.S 197.1-204.9 203.0 

Consumption Sl.9- Sl.S Sl.S 48.S 161.2-160.0 160.0 ISO.S 63.3- 63.0 60.7 62.0 196.4-196.4 189.l 193.2 z 
CIJ 

Trade -4.8- -1.5 -2.9 -3.0 -2.0- +.7 +2.4 -.s 
South Asia 

Production 184.2- 186.0 190.0 178.6 154.0-lSS.S 1.58.9 149.3 26S.O- 259.0 269.0 271.0 221.8-216.8 225.2 226.9 
Consumption 199.7- 199.0 200.0 186.3 l.58.7-1S8.2 IS9.0 148.0 284.3- 275. 7 290.7 293.9 226.2-219.4 231.3 233.9 
Trade - IS.S--13.0 -10.0 -7.7 -19.3- -16.7 -21.7 -22.9 

Southeast Asia 
Production 38.3- 41.4 38.6 39.6 179. 1-194.3 180.6 18S.S 62.0- 6S.O 62.6 64.1 295.3-310.0 2983 30S.6 
Consumption 30.S- 30.S 29.9 30.7 168.0-168.0 164.S 169.1 47.9- 47.0 46.0 49.9 268.8-263.6 257.8 280.4 

Trade +7.8-+I0.9 +8.7 +8.9 + 14.1- + !8.0 +16.6 +14.2 
East Asia 

Production 44.9- 44.6 46.5 43.2 155.8-154.7 161.4 149.7 71.9- 73.0 72.4 72.2 251.4-Z55.3 2S3.I 252.4 
Consumption 63.8- 63.S 63.7 61.3 173.1-172.3 172.9 166.2 98.0- 97.0 9S.O 100.S 267.7-264.9 259.4 274.6 
Trade -18.9--18.9 -17.2 -18.1 -26.1- -24.0 -22.6 -28.3 

World 
2.196.7-2,141.'/ 2.233.0 2.119.6 194.0-191.0 Production 1,608.2-1,583.6 1,642.9 1,S40.7 141.S-140.S 144.S 137.0 198.0 191.S 

Consumption 1.608.2-1 • .583.6 1,642.9 I ,S40. 7 141.S-140.S 144.S 137.0 2.196.7-2,141.7 2,233.0 2,119.6 194.0-191.0 198.0 191.S 
Trade 

Nall': In Ullde fil;unlt., + indicales Capati; minus lip indic:ales impart • 

• ArJcnliaa and Tllailand. 

~"' 
•AD «lien. illcllldi:na llCYC::'J c:oalllries tllal capon in - scc1mio& (c.s.. Bruil, .._.. aad O:llombill). 

..;:-



TABLE6-8 

Per Capita Gnln and Tecal Food Production, Consumption, and Trade (Abernatha I, D, m) 

198.S 2000 

Grain Food Grain Food 
(kilograms} (1969-71 = 100) (kilograms) (1969-71 - JOO) 

I II III I u Ill II m I D m 
Industrialized ~tries 

Production 718.9- 663.8 719.2 669.7 112.9-104.S llS.2 JOS.O 838..5- 769.8 847.S 716.9 128.8-118.4 131.8 108.8 

Consumption 613.7- S87.3 6.56.9 .569.4 108.8-104.9 llS.2 102.1 ns.0- 692.4 798.3 619.2 127.7-121.2 139.1 110.0 
":'rade +lOS.1- +76.S +62.3 +100.3 + 103.S- + 77.4 +49.2 +97.7 

United States 
Produccion 1.331.2-1,301.0 1.324.6 1,322.1 124.8-122.2 124.2 124.0 1,697.4....1,640.3 1.719.1 1,479.S IS6.0-1Sl. J 157.8 137.4 8 Consumption 923.S- 874.9 l,02L9 829.9 108.S-103.4 118.9 98.7 l,183.3-1,111.S 1,363.3 917.7 13S.9-128.3 154.8 107.9 

Trade +407. 7- i-426. I +302.7 +492.2 +Sl4.1-+s28.8 +3.5.5.8 +561.8 c 
Other developed exporters > 

1,117.4-1,052. ! 1.176.5 983.1 103.3- 98.6 107.6 93.6 1,052.0- 91S.6 1.244.5 833.8 98.6- 88.7 112.5 82.8 z 
Production c 
Consumption :96.3- 576.1 641.6 SS2.2 98.6- 96.0 104.4 93.0 S87.7- S62.6 749.7 512.1 97...S- 94.3 127.4 94.1 

~ Trade +581.1-+476.0 +534.9 +431.0 +464.3-+353.0 +494.8 +321.7 
lll 

Western Europe 
441.S- 367.0 4S9.6 372.8 111.0- 95.2 114.8 96.S 470.7- 394.0 480.2 35S.4 117.1-101.0 119.2 92.8 n 

Production c: 
Consumption .502.8- 484.3 522.8 476.8 107 .4-104.1 110.9 102.7 581.7- 548.8 599.0 518.2 121.4-115.S 124.5 110.1 r; 
Trade -61.3--117.3 -63.2 -10.t.0 -1E1.0--154.8 -118.8 -162.8 c:: 

Japan 
,, 

Production 102.1- 103.7 107.8 100.1 83.4- 84.5 87.3 82.0 142.9- i15.4 141.3 129.1 111.3-106.1 110.2 101.8 1:11 

Consumption 375.7- 363.4 390.8 358.1 130.4-126.6 13S.I 124.9 484.4- 4.Sl.3 481.2 40U 164.2-154.2 163.2 138.3 ;& 
Trade -273.6--259.7 -283.0 -258.0 -341.S--316.7 -339.9 -272.0 e 

Centrally planned countries 
411.5 452.5 369.6 116.7 127.6 107.2 489.2 129.6 a 

Production 451.1 375.3 ll~.6 112.8 

Consumption 432.5 458.5 400.4 122.4 125.0 115.9 473.9 495.1 396.5 135.8 138.4 119.0 6 
-21.0 -6.0 -30.8 -22.8 -5.9 -21.2 z 

Trade en 
Eastern Europe 

788.6 825.S 74D 132.7 138.4 125.4 921.9 971.9 1.53.3 Production 846.2 161.1 141.6 
Consumption 849.5 861.6 830.4 131.1 132.8 128.4 997.6 1.012.1 920.8 152.1 154.2 141.2 

Trade -60.9 -36.I -89.1 -7S.8 -40.2 -74.6 

U.S.S.R. 
Production 812.8 877.5 732.2 llS.6 124.6 104.S 903.2 979.7 m.9 128.1 138.7 110.3 
Consumption 856.9 875.8 808.8 127.9 130.6 120.9 949.9 976.4 828.4 141.4 145.2 123.7 

Trade -44.1 +1.7 -76.7 -46.7 +3.3 -54.4 
People's Republic of China 

237.6 260.0 216.2 108.7 117.8 99.9 2S9.0 278.0 117.4 125.2 Production 214.0 99.0 
Consumption 246.0 263.8 226.0 110.3 117.5 102.3 267.8 281.8 220.0 119.1 124.7 99.9 
Trade -8.4 -3.8 -9.8 -8.8 -3.8 -6.0 

Less developed countries 
182.0- 189.4 190.4 178.3 101.7-106.S 106.7 99.1 19S.6- 197.1 210.2 176.6 Production 1()1)..5-110.8 119.S 99.1 

Consumption 203.0- 201.6 207.8 191.8 107.7-106.7 110.8 101.8 210.2- 20S.S 219.4 189.5 111.0-108.6 116.7 99.9 
~ 

Trade -21.0- -12.2 -17.4 -13.S -14.6- -8.4 -9.2 -12.9 

..... ..- -?. 
/ 



TABLE 6-8 (coat.) 

Per Capita Grain ad Tolal Food Produc:tic!ll, Consumption, and Trade (AltenudiYeS I, D, ID) 

198S 2000 

Grain Food Grain Food 
(kilo1rramsJ (1969-71 = 100) (kilograms} (1969-71 = 100) 

II Ill II Ill II Ill 11 Ill 

ExPiJden• 
541.1- 606.9 S52.3 573.0 90.6- 'Tl.7 92.5 94.0 624.S- 671.7 "63.7 545.6 102.6-110.4 109.0 94.6 Production 

Consumption 286.7- 284.S 296.0 281.0 83.6- 83.2 86.3 82.1 293.S- 287.8 308.9 270.4 78.9- 77.4 83.0 72.7 
Trade +254.4-+322.4 +256.3 +291.9 +331.1-+383.9 +354.8 +275.2 

lmportcrsh 
169.2- 174.4 177.4 164.1 IOif.3-106.0 108.7 102.2 180.8- 180.7 194.5 163.4 110.0-110.8 120.3 99:4 Production 

Consumption 200.0- 198.6 204.6 188.6 111.2-110.1 113.I 105.6 207.3- 202.7 216.2 186.S 113.3-110.8 119.1 101.8 
Trade -30.8- -24.2 -27.2 -24.4 -26.S- -21.9 -21.7 -23.1 

Latin America 
Production 247.7- 247.4 264.3 259.6 108.2-118.9 114.9 113.0 305.9- 311.4 346.6 286.0 131.S-133.7 147.8 123.6 
Consumption 244.0- 240.8 26.Ul !).4.5 110.9-!09.6 113.7 106.9 282.8- 278.1 306.0 243.8 127.1-125.1 136.7 110.8 i Trade +3.7- +33.6 +1.5 +2S.I +23.1- +33.3 +40.6 +42.2 

Nonh Africa/Middle Ea.st 

~ Production 201.8- 203.9 209.0 188.4 87.2- 88.3 91.0 80.1 218.3- 222.S 239.9 188.6 95.SL 98.2 107.4 80.3 
Consumption 289.4- 28S.8 29S.I 284.1 101.8-100.3 IOf.2 99.7 301.8- 292.8 318.6 283.7 105.9-102.2 11~9 98.4 
Trade -87.6- -81.9 -86.l -95.6 -83.6- - 70.3 -78.7 -95.0 

~ Other African LDCs 
Production 130.7- 13P 7 136.2 12S.S 98.1-UM.3 102.3 94.0 109.0- I 13.2 123.8 108.0 81.2- 84.S 92.7 80.S !! Consumption 144.0- 14.:.9 144.4 133.7 105.0-llM.2 10.S.3 'T/.3 112.S- 112.0 119.1 108.8 81.3- 80.9 86.3 18.5 Cl.I 
Traae -13.3- -4.2 -8.l -8.3 -3.6- +1.2 +4.7 -0.8 

South Asia 
Production 170.0- 171.7 177.1 160.7 104.6-105.6 108.9 98.8 174.0- 170.0 178.1 IS2.i 107.0-104.6 109.6 93.5 
Consumption 184.3- 183.7 186.4 167.7 107.8-107.4 109.0 98.0 186.7- 181.0 192.4 164.9 109.2-105.8 112.5 96.4 
Trade -14.3- -12.0 -9.3 -7.0 -12.7- -11.0 -14.3 -12.8 

Southeast Asia 
Production 273.6- 295.8 282.0 278.1 116.3-126.4 120.1 118.4 301.9- 316.5 322.7 282..S 129.2-13S.9 138.7 120.4 
Consumption 217.9- 217.9 218 . .S 215.6 108.9-108.9 109.l 107.6 233.'2- 228.S 237.1 219.9 117.1-114.6 119.2 110.0 
Trade +SS.1- +77.9 +63.6 +62.S +68.7- +01.5 +8S.6 +62.6 

East Asia 
Production 139.9- 138.9 148.4 131.9 104.6-104.9 m.2 98.5 161.1- 163 • .5 168.7 140.4 121.1-122.8 126.9 105.0 
Consumption 198.8- l'T/.8 203.3 187.1 116.2-115.6 118.9 109.2 219.S- 217.3 221.3 19.5.5 128.7-127.3 129.7 114.2 
Trade -58.9- -.58.9 -54.9 -55.2 -SD.S- -53.8 -S2.6 -SS.I 

World 
Production 337.7- 332.6 3S4.4 31S.4 109.S-108.5 114.0 103.0 3S2.2- 343.2 373.0 302.0 117.0-114.5 126.0 104.0 
Consumption 337.7- 332.6 354.4 315.4 109.S-108.S 114.0 103.0 3S2.0- 343.2 373.0 302.0 117.0-114.5 126.0 104.0 
Trade 

No4': Jn lrade risures. + illdicarcl eapon; m• liP indic:ah:s impod. 

"Arandna Md Tbai!and. 

/\t, 
•All atkn. isludllls .-.i CCllllllria tlm export in - JCCmrkls (e .... Bra:zil. JndcMM1ia. ll.lld Colombia). 
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straints, or any combination thereof-are obvious 
in countries such as Mexico and Egypt. The 
impact of demand =onstraints-be they low in
come, skewed income distribution, foreign ex
change shortages, or any combination thereof
are also obvious in countries such as Bolivia and 
H1dti. The regions showing the smallest improve
ment:s through 2000, however, are those with 
severe supply a11d demand problems. The typical 
agricultural economy in South Asia and much of 
Sahelian and Central Africa will be hard pressed 
to produce a.'l ?.dditional 5-10 kilograms of grain 
per canita over the next 10 years; their consumers, 
however, are also likely to be hard pressed to 
demand an added 5-10 kilograms. It should re 
noted that AJternative II' s production increase is 
relegau.'-l largely to reducing imports rather than 
increasing consumption. The per capita food en
ergy supplies shown in Table 6-9 suggest that 
effective market demand is likely to lag below 
nutritional demand measured in r ~rms of even the 
most minimal requirements. 

The results of Alternatives II and Ill also 
suggest that i'lorld trade is likely to vary far more 
than world production and consumptton. While 
world production and consumption \iary as much 
as IO percent from Alternative II to Alternative 
III, world trade varies as much as 35 percent. 
Among the food-deficit countries, variations in the 
import demand of the centrally planned countries 
are largest-ranging from 9 to 47 million metric 
tons in 1985 and 10 to 40 millio1. metric tons in 
2000. The import demand of most of the other 
major importers, including Japan, South Asia, 
North Atiica/Middle East, East Asia, and, to a 
iesser extent, Western Europe, shows strong but 
l"!latively stable growth (Table 6-10). 

The surplus productive capacity of the tradi
tional exporters-particularly Canada, South Af
rica, and Australia-is projected to decrease be
yond 1985 as a result of growth in domestic 
demand. Gi'!en the added capacity of several 
emerging developing exporters, however, excess 
productive capacity is expected to be more than 
adequate to balance the highest import demand 
projected in 2000 but at real prices somewhat 
above 1973-75 l~vels. The model implies that the 
major exporters will continue to play a crucial 
role in ba:ancing world supply and demand by 
slowing production in Alternative II-type situa
tions in order to avoid the buildup of price
.;.,:pressing surpluses, and by increasing export 
availability under Alternative III-type situations to 
slow down price increases. 

The U.S. is projected to play an increasingly 
dominant role in this balancing procedure. As the 
world's residual supplier, the U.S. is projected to 
expand exports faster than the other major traders 
in a tight world supply situation but to contract 
exports faster in a loose supply situation. The 
marked variability of yields in the other major 
exporters shifts an even largt:r share of the 
adjustmerrt on the U.S. in periods of weather 
fluctuations. As Table 6-10 shows, w,..ile the 
margin between Alternative II and III world 
export levels is roughly 35 percent in both 1985 
and 2000, the margin for exporters excluding the 
U.S. is 10-20 percent, and the margin for the U.S. 
is ll.5-90 percent. 

Alternatives II and Ill also suggest that the 
range of possible real-price changes is wide. 
Under optimistic Alternative II, an index of real 
world market prices increases 30 percent from 
1969-71 to 2000. Alternative Ill's tighter supply 

TABLE6-9 

Dally Caloric Consumptlcn In the Less Developed Countries 

1969-71 1973-74 1985 2000 

1 II III I II III 

Cal •rlis per capita per day 
LCsl developed countries 2165 2135 231~m"O 2350 2210 237~2330 2390 2165 

Latin America 2525 2.540 2690-2670 2810 2630 293S-2905 3NJO 2710 
North Africa/Middle East 2421 2482 246S-2430 2525 2415 253~2460 2655 2390 
Other African LDCs 2139 2071 224s-"'7'0 2255 2095 1840-1830 1920 1800 
South Asia 2036 1954 215S-2t45 2175 2005 2180-2130 2230 1985 
Southeast Asia 2174 2270 2320-2320 2325 2300 2.:00-2365 2425 2310 
East A!.ia 2140 2205 231~2340 2380 2260 250S-2480 2520 2320 

No": PAO minimum requiremenU callmaled Ill 2,37S calorics per day tor Lalla America, 2,, •. , calorlc1 la devclosilnl Africa, ml 2,210 i:aloric1 ill develos*I Asia. 
SU-.d c:aJaric COlllUlllptioa, bowevcr, 1ugeata Dllloaal caJonc COlllumpllon ave....,: '~wld llave IO bi 110-125 pcn:eat of Ille mlnilllu1111 IO ClllUl'll lbal loWld 
lllcomo du•H would be coallllllllla &I mlnilllum levels. 
SOlll'C't: Tables 6-6 llld 6-7. 
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TABLE6-10 

:World Grahl Trade Quantities (Alternatives I, D,.JD)· 
Historic 198.5 2000 

1~71 1973-7.5 II Ill II III 

Millions of metric tons 
World exports 

Developed ex1orters 68.3 100.3 139.0-134.9 109.8 149.8 179.8-170 • .5 134.9 198.6 
United Stateli 39.9· 72.9 93.1- 97.3 68.0 11.5.3 126.0-129.6 84.8 1.57.2 
Other develope-1 .:lllporters 28.4 27.7. 4.5.!J- 37 .6 41.8 34 • .5 .53.8- 40.9 .50.1 41.4 

Developing exporters 11.3 13.1 22.8- 28.9 22.6 26.6 41.4- 48.0 43.3 40.0 
World imports 

Developed importers 36.2 39.0 .5.5.7- 74.3 61.2 69 • .5 88.S-102.2 92 • .5 10.5 • .5. 
Centrally planned importers S.2 24.0 29.0 8.7 46.6 36.S 9.0 39.0 
Developing importers 29.3 4.5.3 77.J- 60 • .5 67.0 62.4 96.2- 79.8 7.5.7 94.1 

World Total (net export basis) 79.6 113.7 161.8-163.8 132.4 176.4 221.2-218 • .5 178.2 238.6 
NOit: Tnodc qUOCed on a net relPoaal b .. la ror total sraln• IUld 11 conseque111ly smaller Ch!lll liade quoccd l'or flldMdual snlM Ud Individual counlrlc1. 

and doubling of petroleum prices generates more 
than a 100 percent increase over the same 30-year 
period. A more detailed analysis of the modei's 
output suggests that the effect of world market 
price increases varies widely by region and com
modity. Countries importing or exporting a large 
proportion of their total supply on a regular basis, 
such as Japan and the United States, are stron1~Y 
affected. In those parts of the world that are near 
self-sufficiency, the effect of price changes would 
be substantially smaller. Among the industrialized 
importing countries near self-sufficiency, higher 
world prices could strengthen protectionist agri
cultural and trade policy tendencies. In most of 
the regions of the world, however, domestic 
supply and demand pressures and government 
intervention to minimize the effect of world food 
price movements on domestic prices would be far 
more important determinants of actual production 
and consumption levels. The poorest LCCs accus
tomed to importing to fill basic food needs, 
however, could f md themselves priced out of the 
world market to an even greater extent than in 
1973-75 should their production shortfalls coincide 

with a general Alternative III-type situation (Table 
6-11). 

Resources and Inputs 

A closer look at the projections suggests that a 
substantial increase in the share of the world's 
resources committed to food production will be 
needed to meet population- and income-generated 
growth in demand through 2000. A number of 
recent studies conclude the earth's physical re
sources and expanding technology can sustain a 
4-6 percent rate of growth in food production. 
Realizing even the 2.1 percent growth to 2000 
shown in Table 6-5, however, will entail higher 
real costs and increased pressure on the world's 
resource and environmental baJances. 

Naf.ural Resources 
Table 6-12's arable area data provides one 

mugh measure of food pressure on finite resource 
supplies. Under all the alternatives tested, growth 

TABLE6-11 

International Price Indices (Alternatives I, D, ID) 

. 1969-71 1972-74 197S-77 198.5 2000 

I II III I II . ' Ill 

Real 1969-71 s - 100 
World market v;eipted 

food prices 100.0 16.5.0 120.0 110-130 10.5 13.5 .14S-19.5 ' . 130 21.5 
Not11 ftb Index mDYCllllillll t'ldlcallve of dlrccdoa of clu.qe and order or mqnilude Ollly; atadc 1111W't or the OOL lpaln, olbeed, Uweatoc:k) model and Ill 11111 of 
loal-11111 elulicllle1 c:a.a Wlder1' lie price IMVuWMlllll In the lbort lllld medium term. 
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in arable area slows-generally to Jess than half 
the rate of increase over the last two and a half 
decades-despite producer price incentives to ac
celerate the rate of expansion. Physical con
straints, both in the absolute sense of running out 
of cultivatable land and in the relative sense of 
the increasing scarcity of good and reasonably 
accessible land, affect virtually all of the regions 
shown in Table 6-S by 2000 (Fig. 6-6). 

Althoug.'i felt generally throughout the world, 
pressure on land resources is likely to vary widely 
and to evoke a number of different responses. 
The projections sugaest that absolute constraints 
will be most marked in Western Europe, Eastern 
Europe, Japan, South Asia, China, North Africa 
and the Middle East, and parts of Central America 
and East Asia by the early 1990s. Arable area in 
many of these regit.11c. will quite likely begin to 
contract before 20lP as demand for land for 
nonagricultural uses increases and as the eco
nomic and environmental costs of maintaining 
cultivated areas near physical maxima becomes 
prohibitive. Reports on land and water manage
ment problems suggest that marginal or submar
ginal land in Sudano-Sahelian Africa, North Africa 
and the Middle East, and parts of heavily popu
lated Asia will have to be returned to pasture or 

put into an extended fallow rotation it any long
term productivity is to be maintained. Population 
pressure on arid or semiarid land in these regions 
in particular has caused soil-fertility losses, dete
rioration of limited water resources, and declining 
returns to increasingly costly cultivation. Tne net 
return to intensifying use of higher-quality land 
suggests that economically and environmentally 
optimum cropped area is far smaller than the 
potential or maximum area generally measured in 
physical surveys. 

Arable rurea will undoubtedly continue to ex
pand in other regions of the world, particularly in 
parts of South America, Central Africa, and East 
and Southeast Asia. But by 2000, even in these 
regions where arable area has not reached a 
maximum, tl'ie costs of expansion are likely to be 
substantially higher as cultivation moves toward 
forested areas or wasteland, and as water supplies 
and water management become constraints. 

Table 6-13's declining land-man ratios add a 
population dimension to the problem of absolute 
and relative constraints on amble area. In general, 
regions with the tightest absolute constraints re
port large populations, low incomes, and average 
caloric consumption levels below recommended 
minimums. 

TAl:lLE 6-12 

Arable Area, Actual and Projected (Altematlw I) 

Alternative I 
19.Sl-.S.S 1961-65 1971-7.S 

1985 2000 

Millions of hectarts 

Industrialized countries 361.2 371.8 400.3 392.2 399.1 
United States 188.5 180.S 200.5 195.0 208.0 
Other m~ior exporters 12.5 89.0 104.0 102.0 99.0 
Western Europe 95.1 96.4 90.1 89.5 87.0 
Japan 5.1 5.9 5.1 5.1 5.1 

Centrally planned countries 384.3 404.5 414.5 411.s• 420.o• 
Eastern Europe 5.S.O 56.0 54.4 
U.S.S.R. 219.8 229.5 232.5 
People's Republic of China 109.5 119.0 127.S 

Less developed countries .529.2 607.1 662.0 706.0 723.5 
Latin America 93.5 114.0 136.5 155.0 165.0 
North Africa/Middle East 18.5 86.3 91.5 92.5 91.0 
Other African LDCs 116.0 146.5 160.S 175.0 182.5 
South Asia 196.0 200.S 207 • .S 209.0 207.0 
Soub'least Asia 22.7 31.6 34.9 39.0 41.0 
East Asia 22.5 28.2 31.1 35.5 37.0 

World 1,274.7 1,383.4 1,476.8 1,513.7 1,.538.6 

• Arabic uu In "ntrally planned eountrie1 lhouaht lo be al or near mu.lmum. Growth In lud used oullhle the qrlcultural 1ee1or appro1lma1ely balaMes U'lble ll'CI 
illCl'l!llCI, 



Pohlntioly Arable Area 

1951:-$5 ;~·· 

Fipre 6-6. World potentially arable, arable, and grain ar.:a, actual and projected. 
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TABLE 6-13 

Arable Area &-er Capita, Actual and Projected (Alternative I) 

Alternative I 
1951:..5s 1961-6S 1971-75 

1985 2000 

· Arable hectarei per capita 
Industrialized countries .61 .S6 .55 .so .46 

United States 1.17 .95i .95 .86 .84 
Other major exporters f.72 1.66 l.S8 1.29 .94 
Western Europe ,33 .30 .26 .24 .22 
Japan .06 .06. .OS .05 .04 

Centrally planned countries .4.5' .39 .3S .30 .26 
Eastern Europe .so ' .47 .43 .39 .3~ 
U.S.S.R. 1.16 1:02 ;93' .83 .1J 
People's Republic of China .19. .18 .16 .13 .II 

Less developed countries .4s .40 .3S .21 .19 
Latin America .56 .SI .,.47 .38 .28 
North Africa/Middle East ~68 .S8 :;~41 .33 ~22; 

Olhe r African LDCs ;72 .73 .62 .49 .32 
South Asia ;38 .32 .26' .19 .13 
Southeast Asia .38 .41 .3S .28 .20 
East Asia .15 .15 .13 .11 .08 

World .48 .44 .39 .32 .25 
Notr: Arable area incl'Jdcs land under temporvy crops (doullie-Cl'oppcd ar- arc .:Ollllled only once), tcmpcnry mndows ror mowhll or pasture, land under marltcl 
and kilchen pnlen1(1ncl!ldirw culllv111lon underatu1), and land temporarQy l"llbw or lylq Idle. 
s.,,,,,·~: Ecooomk:s, Stalistil::s, and Coopel'llllve Service, U.S. Departmeht or Aaricullure. 

Countries with the broadest latitude for expan
sion report smaller populations but higher popula
tion growth rates and limited ngricultural infra. 
structure and investment monies-factors likely to 
accelerate growth in their domestic food needs on 
the one hand while slowing the pace or raising the 
cost of increases in production on the other. 

All three alternatives also suggest substantial 
pressure to increase not only the quantity of 
resources committed to agriculture but also the 
intensity of their use. Increasing use of already 
cultiv~ted land is possible through multiple crop
ping, i.e., enlargir2 harvested area faster than 
arable area. Even in those countries where re
source endowment is such that expansion in 
arable area is possible, economic returns to inten
sification are likely to rival returns on developing 
remaining land and water resources by 1990. In 
many of the temperate regions unl>uited to multi
ple cropping, similar pressures to intensify are 
likely to generate changes in land E:se-shifts out 
of grasslands into higher-yielding or higher-valued 
crops, for example, and shortening of fallow 
periods. 

Resource-Augmenting Inputs 
Pressure on the s11pply side is also likely to 

generate increases in the use of inputs (such as 
fertili2:er, pesticides, and high-yielding varieties) to 
augment natural resources. If fertilizer is used as 

a proxy for a much larger bundle of productivity
expanding inputs, Table 6-14's estimates can be 
used as rough indicatio111: ,·f the growth associated 
with Table 6-S's project ·,. The 90-100 percent 
increase in food production projected through 
2000 under Alternative I suggests roughly a 180 
percent increase i.i1 fertilizer use from 80 million 
metric tons !n 1973-75 to 225 million in 2000. 
The measures of fertilizer use per arable hectare in 
Table 6-15 point up the increasingly input-intensive 
nature of food production through the end of the 
century. 

Expanding food production through increased 
'Jse of resource-augmenting inputs, however, is 
subject to diminishing marginal returns. In highly 
simplistic terms, the 20 million ton increase in 
fertilizer consumption from the early 1950s to the 
early 1960s was associatec.t with a 200 million ton 
increase in grain production su1;ge:sting a 10: 1 
ratio. Growth from the early J%0s through the 
early 1970s appears to have been at a somewhat 
lower ratio of 8.5: I . The incre? .ses projec~ed under 
Alternative I imply a further deterioration in this 
grain:fertilizer ratio to roughl/ 7.0: I by 1985 and 
5.5: 1 by 2000. Ratios within individual regions 
vary widely, from as low as 3-1: 1 in the countries 
already fertilizing heavily to ~s high as 10-20: 1 in 
the developing countries ac the bottom of what 
appear to ue S-shaped fortilizer response and 
fert.iiizer adoption Cl..in'~s. Changes in these world 
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TABLE6-14 

f\!rtDbJer Conswnptlon, Actuli and Projected (Alternative I) 

Alternative I' 
19.Sl-.5.5 1961-6.5 1971-7.5 

198.5 2000 

Thoiisands of mttrlc tons 

Industrialized countries 13,67.5 2.5,07.5 3~,900 .57,1.50 84,000 
United States .5,17.5 9,400 16,850 26,2.50 40,000 
Other major t:xporters l,050 2,025 3,37.5 .5,.500 9,7.SO 
Western Europe 6,52.5 11,850 17,650 23,000 31,000 
Japan 925 l,800 2,02.S 2,400 3,2.50 

Centrally planned countries 3J2.S 9,100 28,12.S 49,2.50 71,500 
Eastern Europe 1,37.S 3,950 9,850 11,500 24,500 
u.s.s.R. 2,000 ;,100 12,850 22,000 33,500 
People's Reputlic of China I.SO 1,450 .5,42.5 9,7.50 19,500 

Less developed countries 1,07.S 3,62.5 11,925 28,.SOO .58,7.SO 
Latin America 37.S 1,250 3,900 8,750 20,7.50 
North Africa/Middle East 22.S 650 2,000 4,2.50 8,150 
Other African LDCs 50 17.S 550 2,.500 4 • .500 
South Asia 150 625 3,42.5 7,750 15,000 
Southeast Asia 200 450 2,000 3,500 
East Asia 27.S 725 1,600 3,2.50 6,250 

World 18,27.S 37,800 19,950 134,!IOO 220,250 

N1•1~: Measu~ in nuuien11cns. Fcniizer totll lndudn n~roecnous renUiur (NJ, phosphales (P,0.>. and po1uh (K,Ol used for aari.:llltunll production only. Hblork: 
u...,c paltcms 1uqell ltw the tOlal Is mlde up of ipprolimately 50 pm;ent nitroatnous renillv:n, 1omewhat over 25 percent ph<11Phates, and somewhat under 2' 
per<:tnl potuh. 

So11ru: Economics, Slalistk:s, and Coopeflliw1 Service, U.S. Dcpartmc111 of A&riCUllure. 

ratios could well be slowed or reversed by either 
changes in the distribution of scarce fertilizer 
supplies to increase use in higher-return areas or 
by technological advances similar to the develop
ment of fertilizer-resp.msive wheat and rice vari
eties through the late 1950s and early 1960s (Figs. 
6-7 and 6-8). 

Water R.?SOurces 
The key role water plays in developing new 

resources and intensifying cropping suggests that 
pressure on water resources is likely to increase 
even faster than pressure on arable land and 
inputs. Water management-defined to include 
conventional inigation activities as well as flood 
control, drainage, and soil-erosion control-is al
ready the limiting factor on expanding production 
in large areas of the world. FAO estimates suggest 
that over half of the investment in land develop
ment of the 1960s <i.nd early l97Ch was concen
trated in water development projects. !'uture 
growth in resources committed to agriculture and 
the successful intensificaiion of resource use are 
likely to depend to an even greater extent on 
providing more water and improved water man
agement in the arid and semiarid areas, and on 
drainage and managing surplus water in the humid 
and wet areas that together make up well over 
half of the world's remaining reserves of arabl,~ 'lr 

potentially arable land. As increased pressure on 
supply generates wider use of high-productivity 
inputs, water management could become the sin
gle most important constraint on increasing yields 
in the developing worlJ. 

Costs and Investments 
All three alternatives indicate that projecting 

food balances to 2000 is a question not of capacity 
alone but also of private and public cost. The 
projection results presented in Tables 6-5 through 
6-9 sugge..;t that the world's productive capacity 
is more than adequate to meet the largest foresee
able increases in demand to the end of the 
century. However, real food prices are projected 
to increase even if the price of inputs from outside 
the agricultural sector are assumed to remain 
constant. Projected price increases would un
doubtedly be even larger If the GOL model's 
private producer and consumer prices were ex
panded to reflect the public and social costs 
associated with developing and maintaining the 
productive capacity needed in 2000. The margin 
between public anu private costs in the agricul
tural sector has traditionally been wide. In gen
eral, the expense of developing and expanding 
productive capacity has been funded largely by 
public investment. Productivity gains have also 

•t)\ 
\ 
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TABLE6-15 

Fertllar Consumption per Arable Hectare, Actual and Projected (AJternatbe I) 

Alternative I 
19.51-.5.5 1961-65 1971-7.5 

198.5 2000 

Kilograms per arable hectarr 
Industrialized countries 40 6S JOO 14.5 210 

United States 30 50 IS 13.5 190 
Other major exporters J.5 2.5 3.5 .5.5 JOO 
Western Europe 70. 12.5 19.5 2.5.5 3.5.5 
Japan 180 30.5 3.5.5 420 63.5 

Centrally planned countries 10 20 70 120 185 
Eastern Europe 2.5 70 180 31.5 440 
U.S.S.R. 10 1.5 .5.5 9.5 14.5 
People's Republic of China 1 10 4.5 75 1.50 

Less developed countries 2 .5 20 . 40 80 
Latir. America .5 10 30 .5.5 125'. 
North Africa/Middle East 5. 10 20; 45 9.5 
Other African LDCs 1 5. 1.5 25 
South Asia 01 .5 1.5 3.5 70 
Southeast Asia .5 J.5 .50 IS 
East Asia 10 2.5 50 90 170 

World 1.5 30 .5.5 90 14.5 

N111r: Measures in nutrient kloaram1. 
5..,,,,.,., Economics, S!&liltics, ard Coopcraiivcs Senice, U.S. Department of Apkulture. 

depended to a large extent on public investments 
in education, technology, and extension work. 

The relationship between public and private 
costs have varied widely from country to country 
due to differing resource endowments and agricul
tuntl and tmde policies. The most marked differ
em:es, however, have b~en between the industrial
ized and less developed countries. 

Among the industrialized countries-particu
larly the Western European countries and Japan
govemmcnts supplement public investments with 
farm income and price supports. The projections 
imply tha: public costs in many of these countries 
will have to increase several times faster than 
private costs-possibly 3 to 4 times faster--if farm 
production incentives are to be kept hig~' and if 
new productive capacity is to be developed and 
old capacity maintained. Public costs will likely 
increase faster than private costs in seveml of the 
LCDs with similar problems of high price supports 
and limited agricultural resources. 

The situation in many LDCs is likely to be in 
flux beyond 1985. D(;vclopment policies aimed at 
taxing the agricultural sector-indirectly by keep
ing farm prices low, or directly by financing 
development in other sectors of the economy
have kept public costs much closer to private 
costs. The projections in Tables 6-5 through 6-8 
indicate that a full reversal of conventional public 
and private cost margins will be necessary by 

2000. The public costs associated with the produc
tion levels in Table 6-5 are likely to be several 
times projected private costs. Large public invest· 
ments in basic infrastructure will be needed; the 
institutional organiz.ation of agriculture in many 
LDCs leaves the bulk or capital-intensive expan
sion (as compared to labor-intensive maintenance) 
of productive capacity to the public sector. Public 
resources can be injected through market in· 
creases in f rum returns or directly through devel
opment projects. A significant proportion of the 
capital, goods, and services needed, however, will 
have to come from foreign sources on a conces· 
sional basis if improvements in the agricultural 
sector are not to slow progress in the rest of the 
economy. 

Environmental Implicatiom 
While the GO L model does not explicitly ad

dress environmental issues, the environmental 
difficulties likely to be associated with the projec
tions outlined above appear to be manageable in 
theory. Management options within the agricul
tural sector are wide enough, particularly if sup
plemented with environmentally sensitive technol
ogy, to solve the problems inherent in using a 
larger proportion of the world's resources in an 
increasingly intensive manner to produ~ food. 
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Flpre 6-7. World food production and fertilizer consumption, actual and projected. 



Flpre 6-8. Indices or world food production and fertilizer consumption, actual and projected. 
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Environmental problems likely to be associated 
with future increases in food production are worth 
cataloging, however. 

There appear to be two broad categories of 
possible problems-those related to expanding 
and intensifying the use of resources, and those 
related to increased use of inputs such as fertil
izers and pesticides. 

Among the first group are problems of deterio
rating soil fertility, problems of soil loss and 
sedimentation, problems of desertification, and 
problems related to irrigation (such as soil and 
water salinization, changing water tables, and 
pollution of water required for nonagricultural 
uses). If untreated, the problems of this first group 
cause a gradual deterioration in resource produc
tivity and declining levels of output. 

Detailed information on the extent of past 
fertility losses, erosion losses, desertification, and 
salinization is limited. Problems have been most 
marked in countries where man-land pressures are 
greatest, where agricultural technologies are prim
itive, where soil conservation measures are 
limited, and where climate factors do not favor 
intensive cultivation. Areas reporting the severest 
problems include the Sudano-Sahelian countries 
uf Africa and areas of South Asia, North Africa 
and the Middle East, East Africa, and Latin 
America. Future problems are likely to continue 
to be associated with pressure to expand agricul
ture into marginal areas and to utilize marginal 
resources more intensively. Table 6-12 suggests 
potential problems even in land-extensive areas of 
Africa and South America by 2000 .. 

Similar problem<> in many industrialized coun
tries, including the U.S. and Australia, have been 
offset to some degree by technological improve
ments and upgraded management practices. The 
range of technological and managerial options 
available, however, is limited by basic land char
acteristics, tillage techniques, and farmers' incen
tives to adopt conservation practices. The most 
successful efforts to date have centered on reduc
ing the intensity of land use and implementing 
programs for minimum or conservation tillage, 
contour plowing, terracing, strip cropping, extend
ing dry or green fallow, minimizing runoff and 
wind erosion, and improving crop rotation. The 
majority of these programs, however, are likely to 
be costly in terms of short-range reductions in 
output or increases in unit production costs. 

Among the second group of problems related io 
increased use of inputs are: fertilizer and pesticide 
pollution; the incrr~ased susceptibility to diseases 

and pests of high-yield varieties grown in mono
cultures; the potential toxicity of growth-stimulat· 
ing additives used in animal husbandry; and the 
effects of changinr. techniques in food collection, 
processing, and distribution. Man-made inputs 
tend to raise productivity initially; if mismanaged, 
however, they tend to reduce productivity in the 
medium and long term, to result in increased 
output of products of questionable quality, and to 
contribute to pollution in other sectors of the 
economy. 

The information available on fertilizer and pes
ticide pollution is fragmentary and generally lim
ited to microstudies. The potential for widespre<t.d 
pollution due to the primary as well as the 
secondary and tertiary effects of fertilization and 
pest control is clear. However, the levels of 
pesticide and fertilizer use projected in Tables 
6-14 and 6-15 are well below currently defmed 
maxima. 

Fertilizer and pesticide pollution problems can 
also result from misuse. Even relatively small 
quantities of ferilizers and pesticides can generate 
major environmental problems if they are used 
improperly. The fast growth in the use of fertil
izers and pesticides implied by the projections for 
most LDCs over the next three decades point up 
the need for expanding and upgrading farm edu
cation programs and mor.itoring input use to 
ensure the optimum trade-Off between food pro
duction increases and environmental quality. 

In summary, while solutions to foreseeable 
environmental problems in expanding food pro
duction are theoretic;ally available, their applica
tion-particularly iu those parts of developing 
countries experienciflt1 the greatest environmental 
stress-is in questior.. Ultimately. the environ
mentally positive or negative nature of increases 
in food production is likely to depend on short
term versus long-term costs. The real food price 
increases projected for the decades ahead could 
well make the short-term costs of environmentally 
positive agriculture seem high and the long-run 
cvsts of an environmentally negative agriculture 
seem small. Jn the industrialized countries, inter
nalizing the cost of pollution-translating public 
costs into private producer and consumer costs-
could narrow the margin between short-term and 
long-term costs and accelerate the move to an 
environmentally positive agriculture. In most less 
developed countries, however, questions of grain 
gaps and calorie gaps are likely to outweigh 
problems of environment well beyond the year 
2000. 



7 Fisheries Projections 

Marine F1Sheries Resources 
The total nominal world catch of marine ani

mals in 1975 was 59.7 million metric tons (mmt). 
The catch from inland areas was I0.4 mmt, which 
includes some of the diadromous species. Marine 
fish accounted for 49.3 mmt. The total aquatic 
catch in 1975 of 69.7 mmt was roughly th:~ same 
as 1970 (69.6 mmt), the last yi::ar of r;teadily 
increasing annual catches. Between 1970 and 
1975, the average annual total had actually de
creased somewhat, primarily, but not entirely, due 
to the failure of the Peruvian anchovetta fishery 
(fables 7-1 and Fig. 7-1). 

The trend in marine fish has been downward 
since the peak year of 1970, demonstrating that 
the traditional marine fish populations are now 

TABLE 7-1 

Total World Catch and Selected Categories 

(Millions of metric tons) 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 

Freshwa-
Total ter and Marine 

Diadrom- Fish 
ous 

19.1 
20.3 

28.9 21.3 
30.8 22.7 
31.7 5.1 22.8 
33.3 5.6 24.1 
36.9 6.1 26.8 
40.2 6.6 29.2 
43.6 7.0 32.2 
44.8 6.8 35.6 
4G.6 7.0 36.4 
n.9 7.2 40.9 
::i3.3 7.8 39.6 
57.3 8.1 43.0· 
60.4 8.2 45.9 
63.9 9.3 48.7 
62.6 9.8 47.2 
69.6 11.6 52.7 
70.9 12.2 52.5 
66.2 12.4 47.2 
66.8 12.8 47.1 
70.4 12.6 50.8 
69.7 13.4 49.3 

Crusta-
ceans Mollusks 
and 

Mollusks 

2.6 
2.9 
2.8 
2.9 
3.0 
3.0 
3.3 
3.6 
3.5 
3.8 
4.1 
4.0 
4.1 2.9 
4.3 3.0 
4,5 3.2 
5.0 3.5 
4.7 3.2 
5.1 3.4 
5.1 3.4 
5.3 3.6 
5.4 3.5 
5.5 3.5 
5.8 3.8 

Sot1ru: Pood ud Aaricullure Orpnlalion, Ytarbooli of Fl11i117 $101/11/w 
Colcli11 a~d Lolltlln111, Y011. 16, 24, 32, 40. 
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fully exploited. In fact, many are severely over
exploited. The catch of crustaceans has been 
nearly constant since 1970 at about 2.0 mmt. 
Mollusks have inc:reased, but in only small 
amounts. It seems unlikely, therefore, that the 
generally accepted annual potential of I 00 mmt of 
traditional marine snecies will be achieved on a 
sustained basis. It i~ more likely that the potential 
is nearer the present catch, or about 60 mmt. 

Technological and social developments over the 
next 25 years will not, therefore, cause an increase 
in sustained yield of the traditional marine fisher
ies. It is more likely that extended jurisdictions 
will decrease the actual yield as management 
under the optimum yield concept brings fishing 
mortality down to magnitudes more in line with 
stable, profitable fisheries. Technological ad-
vances will likely be needed to just keep the cost 
of fishing in line with market values. To maintain 
present yields will also requlre development of 
markets for a wider variety of species in order to 
take advantage of inevitable cyclic changes in 
species productivity, and implementation of con
servational management practices. 

To a large extent, the current fisheries yields 
have been maintained by development of fomterly 
nontraditional species, e.g., capelin and sprat in 
the northern Atlantic and pollock in the northern 
Pdcific. New fisheries in the next 25 years will 
continue to develop by seeking species as a 
replacement for decimated traditional stocks in 
traditional markets. Species will likely be smaller 
in size and shorter lived. These fisheries may 
increase productivity per unit area, but they will 
also create problems in marketing, particularly for 
direct consumption. Their development may Blso 
restrain rebuilding oi traditional stocks because of 
ecological interactions. The actual theoretical po
tential of marine protein becomes quite large, 10 
to 100 times that of tmditional fishery fom1s, if 
one is willing to accept that plankton and very 
small vertebrates can and will be utilized. It is 
unlikely that a significant stable fishery will de
velop on these fomts with a few possible excr.p
tions. 

Utilization of krill in the Antarctic is now 
developing, and may result in large annual yields 
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Flpre 7-1. Annual catch of marine lish and of all marine animals, showing the downward trend in marine lish since 1970. 

sometime in the next 10-15 years. There is some 
potential for developing fisheries on mesopelagic 
fishes, e.g., lantern fishes, particularly since these 
are distributed in areas outside of national jurisdic
tions. Processing and economic consideratirns 
will constrain development of both these poten
tials. 

If present trends continue, recreational marine 
fisheries will increase over the next 25 years to 
the point where they will have to replace a 
significant share of the present commercial fishery 
mortality if the resource is to be managed for 
sustained, maximal yields. This is now more a 
development in the U.S. than elsewhere in the 
world but may become a global problem by the 
year 2000. 

Natural changes in ocean climate will not 
greatly affect the total potential yield. Species 
compositions may change and regional productiv
ity may change, but the resource has a basic 
adaptability which should offset any total changes. 

Man-made changes are different. Pollution and 
physical side effects of other uses such as mineral 
extraction and powerplants will have an overall 
negative effect on productivity. If pollution contin
ues unabated as appears to be the prognosis, the 
effect will be a significant redv.ction in fishery 
yields, but there will be a lag in the effects of 
pollution on the marine resources. Thus, a mod
erate to low decrease in potential due to this effect 
would occur during the next 25-year period but 
would become more severe thereafter. 

The 60 mmt marine animaJ catch in 1975 is 
roughly equivalent to 12 mmt of protein. It has 
been calculated that about 36 grams per day per 
person is an adequate die~ of protein (the average 
daily U.S. protein intake is about 65 grams). 
Thus, the present fisheries catch would supply 
about 28 percent of the required protein intake for 
a population of 4 billion people. This will decrease 
by 2000 to 25 percent of the requirement for a 
population of 6 billion people, even if the total 
aquatic yield increases to I 00 mmt. 

Culture of marine species probably produces 
less than 3 mmt currently but has had a real 
potential for increasing the supply of marine 
animals. This is particularly true for mollusks 
(except squid) in estuarine areas. Demand is 
expected to increase, but primarily in the high
market-price, low-volume species. Production 
from cultur~ will be slow at first. Over the next 25 
years it might double to around 6 mmt. 

Fresh Water Fisheries Resources 

The reported harvest of naturally produced 
fresh water fish was about 10 mmt in I 'J"/5 and 
has not increased over the last five years. There 
appears to be no potential for increased yields 
from this type of fishery. 

The present production from fresh water culture 
is uncertain. A large share of this is attributed to 
the People's Republic of China and Asian pond 
culture. The aquaculture potential in fresh water 
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where nutrition and primary productivity can be 
artifically enhanced is, perhaps, the greatest of 
any in terms of realization. The only n!ltural 
limitation is water supply. 

The potential yields of marine and fresh water 
resources will only be realized if good manage
ment, based on a good understanding of the 
ecosystem is obtained. The principal ecological 
research required is on the fundamental processes 
whereby energy is transfonned and distributed in 
the ecosystem, and on the effects of abiotic 
factors on productivity and species success. 

Living Marine Resources: Description 

The number of different categories (families, 
genus, species) of marine animals reported in 
world harvest data is well over a thousand. 
Because some species are not reported and some 
not yet exploited, the total numbers of marine 
species thai might enter the harvest would number 
in tens of thousands. An abbreviated list of 
species groups used by FAO (the U.N. Food and 
Agriculture Organization) to report landings is 
given in Table 7-2. Most of the species are rare or 
sparsely distributed and do not fonn a resource 
significant enough for harvest. Off New England, 
for example, there are about 200 species of fish, 
of which unly 30 contribute 3,000 or more metric 
tons each per year and in total amount to 95 

percent of the landings. The largest part of the 
fishery resource is located on or above the conti
nental shelf out to a water depth of 150 fathoms. 

Even the species that do provide high yields are 
not on the average very densely distributed. Adult 
demersal fish, those associated closely with the 
bottom, average about one individual per cubic 
meter. Pelagic fish also average about one per 
cubic meter. These adult fish range from 0.1 to 
100 kg in size. Zooplankton, the small animals 
that drift in the water column, average about 100 
individuals per cubic meter and weigh 0.01 grams 
or less. Almost all organisms are not unifonnly 
distributed and tend to aggregate in dense concen
trations, which provide the basis for today's 
succei;:sful fisheries. 

The productivity of some of the richest areas is 
based on a variable habitat and a multispecies 
fauna. Sustained yields of from 3.0 metric tons 
per km2 of surface area (northeast Arctic, New 
England shelf) to 5.0 (North Sea) have been 
obtained by intensive fisheries. Most of the shelf 
area is located well within 200 miles of the 
coastline. 

The largest share of the marine catch (60 
percent) in 1975 came from the temperate waters 
of the northern Pacific and Atlantic oceans. The 
catch from the central and southern zones fol
lowed in order (Table 7-3). The north temperate 
seas have large areas of very productive shelf, 

TABLE 7-2 

Major Species Groups Report~ in World Fishery Landings (FAO) 

FRESHWATER FISHES: 
Carps, barbels and other cyprinids 
Tilapias and other cichlids 
Miscellaneous freshwater fishes 

DIADROMOUS FISHES: 
Sturgeons, paddlefishes, etc. 
River eels 
Salmons, trouts, smelts, etc. 
Shuds, milkfishes, etc. 
Miscellaneous diadromous fishes 

MARINE FISHES: 
Flounders, halibuts, soles, etc. 
Cods, hakes, hadd~~s. etc. 
Redfishes, basses, cong~rs, etc. 
Jacks, mullets, sauries, etc. 
Herrings, sardines, anchovies, etc. 
Tunas, bonitos, billfishes, etc. 
Mackerels, snoeks, cutlassfishes, etc. 
Sharks, rays, chimaeras, etc. 
Miscellaneous marine fishes 

CRUSTACEANS: 
Freshwater crustaceans 
Sea spiders, crabs, etc. 
Lobsters, spiny-rock lobsters, etc. 
Squat lobsters, nephrops, etc. 
Shrimps, prawns, etc. 
Krill, planktonic crustaceans, etc. 
Miscellaneous marine crustaceans 

MOLLUSCS: 
Freshwater molluscs 
Abalones, winkles, conchs, etc. 
Oysters 
Mussels 
Scallops, pectens, etc. 
Clams, cockles, arkshells, etc. 
Squids, cuttlefishes, octopuses, etc. 
Miscellaneous marine molluscs 

WHALES, SEALS, AND OTHER 
AQUATIC MAMMALS: 

Blue whales, fir1 whales, sperm 
whales, etc. 

Minke whales, pilot whales, etc. 
Porpoises, dolphins, etc. 
Eared seals, hair seals, walruses, etc. 
Miscellaneous aquatic mammals 

MISCELLANEOUS AQUATIC 
ANIMALS: 

Frogs and other amphibians 
Turtles and other reptiles 
Sea squirts and other tunicates 
Horseshoe crabs and other arachnoids 
Sea urchins, sea cucumbers, and other 

echinoderm 
Miscellaneous aquatic invertebrates 

MISCELLANEOUS /'\,1UATIC 
ANIMAL PRODUCTS: 

Pearls, mother-of-pearl, st•ells, etc. 
Corals 
Sponges 
Aquati;: bird guano, eggs, etc. 

AQUATIC PLANTS: 
Brown seaweeds 
Red seaweeds 
Green seaweeds and other algae 
Miscellaneous aquatic plants 
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TABLE 7-J 

Marine Fisheries Catch by Area, 1975 

(Million.r of metrir: tons) 

Atlantic Pacific Total 

North 1.5.9 19.3 35.2 
Central 6.4 9.3 15.7 
South 3.4 4.9 8.3 

Total 25.7 33.S S9.2 

and the intensity of fishing !-.JS been very great as 
well. These areas border the industrialized coun
tries. which have developed strong coastal fishing 
fleets. Initial expansion of long-distance fishing 
fleets took place in the north Atlantic area. 

The same countries comprised the 10 leading 
fishing nations from 1970 to 1975 (Table 7-4). The 
top two, Japan and the U .S.S.R., have the largest 
catches from nonhome waters; Cuba has the 
largest proportion of distant water catches. The 
10 leaders take 44 mmt, or about 63 percent of 
the total. The Republic of South Korea has the 
largest relative increase in catch since J 970, more 
than double, followed by Cuba (l.6 times) and 
Denmark (1.5 times). 

TABLE 7-4 

Catch by Continent and Leading Countries, 1975 

Rank 
ofJO 

Hlaheat 

.5 

.. 
I 

3 
7 

I 

' ' •• 2 

(Millions of m~trlc rons) 

Africa 
South Africa 

· N. America 
Canada 
U.S. 

South America 
Chile 
Peru 

Asia 
South Korea 
Philippines 
Thailand 
Socialist Republic of Vietnam 
China 
India 
Indonesia 
Japan 

Buro pc 
Denmark 
Norway 
Spain 

U.S.S.R. 

Catch 

4.S 
1.3 
4.8 
1.0 
2.8 
6.P 
1.1 
3.4 

30.7 
2.1 
1.3 
l.4 
1.0 
6.9 
2.3 
1.4 

10.S 
12.6 
l.8 
2.6 
l.S 
9.9 

Twent)' countries exceeded 1.0 million metric 
tons. Chile and Peru, notably, depend on one 
~pecies, the anchovetta, the fishery which failed 
m. 1972 and has not yet recovered. South Africa 
(pdc~ard and anchovy) and Norway (capelin) are 
heav~ly dependent on one main fishery. The 
remamder are rather well diversified. 

Much of the world catch is taken in or near 
home waters. The Iong-Jistant fleets, however, 
have been important to many countries both 
traditionally (Spain, Portugal) and in the light of 
recent developments (e.g., Japan, U .S.S.R .. 
Cuba, Poland, Korea). 

The leading species group in 1975 catches was 
the herrings-sardines-anchovies group which has 
traditionally been at the top but has d;opped from 
44 to 30 percent of the to leading species groups. 
The cod-hake-haddock species group is a close 
second; together the two groups account for about 
40 percent of the total catch (Table 7-5). The 
herrings group is utilized to a large extent for foh 
meal and oil. The cods are almost totally used for 
direct human consumption. The redfishes and 
jacks catches have increased more than the others 
since 1970. 

The total 1975 catch in U.S. continental shelf 
areas was about 5.8 mmt, the foreign catch in 
these waters about 3.0 mmt. The U.S. consumes 
most of its catches in the United States and 
imports about 70 percent of its total fish consump
tion. In this respect, it is unique in the world. 
Almost all of the U.S. catch, except tuna, is taken 
from the U.S. continental shelf. 

Living Marine Resources: Potential 
Several aspects of living marine resources are 

of prime importance for projecting their use and 

TABLE7-.ttt 

Leading Species Groups In World Catch, 1970 
and 1975 

(Millions of metric tons) 

Herrings, sardines, anchovies 
Cods, hakes, haddocks 
Redfishes, basses, congers 
Mackerels, cutlassfishes 
Jacks, mullets, sauries 
Salmons, trouts, smelts 
Tunas, bonitos, billtishes 
Shrimps, prawns 
Squids, octopuses 
Bounders, halibuts, soles 

Total 

1970 1975 

21.6 
10.S 
3.9 
3.1 
2.6 
2.t 
2.0 
1.0 
0.9 
l.3 

49.0 

13.7 
11.8 
s.o 
3.6 
3.5 
2.8 
t.9 
1.2 
t. t 
1.1 

45.7 
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productivity. First, they are renewable resources 
and have the potential for continuing productivity. 
. The harvest of this productivity is based on the 

axiom that the net natural rate of growth is 
changed when population magnitude changes. It. 
particular, when p'."pulation magnitude decreases 
from virgin levels, the rate of growth increases 
and the net increase provides the surplus yield for 
harvest. The rate of growth is limited, however, 
being at its maximum in the midrange of density 
levels, which limits surplus y!eld. 

Between the existing populations of marine 
plants and acimals and their environments an 
intricate balance has evolved, based on feedback 
mechanisms that provide the optimal reactions of 
populations to the natural ecological variations. 
The populations have co-evolved with a wide 
range of natural changes and are adapted to them. 
In tenns of our span of time, "What is past is 
prologue." We do not understand the system well 
enough to predict the possible changes. Neverthe
less, we can be confident the populations will 
maintain themselves in varying composition but 
with generally the same productivity. Marine 
animals have not co-evolved with man, and our 
interventions cause changes which are potentially 
very different from those experienced by the 
natural system and for which the populations do 
not have the appropriate built-in feedback. Man is 
not sensitive to the effects of such changes. Our 
technology has developed to the point where we 
can drive the ecosystem into a disequilibrium 
from which recovery is unpredictable. The control 
we now exert in managing the populations is 
based entirely on a pervasive and intense fishing 
mortality that significantly alters population mag
nitude. The feedback is entirely through our 
observation of effects and our reactions, both of 
which are constrained by an economics totally 
independent of the marine biosphere. The time 
span of changes in the ecosystem is probably 
quite out of phase with human desires. Our 
concepts of optimality are very different from 
nature's, and our ignorance of the natural system 
is very great. Thus. man's continuing activities in 
the marine ecosystem means that maintaining U1e 
potential productivity in the long run is problema~
ical, and reduced productivity in the short run is 
most likely. A significant example of this aspect is 
the geopolitical treatment of the resources. 

Uving marine resources are globally considered 
as a common property to be held and managed in 
perpetual trust. The scope of commonality is a 
variable factor and recently has been defined in 
tenns of extended coastal jurisdictions. Division 
by national bounJaries is totally artificial with 

respect to the resource and, to a lesser extent, the 
same is true of the offshore limits. Because of 
differing concepts of optimality and management, 
national objectives may be quite differently per· 
ceived, even for the same population. This tends 
to further exacerbate the hannony between man 
and nature that is essential for continued and 
optimal utilization of the resource. This is critical 
at present with respect to the effects of fishing but 
perhaps even more critical in the future with 
respect to pollution and other man-made changes 
in the marine environuent. 

Up to this time, a natmal environment has been 
assumed when studying and estimating the pro
ductivity of marine resources. This assumption 
can no longer be maintained. This creates even 
greater difficulties in understanding the underlying 
natural processes than those experienced in the 
past. The effects of man's changes in the environ
ment are much more subtle, at least initially, than 
those of the fisheries. They are also probably 
longer lasting. Hence, detection of their effects 
(and subsequent correction) will come through a 
very much delayed and dampened feedback. So 
much so, that it may be useless to attempt 
management on the basis of detection and correc· 
tion. At any rate, the uncertainties create great 
difficulties in projecting the future course of 
events. 

Productivity of the living marine resources has 
been estimated using two general methods. One is 
based on estimating primary productivity, the 
production of protoplasm or carbon by photosyn
thesis and then extrapolating the conversion of 
tl1is energy upwards throug~ the food chain. It 
can start with estimates of sunlight entering the 
oceans, with estimates of the standing crop of 
phytoplankton (chlorophyll), with estimates of the 
fixation of carbon, or some combination thereof. 
Beyond this empirical base, the extrapolations 
into production of other elements in the food 
chain are based on theoretical assumptions, 
backed by some experimenta! work, of the con
version coefficients between trophic layers. 1be 
estimates of potential depend to a great extent on 
definition of the trophic layers or the group of 
species from which the yield i~ to be obtained. 
These decisions or judgments can change esti· 
mates by factors of from lO to 100. It is not 
always clear what is assumed or what animals are 
included in the different levels. The other ap
proach utilizes observations of actual fishery 
yields and field surveys of the resources. 

Most of the ocean are~ that are producu\·e of 
fishery resources have been exploited to so·,ne 
degree. Potential can, therefore, be usefully isti· 
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. mated by examining the available statistics and 
extrapolating therefrom. Lack of accurate reporu 
limits the accuracy of such estimates of course, as 
does the inference that past performance reflects 
future potential. Where only surveys of standing 
stock are available, assumptions about the annual 
turnover rate must be made, similar to the tropho
dynamic approach. 

In both approaches, the overall world total 
potential is the most precise, since the sum of 
regional and species estimates may average out 
the errors of estimate. The regional estimates will 
change in accuracy in relation to the amount of 
data and analyses available. On t1't' other hand. 
once certain types of areas are defined, and 
estimates of production per unit area are obtained 
for some, extrapolation tn the total becomes more 
meaningful. The trophodynamics approach utilizes 
this feature more successfully than the fishery 
approach because it does not depend on the 
vagaries of historical exf.>)Oitation patterns. The 
trophodynamic estimates tend to be greater than 
the fishery-based estimates. The former is estimat
ing a resource potential that includes the total 
organic biomass in arbitrary categories and is less 
restained by the implications ,)f practical and 
feasible fisheries. Thus, the estimates' potential 
are likely to be biased upward in relation to what 
may be achieved. They may be biased upward 
also because the efficiency of transfer of energy 
may be less than assumed when the populations 
are being selectively fished, although this is a 
cunently debated issue. 

The fishery-based estimates have increased with 
time. This is characteristic of trend extrapolation 
methods. The very recent experience of fisheries, 
however, has led to less optimism about the total 
extractable amounts of living marine resources. 
Many o( the estimates have been made to promote 
fishery development by stressing the fact that 
more is available. But outside of this aspect, some 
estimates assume that past trends could be simply 
linearly extrapolated in time and that laws of 
diminishing returns (limits of biological productiv
ity) would not apply for some time to come. The 
more specific estimates were often based on the 
concept and method of maximum sustainable 
yield. Many of these calculations were based on 
data from rapidly developing fisheries that were 
not stabilb:ed to the extent needed for accurate 
estimates and, because of thP. opportunistic nature 
of fi&heries, were based 011 short-term, above
average population magnitudes. Some animal pop
ulations do cycle. Fisheries are seldom started at 
population lows. Improved technology has also 
masked real declines in populations, but the 

possible improvements are limited and the de
clines have become increasingly apparent in re
cent years. It has also become apparent that 
previously observed highs in cycles cannot neces
sarily be achieved again after intense exploitatiun. 
That is, the potential for a population to react to 
favorable environment is lessened after a high 
mortality has been exerted upon it, at leru;t within 
the time spans of 10...20 years, within which the 
majority of intense fisheries have been developed. 
This may, in part, be caused by species changes 
triggered by the selective exploitation. 

Relations among species have not explicitly 
been included in most of the estimates of poten
tial. It is documented that shifts have taken place 
in some intensely exploited areas (California 
coru;t, sardine and anchovy; North Sea, multiple 
species). It has been observed that the replace
ment populations tend to be of the smaller sized. 
shorter-lifespan spfcies. In some cases, yield has 
been maintained, but often at the expense of 
heavier fishing. In other cases, yield has de
creased, perhaps because the species was less 
desirable. 

In any event, although it has been the case that 
fishing has been directed at certain desired spe
cies, it has also been the case that the gear has 
not been selective enough. The unselective mor
tality has, in many cases, been directed at large 
biomass populations, partly because of the devel
opment of long-distant, large-vessel fl~ets, but it is 
also due, in coastal fisheries, to thf:" high economic 
returns. In any mixed species population, which 
not by accident occurs in most productive areru;, 
the fishing mortality exerted on the smaller bio
mass species, often inadvertently, is greater than 
that which will maximize long-run yields. Thus, in 
general, total area yield has, in many cases, 
proven to be less than estimates based on individ
ual species assessment. In addition to these fac
tors, many estimates include organisms that have 
not yet been subjected to exploitation and a.-e in 
the so-called lower trophic levels. 

The potential of these populations is often 
estimated by multiplying upward from an inverted 
conversion coefficient the consumption by preda
tor populations. Predator and prey cannot be 
simply added together. Also, it is not obvious that 
what was consumed by predators in the system is 
available to man either from an ecological view
point or from a practical technical viewpoint. 

Most published studies agree that the north 
temperate areas of both the Atlantic and Pacific 
Oceans arc now being fished to the full potential. 
This conesponds to the belt of highly industrial
ized nations which, with few exceptions, are the 
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world leaders in fishing. The central and southern 
sectors of fisheries have been developing primarily 
through long-distance fleet expansion, and the 
potential is pl'Obably greater than pre!;ent catch
more so for the southern temperate Atlantic and 
the central Pacific region than the other regions. 
The totaJ increased yield from lightly exploited 
areas has been estimated at 30-50 million tons. 
The species available strongly inOuence the devel
opment of fisheries. Thus, the estimated increase 
in potential yield over current yield is made up of 
hakes in the southwest Atlantic and croakers and 
small pelagics in the central zones. Some increase 
in cephalopo<l yield has also been predicted. 

Exploration for krill in th; Antarctic Ocean 
(Atlantic sector primarily) is now underway. The 
potential has been estimated by various authors at 
25-100 million metric tons. Doubtless the popula
tion is large, but there are many unanswered 
questions. Do these euphausiids undergo cycles of 
density, and is a present high what is attracting 
attention? Will the present turnover rate continue 
as fishing mortality increases? Will this intelfere 
with recovery of whale populations? The answers 
are not yet available. The more recrnt comprehen
sive fishery-based estimates and the :;,euer defined 
trophodynamic estimates provide a range of po
tential of 100-150 mmt. 

The yields of traditional species in the more 
heavily exploited areas, which are included in the 
estimates, have not held up in recent years. In 
many areas, the so-called nontraditional species 
are already being harvested (e.g., capelin and 
squid in the north Atlantic) at maximal levels. 
Thus much of the hypothesized expansion is in 
fact a replacement yield and is not additional in 
terms of potential to the present yields. In addition 
to the ecological constraints on estimates of poten
tial, the more practical constraints of society 
(economics, technology, management) will surely 
reduce the ability to utilii.e what has been esti
mated as future potential expansion. For example, 
the most efficient fishing operation at present will 
average 50 tons per day in good conditions. The 
same efficiency applied to zooplankton would 
average much less than half a ton per day. 

These considerations lead to the conclusion that 
the present world harvest of marine fish of about 
60 mmt will not increase on a sustained basis. 
Furthermore, it will only be maintained with good 
management of fisheries and protection of the 
mwine environment. The totaJ world harvest of 
marine renewable resources, based on exploiting 
natural production, could be increased substan
tially by the year 2000, perhaps to as much as 100 
mmt. To achieve this, however, will require 

overcoming severe social and economic con
straints. Development will have to be carefully 
planned so that the balance and equilibrium of the 
marine ecosystem are not radically perturbed. 
There is not enough information to evaluate the 
real possibilities of sustai11.!d increases in yields, 
to say nothing of their practicality. 

Marine Pollution 
Industrialization, which is heaviest in the North

ern Hemisphere, is now introducing pollutants 
into the oceans in quantities which are beginning 
to cause significant deleterious effects on re
sources and the environment. The important 
coastal zones are being changed at ever increasing 
rates to the detriment of natural resource produc
tivity. 

Worldwide attention to this process is attracted 
by the more spectacular, acute events that have 
dire~t. but short-term, effects on man (large oil 
spills that affect beaches, heavy metal irtjections 
that poison people). The more important effects, 
however, stem from the largely unnoticed, and 
undetected, chronic low-level pollution. Because 
most pollutants fall in the latter category and do 
not generate public outcry, the general attitude is 
to consider the oceans as an important resource 
to be utilized in disposing of the wastes of man. 
This utilization requires the identification of sub
stances that jeopardize mat.ne resoum:s aud hu
man health and the determination of acceptable 
levels-an extremely slow process because the 
pathways and effects are extremely complex wtd 
long-term. Demonstrable threats to marine re
sources are seldom available within time sJ')ails 
that could effectively stop •he pollution prior to 
adverse accumulations. 

The residence time in the oceans of the pollu
tants is minimally a matter of decades, but in· 
creases to centuries or greater for a host of 
substances. The process of transport to the ocean 
and accumulation t" detectable, but not necessar
ily ineffectual, levels is also in many cases a 
matter of decades or centuries. 

How a given material will affect components of 
the ocean, and how much of a substance or 
habitat modificatkm jeopardill:s a resource re· 
quires an ability to predict events in the ocean. 
This in tum requires a knowledge of the natural 
processes in the undisturbed system. It is high)y 
problematical that such knowledge will be accu
mulated rapidly enough to detect and correct 
adverse effects. 

Productivity of marine resources can be re
duced by destruction or change of h?.bitat as well 
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·as by bio-accumulation of chemicals, most notably 
in the coastal zones of industrialized countries. 
Estuarine areas are highly productive, and are an 

· important, and limiting, factor in the life cycles of 
many species of fish and shellfish. Atmospheric 
transport of pollutants is also affecting the open 
ocean environment far from the sites of direct 
discharge and origin. Man's emissions into the 
atmosphere are now at least about 10 percent of 
the naturally occurring flux. 

Most of man's activities lead to pollution and 
physical change of the environment. Most of these 
changes must be viewed as potentially reducing 
natural productivity. It is only in physically re
stricted areas, under controllable and predictable 
situations, that man can increase productivity. 
Because such areas are limited, pollution of the 
oceans at increasing rates will likely have the 
effect of red1Jcing overall yields of marine re
sources. 

Marine Aquaculture 
Aquaculture, defined as the culture or husban

dry of aquatic organisms in fresh or salt water, 
yielded an estimated 6 mmt of food in 1975-
roughly 10 percent of the world production of 
fishery products. Yields from aquaculture doubled 
in the period 1970-1975; much of the increase was 
in high-unit-value species in industrialized coun
tries. Some countries now depend on aquaculture 
for a significant part of fish and shellfish produc
tion. Japanese aquaculture production increased 
fivefold (to 500,000 metric tons) in the period 
1970-1975, while Israel now derives almost half 
its finfish from aquaculture. United States aqua
culture production in 1975 was only 65,000 metric 
tons, about 3 percent of U.S. fish and shellfish 
landings, but this limited amount still constituted 
(m 1975) about a quarter of our sa.lmon produc
tion, about two-fifths of our oyster production, 
and about half of our catfish and crawfish r,roduc
tion. 

There is cause for reasoned optimism when 
considering increased food production from aqua
culture. Despite institutional, economic, environ
mental, and technological constraints, global 
yields are increasing. Intensive culture of high
unit-value species-such as pen-rearing of salmon 
and raceway culture of shrim~s approaching 
the point of economic feasibility, and extensive 
culture of animals that utilize very short food 
chain5--5uch as oysters, mussels, and mullet
has the potential for enonnous expansion with 
existing technology. The 1976 PAO World Confer-

ence on Aquaculture concluded that even with 
existing technology a doubling of world food 
production from aquaculture will occur within the 
next decade and that a 5-10 fold increase by the 
year 2000 is feasible if the necessary scientific, 
financial, and organizational support becomes 
available. 

Development of energy-intensive high-technol
ogy culture of species requiring high-protein diets 
will undoubt~dly continue in the next two dec
ades, especially in industrialized countries, but 
substantial production of herbivorous species in· 
natural waters-designed to yie'.d relatively low
cost animal protein-should expand even more 
rapidly, particularly in less developed countries, 
and particularly in tropical and subtropical areas 
with year-1 :.>und growing season. An important 
role of industrialized countries \till relate to im
provement of the technology required for exten~ 
sive culture production of inexpensive animal 
protein in less developed parts of the world by 
such methods as genetic selection for high food
conversion efficiency and rapid growth, testing of 
low-cost diets from natural products, and training 
of technicians. The role of aquaculture in inte
grated rural development, through provision of 
better diet, jobs, and cash crops, can be significant 
in less developed countries. Aquaculture there 
would be primarily in the form of small-scale, 
low-technology, labor-intensive operations. 

The potential of ocean ranching-not only of 
anadromous species, but also of coastal-migratory 
species-will be exploited within the next two 
decades, and substantial increases in yields (as 
well as augmentation of fished stocks) can be 
expected in proportion to public and private 
investment in this approach to fish production. An 
important qualifying comment here would be the 
need for consideration of impacts of introduced 
populations on natural stocks, and the need to 
determine and consider the total carrying capacity 
of the ocean areas involved. 

Expansion of food production through aquacul
ture must be a matter ' : national policy and 
national priority-much . s the expansion of dis
tant-water fishing fleets was in many countries 
(particularly the socialist countries with plannned 
economies) during the 1960s. Included in such 
policy would be improvement in the technological 
base, development of legal protection for aquacul
ture enterprises, control of coastal/estuarine pol
lution, and encouragement of capital investment. 
With increasing restrictions on harvests from 
continental shelf waters of other nations, the 
aquaculture option should become much more 
attractive as a protein food source. 
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Economic Demand 
Projection of past trends in landings into the 

future assumes that costs of harvesting increasing 
quantities of fishery products, adjusted for infla
tion, will not rise more rapidly than in the past. 
This, in turn, suggests a whole host of other 
assumptions about fishery technology, species 
abundance, and patterns of fishery management. 
World forecasts often ignore geographical differ
ences in population and income growth and the 
~tfects of these difforent rates of growth on world 
demand for fishery products. 

In an effort to overcome some of these difficul
ties, FAO in 1970 attempted to estimate the 
income elasticity of demand for world fishery 
products and to project the demand for food fish 
to 1975 and 1985 on the basis of 1969 FAO 
expectations about world population and income 
trends (fable 7-6). The FAO approach assumed 
ti-· demand for food fish would grow with world 
mcome, but not at the same rate as world income. 
Thus, for example, U.S. and Canadian demand 
for food fish would be expected to increase 20 

percent for every 100 percent growth in income, 
Asian demand to increase 109 percent for every 
100 percent growth in income, and so on. These 
estimates depend upon the rather awkward as
sum:>tion of constant prices for fishery products. 

In its world projection to 1985, FAO estimated 
the demand for industrial fish separately, assum
ing that the demand for industrial fish was func
tionally related to the demand for poultry and 
hogs. Demand of fish meal for poultry and hog 
production was estimated to grow at a higher rate 
for the period 1965-1975 than for 1975-1985, so 
the growth progression was a step function. 

Any long-term forecast is bound to present 
numerous difficulties, but the F AO method poses 
some special problems. The greatest drawback to 
the FAO estimation prccedures is their lack of 
adjustment for possible price changes, their use of 
unchanging country by country income elasticity 
coefficients for the time of their forecast, their 
failure to disaggregate by species, and the lack of 
explanatory information on their derived demand 
equations for industrial fish. 

TABLE7-6 

1970 FAO Projection of Demand for Fish Meal, 197.5 and 1985 
(Thousands of metric tons, product weight) 

197.5 198.5 

Consumption Projected Projected 

1961-63 Rate of Projected Rate of Projected 
Increase Demand Increase Demand 

(percent per year) (percent per year) 

Industrialized countries 2,408 4 • .5 4,2.50 3.6 .5,390 
North America 668 2.8 960 2.4 1,140 
Europe 

EEC 734 4.4 1,280 3 • .5 1,620 
Northwest Europe .517 4.1 870 3.1 1,040 
South Europe 104 8 • .5 300 6.7 460 

Other industrialized countries 
Japan 340 .5.8 710 4.6 960 
Others 4.5 8 • .5 130 .5.9 170 

Centrally planned countries 231 11.2 920 8.6 1,.5.50 
U.S.S.R. 119 11.0 460 9.2 900 
Other Eu. ipean countries 112 11 • .5 460 7.9 6.50 
China 
Other Asian countries 

Less developed countries 221 8.3 620 8.9 1,.560 
Latin America 310 710 
Africa, South of Sahara 30 130 
Near East 60 130 
Asia 220 .590 

World Total 2,860 .5.6 .5,790 4.9 8,.500 
Meal from offal 230 6.2 .500 6.6 1,000 
Demand for meal from fish 2,630 .5 • .5 .5,290 4.7 7,.500 
Demand for fish for meal 13,1.50 s.s 26,4.50 4.7 37,.500 
Not#: To convert the demand ror meal From llsh to t'!Je demand for llsh aconwnlon fllCIOr of 3 ii used, I.e., h ii as1umed that 3111111 Offish make I tonof1Mll. 
So111T#; Food and Asrfculllll'll Orpnlr.atlon, l'rovlsionol lndlcatlw World 1'1011/IN A1rlc11/1111al IJty#/Dpm#nt, Rome, 19'/0, 



In 1970 Frederick W. Bell et al. sought to 
overcome several of the cited disadvantages of 
the FAQ projection methodology. The Bell group 
undertook to estimate price and income elasticity 
of demand by s1>ecies (fable 7-7) and by major 
consuming country for the years 1975, 1985, 
and 2000. Incorporated into the Bell analysis 
was an assumed decline in the income elasticity 
of demand for food fish for the world starting at 
0.68, i11 1965, but declining to 0.22 by 1985, and 
leveling out at about that point. This is in compar
ison with the FAQ estimate which remains at 0.68 
throughout their projection. The Bell group as
sumption of a declining income elasticity is based 
upon the empirical observation that in general 
richer countries consume less fish per capita (Fig. 
7-2). 

The Bell group also incorporated into their 
model selective assumptions, on a species by 
species basis, about supply constraints. Their 

• 

• • •• • • 
• .. 

• • 

• • 
• 

• 

model predicted price increases, sometimes sub
stantial increases. The FAQ group did not attempt 
this, so the two forecasts are f)omewhat different 
in their intent. F AO sought to 1.Jrecast what the 
world demand would be if prices did not change, 
while the Bell eroup attempted to forecast what 
world prices and quantity demand would be if 
resource scarcitks developed as expected. 

Because the Bell Group attempted more than 
F AO, there were more places where their forecast 
could go awry. Interestingly enough, both fore
casts came out about the same for the 1975 
predictions, and both were higher than-but 
relatively close to-the actual landing of 69. 7 
mmt (FAO had predicted 74.1 mmt, the Bell 
Group 74.0). Where the two forecasts diverge is 
in the later years. For 19P5, FAO predicted a 
demand of 106.5 mmc, the Bell group 78.6. For 
the year 2000, the Bell group predicted 83.5 mmt; 
FAO did not make the projection. 

• • 

• • 

• 

• 
• 

. ·~z{~t•.·;·'}.sP!JG.·';\~:'.~,~:.r3.-1);·;Ji~f:;fi.5oO~;'··· ;~.Ooci 
it fncom1 In dOf/lln 

F!pre 7·2. Per capita national Income "'· income elasticity of fisheries demand In 77 countries. 
(Fmlttlck W. Btll 11 al .. unpub/i.rli1d manuscript, 1969) 
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TABLE7-7 

1'70 Bell et al. Projections of WorW Aggregate Consumption of Fishery Pruducts,."1'75-alO 

(Tlwu.Tund.f of metric tun.f, round wel11ht) 
Changes 

196~'" 197S 1985 2000 196S-67 
to 2000 

{percent) 

Food fish 
Oroundtish 6,368 6,940 .S,761 4,763 -2s.2 
Tuna 1,291 1,4.56 1,615 1,657 28.4 
Salmon 476 481 48S 48S 1.9 
Halibut .sn . SS S8 SB 0 
Sardines 871 1,464 1,848 2,370 172.1 
Shrimp 634 1,066 1,347 1,479 133.3 
Lobsters 137 174 192 145 S.8 
Crabs 328 481 517 386 17.7 
Clams 478 S3S 626 694 4S.2 
Scallops 166 236 281 322 94.0 
Oysters 777 1,218 t,7SS 2,4S3 215.7 
Other fish 2S,086 32,6S9 41,504 SJ,524 113.4 
Total food fish 36,670 46.768 SS,989 68,226 86.4 

Fish meal 20,440 27,170 22,634 IS,196 -25.7 
Total (food and meal) 57,110 78,938 78,623 83,S32 46.3 
• AYCfaiC ohctual. 

St>aru: Frederick W. Bell et al., Tltt' F11111" o/tht Wurld'1 Fl1lrtry Rnu1m:u (Nallonal Marine J'llherie1 Scrvk:e, File Manuscripl No. 65.1) Dee. 1970. 

These predictions comprise the best available 
world demand estimates, although they are both 
out of date. There is need for a new effort in 
which price and income elasticities are re-esti
mated by species and by country. and revised 
maximum sustainable yield and other supply fac
tor calcuL.Jons are introduced; projections should 
then be made on the basis of contemporary 
estimates of country by country population and 
income projections. 

The FAO projections assumed a world popula
tion growth rate to 1985 of 2.1 percent and a per 
capita income growth of 3.2 percent. The Bell 
Group assumed a I. 7 percent population growth 

rate to 2000 and a 3.0 percent growth in per capita 
income. 

World income niay rise 3.2-4.1 percent annually 
from 1975 to 1985. depending upon whether one 
accepts the low or the hish growth rate assump
tion. From 1975 to 2000 the low projection is '1.9 
percen·~ per year and the high 4 .2 percent. On the 
basis of these assumptions, a crude adjustment of 
the FAO projection suggests a world fish demand 
for 1985, under the constant price assumption, of 
9'2-98 mmt (as opposed to FAQ's projected 106 
mmt). A parallel adjustment for the Bell group 
study suggests 72-76 mmt for 198.5 (as opposed to 
their projected 78.6) and 81-83 mmt for 2000 (as 
opposed to their projected 83.5). 
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Twenty-two years ago, forests covered over 
one fourth of the world's land surface. Now 
forests cover one fifth. Twenty-two years from 
now, in the year 2000, forests are expected to 
have been redueed to one sixth of the land area. 
The world's forest is likely to stabilize on about 
one seventh of the land area ·~round the year 
2020."' 

The economic implications of this transition 
from a period of global forest wealth to a period 
of forest poverty are more apparent from the 
expected change in wood per capita. The world 
now grows about 80 cu m (cubic meters) per 
capita of wood in trees large enough to be 
commercially valuable. In the year 2000, there 
will be only 40 cu m per capita, even if the 
deforestation rate stabilizes now. If the deforesta
tion rate continues to increase with population 
growth, there will be substantially leJs than 40 cu 
m per capita.t Yet by the year 2000, GNP is 
expected to have increased significantly in both 
the mor:e and less industrialized nations. In the 

•The estimates af forest area as a fraction of the world's 
land area are derived as follows (references are to works in 
the list or references at the end or this chapter, unless cited 
in full). The forest area in 1950 was 4.85 billion hectares, 
according to Whittaker and Likens. That figure excludes 
woodland, shrubland, and savannah. The forest area in 1973 
was about 2.66 billion hectares, according to data from 
Persson ( 1974), the Economic Commission for Europe, and 
J. T. Micklewright ("Forest and Range Resources of the 
United States and Factors that Affect Their Use," unpub
lished ma!luscript prepared for the 8th World Forestry 
Congress, Oc.t. 1978). That figure refers to "closed forest". 
For the United States, closed forest excludes forest land 
incapable of producing more than 1.4 cubic meters of 
industrial wood per hectare per year. For Canada, ii 
excludes land incapable or producing stands or trees 4 
inches in diameter or larger on 10 percent or more or the 
area. For the rest of the world, it excludes land where tree 
crowns cover less than 20 percent of the area and land 
which has a primary use other than forestry. Interpolating 
between the 19SO forest P.rea and the 1973 area suggests that 
22 years ago the forested area was over 4 billion '1ectares. 
The rresent forest area and the forest area for the year 2000 
are calculated by factoring the 1973 area by an annual net 
deforestation rate or 18 to 20 million hectares. This rate is 
aggregated data from a variety of sources, including Persson 
(1974), Sommer, and several series of reports from U.S. 
embassies in the less industrialized nations. The 1978 

117 

more industrialized nations, consumption of wood 
products is expected to rise sharply with increas· 
ing GNP per capita. Relative prices of industrial 
wood products, paper, sawn lumber, wood panels, 
wood-based chemicals, plastics, and many other 
products, are sure to incr.~ase. The effects may be 
somewhat disruptive, but substitutes will probably 
be found for the products that become too ex;'en
sive. No catastrophic changes are foreseen. 

In the less developed countries (LDCs), where 
most of the deforestation will occur, people will 
forgo the increased use of paper and other indus
trial wood products that might have •en expected 
to follow increased GNP, and rne effect on 
wr.lfare will be negative but bearable. But indus
trial wood products are much less important in 
LDCs than charcoal and fuel wood used for cook
ing and heating, and poles used for framing 
structures for shelter. Prices and absolute scarcity 
will put fuelwood and charcoal out of economic 
reach of not only the subsistance sector but also 
much of the market sector of the LDC popula
tions. 

forested area is thus calculated to be about 2.57 billion 
hectares, and the year 2000 area is about 2.1 lo 2.2 billion 
hectares. The assumption that the deforestation rate will not 
accelerate with population and GNP growth is arbitrary, 
chosen to be on the conservative side. That the forest area 
will stabilize at about 1.8 billion hectares follows irom the 
observation that the forests or the more industrialized 
nations have already stabilized nl about 1.45 billion hectares 
tMicklewright and European Economic Commission) and 
that about 365 million hectares or forest in the less devel· 
oped nations is physically or economically inaccessible to 
logging and land-clearing operations (European Economic 
Commission and Sommer). At the present deforestation 
rate, the accessible forests in the less industrialized nations 
will have been razed before 2020, but the rate will andoubt
edly slow down as the forests available for cutting diminish. 
Thus the inference that the forest area will stabilize around 
the year 2020. The fractions are derived using 13.003 billion 
hectares as the world's total land area. That figure is from 
Persson t 1974); it includes 19 percent of arctic regions and 
excludes the Antarctic, Greenland, and Svalbard. 
tThe estimates of present and future wood volume per 
capita were derived by factoring forest areas for each reaion 
by the wood volume per hectare for each region as 
estimated by Persson (1974). The estimates offorest area by 
resion for the year 2000 used in this calculation were 
derived from the sources cited in previous footnote. 
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To provide some insight into the economic and 
environmental transition occuning as a result of 
changes in the world's forests, this paper first 
discusses the status of forest inventories and the 
economic significance of forests from a global 
standpoint. Then trends and prospects for forests 
and forestry in each of the main geographic 
regions are reviewed. The special problems of the 
world's most complex ecosystems, the tropical 
moist forests, are treated briefly in a separate 
section. Finall;; global linkages that will make the 
year 2000 forest situation in the tropics important 
to the people of the temperate zone are cited. 

Forest Inventories 
Several recent reports have mistakenly indi

catd that the world contains 4.5 billion hectares 
of forests plus over 2.3 billion hectares of open 
woodlands. 1 Apparently there is some confusion 
over the distinction between "forest land" and 
"forest," and it seems to be common practice to 
use forest area data from 1950, as though neither 
extent of forests nor knowledge about forest areas 
were changing. In fact, the world has only about 
2.6 billion hectares of closed forest and another 
I .2 billion hectares of open woodlands and savan
nahs, according to the most recent and best global 
estimates. 2 

About half of the closed forests are located in 
the LDCs of the tropic and subtropic regions, 
where exploding populations are rapidly destroy
ing forests for fannland and for fuel. The other 
half are in the industrialized nations, mainly the 
U.S.S.R., Canada, and the U.S., where their 
extent is relatively stable ir. spite of increasing 
demands for forest products. Table 8-1 shows the 
distribution of forests by global region. 

Informalion about forest areas is scarce for 
many countries. The data that are available are 
classified according to widely varying definitions 
from year to year and from country to country. 
The task of evaluating and synthesizing all these 
heterogeneous data was undertaken by the World 
Forest Inventory project of the Food and Agricul
ture Organization (FAO) in the 1950!i and 1960s 
and, when FAO discontinued the work in the early 
1970s, by Reidar Persson at the Royal College of 
Forestry in Stockholm. Persson considers the area 
data to be "relatively reliable" (accuracy of± 5-
10 percent) for about half of the world's closed 
forest. The data are "poor" (± 40-100 percent) 
for about a third of the closed forest area, and 
intermediate (± 20 percent) for the rest. The 
info1mation on open woodlands is so poor that the 

TAB~8-1 

World Forested Area by Region, 1973 

Closed 
Fore at 

Open Total (%of 
Forest Closed Wood- Land land 
Land Forest land Area area) 

Millions of lrectares Per-
cent 

North America 630 470 (176) 1,841 25 
Central America 6S 60 (2) 272 22 
South America 730 S30 (ISO) 1,760 30 
Africa 800 190 (S70) 2,970 6 
Europe 170 140 29 474 30 
U.S.S.R. 91S 78S llS 2,144 3S 
Asia S30 400 (60) 2,700 IS 
Pacific area 190 80 IOS 842 10 
World 4,030 2,6SS (1,200) 13,003 20 
N111t1: Dala on Nonh American forests represent a 1nid·l970s cstlmalc. Data 
on U.S.S.R. forests arc a 1973 swvey by the Soviet ao•cmmcnt (sec Reference 
l). Other data are from Penson ( 1974); they represent an early-1970s cstimalc. 
Forest land is nol always the sum of closed forest plus orcn woodland, a1 it 
includes scrub and bru1hland areas which arc nehher forest nor open woodland, 
and because it includes deforested areas where forest rqicncralion is noc taldna 
place. In computalion of total land area, Antarctic, Greenland, and Svalbard arc 
not inr.ludcd: 19 percent of arctic "'lions arc Included. 

global figure must be considered an "informed 
guess.'' 3 

The wood resources in the world's forests have 
been estimated by extrapolating from detailed 
forest inventories carried out in the various re
gions and biomes. 

Most forest inventories are concerned with the 
quantity of wood that might be extracted in logs 
of commercially useful size. Analysts concerned 
with ecological processes, with fuel and other 
nonindustrial products, or with biomass conver
sion and other innovative concepts, need to know 
the iotal forest biomass. It is possible to multiply 
the es:imates of biomass density for each ecosys
tem type, as given by Whittaker and Likens 4 by 
the present area covered with each major forest 
type, as given by Persson. This calculation (Table 
8-2) !ridicates that the total biomass of the world's 
f-:,cests and woodlands is on the order of 400 to 
SOO billion tons of carbon. 

Forest Products 
Worldwide production of forest products, in

cluding fuelwood, as well as wood for construc
tion, for paper and for other industrial products, 
totaled at least 2.4 billio'l cu m (in underbark 
roundwood equivalent) in 1975. 11 About half of the 
wood harvest is in the industrialized nations wher: 
harvest and production vary with economic 
cycles. The other half is in the LDCs where most 
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TABLE B-2 

Biomass of the World's Forests and Woodlands 

Total 
BIO mass Biomass 

1973 Area Density {billion 

Forest Type 
(m/lllo11s (tons tons 

/1aJ carbon/ha} carbonJ 

Tropical rain (tropical 
and subtropical wet 
evergreen) S68 202 • .5 11.5 

Tropical seasonal 
(tropical and 
subtropical moist and 
dry deciduous) 1,112 1.57 • .5 17.5 

Temperate evergreen 
(temperate 
coniferous) 448 1.57..5 6S 

Temperature deciduous 
(temperature 
broadleaved) 13.5.0 

Boreal (Borcal) 672 90.0 60 
Woodland, shrubland 

and savannah (open 
woodlands) 1,000 22.s 22 

Total 3,800 437 
Now: The data on 1reu or each rore1t type are from Prruon ( 1974). The 
biomas1 densities for each forat type are rrom WhlUabr and Likens (1975). 
Pcn1on'1 rorell types are named In paren1he1l1, lndlcatin1 how they arc 
u1umcd to correspond to Whitwcr and Ukcns' ecosystem typca for this 
mmllp or the two 1e11 or data. Prrnon does not disaaarepte coni.ferou1 and 
bl'Oldleaved temperate forest areas, so it was necessary to uae the mean or the 
biomus den1ity fl1ure1 for the two lypel (i.e .. 146 tons camon per hectare); 
howeVCT this 111.111ipulation introduces• potential error or len than 5 pcrccnr. 

of the production is fuelwood for cooking, used 
by people who are so poor that they are hardly 
aware of shorMenn variations in global markets. 

Supply factors affecting the production of forest 
products include not only forest area and standing 
crop, but also the physical accessibility, species 
mix and quality of the timber, as well as the 
availability of capital, labor, and management 
expertise for road or rail construction and for the 
other developments necessary to forest exploita
tion. Factors affecting production from the de
mand side include size and socioeconomic char
acteristics of the indigenous population, rates of 
investment in wood-processing technology, trans
portation costs to foreign markets, national eco
nomic growth rates, and market development 
achievements. Each nation's annual wood harvest 
is also strongly affected by institutional and politi
cal constraints on forest resource development 
and exploitation. These constraints vary from 
political restrictions on iatcrnational trade to indig
enous demand for recreation or other noncon
sumptive use of forest resources. 

Forest products enter into world trade at all 
stages-as primary, semiprocessed, processed and 

manufactured products. As a result, most coun
tries both import and export. With a few excep
tions, demand for forest products in industrialized 
nations is greater than production, so that most 
industrialized nations are net importers. Many of 
the less developed nations, on the other hand, 
produce more nonfuel forest products than they 
can consume and arc net exporters. This comple
mentarity is expected to become even greater 
during the next 20 years. As it happens, few of 
the major forest product net exporters are among 
the more rapidly developing LDCs that are likely 
to be narrowing the consumption gap by the year 
2000. Table 8-3 indicates the rank order of the 
major net importers and net exporters of forest 
products. 

The Forest-Man Relationship: 
Two Systems 

Forest resources and the total wood harve:st are 
about evenly divided between the industrialized 
and the less developed nations. Otheawise, most 
aspects of the forest-man relationship are pro
foundly different in the two types of economies. 
The industrialized nations are three times richer in 
forest resources per capita. Table 8-4 indicates 
the distribution of forest area and growing stock 
per capita in the early 1970s. The gap indicated b)1 

these data is widening rapidly. Resources per 

TABLE 8-3 

Maqor Traders of Forest Products, 1974 

Exports Imports 
Major Less Major Less 
Net Imports Net Exports 

Exporters {millions Importers (m/11/ons 
SJ SJ 

Canada 4,921 Japan 4,36' 
Sweden 3,601 United 
Finland 2,273 Kingdom 3,79.5 
U.S.S.R. 1,.5.52 Italy 1,442 
Ivory Coast 706 Gennan Fed. 1,439 
Indonesia (j(i6 France 1,186 
Austria .540 Netherlnnds 1,085 
Malaysia, U.S.A. 746 

Sa bah 373 Belgium-Lux. .504 
Philippines 237 Spain 479 
Romania 218 Dcmnnk 472 
Malaysia, Norw1,y 416 

Peninsula 200 Austnlia 29.5 
Gabon 133 Oemv n DR 284 
Chile 11.5 Switurland 159 
Portgual 112 Argentina 24.5 
New Zealand 94 Hunaary 244 

Hona Kona 193 
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capita decline in the industrialized countries at the 
relatively slow rate of population growth (0.6 
percent per year), but in the LOCs the rate is the 
sum of the relatively high population growth rate 
and the relatively high deforestation rate, which 
means a decrease of 3--6 percent per year in some 
nations, and an even faster decrease in others. 
The second major difference in man-forest rela· 
tions in the two types of economies is in the 
pattern of forest product consumption. The indus
trialized nations consume over 90 percent of tht: 
world's processed forest products, while the 
LDCs consilllle nearly 90 percent of the wood 
used as fuel. The use of wood for fuel in the 
industrialized nations may increase somewhat, as 
prices rise for the fuels that have been displacing 
its use during the past 25 years. The only other 
factor that seems likely to substantially alter 
consumption patterns between now and the year 
'.lOOO is the impending scarcity of wood for fuel 
and lumber in the LOCs. 

Ecological aspects of the man-forest relations 
are as disparatt:: as the economic aspects in the 
developed and developing world. The LOCs have 
mainly labor-intensive agricultural systems. In
creased production to meet the demands of grow
ing populations must come from increasing the 
labor intensity or from increasing the agricultural 
land base, which usually implies clearing forests. 
By contrast, the human ecology of the industrial
ized nations comprises mainly capital-intensive 
systems, in which increased agricultural produc
tion is generally achieved by investing more 
capital in already developed land, rather than by 

TABLE 8-4 

Forest Resources per Capita by Geographic 
Region, mld-197~ 

North America 
Central America 
South America 
Mric:a 
Europe 
U.S.S.R. 
Alla 
Pacific: 
We.Id 
More Industrial 
Le11 Industrial 

Clo11ed 
Forest 
Area 

(ha/cap) 

2.0 
0.5 
2.4 
0.4 
0.3 
3.0 
0.2 
3.6 
0.7 
1.3 
0.4 

Open 
Wood· 
land 
Area 

(ha/cap) 

0.7 
0.02 
0.7 
1.3 
0.1 
0.4 
0.3 
4.8 
0.3 
0.4 
0.3 

Orowina 
Stock 

(m'fcap) 

179 
so 

428 
92 
27 

310 
17 

390 
80 

128 
61 

$0111rt11 Population dlla rivm Population Reference Bureau C 1977); PDRll na 
........ dlla l'rom hnlOll ( 1974). 

clearing forest lands. The natural ecologies are 
likewise basically different. For the most part, the 
LOCs are located in the tropics and subtropics, 
where natural cycles and processes are very rapid 
and forceful. Most industrialized nations are in the 
temperate or boreal regions, where energy and 
materials cycle more slowly through the ecosys
tems, and where nature is generally less forceful. 

Because the man-forest systems of the two 
types of economies are so dissimilar, they will be 
treated separately in the remainder of this paper
except for the important links between the two 
types of systems, including trade, technology 
transfer, and ecological linkages, which will be 
considered at the end of the paper. 

Forests and Forestry in the Industriali7.ed 
Nations 

The u.s.s.R. 
The Soviet Union has, by far, the single largest 

forest resource base in the world, with 785 million 
hectares of forested land growing 75 billion cu m 
(overbark) of industrial sized wood. The growing 
stock is over a third greater than that of the U.S. 
and Canada combined. The net annual increment 
in growing stock (growth less natural losses) is on 
the order of 880 million cu m (overbark), or 1.2 
percent of growing stock. 6 This does not mean 
the resource is unlimited, however. 

Fourteen percent of the forested area has such 
slow growth that it is considered unproductive; 
another 36 percent is not considered to be com
mercially exploitable, mainly because it is inacces
sible. Thus only 465 miJiion cu m of net annual 
growth are presently or potentially available wi1h 
present transportation and harvesting technolo
gies. 

Fuelwood production, which talces up about 20 
percent of the total cut now, has been declining 
slowly. Lumber production, which talces the larg
est share of the wood harvest, about 40 percent, 
has had hardly any growth during the 1960s and 
1970s. Production of pulp, paper, and fiberboard 
has grown much faster, but the growth rate has 
been <;lackening for the past decade. Stagnation of 
total production of forest products is explained 
partly by the geographic isolation of the forests, 
BS percent of which are in northern and eastern 
U.S.S.R., far from the population, 85 percent of 
which is in the southern and western portions of 
the country. Large areas of European U.S.S.R. 
are being overcut. For example, the mature stands 
of Karelia, which account for 5 peJ'C'P~~ t>f Soviet 

,1° 
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total and 20 percent of pulp production. will last 
only 2S years at the present rate of exploitation. 7 

The future of Soviet forestry is difficult to 
predict. A large unsatisfied domestic demand for 
industrial wood products already exists, as indi· 
cated by persistant gaps between production tar· 
gets and actual output of all the major wood 
products during the past decade. If current trends 
continue, the Soviet's forest industry will be able 
to satisfy neither domestic nor foreign demand for 
its products. 

In the longer term, the Soviets need to step up 
the reforestation programs, which have been ne
glected in the past. More reliance on Siberian 
fore~Ls will be inevitable, but the distance to 
w~stem markets is enormous, and exploitation is 
unlikely to grow rapidly until roads or railways 
are built for otiacr purposes. 

We know little about the reservation of forest 
environments for ai;sthetic values, recreation, or 
other nonconsumptive use in the U.S.S.R. A Tass 
report claims that fm~st is being planted at the 
rate of 2 million hectares per year, much of it as 
groves around cities for "zones of rest" and on 
the :'teppes as sh"lter belts, which are said to 
"insure grain yield increases" by up to 25 per
cent. 8 

Europe 
Forest is one of the few major natural resources 

in which Europe can expect to remain :-easonably 
self-sufficient. 11 By the year 2000, total wood 
consumption is expected to increase by 45 to 80 
percent, but European forests should supply 80 
percent of the increase. 

Europe has about 13S million hectares of com
mercially exploitable closed forest, ·with a growing 
stock of IS billion cu m (overbark). Another 9 
million hectares of closed forest are classed unex
ploitable, because of very low productivity or 
inaccessibility, or because they are reserved for 
various noncommercial uses. The distribution of 
forest resources among subregions is indicated in 
Table 8-5. The Nordic countries have the largest 
share of forest resources and have long been 
exporters to the rest of Europe. Their great wealth 
of forests per capita suggests that this relationship 
will continue indefinitely. 10 

The total wood harvest declined in Europe by S 
percent in 1972 and by 10 percent in 1975. In both 
years industrial wood produc!ion dropped. 
Whether those declines signal a transition to a 
period of slowing growth for the for~st products 
industry is uncertain. A 1976 study commissioned 
by the U .N. Economic Commission for Europe 
(ECE), European Timber Trends and Prospects 
1950 to 2000, made predictions for forest products 
consumption based on alternative assumptions 
about growth of gross domestic product (GDP). 
For both high and low GDP growth conditions, 
the study projects that: (I) fuelwood consumption 
will continue to decline, though more slowly than 
in the past; (2) sawnwood consumption will con
tinue to grow, but at a decreasing rate; (3) 
consumption of paper and wood-based panels will 
increase at an accelerating rate, and by the year 
2000 each will account for a larger portion of total 
wood use than will sawnwood; (4) supply of 
wood, including imports, will be less than demand 
by the year 2000 and will be the main constraint 

TABLE8-5 

Dhtributlon of European Forest Resources Among Subregions, Early 1970s 

Net Annual Annual 
Exploitable Growing Net Annual Increment Fellinas 

Forest Felllngs per per 
Area Stock Increment (%) Capita Capita 
(%) 

(%) (%) (cum (cum 
underbarlc) underbarlc) 

Nordic countries 37 29 30 33 6.9 7.2 
European Economic Community 21 20 23 23 0.3 0.4 
Central Europe 3 6 .5 s l.S 1.3 
Southern Europe 22 19 19 17 0.7 0.6 
Eastern Europe 18 26 23 22 0.9 0.8 -

Total 100 100 100 100 0.8 0.7 

Measure 138 13.0 393 368 
ml/lion billion million million 
hectares cum cum ,·um 

underbark 11nderbark underbark 

So11ttt: U.N, Economic: Commlllaloll ltor Europe, E11ro11ta" Tlmhtr Tmwl1 and Pro1prt"t1 IPJO 101000, pp. 66, 67. 
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on consumption. Adjusted for the supply con· 
straint, total wood consumption during the 1975 
to 2000 period is expected to rise at an annual 
compound rate of 1.3 to 2.0 percent, based on 
assumed GDP per capita growth of 3.1 to 4.1 
percent. The ECE study concludes that if more 
countries will begin providing greater incentives 
for improved forest management, the projected 
growth in consumption to the year 2000 can be 
realized without impairing the forests' potential 
for sustained production beyond that date. 

Environmentally, there will be substantial 
changes in European forests during the years to 
2000. Few, if any, natural forest areas remain 
now; the present structure and composition of the 
forest reflects a long history of use and manage
ment. As management intensifies, the forests will 
become younger and still less diverse. This will 
lead to the reduction of some ecological niches 
and is likely to cause the extinction of some plant 
and animal species and changes in the population 
dynamics of others. Meanwhile, pressure is cer
tain to grow for management of forests to enhance 
noncommercial values such as ecosystem stabil
ity, protection of water quality and flow, air 

purification, recreation opportunities, and aes
thetic qualities. 

No statistics are available on the forest area in 
Europe as a whole which has been set aside from 
commercial production for use as parks, nature 
reserves, protection forests, campsites, and so on. 
Most studies lump such areas with the nonprod
uctive and inaccessible forests, which together 
account for about 6 percent of the European 
forest. 

Forested area is expected to increase in all of 
the European subregions, mainly as a result of 
afforestation programs. The area of scrub and 
open woodlands in southern Europe and espe
cially in Spain should decrease as large areas are 
converted to productive closed forest. In the 
Nordic countries, natural regeneration has been 
more important than planting in the past, but 
planting will have to increase during the next 
quarter century if the ha1..,.'ests are to be sustained 
in spite of the recent tendency to overcutting. In 
the rest of Europe, afforestation and reforestation 
programs will continue at the pace set during the 
past 20 years, about 150 thousand hectares per 
year. Table 8-6 indicates the ECE study's fore-

TABLE8-6 

Forecasts of the >r.:s of Forest and Open Woodland in Europe, Year 2000 

Forest and Open Woodlands 

Exploitable Forest Other 

Percent Percent Percent 

'1eriod Total of Total Area of Forest Area of Forest 
and Open Land Area and Open Wood· Woodlands lands 

millions millions millions 
of ha of ha of ha 

Nordic countries 1970 .58.0 .52 .5o..5 87 7..5 13 
2000 61.0 .54 .51.2 84 9.8 16 

European Economic Community 1970 32.6 22 28.9 88 3.7 12 
2000 34.0 23 30.6 90 3.4 10 

Central Europe 1970 4.8 39 3.8 80 1.0 20 
2000 5.2 43 4 • .5 8.5 0.8 1.5 

Southern Europe• 1970 .52.0 29 29.8 .57 22.1 43 
2000 .53.2 31 38.4 72 1.5.1 28 

Eastern Burope 1970 27.7 29 2.5.1 90 2.6 10 
2000 29.9 31 27.4 92 2 • .5 8 

Total 1970 175.0 32 138.1 79 36.9 21 
2000 183.3 34 1.52.0 83 31.3 17 

Cha.nae 1970-2000 
Area +8.3 +13.9 -.5.6 
Pen:ent +.5% +10% -1.5% 

•1ndlldl111 Cypn11 and Intl. 
So11rct: B~ Co11111iulon lbr Europe, E11ropran Timbtr Trtttd1 ottd Pro1prt11 IPJO /0 1111». p. 80. 
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casts of the fore st areas in the year 2000. For the 
whole region, the forested area is expected to be 
5 percent larger. 

North America 
Canada and the United States are about equally 

endowed with forest resources. Each has over 200 
million hectares of productive forest, and each has 
about 19 billion cu m of growing industrial-sized 
wood. Most of the U.S. forest is accessible, and it 
has been used and managed more intensively than 
the Canadian forest. More use generally means a 
younger and more rapidly growing forest, and for 
this reason as well as better growing conditions, 
annual growth of the U.S. forest is significantly 
higher than that of the Canadian forest. On a per 
hectare basis, the U.S. forest grows nearly as 
rapidly as the European forest. Table 8-7 summa
rizes the present forest resource situation for 
North America. 

Because of the recent variation from the longer 
trends in the growth of industrial wood use, the 

future of North American forestry seems rather 
uncertain. In the early 1970s, before the recent 
perturbations in the global industrial economies, 
the U.S. Forest Service published a study analyz
ing trends and making projections of demand, 
supply, and CO!lsumption of wood products. That 
study, The Outlook for Timber in The United 
States, assumed a GNP increase of 4 percent per 
year during the 1970-2000 period and projected 
the U.S. demand for wood proJucts would rise 
by 1.3-2 percent per year, depending on how 
wood product prices change. Increased harvests 
of the U.S. forest would depend mainly on 
changes in relative wood prices and on political 
decisions regarding intens~ly of use of the publicly 
owned forest. Under the various assumptions, the 
study indicated that the volume of wood supplied 
from the U.S. forest in the year 2000 would be 
between 140 and 190 percent of the volume 
supplied in the year 1970. Most of the volume 
would come from increased fellings, but part 
would come from technological advances that 

TAISLE 8-7 

North American Forest ResolD'ces, Early 1976' 

U.S.A. Canada North Resource Unit (1970) (1973) America 

Stocked commercial forest• Minion hectares 194 220 414 
Unaccessible productive forest 11 Million hectares 5 5 
Reserved forests (padts, etc) e Million hectares 8 15 24 
Total productive forest d Million hectares 207 235 442 
Unstacked commercial forest• Million hectares 8 17 26 
Open woodlands and other forests of extremely 

low productivity' Million hectares 103 73 176 
Growing stock on commercial forest (undelbadt 

volume)• Billion cubic meters 19 19 38 
Cu meters per hectare 93 15 87 

N.:t annual growth on commercial forest land Million cubic meters 527 270 797 
(underbark volume) 11 Cu meters per hectare 2.~ I.I 1.8 

Percent growing stock 2.9 1.5 2.1 
Cu meters per capita 2.4 11.5 3.3 

1974 fellings (underbark volume) 1 Million cubic meters 402 167 545 
1975 fellings (underbark volume) Million cubic meters 358 147 505 
1974 fellings as percent of net annual growth Percent 
•Fnr tht U.S.A .. commercial forest Is defined as forest land producing or 
capable of producins crops of industrial wood in ucen of 1.4 cubic meten per 
hectare per year in natural •land1 •nd not withdrawn from timber use. for 
C a1111da, commercial fon:st ii defined as fore11 lalltl suitable for reaular 
hsvest, capable of producin111and1 of trees 4 inches diameter or laraer on lu 
pcm.en! or more :if the area, uch.dina aaricullunl land currently in use. 

"This refcn 10 forest in AlaJka thll mCC"t, the production criteria but is too 
inKCessible to be used commercially. 

•nie.c are forut lands reserved for noncommercial u1e. Whether all of the 15.~ 
million hect•es reserved in Cana.la arc 11etually productive fornt is not dear 
from the avaiable sources. 

'Thia clleaory ucludes some woodland that woultl meet the tree growth 
crMerla. bul Is not included in forestry 1t&1istics be<:ause ii has been developed 
for non-forestry commercial u1e (e.1 .• residential land). 

•For Canada, !hill ii probably an underestimate, u il includC11 only umtockcd 
fcdenil and piovincial land1 thal have been allocalcd to wood production. 

'Fot tht U.S.A.. this includea stands of pinyon-juniper, woodland·1ru1, 
ch..,....i, 1ubalplne forests, and other woodlands incapable of produdna 1.4 

76 62 68 
cubic: me1e111 of industrial wood per Mctare per year. F11t Canada, 1hl1 
includes fomt land not suitable for regular harvnt becaute or ntranely low 
productivity. 

•For tht U.S.A •. this is the volume, suitable for indu1trial wood use, In trees 
o•cr 5 inches diameter. For Can11Ja. the deOnhion is presumably 1imllar. Por 
both, the unstockcd commercial rorcst area is included in the calculation. 

"Net annual 1rowth is total growth less volumes of !rcn dyina 1111nually. 
Apparently it refers lo wood in the part• of trees suilable for indu1trill wood 
use, and apparently ii does not nee out the volume lost lo forest llret. 

1 Ftl~np refeB lo removals plus harvcs1in1 losses. apparently onlv wood of 
size suitable for industrial ••ood use b inch.dcd. This meas111:e it provi.led IO 
allow comparison of annual fellln1s lo net annual growth. The ratio of fellirca 
to removals was inrerrcd from data proviled in U.S. Forni Service (l!r/4), 
below, and the liaurcs for feltinjp were calculated by applying thal rlllo l'l the 
removals as rcponed in FAO ( 1977). 

S<111r<tJ: U.S. Forest Service, Tltt 011tl1•11t /m Timbu In tltt U11/1M Sta/ti, 
Washinglon: GIQ, 1974: Oiff (19731: Micklewriaht (1977): PAO (1977); Cana
dian Forestry Service, "Canada'• Fomll," Ottawa: 1974. 
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would make harvesting and processing more effi
cient. If efficiency of softwood production in
creases 12 percent by the year 2000, and efficiency 
of hardwood production increases 4 percent, 11 

and if hardwood use gains on softwood use to 
beccme a third of the total volume harvested by 
2000, 12 then th~ year 2000 fellings in U.S. forests 
could be between 130 and 17:i percent of 1970 
fellings. 

Those projections cm respond t!:l a total annual 
felling in U.S. forests of from 510 to 690 million 
cu m (underuark) of industrial-sized wood. The 
lower cut could be accommodated within the 
present net annual growth of ~he forest, which is 
estimated at .~17 million cu m (underbark). The 
higher projection cannot be realized on a sustained 
yield basis without a substantial increase in the 
net annual growth of the forest, which can only 
occur with an increased intensity of management. 

Increases in demand for Canadian forest prod
ucts will depend on the same factors that influence 
demand in the U.S., except that rising prices of 
wood relative to other products would dampen 
demand less for Canada than for the U.S., be
cause Canada would supply a larger proportion of 
the U.S. demand under that condition. The Cana
dian wood harvest is expected to increase by 
about 2 percent per year, to reach 215 million cu 
m (underbark) in the year 2000. 13 With that 
increase, the harvest woulu still be below the net 
annual growth, which is currently about 270 
million cu m (underbark). More significantly, it 
would be below 240 cu m, which is the Canadian 
Forest Service's estimate of the annual cut allow
able for sustained yield conditions on the portion 
of the Canadian forest that is accessible under 
current economic and technological conditions. 
Thus there is unlikely to be any strong pressure 
for increased intensity of Canadian forest manage
ment during the next 25 years. 

The condition of the North American forest 
environment in the year 2000 will depend to a 
considerable extent on economic developments 
that will affect management intensity. The Out
look for Timber i11 the United States forecasts 
that the U.S. commercial forest area will be 6 
million hectares smaller by the year 2000. Similn' 
estimates are not available for the Canadian 
forest; probably the changes will be less as the 
smaller population of Canada will be making fewer 
demands for alternative uses of forest land. 

The fact that the annual harvest is less than the 
net annual growth rlisguises the low rate of 
reforestation in Nort.. America. The commercial 
forest area partially or totally harvested plus the 
area burn~,d have averaged about 4 million hec-

tares per year in the U.S. since 1960. During the 
same period, the area planted with trees has 
averaged about 650,000 hectares per year. The 
remainder, except the relatively small portion 
dropped from the commercial forest land inven
tory, is left for natural forest regeneration. If the 
trend continues, the U.S. forest will be less 
completely stocked than it is now. This will not 
significantly affect wood production in the year 
2000 but will have a negative effect in the longer 
term if reforestation programs are not accelerated. 
The situation in Canada, where the area harvested 
or burned annually is about 2.5 million hectares, 
is similar. The pressure for reforestation in Can
ada is likely to be lower, and costs of reforestation 
there are higher because of the greater problems 
of accessibility. 

In the year 2000, the North American forest is 
likely to be marginally smaller, be less well 
stocked, have fewer slow-growing mature trees 
and more fast-growing young trees, contain larger 
areas reserved for noncommercial use, and have a 
lower ecological diversity in the nonreserved 
1;.reas. The magnitude of these changes will de
pend partly on exogenous economic factors and 
partly on the attitude of the public towards forest 
management. 

In recent years, environmental awareness has 
increased significantly in both Canada and the 
United States. As a result there has been consid
erable public resistance to forest management 
techniques such as clear-cutting, which are eco
nomically sound, at least in the short term, but 
which are aesthetically disagreeable and environ
mentally dubious. It is likely the management for 
wood production will be constrained on increasing 
proportions of the 27 percent of the U.S. commer
dal forest that is publicly owned and on the 59 
percent of the forest that is privately owned by 
parties other than forest industry companies. It is 
theoretically possible for the managers of the 
public forests to increase production of all the 
types of benefits provided by the forest. but 
without a greatly expanded environmental educa
tion effort, it is unlikely that the public will be 
well enough informed and motivated by the year 
2000 to demand management programs that will 
optimize production of all the forest's benefits. 

Pacific Area 
Japan is second only to the United States in 

volume of wood imported, and is the world's 
largest net importer of wood products. A)though 
Japan has experienced the world's mos\ rapid 

· increase in industrial wood consumption during 
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the past 25 years, and although 68 percent of 
Japan is forested, domestic production has been 
declining steadily as a result of overcutting during 
the postwar years and several constraints on use 
of thl' existing mature forests. 

Japan has a good forestry program, and by the 
year 2000 the domestic wood production may be 
rising again. The country will continue to be a 
major importer for the foreseeable future, how
ever, consuming a substantial proportion of the 
sawlogs and pulpwood produced in western North 
America and most of the Philippine mahogany 
and other high-value logs from Southeast Asia. 

The other nations with developed economies 
and substantial forest areas in the Pacific are 
Australia and New Zealand. Australia has about 
38 million hectares of closed forest, only 20 
percent of it coniferous. New Zealand has 6.2 
million hectares, 70 per.;:ent coniferous. It is a 
major net exporter of wood products, while Aus
tralia is a net importer. 

Only vague forecasts of the future of forest 
envL~n.rnent in the two nations can be given here. 
Management of the New Zealand forest is rela
tively intensive and the general trend has been u~ 
of monocultures of fast-growing exotic species for 
reforestation, rather than reliance on natural re
generation of native species. As a result, the New 
Zealand forest has become less diverse ecologi
cally and more subject to catastrophic losses from 
pests and diseases. It seems likely that significant 
propo1iions of the natural forest will be effectively 
re~rved for noncommercial use. 

Tropical rain forest comprises a substantial part 
of the Aust~alian resources, and it has aU the 
typical rain forest problems of wood heterogene
ity, soil instability, climate harshness and poor 
resiliance after commercial exploitation. Aus
tralia's agronomy is capital-intensive, so that pro
duction increases can generally be effected better 
by increasing capital inputs on already cleared 
land where there are high-quality soils than by 
clearing forest lands with marginal soils. Until the 
cost of Australia's wood imports becomes too 
high, or until technological advaJices make capital
intensive harvesting and precessing of tropical 
forests more economic, the AustroJian forest en
vironment is likely to remain relatively stable. 

Summary 

Use of land for forests and for agriculture are in 
approximate equalibrium throughout most of the 
industrialized nations. Thus the forest area is 
relatively stable and will be only marginally 
smaller in the year 2000. The management of 

commercial forests will become more intensive, 
and this will lead to lower ecological diversity. 
The forest area reserved for noncommercial use 
will increase in North America, and noncommer
cial factors will become more prominant in forest 
management decisions in the other industrialized 
regions. Except in Europe, Japan, and New 
Zealand, forests in the year 2000 will be less fully 
stocked than now, as cutting will continue to 
outpace tree planting and natural regeneration. 
For the most part, the cutover land will not be 
allocated to other uses, however, and will be 
available for reforestation dl!ring the 21st century. 

If the industrialized nations recover fully from 
the economic setbacks of the past few yeru:s~ then 
consumption of wood will continue to rise &.Qd 
supplies will begin to be tight within the 1978-
2000 period. Production costs for softwood ex
ports will rise as more remote areas must be 
logged in both the U.S.S.R. and Canada, so prices 
will rise. The already rising demand for imports 
from the tropical forests of the less dev('loped 
countries will increase further. 

In the more distant future, rising prices for 
wood products may lead to improved stocking in 
the northern forests and to heavier reliance by the 
wood products industry on plantation forestry in 
southern Europe, in the southern U.S. and in the 
tropics. 

Forests and Forestry in the~ 
Developed Countries 

Demand, Supply, and Deforestation 
The LOCs contain nearly half of the world's 

closed forest r.rea and over half of the growing 
stock of industrial-sized wood. These forest re
sources play an important role in economic devel
opment by providing subsistance, shelter, employ
ment, resources for development of other sectors, 
and, for some LDCs, an important export com
modity to earn foreign exchange. 

The demand for industrial wood products within 
the LDCs will increase rapidly with econoD'ic 
development, because the elasticity of demand for 
wood products is high among relatively poor 
consumers so long as wood supplies al'e abun
dant. 14 As income increases further, the demand 
for paper products rises rapidly. Most of LOCs 
rely on imports of paper now, but recent techno
logical breakthroughs have made paper production 
based entirely on mixed hardwQods possible. 
Where economic development progresses, capital 
to develop modem wood-processing facilities 
should become available. 
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Even where economic progress is not made, 
demand for forest products has been rising and 
will continue to rise. Tightening supplies of soft
woods in the industrialized nations are causing 
increased use of hardwoods for sawwood, wood 
panels, and pulp, and tropical hardwoods have 
been capturing an increasing portion of this mar
ket. Furthennore the demand for fuelwood will 
rise with the population growth of the LDCs, 
regardless of progress in industrialization. LDCs 
now get about one-fourth of their commercial 
energy from fuelwood; the proportion may de
crease where industrialization progresses; but the 
absolute quantity will probably increase with 
growth of cottage industries. In any case, most of 
the fuelwood is used for cooking in residences. 
Ten years ago it seemed that increased use of 
bottled gas and kerosene would constrain the 
rising consumption of wood for residential fuel, 
but the five-fold petroleum price increases have 
thrown most of the demand back to wood. 

For the near future, the supply side of the 
forestry picture seems bright for the well-forested 
LDCs. There is still an abundant supply of virgin 
tropical timber, and technological advances in 
processing are resulting in the use of a higher 
proportion of tree species and size classes. Forest 
land is generally less expensive in the LDCs than 
in the industrialized nations, and forest labor is 
inexpensive and in abundant supply. Fimdly, the 
LDCs have a comparative advantage in the devel
opment of tree plantations, as the long growing 
seasons and high insolation available in the tropics 
result in wood growth rates three to five times 
higher than in the temperate environments. 

Unfortunately, these favorable factors are over
shadowed by the specter of deforestation. The 
forest product supply picture is bright only for the 
near tenn. The current forest stock of the LDCs, 
about 1.1 billion hectares of mature closed forest, 
is being consumed at the rate of about 20 million 
hectan.s per year. About two thirds of the tropical 
forests are economicaJly accessible, and if the 
present rate of defori:station were to continue 
most of the accessibll~ forest would be lost by 
year 2000. If the rate is assumed to increase with 
the populations of the LDCs, then virtually all of 
the accessible tropical forest would be gone by 
the year 2000. 

However, it is more likely that the overall LDC 
deforestation rate will decline before the year 
2000, for the simple reason that the pr.;0ple who 
are doing most of the cutting will begin to run out 
of forests to cut. Forests and population are not 
evenly distributed. Some nations cleared all the 

forest land accessible to them long ago (e.g., 
Afghanistan), other densely populated nations that 
still have substantial forest resources will have 
lost most of them before the year 2000 (e.g., 
Indonesia, Thailand), and some sparsely popu
lated nations with vast forests will still have vast 
forests in the year 2000 (e.g., Gabon, Congo). 

The process of deforestation is poorly under
stood. Apparently most of the forest losses result 
from clearing and burning for agriculture, with 
much of the wood being used only to the extent 
that its ashes constitute fertilizer for one or two 
season's crops. An estimated 190 million hectares 
of cleared tropical forests are used for shifting 
agriculture. After rudimentary clearing, the land is 
burned and crops are grown for a year or two. 
Then it is fallowed for about a decade, while a 
degraded forest develops, and that re-establishes 
at least some of the soil's fertility for the next 
round of clearing, burning and planting. The 
system breaks down as populations increase and 
the fallow periods are necessarily shortened, and 
eventually the forest lose~ its capacity to regener
ate and to restore the soil's fertility. The land is 
abandoned. 1mrl <~ff~n forest is not re-established. 

The balance between deforestation caused by 
shifting agriculture and that caused by farmers 
clearing land for permanent settlement is un
known, and nothing is known about how the 
deforestation rate changes as the forest base 
diminishes. Nor does anyone know how much of 
the forests now remaining in the LDCs is on 
arable land, and even the definition of arable may 
be changing. 

The deforestation rate is closely related to the 
rate of commercial logging. Hardly any of the 
LDC forests are under intensive management. In 
most cases, reforestation after logging is left to 
chance. In densely populated regions, farmers 
often follow the loggers to complete the process 
of razing the forest. In Jess densely populated 
areas, natural regeneration may result in refores
tation, but the forests that result are generally 
degraded and seldom have commercial value. 

How deforestation is related to the fuelwood 
harvest is another unknown, and the statistics on 
fuelwood use are only crude guesses. Where the 
fuelwood comes from is even less well "noW! •. 
Much of the wood, perhaps most of it, is con
verted to charcoal. This is a cottage industiy that 
supports many farmers clearing forests during 
their first years in a newly settled area. In other 
places, rapid deforestation is only for fuel and 
is independent of the local demand for agricul
tural land. 

;\l' 
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Denudation of land, caused by the demand for 
fuelwood, is thought to be most rapid and to have 
the most severe environmental consequences in 
the dry open woodlands of the tropics. In such 
areas, tree cutting often leads nut t<> a degraded 
woodland but rather to a desert. 1' 

Because so few details are known about the 
process of deforestation and about the rates at 
which it occurs under varying economic, demo
graphic, and environmental conditions, it is quite 
impossible to predict the global condition of 
forests in the LDCs in the year 2000. It is 
possible, however, to review curreut regional 
conditions, which may give some rough indica· 
tions of which areas will still have forests 22 years 
from now. 

Latin America 
Closed forests cover about 725 million hectares, 

over one-third of the total land area of Latin 
America. Open woodlands cover another 400 
million hectares. Nearly all of the softwoods are 
in Central America. Three-quarters of the tropical 
moist forest is in the Amazon basin. Open wood· 
lands predominate in parts of Central America, in 
northeastern and central Brazil, in the Andean 
valleys of Bolivia, Peru, and Chile, and in the 
Chaco of Bolivia, Argentina, and Paraguay. 

The volum.! of growing stock of commercial 
size is higher than in any other region of the 
world, about 90 billion cubic meters. On a per 
hectare basis, the volume varies from 92 cu m in 
Central America, where the forests are similar to 
those of North America, Europe, and Asia, to 
over 250 cubic meters in parts of the Amazon 
Basin. The moist forests are extremely l.!teroge
neous, with up to 100 species per hr .. c.are and 
with plant associations varying greatly over short 
distances. Only JO to 30 percent of the standing 
volume in the Amazon basin is commercially 
valuable, the rest of the wood is an impediment 
from the point of view of commercial loggers. For 
this reason, logging operations have concentrated 
more on the less dense stands where commercially 
valuable wood w1y be more abundant and more 
acces!iible. 

l".eforestation rates vary with population den
sity, as commercial logging operations are not yet 
well developed in most of Latin America. In the 
Amazon basin, the deforestation rate is estimated 
at 4 percent per year. 18 In the past, forests were 
cut only along the perimeters and along rivers, but 
new roadway infrastructures are rapidly increasing 
the accessible area. It seems likely that by the 

year 2000, the Amazon forest will cover less than 
half the area it does now. In Central America and 
northwestern South America, closed forests are 
diminishing at about 2 percent per year and are 
likely to be completely removed from arable areas 
by the year 2000. The deforestation of lowland 
forests in those areas will depend largely on how 
the high costs of clearing, drainage, and disease 
control relate to the demand for increased food 
production. In Argentina, Paraguay, Bolivia, and 
Brazil, the rate of clearing of open woodlands will 
depend on implementation of proposed schemes 
to make the savannah soil arable. If the new 
methods work as expected, the savannah wood
lands could be significantly reduced by the year 
2000, but that will take some pressure off the 
moist tropical forests, especially in Brazil. 

Man-made forests were reported to cover J .9 
million hectares in Brazil and another 1. 7 million 
hectares in the rest of Latin America. It is a small 
area relative to the deforestation rate, but conser
vation of the forest environment is not the objec
tive of these pla:~tings. They are industrial wood 
plantations, about one third conifers and much of 
the rest eucalyptus, and they do represent a 
significant beginning for plantation forestry. In 
Brazil the planting rate is reported to be gaining 
momentum; in some areas natural forests are 
razed to provide land. for the fast-growing com
mercial s~cies. Some of the firms involved have 
had economic setbacks, but it seems likely that in 
the long run plantations will be providing most of 
Latin America's wood supply. 

Increasing demand for processed wood prod· 
ucts in southern Brazil is likely to lead to in
creased investment in modem facilities that will 
be able to process a wider variety of species than 
the present domestic and export markets can use. 
This will make profitable the exploitation of forest 
areas where now the commercially valuable spe
cies are too widely scattered. The development of 
a forest products industry and construction of 
processing facilities is a priority feature in the 
national planning frameworks of most of the well
forested Latin American nations, though only in 
Brazil is implemeiltation of such plans likely to 
have a significant impact on the forest environ
ment by the year 2000. 

Africa 
With only about 6 percent of its land area 

covered with closed forestst Ati'ica is the least 
forested of the three tropical regions. The conti
nent contains about 180 million hectares of closed 

\</\ 
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forest, 88 percent of which is tropical moist forest 
in Central and West Africa. The area of open 
woodlands is estimated to be about three times 
the a!"e3 of closed forest. 17 

The 1975 harvest of forest products comprised 
about 320 million cu m (underbark) of wood, of 
which 84 percent was fuelwood and charcoal, and 
5 percent was unprocessed roundwood used as 
poles and posts, mainly for construction. Thus 
only about 11 percent of the harvest, or 35 million 
cu m, was used for sawn or other industrially 
processed wood products. About one third of this 
industrial wood was exported, most of it as Jogs, 
most of it to Europe. The rest was consumed 
within the region, mainly as sawwood for con
struction. The main exporters, in order of volume 
exported, are Ivory Coast, Gabon, Cameroon, 
Ghana, Congo, Nigeria and Zaire. Most of the 
countries of Africa are net importers of wood. 
The continent as a whole is a net importer of 
sawwood, paper, and paperboard, and a net 
exporter of industrial logs, plywood, veneers, 
fiberboard, and charcoal. 1e 

The demand within Africa for processed indus
trial wood products is expected to grow by 6 to 9 
percent per year between now and the year 2000. 
However, much of the industrial wood production 
is likely to continue to be directed to Europe 
rather than to be traded within Africa, so that the 
increasing Africa dcmund is unlikely to be satis
fied. 

The demand for fuelwood used at the household 
level is likely to increase at about the rate of 
population increase, while the demand for fuel
wood used for production of commercial energy 
may inert' ase somewhat faster, as the small-scale 
industrial sector grows. Supply is already insuffi
cient to meet demand in many countries, and with 
no economically available substitute for woodfuel, 
energy consumption per capita has been falling in 
parts of North Africa. 

Changes in the African forest environment have 
been best researcheci and described by R. Persson 
in his 1977 study, Forest Resources of Africa. 19 

He indicates that agriculture is the main cause of 
deforestation. The area cleared annually for shift
ing cultivation in the rainforest zone is 2 to 4 
million hectares. There is no estimate of the 
proportion of this area that is intact natural forest. 
In the more densely populated humid areas of 
West Africa, large forest areas are reported to 
have become denuded and badly eroded waste
lands in recent years, because of the pressure to 
shorten the fallow periods. Persson estimates that 
40 million hectares of the rainforest mav be under 
use for shifting cultivation. As rural i)opulalions 

increase and as economic development makes 
crops more valu.'.\ble, the shifting agriculturalists 
are likely to expand into more remote areas of 
natural forest, and to cause permanent deforesta
tion on larger portions of the areas they are 
already using. 

Permanent agriculture is also likely to take 
increasing areas of moist forest land in the coming 
decades. Growing demand for products of tree 
and bush crops, including coffee, cocoa, and oil 
palm, will probably result in significant deforesta
tion. 

In the seasonally dry areas, shifting cultivation 
also occurs; often the effects are more deleterious 
than in the rainforest zone, as the vegetation 
recovers more slowly. Most of the closed forest 
in such areas have been insulated from deforesta
tion pressures by tsetse infestations. Gradual prog
ress is being made in tsetse eradication, however, 
and permanent clearing of most of the woody 
vegetation is one of the necessary elements in 
maintaining eradication. 

In the open woodlands, gradual denudation 
results from overgrazing, from burning too fre
quently for pasture improvement, and from wood
gathering for fuel in the more densely populated 
areas. Since the effect of these factors is too 
gradual to be easily discemable, there is presently 
no way to estimate the rate at which the savannah 
er.vironments are being degraded. Recent atten
tion focused on the desertification process is likely 
to lead to some study of how open woodlands are 
changed, and predictions may be possible within 
a decade. 

Persson's and other recent studies have indi
cated that the moist tropical forests of Africa now 
cover less than half of the area for which they are 
designated as the natural vegetation climax. Of 
course, most of this change is the result of 
clearing and burning by man and grazing by 
domestic livestock. The rate at which the change 
has occured is unknown. It seems likely that the 
rate has been increasing, and that the next halving 
of the forested area will occur much n 1ore quickly. 

Persson and the other sources calculate that the 
closed forest area of Africa is decreasing by at least 
2 million hectares per year and suggest that the rate 
ma.v be higher. The greatest change is in West 
Africa, where large populations and large forests 
both occur. In North Africa, there is probably no 
net decrease in forested area, as there is limited 
forest left to cut and as intensive tree planting has 
begun in several countries. There is an 
environmental change, however, since the natural 
vegetation of North Africa continues to be thinni:d 
out and the replacement forests are monocutu 'S 
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of single age classes. Catastrophic change does not 
seem imminent in Central Africa. Gabon, Central 
African Republic, northern Congo, and 
southeastern Cameroon all have vast forests and 
sparse populations. However, if access becomes 
easier, fast destruction of forests can start, even 
where populations are relatively low. 

By the year 2000, the closed forest area of 
Africa will have been reduced from 180 to 146 
million hectares if deforestation continues at the 
present rate. It seems likely that the rate will 
increase, and the forest area may be as small as 
130 million hectares by then. Most of the change 
will have resulted from clearing for agriculture. 
Timber cutting for industrial wood products is 
likely to result in changes in botanic composition 
of the forests, but not in very much deforestation. 
Woodcutting for fuelwood, charcoal, and poles, 
on the other hand, will probably cause degradation 
of open woodlands and complete destruction of 
many of the mangrove forests. Assuming no 
changes in current patterns of land use or in 
priorities of development project funding, substan
tial areas that are covered now with moist tropical 
forest will become barren wastelands with soil'i 
that have no potential for production, and many 
areas that are dry open woodlands now will 
become deserts. 

Asia 
The less developed nations of South and South

east Asia contained about 250 million hectares of 
closed forest in 1973. China, Mongolia, and the 
two Koreas contained another 110 million hec
tares. 20 Since then, South and Southeast Asiar 
forests have probably decreased by about 25 
million hectares, while in the more northern 
countries of Asia, afforestation programs have 
offset some of the losses, so that the net decline 
in forest area is probably less. The Asian LDCs 
have about 135 million hectares of rainforest, 55 
million hectares of tropical moist deciduous forest, 
95 million l1ectares of other deciduous forests, and 
SO million hectares of coniferous forests. 21 

The Asian subregions arc widely variable with 
regard to the distribution of forest resources. 
Table 8-8 summarizes data on distribution of 
resources by subregion. 

The 1975 harvest of forest products in Asian 
LDCs totaled about 650 million cu m (underbark). 
Fuelwood and charcoal accounted for about 78 
percent of the total; unprocessed poles, posts, and 
pitprops accounted for another 6 percent. Sawn 
and other processe.~ wood products accounted for 
16 percent of the total harvest, or 104 million cu 

m. About one-fourth of the wood harvested for 
processed products was exported, mostly as saw
logs, mostly to Japan. The main exporters, in 
order of value of forest product exports, were 
Malaysia, Indonesia, the Philippines, China, Mon
golia, Burma, and Thailand. 

As in Africa and Latin America, the demand 
for wood products is expected to rise rapidly in 
the Asian LDCs, driven by rapid population 
increases and by substantial gains in GDP per 
~apita. A 1976 study by FA0 22 projected that 
with GDP increases of 2.5 to 3.5 percent per year, 
the Asian LDCs would increase consumption of 
forest products by 2 to 2.5 times during the 1971 
to 1991 period, and consumption of fuelwood, as 
a direct simple function of population growth, was 
expected to be 1.6 times greater. The projections 
assumed that relative prices of wood products 
would remain the same, and that the proportion 
of wood exported would not increase. The pro
jected consumption rates were then compared to 
forecasts of sustainable yield from the region's 
forests to indicate the extent of the wood harvest 
shortfall that can be expected by 1991. 

Supply of wood depends on the volume of 
gro\l'ing stock, the net annual growth rate, the 
rat-:. of cutting and the efficiency of processing. 
The 1976 FAO study used estimates of growing 
stock ranging from about 50 cu m per hectare in 
South Asia and in the communist countries to 75 
cu m per hectare in insular Southeast Asia. The 
net annual growth is estimated at about 2 percent 
of the growing stock, or 1.5 cu m per hectare per 
year. Thus the total net annual growth for the 
region's forest is on the order of 540 million cum, 
which is less than the 1975 harvest. 

By 1991, more of the annual growth will be 
occurring in plantations. Most of the plantations 
to date are in China, where the main objective 
has been watershed protection. Afforestatio .. to 
regulate water flow and to counter soil erosion 
began 30 years ago in China. As many as 100 
million hectares may have been planted in the 
years since, but the survival rate of the seedlings 
has been low. The Chinese government has not 
yet released forest statistics on a national level, 
but the FAO study uses an estimate of about 30 
million hectares of plantation trees in China in 
1970, plus another 2.3 million hectares in the other 
Asian LDCs. The plantation area in 1990 is 
expected to be on the ord·.:r of 60 million hectares. 

Deforestation is occumng most rapidly in the 
LDCs of tropical Asia. The Green Revolution has 
caused only about half the food production in
creases achieved in Asia over the past two 
decades. The other half has come from expanding 
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TABLE8-8 

Asia-Distribution of Forest Resources by Subregion 

Operable Forest Areas 
(millions of heclat'l' s) 

Operable Closed Forest 
Subrealon 

In use Total 

Asia Far East region ·~.8 378.3 
Sou!h Asia ,,3,2 .58.S 
Continental Southeast Asia S2.3 72.6 
Insular Southeast Asia 36.0 71.9 
East Asia developing 4.0 S.2 
Oceania d'.:Veloping 2.1 16.3 
East Ar.ia developed 24.1 24.l 
Oceaniol developed 29.2 29.2 
Centl'lllly planned countries .78.9 100.S 

Inoperable 

IS8.7 
12.0 
18.S 
32.9 

1.4 
23.0 
I.I 

20.2 
29.6 

Total Area 
of 

Cloacd forest 

S37.0 
70.S 
91.1 

124.8 
6.6 

39.3 
2S.2 
49.4 

130.l 

Growing Stock-Closed Fol'cst 

Currently 
Operable Closed Forests Commercial All Closed forests 

Total Con if· 
erous 

Asia Far East region 29,000 S,600 
South Asia 3,000 400 
Continental Southeast Asia S,000 l 
Insular Southeast Asia 9,200 40 
East Asia developing 60 30 
Oceania developing J,600 30 
East Asia developed 2,000 1,100 
Oceania developed l.SOO 400 
Centrally planned countries 6,SOO 3,600 
So"1'Cr: European Economic Commluloa (1976), pp. II, 19. 

the area harvested, by increasing the crops per 
year in some places and by clearing new fields in 
others. The yield increases seem to be reaching a 
plateau in several of the Asian LDCs, so that an 
even greater proportion of the needed 3 to 4 
ps.;-::,.,nt per year increase in food production may 
have to come from newly cleared fields. 

Forest areas for which conversion to farmland 
is already planned are substantial in continental 
and insular Southeast Asia, and shifting agricul
ture is consuming an increasing portion of both 
insular and mainland forests. In the Philippines, 
an estimated 200,000 hectares of forest is de
stroyed by the shifting farmers each year. In 
Thailand, they clear an estimated 250,000 hectares 
per year. In Indonesia, shifting cultivation is said 
,., have devastated about 30 million hectares of 
forest, which are now degraded grasslands, and 
the fore st currenily being used for shifting cul ti-

Species 

Broad- Broad- Total Con if· Broad· 
leaved leaved erous leaved 

million m1 

23,400 IS,000 39,000 7,000 32,000 
:l,600 1,900 3,SOO 600 2,900 
S,000 3,400 6,300 so 6,200 
9,200 S,200 13,300 so 13,200 

30 30 80 40 40 
l,SOO 700 3,000 30 3,000 

900 800 2,100 1.100 l,000 
1,100 1,000 2,000 soo l;SOO 
2,900 2,300 8,400 4,700 3,700 

vation in that country is estimated at 2 million 
hectares. 

Commercial logging by itself does not necessar
ily result in destruction of the forest cover, but in 
most of the Asian LOCs the loggers are responsi
ble for making the forest accessible to farmers. In 
most cases the settlement of Jogged-over land is 
spontaneous, rather than planned. 

The PAO study estimates that by 1990, the 
operable forest area in South Asia aud Southeast 
Asia will be reduced by 34 percent, while the 
forest area in China and the Koreas will have a 4 
percent net increase because of continued affores
tation. The study assumes that techniques of 
harvesting, marketing, and processing will im
prove so that 90 percent of the logs will be 
commercially used, as opposed to onJy 25 percent 
at present. The study further assumes that the 
trees outside the closed forests will continue to 
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supply about 2SO million cu m of fuelwood per 
year on a sustained basis. 

By the year 2000, the natural closed forests of 
South and Southeast Asia are likely to be reduced 
to less than 100 million hectares. The natural 
forests that remain will be either in inaccessible 
mountainous or swampy regions, or will be pro
tected by law, or will be so degrdded as to be 
commercially useless. These subregions may have 
about S million hectares of plantation forests by 
that time. In China, Mongolia, and the Koreas, 
the forest area may increase slightly, as forest 
clearing is offset by continued afforestation. 

Erosion, siltation, flooding, and other problems 
associated with deforestation are likely to have 
become a severe cc)ia.:tr: int on food production by 
the year 2000 in South and Southeast Asia. The 
ecological diversity of the region will be much 
lower, and populations of the remaining fauna 
may be expected to fluctuate much more widely, 
with some species becoming extlnct in the low 
flux and other s,ecies becoming hazardous pests 
in the high flux. It seems likely that some of the 
region's present potential to support human pop
ulations will have been irretrievably lost. 

The Special Problem of Tropical 
Moist Forests 

As already indicated, the most drastic changes 
in forest resource inventories and in forest envi
ronments will occur in the less developed coun
tries. All types of forest::; in those countries will 
be affected: evergreen rainforests, moist deci
duous forests, dry deciduous forests, and open 
woodlands. The effects of changes in the first two 
types will be of g.·~atest importance, for several 
reasons: first, because ~!::::- •wergreen and deci
duous moist forests of the tropics cover larger 
areas than the other types; second, because the 
moist forests have less potential for recovery; and 
third, because the moist forests are genetically 
and ecologically richer resource systems. 

It is useful to distinguish between forest modi
fication and transformation. Modification results 
from selective logging and from shifting agricul
ture; transformation results when the original or 
modified natural forest is totally removed and is 
replaced by agricultural settlement, man-made 
forest or wasteland. Modification of moist tropical 
forests through shifting agriculture is generally 
beHeved to result in a permanent degradation of 
biological productivity. This is because most of 
the plant nutrients in a tropical moist forest 
system are held in the standing plant cover, rather 

than in the soils. As the plants gradually die, fall, 
and decompose, the enormous mass of vegetation 
quickly recaptures the nutrients. However, the 
slash and bum method of the shifting farmers 
results in sudden release of the plant nutrients at 
a time when power of the vegetation to recapture 
the nutrients has been greatly reduced. Because 
of the quantity and intensity of tropical rains, the 
soluable nutrients are usually leached too deeply 
into the earth, and are effectively lost from the 
ecosystem. 

Modification through selective logging seems 
likely to have a less permanent effect on the forest 
ecosystems, since at present only a small propor
tion of the trees are commercially useful, and only 
the stems of those trees are removed from the 
forest. Physical destruction that results from selec
tive logging is considerably greater in tropical 
moist forests than in the temperate zone forests, 
however. The tropical moist forest is usually 
multistoried, with commercially valuable trees 
often limited to those which form the upper-most 
story. The crowns of such trees are large and 
vines form strong ph,•sical links within and be
!ween the several stories. As a result the felling 
or.erations are massively destructive. Even more 
<lestructive are the extraction operations. In addi
tion to its direct impact on the vegetation, the 
extraction process disturbs large expanses of the 
forest floor, often exposing mineral soil to erosion 
and to other forms of physical and chemical 
degradation, which occur much more rapidly in 
hot wet climates than in temperate zone areas. 

Most studies of tropical forestry forecast that 
the number of species and proportion of size 
classes used will be greatly increased during the 
next decade. There are several advantages to 
increased intensity of forest use, the main one 
being that more wood can be harvested from less 
land. There are many poti.!ntial problems however. 
Nutrient depletion will be increased as greater 
volumes of wood will be removed. Ecological 
diversity will be lowered, and consequent popula
tion explosions of pest plants and animals are 
likely to occur. Water yield and quality are likely 
to suffer if large areas are intensively cut-ever, as 
very little is known about how to forestall water 
problems in the tropics. The few techniques for 
water conservation that have been developed are 
seldom implemented, as the institutional structure 
is lacking. Effects of intensive forest use on soil 
structure and soil microorganisms in the tropics 
are virtually unknown, but are almost certain to 
be negative. The commercial and environmental 
quality of the second-growth forest that will follow 
intensive forest use is another unknown. It will be 
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lower than the quality of second growth that now 
follows selective logging, unless improved silvicul
tural techniques are developed and implemented. 

Techniques for minimizing the environmental 
damage that will result from intensified use of 
tropical moist forests have been proposed, and 
some research bas begun to develop new meth· 
ods, such as logging in relatively narrow strips, 
leaving wider strips of natural forest undisturbed. 
However the capital and institutional constraints 
on improved management of logged-over areas, 
and the lack of control that LDC governments 
have over operations of commercial loggers, are 
likely to prevent conservation on any substantial 
portion of the tropical moist forests. 

Resource planners for tropical regions have no 
method with which to determine the balance 
between the benefits and costs of transforming 
tropical moist forest land to other uses. The 
benefits are usually relatively immediate and can 
be measured in terms of economic gains. This 
paper has no solution to the problem of weighing 
benefits against costs. Rather the main environ
mental costs will be briefly reviewed, to indicate 
the kinds of changes that may be forecast for the 
year 2000. These costs include: the risk of creating 
a useless wasteland; the acceleration of rainwater 
runoff, with consequent en:nion, siltation, and 
failure to recharge aquifers; the loss of ecological 
diversity; the more extreme mic.roclimate; and the 
permanent loss of genetic resources. 

The loss of ecological diversity is the most 
subtle cost. Tropical moist forests are believed to 
comprise the most complex ecosystems in nature. 
Their diversity gives them great stability in rela
tion to the kinds of natural changes under which 
they have evolved. Under conditions of forest 
destruction by man however, the diversity makes 
them fragile rather than stable. 23 Where tropical 
moist forest is removed. that kind of forest and 
nearly all the species it contains will disappear. 24 

There are other consequences of the Joss of the 
forest's diversity, which may become more im
mediate costs. Animal communities, like tree 
communities, are much less diverse after the 
forest is destroyed. The populations of remnant 
animals often become very high, and cause mas
sive depredations on newly created croplands. 

Water quality, quantity, and timing in tropical 
streams and aquifers depend to a great extent on 
the forest cover. Where the cover is maintained, 
rainwater infiltrates the soil, streams are fed 
gradually by subsurface flows of relatively clean 
water, and aquifers are recharged by deep infiltra
tion. Where forest cover is removed from sloping 
land, more of the rainwater becomes surface 

runoff and streams are fdled suddenly with silt
laden water that may be contaminated wi1h pesti
cides, fertilizers, or other pollutants. As steeper 
slopes are deforested, the stream flows become 
more erratic. Sedimentation in streambeds raises 
them, further increasing flood frequency and se
verity. At the same time, groundwater tables fall 
and wells become seasonal at best. Reservoirs 
and other irrigation works become choked Wi[h 
silt, and must be dredged at high cost or aban
doned and replaced with new, more expensive 
systems. There is, of course, a limit to the suitable 
sites for reservoirs. 

The effect of tropical moist forest on microcli
mate is related mainly to the balance between 
sensible heat and latent heat in the environment. 
When the forest is razed, the heat that had fueled 
the evapotranspiration process instead raises the 
environment's temperature, usually to the detri
ment of seed germination, plant survival, animal 
survival, and human comfort. Where soil is poor 
and natural moist forest is not replaced with year
round agriculture or man-made forest, there may 
be a positive feedback in the microclimate system 
that leads to self-generating alidity. 

Global Linkages and the Year 2000 
Scenarios 

Global Linkages 

Changes in the forest environments of the 
several regions will impact on global environment 
and global economic interactions in several ways. 
The interregional linkages include: availability of 
genetic resources, trad..; of forest products, effects 
of deforestation on climate and on the production 
and trade of agricultural products, and intema
tiona1 transfer of technology for forest manage
ment and for wood processing. 

During the coming decades, some forest plant 
and animal species will become extinct as intensi
fied use leads to ecological simplification of the 
temperate zone forests. More importantly, 
hundreds of species will become extinct as the 
moist tropical forests are razed. There will be 
local effects on ecosystem stability and global 
effects on agriculture. The genetic reservoir for 
many tropical crops is in the moist forests. These 
include bananas, cocoa, oil palm, mango, many 
other fruits, rubber, lac, and various resins. Im
proving production from any of these crops may 
depend, as development of hybrid maize de
pended, on the availability of wild varieties of the 
domestic plant. For most such crops, genetic 
research has hardly begun, and as wild varieties 
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are lost, there is less potential for development of 
high-yield strains, or of strains resistant to pests, 
diseases, and drought. Also, opportunities for 
development of new products, medicines, foods, 
drinks, resins, specific pesticides, and so forth, 
are diminished as the tropical moist forests are 
cleared. 

The interregional linkage provided by interna
tional trade in forest products will be stronger in 
some cases and in others will disappear. Japan 
and Western Europe will be increasingly depend
ent on Canada and the U.S.S.R. for pulp supplies 
and for softwood sawlogs. Japan will no longer be 
able to import sufficient tropical hardwood saw
logs and veneer logs from Asia, and European 
importers will be paying much higher prices for 
sawlogs from Africa. Only northern South Amer
ica is likely to be exporting more sawlogs in the 
year 2000 than it does now. The United States 
will probably remain self-sufficient in pulpwood 
and may become more nearly self-sufficient in 
sawlogs as the global supply becomes tighter. 

Scientists have wondered and speculated about 
the impact of forests on climate since the time of 
Plato, but as yet there is no agreement on how 
deforestation affects regional and global climates. 
Three mechanisms through which deforestation 
may be changing climate have been discussed in 
recent articles. First, the carbon dioxide content 
of the atmosphere is increased as carbon stored in 
forest biomass and in forest soils is released. 
However, the amount of carbon being released to 
the atmosphere has not bern accurately estimated, 
and the proportion of the C02 re-stored in wood 
elsewhere or absorbed by the oceans has not been 
determined. Measurements of atmospheric C02 
do confinn that the concentration of carbon in the 
atmosphere has been increasing at the rate of 0.2 
percent per year since 1958, and that the rate is 
accelerating. Most of that increase is due to 
burning of fossil fuels, however. It seems likely 
that the C02 content of the atmosphere will 
increase by at least 25 percent during the 1978-
2000 period, but how this will affect global or 
regional climates is unknown. 25 

Another mechanism through which deforesta
tion may affect regional or global climate changes 
is change of the earth's surface albedo, which, 
along with the increased ratio of sensible to latent 
heat, may affect the generation and dissipation of 
tropical easterly waves or may affect the dynamics 
ot general atmospheric circulation. 26 The third 
mechanism is the increase in dust from deforested 
areas. At least one climatologist has argued that 
in the Rajputana region of India, extensive atmos
pheric dust prevents moist air from rising, and 

thus inhibits precipitation, causing a man-made 
desert.27 

The most significant of the global linkages is 
probably the impact of deforestation on the wel
fare of the LDC populations. Energy crises caused 
by short supplies of oil in the industrial nations 
will not be more profound than the crises caused 
by short suoplies of fuelwood and charcoal in the 
LDCs. Fuel consumption per capita is already 
minimal for both the rural and urban LDC poor. 
They will have to cut back consumption even 
more as populations grow and wood becomes 
scarce. Gradually the urbai, poor will have to 
allocate a larger portion of their incomes, and the 
rural poor a larger portion of their time, to 
aquisition of the minimum amount of fue1 needed 
for survival. These reallocations of money and 
time will erode productivity and consequently 
human welfare. 

Deforestation increases fooo production in the 
LDCs wherever it leads to an increase in the 
arable land area. As the limits of arable land are 
approached, however, continued deforestation 
suppresses agricultural production. The negative 
effects include direct environmental processes, 
such as the siltation of irrigation works, and 
indirect effects. As wood has become scarce in 
South Asia, for example, cattle dung and crop 
residues that once functioned to maintain soil 
fertility have been used for fuel. In India, Paki
stan, Java, Madura, and in parts of Central 
America and West Africa, the negative effects of 
deforestation have already begun to constrain 
food production. It appears likely that by the year 
2000, the effects will be severe throughout the 
tropical regions. Both fuel and food shortages 
could result in increased LDC demands for aid, 
and suppressiun of the LDC economies may 
reduce markets for the products of the industrial· 
ized economies. 

The Year 2000 Scenarios 
The future may be less gloomy than the fore

going implies. To some extent, the negative im
pacts of deforestation may be offset by reforesta
tion and afforestation programs. Furthermore it 
may be possible for some countries to slow down 
the deforestation rates. In TI1ailand, for example, 
the government announced in January 1978 that it 
would begin to use its most extraordinary powers 
of summary judgment and even execution to 
punish unauthorized cutting in the national forests. 
This n:solve follows years of failure to enforce the 
less powerful forest protection laws already in 
existence. The change was prompted by an in-
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creasing frequency of disastrous floods and also 
by an investigation that indicated the forest re
source was being destro: -td at the rate of 13 
percent per year and wou' , be totally lost within 
a decade. Whether LDC 1~ovemments have suffi
cient control over fannr.:rs and loggers remote 
from the seats of government to keep them from 
cutting the forests in desperate quest for cropland 
and wood products remains to be seen. 

An optimistic scenario would have governments 
of the LJ'l<::s bringing deforestation under control 
during the next decade, so that by 1990 forests 
would be transformed to cropland only where 
soils were known to be arable. Logging would be 
accompanied in both the developed and develop
ing world by intensified silvicultural efforts that 
would assure sustained yields of wood products. 
Reforestation with mixed species of trees for 
industrial wood would be greatly accelerated in 
the LDCs, and a crash program of developing 
village fuelwood plantations would be imple
mented. Reforestation and afforestation for wa
tershed protection would be given top priority in 
the development programs of South and Southeast 
Asia and Central America, as would the develop
ment and diffusion of solar cookers and bio-gas 
generation plants. Genetic resources would be 
conserved with programs combining national 
parks and germ plasm banks. New technologies 
that increase the efficiencies of forest harvesting 
and wood processing would be developed and 
become economic so quickly that the rapidly 
increasing demands for industrial wood products 
could be met without overcutting. 

While each of the above developments is possi
ble, it seems unlikely that they will all occur in 
the relatively brief 1978-~ ..AlO period. 

A more realistic scenario includes some but not 
all of the above changes in policies and trends. 
Some changes, such as resolve by a government 
to spend whatever political capital is necessary to 
protect its forest resources, are entirely internal 

matters. Other changes, such as implementation 
of crash ,:>rograms for fuelwood plantations, could 
require aid programs developed by international 
agencies. Increased investment in silviculture in 
the industrialized countries and more plantations 
of fast-growing trees for industrial wood produc
tion in the LDCs are most likely developments. 

Table 8-9 summarizes forecasts of forest re
sources by global region for the year 2000. The 
figures represent a mildly optimistic scenario. 

TABLE8-9 

Estimates of World Forest Resourcest 1978 
and 2000 

U.S.S.R. 
Europe 
North America 
Japan, Australia, 

New Z~aland 
Subtotal 
Latin America 
Africa 
Asian and Pacific 

LDCs 
Subtotal (LDCs) 

World 
World population 

(billions) 
Wood per capita 

(CU m) 

Closed Forest 
(millions of 
hectares) 

1918 2000 

7b..~ 775 
140 \50 
470 464 

69 68 
l,464 1,457 

550 329 
188 150 

361 181 
1,099 660 

2,563 2,117 

Growing Stock 
of Commercial 
Sized Wood in 
Closed Forests 

and in Open 
Woodlands 

(billio11 s m m 
01•erbark) 

1978 2000 

79 77 
1.5 13 
58 55 

4 4 
156 149 
94 .54 
39 31 

38 19 
171 104 

327 253 

4.3 6.4 

76 40 

Smirrr: Based on ulculallolll from preccdlq llblu and dcforeatlllon Nlln 
cited in the footnote II the bealnnln1 of Ibis chapler. 
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9 Water Projections 

Of all the substances found on the earth, those 
most fundamental to the existence of man, or to 
the existence of life itself, are unquestionably 
water and air. Water comprises some three-quar
ters of the surf ace of the earth, including the great 
oceans, the inland lakes and rivers, and the polar 
icecaps. Water is the major constituent of living 
matter, tllether animal or vegetable. The processes 
of life depend upon a continuous exchange of 
water between living matter and the environment, 
and this exchange constitutes an important link in 
the global hydrologic cycle. 

From the time primitive man first organized for 
the gathering or production of food and clothing, 
water has been a critical factor in man's economic 
activities. Lakes, rivers, and oceans have pro
vided sustenance, transportation, and protection. 
Population centers evolved along the shores of 
water bodies, and economic development took 
place along shores and major river valleys. 

Increasing development and advancing technol
ogy have served to fun;1er magnify man's depend
ence upon water. In modem societies, water is 
used for human consumption, for transport of 
wastes, for sanitation in general, for the produc
tion of energy, for all types of industrial produc
tion, for agricultural production, for transporta
tion, and for recreation. 

In order to confine this discussion to the uses 
of water of most interest to resource planning, 
only those uses requiring deliberate diversion of 
water from the hydrologic cycle (by withdrawal 
from stream, lake, or aquifer) will be considered. 
This excludes such "in-stream" uses as water 
transportation, use of water as an energy source, 
and flood-plain agriculture. 

While the identification of water as an important 
natural resource seems beyond argument, water 
has not always been viewed as a resource in ,ne 
same sense as coal, petroleum, mineral ores, 
timber, and crops. In fact, the management and 
utilization of~ ater tms followed patterns distinctly 
different from those of c•her economic resources. 
The diff crem.:cs may stem from the relative abun
dance of water in many parts of the world, or 
from ambiguity concerning the resource nature of 
water. 
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In common usage, a resource is something 
that can be used for supply or support. This 
definition includes most, if not all, components of 
the physical environment. Resources that. attract 
the attention of analysts and policymakers, how
ever, are those that display an additional charac
teristic-scarcity. If all resources were available 
in unlimited quantity wherever and whenever 
desired, resource planning and resource manage
ment would not be required. Most resources are 
scarce in some sense, and these scarce (or eco
nomic) resources are the legitimate object of 
national and global concern. 

This chapter will examine the resource nature 
of water, in particular the properties that distin
guish it from other scarce resources. Water supply 
will be discussed, as well as the nature of the 
demand for water, together with the problems of 
identifying existing scarcity and of predicting 
scarcity in the future. Finally, the nature of 
adjustments to water scarcity, including their 
implications for other resource stocks, will be 
reviewed. 

Properties of Water Resources 
The concept of water as an economic resource, 

subject to scarcity and dependent upon rational 
management, is not universally shared. Water has 
often been ignored in resource planning efforts or 
has been presumed to obey economic laws differ
ent from those that apply to other resources. The 
planning and construction of water supply works, 
the allocation of water among users, the pricing of 
water-these and other activities have been fie. 
quently influenced by the notion that water is 
virtually "free goods," which should be provided 
as cheaply as possible in any quantity desired. 

Even where water is conspicuously scarce, it 
may be diverted to low-value uses to the detri
ment of other users and of future supplies. At the 
same time, water shortages occur worldwide with 
increasing frequency, due to drought or other 
reasons, often leading to serious economic disrup
tion and human suffering. 

A number of specific properties of water re
sources contribute to the tendency to inappro-
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priate water policy and combine to frustrate 
attempts at rational water resource planning. Six 
general properties of water resources are listed 
below. 

I. Water is ubiquitous. lt may be safe to say 
that no place on earth is wholly without water. In 
general, vast quantities of water surround most 
locales of human activity. While the means by 
which water is moved to the point of use may be 
of concern, and while the quality of available 
water may not be all that could be hoped for, the 
existence of water is a fundamental assumption. 

2. Water is a heterogeneous resource. While 
few natural resources are perfectly homogeneous 
in the environment or in their use, water may be 
the least homogeneous of all. Although used in 
the liquid form, water is found as a liquid, a solid, 
or a gas. As a liquid, it may exist as a lake or a 
sea, as a flowing stream, or as an underground 
deposit. Its chemical and biological constituents 
vary widely. Water uses may range from human 
consumption to cooling sheets of hot steel, and 
each use implies constraints on chemical or bio
logical quality. In fact, more than 99 percent of 

the water on the globe is unavailable or unsuitable 
for beneficial use, because of salinity (seawater) 
or location (polar icecaps). The beneficial use of 
water requires more than the coincidence of 
supply and demand; the characteristics of the 
water supplied must match the requirements of 
the use for which the water is demanded. 

3. Wlller is a renewable resource. The forces of 
nature constantly renew all water resources. The 
process is depicted, in broad outline, in Figure 9-
1, which divides the hydrologic cycle into three 
major water locations: the atmosphere, the land, 
and the oceans. Water falls from the atmosphere 
as precipitation on both land and oceans. A 
portion of that falling on land returns to the 
atmosphere as a consequence of evaporation and 
of transpiration by living matter. Water that does 
not return immediately to the atmosphere is stored 
in lakes and rivers, as icecaps and glaciers, or as 
underground reserves, or it runs off to the oceans. 
The water that enters the oceans by precipitation 
or by runoff from land is essentially returned to 
the atmosphere by evaporation. The chemical and 
biological quality of water at var ... us places and 

ATMOSPHERE 

Flpre 9-1. Annual circulation of the hydrosphere, in quadrillions of cubic meters. 
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times is also subject to deterioration and renewal, 
especially in. lakes and streams. An important 
aspect of the renewability of water is the limited 
yet significant ability of man to intervene in the 
renewal process. Modem technology permits the 
exchange of water between smface sources (lakes, 
rivers) and ground water sources, the restoration 
of contaminated water to higher levels uf quality, 
the reclamation of water from the sea, and, in 
some instances, the alteration of the pattern of 
precipitation. While such efforts have resource 
costs in themselves, their possibility modifies the 
renewability characteristic of water in important 
ways. 

4. Water may be common property. Unlike 
mineral resources, which are relatively well de
fined in space and subject to private ownership in 
many societies, water is ubiquitous and nci1sta
tionary. Accordingly, property rights in a water 
resource are typically ill defined or nonexistef!t 
(the system of water rights in the Western states 
constitutes an important partial exception). Since 
water withdrawals are, in principle, available to 
all comers without direct charge for withdrawal, 
any opportunicy costs that might be associated 
with withdrawal are not faced by the withdrawer, 
and no inherent mechanism for ~fficient allocation 
exists. Water is typical!)' treated as a free good by 
actual users, even during times of scarcity, when 
many potential users may be excluded. Users 
recognize the costs of capturing, treating, and 
transporting water but do not associate cost with 
the water itself. As a result, past patterns of water 
use provide only a flawed guide to future, hope
fully more efficient, allocations. 

5. Water is used in vas1· '/licmtities. Because of 
the many uses to which water is put and t.he 
liberal quantities traditionally associated with 
many uses, the quantity of water used annually 
exceeds by far the totru qua.1tity used of any other 
single resource. or of many oth<:r resources taken 
together. In recent years, the total quantity of the 
world's production of mi .. erals, including coal, 
petroleum, metal ores, and nonmetals, has been 
estimated as about 8 x 10'' metric tons per year. 
Total water use, on thP- other hand, has been 
estimated near 3 x 10 12 metric tons per year, 
nearly three orders of magnitude; larger. This 
amounts to about 800 metric tons per person per 
year, worldw!de, including all water used in (non
hydrornwer) energy prnduction, in industry, and 
for i1 Jgated agriculture, as well af> water for 
domestic and municipal uses. 

6. Water is very inexpensive. For vi:.tious rea
sons-including water's common prcµerty nature, 
the nature of water supply technology, and econ-

omies of scal~water is ·very inexpensive. The 
point-of-use cost of water in the United States is 
seldom more than $0.30 per metric ton (for 
municipally supplied water) and may be as little 
as $0.03 per metric ton (for irrigation water). By 
contrast, very few minerals can be purchast d for 
as little as $30 per metric ton at the minehead. 

In summary, then, water is a substance found 
almost everywhere on earth, although in many 
different forms and qualities. Water is renewable, 
either by natural processes or, to some extent, by 
liilman intervention. Most societies have tended 
to treat water as a common property resource, 
chus concealing the opportunity costs that may be 
associated with water use. Water is used in very 
large quantities and is very inexpensive; aggregate 
worldwide water use is about three orders of 
magnitude larger than the total of all mineral 
products produced, and typical water costs are 
about three orders of magnitude lower than the 
..:osts of the least expensive mineral products. 

111ese properties have important consequences 
for studie~ of future water resource tn::nds. Be
cause of the ubiquitousness, the heterogeneity, 
and the renewability of water, it is difficult to 
characterize supply, now or in t:.1e future. The 
quantity and quality of the water available at a 
particular time and at a particular place constitute 
the relevant supply; aggregate or r.ummary statis
tics are 1Jearly meaningless. 

The common-property characteri:•tic of water, 
the large quantities used, and the low user costs 
all act as deterrents t•J forecasting future water 
us~. While it may be Lempting to extrapdate past 
water-use experiem:e, the possibilities for changes 
in the structure of use in response to relath·ely 
minor adjustments in the way water is managed 
are so great as to render extrapolation essentially 
useless. As will be seen in the following section, 
further problems arise when specific supply fore
casts must be compared to specific demand for.:
casts. 

The Supply of Water 

Water available for use in human activities is, 
for practical purposes, water found in streams, 
fresh water lakes, and in fresh water aquifen; 
(ground water). While brackish and saline water, 
including seawater, may be used for some limited 
purposes and may be rendered useful for other 
purposes by desalting, total water supply is cus
tomarily measured in terms of fresh water avail
able on or unde~ the surface of the land. Since 
water bodies are constantly replenished, the aver
age rate of replenishment is ordinarily of greater 
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interest than the volume of water available at any 
specific time. Two major exceptions are: (1) In 
the case of water withdrawal from streams, some 
minimum amou11t of water storage may be re
quired to permit the desired rate of withdrawal in 
the presence of highly variable streamflow, and 
(2) certain ground-water deposits, especially in 
arid or semiarid areas, may be very large by 
comparison 'to annual inflows and may be 
.. mined" by setting withdrawals consistently in 
excess of inflows. 

Replenishment of surface ant ground-water re
sources occurs as a consequenc ~ l'f precipitation. 
A portion of the total quantity of precipitation is 
returned to the atmosphere by evaporation and 
tranc;piration, a portion becomes inflow to the 
ground-water reserves, and the remainder runs off 
as surface drainage. In the absence of human 
withdrawals, inflows to ground-water resources 
are usually matchf'd by outflows, through springs 
or seeps, to surface water bodies. A first approxi
mation of the overall rate of replenishment, there
fore, may be obtained by measuring the total 
surface-water discharge from a specific watershed. 
Unmeasured outflows from ground-water (such as 
discharges from the ocean floor), net ground-water 
storage, and/or the existence of ground-water 
withdrawals may cause this measure to understate 
the true replenishment rate. 

The use of replenishment rate in estimating 
supply carries further liabilities. As the area under 
study becomes large (a major rive~ basin, a nation, 
or a part thereof) the replenishment rate under
states the true supply because it fails to reflect 
reuse possibilities. As each user withdraws and 
uses water, wastewater flows are generated and 
returned to the stream or lake. These return flows 
are then available to other users, water quality 
permitting. Quality requirements can be met by 
dilution, by relying on in-stream purification proc
esses, by wastewater treatment before discharge, 
by water treatment after withdrawal, or by a 
combination of the~. The more effectively the 
desired water quality can be maintained, the 
greater the potential for reuse of return flows. 

The supply of water available to a given area, 
therefore, cannot be estimated on the basis cf 
data now available, but a lower bound can be 
determined by measuring or estimating the total 
surface water discharge from the area. This annual 
volume of water is potentially available for with
drawal, alihough storage facilities might be re
quired to satisfy certain patterns of witl~drawal. 
Additional, unmeasured sources of supply include 
ground water that leaves the area in some ·.,ay 
other than as surface discharge, net additions to 

ground-water storage, and return flows from other 
water users, but data are not available to determine 
the magnitude or significance of these additions to 
water suppl:,'. 

Table 9-1 summarizes estimates of replenish
ment rates for the populated continents of the 
earth and for selected nations. The figures repre
sent the excess of precipitation over evapotran
spiration. This excess, the net replenishment rate, 
is expressed in two ways: as cubic kilometers per 
year and as billion gallons per day. Divided by 
land area (after converting the second measure to 
cubic feet per year), these data yield estimates of 
the average rate of replenishment per unit land 
area, expressed in millimeters per year and inches 
per year, respectively. These estimates provide a 
reasonably comparable index of the relative avail
ability of water at various locations in the world. 

Unfortunately, calculations performed on the 
basis of nations and continents inevitably blur the 
inherent variation in the data. Many nations, such 
as the United States, consist of areas which range 
from very arid to very humid; water may be 
exceedingly scarce in the Southwest but abundant 
in the Pacific Northwest. Even so, the average 
annual runoffs for r•ations can be seen to range 
from 4 millimeters for Egypt (not including inflows 
from other nations via the Nile River) to 1,300 
millimeters for the Philippines. The United States 
is close to the world average at 250 millimeters. 
Th~ larger the land area of a nation, the longer 

the major river systems within the nations, and 
the more seacoast included, the more, seriously 
these data may understate the true availability of 
water. On the other hand, environmental consid
erations may require minimum flows in streams, 
especially those draining into significant estuaries, 
which substantially reduce the annual volumes of 
water that can actually be withdrawn from ground 
and surface sources. Where surface storage or 
extensive well fields are required to accomplish a 
desired withdrawal, economic costs may prevent 
or delay a potential supply from becoming an 
actual one. 

As a result of the considerations discussed 
above, it is impossible to make mean;ugfui state
ments concerning the supply of watt'r available 
across the world, or throughout any continent or 
nation. Meaningful statements describing supply 
can be made only 1or relatively small areas and 
then only after detailed on-site investigation 1Jf the 
nature and behavior of the actual water re-:.ources 
available to that area. Therefore, the data pre
sented in this section are included only to illustrate 
~he shortcomings of aggregate calculations and to 
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TABLE9-1 

Eittmates of Available Global Water Supply for Continents and Selected Nations• 
Mean Annual Dlscharae 

(Water Sui!f ly} Land Area Mean Annual Runoff' 
cubic billion 1,000 1,000 mllll- Inch's km/yr gal/day mu,s• km• m'"" 

AFRICA . 4,220 3,060 11,800 '.10,600 139 .5 • .5 
Egypt" . 4.0 2.9 387 1,000 4.0 0.2 
Nigeria 261 189 357 924 284 II 
ASIA 13,200 9,540 17,200 44,600 296 12 
Bangladesh 129 9.l.3 .S.S. I 143 91.5 36 
China 2,880 2,080 3,690 9,.s60 300 12 
India 1,.590 · l,l.50 1,270 3,290 48.s 19 
Indonesia 1,.510 1,090 747 1,934 l,000 39 
Japan 396 286 144 372 t,070 42 
Pakistan 73. .52.8 310 804 90.2 3.6 
Philippines 390 282 116 300 1,300 .51 
South Korea 60 43.4 38.0 98 • .5 609 24 
Thailand 171 124 198 .514 33.5 13 
Turkey (both continents) 172 124 301 781 21.5 8 • .5 
U.S.S.R. (in Asia) 3,320 2,400 6,760 17,.500 190 7 • .5 
AUSTRALIA-OCEANIA 

(Australia, New Zealand, and 
Papua New Guinea) 1,960 1,420 3,2.50 8,420 24.5 9.6 

Australia (including Tasmania) 382 276 2,970 7,690 49.8 2.0 
EUROPE 3,1.50 2,280 3,770 9,770 323 13 
U.S.S.R. (entire nalion) 4,3.50. 3,1.50 8,6.50 22,400 194 7.6 
U.S.S.R. (in Europe) 1,030 744 1,890 4,900 21(!, 8.3 
NORTH AMERICA .5,960 4,310 8,.510 22,100 21t) II 
Mexico 330 239 762 1,970 ISJ 6 • .5 
United Srates (50 states)r . 2,340 1,700 3,620 9,360 2!10 9.9 
SOUTH AMERICA 10,400 7,!110 6,880 17,800 !183 23 
Brazil !l,670 4,100 3,290 8,!110 666 26 
GLOBAL (excluding Antarctica) 38,900 28,100 !11,600 134,000 290 II 

Africa 3,400 2,460 29,800 114 
Asia 12,200 8,820 44,100 276 
Australia (·Oceania) HOO 1,740 8,900 269 
Europe 2,800 2,030 10,000 282 
North America !1,900 4,270 24,100 242 
South America 11,100 8,030 17,900 618 
Antarctica 2,000 1,450 14,100 141 
Global 39,700 28,700 149,000 266 
Global (excluding Anrarctica) 37,700 27,300 134,000 280 
• Dlla are rounded 10 2 or l &ipifk1111 '!pres. 
• llapt la • aood cumple or some 1111loa1 whose additlD1tal water 1upplle1 come from larae rivera enttrina or paulna IJvoup the Ulloll bill llarina lllllr llpllrnlll 
-~ 111 une ur """* ulhcr nalion1. The Nile i1 Ille mojor Etyptian willer 1upply, but the Nile 11 bqely ftd by preclpliatloll alld ltrnlll ay1tem1 loelled ICllllls cl 
lll)'pt and l11herefore not Included In lhe data ahown for E11pt. 
•The llpre1 for the 48 contermlnou• 1tatea are: llfCa, ),020.000 1qW1rc mUes: mun runolf, l,I00,000 cubic: feel per aecond: .,ater .upply, about 1.200 billion pllou 
per day, or 1,620 cubk: kllomercra per year. 

So11n:'1: Runoft' dalA ror all but the alobal areu aft'! contlnen11 at end of !able were compiled from 11atl11lc1 In M. I. L'vovlch, Global Wal" RmHirt:tl 11NI Tllflr 
F11111rr (in Russian), 1974, pp. 264-70. 
The IOlllCWhal comparable data ror each conll;lfnl at Ille end of the !able are from Alben llallmaaitner and Ebethard Rek:hel, lit World Wattt B11laMt: Mrt111 
A111111al Global, Contlntnlal and Marl/111., l'rtdpilllt/on, Evap0<at/011 and R1111·oJf. Amsterdam: lllsevler, 197,, 

provide some indication oft the gross differe;.ces 
existing among the variom.. regions of the world. 

The Demand for Water 
Water is used to perfonn a wide variety of 

functions in human society. Among the major 
uses to which water withdrawn from surface and 
ground sources may be put are: 

• Domestic use 
• Industrial use (both in manufacturing and min-

erals extraction and processing) 
• Crop irrigation 
• Energy production (not including hydropower) 

In each use. some fraction of the amount with
drawn is consumptive use (it is evaporated or 
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incorporated into a product), and the remainder is 
returned to the environment, where it may be 
available for later withdrawal by another user."' 
The distribution of withdrawals among three of 
these uses (domestic, industrial, agricultural) for 
16 selected countries is shown in Figure 9-2. 

Data on the above uses have been compiled for 
the U.S. at S-year intervals by the U.S. Geological 
Survey. Scattered data have been compiled for 
other countries and reprinted and published from 

• Prererred water use terms used in !his chapler are water 
'll'lthdraM"n (or ll'ithdrull'uls), and water nmsumed (consump
tive use). Water ll'itl1drc111·11 is pumped or diverted for use 
from a stream, lake, or aquifer. Afler use, part of the water 
withdrawn returns to a stream, lake, or aquifer, and is 
available ror reuse. The other part has been cm1.u1med 
during use-by evaporation, transpirolion, drinking by man 
or beast, or by incorporalion into a food or other product 
Ther term "consumption" should be avoided because, 
although usually meaning water withdrewn, the word itself 
may be confused with "consumed." Water demand, water 
requirements, and water use also usually refer to water 
withdrawals rather than waler consumed, except when 
otherwise noted. 
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time to time (for example ~Y the Economic 
Commissions for Europe and for Asia and the Far 
East). In order to estimate the amount of water 
use for all regions on a systematic basis in the 
absence of such flrst·hPnd statistics, recourse may 
be made to comparisons with demographic and 
related data that are more generally available and 
which are generally considered in projections of 
future natural development. 

Domestic use. for example, can be estimated 
from data on urtM and rural populations, using 
figures on per capita use where such data are 
available. Use factors for European countries 
range from 76 to 270 liters per day per capita, 
with a general average of I 50 liters. Estimates of 
per capita use for developing countries, published 
by the Worid Health Organii.ation, are given in 
Table 9-2. 

/11dustriaf use can be estimated from data on 
the production of various commodities, (e.g., see 
ECOSOC, 1969). Water-product ratios are highly 
variable among industrial plants depending, among 
other things, on the particular plant process, costs 
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Flpn 9-2. Di1trlbutioq of withdrawal• among major categories of water uae, 1965. Di1tribution by water·uac: types reflecta the 
economic characteriatlcs or a nation. (Adapttd from G. R. Whitt ti al .. Reaouroe1 and Nccidl: Aueument of the World Water 
Situation, U.N. Wattr Cott{trtnct, 1911} 
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of water, and recycling. For the purposes of this 
chapter, the ratio of water use to the population 
engaged in manufacturing is used as a simple 
measure. For the U.S., the water use/population 
ratio is 2,500 gallons per day per capita or about 
9,500 liters. In several Asian countries, the ratio 
runs from 2,150 to 8,600 liters per day per capita. 
The ratio for Japan is about 4,500 liters per day 
per capita (or 1,640 cubic meters per year per 
capita). Experience in the U.S. indicates that 
about t J percent of industrial withdrawal is con
sumed. 

Irrigatio11 use can be estimated from data on 
irrigated acreage, recognizing that this irrigation 
use varies climatically, and with the techniques 
used for irrigation (a maximum under gravity-flow 
ditch irrigation, a minimum under trickle irrigation 
schemes). 

Irrigation experience in the U.S. indicates that 
about 3.1 acre-feet per acre (0.95 hectare-meters 
per hectare) is withdrawn for irrigation. This depth 
applied to the irrigated area gives the gross 
amount withdrawn. Of this amount, 17 percent is 
lost (consumed) in transport to the irrigated lands 
(largely canal seepage), 59 percent is lost by 
evaporation for plant growth, leaving 24 percent 
as return flow from the irrigated lands. In the 
absence of an adequate return flow, salts build up, 
destroying soil fertility. 

Cooling Wllter use in energy production is often 
expressed in terms of a ratio of water use to 
kilowatt-hours of genemtion. This ratio, however, 
varies with the cooling method used, being large 
for "once-through" cooling, small for evaporative 
cooling, and near zero for dry tow~rs. 

In the U.S. an average of about 42 gallons (160 
liters) per kilowatt-hour is withdrawn for thermal 
cooling. In recent years the average use has 
decreased toward 34 gallons (130 liters) as a result 
of more efficient plants, greater use of cooling 
ponds and towers, and other changes. About 1.5 
percent is consumed through evaporative dissipa
tion. 

Data describing water use for vruious purposes 
are available from the U.N. Yearbook and other 
sources. Table 9-3 lists such data by nations and 
continents, as collected from various studies of 
variable quality, and as estimated by the proce
dures described above. These readily available 
statistics have not been compared with alternate 
sources or checked for internal consistency or 
accuracy. There are numerous missing data, most 
notably for the People's Republic of China. 

Table 9-4 lists the land areas and average 
annual water withdrawal for some of the nations 
and continents listed in Table 9-3. As in the case 

of water supply data, these large aggregates mask 
important variations in the data. Within each 
country, water withdrawals are doubtless concen
trated in specitk areas, so that certain areas will 
have withdrawal rates much above that given for 
the country, and otht>r areas will be much below. 
Nevertheless, average water withdrawals are seen 
to vary from a low of just over I millimeter for 
Brazil to a maximum of 301 millimeters for Japan. 
The latter figure can be traced to very high 
withdrawals for cooling thermoelectric power 
plants, as well as relatively high withdrawals for 
other industrial uses and for crop irrigation. 

Forecasts of future water withdrawals require 
consideration of all the various determinant::; of 
water demand. Ideally, each water-using sec:tor 
would be considered separately, and the fo:.ctors 
that influence water use would be identified, 
quantified, forecast, and combined, using an ap
propriate demand function, to yield a forecast of 
future water use. Thus domestic water use would 
depend upon future lifestyles, family income, 
family size, water-using appliance technology, and 
the future price of water for domestic purposes. 
Future industrial water use would be determined 
from assumptions regarding technology, industrial 
output, the piice of water, etc. Similarly, agricul· 
tural use of water would be expressed in terms of 
crops, output, irrigation technology, price, and 
other factors. 

Unfortunately, general demand relationships 
suitable for such estimates on a national and a 
global basis are not available. The prevailing 
ambigui';1 regarding the identity of water as an 
economic good has tended to discourage the 
necessary economic modeling. Little examination 
of the demand for water has occurred, and that 
has tendeo to focus on relatively small aggrega
tions. 

Further, past management practices have pro· 
duced historical data of dubious relevance to the 
future. For example, many countries having sub
stantial irrigated areas have chosen to subsidize 
the withdrawal of water for irrigation purposes. 
The result is the displacement of higher-valued 
uses by agriculture (and the subsequent lack of 
information about the identity or nature of these 
uses) and a general lack of experience regarding 
the applicability of more efficient irrigation tech
nologies, ~iilce artificially low prices tend to 
discourage their use. In otht:r cases, water is 
allocated administratively without cost, or with 
negligible cost to the user. Consequently, no 
direct observations of value, or of the possibilities 
for reduction of water use during times of short· 
age, can be obtained. 



TABLE!'-2 -~ 
Per Capita use or Drinking Water la Leis Developed Couatrla, mo 

(Ut~n IW' dayJ 

Present Consumption Future Consumplion 

Urban Rural Urban 

With House With Public With House With Public 
Connections Sta.ndposts Con~tions Stand posts 

Min. Mu. Min. Mu Min. Max. Min. Max. Min. Mu. Min. Max. 

AFRICA 
Botswana 90 1,820 10 45 90 320 4.5 20 45 
Burundi 100 3.50 JO 40 J.50 3.50 40 70 20 40 
Camenxm 100 180 18 34 JO 20 J20 200 30 .50 20 30 
Central Africaa Republic 50 300 20 15 220 15 20 
Chad 60 400 8 2.5 .5 1.5 1.50 400 2.5 4.5 20 40 
Congo 15 JOO .50 7.5 10 30 15 100 50 15 .. 
Dahomey JO 12.5 10 30 JO 20 80 J.50 2.5 .50 20 40 = Gambia 60 220 .50 1.50 22 .50 90 3JO "' Ghana 36 J20 22 36 22 JOO 115 180 20 .55 20 45 "'O 

! Guinea JOO J.50 40 60 JOO J.50 40 60 ... 
IYory Coast 20 130 20 40 10 20 40 1.50 20 40 20 40 ~ Kenya 20 200 5 J5 JO 20 50 300 20 30 1.5 15 
Lnadlo 5.5 270 27 54 .55 270 3.5 70. 35. 70 5 
Liberia 9S 190 20 40 20 40 115 28.5 40 80 40 9S % 

Cl.I 
MadllgaK'llr 40 2.50 JO :u 4 JO 80 2.50 2.5 JO 40 
Mali 10 2.5 40 J60 30 .50 
Mauritania 20 200 20 50 10 50 JOO 300 50 100 30 toi:J 
Nipr JOO 300 l 2 3 JO 
Nip:ria 4.5 230 45 70 4.5 45 90 230 4.5 90 .C.5 70 
Senr:pl 76 96 \8 22 100 12.5 20 24 
TOii> 60 100 
Upada .50 .500 .5 15 5 JO 70 700 20 30 10 15 
Taazania 80 110 40 80 2.5 50 JOO 150 55 100 20 40 
UppcrVoha 50 2.50 5 50 5 20 7.5 300 10 15 10 50 
Zaire 3C 2.50 10 30 20 40 100 300 20 50 5 10 
Zmnbia 200 700 so 90 10 50 130 700 50 90 40 50 
AMERICAS 
Aqcalha 300 600 JOO 200 200 3.50 100 200 
Barbados 230 1.730 . 23 68 23 910 13S S70 23 68 13.5 S70 
Bolivia 60 1.50 JO 2.5 60 100 150 2.50 80 1.50 
Bnazil 80 .500 10 50 20 15 100 .500 30 50 20 7S 
Cllilc 180 400 10 20 100 100 2.50 .500 JOO 100 
Colombia 113 275 40 200 115 300 80 150 
Costa Ric::a 175 215 120 ISO 200 300 1.50 250 

......... >, 
.,..., ...._, 



Dominican Repablic 320 375 SS 95 95 130 130 340 SS 95 95 130 
Ecuador 140 200 70 140. 
m~ 17 295 40 40 60 100 130 400 40 40 60 100 
Gualem:..la ISO ISO 2S 2S 200 200 60 60 
Guyana 270 360 13S 270 4SO sso 360 sso 
Haiti ISO 200 20 40 173 225 20 40 20 40 
Honduras 20 270 45 140 160 270 90 13S 
Jamaica 320 390 4S 70 20 320 340 570 4S 90 4S 4SO 
Mexico !00 3SO 20 so so 250 100 3SO 20 so so 250 
Nicarapa 130 220 40 60 7S ISO 240 300 40 60 95 ISO 
Panama 190 300 40 IO 210 340 60 90 

Paraguay 160 3SO 16 30 100 200 160 3SO 10 30 100 200 
~ru 90 400 2S :!O 80 100 ISO 300 30 so 600 100 
Uruguay 120 250 100 180 126 262 IOS 190. 
Venezuela 200 300 ISO 300 400 600 ISO 200 
EASTERN MEDITERRANEAN 
Afabanistan 60 70 20 30 IS 20 60 100 30 so 30 so 
Ba.brain 220 420 23 140 110 340 230 360 140 280 
Cyprus 145 275 90 14S 185 320 14S 185 

~ 
Democratic Yemen so 180 10 23 10 18 140 230 18 36 so 70 

~ £aypr 100 260 30 40 30 40 250 3SO ISO 250 40 60 

EdUopia 20 100 s 10 s 10 40 100 10 20 s IS ,., 
Iran 7S ISO 2S 40 7S ISO 190 110 ISO ~ Iraq 90 200 65 130 160 360 90 14S 
Jordan 60 120 30 60 80 ISO 40 80 

... 
Kuwait ISO 220 70 220 180 410 ISO 220 § 
Lebanon ISO 200 80 125 200 250 100 ISO 0 

Pakistan 70 180 20 60 20 100 ISO 220 20 70 so 100 z 
(IJ 

Qal8I' ISO 300 80 110 40 80 230 300 80 ISO 80 ISO 
&wdiArabia so 400 2S so 2S so ISO 250 2S so 100 200 
Somalia -· 250 20 so 250 60 

Sudaa 4S 900 23 32 14 42 110 1.1• 18 45 
Syrian Arab Repablic ISO 200 :SO 250 7S 
Tunisia 100 ISO s 10 ISO s 10 
Yemen so 80 30 so 20 40 30 60 

'EUROPEAN REGION 
Algeria 20 200 10 30 10 60 80 200 so 60 so 60 
Morocco 60 260 10 20 70 100 300 20 30 20 80 
Tmkey 120 170 60 70 so 60 

SOUTHEAST ASIA 
Banal ...... 4S 10 IS 2S 10 20 70 13S 2S 4S 25 4S 
Burma 100 180 4S 100 22 60 ISO 220 70 120 so 100 
India so 270 2:i 100 90 270 4S 130 
lndoaesia so· ISO s 20 86 ISO 100 30 60 

Moeplia 24 ISO s 60 187 420 
Nep-1 60 100 40 60 40 60 100 200 60 100 60 100 -SriLaata 170 220 30 so 20 70 170 220 30 so 20 70 ~ 

/ . ...,.,,,. 
..>-



WESTERN PACIFIC 
F'Qi 
KhmerRep. 
Kon:a. Rep. of 
Laos 
Malaysia 

Pbilipptaes 
Sin,.,~'10R 
V'aet-Nam, Rep. or 
Western Samoa 
AVERAGESe 
Africa 
Americas 
Eastern Meditemmcan 
European Rqioo 
Southeast 1..sia 
Western Pacific 

Average 

............ ncPlible . 
• &daailioa iaclodes ..... --.. 
• A-.s l'OllDdod to - 'lilas. 

TABLE 9-2 (c.tlm!d} 

Present Consumpri4 

Urban 

W'dhHouse 
Connections 

Min. Max. 

120 180 

140 260 
40 400 

ISO 2SO 
so 300 
18 410 

110 540 
220 
ISO 
770 

6S 290 
160 380 
95 24S 
6S 210 
7S 16S 
as 36S 
90 280 

With Public 
Stand posts 

Min. Max 

IS 140 

40 80 

60 

20 4S 
2S 50 
30 60 
2S 40 
2S so 
30 95 
2S SS 

Min. Max. 

so 100 

IS 
40 80 
20 40 
14 230 
40 110 

IS 3S 
70 190 
40 as 
20 6S 
30 70 
30 95 
3S 90 

Future Consumplion 

Urban 

With House 
Connections 

Min. Max. 

ISO 

270 

200 3SO 
100 200 
2SO 2SO 
360 1.100 

31S 
300 
220 

90 27S 
195 37S 
160. 310 
90 2SO 

125 22S 
230 37S 
ISO 300 

With Public 
Stand posts 

Min. Max. 

so . ISO.· 

-
60 

.SO .. · 

30 6(f 
30 SS 
SS 95 
3S 4S 
4S BS. 
so as 
40 70 

Rural ... · 

Min. Max.· 

so 80 

9 90 

80 .120 
50 100 
23 ... 110 

180 . ·360 
-
-· 100 

20 50 
120 195 
70 us 
3S 70 
40 8S 
70 .. :14S 
oo· 'no 

.s-tt· FriU na dcr l..eaka. w_,, b-oFllw "-":~ S1111U1ia. I'm W......_, N.Y.: W_. lllbmatioo Cema-, 191$; arip.i dib. 6an World Halllt Orpnimiaa, 197l (dl,zau 
oC IW.:. 31. 197111. 
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TABLE9-3 
. Water U&e for Various Purposes, by Continent and Selected Nations 

(Water use In blllion11 of cubic meter&) 

BneraY Industrial Domestic 
Production lrription (per capita) (per capita) 

Per- Water 
Genera· Water Area Water sons Fae- Water Popu- Fae- Water Use 

tlon Use Use In tor Use latlon tor Use Total 
Mfg, 

IO'kw./ir 1oam1 tO'ha IO'm' IOOOr m• Millions m• IO'm' thermal 
Africa 86 II 6.4 60.8 2,963 1,500 4.4 40.5 30 12 88 
Egypt 3 0.4 2.9 27.6. 615 1,500 0.9 38 40 1.5 30 
Nigeria · 172 1,500 .3 65 40 2.6 
Asia .520 68 1 .. 7.4 1,400 23,600 1,300 30.7 2,290 5111 1,597 
Bangladesh I 0.1 .. ~ ... o 260 1,000 .26 7S 40 3.0 
China 703 8.53 40 34 
India .. 8 0.6 37.6 3.57 4,800 1,000 4.8 611 40 24 386 
Indonesia 1 0.2 3.8 36 92.5 1,000 .9 132 40 .5 c 
.Japan 378 49 3.4 32 11,900 1,640 19 • .5 112 100 11 112 
Pakistan .. 0 . .5 12.0 II .. 427 1,000 .4 73 40 3 118 
Philippines 10 1.3 1.0 10 .538 1,000 . .5 44 40 2 14 
South Korea .8 7.6 1,160 1,000 1.2 35 40 I 
Thailand s 0.7 1.9 18 309 1,000 .3 42 40 I 20 
Turkey 10 1.3 1.7 18 638 1,000 .6 41 so 2 22 
Australia.Oceania 61 7.9 1.4 13 1,610 3,600 S.7 20 2 29 
Australia .56 7.3 1.3 12 1,337 3,600 4.8 14 90 1 25 
Europe I ,3SS 176 . 12.2 116 Sl,000 3,600 183.6 404 100 40 Sl6 
U.S.S.R. 844 110 9.9 94 29,036 2,500 72.8 2.56 70 18 29.5 
North America 1,788 232 21.6 205 21,270 3,600 76.S 339 38 S51 
Mexico 24 3 3.3 31 60 so 3 
United States 1,663 216 16.9 160 19,000 3,650 69.4 216 1.50 32 477 
South America so 6 ... 3.7 3S 3,6S3 1,200 4.4 214 so 11 57 
Brazil 4 o.s 0.14 I 2,470 1,200 3.0 106 so s 10 
CilobaJ 3,860 S02 192.7 !,830 104,096 2,930 305 3,670 SS 201 2,838 
OECO countries 3,214 418 33.1 314 67,400 1SS 100 76 

Sotur:t: Unlced Naliocll, 5llllbdal Yarrflook, 1m, New York: 1977; waler use computallom by U.S. Oeoiop:al SUMy. 

Figure 9-3 shows the projected water use to the 
year 2000 for four Asian countries in percent of 
the maximum limit of supply as represented by 
runoff from local precipitation. In these four 
cases, the maximum developable supply that 
could be depended upon, without storage, might 
be between 20 and 70 percent of the maximum 
limits shown in the figure (100 percent). Storage 
capacity equivalent to one year's ilow can raise 
this percentage to 80 pen:ent of the maximum 
limit. "Water consumed" is a more appropriate 
characteristic than "water withdrawn" for making 
comparisons with maximum limits of developable 
water supply. because most water withdrawn is 
reusable. However, data on "water consumed" 
are fragmentary or nonexistent in many parts of 
the world. In th~ United States. with existing 
storage capacity of IS percent of the year's river 

Oow, water withdrawn and water consumed in 
1975 was, respectively, 35 and 8 percent of the 
maximum limit of developable water supply (av
erage runoft). 

These problems do not preclude the develop
ment or suitable forecac;ting models; they merely 
underline the necessity of intensive sector by 
sector analysis prior to the postulation of such 
models. They also suggest some of the important 
deficiencies of forecasting melhods that rely on 
extrapolations of past water-use data. Such meth
oc.ls are likely to produce forecasts seriously in 
error, especially where water scarcity may in~ 
crease. Extrapolation alone cannot predict the 
various economic, technological, and social ad
justments known to occur when water bxomes, 
through scarcity, a higher-valued rewurce. Ex-
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f11Vrt 9.3, Projected water use (wltltdrawals) for four Asian countries in percent or maximum limit or 1upply, H represented by 
runoff from loc..I precipitation. (Various country and U.N. rtpom) 

trapolations have a limited use but should be 
viewed as highly tentative forecasts. 

In spite of the difficulties noted above, several 
global forecasts of water use have been prepared. 
Four are discussed here. Three rely on extrapola~ 
tions of past water use, modified by certain gross 
adjustments to reflect assumptions regarding 
changing future conditions of water use. The third 
forecast attempts, in a relatively crude manner, to 
identify countries wher(; the availability of water 
resources could be critical by 2000. 

Doxladls Projection 
In 1967, C. A. Doxiadis published a graph• 

showing projected increase in the 0consum~!i~' 
(withdrawal) of 0 water controlled by man. His 
estimated total for 1975 (2,412 x 1011 m3/yr) is in 
general agreement with the data presented in this 

•consta11tinos A. Doxiadis, "Water and Environment," in 
Water for Peace, International Conference on Water for 
Peace, Washington, D.C .. May 23-JI, 1967, pp. '.'3-60. 

.,'\ . \ 
\ 

' 
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TABLEM 

Avenae Annual Water Withdrawal per Unit of 
Land Area; Selected ~phlc Units 

AFRICA• 
BSYpt 

ASIAh 
India 
Indonesia 
Japan 
Pakistan 
Philippines 
Thailand 
Turkey (Asia and Europe) 

AUSTRALIA .. 
Australia 

EUROPE" 
U.S.S.R. (Europe and Asia) 

NORTH AMERICA• 
United States 

SOUTH AMERICA 
Brazil 

GLOBAL (ncluding Antarctica) 

Land Area 
(millions 

km•) 

3G.6 
1.00 

27.7 
3.29 
1.93 
.372 
.804 
.300 
.Sl4 
.781 

8.42 
7.69 

27.2 
22.4 
22.1 
9.36 

17.8 
8.Sl 

134 

Nolt: DU& ue rounded 10 llne lianllk•nl llpres. 
• lncludl111 Mlida,psut. 
• Eaeludl111 U.S.S.R. (llued under Europe). 
• lncludlna New Zealand and Papua Ne111 Guinta. 
"lacludlns emlrt U.S.S.R. buc neludlns ail of Turkey. 

Average 
Annual 
Water 

Withdrawals 
(millimeters 
per year) 

2.88 
30.0 
S1.1 
9.12 
3.11 

301 
147 
46.7 
38.9 
28.2 
3 • .56 
3.2.S 
19.0 

13.2 
24.9 
Sl.O 
3.20 
1.18 

21 • .i: 

• lncludlnc Cemral American eounlriea, Bahamaa, Cuba, Domlnle1n Republic, 
Hald, and Jamaica. 

report for the same set of uses (irrigation, indus
trial, urban, and rural): 2,336 x 109 m3/yr. · 

Doxiadis projected use to increru--e to 6,500 x 
JO' m 3/yr by the year 2000, increasing further 
along a logistic curve to an asymptotic limit of 
23,000 x 109 m3/yr about a century hence. This 
limit is close to the estimated global supply of 
fresh water. In the following estimated withdraw
als k~r the year 2000, the largest proportional 
increase is projected in the industrial and i irban 
uses: 

1975 2000 
Billlom Qf cubic meters 

ptr year 
lrription 2,000 4,600 
Industrial 184 9SO 
Urban 182 8.50 
Rural 46 100 

Total 2,412 6,500 

Doxiadis did not provide any explanation of his 
calculations nor of the regional or continental 
distribution. Hence, no judament can be made of 
their reliability. 

Kallnln Projection 
In 1969, the Russian hydrologist G. P. Kalinin 

published the following estimates of global water 
requirements by the year 2000. • 

Irrigation 
Domestic 
Industrial 
Waste dilution 
Other 

Total 

Withdrawn Consumed 
Billions of cubic meters 

per yeur 
7,000 

600 
l,700 
9,000 

400 
18,700 

4,800 
100 
170 

400 
5,470 

Kalinin's figures for withdrawals for irrigation 
and industrial use are greatly in excess of Doxi· 
adis' projections. His domestic-use projections are 
also higher than those of Dioxiadis. While Kalinin 
does not explain the derivation of his projections, 
he does comment: 

By the year 2000, half of all the earth's annually 
renewed water-the 37 ,000 cubic kilometers [bil
lions of cubic meters] of evaporated ocean water 
which precipitates on land rather than back into 
the ocean-will be in use by man. With so high a 
demand, and the uneven distribution in space and 
time, work will soon have to be undertaken on an 
tmprecedented scale to regulate run-off and divert 
the waters of rivers into areas affected by drought. 
The problem is particularly acute, since demand 
is growing several times faster than the popula· 
tion. When the world population reaches 20,000 
million in the twenty-first century, the demand 
will be several times greater than in the year 2000. 

These water demand forecasts are rough ap
proximations only, because data on growth of 
population, irrigation, industry and consumption 
are also only approximate, and estimates of pol
lution are either too high or too low. Very likely, 
the future demand for clean, fresh water is exag
gerated because: (a) as demand grows, means will 
be sought to reduce consumption per unit of 
industrijll and agricultural production; (b) some 
branches of industry could use salt water or 
brackish water, as is already being done in some 
cases; (c) desalination of seawater and brackish 
ground water will increase; and (d) the purifying 
of polluted water will be improved and acceler
ated. 

Nevertheless, the figures must be regarded as 
approximately correct for the next thirty-five to 
fifty years, i.e. until A.D. 2000-15. 

In general, population growth, irrigation, or 
industrial d1.;velopment will exacerbate the con-

•o. P. Kalinh~ and V. D. Bykov, "The World's Water 
Resources, Prerent and Future," Impact of Science In 
Society (UNESCUl, Apr.-June 1969, p. 143. 
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trasts bei:ween have and have-not countries or 
regions. A percentage increase in water use in a 
region where the margin is thin would have 
greater consequences than the same percentage 
increase in a region where the margin is broad. 
Moreover, the processes of development in arid 
areas often lead to changed cultures that are less 
resilient than the cultural forms they replace. 
Water development (i.e., storage) decreases the 
frequency of shortage but may increase the net 
severity of consequences of droughts that cause 
excessive demand for stored water. 

The FAO Water Projection 
Table 9-5 presents water use projections pub· 

lished by the Food and Agriculture Organization. 
These projections are of interest because they 
project separately each of the major sectors of the 
world water economy. 

In commenting on the table and water problems 
generally, the FAO writes in The State of Food 
and Agriculture (C 77/!NF/19, Nov. 1977): 

Although irrigated land comprises only 13% of 
the world's total a.able area, irrigation accounts 
for by far the largest proportion of the total water 
used by man .... Other non-agricultural water 
uses (for industry, mining and domestic purposes) 
are now increasing much faster than the use for 
irrigation. However, a considerable amount of this 
water is non-consumptive and is recycled, while 
irrigation continues to be a consumptive use. 
Irrigated agriculture will therefore continue to be 
the greatest water consumer in the future. 

With a region, country or river basin, the 
spectrum of uses and withdrawals of water will 
vary according to climatic and soci?-economic 
conditions, and it is thus necessary to distingu~sh 
between consumptive and non-consumptive use. 
For example, Table [9-6] indicates that, among 
the countries covered, the highest annual with
drawals per capita occur in the United States and 
the U.S.S.R., where both irrigated agriculture and 
im1ustry are highly developed. However, very 
high withdrawals also take place in non-industrial
ized countries such as Mexico and India, where 
there is a large use of water for irrigated agricul
ture. The figures for Czechoslovakia ar.'"' the 
United Kingdom show that per capita d~mand 
may be quite low in industrial countries with very 
low demands for irrigation. 
Water quality 

The need for water resources, however. goes 
beyond quantity and must also consider quality. 
The hannful effects of waste disposal on quality 
are well known, but a major unseen problem is 
the increasing salinity of water resources with use. 
This is an inevitable process in nature, but man 
has greatly accelerated it and, with continued 
increases in the intensity of use, the problem will 
become greater. 

Guidelines have been drawn up for interpreting 
the quality of water for irrigation.* Table [9-7] 
illustrates the application o{ some of these guide-

• R.S. Ayers and D.W. Westcott. Water Quality for 
Agriculture, Irrigation and Drainage Paper No. 29, Rome, 
FAO, 1976. 

TABLE9-5 

Estimates of World Water Use in 1976 and Projections to 2000 

AORJCIJLfURE 

Irrigation 
Livestock 
Rural Domestic 

OTHER 

Urban Domestic 
Industry and Mining 

TOTAL 

Total Use 
in Millions 

1967 

1,400,000 
.58,800 
19,800 

73,000 
437.700 

1.989,300 

or ms 

2000 

2,800.000 
102.200 
38.300 

278.900 
2.231.000 

.5.4.50,400 

Projected Rate 
of Growth 
1967-2000 
in Percent 
per Year 

2.1 
1.7 
2.0 

4.1 
.5.0 

3.1 

SOii/ff: M. Hair, ..... ,., llM IU E11WtoNrit111, lrrlp.tlon and Drllllllt Paper No .•• Food and Aariclllture Orpnlutloo. Rome, 1971. 

Fraction of 
Total Use 
in Percent 

1967 

70 
3 
I 

4 
22 

100 

2000 

.51 
2 
I 

.5 
41 

100 
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TABLEM 

Water Use In Selected Coaaatrles, 1965 

Total Use Percent ofTotal 
In m1 per Municipal and Rural Agriculture Capita Industry Water Supply 

United Kingdom 200 
Czechoslovakia 28S 
India 600 
Japan 710 
Mexico 930 
u.s.s.R. 1.000 
United States 2.300 

TABLE9-7 

Water Quality In Three Selected Irrigation Areas 

Salinity Sodium 
ECw• SARI» 

GUIDELINE 

No Problem Below0.75 Below3 
Increasing Problem 0.7S-3.0 ;..9 
Severe Problem Abovc3.0 Abovc9 

IRRIGATION AREAS 

Mona Project. Paki· 
stan, 1968 3.60 38.0 

Pecos River. United 
Slates, 1946 3.21 8.6 

Tigris River. Iraq, 
1966-69 O.SI 2.S 

• Elcculcal c:aiductMt:r, eapnucd in mmllollcm. 
•Sodium llnorptlon l'llt, .UUlled tor cU:lum and lftllllltllum conlenl. 
So•1"t: R. S. Arm and D. W. Weatcott, Wurtr Q110/111 /or ARrlr11/111rt, op. 
cit. 

lines to the quality of water in three irrigated 
areas. The Mona project in Pakistan and the 
Pecos River in the United States would be classi
fied as having severe or increasing water quality 
problems for irrigation. The Tigris River would be 
cta~~ifted as having no problem, although sodium 
co,.centrations would be regarded as borderline. 

Increased salinity in water supplies results from 
the two basic pro-.:esses of salt loading and salt 
concentrating. Salt loading is due both to natural 
causes such as surf ace run-off and to man-made 
sources such as industrial waste and return flows 
from inigated land. The relative effects cf salt 
loading and salt concentrating on salinity r.oncen
tratlons for the Colorado River in the United 
States are ghown in Table [9-8]. While 59% of the 

31 3 66 
13 6 81 
3 96 I 

10 72 18 
4 91 ' 8 53 39 

JO 42 48 

average salinity concentration over the 20 year 
monitoring period was attributable to natural 
causes (including evaporation), 41% was due to 
man's activities (mainly irrigation, which ac· 
counted for 37%). 

Another major concern in the developing coun· 
tries is the provision of safe drinking water and 
the hygienic disposal of wastes. A recent WHO 
survey, covering t ,600 million people (including 
those of 88 developing countries). found that 77% 
of the populations surveyed were not satisfactorily 
served by community water supplies.* 

Irrigation proble1.'ls 
Irrigation, or lhe controlled use of water for 

agriculture, is l)laying an· increasingly important 
role in increasing production and in reducing its 
instability. In the Near East, for e>:ample, 70% of 
the total agricultural production is derived from 
the 35% of the cultivated area that is irrigated.t 
The benefits of irrigation go far beyond the mere 
provision of wat'!r, since it creates conditions 
suitable for the optimum use of other inputs, such 
as fertilii.ers and high-yielding varieties. 

The total irrigated area of the world was 223 
million hectares in 1975, and is expe.;ted to rise to 
273 million hectares by 1990. Table [9-9] shows 
estimates of the an~a equipped for irrigation in the 
developing market 4?Conomies in 1975, and targets 
for new irrigation .and the improvement of the 
existing irrigation in these countries by 1990. 
Irrigation accounted for 66% of the cropped area 
in Asia in 1975, 19% in the Near East, 13% in 
Latin America, and only 3% in Africa. The 
deman' "'or water for inigation in the developing 

•United Nations, Tht Dtmandfor Water, op. cit. 
t M. El Oabaly, Seminar of Commllttt on Wattr Rt· 

starch, Cairo, 1976. 
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TABLE9-8 

Effect or Various Factors on Salt Concentration or 
Colorado River•, United States, 1942-61 

Natural Sources 
Evaporation 
Irrigation (Salt Contribution) 
Irrigation (Consumptive Use) 
Municipal and Industrial Sources 
Exports Out of the Basin 

•Al Hoover Dam. 
"F.•prcucd in mili1nim• per lilcr (ma/I.) 

Cumulative Percent 
Concentration b of Total 

334 
80 

178 
15 
10 
20 

47 
12 
26 
II 
I 
3 

~;;~r: Unilcd Slalca Envlronmcnlal Prolccllon A1cncy, S111nmary Rrpart, 

market economies would increase between 1975 
and 1990 by 438 kr13, or more than 30% of the 
total world use of water for irrigation as estimated 
in Table [9-5) above. 

The major irrigation problems arise from water 
losses due to ineffective or badly managed sys
tems, and from salinity and waterlll~ng associ
ated with inadequate drainage. As regards the 
former, the targets shown in Table [9-9) indicate 
the need for the improvement of almost half of 
the existing main and on-fann irrigation systems 
in the developing market economies. About 40% 
of these improvements are classified as "major." 
Even under optimum conditions of efficiency, 
some 25 to 30% of the water used in irrigation 
schemes is not utilized by the crop, but is lost in 
run-off, evaporation and percolation. More often 
the figure is 50% or even more. More efficient 
irrigation systems, however, require large invest
ments, which must be returned in higher yields 
and income. The cost of the improvements in
cluded in Table [9-9) has been estimated as U.S. 
$23,000 million at 1975 orices. 

As regards salinity and waterlogging problems, 
salinization is very often associated with irrigation. 
The causes include unsuitable soils, irrigation with 
poor quality water (as discussed above), inade
quate soil drainage to remove soluble salts, a high 
water table, and a high evapotranspiration rate. It 
is estimated that about half of ~ the irrigated 
lands of the world have been ciar:iaged by salini
mtion, alkanii.ation and water logging.* 

Past neglect of drainage, m r.ortjunction with 
irrigation, has reduced the productivi~y of millions 
of hectares, which must now be reclaimed if at all 
possible. In some cases, large areas of irrigated 

•PAO/UNESCO, Soil Map of tht World, Paris, 1964-74. 

land have had to be abandoned as a result of soil 
salinii.ation. The serious extent of this problem is 
illustrated in Table [9-9). Improved drainage 
should be extended to 52 million hectares of 
irrigated land in the developing market economies, 
much of it within the 45 million hectares requiring 
improvements in the irrigation system. The cost 
of the drainage improvements shown in Table [9-
9] has been estimated as U.S. $13,700 million at 
1975 prices. 

In Pakistan, ou; qf a total of 15 million hectares 
of irrigated land, about II million [73 percent] 
suffer from salinity, waterlogging or both, result
ing in pronounced reductions in crop yields. In 
Iraq, more than 50% of the Lower Rafadain Plain 
suffers from salinity and waterlogging. In Syria, 
about 50% of the irrigated land in the Euphrates 
Valley is seriously affected, with crop losses 
worth about U.S. $30 million annually. In Egypt, 
some 0.8 million hectares, or 30% of the total, are 
affected, and fa Iran over 15% of the irrigated 
lands.* 

Among other factors to be considered, the most 
important is disease transmission as a result of 
irrigation. Schistosomiasis is the most serious of 
the diseases concerned. Irrigation schemes pro
vide a natural environment for i!s spread, and in 
one case 60% of the adults and 80% of the 
children are affected. t Malaria can also thrive on 
irrigation pr~ects, when havens for vector breed
ing become establishe~ as a result of defective 
planning and water manager.~~nt. 

The problems of irrigation are immense, but the 
crop production potential due to irrigation is 
equally great. The solution lies mainly in the 
rehabilitation and improvement of existing irriga
tion schemes and the proper installation and 
subsequent management of new ones. The inr.utl
lation of new schemes will be particularly impo1-
tant in Africa, where irrigated areas are now 
expandill6 rapidly. 

Regional Water Projections 

Table 9-10 and the accompanying maps show 
per capita availability of water* in 1971 and 
projected availability in 2000. These projections 
were developed by the C.I.A. for the Global 2000 
Study and are based on data published in 1971 by 
the Russian hydrologist M. I. L'vovich in his 

• M. El Gabaly, op. cit. 
t M. A. Amin, Problems and fffects of Schistosomiasis 

In Irrigation Schtmes In tht Sudan, Khartoum Bl/hart/a 
Projtct. 

t Water 1vailability is defined as annual surface (over· 
land) runr ' !us ground-water flows. 
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TABLE9-9 

Irrigation and Drainage in the Developing Market Economies, 1975, and Tugets, 1990 
I 

IRRIOATION (thousands ofhtciares) 

Equipped irrigation area. 1975 

Targets, 1990 
N-:w irrigation 
' .1provements to existing irrigation 

minor 
major 

Increased water demand (thousands of cubic mettrs) 

DRA~NAGB (thousands of hectares) 

Equipped drainage area. 1975 
Improvement targets. 1990 

on irrigated land 
on non-irrigated land 

Sotll'C#: United Natlons Water Colll'erence, War,, for 1t1rlclllt1Ut, 1m, AnM1 I. 

book Global Water Resources and Their Future. 
The projections from the L'vovich data were 
obtained simply by calculating the ~ercentage 
change in population by 2000 and reducing propor
tionately the per capita watt:r availability. 

A simple linear extrapolation based on popula
tion growth alone obviously ignores many other 
important factors that could effect a country's 
water situation (e.g., the kvel of agricultural 
development, degree of urbani:ation, etc.). In
deed, water availability itself is a n.!?.tively crude 
measure of an overall water situation. Nonethe
les:;, population growth will be the single most 
sir,nificant cause of increased future demand, and 
the; {'rojections are r ~rut in giving a general 
indi~tion ')f potential h.> ure problem areas. 

By the year 2000 population growth alone .Jf 
the world will cause r t least a doubling in tb.e 
demand for water in nearly half of the countri.!s 
1 •f the world. The greatest pressure will ~ ·on 
those countries with low per capita water availa
bility and high population growth, especially in 
parts of Africa, South Asia, the Middle East, and 
Latin America. Much of the increased pressure 
will occur in developing countries where, if im
proved standards of living are to be realil.ef'f, 
water requirements will exprmd several limes. 
Unfortunately, it is precisely these countries tlU\t 

Africa Latin America Near East Asia Total 

2.61C 11.749 17,105 60,522 91,986 

960 3,101 4,295 13,848 22.204 
783 4,698 9,789 29.718 44.988 
522 2,349 6,368 17.614 26.853 
261 2.349 3,421 12.104 18.135 

20 33 44 341 438 

7,044 46.Scl5 18.212 62.501 134.342 
5.900 19.245 9,643 43,396 78.184 
1.177 2.018 7.076 42.152 52.423 
4.723 17.227 2.567 1.244 25.761 

are least able, both financially and technically, to 
deal with the problem. · 

As 'pressures on water resources increase, con
flicts among nation; with shared water resources 
are likely to inter:~ify. Interstate disputes between 
upstream and downstream users of multinational 
river basins are particularly apt to occur over 
questions of water rights and priorities. Long
standing quarreis over the la Plah (Bmzil, Argen
tina), Jordan (Israel., Jordan), E:..phrates (Syria, 
Iraq), Indus (Pakistan, India), and Ganges (Bang
ladesh, India) could easily worsen as pressures 
become critical. And the pressures will become 
critical: By 2000 the Ganges basin alone will 
probably contain more them half a billion people! 
The potential for conflict is underscored by the 
fact that arproximately 148 of tr.e 200 first-onier 
river basin ... * of tht world are shared by two 
countries and 52 by three to ten countries. Inter
national cooperation and negotiation will have to 
be pursued as the primary means of preventing 
and resolving future disputes. 

• A first-order river basin is one in which the final 
destination of the basin water now is an ocean, closed 
inland sea. or lake. 
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, TABLE9-10 ~ ~ Percent 
Change in 

·Per Capita Water AvaUablllty, 1971 and 2000 Population 

(Thou.rands of cubic meters per capita per year) 
1971. 2000 b 1971-2000 

Indonesia (excluding Western 
Percent New Guinea & Portuguese 

Change in Timor 13.0 6.7 95 
Population 

1971 • 2000 b 1971-2000 AFRICA 
Tunisia 0.9 0.4 126 

EUROPE Algeria 2.2 1.0 Ill 
Finland 22.5 19.9 13 Morocco 2.1 0.9 132 
Sweden 24.1 21.3 13 Libya 3.7 1.2 198 
Norway 96.9 81.4 19 Egypt 0.1 o.os Ill 
Denmark 3.0 2.7 13 Sudan 4.0 1.9 107 
Iceland 319.0 209.9 52 W. Sahara b 1.8 0.9 94 
Netherlands 0.8 0.6 30 Mauritania 7.0 3.6 94 
Belgium & Luxemboury 0.9 0.8 7 Mali 12.4 5.6 121 
France 4.6 3.8 21 Niger 3.5 1.7 IOI 
Great Britain 2.7 2.0 34 Benin 5.7 2.7 Ill 
Ireland 13.7 II. I 23 Nigeria 4.7 2.4 96 
Switzerland 7.3 6.5 13 Togo 4.5 1.9 139 
Austria 7.7 7.6 I Ghana 7.8 3.1 ISO 
Portugal 2.8 2.5 13 Upper Volt' 5.2 2.7 92 
Spain 3.9 2.8 39 lvoryCoah 30.8 14.3 llS 
llaly 3;0 2.4 26 Liberia 198.0 89.6 121 
Yugoslavia 6.0 4.6 30 Sierra Leone 63.7 30.5 109 
Albania 10.2 5.5 87 Guinea 57.6 30.8 87 
Greece 7.4 6.4 16 Guinea· Bissau SS.4 38.7 43 
West Germany 1.4 1.3 9 The Gambia 4.4 2.8 58 
East Gennany 1.2 1.2 I Senegal 5.9 2.9 106 
Czechoslovakia 1.9 1.5 27 Cameroon 45.9 24.4 88 
Hungary 0.8 0.7 20 Chad 10.4 5.6 8,5 
Romania 1.8 1.3 40 Cen. African Empire 92.8 49.4 88 
Bulgaria 2.1 1.7 23 Congo 192.0 108.S 77 
Poland 1.7 1.3 3.5 Zaire 58.4 34.6 69 

Gabon 328.0 2.58.3 27 
ASIA Equatorial Guinea 103.0 61.7 67 

U.S.S.R. 17.8 13.6 31 Ethiopia 4.6 2.1 m 
European Portion 6.2 4.7 31 Somali 3.9 1.8 11.5 
Asian FIJrtion 39.1 29.8 31 Kenya 3.4 1.2 191 

Mongolia 36.7 14.5 153 Uganda 6.8 2.6 166 
P.R. China 3.8 2.7 42 Tanzania 5. 7 2.4 142 
Japan 3.8 2.7 43 Rwanda 1.8 0.8 13.5 
North Korea 5.0 2.0 l.53 Burundi 1.0 0.6 81 
South Korea 1.9 1.0 93 Malawi 2.0 1.0 108 
Afghanistan 4.4 2.2 96 Zambia 22.3 8.5 161 
Iran 6.0 2.5 145 Malagasy Republic 33.6 16.9 99 
Iraq 3.6 '1.3 173 Mozambique 8.0 4.0 102 
Turkey 4;9 . 2.3 118 S. Rhodesia 4.4 1.6 169 
Cyprui. 0.06 0.05 22 Namibia 14.3 7.4 93 
Syria 3.0 l;O 16.5 Botswana 13.8 7.2 92 
Countries of the Arabian Rep. S. Africa 2.9 1.3 128 

PeninsulP 0.7 0.3 106 Lesotho 3.9 2.l 8.5 
Pakistan I. I 0.5 12.5 Angola 29.5 l.S.3 93 
Banglade!>n 1.8 0.9; 102 
India 2.9 l • .S 92 NORTH AMERICA 
Sri Lanka 4.7 2.8 69 Canada 128.0 83.0 .54 
Nepal 11.0 .5.6 95 Yukon & N.W. Territories .5200.0 3376.6 54 
Bunna 24.6 13.2 86 British Columbia 381.0 247.0 .54 
Thailand 4.8 2.0 13.S Eastern Provinces 87 • .S .56.8 54 
Laos 77.0 37.0 108 United States (48) 8.4 6.6 27 
Cambodia 17.5 7.4 13.S Western States 12.0 9.4 27 
N. Vietnam 8.2 4.9 IS8 Northern States .S.4 4.3 27 
S. Vietnam 11.0 5.7 92 Southern States 11.6 9.1 27 
Hlilippines 10.1 4.2 139 Alaska 2033.0 1600.8 27 
Malaysia, Singapore & Brunel . 33.3 14.4 132 Mexico .5 • .S 1.9 18,5 

\ "/, t 
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TABLE 9-10 (con.Uect) 
Percent 

Change in 
Population 

1971 • 2000 b 1971-2000 

CENTRAL AMERICA, WEST INDiES 
Ouatemala 
Belize 
Salvador 
Honduras 
Nicaragua 
Costa Rica 
Panama 
Cuba 
Jamaica 
Haiti 
Dominican Rep. 

SOUTH AMERICA 
Argentina 
Urur,uay 
Parr.guay 
Brazil 
French Guiana 
Surinam 
Guyana 
Venezuela 
Colombia 
Ecuador 
Peru 
Bolivia 
Chile 

AUSTRALIA AND NEW ZEA· 
LAND 

Australia 
W. Australia 
N. Territory 
S. Australia 
Queensland 
New South Wales 
Victoria 
Tasmania 

New Guinea Island 
New Zealand 

N. Island 
S. Island 

1.5.1 
123.0 

4.2 
38.0 
71.7 
41.4 
.54.8 
3.1 
1.1 
1.4 
2.8 

11.9 
20.4 
39.3 
.59 • .5 

2400.0 
.513 
317 
73.2 
.52.7 
.52.2 
.59.6 
60.8 
47.8 

678.0 
62.6 

7.57.0 
4.S 

76.8 
12.0 
s.s 

123.0 
30.4 

136.0 
S6.9 

346.0 

7.0 
63.7 

1.7 
1.5.3 
27.9 
22.3 
2.5.1 

1.8 
0.6 
0.8 
1.2 

7.7 
1.5.9 
19.0 
26.0 

1034 . .5 
2Sl.S 
lt-4.2 
28.S 
22.S 
22.7 
26. ! 
28.7 
28.6 

4.52.0 
41.7 

.504.7 
3.0 

Sl.2 
8.0 
3.7 

82.0 
13.9 
72.0 
30.1 

183.0 

113 
93 

146 
148 
157 
86 

118 
74 
93 
81 

142 

S4 
28 

107 
128 
132 
104 
93 

157 
134 
130 
128 
112 
67 

so 
so 
so 
so 
so 
so 
so 
so 

119 
89 
89 
89 

'These numbers, in thou1and1 of cubic meters per capita per yur, have the 
followln1 appro•lmate meanln1: A value of 1.0 or under 11 a very low 
availability; 1.0-5.011 low; ,.0-10.0 ls medium; 10.0or above Is hi1h. 
'The population projection• used here are the Bureau or Cen1u1 medium aeries 
developed for thl1 Study. Projecthldt for countriu not listed in Ch1p1er 2 were 
obcained directly from Cen1u1 personnel. Wntem Sahara'• projection Is bated 
on M1uritania'1 population cbanae fl1ure because available data for Weatem 
Sahara wu unreliable. 
So11rcu: The 1971 fi1urea were laken from M. I. L'vovich, Global Waltr 
R"0Mrct1 a11d Thtit FMtllrt (in Ruuian), l 174. The 2000 r1111re1 were oblalned 
by calculall1111 the percentqe chan,e in population and reduci1111 proportionately 
the per capita water avallability. 

Future Water Resources 
World water withdrawals for 1975 aggregated 

less than 3 x 1011 cubic meters per year, while 
the lower-bound supply estimate is more than an 

crder of magnitude greater, nearly 4 x 1013 cubic 
meters per year. Other estimates indicate that 
nearly 60 percent of all water withdrawn is 
returned to the environment, so the actual global 
total of water consumed may be no more than 3 
per cent of the aggregate water supply. Barring 
substantial climatic change, the supply estimate 
should remain constant throughout the near fu. 
ture, while water withdrawnls climb steadily with 
population and rising agricultural and industrial 
output. Even if water withdrawals were to in
crease by a factor of 7 by the year 2000 (the 
Kalinin forecast), only about 50 per cent of 
aggregate supply would be withdrawn, and about 
15 percent actually consumed. 

Comforting as such figures may be, they are 
misleading. In fact, any significant increase in the 
rate of water withdrawal. even a doubling by the 
year 2000, is virtually certain to caust> •1utjor water 
supply problems. The use of energy and other 
resources by the water supply sector will increase 
dramatically. Water shortages will become more 
frequent, and their effects will be more wide
spread and more severe. The availability of water 
will become an even more binding constraint on 
the locution of economic development. The notion 
of water as a free good available in essentially 
limitless quantities will have disappeared through
out much of the world. 

These less encouraging predictions stem from 
recognition of the intensely local nature of a water 
resource. There exists no world water economy, 
and it is rarely meaningful to speak of a national 
water economy. Most water economies exist 
within smaller hydrologic provinces, in single river 
basins, adjoining basins connected by water trans
mission facilities and the like. When the supply in 
such a limited area falls short of the attempted 
withdrawals, water shortages occur, reg&rdless of 
the quantities of water available in neighboring 
basin!'!. It may also be true that attemnted water 
withdrawa1s cannot be maintained during a period 
of low streamflow, even though adequate water is 
available in the same stream at other times. 

This nonunif onn distribution of water, both in 
space and in time, is •he fundamental cause of the 
uniquely local nature of water supply problems. 
When data are summed or averaged over a 
number of water supply areas, the nonunifonnity 
is concealed, and water resources may appear to 
be adequate when, in fact, serious shortages are 
likely to occur. 

When shortages do occur or are considered 
likely to occur, a number of steps can be taken. 
First, the ~upply may be augmented. 

One appmach to augmentation consists of trans· 
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fening water in space and/or time so as to mee' 
the requirements of attempted withdrawals. Water 
is transferred in space by constructing or employ
ing transportation facilities (such as water trans
mission mains) to move water from an area where 
it is not required to the area of potential shortage. 
Water is transferred in time by constructing stor
age facilities, usually major impoundments on 
existing streams. Due to the very large quantities 
of water involved, transmission over large dis
tances is very expensive, requiring large commit· 
ments of energy. Major storage projects are also 
expensive, and may have the added disadvantage 
of increasing total evaporation, thus reducing the 
total supply available. Both actions have th<: 
potential of permanently altering natural lanc
scapes, aud of creating ecological disruptions. 
However, water shortages that result from a lack 
of adequate storage capacity may entail high 
economic and social costs. 

Another means of supply augmentation requires 
increased reuse of return flows from other water 
users. This may require rearranging the sequence 
of uses so that those requiring the highest quality 
come first, followed by users who are increasingly 
tolerant of lower-quality water. More often, reuse 
may be increased by the installation of improved 
treatment facilitie!;, either at the first user's ef· 
fluent or the second user's intake. Such measures 
are costly, and they consume significant quantities 
of energy and, perhaps, various chemicals. 
Changer in the quality of the environmem may 
occur 'lirectly, or as •he result of decreased 
streamflows below the region of more intensive 
water use. 

The second step taken in the case of water 
shortr.ge involves reducing rates of water use. 
This may occur through economic incentive, as 
increasing scarcity drives the price of water 
higher, encouraging water users to substitute other 
goods or other inputs for the use of water. It may 
ocr.ur administratively, as users either voluntarily 
invoke water conservation practices or do so 
because of regulation or because 1f reductions in 
water allocations. Water use may Jso be reduced 
by stimulating the introduction of new, less water
intensive technology (cooling towers for power
plants, or drip irrigation). 

Finally, when possibilities for supply augmen
tation and for water-use ret.h1ction have been 
exhausted, and withdrawals still threaten to ex
ceed available sapply, water must be allocated 
among several uses, so that the damages incurred 
as a result of shortage will be minimized. In the 
absence of such allocation, the available water is 
used on a first come, first served basis, until the 

water supply fails entirely. Supply failure creates 
a potential for public health problems, industrial 
shutdowns, and massive crop failures (which also 
have human health implications). 

Some of the measures outlined here can only 
be implemented after relatively long-tenn planning 
and construction (water transmission and storage 
facilities, for example); others are available on an 
immediate short-term basis (water-use reduction 
techniques not involving new technolO!lY). The 
measures requiring construction have the potential 
of creating adverse environmental effects, and 
some may imply large increases in the use of 
energy. It may be advantageous to engage in still 
longer-term planning, so as to facilitate the loca
tion of future water-using activities in areas better 
able to provide the necessary water. Again. these 
co11siderations and findings depend upon specific, 
area by area analyses of water supply and de
m!'nd; they cannot be obtained from national 
aggregate data. 

Conclusions 

There will apparently be adequate water avail
able on the earth to satisfy aggregate projected 
water withdrawals in the year 2000; the same 
finding holds for each of the continents. Never:he
less. because of the regional and temporal nature 
of the water resource, water shortages even before 
2000 will probably be more frequent and more 
severe tian those experienced today. 

By the year 2000 population growth alone of 
the world will cause at least a doubling in the 
demand for water in nearly half of the countries 
of the world. T :e greatest pressure will be on 
those countries Y.. Ith low per capita water a\ dila· 
bility and high population growth, especially in 
parts of Africa. South Asia, the Middle East. and 
Latin America. Much of the increa'\ed pressure 
will occur in developing countries where. if im· 
proved standards of living are to be realized. 
water requirements will expand several times. 
Unfortunately. it is precisely these countries that 
are least able. both financially and technically. to 
deal with the problem. 

Although irrigated land comprises only 13% of 
the world's total arable area, irrigation account$ 
for by far the largest proportion of the total watet 
used by man and will continue to be the greatrs1 
water consumer in the future. The total irrigated 
area of the world was 223 million hectares in 
1975, and is expected to rise to 273 million 
hectares by t 990. As a result the demand for 
water for irrigation in the developing market 
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economies alone would increase between 1975 
and 1990 by 438 cubic kilometers, or more than 
30 percent of the current \otal world use of water 
for irrigation. 

The need for water resourcei::, however, goes 
beyond quantity and must also consider quality. 
The hannful effects of waste disposal on quality 
are well knoWfl but a major unseen problem is 
the increasing salinity of water resources with 
use-particularly irrigation use. Increasing salinity 
is an inevitable pnx:css in nature, but man has 
greatly accelerated it and, with continued in
creases in the intensity of use, the problem will 
become greater. 

Salinization is very often associated with irriga
tion. The causes include unsuitable soils, irrigation 
with poor quality water (as discussed above), 
inadequate soil drainage to remove soluble salts, a 

high water table, and a high evapotranspiration 
rate. It is estimated that about half of all the 
irrigated lands of the world have been damaged 
by saJinization. alkalinization and waterfogging. In 
some cases, large areas of irrigated land have had 
to be abandoned as a result of soil salinization. 
Past neglect of drainage, in coajunction with 
irrigation, has reduced the productivity of millions 
of hectares, \\ hich must now be reclaimed if at all 
possible. 

As pressures on water resources increase, con
flicts among nations with shared water resources 
are likely to intensify. Interstate disputes between 
upstream and downstream users of multinational 
river basins are particularly apt to occur over 
questions of water rights and priorities. Long
standing quarrels could easily worsen as pressures 
become critical. 



10 Energy Projections 

This chapter presents U.S. and world energy 
forecasts for the midrange (1985-90) and the long 
range (to the year 2000). The forecasts, made 
during the spring of 1978, endeavor to reflect a 
range of uncertainty in future economic and 
demographic growth by presenting three projec
tions of energy consumption trends. The analysis 
r.lso examines how these demands would be 
satisfied by development of energy supply in a 
market environment. The midrange forecasts were 
made for the Global 2000 Study. The long-range 
forecasts, made by other organizations, are com
pared to the trend in the midrange projec lions. 
The regional changes in energy trade and per 
capita consumption between 1975 and 1990 im
pli.:d by the forecasts are summarized in the maps 

_on the following two pages. 
The conclusions can be summarized as follows. 

On the consumpt!on side: 

• The connection between economic growth and 
energy demand growth is projected to continue 
at least through 1990, moderated only by poten
tial price increases. 

• Current analysis of the effect of relative and 
overall levels of energy prices on the structure 
of energy demand shows that there is a strong 
potential for fuel substitution in energy con
sumption. 

• However, current medium and high economic 
growth projections appear to lead to situations 
in which significantly higher prices for petro
leum will be required to f;quilibrate supply and 
demand by fuel substitution and other means of 
petroleum demand reduction. 

• In the very long term, there appears to be 
considerable potential for aggressive, conserva
tion-induced reductioils in energy consumption. 

On the energy supply side: 

• Petroleum production capability is not increas
ing as fast as demand. Depending upon eco
nomic growth Md conservation, a supply-con
s trained market appears to Le a strong 
possibU: ·for the late 1980s. 

• In the long ierm, the rate of petroleum reserve 
additions appears to be falling. As a result, 
engineering considerations indicate that world 
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petroleum production will peak in the 1990-2010 
interval at 80-105 million barrels per day, with 
ultim1te resources estimated at 2,100 billion 
barrels. 

• There is a substantial potential for growth in the 
coal and natural gas supplies beyond the year 
2000. 

Since there was not sufficient time to evaluate 
a range of possible global long-tem1 projections, 
there is a degree of inconsistency in the long-run 
view that can be resolved only by further careful 
long-term analysis of the projections or an inde
pendent long-run projection exercise. 

Darsie ~umptions 
The underlyin:~ assumptions of the forecasts in 

this chapter take into account many uncertainties 
in key variables and thus reflect a range of future 
outcomes. Projections of energy supply and de
mand levels require estimates of economic varia
bles as well as estimates of possible technologi
cal-and to some extent political-changes. The 
major variables used to drive the forecasts are: 
gross domestic product (GDP) and population 
ranges•; price assumptions; the behavior of the 
Organization of Petroleum Exporting Countries 
(OPEC); technological penetration; and conse1va
tion. 

GDP/Populatio11 Ranges. Future C''.lergy growth 
is determined primarily by future economic 
growth, as reflected in GDP and population 
changes. This analysis assumes that there will be 
no structural changes. In this analysis, one com
plete set of projections was developed for each of 
the Global 2000 medium, low, and high GDP and 
population growth-rate assumptions. These three 
economic projections are designed to cover the 
range of possible outcomes. 

Price Assumption.v. Energy price assumptions 
affect the levels of consumption and determine 
the competitiveness of all new technologies. They 

•Reslllls calculah.:d for the Administrator'!. Annual Report 
are nnt entirely comparable with Global 2000 Study figures 
becan~e different economic and demographic growth rates 
were assumed. 
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are dependent not only on traditional supply and 
demand conditions but also on the actions of the 
OPEC cartel in 'adjusting the price of the marginal 
supply of oil. 

The first set of projections in this chapter is 
· based o'n a constant real oil price of $13 per barrel 
in 1975 dollars through the year 2000. However, 
rising oil prices appear to be a strong possibility. 
Strong upward pressure on world energy prices in 
the 1980-90 period may result from resource 
conservation policies of producer countries and 
rapidly rising world demand. A second projection 
is then generated, using the assumption that oil 
prices rise at a real rate of 5 percent per annum 
between 1980 and 1990. 

OPEC Behavior. OPEC currently controls the 
price of international crude oil. More intense 
competition among oil importing countries for 
the available OPEC supply is expected in the 
future, so OPEC pricing policies remain specula
tive. 

It is possible that the demand for· oil will 
exceed maximum world production well before 
the year 2000. This will ultimately lead to re
source depletion, and many OPEC nations face a 
future where oil is no longer their principal asset. 
To extend this transition period, some oil produc
ing countries may adopt resource conservation 
measures and output ceilings, resulthig in t.igher 
real oil prices. 

Tecltnological Penetration. The characteristics 
and economics of te1:hnologies can have dramatic 
effects on the ovemll projections. Of equal im
portance are the assumed availability and rate of 
penetration of competitive technologies. Im
proved technology can provide for the full utili
zation of rnnewable resources in the long run. 
Most alternative technologies are not now eco
noma-.:, but higher energy prices and limited 
conventional supply prospects encourage their 
development. Doth hard and soft technologies 
are considered in the foreca'.lts, with potential 
impacts being realized in some cases through 

· 1985, in others not until after 2000. The eventual 
·result will probably encompass a blend of differ
ent technologies that most efficiently and eco
nomically meets the diverse consumpt:on re-
quirements. . .. 

Conservation. Energy conservmg pohc1es may 
originate from both consumer and producer 
groups. As energy prices increase demand will 
decrease. Possib!e structural changes will further 
·reduce demand. Shifts are introduced by changes 
in the etTiciency of the capital stock either by 
tu· .ting over the stock at a faster than normal rate, 
by retrofitting the stock, or by introducing new. 

more efficient capital into the stock. Conservation 
may also be encouraged through governmental 
policies aimed at controlling environmental dam
age. 

Midrange Energy Forecasts, 1985-90 
The energy forecasts will be presented in two 

phases: midrange extrapolations covering 1985-90 
and long-range extrapolations extending to the 
year 2000. This division is made necessary by the 
differing philosophical approaches userl in the 
forecasts. 

This section presents an analysis of three scen
arios chosen to illustrate the range of possible 
variations in world economic and demographic 
trends, with regional and world energy balances 
presented for 1985 and 1990. The scenarios are 
unconstrained in the sense that unlimited world oil 
supplies are assumed available at constant real oil 
prices to 1990. A modified energy projection is 
also develope" assuming annual energy price 
increases of 5 f. .:ent from 1980 through 1990. 

The basic assumptions of the model !!re the 
· analyst's representation of the way the energy 
system operates. In this analysis this system is 
understood to be a market in which sellers of 
natural resources-oil, coal, and gas-are compet
ing to satisfy the demands for energy. In the 
midrange forecasts demand is based primarily 
upon past trends, driven by economic activity, 
enl:lrgy prices, and the growth of energy-consum
ing stock. The actual demand for energy products 
is constrained by technological limits imposed by: 
our ability to satisfy end-use demands for heat, 
transportation, mechanical drive, etc., with pri
mary fuels; our ability to generate secondary fuels 
and energy such as gasoline, distillate, and elec
tricity from primary fuels; and our ability to 
convey primary fuels to points of conversion and 
generation.• 

The midrange model of the energy market 
equilibrates supt:ilY and demand under these .:on
straints in a c.:ompetitive market simulation. Fore
casts are generated using two equilibrium repre
sentations, the Project Indept!ndence Evaluation 
System (PIES) for the U.S. and •he International 

•For example, natural gas remains in Saudi Arabia because 
there is no practical way to transporl it to New York for 
use as home heat. Likewise, excess natural gas in New 
York would be useless as a fuel for automobile rr.:: .. 'IOrta· 
lion. These anomalies limit our current ability to satisfy 
requirements for ~ervices. Long-term planning should be 
directed toward satisfying actual end-use requirements with 
primary sources. In contrast. midrange planning is predom· 
inately concerned vith providins secondary fuels, usins our 
existing conversion, transportation, and delivery capability. 
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Energy Evaluation System (IEES) for the rest of 
the world. Results of the PIES analysis are used 
in IEES to represer.t the United States. 

In both PIES and IEES, energy sector demands 
are determined on the basis of past experience as 
functions of product price! , economic activity 
(GNP or GDP), and a lag term to estimate capita) 
stock changes. After determining total sectoral 
Btu (British thermal unit) demands, individual 
product demands are estimated as functions of 
relative prices and stock changes. Given this 
demand slate, an integrating analysis uses a supply 
function derived from fuel specific supply and 
conversior, models to produce supply estimates. 
An iterative approach is th~n used to adjust prices 
until an energy market equilibrium is reached 
between supply and demand. Detailed representa
tions of energy transportation, conversion (by 
utilities and other processes), and refirting are 
employed to capture the effects of the existing 
capital stock of coal, oil, and gas consuminJ 
equipment and and changes as this equipment is 
replaced by new building programs. The method
ology is described in greater detail in Chapter 20 
of this volume. 

The two principal uncertainties in forecasting 
consumption are also the most important varia
bles-economic and population growth. Three 
alternative projections of each were used as the 
basis for the low, medii1m, and high cases (Tables 
10-1 and 10-2). 

The medium case assumes medium population 
and GNP growth; the high case assumes low 
population and high GNP growth; and the low 
case assumes hi3h population and low GNP 
growth. For the less developed regions, popula-

TABLE 16-1 

Real GNP Growth Rate Assumptions 
(Compound annual perunt) 

OPEC 
Low-Income 

LDCs 
Medium-in-
come LDCs 
()ECD 

nations 
Soviet bloc 

(e1tcludi111 
U.S.S.R.) 

U.S.S.R. 
China 

I .J, 

4.4 

6.6 

4.9 

3 • .5 
3 • .5 
.5.0 

1976-Jl.5 

Me
dium 

6.3.5 

3.6 

.5 • .5.5 

4.0 

3.2.5 
3.2.5 
3.7.5 

Low H11h 

.5 • .5 6 • .5 

2.8 3.1 

4 • .5 4.9 

3.1 3.7 

3.0 3.0 
3.0 3.0 
2 • .5 .5.0 

198.5-2000 

Me
db•m 

.5.4 

2.8 

4.4 

3.1 

2.7.5 
2.7.5 
3.7.5 

Low 

4.1 

2 • .5 

3.9 

2 • .5 

2 • .5 
2 • .5 
2 • .5 

United 

TABLE 10-2 

Population Growth Rate Assumptions 
(Compound annual perr:ent) 

Hiah 

1976-8.5 

Me
dium Low Hiah 

198.5-2000 

Me
dium 

States .96 .70 • .51 .94 • .5.5 
Canada I. I .92 .70 1.20 .90 
Japan .91 .88 .81 • .58 .67 
Europe .3.5 .32 .30 .48 .42 

Low 

.27 
• .59 
• .53 
.l4 

Nmr: The encray demand• or the Ina developed countriea, OPEC n1llons, anl 
centrally planned economic• arc not modeled H bclna sen1itlvc to population 
srowth rates and thcrcrorc uc not prc1Cnted in thil table. 

tion is not an exogenous variable in the detenni
nation of energy demands, so changes in popula
tion growth rates influence energy demand only 
insofar as they are reflected in GNP growth rates. 
All other exogeno1!s variables are held constant. 
The common assumptions for this set of projec
tions are: 

• A real oil price of $13 per barrel (in 1975 dollars, 
CIF U.S. East Coast) is maintained through the 
year 2000. 

• OPEC is the world's unconstrained marginal 
supplier of crude oil. 

• The base-case situation for the U.S. includes 
natural gas regulation and crude oil ~rice con
trol. 

• OECD country policies regarding conservaticm, 
taxation, import tariffs, and supJ?.IY development 
are fixed. (Their relative contnbutions, shown 
in the 1978 annual report of the Department of 
Ener$y's Energy Information Administration, 
are discussed below in the uncertainty section.) 

• Development policies of the less developed 
countries (LDCs) continue on their presrnt 
course (ener~ demand tied to GDP growth,' 
with no special OPEC oil price arrangement for 
LOCs. 

The result of the calculations is a set of world 
and regional equilibrium energy balances for 198S 
and 1990 for all three growth scenarios ('fables 
10-4 and 10-5). Table 10-3 summarizes the fore
casts for total oil and total energy. 
For 1985 U.S. energy demand ranges from 87 
quadrillion Btu (quads) in the low GNP case to 
102 quads in the high GNP case, the range for 
world demand being 329-352 quads. World oil 
consumption is forecast to be in the ran~ of 71-
86 million barrels per day (mb/d) in 1985, with 
U.S. oil consumption between 19-24 mb/d. Aver
age annual 1975-90 growth rates ange from 3.3 to 
4.4 percent for total energy anci 2.8 to 4.5 percent 
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TABLEI0-3 

Total World OU and Energy Comumptlon, 1985 
and 1990, and Average Annual Growth Rates, 

1975-90 

Avemae 
Annual 
Growth 

Total Rate 
Total Oil Energy 1975-90 

(thousands bblldJ (IO"Bru) (pnr:ent J 

1985 1990 1985 1990 Oil Total 
Enersy 

HfahONP 86,318 102,266 375 448 4.S 4.4 
Medium 
GNP 78,256 90,105 352 414 3.7 3.8 
Low GNP 71,23.5 79,581 329 379 2.8 3.3 

for world oil. The corresponding pre-embargo 
growth rates were 5.1 percent for energy and 7.7 
percent for oil for the 1966-73 period. The princi
pal change is the lowering of economic growth 
rates as higher prices affect consumption and 
conservation. 

In Table 10-5, predicted world energy con
sumption for 1990 has risen to 379-448 quads and 
U.S. consumption to 96-111 quads. Both medium 
and high GNP growth demands for oil exceed 
estimated OPEC prnductive capacity and thus are 
probably infeasible. u.S. oil demand is in the 20-
25 mb/d n., ·ge and world demand between 80 and 
103 mb/d. I-or the same year, U.S. oil imports are 
predicted at 10-'5 mbld. World coal consumption 
varies from a high of 5.2 billion short tons per 
year to 4.6 billion. Natural gas consumption is 
predicted to be between 59 and 66 trillion cubic 
feet per year. 

The Role ol Uncertainty 
The midrange forecasts display a range of 

possible economk outcomes but do not incorpo
rate uncertainties su~h as: 

• Energy supply from the centrally t>lanned econ
omies. Forecasts of their uncertam role in the 
international market between 1985 and r990 
range from net exports of 1 mb/d to net imports 
of 4-5 mbld. 

• Non-OPEC supply. Estimates show an uncer
tainty of ±3.0 mb/d in 1985 and ±3.5 mb/d in 
1990 for the midrange estimate assumeJ here. 

• OECD conservation programs. These were as
sessed at conservative midrange value~ in this 
forecast. A more aggressive upper range assess
ment places this saving at 2.5 mbld in 1985 and 
3.5 mbld in 1990. 

Figure 10-1 shows the uncertainty bands for 
projected total demand for OPEC oil. The spread 
of uncertainty around the base-tine economic 
projections (shown by the shaded bands) illus
trates an extreme ranee of demand levels that 
consider the highest and lowest possible out
comes. The projected demand for OPEC oil under 
the high price assumption, discussed below, is 
also shown in the figure. Rest-of-world demand 
for OPEC oil becomr.s lowe1~pproaching the 
most favorable line-a!' the non-OPEC supply of 
oil increases and con~rvation measures are suc
cessful. Higher dependence on OPEC oil results if 
non-OPEC production is at the bottom of the 
expected range and energy consumption increases 
faster than projected. The broad range of possibil· 
ities occurs because of the potential difference 
between non-OPEC supply and demand. Also. 
the potential error in computing the high and low 
bands is additive, the extremes being realized only 
with certain combinations of events Projections 
of high, medium, and low demand made with 
moderate conservation and supply assumptions 
can be regarded as the most probable limits. 

OPEC Pricing 

Another significant unknown is OPEC pricing 
policy for Saudi Arabian reference crude. OPEC 
is a 13-member assembly of countries with a 
broad fange of economic potential, per capita 
income, oil reserves, and development require
ments. Table 10-6 illustrates this range for all less 
developed, oil exporting countries. including non
OPEC members. Current production levels are 
compared with capacity and future production 
potential based upon proved reserves. Note that 
oountries with high per capita incomes such as 
Kuwail and Saudi 11rabia have s1•.-plus production 
capacity and large financial reserves. Because of 
'liversity among OPEC mr'llbers. the forecast 
level of oil prices as aetermined at biannual 
meetings is based on essentially speculative fac
tors. 

From the oil market point of vh~w, OPEC 
membership is not important because the cartel 
oil price detennines the ~ric~ of increment~ oil 
production. If the market 1s viewed as essenuall.Y 
oompetitive, all oil, regardless of the source, 1s 
priced to compete in its own market with oil from 
this spare capacity. 

The low-income countries-Indonesia, Mexico. 
Nigeria, Algeria-have an incentive to shade their 
prices relative to the reference p~ce in ~rde~ to 
maximize sales and revenues. With their ;>nces 
slightly lower than the established OPEC price, 
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TABLE 10-4 
Regional EMrgy Balances, 1985 

United Industrial· Less OPEC Centrally 
States ized Developed Countries Planned World 

Countries• Countries faonomles 

MEDIUM GNP GROWI'H 
Oil 

(thousands bbl/dayJ 
Production 10,234 16,276 7,429 39,2.57 IS,29.5 78,256 
Imports IJ,288 34,066 2,816 -3.5,579 -1,304 
Consumption 21,.522 . .50,342 10,24.5 3,678 13,992 78,256 

Natural gas 
(billions c11 ftf>•rJ 

Production 16,731 29,21.5 3,034 .5,879 18,339 .56,468 
Imports 1,844 3,414 -600 -2,164 -6.54 
Consumption 18,.57.5 32,629 

Coal 
2,433 3,720 17,684 .56,468 

(mi/lfons slrort tonsf>•rJ 
Production 1,038 1,726 426 .5 2,616 4,J72 
Imports -14 fJ'1 -42 -.5.5 
Consumption 964 1,823 384 .5 2,.561 4,172 

Nuclear, hyfro, solar, geothermal 
(terawatt·l•r/yr) fJ'/.5 2,.51.5 

Total enCllSY consumption 
.58.5 19 760 3,879 

(quadrillion tllllJ 96 203 39 12 98 3.52 

Oil HIOH GNP GROWTH 
(thousands bbl/dayJ 

Production 10,240 16,290 7,4.52 47,280 1.5,29.5 M;,318 
Imports 13,647 40,292 3,788 -43,186 -894 
Consumption 23,887 .56,.583 11,240 4,094 14,401 86,318 

Natural gas 
(billions cu ft !yr) 

Production 16,d 29,806 3,262 6,.582 18,980 .58,630 
Imports 1,987 3,90.5 -600 -2,.532 -773 
Consumption 18,794 33,711 2,662 4,0.50 18,201 .58,630 

Coal 
(millions short tons/yr} 

Production 1,102 1,844 462 6 2,394 4,706. 
Imports -74 fJ'1 -42 -.5.5 
Consumption 1,028 1,941 420 6 2,339 4,706 

Nuclear, hydro, solar, geothermal 
( terawatl·hrlyr J fJ'/6 2,.516 .58.5 19 760 3,880 

Total energy consumption 
(quadrillion Btu} 102 220 43 13 99 37.5 

Oil LOW ONP GROWTH 
(thousands bblldayJ 

Production I0,231 16,273 7,40.5 32,261 l.5,29.5 71,23.5 
Imports 9,2.59 28,793 1,87.5 -28,966 -1,702 
Ct•r,sumption 19,490 4.5,06.5 9,280 3,296 a,.594 11,23.5 

Natural gas 
(billions cu ft/yr} 

Production 16,617 27,847 2,801 .5,301 17,831 .53,191. 
Imports 1,724 3,160 -600 -1,90.5 -654 
Consumption 18,401 31,007 2,201 3,401 17,116 .53,191 

Coal 
(ml/lions .s.'iort Inns/yr} 

Productio11 973 I ,.5fJ'/ 392 .5 2,30.5 4,299 
Imports -74 fJ'1 -42 -.5.5 
Consumption 899 1,694 3.50 s 2,2.50 4,299 

Nuclear, hydro, solar, geothermal 
(terawall·hrlyr} 969 2,492 .58.5 19 760 3,8.56 

Total encqy consumption 
(quadrillion Btu) 90 188 30 It 86 31$ 

• Atl OECD toun1ri1 lntludl1111111 U.S. 

\{~ ~ .. 
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TABLE 10..S 
Regional· Energy Balances, 1990 

United Industrial· Less OPEC Centrally 

States ized Developed Countries Plat1ned World 
Countries• Countrie11 Economies 

MEDIUM GNP GROWTH 
Oil 

(thousands bblldayJ 
Production 9,i56 16,281 8,006 48,823 16,99.5 90,JO.S 
Imports 12,08.5 40,63.5 4,.546 -44,0!JJ -1,090 
Consumption 21,841 .56,91.5 11.,.554 4,731 1.5,90.5 90,10.5 

Natural gas 
(billions c11 ftlyrJ 

Production J.5,920 28,63.5 3,7.59 8,7.59 20,793 61,880 
Imports 2,424 ~.10.5 -700 -3,719 -681 
Consumption 18,3 ...... 3J,739 2,99.5 .5,0.51 20,106 61,880 

Coal 
(millitin., $hnrt to11slyr) 

Production J,166 1,196 .502 1 2,986 .5,29J 
Imports -81 Jl.5 -40 -1.5 
Consumption 1,08.5 1,911 462 1 2,911 .5,291 

Nuclear, hydro, solar, geothermal 
(rtrawatt·hr/yr) J,397 3,.513 924 64 J,3.50 .5,8.51 

Total energy consumpticn 
(q11C1drilfion Bt11) 103 231 .50 J6 IJ7 414 

Oil HIOH ONP OROWTH 
(thousands bblldayJ 

Production 9,110 16,29.5 8,0...... 60,932 16,99J 102,266 
Imports 14,691 49,794 6,02.5 -.5.5,434 -38.5 
Consumption 24,460 66,089 14,069 .5,498 16,6JO 102,266 

Natura! gas 
(bi/lions cu fllyrJ 

Produr.tion 16,122 29,411 4,048 10,.580 21,832 6.5,811 
Imports 2,.512 6,290 -100 -4,762 -828 
Consumption 18,634 3.5,701 3,348 .5,818 21,004 6.5,811 

Coal 
(millions short tonslyrJ 

Production J,260 1,981 .5.58 8 2,634 .5,181 
Imports -81 98 -43 -.5.5 
Consumption 1,179 2,019 .51.5 8 2,.579 .5,181 

NuclelU', hydro, solar, geothermal 
(ttrawatt·hrlyrJ 1,402 :,:mt 924 64 1,3.50 .5,8.56 

Total energy consumption 
(quadrillion Btu) Ill 2.56 .5.5 J9 118 448 

Oil LOW ONP OROWTH 
(thousands bbl/day} 

Production 9,734 16,2.53 7 ,"171 38,363 16,99.5 79,.581 
Imports 9,929 32,967 3,140 -34,344 -1,766 
Consumption 19,663 49,219 IJ,Jll 4,019 1.5,229 79,8.51 

Natura! gas 
(billions cu ftlyr) 

Production 1.5,.598 21,648 3,3.5.5 7,903 19,608 .58,542 
Imports 2,34.5 4,549 -700 -3,484 -364 
Consumption 17,942 32,197 2,6.5.5 4,446 19,2"" .58,542 

Coal 
(mi/lions short tons/yr) 

Production 1,01.5 1,631 4.52 6 2,.503 4,.592 
Imports -:-81 Jl.5 -40 -7' 
Consumption 994 1,746 412 6 2,428 4,.592 

Nuclear, hydro, solar, gc:othenn'JJ 
( terawatt·hrlyr) 1,313 3,:ms 924 64 1,3.50 .5,7.58 

TouJ energ"/ consumption 
(quadrillion Btu) 96 209. 4.5 1.5 110 379 

• All OBCD coumrlea, IPl:ludlq Ille U.S. 

0\c 
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I 

1- Upper bound 
I (Including uncertainties) 
I 
I 
I 
I 
I 
I 

-- High economic gru'vth1 
no lncrea1tt In the rec.! price of 
oil, 

I 

OPEC Production -
Copoclty 

I 
I 
I 
I 
I 
I 
I 
I 

-- Medium economic 
growth1 no lncrealtl In the real 
price of all. 

Medium economic 
V growth1 real oil prices Increase 

5% per year starting 
in 1980. 

"""'- La·v economic growth1 no In· 
crease in the real price 
of oil. 

/- l•>Wtr bound 
;/ (Including uncertolntle1) 

-------"" 

OFEC'1 own demand 

Flpre 10.1. Projected demand (ir;.:ludina OPEC's own demand) for OPEC ail, and OPEC's own demand for OPEC oil. 

these countries are able to attract mure buyers 
and thus sell more oil. However, seasonal shifts 
in demand structure favoring different crude qual
ities at different times of the year, refining inflex~
bility, and the institutional arrangements with the 
major oil companies all tend to make price shading 
an ineffective revenue-maximizing policy. 

OPEC production capacity is projected to ex
ceed demand over the midrange, and this results 
in some spare capacity. As a result of price 
shading, this spare capacity is concentrated in 

countries with the least desire for income-Ku
wait, Iran, Libya, the United Arab Emirates, and 
Saudi Arabia. These swing countries act as buff
ers, absorbing seasonal rises and falls in demands. 

OPEC pricing policy appears to encompass 
conflicting objective:.-;. The small, lower-income 
producers are conct. 11ed with maximizing real 
i~come, consistent with development plans and 
future prospects for oil production. In contrast, 
the large, higher-income producers in the swing 
group must c11nsider ~he effects of sudden price 

\ c(\ 
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TABLEIM 

LeSSJ)efelO,ed OU· Exp0rdng Countries: Current Produetlon, Reserves, Population, Income 

OPEC Members 
Algeria· 
Ecuador 
\'labon 
I1tdonesia 
Iran 
Iraq 
Kuwait 
Libya 
Nigeria 
Qatar 
Saudi Arabia 
United Arab Emirates 
Venezuela· 

Non-OPEC• 
Mexico 
Trinidad 
Malaysia 
Bolivia 
Peru 
Egypt 
Syria 
Bahrain 
Angola 
Congo 
Zaire 
Oman 
Brunei 
Tunish 

i!l/1 
Production 
(thousand 
bbl/day} 

990 
180 
22!1 

1,690 
!1,6.50 
2,1!10 
1,700 
2,0!10 
2,1!10 

3!10 
8,950 
2,030 . 
2,280 

990 
230 
190 
3!1 
90 

4!10 . 
.·· 200 

.54 
19!1 
3!1 
24 

3!10 
207 
87 

.1977 
Production 
Capacity 

(thousand 
bhl!day) 

1,100 
22!1 
2!10 

1,800 
6,700 
3,100 
3,340 
2,!100 
2,400 

6!10 
11,840 
2,420 
2,600 

990 
230 
190 

3!1 
90 

450· 
·200· 

·. S4 
19!1 
3!1 
24. 

3!10 
207 
87 

Jan. I, 
1978 

Reserves 
thilllon 

bbl} 

6.6 
1.6 
2.1 

10.0 
62.0 
34.!I 
67.0 
2!1.0 
18.7 
!1.6 

1!10.0 
32.4 
18.2 

14.0 
.7 

2.!I 
.4 
.7 

2.$ 
2.2 

.3 
1.2 
• 4 
.2 

.S.7 
L6 
2.'J 

•For noi. OPEC countries. 1977 production is assumed 10 be production capacby. 

movements on the prospects for economic growth 
in the industrialized countries, the major reposi
tory for their investments. As a result, there 
appears to be a strong incentive for the swing 
countries to maintain constant real oil prices. 

Curtailed oil supplfos due to production ceilings 
could have profound effects on future oil prices, 
and importing countries must consider the possi
bility of increasing world oil prices as demand 
approaches available supply. Figure 10-1 shows 
potential OPEC oil procuction, derived from en
gineering assessments and published production 

· policies, in relation to the projected demand 
levels. The realization of the estimates depends on 
both producer country motivation and engineering 
limitations. Limitations on oil supply from OPEC 
countries could result from a:iy one outcome or 
combination of outcomes, including resource con
servation by OPEC members with large surplus 
revenues, technical limitations on field develop
ment and infrastructure expansion, and higher 

Future 
Years of 

Production 

16 
20 
23 
l!I 
?!I 
31 
!IS 
27 
21 
24 
3!1 
37 
1.9 

,39 
·8 
36 
27 
22 
l!I 

. 30 
.. 14 

16 
28 . 
17 

. 44 
21 
84 

19'1.S 197!1 197!1 1977 
Production GNP nr Capital Account 

Income Balances 
(millions) (hl//lon SJ ($) tmllilot1 $} 

1!1.7 
7.1 
O.!I 

136.0 
33.0 
11.1 
1.0 
2.4 

7!1~0 
0.2 
8.3 
0.7 

12.0 

!19.9 
I.I 

11.7 
.S.6 

1!1.4 
37.2 
. 7.4 

0.3 
6.S 
1:3 

24.7 
0.8 
0.2 
S.6 

12.3 
3.9 
1.2 

24.2 
48.9 
14.3 
11.3 

·12.4 
23.1 
1.7. 

2!1.0 
6.9 

26.7 

71.2 
2;1 
8;1 
1.8 

12.!I 
11.6 
4.9 
0.6 
3.7 
0.7 
3.7 
1.6 

4.2 

780 
!150 

2,239 
178 

1,478 
1,282 

11,280 
!l,078 

308 
8,400 
3,00') 

I0,!121 
2,224 

1,188 
1,89!1 

743 
314 
814 
310 
651 

2,423 
!173 
497 
1!11 

2,078 

7!17 

·-l,!120 
-!10 

-220 
-!180 
5,900 
1,9!10 
!l,7!10 
3,600 

290 
900 

20,330 
·!l,2!10 
-1!10 

than expected depletion and production declines 
in the older OPEC countries. 

These limits on output would extend the pro
duction horizon for some OPEC countries as 
lesser quantities of oil are produced over a greater 
number of years. This grace period would give 
both producing and consuming countries time to 
prepare for the transition from oil and gas to coal 
and then to renewable energy sources. 

Based on the projections shown in Figure 10-1, 
the following statements can be made: 

• There is a very real possibility that the surplus 
production capacity in OPEC will disappear as 
early as 1985 and as late as 1990. 

• There is a lower possibility of this occurring 
either before 1985 or after 1990. 

As demand levels approach supply constraints, 
competitive market demand pressures are ex
pected to result in real price increases. Price 
changes may also come from OPEC policies, 
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although the timing and magnitude of these 
changes are difficult to predict. Two broad possi-

.Jbilities to equate world oil demand with OPEC's 
capacity to produce are (I) OPEC maintaining a 
passive role, allowing price increases to occur 
only when demand begins to exce.!d capacity, or 
(2) OPEC pursuing an active role by raising prices 
4'moothly each year until some technokg!cal back
stop becomes competitive. In either case, suct1 a 
price rise would cause considerable economic 
impacts. The demand for oil would be reduced, 
partly because the price had increased and p:lllly 
because of the depression in economic activity 
caused by higher prices. In the long run, these 
higher prices would stimulate a shift to conserva
tion strategies and alternative supply develop
ment. Increased conservation efforts would ulti
mately lower demand. 

The efftx::t of a sustairied higher OPEC price is 
projected in Tables 10-7 and 10-8 for 1985 and 
1990, showing the balances for world energy in 
those years, assuming a real price increase of 5 
percent per annum for the medium growth case. 
Demand for OPEC oil imports, as shown in 
Figure 10-1, relative to the previous medium case, 
has dropped in response to the higher prices. U.S. 
oil demand in 1985 is forecast at about 21 mb/d, 
and world oil demand at 76 mb/d. The respective 
figures for 1990 oil consumption are 19 and 84. All 
these forecasts are within the range of the con
stant price numbers discussed earlier, although 
U.S. oil consumption in 1990 falls to the lower 

limit of the low GNP scenario. Total primary 
energy consumption in the U.S. is predicted to be 
94 quads in 1985 and 100 quads in 1990. Total 
world energy consumption increases from 335 
quads in 1985 to 384 quads in 1990. The resulting 
average annual growth rate using the higher price 
assumption is 3.3 percent for total energy. 

The possibility of further price increases is still 
a iL'<ely o~tcome, although the pressure on slack 
capa~~it)' is potentially less in the medium term. 

Long-Range Energy Projections 
For the price range assumed in the midrange 

section, the projections show that the supply 
situation will tighten rapidly over the 1980-90 
period, with a strong possibility of real price 
increases caused principally by OPEC resource 
conservation policies that limit production. In the 
long range, a further tightening in the oil supply 
situation can be expected due to resource deple
tion effects. This resource problem is character~ 
ized by two phenomena: 

1. The world appears to be facing a long-run oil 
and gas depletion situation, because reserve addi
tions to the production base may not be sufficient 
to support the growth in demand. 

2. The growth rates of energy consumption will 
have to fall substantially from currently projected 
levels to be consistent with projected rates of 
growth in resource production. 

TABLE 10-7 

Regional Energy Balances with High OPEC Prices, 1985 

Oil 
(thousands bbl/day) 

Production 
Imports 
Consumption 

Natural gas 
(billions cu ft/yr) 

Production 
Imports 
Consumption 

Coll! 
(millions short tons/yr) 

Production 
Imports 
Consumption 

Nuclear, hydro, solar, geothermal 
(terawatt-hr/yrJ 

Total energy consumption 
(quadrillion Btu} 

0 All OECD coun1ries. lncludl111 the U.S. 

United 
States 

10,.507 
10,1.57 
20,664 

16,934 
1,833 

18,m 

1,0.5.5 
-74 
981 

1,04.5 

94 

Industrial· 
ized 

Countries" 

16,73.5 
31,694 
48,429 

29,7.50 
3,34.5 

33,09.5 

1;764 
97 

1,861 

2,.584 

200 

Less 
Developed 
Countries 

7,612 
2,634 

10,246 

3,034 
-600 
2,433 

426 
-42 
384 

.585 

33 

OPEC 
Countries 

36,637 
-33,010 

3,627 

.5,6.51 
-1,967 

3,684 

.5 

.5 

19 

12 

Centrally 
Planned 

Economies 

J.5,311 
-1,318 
13,992 

18,462 
-778 

17,684 

2,616 
-.5.5 

2,.561 

760 

90 

World 

76,29.5 

76,29.5 

.56,897 

56,897 

4,811 

4,811 

3,948 

33.5 
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TABLE 10-8 

,·(teglona1 Energy Balances with High OPEC Prices, 1990 
' ' . ' 

United Industrial· Less OPEC Centrally. 
ized Developed Planned World States Countries" Countries Countries Economies 

Oil 
(thou.tands bb/fday) 

Production 11;347 
·Imports 7,969-
Consumption 19,316' 

~atural gas 
(billions 1:u ft/yr) 

Production J6,6J4 
Im~rts 2,361 
Consumption J8,97S 

Coal 
<mil/Ions short tons/yr) 

Production .1,244 
Imports -s1· 
Consumption J;J63 

Nuclear, hydro, solar, geothermal 
(.terawatt·hr/yr} 1,555 

Tolal energy consumption 
(qut1drillion Btu} JOO 

•All OECD counlriu. includlna the U.S. 

Together these conditions increase the likeli
hood of long-run competitive pressure among 
consumers for oil in the world energy market. 
This pressure can be partially off set by contribu
tions from both new technologies and conserva
tion measures. Increased supplies of energy can 
be expected from new energy sources--solar, 
wind, geothermal, nuclear-as well as from more 
advanced development of existing sources, includ· 
ing oil shale, coal gasification, and enhanced oil 
recovery. Utilization of these sources requires 
demonstration of the necessary technologies on a 
commercial scale, which involves resolution of 
uncertainties regarding both the basic cost and 
availability of the new f>.ocesses. However, at 
least to the year 2000, the contribution of technol
ogy will not cover the excess of U.S. energy 
demand over supply. Conservation policies might 
also be expected to play a role in easing the 
demand for world energy suppl.c:s. Consumers 
may lower prnjected demand levels by conserving 
energy, while producers may choose to conserve 
resources by establishing production limits. 

This section surveys major recent long-run 
energy projections for the year 2000. The projec
tions have teen selected on the basis of being 
publicly available, either in published or in report 
fonn, and represent a range of viewpoints. The 
projtctions are not fully consistent or directly 
comparable, since they were performed at differ
ent times and with different assumptions regarding 
such basic factors as :conomic growth rates and 
future oil prices. Despite these difficulties, the 

18,238 8,404 41,133 17,029 84,803 
33,601 4,118 -36,603 - J,llS 
Sl,839 J2,S21 4,529 JS,9J4 84,803 

29,808 3,695 9,974 ·20,887 64;3~3 
·6,222 -700 -4,741 -781 
36,031 2,995 S,232 20,106 64,363 

1,928. 502 ... 7 2,986 S,424 
llS -40. -15 

2,043 462 7 . 2,911 S,424 

3,670 924 64 1,350 6,008 

225 . 41 JS 103 384 

projections present a range of possible energy 
futures. The first part of what follows focuses on 
two recent global projections, and the second 
part examines three projections for the U.S. 
alone. 

L~ng-Range Global Projections 

Possible ranges of world energy demand for the 
year 2000 were forecast in 1977 by the Workshop 
on Alternative Energy Strategies (W AES)* and 
the World Energy Conference (WECl. t 

The W AES multicountry study was prepared 
by independent national experts in each country 
and integrated to fonn a single series of consistent 
international forecasts. Some of the forecasts 
embodied detailed representation of end-use con
sumption and conservation possibilities in a mul
tisector input-output representai.ion of the econ
omies of the maior countries. Others were based 
upon much simpler methodologies. The W AES 
study focused on the key issues of resource 
depletion in the U.S. by emphasizing either a 
nuclear or coal technology approach to oil replace
ment. 

1 ~e reports to the World Energy Conference at 
Istanbul included a series of invited papers on 

•workshop on Alternative Energy Strategies, Energy Sup
ply·Dema11d Integrations to the Year 1000, Cambridge, 
Mass.: MIT Press, 1977. 
tWorld Energy Conference, Conservation Commission, Re· 
port on World Energy Demand, 1985-2010, London: World 
Energy Conference, 1977. 
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TABLE 10-9 

LOog-Run World Eneru Assumptions 

WORKSHOP ON ALTERNATIVE ENERGY 
STRATEGIES 
197.5-8.5 

Case:• c D 

GDP growth 

Cl 

l98S-2000 

C2 D7 

low 
3% 

DB 

Oil priceb 

high low 
6% 3 • .5% 

SI 1 . .50$11..50 

high 
.5% 

$17.2.5 
by 2000 

$11 • .50 

20 10 20 10 Reserve additions 
(billion bbl /yr J 

OPEC limit tmbldJ none none . 4.5 40 

WORLD ENERGY CONFERENCE 

Case: 

GDP growth 

Price response 
Constrail\ts 

197S-2000 

H-1 H-4 H-.5 L-1 

high 
4.2% 

none high high none 
none oil energy none 

low 
3.0% 

L-4 

high 
oil 

•WAES cues Cl and 07 emphasize coal u the n:placement fuel; cuq Cl and 
08 emphasize nuclear enel'I)'. 
•WAES prices per barrel ore in 197l dollan, FOB the Pcni111 Gulf. 

rates are roughly comparable (4.2 and 3-S percent, 
respectively). Other assumptions are summarized 
in Table 10-9, and the unconstrained world energy 
consumption figures are shown in Table 10-10. 

The objective of the different forecasts is to 
define a 1ange of credible futures against which 
alternative policy options can be tested. The 
ranges of possible world energy demand by non
centrally planned economies are 338-438 quads 
(WAES) and 317-507 quads (WEC). These differ
ent levels result from varying assumptions about 
economic growth, energy prices, and policy re
sponses. The W AES scenarios ranged from a 
.. low economic growth/constrained energy price/ 
increasing coal case" to a "high economic growth/ 
rising energy price/increasing nuclear case." Like
wise, the World Energy Conference study listed a 
range of forecasts based on scenarios of high (4.2 
percent) and low (3.0 percent) projected economic 
growth. These cases studied variations in the price 
response of demand and constraints on energy 
development. 

The W AES analysis predicted gaps in all cases 
between available Free World oil supplies and 
desired oil demand (Table 10-11). In the year 

world energy resources-coal, oil, and gas-and 2000, the shortages are projected to range from 
energy demand for the Conservation Commission. 15-20 mb/d. These "gaps" are the consequence 
Since these pap.ers were prepared by different of political limits on oil production that could 
groups, the demand study is not wholly consistent emerge as early as the 1980s or of limits to the 
with the supply studies. (The authors of the WEC ultimately recoverable oil resources, which seem 
demand analyses were also associated with the likely no later than the turn of the century. WAES 
WAES group tt.at coordinated the individual noted that in reality these gaps will never occur. 
country balancer. 1 Rather than forcing a world energy balance, the 

The WEC demand cases assume a slightly more W AES study indicated that the gaps were meas-
pessimistic futurl! than the W AES projections, ures of the additional effort required to achieve a 
with 1975-85 world economic growth at 3.0 per- balance. Prices will rise, economic growth will 
cent, vs. 3.5-6 percent for WAES. In the 1985- slow, stronger government policies will be 
2000 period, WEC and W AES economic growth adopted, or other actions will be taken to balance 

TABLE 10-10 

World Energy Demand, Year 2000 
(Quadrillion Btu) 

WAESCases · 

C-1 C-2 D-7 

GNP Growth .5.0% -'·0% 3.0% 
Renewable resources • . 33 . 31 24 
Nuclear 60 96 .54 
Oil 196 194 1.56 
Natural gas .59 .5.5 .50 
Coal 72 '1 ,S4 

Total 419 438 338 
Total (with centrally planned economies) 609 628 .528 ' 

• 1 ncl11de1 hydro. acothcnnal. solar. IUlll bioma11 resources. 

WEC Centrally 
Case Planned 

D-8 H-.5 Economies· 

3.0% 4.2% 
23 .S.5 27 
82 .59 26 

1.5.5 164 29 
. 46 22 37 

4.5 ..• 64 ···11 
. 3.50··. 364: 190 
: 540 .554 .· . 
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TABLE10-U 

WAFS OU Balance for Year 2000 
(Millions of barrels per day J 

WAES Cases 

C-1 C-2 D-7 0-8 

Desire~ Imports: 
North American 10.4 10.7 1.5.8 1.5.8 
Western Europe 16 . .5 16.4 13.2 l::' • .5 
Japan 1.5.2 14.4 8.2 1.9 
Rest of C:ree World 

outside of OPEC 11.2 9 • .5 9.6 9.0 
International 

Bunkers .5.4 5.4 4 • .5 4 • .5 
Total .58.7 .56.4 .51.3 49.1 

OPEC Potential Ex· 
ports 38.7 37.2 3.5.2 34.S 

Prospective 
shortaae (gap) 20.0 19.2 16.1 1.5.2 

supply and demand. The size of the gaps merely 
indicates the magnitude of the adjustment that will 
be needed in addition to that assumed in the case 
specification. 

Figure 10-2 compares the higher priced growth 
cases for 1985 ~nd 1990 with the year 2000 
forecasts from W AES and WEC (the W AES 

numbers have been acljusted on the basis of WEC 
data to include the centrally planned economies). 

Long-Range U.S. Projections 
Projections of future energy supply and demand 

for the United States mu~t be examined in the 
context of world requirements. Increasing depend· 
ence on imported oil i1t the near tenn necessitat.es 
an international framework. The world price of oil 
also has a strong innuence on the economic 
competitiveness of alternative energy technolo
gies. 

Three long-range U.S. forecasts published dur
ing the past year use fundamentally different 
methodological approaches. These arc: 

I. The Workshop on Alternative Energy Strnt· 
egies study, already described. 

2. A study by the Stanford Research Institute 
(SRI),• which utilizes a 50-year representation of 
supply, conversion, and end-use consumption in a 
competitive energy market. An unusual and debat
able feature of the forecast procedure is that it 

•Electric Power Research Institute. Fuel and Ener1t}' Prke 
Forecasu, Report EPRI EA-433. 2 vols .. Menlo Park. 
Calif., 1977. 

01: 

WAES c~ D· ,C!~, '> 

2000' 
Flpre 10..2. Comparison or global projections, 1975-2000. 
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embodies foresight-that is, future shortages influ. 
encf' pres.:nt decisions in planning representation 
of the energy market. Decision-makers are as
sumed to consider the future prices calculated in 
the model in deciding whether to produce now or 
later, and whethe; to expand capacity. 

3. A study by Brookhaven National Laboratory 
and Dale Jorge:nson Associate-; (BNL/DJA),* 
which uses multiperiod linear programming to 
represent the t1~chnology of supply, conversion, 
and end-use consumption in conjunction with a 
long-tenn. interindustry transaction model of ihe 
economy. The solutions emphasize conservation 
and coal resource development along with signifi
cant development of nuclear ar.d renewable re
sources. 

The assumptions of the various cases for the 
U.S. are shown in Table 10-12 and the outcomes 
in Table 10-13. The broad range of futures shown 
iu Table 10-13 is in part due to the differences in 
input assumptkms. Total domestic energy con
sumption is predicted to range between 109 and 
143 quads in the year 2000, a narrow band of 
consumption estimates compared with earlier 
studies. The most critical supply ~stimate is future 
oil availability from domestic sources. W AES 
domestic oil estimates are lowest at 13-15 quads, 
SRI the highest at 18-24 quar!•. The higher 
estimates result from relativel)r op~!n);~·:ic assess
ments of resource availability, the rate ..,f discov
ery, and the resolution of um::ertaintic , and bar
riers to resource developr11-.:nt. Oil imports vary 
widely (1.5-32 quads) df:pending on world price 
and the U.S. supply base. Coal consumption is 
predicted to grow substantially in all scenarios. 
Estimates of nuclear power range from 22 to 35 
quads in 2000. These estimates imply 380-610 
gigawatts of generation capacity-a staggering 
increase from the 163 gigawatts estimated for 1990 
for the U.S. in the 1978 annual report of the 
Department of Energy's Energy Information 
Administration. Renewable resour.:es including 
solar and biomass will play a minor but increas
ingly important role, con~ributing 1.7-3.9 quads 
by 2000. Three additional forecasts made by BNU 
ORI examining the implications of alternative 
energy sources and technologies will be discussed 
later in this chapter. 

Basic conclusions that can be drawn from the 
recent U.S. projections are: 
• U.S. oil and gas produ1::tion from conventional 
re~•~rces will be unlikely to cover the growth 
in U.S. oil and gas consumption. 

•David J. Behling and Edward Hudson, Po/lclts for Entrgy 
Constrvation: Potentials, Mechanisms, and Impacts, 
Brookhaven National Laboratory, 1978. 

TABLE 10-12 

U.S. Long-Run Energy A5mmptlons 

Period 

Technol-
Economic ~ii • ogy 
Growth Prices F.mpha· 

(ptrcenl) pe~:,r· sized 

WAES case 
c 1975-1985 4.4 $13.00 
Cl 1985-2000 3.5 18.75 Coal 
C2 1985-2000 3.5 18.75 Nuclear 
D 1975-1985 3.2 13.00 
07 1985-2000 2.5 13.00 Coal 
D8 1985-2000 2.5 13.00 Nuclear 

SRI 
Base 1975-1985 4.6 14.09 

1985-2000 2.9 17.86 Coal 
Low 1975-1985 2.8 12.82 

1985-2000 1.7 15.54 Coal 
BNUDJA 

Base 1975-1985 3.6 13.00 
1985-2000 3.0 IS.09 Coal 

and 
conserva-

tion 
•All prk:e1 are In 1975 dollan err. The WAES prices were FOB the Pcnlan 
Oulf; Sl.50 hu been added for frdaht charse1. · 

• However, the rate of growth of U.S. consump
tion can be cut dramatically in the long run by 
aggressive conservation policies. 

• At least to the year WOO, the contribution of 
technology-supply enhancement, synthetics 
production, nuclear generation, and renewable 
resources-wiil not make up the excess of U.S. 
energy demand over supply, and U.S. depend
ence on world oil resources will continue at 
least at the current range of 7-10 mb/d. 

Figure 10-3 compares the U.S. projections for 
1985 and 1990 with the range of year 2000 
estimates to pmvide a perspective for the rising 
price cases. The comparison shows the divergence 
of the present base case forecasts, embodying 
regulatory trends, from the range of free-policy 
forecasts advocated for the year 2000, none of 
which is ccmpletely consistent with the high, 
medium, and low growth case specifications. 

Future Oil Potential 
The long-range energy forecasts show declining 

world oil production, concommitant with increas
ing demand. Future production, of course, is 
influenced by known reserves, the new discover
ies, improved production techniques, lev;:I of 
demand, and OPEC production policies. In the 
midrange years, governmentally imposed produc
tion ceilings could alter the supply position, but 
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TABLE 10-13 

Most Recent U.S. Projections for the Year 2000 
fQuadril/ion 81u•1 

BNUDJA SRI WAESCases 

Base Base Low Cl C2 D7 D8 

3.6 3.8 3.8 4.6 4.6 3.7 3.7 Hydroelectric 
Geothermal 
Solar/biomass 
Nuclear 
Domestic oil 
Imported oil 
Shale oil 
Domestic gas 
fo1ported gas 

2.2 (in hydro) · 3.0 3.0 1.2 1.2 

Coal (domestic consumption) 
O!her 
Total domestic consumption 
Coal Export'l 

3.9 
28.S 
18.8 
26.9 
J,O 

17.7 
1.3 

32.6 

138.S 

'One quadrillion Blu • 0.476 iniUion birrcls of oil per day tinbld). 

2.3 
31.6 
23;5 
14.9 
0.6 

20.1 
2.6 

43.8 

143.2 

th~ most important long-range constraint on po
tential production is the estimated level of re
coverable resources. W AES concluded that even 
without govemment constn>ints oil supply in 2000 
will meet demand only under the most optimistic 
assumptions concerning gross additions to re
serves. 

·~· .,.·; 

·.,,;J<;f~~fr'.+;1)};/i' ;.':'-,:,:~:,';t.J.hlgh 

;tOH'• 
cf •• ·7-:~"· 

1.8 3.9 3.9. 1.7 1.7 
23.0 26.0 35.2 26.0 33.I 
17.9 14.9 14.9 12.7 12.7 
14.9 19.9 20.S 32.2 . 32.3 
0.2 4.2 4.2 

IS.7 14.0 14.0 11.5 11.5 
3.1 3.0 3.6 s.o s.o 

29.0 29.8 27.l 21.1 19.1 
1.0 1.0 

109.4 124.3 132.0 115.1 120.3 
111.1 7.1 14.6 8.6 

In 1977 the WEC Conservation Commission 
prepa"ed a Report 011 Oil Resources, 1998-2020, 
containing estimates of potential oil production, in 
paral!~I with the demand study discussed above. 
For the oil study, a poll of experts was conducted. 
The findings, broadly comparable to those of 
W AES, placed ultimately recoverable worldwide 

. ·mtd. high 

)9,90' 

Oil 

A SWA.ES INL/ SRI ·' 
ea.. CCIII DJA IOM . 
0.7 C·1 

200Q 
Flpre 10-3. Comparison or U.S. projections, 1975-2000. 
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conventional petroleum resources at approxi
mately 2,100 billion barrels (including cumulative 
production through 1975 of 320 billion barrels). 
With increased prices and government policies 
dirc:cted at supporting higher production levels, 
estimated recovery rates could be increased and 
offshore development continued. 

Recovery rate, the ratio of recoverable oil to oil 
in-place, is an extremely important parameter and 
suspcctible to technological enhancement. If ulti
mately recoverable world oil resources at a 40 
percent recovery rate are 2,000 billion barrels, a I 
percent improvement in recovery rate adds 50 
billion barrels of ultimately recoverable oil. To 
show a relative comparison, current proven re
serves for the U.S. are estimated at 31 billion 
barrels. According to the experts polled, the 
current world recovery rate, estimated at 25-30 
percent, is expected to increase to 40 percent by 
the year 2000 (in the industrial countries to 45 
percent), compared to the present U.S. rate of 32 
percent. An increase of that size would compare 
with a U.S. rate that has risen only 0.3 percent 
per year over the last two decades. 

Based on alternative combinations of ultimately 
recoverable resources and reserve/production ra
tios, the WEC examined various levels of maxi
mum technical production capacity. The conclu
sion of the group was that the most likely 
production profile would lead to a ceiling of 82-
104 million barrels per day, peaking around 1990. 

Figures 10-4 and 10-5 illustrate the WEC anal
ysis of the depletion of the world's oil resources. 
In Figure 10-4, the upper curve shows how 
cumulative discoveries (reserve additions) would 
grow if the experts' estimated limit of world 
resources were approached along a growth curve 
similar to the pattern shown so far by the United 
States. The W AES study developed two scenarios 
using different rates of gross additions to reserves: 
(I) The 20 billion barrels per year case assumes 
successful but declining discoveries and an in
creased contribution from enhanced recovery; (2) 
the W billion barrel per year case assumes rapidly 
decreasing discoveries and little enhanced recov
ery. 

The model considers high and low economic 
growth rates, as well as varying oil price levels. A 
disaggregation of OPEC and non-OPEC produc
tion takes into account the possibi!ity of produc
tion restrictions. Although these cases result in 
different levels of peak production and oil produc
tion levels in 2000, tl;e underlying conclusion is 
that potential oil demand in the year 2000 is 
unlikely to be satisfied by crude oil production 
from conventional sources. New oil discoveries or 

Flpre 10-4. Cumulative world disccvcry and production of oil. 

higher recovery factors might postpone these 
peaks a few years but would not reverse the 
inevitable decline of oil reserves. For comparison, 
the "WAES high" and "WAES low" curves 
show the two W AES assumptions of constant 
reserve additions of 20 and 10 billion barrels per 
year. 

The lower curve in Figure 10-4 was derived 
from the upper curve by WEC, and shows the 
cumulative production curve based on depletion 
of world reserves to an average RIP (reserve/ 
production) ratio of 20. The production is actually 
calculated by region, with different RIP ratio limits 
to reflect current nationat resource conservation 
strategies. Figure 10-5 displays the same produc
tion curve in terms of annual production rates and 
compares it to a series of world demand growth 
rates of 2, 3, and 5 percent. Und~r progressively 
lower oil demand growth curves, the WEC study 
implies ultimate failure of world oil production to 
meet world oil demand in the 1985-20 I 0 time 

Flpre 10-5. World maximum oil production at a medium 
depiction rate and world demand at three growth rates of 
oil production. 
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frallle. The W AES analysis also indicates this 
shortfall. 

•.The Role of Future Technologies 
In view of a possible midrange production crisis 

followed by depletion of the resource base, tech
nological developments will be increasingly nec
essary to maintain sufficient energy supplies. Al
ternatives include both new technologies and 
existing technologies that become economic as 
energy prices rise. Improvements could occur not 
only in actual exploration and production tech
niques but also in electric utility operations, direct 
fuel consumption, energy conversion, and effi
ciency levels. Determining the impact of various 
methods is complicated because each may pene
trate the market at a diJferenl time, with varying 
implementation and success rates. 

Current predictions of technological implemen
tation are based on research and development 
status and schedules, projected product costs, 
anticipated infrastructural requirements, and fu
ture govemmentrl regulatory actions. 

Amons the technologies expected to be compet
itive before 2000 ar-:: heat pumps, enhanced recov
ery of oil and oil shale, geothermal energy for 
electricity production in certain regions, solar 
heating, and light-water fast-breeder reactors. 
Some marginally competitive sources include solar 
cooling, synthetic fuels from coal, advanced 
geothermal techniques, and electric automobiles. 
Technologies not now economic could become 
more attractive if prices of conventional energy 
sources increased, although a 20-30 percent in
crease in prices would reduce ;::nergy demands by 
JO percent, so the demands for energy from new 
technologies still may not exist. 

The implications of alternative energy technol
ogies on the total energy system were explored in 
the Brookhaven NaLional Laboratory study for 
the following three scenarios: 

• Large-scale electrification of demand based 
upon coal and nuclear fuels. 

• Large-scale enhimcement of fossil supplies of 
conventional oil and gas as well as synthetics 
from coal. 

• Large-scale use of renewable resources-solar 
energy and biomass and process heat from 
cogeneration. 

These scenarios show three plausible mixes of 
ener.w technologies for a given economic forecast 
and level of consumption implementation. Each 
forecast delivers the same end-use demands for 
services at the same cost. The means of delivery 

of those services are allowed to change across 
scenarios. Incremental implementation levels for 
the three cases are shown in Table 10-14. Table 
10-15 summarizes resource use in 2000 by fuel 
and consuming sector. Figure 1~ illustrates the 
differences in fuel use under each of the scenarios 
for 1985 and 2000. 

In the large-scale electrification scenario, elec
tricity is substituted for direct use of fossil fuels. 
Coal and nuclear fuel have the potential to con
tribute substantially to electricity generation, al
though there are development impacts that must 
be considered in both cases. One major area of 
increased electricity demand is in the use of heat 
pumps. Fifty percent of new buildings constructed 
between 1985 and 2000 are projected to have 
electric heat pumps, the remaining new buildings 
:,plit evenly between electric resistance heat and 
fossil fuels. Electric heat pumps also are assumed 
to have penetrated the industrial market as a 
source of low-temperature process heat, providing 
0.9 quad by the year 2000. This increased indus
trial use of electricity results from a combination 
of declining oil and gas supplies for boiler fuel and 

TABLE J0-14 

Incremental Implementation Above Base-Case 
Levels for Three Alternative Energy Technologies, 

Year 2000 

Large-Scale Electrification: 
Light-water reactor 
Enhanced coal recovery 
Solar electric 
Magnetohydrodynamic 
Heat pumps 
Advanced coal combustion 
Advanced turbines 
Geothermal for electricity 

Fossil-Based Systems: 
Enhanced oil recovery 
Unconventional gas 
Coal recovery 
Sh'lle oil 
Advanced coal combustion 
Coal gasification 
Coal liquefication 

Decentralized Systems: 
Low-head hydropower 
Geothermal 
Biomass gas and liquids 
Fuels and wastes 
Advanced coal combustion 
Solar energy 
Cogeneration 

Thousand Quadrillion 
megawatts Btu 

48.7 

9.6 
1.0 

16.7 
7.2 
1.4 

16.2 

1.4 

l.5.3 

1.02 

.20 
,02 
.3.5 
.15 
.03 
.34 

4.00 
3.00 
• .53 

2.00 
.03 

2.00 
2.00 

.32 
• .53 
.20 

1.90 

l.00 
J.67 

Nm': Year 2000 oil impon1 for 1he 1hrce cues (In equlvalem Btu) n: Larae
Scale Electriftcalion, .,.52 quads: FottO·Bued Sy.111111, 11.19 quadt: Decen
tniliud Sy1tem1, .,, 16 quad1. 
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TABLE 10-IS 

ReSOun:e Use for Three AllematJve Technologies, Year 2000 
fQuadri/lion Btu) 

SRI 
Base 

Total primary Inputs 138 • .5 
Oil 

Domestic 18.8 
Imported 26.9 
Shale 3.0 

Coal 32.6 
Gas 

Domesticb 17.1 
Imported 1.3 

"'\','' 

Nucleare .28 • .5 
Electricity, central (hydro/geolsolar) 7.7 
Electricity, noncentral (other solar/geo) 2.0 
• JncludH wood. 
• tncludcs biomass. 
• Brttder plus liaht·Watrr rracror. 

economics of scale in pollution control technol
ogy. 

Energy demands in the fossil-based systems 
scenario are satisfied by heavy reliance on gas 
and oil in the residential-commercial sector and 
increased use of coal by industry. The sources of 
increased gas and oil supplies are higher recovery 
rates from existing developments and production 
of oil and gas from unconventional sources, in-

., 
140 ~ 
I~ 

130 

~"-'= 120 and°""" 
110 

~ NudMr 
100 

! 90 
Ill eo ~ Coal 

-270 

60 .. ~OI 
and OoJ 

50 

. "° • ll ll .!:! s "'~OI 
20 .... c ~ and Oat 
to ! ~ !! .. 
0 

Fipre 10-6. Primary resources by fuel type for three 
alternative energy technologies. 

Alternative Technologies 

Large· Fossil· 
Scale Based Decentralized 

Electrification Systems Systems 

141.3 13.5.7 129.7 

18.8 22.8 18.8 
26.6 22.0 28 • .5 
3.0 .5.0 3.0 

32.J 33.3 26.3 

. 17.9 21.1 17.9 
,I 2.7 3.7 

31.6 20.0 17.8 
9.2; 6.8 10.2 
2.0 2.0 3.4 

eluding shale. Coal gasification and liquefaction 
also contribute to the total energy supply by 2000. 
Enhanced crude oil recovery is predicted to 
supply an additional 1.9 million barrels per day, 
and unconventional recovery of natural gas con
tributes an increase of 1.4 million barrels per day 
(oil equivalent). Coal use by industry is assumed 
to increase from 4.1 quads in 1976 to 10.7 quads 
in 1985, reflecting increased direct use of coal as 
well as cogeneration. Use of liquefied coal as a 
fuel allows plants to use existing equipment and 
reduces air pollution levels compared with direct 
coal use . 

The decentralized systems case involves in
creased use of renewable resources, including 
biomass and solar energy, and decentralized or 
small-scale technologies. Electricity from central 
station powerplants to satisfy final demands is 
replaced by electricity from decentralized gener
ating facilities using power included as low·head 
hydropower and cogeneration. One-quarter of the 
residential housing units are projected to use solar 
space heating to meet two-thirds of their heating 
requirements in 2000. As with other new energy 
sources, higher prices of traditional fuels and 
technological advances both would encourage the 
use of solar systems. Congeneration in coal-fired 
plants is projected to supply 2.3 quads of process 
heat and 176 billion kilowatt-hours of electricity to 
industry by 2000. 

These three extreme cases have an overall high 
degree of similarity and indicate that great changes 
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in the structure of U.S. energy supply by the year 
2000 do not appear to be feasible. Despite the 
enormous rate of growth of renewable resource 
use shown for the decentralized case, the U.S. is 
seen to remain fundamentally dependent on fossil 
fuels and nuclear power in the year 2000. 

On the other hand, the differences in fuel mix 
show that we do have options, the choice of 
which will have an increasingly significant impact 
beyond the tum of the century. 

Energy Impacts 
The environmental implications of the energy 

projections were assessed quantitatively by the 
Biomedical and Environmental Assessment Divi
sion of Brookhaven National Laboratory with an 
emissions-accounting program called ESNS (for 
Energy System Network Simulator). The Brook
haven group was provided with energy projections 
for 1985 and 1m from the International Energy 
Evaluation System (IEES) and, as a first approxi· 
mation, used the ESNS program to assess the 
environmental implications of the projections. The 
information provided to Brookhaven was insuffi
cient in content to produce a global assessment 
for the year 2000 for several reasons: 

(I) IEES projections were for 1985 and 1990 
only. They did not include base-year estimates or 
estimates for years beyond 1990. 

(2) IEES projections included no information as 
to whether the coal used was to be strip-mined or 
deep-mined. Thus, the Brookhaven team could 
not estimate land disruption and solid waste 
generation caused by mining. 

(3) Global projections of future emissions stand
ards by region (i.e., emissions generated per Btu 
of fuel, by region) are not available from any 
known source. 

(4) Although the environmental effects of en
ergy use depends on sector-specific fuel end-use 
(e.g., petroleum used in air tnmsportation has a 
different impact than that used for automotive 
transportation), the IEES output does not provide 
such detailed end-use information for the ESNS 
model. 

The Brookhaven analysts compensated for lim
itation (4) by using the currently dominant con
suming devices for energy end-use. They compen
sated for (3) by applying U.S. new-sour.:e 
performance standards on a global basis. No 
means were available to compensate for limita
tions (1) and (2). It should also be noted that 
estimates for land disruption and solid waste 
gene~tion are incomplete measures, since they 

exclude mining, a dominant factor in land disrup
tion and solid waste generation from the energy 
sector. 

The application of U.S. new-source perform
ance standards on a global basis in the ESNS 
calculations is a highly optimistic assumption. 
More strict standards may be adopted in some 
areas, but, in general, less strict standards can be 
expected. Even the U.S. may not be meeting the 
current standards by 1985-or even by 1990. In 
general, this assumption leads to underestimates 
of probable future emissions. The extent of under
estimation varies by region and by emission type 
for regions likely to differ greatly from U.S. 
standards, such as many LDCs. The underesti
mation is large for emissions that are heavily 
regulated under U.S. emission standards (sulfur 
dioxide and oxides of nitrogen) but small for 
regions likely to follow policies similar to those of 
the U.S. (such as Western Europe and Japan) and 
for environmental impacts (including land use and 
solid waste generation) that are not affected by 
new-source performance standards. 

It should also be pointed out that the emissions 
figures do not address some j..Jtentially serious 
environmental impacts of the energy sector. Esti
mates of tritium emissions and population expo
sure refer only to operations occurring in routine 
operations in nuclear powerplants; they do not 
include estimates for mining and for refining and 
reprocessing plant activities. Indirect effects of 
energy processes, such a~ environmental conse
quences of energy transport (e.g .• oil spills, and 
impacts of oil pipelines), are also not included. 
Since the IEES model outputs were not suffi
ciently detailed, these issues could not be ad· 
dressed in depth. 

Finally, the Brookhaven estimates are the direct 
result of the IEES projections. and therefore 
obviously subject to the assumptions implicit in 
these projections. For example, the high estimates 
of sulfur dioxide and carbon dioxide generation by 
the centrally planned economies are a direct result 
of the IEES projections of heavy coal use in the 
centrally planned economies. To reflect this close 
linkage between IEES and ESNS, the following 
findings are attributed jointly to IEES-ESNS. 

Findings 
The iEES·ESNS findings for the 198.5 and 1990 

medium-GNP growth scenarios are summarized in 
Table 10-16. (The high- and low-GNP growth 
findings are in Tables 10-17 and 10-18.) A com
parison of 1990 IEES-ESNS emissions projections 
with estimates of recent emissions rates from the 
technical literature is given in Table 10-19. The 
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TABLE 10-16 

EmlsSion Projections, 1985 and 1990, Medium-Growth Case 

European U.S. Less ·, Centrally OPEC OECD and Japan Developed Countries Planned World 
Countries Canada Countries Economies 

1985 
Carbon dioxide 

(billions of short tons) S.2 7.S4 1.68 2.81 0.89 8.99 27.1 
Carbon monoxide 

(mil/ionl of short tons) 24.7 15.2 7.25 17.2 6.22 25.4 96.0 
Sulfur dioxide 

(millions of short tons) 12.8 14.2 S.10 7.76 I.SI 36.8 78.1 
Oxides of nitrogen 

(millions of short to11s) IS.I 17.1 S.27 8.99 2.68 23.4 72.S 
Particulates 

(millions of short tons) 6.21 9.8S 2.20 7.17 O.S8 JS.I 64.1 
Hydrocarbons 

(millions of short tons) 2.8 .2.08 0.86 1.90 0.67 J.46 11.8 
Land use 

(millions of acres) IJ.7 18.8 J.J7 11.9 o.oos IS.I 62.8 
Solid wastes 

(millions of short tons) 61.9 240 7.69 S0.4 0.73 187 541 
Tritium 

(thousands of curies) IOJ 14S 22.9 34.6 J.64 47.9 JS7 
Population exposure 

(thousands of man-rems) 3.98 S.S9 0.88 l.JJ 0.14 1.84 ll.8 
Solid high-1.:vel wastes 

38.1 (billions of curies) 11.0 15.S 2.44 J.69 0.39 S.10 

1990 
Carbon dioxide 

(billions of short tons) S.90 8.29 1.88 l.42 I .IS 10.2 J0.9 
Carbon monoxide 

(millions of short tons) 29.4 15.6 9.20 21.1 7.97 28.9 112.0 
Sulfur dioxide 

(millions of short tons) 14.2 IS.6 5.S2 9.40 1.94 41.9 88.S 
Oxides of nitrogen 

11.0 (millions of short tons) 14.9 18.2 S.84 J.46 26.7 82.0 
Particulates 

(millions of short tons) 6.92 11.0 2.38 8.63 0.76 43.4 73.1 
Hydrocarbons 

(millions of sliort tons) 1.29' 2.17 1.06 2.32 0.86 J.94 13.7 
Land use 

(millions of acres) 15.7 21.7 4.43 15.7 0.008 21.7 79.1 
Solid wastes 

(millions of short tons) 74.2 280.0 1.1S 60.4 1.02 213.0 637.0 
Tritium 

(thousands of curie,T) 178.0 22S.O 42.4 74.6 12.0 118.0 650.0 
Population exposure 

(thousands of man-rems) 6.83 8.6S 
Solid high-lev~I wastes 

(bl/ltons of curies) 18.9 24.0 

probable consequences of the projections are 
discussed below. 

Carbon Dioxide. As projected, carbon dioxide 
emissions in 1990 will be about double those of 
the mid-J970s. The prevailing belief among clima
tologists is that increases of C02 emissions on this 
order of magnitude will not have strong impacts. 1 

However, there is growing concern that, if heavy 

1.63 2.87 0.46 4.Sl 2S.O 

4.S2 1.9S 1.28 12.6 69.2 

reliance on fossil fuels continues, accumulations 
of carbon dioxide in the atmosphere will cause 
seriously disruptive climatic shifts in the early 21st 
century. 

Particulates. IEES-ESNS estimates a total of 
61-78 million short tons of particulates per year 
wiU result from fossil fuel combustions in 1990. 
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This represents roughly a doubling of energy- emissions. 2 Thus, the energy sector may not have 
related particulate emissions. More than half of a major impact on the total global particulate 
these emissions arc calculated to come from the levels. 
centrally planned economies, due to the energy In 1arban areas the projected doubling of en-
projection of their heavy reliance on coal. ergy-related particl!lates would degrade the air 

Present global ::iarticulate em~ssions from nat- qmility, lowering visibility and contributing to 
ural and anthropogenic sourcr,s were estimated .~~ironic and acute respiratory illnesses. The ex-
a! 2.6 billion short tons per y~ar-about 50 times ent of harm that might be done is difficult to 
the projected 1990 energy-related particulate estimate due to (1) lack of knowledge about 

TABLEl0-17 

Emlsson Projections, 1985 and 1990, High-Growth Case 

European U.S. Less OPEC Centrally 
OECD and Japan Developed Countries Planned World 

Count1ies Canada Countries Economies 

Carbon dioxide 
1985 

(bl/Hons of short Ions) 5.81 8.31 1.88 3.02 .97 9.27 29.2 
Carbon monoxide 

(millions of shor1 tons) 27.4 17.4 7.89 18.2 6.69 26.2 104.0 
Sulfur dioxide 

(millions of short tons) 14.3 15.5 5.73 8.35 1.63 37.9 83.3 
Oxides of nitrogen 

(millions of short tons) 17.0 22.2 5.90 9.62 2.90 24.I 78.3 
Particulates 

(millitin.f of shorl Ions) 6.44 10.7 2.37 7.77 0.62 39.2 67.2 
Hydrocarbons 

(mi/lio11s of s/rort tons) 3.11 1.84 .94 2.01 0.72 3.57 12.7 
Land use 

(mi/li,ms of am.»i 13.7 18.8 3.37 11.9 0.005 15.1 62.9 
Solid wastes 

(millions of shc>rt tons) 66.5 264.0 8.01 55.5 1.02 . 193.0 588.0 
Tritium 

(thousands of curies) 103.0 149.0 22.9 34.6 3.64 47.9 361.0 
Population exposure 

(thousands of man-rems) 3.98 5.71 .88 1.33 0.14 1.84 13.9 
Solid high-level wastes 

(billions of curies) 11.0 15.9 2.44 3.69 0.39 5.10 38.4 

1'90 
Carbon dioxide 

(billions of short tons) 6.80 9.47 2.15 3.84 1.36 10.7 34.3 
Carbon monoxide 

(mi/lio11s of short tons) 33.6 18.6 10.5 23.6 9.36 30.2 126.0 
Sulfur dioxide 

(mlifi11n.f of sliort tons) 16.4 17.8 6.38 10.5 2.28 43.7 97.0 
Oxides of nitrogen 

(millions cif short ton.f) 19.7 25.3 6.72 12.3 4.07 27.8 91.1 
Par1iculates 

'millions of sl111r111111s) 7.58 12.4 2.63 9.60 0.87 45.3 78.3 
I lydrocarbons 

: ... 1111"''·' of short tons) 3.79 2.15 1.17 2.60 1.01 4.12 15.3 
Land use 

(millions of ucre.f) 15.7 21.7 4.43 15.7 0.009 21.7 79.2 
Solid wasti:s 

(millions of shv11 tons) 63.7 '314.0 8.32 67.9 1.46 223.0 667.0 
T1itium 

{thouscmds of curies) 178.0 230.0 42.4 74.6 12.0 118.0 655.0 
Popululion exposure 

(thousands oj .n.'11.'•rems) 6.83 8.86 1.63 2.87 0.46 4.53 25.2 
Solid high-level wastes ~- ~· 

(billions of curies) 18.9 24.6 4.52 1.95 1.28 12.6 69.8 



Carbon dioxide 
(billions of short tons) 

Carbon monoxide 
(millions of sluirt tmrs) 

Sulfur dioxide 
(millimu t!/slum tons) 

Oxides of nitrogen 
(millions t1f slit1rt tons) 

Par1iculates 
lmilliwrs of short tons) 

Hydrocarbons 
(millions cif short tons) 

Land use 
(111illio11s of m:re s) 

Solid wastes 
(million.~ cif short tons) 

Tritium 
tthmmmds of <'llrie s) 

Populatic11 exposure 
(thm1Mnds of mun-rems) 

Solid high-level aastes 
(billions of curies) 

Carbon dioxide 
(billions of short tons) 

Carbon monoxide 
(millions of short tons) 

Sulfur dioxide 
(millions of slrort tons) 

Oxides of nitrogen 
(millions of short tons) 

Particulates 
(millions of sliort tons) 

Hydrocarbons 
(milliom of short tons) 

Land use 
(millio11s of anes) 

Solid w:!sles 
(milliolls of slrort tons) 

Tritium 
(l/io11sa11ds of curies) 

Population expi>sure 
(tho11sands of man·rems) 

Solid high-level wastes 
(billions of curies) 
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Elllmlon Projections, 1985 and 1990, Low-Growth Case 

European 
OECD 

Countries 

4.78 

22.S 

11.8 

13.S 

6.3 

2 • .56 

13.7 

80.1 

103 

-us-: 
11.0 

S;20 

26.2 

12.7 

14.8 

6.66. 

2.94 

IS.7 

7S.I 

178 

6.83 

18.9 

U.S. 
and 

Canada 

6.8S 

13.4 

13:0 

IS;7 

• 9.02 
.:.):_/' 

:1.8( 

' 18.7 

~18 

·142' 

;_.,s:44~ 

IS.I 

7.31 

13.I . 

13.8 
'. 

16.2 

"9,~?,3 
r';. 

. 1.85 

21.6 

'.243 

214 

8.23' 

22.9 

Japan 

1985 

I.SI 

6.68 

· 4.S2 

4.71 

2.03· 

.0.79 

3.37 

. 7.43 

22.9 

~·o:Bii 

2.44 
19'0 

1.62 

8.44• 

.4.68' 

·4.44 

2.15 
" 

;/ 

4A3 

7.49 

42.4.' 

1.63 

4.S2 

Less 
Developed 
Countries 

2.S7 

IS.7 

7.07 

'8.21 

'6 • .56 

· 1;73 
' •,, .. 

11.9. 

4S.6 

~.6· 

1.33 ·. 

'3,69 

.3.0S 

19.6. 

.. 8.42 

9;74 

7.8i 

2;14 

IS.7 

so.2, 

74.6' 

2.87 

1.9S 

'OPEC 
Countries 

0.80 

s.so 
1.33. 

2.38 

O.S4 

.·O.S9 

·o.004 
. ;;o.ss 
3.64 

0.14 

·.0:39 

·o.97 
6.96 

1.S6 

2.88 

.0.63 

. o.n 
,,-. 

·0.001 

I.of 
12:0 

0.46 

1.28 

183 

Centrally 
Planned World 

Economies·· 

7.S2 

~22.4 

29:8 

19.7. 

30.6 

2~99 

u,1 
·,4~ . 
'.i47:9. 

'S,10 

8.42 

2s.o• 

'.33.4/ 
,'•" 

22.0 

·34.2 
3.3,i 

:, 21.6.~ 

16& 

118 

4.S3 

12.6 

24.0 
.\.-

86ii 
67.4 

64.'i 

55.0 

10.S 

61.2 

S4 

13.6 

37.6 

26.6 

,99;2 

74.6 

.70.7 

61:2 

:12:0' 

79.0 

.54s 

639 

24.6 

.. 68.1 

chemical composition and specific effects of 
particulates; (2) dependence of' the effects on 
plant siting, air drainage, aPd other factors; and 
(3) difficulties establishing clec.'r cause and effect 
relationships in health problem'!'. 

half of this-33 to 44 million short tons-is 
projected to come from the centrally planned 
economies and is again attributable to the energy 
projection that the centrally planned ecC'nomies 
will rely heavily on coal as an energy source. 

Sulfur dioxide. IEES-ESNS projects global 
emissions of sulfur dioxide to be between 75 and 
97 million short tons per year in 1990. Nearly 

The IEES-ESNS figures for sulfur dioxide 
emissions are probably substantially lower than 
will actually be realized. Global emissions of 
sulfur dioxide are currently about 140 million 

"it'\ 
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TABLEl0-19 

Recent Estimates of Emmions from .F\Jel 
Combmtlon, Compared with IEES-ESNS 

Esdmates for 1990 

Carbon dioxide (billions of 
short tons) 

Sulfur dioxide (millions of 
short tons) 

Oxides of nitrogen (millions 
of short tons) 

Particulates (millions of short 
tons) 

Present 
Emissions 
per Year 

5.4• 

Jl3" 

szc 

28d 

Calculated 
Emissions per 
Year for 1990 

27-34 

75-97 

71-91 

61-78 

• Council on EnvironmenllLI Qualitr. 81/i Annual Rtport, 1!>77, p. 190. 
• E11imated from total alobal sulfur dioxide aenerallon fiaurea In D. M. 
Whelpdale and R. E.. Munn, In A. C. Stem, ed., Air f'o//utlon, vol. 7, 3rd ed., 
New York: Ae&demic Prus, tm. 
• E. Robinson and R. C. Robbins, Emlu/0111 Concrntratlons and Fart of 
l'ar1ic11lalt Almosp/mk Poll111an1s, Menlo Park, Calif.: Stanford Research 
Institute, 1971. 
• Ibid.: calculated usina same procedures used for sulfur dio~ide estimates. 

short tons per year. 3 If U.S. figures are typical 
throughout the world, then 81 percent of the 
sulfur oxide emissions (113 million short tons) are 
from fuel combustion. The IEES-ESNS figures 
would therefore imply a substantial decrease in 
sulfur dioxide emissions between now and 2000. 
These optimistically low projections stem in large 
part from the assumption that U.S. new-source 
performance standards will be applied throughout 
the world. The Environmental Protection Agency's 
Office of Research and Development estimates 
that these standards would, in the case of high
sulfur coals, require reductions in emissions from 
coal combustion to about 20 percent of the 
unregulated emissions. 

Sulfur dioxide and its oxidation products have 
many adverse effects on biological organisms. 
These pollutants damage crops and other vege
tr..iion. They are respiratory irritants and contrib
ute to acid rain and its damage to fish and 
vegetation (see the forestry and fresh water 
projections in this chapter). The extent to which 
sulfur dioxide emissions from tile global energy 
sector increase or decrease will determine 
whether the problems associated with sulfur 
dioxide and sulfates will increase or decrease in 
the years ahead. 

The reduction of atmospheric emissions is not 
a final solution to the sulfur problem. The chemi
cal-rich sludge that results from desulfurization 
processes can itself become an environmental 
hazard. The projected increases in desulfurization 
imply volumes of sludge large enough to require 

considerable amounts of land for disposal. Even 
after the land-use problem is solved, leaching 
problems can lead to further environmental dam
age. 

Oxides of Nitrogen. IEES-ESNS estimates the 
1990 emissions of oxides of nitrogen at 71-91 
million short tons per year. As a point of 
comparison, current global emissions from fossil 
fuel combustion hav~ been estimated at 52 mil
lion short tons per year, which is less than 10 
percent of the almost 600 million short tons of 
nitrogen dioxide thought to be released into the 
atmosphere arinually by bacterial action. 2 The 
Brookhaven 1! lO figure, therefore, represents an 
increase of 30-75 percent over current estimated 
global emissions from fossil fuel sources. Even 
though this increase is small compared to natural 
sources, it may be environmentally significant, 
since it will occur in urban and industrial areas 
with high population density, where it will con
tribute to the formation of photochemical oxi
dants, the most damaging ingredient in smog. 

Human exposure to nitrogen dioxide has been 
shown to increase susceptibility to respiratory 
infections and result in increases in chronic 
respiratory diseases. Ozone, a respiratory initant 
formed in the atmosphere through chemical reac
tions involving nitrogen oxides, is associated with 
decreased pulmonary functions. It is unclear 
whether oxides of nitrogen alone have adverse 
effects on vegetation, but adverse synergistic 
effects of oxides of nitrogen and sulfur dioxide 
have been demonstrated. Photochemical smogs 
containing nitrogen oxides, ozone, and related 
pollutants are quite damaging to many food crops 
and to other sensitive vegetation. Nitrogen dioxide 
and nitrate aerosols ~~ontribute to decreased visi
bility. 

Carbon Monoxide. IEF.S-ESNS projects car
bon monoxide emissions i,n 1990 at between 99.2 
and 126 millior.. short tons per year. No current 
esti'mates of carbon monoxide emissions could 
be found for comparison. However, the IEES
ESNS figure for 1990 represents a 16 percent 
increase over the 1985 figure. These increased 
carbon monoxide emissions are expected to hav~ 
little environmental effect-except in urban 
areas-because carbon monoxide released into 
the atmosphere quickly dilutes to levels believed 
to be below physiological significance. 

Nuclear Emissions. Of the radioactive emis
sions figures produced by IEES-ESNS, the high
level solid wastes, which pose the greatest diffi
culty (and the greatest potential hazard), are the 
only ones discussed here. 
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The problem of high-level radioactive solid 
waste is not so much in the magnitude of the 
wastes generated (which is projected to be large) 
as in the nature of the disposal problem. At 
present the technical problems of high-level 
waste disposal are unresolved. The U.S. Depart· 
ment of Energy plans a demonstration project in 
the next few years, but no commercial facilities 
are riow available in the U.S. With the future of 
reprocessing plants in question because of their 
potential to contribute to the proliferation of 
nuclear weapc.1s, spent fuel rods are rapidly filling 
existing storage facilities in some countries. 

Disposal of nuclear wastes will be a difficult 
issue even with solution to the technical prob
lems of storage and the political problems of 
proliferation. Japan and several of the E:.ropean 
nuclear countries lack appropriate sites for dis
posal. Localities with sites more suitable for 
dispos.al may resist having nuclear waste facilities 
devel·oped within their jurisdictions. All but three 
states in the U.S. have rejected nuclear disposal 
within their borders. 4 

Conclusions 
Increases in energy use will, ceterus pc1ribus, 

lead to increases of the gaseous emissions gener
ated in the course of energy use. The extent of 

the increase will depend on what fuels are used 
and how emissions are regulated. A strategy 
making heavy use of coal-as in the energy 
calculation for the centrally planned economies-
leads to heavy loadings of particulates, sulfur 
dioxide, oxides of nitrogen, and carbon dioxide. 
Worldwide regulation along the lines of the U.S. 
new-source performance standards would reduce 
sulfur dioxide emissions to the point where total 
annual emissions in 1990 could be less than 
present-day emissions if they were applied· on a 
global basis. 

The strongest impacts for the class of energy 
impacts considered in the Brookhaven analysis 
are likely to be those on urban air quality. As well 
as having the aesthetically negative quality of 
dirtying air and reducing visibility, these air-qual· 
ity impacts will tend to increase respiratory iU
nesses and damage to vegetation. In the longer· 
term, accumulation of atmospheric carbon dioxide 
may have more impact on the environment than 
all the other effects of energy use taken together-. 
This probably will not have happened by 2000, 
though if the world by then has adopted an energy 
strategy based on coal, oil shale, and other fossil 
fuels that will still be abundant by 2000, the best 
scientific evidence presently available indicates 
that large disruptive climate shifts may occur in 
the first half of the 21st century. 
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A consensus is developing that a major shift in 
the: world's patterns of energy utilization is im
pending. Growing energy demand will deplete 
conventional energy resources eventually. The 
problem is more acute for petroleum and natural 
gas than coal-our most abundant conventional 
fuel. But there are limits to the role that even coal 
can play. 

Table l 1-1 illustrate~ the estimated energy re
sources available to the world. It should be clearly 
understood that a high degree of uncertainty 
applies to these numbers, as resource estimating 
is not an exact science. Thus, approximately 
161,250 quadrillion Btu (Briti<;h thennal units} of 
em.!rgy is assumed available for use-if conditions 
allow. While this seems large, an exercise devel
oped by Vincent E. McKelvey, fonner Director 
ot the U.S. Ueological Survey, shows the impact 
of exponential growth rat~s of energy demand. 1 

Assuming only the energy availability shown in 
Table 11-1, and world energy consumption of 
approximately 250 quadrillion Btu (the 1976 esti
mate), life of these resources WC'uld be: 

At 0 percent annual increase in demand rate: 
Resource life = 161.250/250 = 645 years 

At 2 percent annual increase in the demand rate: 
Cumulative consumption during 

1st doubling period ( 1977-2011) 
2nd doubling period (2012-2046) 
Jro doubling period (2047-2081) 

Total 1977-20&1 
Total 2082-2110 

Total 

12,7.50 
2.5,.500 
51,000 

89,256 
71,494 

160,750 

It would appear that a fourth doubling would be 
impossible, and that resource life would be less 
than 133 years. 

At .5 percent annual increase in the demand rate: 
Cumulative consumption during 

1st doubling period ( 1977-1990} 
2nd dubling period ( 1991-2004) 
3rd doubling period (2005-2018} 
4th doubling period (2019-2032) 
5th doubling period (2033-2046) 

Total 1977-2046 (70 years) 

5,150 
10,:SOO 
20,600 
41,200 
82,400 

159,650 
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TABLE'tt-1 

Recoverable World Nonrenewable Energy 
Resources 

Petroleum• 
Natural gas• 
Solid fuels b 

Shale oi1° 
Tarsands 4 

Uranium• 

Total 

{Quadrillion Btu) 

'9,634 
8,(,63 

'120,8.54 
20,130 

1,960 

161,241 
•Based on phyai<;al units rrom Consrenional Research Service. Pro}r<'I 
lntmlr~ndrnrr: U.S. and World Ent'r/(Y OutlooA Through /WO. Washlnaton: 
GPO. 1977 (bastd on work done by M. King Hubb¢rt). Conversion racton: I 
1-arrel otl • 5.8 million Btu: I cu n natural aa• • 1,020 Blu. 
• BuC<l on physical units rrom World Energy Conrerence. Smrr." t\/' E1rr111.1· 
Hes""'""· 1976. kecoverabHitv or coal assumed to he 30 percent. Conversion 
factor varies for 1eo1raphical regions. 
• BuC<l on ph; sical uniu rrom U.S. Qcotoaical Survey. Repl'nents idenliliC<l 
resources only. 
•Not cstimaiC<l. but total energy content or oil in-place i5 approximately ,,600-
9,000 quadrillion Btu. based on physical units in table 11-18. 
•Based on physical units rrom World Energy Conference. S11ri·r,1· 11}' E11rrgy 
Rrm11'l·n. 1976. IJaht·water reactor technoloay assumed. Conversion factor: 
400 billion Btu/short !On or U/J. 

It would appear that a sixth doubling would be 
impossible and that resource life would be slichtly 
over 70 years. 

The above is a highly artificial example of the 
effects of continued growth ra~es on the energy 
resource base, as the expectation of continued 
growth is unrealistic. It does point to the problem 
to be faced as the world shifts from one energy 
source to another. 

Other energy sources have the potentiality for 
supplying future energy demand. Some, such as 
solar energy, are renewable while others, such as 
nuclear fission (using the breeder), therraonuclear 
fusion (perhaps), and geothennal energy, offer 
hopes of long-tenn solution to energy supply. The 
rnajor problem is bridging the transition from the 
fos,1il fuels to the more abundant energy sources. 

Resource Terminology 
In discussing resources it is necessary to define 

two key terms-reserves and resources. For the 
United States the tenninology is based on a U.S. 
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Flpre ll·l. Classification of mineral resources. 

Geological Survey/Bureau of Mines classification 
system. 2 The system is based on two variables-
degree of geologic assurance and degree of Eco
nomic feasibility-illustrated in Figure 11-1. 

Thus. reserves are identified deposits of min
erals known to be recoverable with current tech
nology under present economic conditions. There 
are three categories of reserves: 

Measured reserves are identified reserves from 
which an energy commodity can be economically 
extracted with existing technology and whose 
location. quality, and quantity are known from 
geologic evidence supported by engineering evi
dence. 

Indicated reserves are reserves based partly on 
specific measurements, samples, or production 
data and partly on projections for a reasonable 
time period on the basis of geological evidence. 

lliferred reserves are reserves based upon broad 

geologic knowledge for which quantitative:: meas
urements are not available. Such reserves are 
estimated to be recoverable in the future as a 
result of extensions, revisions of estimates, and 
deeper drilling in known fields. 

In most instances these three categories are 
undifferentiated here. Reserves of coal are some
times discussed in different terms, as follows: 

The demonstrated coal reserve base includes 
measured and indicated in-place quantities of 
bituminous coal and anthracite located in beds 28 
inches or mvre thick, and subbituminous coal in 
beds 60 or more inches thick that are located in 
depths up to 1,000 feet. The demonstrated coal 
reserve base includes also i-:mall quantities of coal 
located in beds thinner and/or deeper than coal 
presently mined, for which there is evidence that 
mining is commercially feasible at this time. The 
data for lignite include beds 60 inches or more 
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TABLE 11-2 

Reserve and Resource Terminology 

Type Resources 

Solid fuels b 

Oil and natural gas 
Natural gas liquids 
Oil shale and bituminous 

sands 
Uranium and thorium 

Total J(eserves 

Known reserve-in-place 
Original reserve-in-place e 

Recoverable Reserves 

Known recoverable 
Proved recoverable reserves 
Prov -d recoverable reserves 

Other Resources• 

Additional resources 
Additional resources 
Additional resources 

Potential total known recoverable resources 

Known recoverable reserves d Additional resources 
Nott: TermlnoioaY for hycr.ullc resource• lncludca lnmllcd and lllllall.ttle capacity (power In Mw) and proMb1c .nnual aencrulon (eneraY In OWhrlyr). Similar 
tcnnlnoio&Y appllc1, in gc:ncr.i, to other reMwable resources. 
•includes indicated (probable) and inferred (pouible) rcaerves u normally defined. 
"Tot.i resources are also sivcn for solid fuels. 
•1ndudc1 put cumulative production. 
'Alternative <Orsanlzation for Economic Coopcruion and Dcvclopmenl) termlnohi1Y Is reuonably usurcd resources (recover.hie al co111 up to •ppro1l111111ely $26/q 
or U or Thi. Reasonably assured resources recover.hie at cosll above 526/ka .re reprded H part of ..:ldition.i re1ource1. 
Smtfft: Bauer and Carhm~h. p. 47. 

(!Jick that can be surface-mined. These are gener
ally located at depths no greater than 120 feet. 

Resources includes reserves as well as minerals 
that have been identified but cannot now be 
extracted because of economic or technological 
limitations, as well as economic or subeconomic 
materials that have not as yet been discovered. 

Undiscovered recoverable resources are quan
tities of an energy commodity that may be reason
ably expected to exist in favorable geologic set
tings but that have not yet been identified by 
drilling. Exploration and resulting discovery will 
permit the reclassification of such resources to the 
reserves category. 

This, of course, is the U.S. system. There are 
other classification systems. As pointed out by 
Bauer and Carlsmith, 3 "One 1Jf the reasons for a 
wide disparity in definitions of reserves and re
sources of energy raw materials among the var
ious regions and nations is that present local usage 
is based on historical precedents which have 
evolved under differing social, legal, economic, 
and technical experiences and commercial prac
tices." For this reason the World Energy Confer
ence (WEC) in its latest reports uses the reserve 
and resources terminology defined in Table 11-2. 

The above classification systems are applicable 
primarily to stock energy sources, i.e., energy 
sources having finite quantities. Problems arise in 
classifying flow and renewable energy forms, for 
here the concept of time enters. For this reason, 
renewable energy sources will be shown with their 
annual output. This is particularly true for hydro
power, tidal power, solar energy, etc. 

Before turning to the subject of oil resources, 
some qualifications regarding reserves should be 
noted. V. E. McKelvey states: We know a good 
deal about reserves because the deposits compos-

ing them have been identified and their geometry 
and quality evaluated on the basis of direct 
evidence. Even so estimates of reserves do not 
have the exactitudes of inventories of other kinds 
of stock and they may err by plus or minus 10-2S 
percent. The assessment of undiscovered re
sources, however, entails far more hypothesis and 
much speculation, based on incomplete and some
times incompatible data, with the haz.ard, then, 
that even the most conscientious estimate may be 
grossly in error. 4 

Petroleum 
Various resource estimators place the quantity 

of ultimately recoverable petroleum at arproxi
mately 2,000 billion barrels. Some of these esti
mates made since 1970 and cited by M. King 
Hubbert in the Project Interdependence report5 

are presented in Table 11-Z· 

TABLE 11-3 

Estimates of World Ultimate Production of 
Crude OU Made Since 1970 

(Billio11s of barrels) 

Estimators Organization Quantity 

J. D. Moody and H. Mobil Oil Corp. 1,800-1,900 
H. Emenik 

Richard L. Jody Sun Oil Co. 1,9.52 
H. R. Warman BP, Ltd. 1,800 
William Vemeer Shell 1,930 
H. R. Wannan BP, Ltd. l,91S 
J. D. Moody and R. Mobil Oil Corp. 2,000 

W. Esser 
M. King Hubbert U.S. Gcol08iCal 2,000 

Survey 
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Hubbert's estimates of ultimate production of 
crude oil are given in Table 11-4. Basically, he 
estimates that 2,000 billion barrels of oil were 
available originally, and that approximately 339 
billion barrels have already been produced. This 
leaves 1.661 billion barrels of remaining resources. 
Of this, 646 billion barrels are reserves, 8 leaving 
slightly over 1,000 billion barrels to be discovered. 

· Reserves as of lanuary I, 1978, are shown in 
Table 11-5 for various regions of the world. 

lri 1976 the world produced 21.7 billion barrels 
of oil. Thus, if the production rate remained con
stant, world reserves of oil would last about 30 
ye~. anJ total resources about 77 years. This is, 
of course, not a proper description of the de-cline 
pattern of petroleum production. The overall pro
duction would decline over time from some peak, 
and the time involved would be longer than 77 
years. A feeling is developing that the peak of 
petroleum production will occur in the 1990s. 

The World Energy Conference recently ran a 
survey arm:mg various resource estimators on their 
\iew of ultimately recoverable resources of oil. 7 

The average of their low estimates was 1,240 
billion barrels; of their median estimates, 1,806 
billion barrels; and of their high estimates, 3,110 
billion barrels. Most of the incremental oil for the 
high estimate comes from deep off shore and· polar 
areas (505 billion barrels additional) and the Mid-

die East (315 billion barrels additional). The de
gree to which other resource estimators have 
included deep offshore and polar areas is not 
readily discernible. 

Bernardo F. Grossling of the U.S. Geological 
Survey has pointed out that many prospective 
areas of the world have not been extensively 
drilled. As shown in Table 13-5 the density of 
drilling per square mile of prospective petroleum 
area (mi2) varies from a high of 0.98 wellslmiJe 2 

in the United States to a low of 0.003 t wellslmile2 

in Africa. As many resourre estimates are based 
on extrapolations from known petroleum areas, 
some of the least drilled areas may contain 
resources not showmg up in resource estimates. 

The 9,634 quadrillion Btu of petroleum re· 
sources constitutes 5. 4 percent of total recovera· 
ble world nonrenewable energy resources. 

Two final poims on the distribution of petro
leum resources a.,d reserves are in order. One is 
that, in general, reserves and resources are fairly 
closely correlated, as would be expected. There is 
one notable exceptkm-and that is the communist 
countries. These countries have 15 percent of total 
world petrole•.;m reserves, an<l are estimated to 
have 25 percent of total world petroleum re· 
sources. Development is at an early to interm:di· 
ate stage. 

A second general point is that. with the excep-

TABLE 11-4 

World Cmnuladw Production, Ultimate Production, and Future Resources 
of Crude OU as of January 1, 1976 

Reaion Cumulative Ultimate Remain Ina energy . , Production Production RclOW'Cel Content 

Quudrll· 
Billions of ha"~ls lion Btu 

United Stales and Canada: 
United Stales 112.118 215 103 597 
Canada 7.217 84 n 446 

Total 119.335 299 180 1,044 
Larin America: 

Mexico 5.'74 30 24 139 
South America 39.67' 160 120 696 

Total 45.249 190 144 835 
Europe (excludina a:>mmunist countries) 3.220 68 65 m 
Africa 20.598 162 141 818 
Middle East 84.170 .598 Sl4 2,981 
Asia-Pacific un 96 87 505 
Communl:$t countries '7.367 412 415 2,407 
Additional t'ulure discoveries llS llS (of)7 

World total 339.416 2,000 1,661 9,634 

Nfl4l'I Con-.lon lilctor: I lllurd ol • S.I mDUo11 Blu. 
S0111n:1: Lftnry or COlll!ftll, Corcmtlonll lteH.vch 'wvke, l'r1i1rt llllmll'P'llitnm U.S. anti Wlll'ld E11r'11 0111/mtli Tlirt1u1lr JWO. 
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. : TABLE 11-8 

World Pelralemn Reaerves, January 1, 1978 

Estimated Estimated Reserves/ 
.Rqlon ·Proved Production Production 

Reserves 1977 Ratio 

Billions uf barrels 
U.S. and Canada 

United States 29.,o 3.01 9.8 
Canada 6.00 ,,0 12.0 

Total 3,,,0 3.,. JO.I 
Latin America 

Mexico 14.00 .36 38.9 
Central and 

South America 26.37 1.31 20.1 
Total 40.37 1.67 24.2 

Europe (excludina 
communist coun-
tries) 26.8 ,,o ,3.6 

Africa '9.20 
Middle East 366.17 7.98 4,.9 
Asia-Pacific 

(excluding 
communist 
countries) 19.75 1.01 19.6 

Communist countries 
U.S.S.R. 7'-00 4.00 18.7 
China 20.00 .66 30.3 
Other 3.00 .15 20.0 

Total 98.00 4.81 20.4 
Total World 645.8' 21.73 '19.1 
S111ru: Oil nllll GtU Jm,,.nal, Deccmbet' 26. 1977. 

TABLE 11-6 

Density of Petrolewn DrlUlng for Selected Areas 
of the Wot Id, as of End of 1975• 

Country or Region Wellslmile1 Exploratory 
Wells/mile• 

United States 0.98 0.20 
u.s.s.R. 0.1, 0.029 
Canada 0.0,3 0.011 
Western Europe 0.019 0.()()1}4 
Japan 0.021 0.0039 
Australia and New 

Zealand 0.0016 0.0032 
South and Southeast 

Asiab 0.0067 0.0031 
Latin America b 0.0021 0.0029 
People's Republic of 

Chinab O.OIO 0.0022 
Middle East" 0.0083 0.0017 
Africa" 0.0031 0.0014 
•Dcn•lly ~ren to prospeaive pelroleum areu of a country. whkh are. in 
aencfll • .mailer lhan lhe 101&1 area of lht country. 
•Development •ta. 
s,~,,,.,., llcmardo F. Groulina. "Tht Pelmleum E•ploration Chlllenac wilh 
Rcspe1:t to Dewtlopin1 N11ion1," in rtu• fllf11rr .~111•1•1.•· "r Nt1111rr•\lt1<l1• 
l'rtr11lr11111 111111 c;,,., Tlir firM UNtrAH C'mrfl'rrm·r "" t:11rr11r 1111<1 tl1r 

'f'111111r. Elm1i>nl, N.Y.: Pr11amun. 1m. 

tion of the U.S.S.R., the industrialized nations 
with the highest rate of petroleum consumption 
have the smallest reserves and resources. The 
implications for future capital transfers are signifi
cant. 

Natural Gas 
Unlike petroleum, no consensus has developed 

as to natural gas resources. Some estimates made 
since 1970 are given in Table 11-7. M. King 
Hubbert has estimated that the ultimate natural 
gas production is 10,000 tcf (trillions of cubic 
feet), of which J ,507 has been produced. This 
leaves 8.493 tcf available, as illustrated in Table 
11-8. Of the available resources, 2,519 tcf consist 
of reserves, leaving 5,984 tcf still to be found. 
Reserves are delineated in Table 11-9 for various 
regions of the world. 

In 1976 approximately 50 tcf of natural gas was 
produced. Assuming continuation of this rate of 
production, the world would have reserves lasting 
44.6 years, and total remaining resources lasting 
approximately 170 years. As with petroleum, this 
is not an especially apt description of the produc· 
tion rise and decline of natural gas. 

Also, a<> with petroleum, the sparsity of drilling 
in certain prospective petroleum areas may indi
cate understatement of the resources in these 
regions. 

Natural gas resources of 8,663 quadrillion Btu 
represent 4.8 percent of the total nonrenewable 
energy resources estimated to be remaining to the 
world. 

TABLE 11-7 

Estimates Made Since 1970 of Remaining Wor .. 
Resources of Natural Gu 

(Trillions of cubic 1~~1) 

Bstimators Orpnization Quantity• 

C. P. Coppack 6,660 
M. King Hubbert U.S. Oeo!ogical Survey 11,9'0 

Mobil Oil Corp. 7,020-7,880 
T. D. Adams and 

M. R. Kirby 5,150 
National Academy of 

Science 6,900 
Institute of Oas 

Technology 9,1'6-9,,,0 
M. King Hubbert Congressional Research 

Service 8,493 
•Remainlnt 1t10Urcn converted 10 ulllm11e rttolll'ctl by addlllon or t.500 Id 
previous production 10 ftaure. Numbcl'I oriainllly in n-ioules Md COft<vened on 
basis of I tcf• l,Ollll~ e1ajuulu. 
,\01111••: WorlJ f.ner8Y l'unferen~e. f/w I 11111rt• J1,,. Wurltl N1t111111l litl• !i11111rl.1'. 
IWIJ.,111111. AJ"'. I~ 11171. p. ~. 
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TABLE 11-8 

World Cwnul~tlve. F~uct~n, Ultimate Production, and Future· Resoilrces '. . ·.·. or Natural Gas (January 1, 1976) . . .. 

RC1lon: Cumulative Ultimate Remaining Enersy 
Production Production Resources Content 

Q11udril· 
/im1 

United States and Canada: 
Trillions of <'llbi<' feet 8111 

United Stales 500 1,240 740 755 
Canada 26 663 637 650 

TotaJ 526 1,903 1,377 1,405 
Latin America: 

Mexico 21 104 83 BS 
South America 106 428 322 328 

Total 127 532 405 413 
Europe (excluding communist countries) 25 517 492 502 
Africa 81 638 551 .568 
Middle 1:.&st 158 1,122 964 983 
Asia·Pacific 46 468 422 430 
Communist countries 544 4,478 3.934 4,013 
Additional future discoveries 342 342 349 

World total 1,507 10,000 8,493 8,663 
N,,,,.,. ('11nvc.,.ion f1&<111r: I .:ullilt fo111 ~ 1.0211 Btu. 
s,,,,,.,.,.: Library ofConare11. Ctllllfts•lonal Resea~h Service. l'nllnt tlllrnlt/'l'ltdtm«•: U.S. 1111<1Wr>rlrl1-:11mt,1· '11111•••' Tl1111111tl1 l'J'Jl1. 

TABLE 11-9 

WorW Natural Gas Rer.erves, January I, 1978 

(Billions of cubic fm) 
Estimated 

Proved 
Reaion Reserves ......................... ..;;.... ................................... ~ 

United States and Canada: 
United States 
Canada 

Total 
Latin America: 

Mexico 
Central and South America 

Total 
Europe (excluding communist coun· 

tries) 
Africa 
Middle East 
Asia·Pacific (excludlna communist 

coun1ries) 
Communist countries: 

U.S.S.R. 
China 
Other 

Total 
Total World 
.\111m ,., Oil &{ c;,,. J.,.,,,,.,,, t>«. :!6. 1977. 

210.000 
58,000 

268,000 

30,000 
78,580 

108,580 
138,190 

207.504 
719,660 
122.725 

920,000 
25,000 
10,000 

955.000 
2,519,659 

As can be seen from Tables 11-8 and 11-9, the 
communist countries (and the U.S.S.R. in partic· 
ular) have a significant share of world naturaJ gas 
reserves and resources. For reserves, the share is 
38 percent, and for resources 46 perc.ent. The 
United States, Canada, ind Western Europe have 
16 percent of world natural gas reserves and 22 
percent of total resources. 

Cool 
Coal is a solid, brittle, more or less distinctly 

stratified, combustible carbonaceous rock, fonned 
by partial to complete decomposition of vegeta· 
tion. It varies in color from brown to black, and is 
not fusible without decomposition. It is also very 
insoluble. Ranks of coal have bee•,1 established 
according to the degree of coalificat.ion. This is a 
general indication of crubon contcn:, with anthra· 
cite r:mking highest foliowed by bituminous coal, 
subbituminous coal, and lignite. 

World reserves and total resources are shown 
in Table 11-IO. The reserves of 786 bilJion shon 
tons are recoverable. The total resources of 12.682 
billion short tons ar\! in-place c;oal and must be 
multiplied by a recoverability factor. For most 
purposes this is assumed to be SO percent; thus, 



FUEL~MINERALS PROJECTIONS 193 
TABLE ll-JU 

Total World Solid Reserves and Fuel Resources 

Reserves Enersy Total· 
Content Resources• Continent or 

· Region (billlorr ·:short tons) (quadrilllo11 Btu) (billion short tons) 

Enersy 
Content• 

(quadrillion 
Btu) 

Africa 19 398 
Asia 130 3,147 
Europe 
U.S.S.R. 
North America 
South America 
Oceania 

192 ·3,270 
m 2,328 
229 5,478 

7 128 
58 822 

Totalb 786 15,572 

•111-place coll. Rccoverabiily appro•i"*dY SO percent. 
•Olla may not add IO tOlal due lo roundin1. 
S1111rrr: World Encrl)' Conference. S11rrr.1· 11/ EnrrK)" Rt11111r .. ~J. 1970, Table I. 

the total resource recoverable would be approxi
mately 6,341 billion short tons. 

At the 1977 World Energy Conference it was 
pointed out that the reserves considered techni· 
cally and economically recoverable constitute only 
6 percent of resources, and is probably low. This 
was attributed to use of extremely strict criteria 
for assessing and evaluating reserves. In addition, 
the 50 percent recovembility factor may be too 
low 8-a point brought out in greater detail by 
Paul Averitt. 9 Averitt has also estimated world 
coal resources. His estimated total resource figure 
for coal in-place is 16,620 billion short tons-a 
figure 31 percent higher than the World Energy 
Conference estimate. 10 Either estimate is far in 
excess of the amount us3ble within the time 
horizon of this study. 

At the 1976 rnte of coal consumption (3.7 billion 
short tons per year) coal reserves would last for 
212 years while recovemble resources (total re
sources at 50 percent recoverability) would last 
approximately 1,700 years. Growth rates much in 
excess of zero would sharply decrease these 
numbers. Still, coal is the world's most abundant 
fossil fuel. 

In contrast to the situation as regards other 
fossil fuels, the Western nations (the United 
States, Canada, and Western Europe) have 56 
percent of world solid fuel resources based on Btu 
content. The U.S.S.R. has 15 percent, and the 
rest of the world has 29 percent. Much the same 
distribution occurs for resources. 

Most resource estimators would say the world 
possesses abundant coal, fairly evenly distributed 
over the various continents. Because of the large 
quantities of coal already located, there has been 
little effort undertaken in coal deposit research or 

106 
1,223 

770 
6;294 
3,978 

32 
279 

12,682 

2,209 
29,515 
13,128 
97,294 
94,993 

594 
3,975 

241,708 

exploration. Even more potential may exist be
yond the potential already estimated. 

Not all resource investigators are in agreement 
as to the magnitude of the resources of what is 
commonly called our most plentiful fossil fuel. 
Gunther Fettweis analyzed worldwide coal re
sources with more emphasis on technical and 
economic factors and came up with a world total 
recoverable resource figure of 1,130 billion short 
tons. 11 He also pointed out that worldwide distri
bution of this sm.:: Uer resource quantity may be 
rather uneven. 

Nuclear Fuels 
Uranium is the fuel used to produce nuclear 

energy. Unlike other fuels, the technology used 
will determine the final quantity of energy avail
able. Assuming light-water react".;,. technology. the 
uranium requirements fo1 a J ,000 megawatt elec
trical nuclear powerplant is about 5,400 short tons 
over its lifetime. (A megawatt is 106 watts.) H the 
spent fuel is recycled and the unused uranium 
recovered, this requirement would decline by 
about 17 percent. Similarly, recycling the pluton
ium in spent fuel would further reduce uranium 
requirements by an additional 18 percent. 12 Life
time requirem~nts for various nuclear powerplant 
capacities are shown in Table 11-11. 

Note that in Table 11-12 total world resources 
of 4,900 thousand short tons of uranium would 
thus fuel only 800 gigawatts (800 billion watts) of 
light-water reactor (or equivalent technology) 
plants. As a fuel for the present generation of 
burner reactors, uranium resources now represent 
a source of limited potential, comparable in maa· 
nitude to that of the remaining recoverable re-
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TABLE 11-11 

Lifetime Uranium Requirements for 
Nuclear Powerplants 

Installed 
Nuclear Capacity 

(Gige111•t11ts) 

100 
200 
300 
400 
.500 
600 
700 
800 

Lifetime 
Uranium Requirements 

(1,000 short tons) 

600 
1,200 
l,800 
2,400 
3,000 
3.600 
4,200 
4,800 

S11111C',: Library or Consms. Consresslonal Re1e1tch Service. Projecl lnterde· 
pendence. p. 285. 

sources of oil and gas. The breeder reactor, if 
deployed, would increase the energy output from 
this fuel by a factor of from 60-100 times. For this 
reason stress has been placed by many on building 
breeder reactors. As a counterpoint, the Nuclear 
Energy Policy Study Group has stated: "The 
current assessment of uranium reserves probably 
substantially understates the supplies that will 
become available; uranium, at prices making light
water reactors competitive with breeders, will be 
available for a considerably longer time than 
previously t~stimated. New ~nrichment technolo
gjes may aJso extend these supplies ... u 

Their estimate of 4,876 thousand short tons of 
uranium a.t $30 per pound or less is comparable to 
the 4,900 thousand short tons of the World Energy 
Conference. 

Research continues on not only the breeder 
reactor but on new types of uranium- and thorium-

cycle burners. Staatz and Olson 14 have come up 
with a worldwide estimate of 1,435 thousand short 
tons of thorium oxide recoverable primarily as a 
by-product, an additional 120,000 short tons of 
grade higher than 0.1 percent, and 902,000 short 
tons of lower and 0.1 percent grade. In the United 
States, the only fuel use of thorium was in high· 
temperature gas reactors. 

Hydraulic Resources 
Conventional hydroelectric developments (ulti

mately using solar energy) use dams and water
ways to harness the energy of falling water in 
streams to produce electric power. The significant 
differences between hydropower energy resources 
and fossil and nuclear fuels. 15 are: 

• Hydraulic resources are renewable. 
• The total potential of hydraulic resources is 

small compared to fossil fuel resources. Thus 
their full development could account for only a 
small part of total energy requirements. Total 
t 'J76 world energy consumption was approxi
mately 250 quadrillion Btu. Even if all hydro
electric resources were developed, they could 
supply only 33. l quadrillion Btu. 

• Hydraulic resources often have other uses-in 
navigation, flood control, and irrigation-that 
could interfere with power generation. 

• Hydraulic resources convert potential energy to 
kinetic energy principally for electrical genera
tion purposes, whereas other energy sources 
first produce heat. 

The developed and undeveloped conventional 
hydroelectric resources of the world are deline
ated in Table 1 t-13. Of the total estimated capac· 

TABLE 11-12 

World Uranium Resources 

Quantity 
Total Recoverable Energy Additional Energy Total 

Continent or at Content Resources• Content Quantity Energy 
Rqlon s10-s3.snb (quadrillion (1,000 short (q11adrillio11 (/ ,(](}(} slwrt Content 

(/ ,()()(J short Btu) tons u~ Bt11) ttJns u~ (q11adriUim1 

tons u~ 8111) 

Africa 306 1.224 96 383 402 1.607 
Asia 41 164 34 137 7.5 301 
Bu rope 421 1,686 91 364 .512 2,050 
Nonh America 110 3,080 2,740 10,9.58 3,.5IO 14,038 
South Amerk:a 21 8.5 23 92 44 177 
Oceania 268 1,074 89 3.57 357 l,431 

Total Worid 1,827 7,313 3,073 12,291 4,900 19.604 
Nn1t: Elltl'IY ct1111en1 a1umn litfil·waler reactor ltthl!Oloo. Co11ttnion ~t.:in: 400 bllion Blw1hon Ion for liahl·wller re.11:ton; bl'flden would M fi0.100 limt• 
lilah«. 
•Jnc:luda .,, lndklled and inferred moun:a in lddilion 10 quarcily rcc:o•mlble. 
So11rrt: World Encrty Conl'ercnce. 1976. 

')·tr\ v 
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ity, some 14.2 percent has been developed. This 
developed capacity is capable of generatL1g 
1,348,554 gigawatts or 13.9 percent of the potential 
hydropower generation capability of the world. 

0( the undeveloped capacity left, sparsity of 
population and remoteness from population cen
ters with large energy requirements leave the 
economic development of many undeveloped sites 
in considerable doubt. 

Tidal energy is a form of hydraulic resource 
similar to conventional hydropower. The major 
differences are: 

• Ocean tides are bidirectional, flowing in twice a 
day and out twice a day. 

• Construction materials must be much more 
corrosion-resistent than those used for fresh 
water facilities. 

• The hydrostatic heads available for tidal energy 
use are small compared to conventional hydro
power installations. 

Tidal and topographic factors combine to make 
energy conversion practicable at nearly 100sites 16 

around the world. The sites considered most 
viable are listed in Table 11-14. 

Geothermal :Eli~rgy 
Geothermal energy is the naturlll heat of the 

earth. The earth's temperature im.:reases toward 
the core, primarily because of natural nuclear 
decay and the frictional heat of moving masses of 
rock. The diffuseness of this energy limits its 

TABLE 11-13 

Developed and Undeveloped Conventional 
Hydroelectric Resources of the World 

Developed: 
Capacity (1111•J.!1111·11w) 315,137 
Average annual generarion (Xi11r111·t111 lw11rs) 1,348,554 
Ene(iy conlent of annual generalion 

lqumlril/ion 8111) • 4.6 
Undeveloped: 

Capacity c111ei.r111rn1t.1l 1,911,666 
Average annual generation (J,:iJ.!t1ll't1ll Jumrs) 8,351,720 
Energy conlent of annual generation 

(1111111/ril/io11 Hiii) • 28.S 
Total: 

Capacity {1111'J.!t1ll'11t1.1) 2,226,803 
Average annual genem!ion V:i111111·1111 lw11rs) 9,700,274 
Energy content of annual generation 

(111w1/rilli1111 Btu l' 33.1 
•Jbud on dlr<<I «•n•crMon of a.rr.,c annual acnnalion in Uuwatl houn lo 
BIU: I kWh• l.,12 Blu, lh• a<lual •ncrst conlcnt cmretpondi11110 100 pcrcenl 
tftkicnc~. 

.\uuri r W11tld F.ncrn fonferrncc. 1'176, 

usefulness to areas where it is concentrated into 
restricted volumes. 

Reserves and resources of geothermal energy 
must be distinguished from the resource bt1l·e, 
defined as all of a given material in the earth's 
crust, whether its existence is known or unknown 
and without consideration of recovery cost. For 
geothermal energy, this resource base is all of the 
heat in the earth'!; crust (its mean surface temper
ature is about 15° C). The U.S. Geological Survey 
(USGS) has estimated that the worldwide heat in 
the earth's crust to a depth of JO kilometers is 
about 10 24 Btu. •7 This is approximately 4 million 
times the energy consumption for the world in 
1975. For the U.S. alone, the USGS estimate of 
earth heat is 2 x 1022 Btu. 

Obviously only a small proportion of this large 
resource base can be considered as a resource. 
Not only would it be uneconomic and technologi· 
cally infea~ible, but seismic disturbances might 
result if any substantial fraction of the heat were 
extrac~ed. The proportion of this resource base 
that is a resource depends, to a significant degree, 
on the following factors: 

• Depth of extraction 
• Assumed temperature distribution 
• Effective porosity, specific yield, and permeabil-

ity of the reservoir rocks 
• Physical state of the fluid (water or steam) 
• Available technology 
• Economics of uses 
• Government policy vis-a-vis research and devel

opment, Jeasmg, environmental constraints, etc. 

Many of the variations in published estimates 
of geothermal resources are caused by assump-
tions that differ concerning the above factors. 

The U.S. Geological Survey has identified these 
major categories of the geothermal resource base: 

Hydrothermal nmvection systems. These in
volve circulating hot water and steam that transfer 
heat from depth to the near surface. 

Hot, young, igneous (mlccmic) sysl£•m.'i. These 
occur where molten magma generated deep within 
the earth intrudes into the shallow crust. Temper
atures are elevated, but there is an absence of 
natural fluid to carry the heat to the surface. 

Co11d11ctio11-domi11ated enviro11me111.\'. These 
consist of large areas where the heat is transferred 
from the interior of the earth by conduction 
through solid rocY.·3. 

At present !lle types of geothermal energy 
demonstrated to be economic are from the hy
drothermal convection systems. They are: 
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TABLE 11-14 

MaJor.11dal.·Power Project Sites, Operational and Potential 

Approximate Average 
Tidal Range 

(mt'tt'rs) 

I. OPERATIONAL PROJECTS 
Raiice: ntar St. Malo, Franeo: 81'1 
Klslaya, Guba, (pilot plant) 40 miles north of Murmansk, Russia 2''1 

II. POTENTIAL PROJECTS 
United States: 

Cook Inlet, Alaska (Tumqain Arm and Knik Arm, Al) 
Passamaquoddy, Maine (Ml)' 

Canada: 
Minas Basin (B9)• 
Shcpody Bay (A6)• 
Cumberland Basin (A8) • 

England: 
Severn River Estuary, near Bristol" 
Solway Firth• 
Morecambe Bay 
Carmarthan 

France: 
Minquiers (Cotentin Peninsula) 
Chausey (Cotentin Peninsula) 

Ari;entina: 
San Jose, Gulf of San Jose, Chubut Province Valdez Penimula' 
Santa Cruz Rh·er 
Puerto Gallegos 
San Julian 
Deseado Estuary 

Russi&: 
Gulf of Mezen, White Sea• 
Okhotsk, nonhem end of Kamchatka Peninsula 
Kuloi Estuary 
Lumbovskaya • 

Australia: 
Secure Bay 
Walcon Inlet 
George Waler 
St. George Basin 

People'~ Republic of China: 
Chientang Kiang• 
Gulf of Fuchin Wan 
Gulf of Shinhwang Wan 
Gull' of Sanmen Wan 

Brazil: 
ltagui• 
Sao Luis 

India: Bhaunagar 
Nonhem Ireland: 

Strangeforrl 
Carlin&for1 

Guinea Bissau: Porto Gole 
North Korea: Yangkaklo 
South Korea: Inchon 

• Ac1ull outf>UI of plan I in operal ion. 
'Poccntial ~'.llput of pouible scheme for tidal power. 
•Known or belieHd 10 be under formal ilwy b)' the aovcmmmt. 
•Planned oUlpUI for plllnl in ~1isn or formal plannin1 lllllC. 

8 
s 112 

11 1/J 
9'/J . 

10 

9 
s 
6 
jl/J 

8 
8 

6 
71fl 

'i'lz 
6 
3'/J 

6'/J 
6 
61/J 
41/2 

7 
12 

7 

s 
8 
7 

3 
3111 
S1'2 
71/J 
6 

Average Annual 
Ene11y Output 

(gigall'att 
l1011rs) 

S40• 

10,9SOb 
2,100• 

10,374• 
2,9674 

2,3s2• 

20,00()b 
13,QOOb 
IO,OOOb 
7,QOOb 

SO,OOOb 
34,00011 

9,000b 
4,000b 
2,000b 

400b 
70011 

''" 
2,600b 

1;30011 

90()b 

i,700 
4,000 
2,SOO 
3,500 

2,000b 
l,300b 

Capac_ity 
(f1!t'gawatts) 

2401 

0.41 

2,600" 
1,000' 

3,200• 
9204 

795• 

4,000b 
S,00011 

4,00011 

2,00011 

lS,OOOb 
6,000 

to 12,00011 

l,OOOb 

1,300b 
25,000b 

SOOb 
400b 

600 
1,300 

800 
1,000 

7,000b 
1,000b 
1,00011 

1,000b 

200b 
120b 

400 

St111,.r: Stone and Webtltr En1ineerin1 Corp .• "final Repon on Tidal Power Sludy for the United States E-111 Rtsc.vch and Development Admi'llslrlllon," 
Bolton: Mar. 1977. ,,v•·~ in Library of Co,.rcn. Conpessional Rctcan:h Scrvlcc, l'tt!/rct lntrlllrprndtn«t. p. 465. 
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• Vapor-dominated fields, which produce dry 
steam at temperatures suitable for power gen
eration. 

• High-temperature hot water fields, which pro
duce flash steam suitable for power generation 
and a large quantity of hot water suitable for 
loYt-grade heat apphcations. 

• Moderatc.~-temperature hot water fields, which 
produce large quantities of water for low-grade 
heat applica!fons. 

There is a high degree of uncertainty in estimat
ing quantitative reserves of any subsurface re
source. Geothermal energy development, being a 
relatively new field, has limited data available for 
estimating purposes. At present, only the United 
States has made any effort to estimate its reserves 
of both low-grade and high-grade geothermal re
sources (Table 11-15). The r!gional conductive 
environments, which include geor,ressured zones 
containing exploitable quantities of methane gas, 
show only trapped heai.. 

The U.S.S.R. and Hungary are the only other 
countries that have published data on low-grade 
geothermal energy resources. Hungary has identi
fied systems containing reserves (represented by 
water at 100" C) equivalent to 2 billion barrels of 
oil. It has been estimated that economically ex
ploitable thermal waters underlie 50-60 percent of 
the territory of the U.S.S.R. The estimate of 
producible reserves of thermal waters at depths of 
1,000-3,500 meters and temperatures of 50-1300 C 
is equivalent to the heat of combustion of 490,000 
barrels of oil per day. 

As for the rest of the world, the amount of low
',.:tde energy is assumed to be very large. This 
energy would be suitable for space heating as well 
as agricultural and industrial application. High
grade geothermal resources suitable for power 
generation are far more restricted in global distri
bution and quantity but could furnish significant 
energy for countries in geologically favorable 
zones. 

TABLE 11-15 

Estimated Heat Content of Geothennal Resourc:e Uase of the United States 

Heat in the Ground 

Identified 
(+Estimate 

for 

Rcc1 • t'erable 
with 

Current 
Technology 

Identified Systems Undiscovered) Identified Systems 

Heat 
Number Content 

Hydrothermal convection systems (to 3 km depth, 10,000 ft, 
near the maximum depth drilled in geothermal areas) 
Vapcr-dominnted (steam) systems 3 

High-temperature hot water systems (over 1S0°C) 63 
Intermediate-temperature hot water systems (90"-ISOOC) 224 

Total 290 
Hot igneous systems (0-10 km) 

Molten parts of 48 best known systems, including Alaska 
and Hawaii 

' 
Crystallized parts and hot marsins of same 48 

Total 
Regional cond°""=tive environments (0-10 km; all SO states 
subdivided into 19 heat-now provinces of 3 basic types, 
Eastern, Basin-and-Range; and Sierra Nevada) 

Total, all states 
Overall total (as reported)d 

(1011 Btu•) 

104 
1,480 
1,380 
2,964 

52,000 

48,000 
100,000 

32,000,000 
32,103,000 

•1011 81u equivalent to hell ofcombu11ion of 174 milion bernll of petroleum or 39 mOGO<' ~: ... rt Iona ofcoel. 
"Noneleclricel use; value 11 electricel equivelcnt. 
'Geopremred reaourccs only (lowest estimale; doc1 not Include methane). 
•1 o1al1 may not 811d due to indepcndenl roundin1. 
S1111rrr: D. F. Wh~e and 0. L. Willi&1111, eds., Geolo;.icel Survey Circular 726. 197,, 

Heat 
Content 

(1011 Btu•) 

200 
6,400 
S,600 

12,200 

400,000 

32,000,COO 
32,412,000 

(megall'atts 
for JO years) 

1,S90 
10,100 
27,SOOb 

Huae 
potential 

30,800° 
70,000 
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A~. of tm, 17 geothennal powerplants, repre
sentmg 1,472 megawatts capacity, were either ''on 
line0 or slated for tm or later (Table 11-16). 
Low-~de geothennal heat applications represent 
an additional 1,298 megawatts of capacity. 

OU Simi.: 
The tenn oil sha!e, as commonly ased, covers 

a wide variety of laminated, solidified mixtures of 
inorganic sediments and organic matter that have 
the common property of yielding oil (shale oil) 
upon destructive distillation but are only slightly 
susceptible to the action of solvents. Shales or 
hard clays partly or completely saturated with oil 
from an outside source are not considered true oil 
shales. Shale oils have extremely complex physi
cal and chemical properties that vary with the 
type of shale from which they are produced and 
Ute conditions under which they are distilled from 
.he source rock. 11 

Estimates of identified shale oil resources 
throughout the world in oil shales richer than 10 
gallons per ton are shown in Table 11-17. The 
quantities shown as recoverable paramarginal re
sources in the right-hand column of the table 
represent the more accessible, higher-grade por-

TADLE U-16 

Geothermal Powerplants 

Present 

Pie Id Plant 
Capacity 

(mega.ll'atts) 

Larderello, Italy• 380 
Wairakei. New 7.ealand 192 
Pate, Mexico 3 
Oeysers, u.s. • 502 
Matsukawa, Japan• 22 
Monte Amiata, llaly • 26 
Otake, Japan 23 
Pauzhelsk, U.S.S.R. 6 
Namafjall, Iceland 3 
Kawerau, New Zealand 10 
Tiwi, Philippines 10 
Cerro Prieto, Mexico 70 . 
Onikobe, Japan 2S 
Ahuschapan, El Salvador 30 
Hatchoburu, Japan 50 
Katsukonda, Japan 50 
Krafla, Iceland 70 

Total 1,472 

Date of 
Initial 

Operation 

1904 
1958 
1958 
1960 
1966 
1967 
1967 
1967 
1969 
1969 
1969 
1973 
1975 
1975 
1976 
tmb 
lmb 

•fields producinl from d ;•11•..vn reutvoln. The remainder arc hot w11er 
l'CICO'Oin. 
'l'lojeelal. 
Sr1urw Adlpled from P. 1· .. Tab'.~'11 and B. Chen, "Cleothennal Reservoir 
Enstneerinl," Gr11tl"rmal Er.,11.1· M.:~a:l11r. vol. l, no. 10, 1975, for the 
Commitee on N•lll'll Ruoun:n. U.N. Economics and Socill Cound, Stut111 
n/ tlw lJ1r 11/ Grmhnmul Enr111.r '·"' F11111rr l'tmprrll /tir Dt1•r/11pln11 
C<111111rln (EiC. 7164, 28), Feb. 11m. 

tions of the deposits. Some known oil shale 
depos.its have been only partially appraised, or not 
appraised at all. Geological studies indicate that 
l~e oil s~ale deposits, as yet unknown, probably 
exist outside the areas of known shale oil re
sources. These possible unidentified resources 
(tenned speculative) are thought to be many times 
as large as the identified world shale oil resources. 

Hypothetical oil shale resources (in-place oil) 
for the world are 450 billion barrels for the 25-100 
gallon per ton shale and 8,800 billion barrels for 
the 10-25 gallons per ton material. Speculative oil 
shale resources (in-place oil) are estimated at 
15,200 billion barrels and 318,000 billion barrels 
for the two grades, respectively .19 Exploitation of 
these resources, if eventually discovered, is ex· 
pected to be so far in the future as to have no 
relevance for the year 2000. 

Outside the United States, the largest known 
1eposit is the Irati shale deposit in southem 
Brazil. Although some of the other known depos
it~ in countries other than the United States are 
richer, they are not nearly as large. Surface 
mining operations are anticipated for the Irati 
shale in Brazil. The shale is medium grade, 
containing about 8 percent kerogen by weight. 
Shale oil production costs should be reasonable, 
and prospects for future shale oil production 
appear good. 

In the People's Republic of China, the Mancht:· 
rian oil shale deposits presently being exploited 
overlie thick coal deposits. After stripping off the 
overburden, the oil shalP. is mined by open pit 
methods; this is followed by mining of the 
coalbeds. The grade of shale varies but probably 
averages about 15 gallons per ton. The mining of 
both oil shale and coal in this manner, plus fairly 
efficient processing, results in relatively low costs. 
Shale oil production is believed to be economical, 
especially if shale oil is regarded as a by-product 
of coal production. .. 

In the U.S.S.R. there are a number of oil shale 
deposits, but the one of primary interest lies in 
Estonia and t!te adjacent Leningrad regiun. This 
deposit is estimated to contain about 22 billion 
tons of oil shale, of which about 15 billion tons 
~ considered rich enough and thick enough to 
mme. For many years underground mining was 
used almost exclusively. About 10 or 15 years 
ago, open pit mining was introduced, and its use 
has been expanding. As a result, mining costs 
have been reduced. The U.S.S.R. has recently 
been increasing its oil shale output. A doubling is 
tentatively indicated as the goal by the early 
1980s,20 
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TABLE 11-17 

Identified Shale OU Reserves or the World 
(Blliions of 42-gullon barrels) 

Oil in Place Recovera-

25-100 1~25 
hie Para-
marginal 

gallons gallons Shale Oil 
per ton per ton Resources• 

North America 600 1,600 80 
South America Small 800 50 
Europe 70 6 30 
Africa JOO Small 10 
Asia 90 14 20 
Australia and New Small I Small 

7.ealand 
World totals 860 2,400 190 

•Usina prncnt tcchnoloay and con1ilcring only the hf&hcr·aradc, more 1ccn-
1lblc ponions of deposks; included in the nil-in-pl1cc n11n1. 

S1111rrr: U.S. Ocoloalcai Survey, U11itrt' .\w•r.1 Mi11rrul Rrlll11n·rJ, USOS 
Profc11ionai Paper 820. 1973. 

Approximately one-tenth of an estimated 100 
billion barrels of oil in known shale deposits in 
Zaire is in deposits of relatively high quality, and 
there appears to be some possibility of eventual 
development. 

In Scotland, once a center of shale oil produc
tion, high-grade reserves have been depleted, and 
there appears to be little prospect for future shale 
oil production. 

Tar Sands 

Tar sands are sedimentary rocks or sands 
containing a heavy asphaltic substance called 
bitumen. Characteristics of tar sands vary frJm 
one deposit to another with respect to both the 
host rock and the impregnating material. Th-:: 
sands and rocks have void spaces that are impr:eg
nated with bitumen. The impregnating materials 
vary from semiliquid to semisolid (and in !,ome 
cases solid) petroleum mate.ials. They ranizi:.: from 
fonns oozing slowly from an outcrop 'Ji• a warm 
day to forms chfficult to soften in bciJing water. 
Rock types include dolomite, limeston~. conglom
erate, and shale, as well as consolidated sandstone 
and unconsolidated sand. 

The composition of the rock or sand is mainJy 
quartz, silt, and clay. A typical tar sand consists 
of approximately 83 percent sand by weight, 13 
percent bitumen, and 4 percent water. 21 Bitumen 
is usually interspersed with collections of water, 
air, or melhane in the tar-sand beds but tends to 
have a relatively constant chemicl\I composition 
throughout a given deposit. 

Tar sands are known also as oil sands, bitumi
nous sand!l, and bituminous rocks. Traditionally, 

they have been treated as a potential petroleum · · 
supplement, although in reality the organic mate
rial b tar sands is a form of petroleum. The real 
difference is that tar-sand oil is not producible by 
the methods commonly used in ordinary oil fields. 
The bitumen obtained from tar sands is too 
viscous (5,000-50,000 P at 500 F) to be transport
able by pipeline without first being upgraded to a 
lighter, less viscous oil. Crude tar-sand oil, or 
bitumen, also is very heavy (usually 6-100 API). 
However, it can be upgraded by hydrogenation to 
yield a light syncrude, comparable to a high-API
gravity petroleum. 

Tar santls resources are illustrated in Table 11-
18. As presently known, the b·11k of these re
sources are concentrated in Can.~da (731 billion 
barrels .of in-place oil) and Venezuela (200 billion 
barrels of in-place oil). The Canadian tar sands 
are concentrated in the Athabasca field. 

The Athabasca field in Alberta, Canada, is oine 
of the largest deposits of oil in tt.e world, extend
ing over 21,000 square miles. 22 It is estimated to 
contain 626 billion barrels of bitumen in-place, 
with 74 billion barrels lying beneath less than 150 
feet of overburden and 552 billion barrels beneath 
overburden ranging in depths from 150 to 2,000 
feet. 23 Estimates of oil in-place in other deposits 
in the Athabasca region totaJ 105 billion barrels. 
Thus, the totaJ in-place estimate for the Athabasca 
region is 731 billion barrels. This does not include 
the heavy oil in the Canadian Cold Lake area, 
which is estimated at 164 billion barrels in-place. 

One estimate of the oil-generating potential of 
the Athabasca field is 285 billion barrels, with 8.S 
billion barrels currently possible by open pit 
mining of near-surface deposits, which are often 
200 feet thick. 24 The other 200 bulion barrels 
would have to be recovered by in situ techniques. 
Another estimate places the total recoverable 
resource at 250 billion barrels, with 26.5 billion 
carrels recoverable using established open pit 
mining and established aboveground recoverable 
techniques. 25 

Great Canadian Oil Sands, Ltd. has been pro
ducing oil from the Athabasca deposit since Sep
tember 1967. Its plant is the onJy commercial tar 
sands facility in operation. Another plant (Syn
crude Canada, Ltd.) has been built and is ex
pected to begin operating in the near future. There 
are no significant extraction plans for any other 
area of the world. 

United States resources of tar sands oil in-place 
are estimated to be a little over 30 billion barrels. 
The bulk of these resources is in Utah, whose in
place resources of oil from tar sands are estimated 
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TABLE 11-18 

U.S. and World Tar-Sand OU ReSDurtts 
(Billimis 1if h11md.~) 

United States• 
Utah 
California 
Texas 
New Mexico 
Kentucky 
All other states combined 11 

Total (rounded) 
Rest of the World 

Canada" 
Venezuela• 
Malagasy 
Albania 
Trinidad 
Romania 
U.S.S.R. 

Tora! (rounded) 
World Total 

Total Estimated 
Oil in·place 

28 
0.169-.332 
0.124-.141 

.037 
0.034-.037 
1.6 

30 

731 
200 

1.7.50 
0.371 
0.060 
0.025 
0.024 

934 
964 

Estimated Recoverable Oil 

Usina Only Surface lncludlna U~ ~ in Situ 
Minina and Processlna 

Abovearound Technology 
Processina not yet Developed 

2.S-.5.se NE' 

26.54.5 250-28.5 
NE NE 
NE NE 
NE NB 
NB NB 
NE NB 
NE NB 
NE NE 
NE NB 

N_<1tY: EKchidu heavy oil mowns. but see footnotci. J and~. Not 1hnwn arc 600 bilUon barrels of oU In-place In the Olenek I• sands of the U.S.S.R. (See (}ii mlll 
GtU J111111111/. Ot:t. 10. 1977. p. 8$). 
•Heavy oil rcsources in the U.S. were estimlled al U16.8 billion blllTcls in 1966. 
•None of the otl:<r s111cs has u Iara• an e11ima1ed tar·11nd oil <Hou.rec u New Medco or Kentucky. 
•Based on inform&1ion avahble in 1964. 
•626 bilion barrell in the Athabasca depotil and 10' billion barrels in other dcposilS in the Athabuca rqion. Docs no1 lncludc heavy ol In the Cold Lake Ara which 
is ntimau:d at 16 • bilWon barrels in-place. ' 
•He~V)' oil moirccs in-place in the Orinoco pctrolifcrous bell are estimlled al 700 biltion barrels 
1NE: ROI ellimllled. . 

at about 28 billion barrels. 26 In-place resource 
estimates for California range from 169 to 322 
million barrels-for Texas, 124-141 m .tlion bar
rels-and for New Mexico and Kentucky, about 
37 million barrels each. A number of other states 
have smaller tar-sand resources. 

An estimate of resource.> of bitumen recovera
ble by known mining methods for near-surface 
deposits of relative!y easy nccess was made in 
1964, based on a compilation of infonnation then 
available from numerous sources. The estimated 
resources on this basis were 2.5-·5.5 billion bar
rels. 27 No estimate was made of th1~ oil that might 
be recovered from U.S. tar sands if satisfactory in 
situ methods were developed. 

Sedar Energy 
Solar .. insolation," the average rate at which 

solar energy strikes the earth is about I ,SOO Btu/ 
ft2 per day or 42 x 109 Btu/mile2 per day. This is 
an enormous flux of energy. In one year an 

average square mile, such as one located in 
Ashe\'ille, North Carolina, receives about 15 x 
10 12 Btu. By comparison the total net energy 
consumed in the U.S. in 1976 was about 7.4 x 
1016 Btu. Thus, 4,900 square miles (less than two 
hundredths of one percent of the U.S. continental 
land area) receives on the average the equivalent 
of the total U.S. energy needs for 1976. At a 10 
percent conversion efficiency, only 49,000 square 
miles (or l.7 percent of the lower 48 states) would 
be required to produce the total amount of energy 
consumed in the U.S. in 1976. 28 The difficulty is, 
of course, in attaining the proper distribution of 
this energy in time and location and in matching 
end-use technologies with this abundant, clean 
source of energy. Since solar energy is dispersed, 
it is suitable for a dispersed settlement of people 
and industry. By contrast, a centralized and 
concentrated society is nec..Jed to minimize distri
bution losses for efficient use of nuclear technol
ogy. There are many ways in which thennody
namic efficiencies can be achieved with solar 
energy. 29 Many of these possibilities have not yet 
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been adequately investigated, but research in 
these areas is increasing. 

There is currently no systematic collection of 
data on solar energy resources or consumption in 
the world. The following discossion will delineate 
some data on resources, reserves, and consump
tion, but many of the proposals for use of solar 
energy overlap, or are contradictory, and esti
mates based on them ar~ uncertain and open to 
question. 

In discussing solar energy, it is necessary to 
distinguish between natural collection systems 
(involving indirect use) and engineered collection 
systems. The natural collection systems (except 
for hydropower, which has already been dis
cussed) are considered first. 

Photosynthetic process (biomass). It has been 
estimated that the world produces 150 x 109 tons 
per year of biomass, with an estimated energy 
content of between 1,500 and 2,400 quadrillion 
Btu annually. 30 Two ideas under consideration to 
exploit biomass are: 

1. The use of waste products. It is estimated 
that the U.S. has a resource base of 826 million 
tons of waste products per year, of which 122 
million tons is available for use. 31 This would be 
burned directly. It is assumed that world re
sources would be significantly higher. 

2. Energy farms. This involves cellulose pro· 
duction, the growth of oil-producing plants, and 
the production of marine kelp. Under cellulose 
production, it has been estimated that the U.S. 
could produce 10 quadrillion Btu of energy per 
year off 10 percent of forest and range land. 32 If 
special plants that produce a sap or latex, which 
is an emulsion, were grown on 10 percent of 
forest and range lard, the resulting energy avail
able would be between 0.5 and 25 quadrillion Btu 
per year. H It has been estimated that the growth 
of kelp on submerged mesh in the ocean and 
conversion of the kelp to methane by anaerobic 
digestion has a resource potential for the world of 
1,200 quadrillion Btu per year, and for the United 
States of 23 quadrillion Btu. 34 It cannot be 
stressed too strongly, the economic and technical 
feasibility of these processes has yet to be dem
onstrated. 

Wind. Some of the solar energy strikirig the 
earth is converted into the kinetic energy of air 
currents. Although data are sketchy, information 
on wind velocity pattern~• indicate certain areas as 
having strong, fairly con:;tant winds. One metfl')d 
of estimation of total wind energy is based on the 
natural rate of regeneration as indicated by a 
summation of surface friction in latitude belts 5° 

wide. This method indicates that the total energy 
dissipation rate overland in the Northern Hemi
sphere in winter would be about 167 x 109 watts, 
and 24 x 109 watts at the same time on land in 
the Sout,1em Hemisphere. The total wind energy 
generated overland is therefore about 0.19 x 10 12 

kilowatts, or 1,660 x 10 12 kWh (kilowatt hours) 
per year. It is estimated that placement of wind 
turbines 175 feet in diameter, spaced 16 to the 
square mile over the entire land area and operating 
an average of 2,000 hr/yr would yield about 120 x 
IO 12 kWh/yr.ls Scaling this down to cover 2.5 
percent of the area of the U.S., or an area abouf 
the size of Utah, would provide about 190 x 109 

kWh/yr or Rbout to percent of U.S. electrical 
energy consumed in 1972. 

Ocean thermal energy co1wersio11. In the tropi· 
cal regions of the ocean, a temperature difference 
of 20" C between the surf ace and deep waters has 
been observed. In 1929 Georges Claude demon
strated a plant to utilize this heat. The 22 kilowatt 
plant admitted surface seawater to a low-pressure 
evaporator, which provided low-pressure steam to 
a turbine. More recent proposals suggest utilizing 
an indirect vapor cycle. A secondary working 
fluid such as ammonia, freon, or propane would 
expand through a turbine at "•~tier pressures. 
Cycle efficiency would range bt .en t.6 percent 
and 3.2 percent. 36 The estimated power capacity 
that can be utilized in water adjacent to the 
United States i~. 2,CQO megawatts. 37 

Hydropo11w. This has already been discussed 
above. 

In addition to natural collection systems, some 
of the engineered systems are: 

P/wtovoltaics. This involves direct conversion 
of solar energy into electricity. The possible 
maximum annual contribution to the United States 
has been estimated at 25 quadrillion Btu/year. 

Thermal collectio11. This involves direct use of 
heat for such purposes as space heating, hot 
water, industrial heat, etc. Its possible contribu
tion to the United States energy need; i~ about 7 
quadrillion Btu per year. Thermal ~ollection is 
also used to collect heat for heat e.1gines produc· 
ing electricity. The possible contril-ution could run 
as high as 80 quadrillion Btu per ·1ear for the U.S. 
alone. The possible contributior. s of both these 
systems in the world context 'liave not been 
estimated. 38 

While few present estimates ~;:· world energy 
supply and demand through t'.'ie year 2000 place 
much reliance en solar power. some do. (See, for 
example, A. B. Lovin:; in "Energy Strategy: The 
Road Not Taken?" 29.) There is little question that 



202 THE PROJECTIONS 

solar already makes an important and often under
valued contribution to the world energy economy. 
Russell Peterson has noted correctly that without 
the solar corirribution, the entire earth would be 
more than 400" F cooler than it is now! While the 
potential of this energy source is large, an assess
ment of its full potential must await further 
research and analysis. 

Conclusion 
Large quantities of petroleum, natural gas, and 

solid fuels can still be found and produced. In 
addition. there exists the strong possibility that 
exploration in search of as yet undiscovered 
deposits of fossil fuels will be successful. The 
probability that technological advance to bring 

presently unworkable deposits within economic 
reach are also high. The major problem is that 
continued exponential growth in consumption will 
exhaust these large amounts of resources before 
the transition to the longer-lived and renewable 
fuels can be made. 

The best summary of the existing energy situa· 
tion was made by Vincent E. McKelvey when he 
said: 

The era of readily available, cheap fossil fuels is 
closing and a high order of human ingenuity will 
be required to extend it and to bring into use 
another energy resource base. The time necessary 
l\) compiP.te these tasks depends not only on the 
vigor and imagination with which new sources are 
sought but on the wisdom and restraint exercised 
in the use of the old. 39 
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12 N onfuel Minel"als Proj¢~tioris 

There are more than 100 commercial nonfuel 
mineral commodities-that is, mineral commodi
ties that are not used primarily as fuels-mined, 
processed, and traded in the world market today. 
In 1973 the value of all nonfuel minerals produced 
in the world was $37 billion 1 (excluding processing 
and transportation costs), or about 1 percent of 
the gross world product. 

This figure does not in itself fully reflect the 
value of minerals in the world economy. The 
industrial and agricultural processes that are take11 
for granted today would be severely disrupted if 
any one of dozens of critical minerals ceased to 
be available in dependable, reasonably priced 
supply. Supply, in turn, has become highly en
ergy-intensive and international in scope. The 
industrialized countries are dependent on im
ports-from each other and from the less devel
oped countries (LDCs)-for a portion of their 
supplies of such basic mineral commodities as 
bauxite, copper, and iron ore (Table 12-1). Their 
reliance on imports from the LDCs has increased 
in recent years as industrial economies have found 
new uses for formerly unimportant minerals and 
have partially depleted high-grade domestic depos
its of some important minerals. The less dP.vel
oped countries, in turn, rely on exports for foreign 
exchange and on imports from industrial countries 
for the sulfur and potash needed for chemical 
fertilizers. There are therefore many important 
questions associated with projections of supply, 
demand, and price of nonfuel minerals. 

Unfortunately, economic projections for nonfuel 
minerals are e.xceedingly difficult to make. 'fhe 
sheer number of nonfue' mineral commodities 
present the fir.it diffict1I i. Matters are compli
cated further oy the fact that ~igni.ficant substitu
tions in end us~ occur when one mineral commod
ity changes price relative to another. Finally, 
because resources are not uniformly distributed 
geographically, political considerations become 
important determinants of price and trade pat
terns. 

To keep the discussion within bounds, this 
chapter focuses on 19 nonfuel mineral commodi
ties. Six are included because they are basic to 
modem material life and international trade (alu-

Table 12-1 

Mlileral ·Imports as a Percentage of Mineral 
Commnptlon, 1976 

United European 

States Economic Japan U.S.S.R. 1 

Community 

Bauxite 88 so 100 44 
Chromium 90 9S 9S 0 
Copper 16 99 93 4 
Iron Ore 3S BS 99 0 
Lead 12 8S 78 24 
Manganese 100 99 90 0 
Nickel 61 90 9S 0 
Tin 7S 90 90 22 
Zinc 60 74 63 13 

"1975. 

Su11rrr: U.S. Central Intelligence Aaency, Rrsran·h Aid: Harrdb1#1k 11/ En1· 
n11mit' Stntlstl<"•· Sept. 1977, p. 17. for U.S.S.R. data. V. V. Strishkov, 
"Mineral lndumies or the U.S.S.R .. " Mlnln11 Annual Rt1•/,...· 1916, Minina 
Journal (London): reprinted by the U.S. Bureau or Mines. 

minum, copper, iron, phosphate, potash, and 
sulfur). The remai;J:1g 13 (chromium, fluorspar, 
helium, industrfol jiamonds, lead, manganese, 
mercury, nickel, platinum-group metals,• silver, 
tin, tungsten, and zinc) are included because they 
Lllustrate possible future problems. 

Projections of demand, supply, and price are 
taken up sequentially in the following sections. 
~·'he chapter concludes with a discussion of future 
issues and qut.stions. 

Demand Projections 

Table 12-2 and the map on the page following it 
present a combination of two sets of mineral 
demand (or, more precisely, consumption) projec
tions for 1985 and the year 2000. t One set of 
projections was prepared by Wilfred Malenbaum, 
Professor of Economics, University of Pennsyl
vania, in 1977 2; the other was prepared by the 
U.S. Bureau of Mines in 1976.3 Table 12-3 
compares these two projections for selected min
erals. 

•Platinum, palladium, iridium, osmium, rhodium, and ruthe· 
nium. 
tHelium, originally included in this table, has been omitted. 
The only available datum for helium was averaae (1971-7.5) 
U.S. demand: S70 million cubic feet. 
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TABLEl.2-2: World Demand for Minerals, 1985 and 2000 ~-
c:!!:er Noa-

°W6:!!!!'11 Developed Eastern Latin United U.S. Worfd ,, 
Europe Japan Lands· U.S.S.R. Europe Africa Asia America China States World Total 

Aluminum• 
Aver. 1971-75 2862 1254 S28 1490 827 40 294 333 234 4388 7861 12249 

(1000 1985 4637 2414 890 2352 1339 65 453 599 431 7410 13180 2m90 
tMtric ton.r) 2000 m1 4674 1565 3868 2457 UiO 884 1217 827 13073 23443 36516 

Aver. amwth (%) 3.93 S.19 4.27 3.74 4.28 S.48 4.33 s.11 4.98 4.29 4.29 4.29 
Chromium ore 

Aver. 1971-75 1873 1127 740 750 744 49 184 109 ~16 1149 5792 S941 
(1000 1985 2951 1836 1140 760 1249 82 302 221 375 1347 

0

8916" 10263 
metric tom) 2000 4452 3233 1877 1083 2047 142 526 423 634 1601 14417 16018 

Aver. amwth (%) 3.39 4.14 3.64 1.42 3.97 4.18 4.12 . S.3S 4.23 1.28 3.57 3.27 
Copper. refined 

Aver. 1971-75 2422 922 357 1097 539 21 Ill 27i 290 1886 6037 7923 
(1000 1985 3442 1358 528 1440 785 38 181 473 486 2610 8731 11341 
metric tom) 2000 5231 2181 715 2088 1199 71 311 873 968 3202 13637 16839 

Aver. growth (%) 3.01 3.37 2.71 2.Sl 3.12 4.80 4.04 4.SO 4.7S 2.06 3.18 2.94 
Diamond. industrial ;! Aver. 1971-75 3S so 15 
(million 1985 37 BO 117 t'l'I 

carats) 2000 70 ISO 220 
.,, 

Aver. growth(%) 4.04 4.32 4.23 ! .... 
Fluorspar (F content) The government bas DO projections. t'l'I 

Aver. 1971-7.S 689 1598 2287 a 
(1000 1985 1560 3640 5200 0 
short tons) 2000 !930 5400 7330 z 

ti) 

Aver. growth (%) 4.04 4.80 4.58 
Iron ore 

Aver. 1971-75 9S S3 24 97 27 4 10 IS 23 8S 346 432 
(million 1985 133 78 3S .144 34 8 18 2S 39 101 514 61.S 
metric tons) 2000 189, 129 49 209 so 14 33 48 6S 133 785 919 

Aver. growth(%) 2.68 3~48 2.78 3.00 2.40 4.94 4.70 4.58 4.08 1.74 3.21 2.9S 
Lead 

Aver. 1971-75 931 2461 3392 
(1000 198.s 

The government has DO projections. 
1200 3960 5160 

short tons) 2000 1530 6040 7570 
Aver. growth(%) 1.43 3.SJ 3.14 

Manpnese 
Aver. 1971-75 4134 1667 1100· 6420 1157 481 1384 1071 998 1929 18410 20339 

(/000 1985 S620 2586 1168 9500 1785 820 226S 1890 1658 2947 27292 30239 
metric tpns) 2000 8348 428S ·174j 14696 2778 1513 3824 3703 3168 4002 440.58 48060 

Meieury 
Aver. growth(%) 2.74 ·3,70 1.79 3;24 3.43 4.Sl 3.99 4.89 4.54 2.85 3.41 3.36 

Aver. 1971-75 .53 183 236 
(Iopa 1985 S3 190 243 
/lasU) 2000 The government bas no projections. 47 222 269 

Aver. growlh (%) -0.46 0.7.S o.so 
~rl 
~. 

""' ... 



Nickel 
Aver. 1971-7.5 170 97 17 1.59" 4 4 7 161 4.58 618 

(1000 191.5 246 1.5.5 24 242 8 8 13 211 694 90.5 
rrwtric tons) 2000 34.5 24.5 34 360 II 14 24 280 1034 1314 

Aver. powth (%) 2.76 3.63 2.70 3.19 3.97 4.94 4.8.5 . 2.1.5 3.18 2.94 
Phosphate rock 

Aver. 1971-7.5 3.5 88 123 
(million 191.5 

The government has no projections • 
4.5 162 207 

.short ton.s) 2000 69 387 4.56 
Aver.powth(%) 2.64 .5.86 .5.17 

Plalinum-group 
Aver. 1971-7.5 6.53 176.5 272 102•. 38 141 34 123 1660 3728 .5387 

(1000 191.5 948 3146 403 1218. 6.5 242 79 210 2442 6311 87.53 
troy Oftnet'.S) 2000 1391 .576.5 62.5 1806 129 418 1.58 343 333.5 10695 14030 

Aver. powtb (%) 2.9.5 4.66 3.2.5 3.70 4.81 4.27 6.09 4.02 2.72 4.14 3.7.5 
Potash 

Aver. 1971-7.5 6 20 26 

i (!nillion 191.5 .9 31 40 
short tons) :woo 12 48 60 'U Aver. growth(%) 2.70 3.42 3.27 c: 
Sil~r ra 

Aver. 1971-7.5 124 2SO 374 
r-
s: (million 191.5 160 321 481 z troy OllftCt: .S) 2000 The government has no projections. 230 4.50 680 ra 

Aver. powtb (%) 2.40 2.29 2.33 ~ Sulfur 
Aver. 1971-7.5 II 38 49 ti.I 

(pd/lion 191.5 1.5 .50 6.5 
.,, 

long tons) 2000 23 87 110 e 
Aver. growth(%) 2.88 3.24 3.16 m 

Tm ~ Aver. 1971-7.5 69 33 12 18 17 2 8 7 14 .53 180 232 
(1000 191.5 84 47 1.5 24 23 7 II II 20 .59 242 301 z 
mt'tric tons) 2000 Ill 62 22 31 32 10 14 16 28 67 326 393 en 

Aver. growth(%) 1.8.5 2:46 2.36 2.11 2.46 6.39 2.18 3.2.i 2.70 0.91 2.31 2.0.5 
Tm!pten 

Aver. 1971-7.5 11.57.5 Zl.58 .578 664.5 3824 68.5 849 1372 .5386 6.510 33672 40182 
(mt'tric 198.5 16860 4310 834 997.5 6069 1090 1.510 2.520 8619 8420 .51787 60207 
tons) 2000 24486 7011 1252 14697 9669 1807 2868 4761 14080 12006 80631 92637 

Aver. growth(%) 2.92 3.6.5 3.02 3.10 3.63 3.80 4.79 4.90 3.77 2.38 3.42 3.26 
2.inc 

Aver. 1971-7.5 JSS.5 673 316 832 4.52 24 208 226 190 1160 4346 .5506 
(1000 198S 2178 1034 4S9 1296 62.5 38 347 378 298 1600 66.53 8253 
tMtric tons) 2000 3116 1441 704 1934 96.5 7! .574 688 .528 2001 10021 12022 

Aver. growth (%) 2.71 2.97 3.13 3.30 2.96 '1.26 3.98 4.37 4.01 2.12 3.27 3.0.5 

Not~: Averaae arowth in pen::ent is average growth rate from 1971-75 to 2000. In calculalions of a>'wa&e arowth rales for the Malenbaum forecasts. in which the base ftgtR is the avel'llP annual 
demand durizlg 1971-75, the base figure is trealed as thoufh it were 1974demand. 

"Includes Australia. Canada. Israel. New Zealand. South Africa. t.J 
•Nickel demand fipres for the U .S.S.R •• Eastern Europe. and China are aggrqated under U.S.S.R. s •ftalinum-aroup demand fiaures for the U.S.S.R. and Eastern Europe are aggregated under U.S.S.R. 

~ '1 
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TABLE 12-3 

Comparison of Bureau or Mines and MaJenbamn 
Demand Projections for Selected Metals 

In 1985 and 2000 
(MUlunu of 11Utrk to111) 

Other Countries United States 

Bur. Malen· Bur. Malen· 
Mines baum Mines baum 

Aluminum• 
1971-7.5 (ava.) 8 4 
1974 10 .5 
198.5 20 13 10 7 
2000 41 24 19 13 

Iron Ore 
1971-7.5 (ava.) 346 8.5 
1974 431 83 
198.5 .590 514 97 101 
2000 907 786 117 133 

Copper• 
1971-7.5 (avg.) 6 1.9 
1974 4.8 1.8 
198.5 9 9 2.4 2.6 
2000 16 14 3.8 3.2 

Zinc 
1971-7.5 (avg.) 4.3 1.2 
1974 4.5 1.3 
198.5 6.1 6.7 1.9 1.6 
2000 8.4 10.0 2.8 2.0 

The Burnu or Mines projK!lon1 and the Maltnbaum pnijecllona ror lhne 
ineral1 arc not 11rictl~ comparable because of dltrercnce1 In dennillon1 or the 

commoditlo. For a more dcrailtd accountina. sec lablc 22-1. 

SoMITt: Table 12-2. 

Neither set of projections meets the nt:eds of 
the Global 2000 Study. The Bureau of Mines 
proj'!ctions are for the United States and "rest of 
world" only and do not permit the regional 
disaggregation needed for this study. Neither set 
of projections could be adjusted to meet the GNP 
and population assumptions used in the other 
Global 2000 projections. The inability to match 
the GNP and population assumptions is particu
larly important in the case of the Malenbaum 
projections, which assume that mineral demand is 
reliably determined as a function of per capita 
GNP. The Bureau of Mines methodology is not 
sufficiently defined to allow one to understand 
precisely the influence of GNP and populations 
projections. These and other limitations are dis
cussed more fully in Chapter 22. 

The demand forecasts of Table 12-2 give a 
.rough idea of what future demand growth could 
be. Collectively, the 18 mineral commodities (data 
were unavailable for helium) show a world de
mand growing at an annual rate of about 3 
percent. Three co;-;imodities-aluminum, indus
trial diamonds, and fluorspar-show annual 

growth rates of over 4 percent, while growth in 
demand for phosphate rock exceeds 5 percent. 

The mineral needs of the world energy industry 
(and the energy needed to produce these minerals) 
have not yet received the special attention and 
analysis that they deserve. ll1e miner.ti needs of 
the U.S. energy industry have l>!en analyzed by 
the U.S. Geological Survey based on the 1974 
Project lndepen,(!:!nce Report. The Survey report 
concludes, in part: 

Expanded energy development and production 
1975-90 will necessitate a significant increase in 
domestic production above that of 1973 for most 
materials. Averaged over 15 years, the quantities 
of some materials needed for energy will be a 
large percentage of 1973 production [Figure 12-1): 
for example, aluminum (30 percent). barite (100 
percent), bentonite (30 percent), fluorite (58 per
cent), shipping-gm<le iron ore (26 percent), and 
tungsten (78 percent). [Figure 12-2) graphs the 
data in terms of the percentage of U.S. reserves 
needed to meet the total energy demand, 1975-90. 

A minimum of about 2.5 billion barrels of oil
equivalent (I bbl = 5 .8 x 10 6 Btu) may be 
required to produce 20 selected min~ral commod
ities ... needed by the energy indm;tries 1975-90, 
and 18.5 billion barrels of oil-equivalent to pro
duce sufficient supply to meet the overall domes
tic demand for those minerals during the same 
period. This amount of energy, equal to more 
than half of the known U.S. recovr:rable petro
leun reserves, is only a fraction of the energy 
required to produce the 90 or more mineral 
commodities used in the totai economy. Thus, 
imparts of mineral raw materiiJs ... and semifa
bncated or processed mater.al also constitute 
emrgy imports. Substitution of domestically pro
duced materials for imports wilt further stress 
domestic energy production. 

Adequacy of mineral supplies for a sustained 
e"~onomy should be a matter of deep concern, 
particularly in view of the large quantities of 
minerals and materials required for energy produc
tion and the serious consequences in the event of 
deficiencies. A~ was evident in the 1973 oil 
embargo, political and economic changes and 
mineral shortages can occur swiftly. Our mineral 
inventory developed and ready for immediate 
extraction is nil in the case of some commodities, 
and in many cases is not equivalent to projected 
requirements for a decade of U.S. consumpti'Jn. 4 

Similar analyses are needed for world energy and 
economic development plans. 

The regional subcategories of the demand data 
in Table 12-2 suggest only a modest increase in 
the participation of LDCs in world industry. Latin 
Ameiica, Africa, and Asia (including mainland 
China) used only 7 percent of the world's alumi-
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flaure 12-1. Averaae annual demand by eneray industries for some commodities, 1975-90, as a 
pcrcentqe of U.S. production in 1973. (Goudarzi et al., U.S. Geclor,ical Survey Professional 

Paper IOOfJ·B, 1976) 
nurn production in 1971-75, 9 percent of the three-fourths of the world population by year 
copper, and 12 percent of the iron ore. Although 2000, the projections suggest they will use only 8 
the people in these regions will constitute over percent of the aluminum production, 13 percent of 



Aluminum ore 
(bauxite) 

Antimony 

Asbestos 

Ba rite 

Bentonite 

Chromium 

Cobalt 

Copper 

Fluorite 

Iron ore 

Lead 

NONFUEL MINERALS PROJECTIONS 

------------ no reserves ------------

------------ no reserves-----------

Manganese ore ------------ no reserves ------------

Molybdenum 

Nickel 

Niobium ------------ no reserves ------------

Silver 

Tin 

Titanium 

Tungsten 

Vanadium 

Zinc 

Zirconium 

0 10 20 30 40 50 60 70 80 90 
PERCENT 

Figure 12-l. Percentage of U .s. reserves needed to meet total energy demand for some 
commodities, 1975-90. (Goudartl et al .. U.S. Geological Survey Professional Paper J()(Jtj.3, 1916) 
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the copper, and 17 percent of the iron ore. This is Special Session of the U.N. General A~embly5) 
considerably short of the goal (set at the U.N. of expanding the share of Third World countries 
Industrial Development Organization Conference in world industrial production to 25 percent by the 
in Lima in 1975 and endorsed by the Seventh year 2000. 
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Supply Projections 
, Projections of world nonfuel mineral productiora 

to 2000 are not c. vllilable from government or 
other sources. In the ab ~ence of supply estimates, 
future world productiou can be assumed to be 
roughly equal to the quantity demanded as pro
j~ted in Table 12-2. Sine,~ these projections are 
point estimates, the "demand" figures must be 
understood to be amounts of minerals consumed. 
Total production, of course, is always equal to 
total consumption, neglecting year to year varia
tions in inventories. 

Some of the projected increases in supply (i.e., 
demand) are large, and will require contributions 
from the two sources of nonfuel minerals--virgin 
mineral commodities and recycled (or .. second
ary") mineral commodities. Therefore, the factors 
influencing the availability of both virgin and 
recycled mineral commodities need examination. 
The supply of virgin mineral commodities is 
considered first. 

The stock from which the mining industry 
extracts ore for processing and refining is termed 
reserves. The U.S. Geological Survey and the 
U.S. Bureau of Mines define reserves as "that 

portion of the identified resource from which a 
useable mineral ... commodity can be economi
cally and legally extracted at the time of determi
nation." 6 

The life exp~ctar.cies of 1974 world reserves of 
18 mineral commodities are shown in Table 12-4 
for two different rates of demand. The relatively 
short life expenctancy of some of the commodities 
listed in the table '·:>es not imply impending 
exhaustion but does indicate clearly that, in order 
to sustain adequate production in the decades 
ahead, reserves must be increased for at least a 
halfa doi:en minerals--industrial diamonds, silver, 
mercury, zinc, sulfur, and tungsten. 

Over the past few decades, efforts to increase 
mineral reserves have generally been successful. 
Of the six minerals just mentioned, world reserves 
of five nearly or more than tripled from 1950 to 
1974. 7 Tungsten is the only mineral commodity 
whose reserves have declined since 1950. On the 
other hand, reserves of iron ore, bauxite, copper, 
lead, and platinum increased by four times or 
more during the period. A comparison of Tables 
12-4 and 12-7 shows that reserves of several 
mineral commodities, notably chromium, in-

TABLE12-4 

Life Expectancies of 1974 World Relenes of Mineral Commodities of Pardcular Concern at Two 
Dll'l'erent Rates or Demand 

Life Expcclancy in Years 

Demand Demand 
1974 1974 Projected Demand Static at Orowingat 

Reserves Demand Orowth Rate (%) 1974 Level Projected Rates 
Industrial diamonds (million 

carat.s) 680 75 4.23 9 8 
Silver (ml/lion troy ounces) 6,000' 374 2.33 16 14 
Mercury (thousand flasks) 4,930 236 0 • .50 22 21 
Zinc (million short tons) 260 6.40 3.0! 29 21 
Sulfur (million long to1ts) 2,000 49 3.16 41 26 
Tungsten (million pounds) 3,924 8j 3.26 45 28 

Lead (million short tons) 16' 3.39 3.14 47 29 
Tin (thousand long tons) 10,120 230 2.0! 44 31 
Copper (million short tons) 450 7.~ 2.94 60 35 
fluorine (million short tons) 38 2,29 4.58 97 37 
Platinum (million troy ounces) 297 2.70 3.15 104 43 

Nickel (million short tons) 60 o.78 2.94 90 44 
Iron ore (billion short tons) 100 0.57 2.95 216 68 
Chromium (milllon short tons) 517 2.70 3.27 ~' 68 
Manganes..: (million short tons) 2,013 10.22 3.36 268 69 
Potash (million short tons) 11,000 26 3.27 430 S4 
Phosphate rock (million short 

tons) 17,712 123 5.17 1,659 88 
Aluminum in bauxite (million 

short tons) 3,840 17 4.29 1,199 94 

Nolr: Com1pondi111 dAla for helium not avahble. 
Souicr: Reserves lllld production data livm Bureau of Mlne1, Ultttflll Tmti111114 FOtfct11t1, Oct. 1'76-exccpl daia far lndultrlll dl11110111h, from Bureau of Mi1111, 
Ul11trall Foell and Problrm1, Bulltlin 667, 197,. Projected demand lfllW'lUllel l'rom Table 12-Z. 
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creased appreciably even in the few years 1974-
77. 

Among the pitfalls of interpreting the calculated 
life of world mineral reserves is the fact that some 
mines take much longer to exhaust than the 
average (reserve-lifetime figures are averages that 
do not take this into account). Furthermore, mine 
output over time is nl't i.ypically represented by a 
straight line to exhaustion and then a vertical drop 
to zero, but rather by a declining curve. 11 

The demand/supply projections of Table l?-2 
assume that part of the future supply of P• nducts 
of mineral origin will be recycled mineral cum
modities. What portion will come from recycled 
("secondary") mineral commowtil'!~ is not esti
mated, but rough estimates can be obtained from 
past experience. In 1974, scrap accounted for 5 
percent of U.S. aluminum consumption, 11 per
cent of chromium, 20 percent of copper, 37 
percent of iron, and 39 percent of lead, according 
to the Bureau of Mines. 

The portion of the waste stream that is recycled 
is influenced by many economic factors. Just as 
discarded tailings from mining and milh.~g opera
tions are now sometimes reworked in response to 
changing economic conditions, refuse dumps may 
someday be "mined" to recover some of the 
metals and other elements previously discarded. 
While the potential recoverable amounts have not 
been estimated, it has been observed by McHale9 
that cumulative world production of iron, man
ganese, and nickel since 1870 equals one-fourth of 
their respective present reserves. McHale notes 
further that the cumulative production of copper 
and lead equal about half of present reserves, and 
cumulative production of zinc, tin, and tungsten 
exceed present reserves. This past production is 
either still in use or has been discarded. At some 
point in the future it may be cheaper to recover 
and recycle some discarded minerals than to mine 
ores of ever decreasing grade. 

Price Projections 
The Global 2000 Study could not obtain nonf uel 

mineral price projections from the Department of 
the Interior because the Department does not 
make such projections. Price projections were 
made some years ago but were discontinued 
because they were heavily criticizeJ. The Depart
ment normally assumes that the price of refined 
minerals will remain constant in real terms out to 
2000, even if there are significant increases in 
energy costs. 

In fact, the real price of most mineral commod
ities has been constant or declining for many 

years. Economists have generally interpreted 
thase trends to mean that no "scarcity" is devel
oping and that no real-price increases are to be 
expected.1°·11 The trends may be changing,12 

however, and the simple extrapolations behind 
these projections are being questioned. 13 The 
techniques for analyzing intercommodity competi· 
tion that have been developed for energy projec
tions have not yet been applied to nonfuel min
erals. Furthermore, developments that can be 
anticipated in the nonfuel minerals industries-
increasing energy costs, gradually declining ore· 
grades, increased recycling, and requirements for 
environmental protection-require better methods 
of analysis than have been used in the past if 
important nonlinear phenomena are to be consid
ered. Figure 12-3 illustrates the nonlinear in
creases in energy requirements from mining lower
grade ores. 

With diminishing returns in prospect, it is 
plausible that the price trends in nonfuel minerals 
will change and real-prices will increase. How 
much increase might be expected is open to 
question. Table 12-5 illustrates the prices that 

TABLE 12-5 

Illustration of Nonfuel Mineral Prices 
Extrapolated to 2000 with a S Percent Growth 

Rate Beginning in 1980 
1985 2000 

(constant 1970 dollars) 
Aluminum !pound i .gut) 0.32 0.41 0.86 
Chromite (long 1011, Soldh Af· 

rica) 30 38 79 
Copper !pound) 0.4S O.S8 l.21 
Diamond, Industrial (carat) 3 4 8 
Fluorspar (short ton of met· 

spar) 61 78 164 
Helium (1000 cubic ft) IS 20 42 
Iron ore (long ton, 51.5 per· 

cent Fe) 14 19 39 
Lead (pound) 0.14 0.18 0.38 
Manganese (long ton unit of 

contained Mn) l.02 1.31 2.74 
Mercury (76-fb flask) 67 86 180 
Nickel (pound) 1.62 2.07 4.35 
Phosphate Rock (short ton) 14 18 38 
Platinum Group 

Palladium (troy ounce) 36 46 96 
Platinum (troy ounce) 114 146 306 

Potash (short Ion unit of K10) O.SI 0.6S 1.37 
Silver (troy ounce) 3 4 B 
Sulfur (long ton of elemental 

SJ 32 41 66 
Tin (pound) 2.41 3.08 6.47 
Tungsten lpound W0 3J 0.04 o.os 0.10 
Zinc (pound) 0.23 0.29 0.62 

•The 1\171> price was pul into 1970 dollan by dividin1 ill level in 1971> dollan by 
1.42. ~orrrspondin110 an averqe 6 ~rcent inflation rale. 
Soi"'" The 1976 price WU obtained (n>m the Bureau o( Mlnet. l'lllure prlcet 
were calculale4 u1umin1 a $ pcn:enl annual Increase from 1980 on. 
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would result from a S percent per year increase 
starting in 1980-the same rate as was assumed 
for energy prices. Table 12-6 compares these 
prices with projections made for the United Na
tions. 

Decision Points in the 
Mineral-Industry System 

Meeting the projected 3-5 percent per year 
growth in demand will require careful attention to 
the health and stability of the minerals supply 
system. 14This system consists of several different 
types ofinventory stocks linked together by flows. 
The flows are governed by the associated indus
try, technology, economic conditions, institution . 
and government regulations. Stable management 
of these inventory stocks is an enormously com
plex matter, not just because of the physical 
magnitude of the system but also because the 
stocks themselves are difficult and expensive to 
measure. 

There are four major decision points controlling 
the primary flows in the minerals supply system. 
These four principal decision points are designated 
by the letters A through D in Figure 12-4. At 
point A, decisions are made as to what can and 
should be done to replenish reserves. At point B, 
decisions are made on the mix of virgin and 
recycled materials to use in their products. At 
point C, decisions are made on whether a depre
ciated good should be discarded or saved for 
recycling. Manufacturers decide at point D where 
they can reduce their requirements for certain 
material elements (conservation) and where they 
should change from one material to another (sub
stitution). Som~ of the many factors and questions 

TABLE 12-6 

Comparison of Price Projections for Four Metals 
In the Year 2000 

Copper 
Lead 
Nickel 
Zinc 

Lcontief 
NormaUzed Prices• 

From 
Table 12-5 Low 

(dollars per pound) 

1.21 .S6 
.38 .IS 

4.3S 1.81 
.62 .29 

Hish 

1.29 
.27 

3.18 
• 29 

• "Normallllllon" 11 a proc:m throuah which 1he prices projected by the model 
1.ire adju11cd ror lnflllion under the a11ump1lon lhat the avenae price or all 
t:>od• conaumcd will be the Hme in lhc Mure u II wu in 1970. 
Sowc-1: Wu.Uy Leonlid'et II., Tlrt F1111m•o/1lrr World Eronomy, New Yot: 
Oaronl Univenlty. 11177, p. 4S. 

involved at each of these four decision points are 
discussed in the following paragraphs. 

Replenishing Reserves 
Decisions made at point A in Figure J 2-4 

influence the: rate at which mineral reserves are 
replenished from the stock of "other mineral 
resoun::es." These other resources consist of three 
additional major inventories: ( 1) undiscovered eco
nomic resoun::es, (2) undiscovered subeconomic 
resources. and (3) identified subeconomic re
sources. Figure 12-5 cepicts this classification 
scheme in the so-called McKelvey box. named 
::tfter former Geological Survey Director Vincent 
E. McKelvey, who contributed most to its con
ception. Since reserves are just that portion of the 
identified resoun::es from which mineral commod
ities can be economically and legally extracted, 
other resources constitute undiscovered deposits 
and those not quite economically exploitable 
("paramarginal") or far from economically ex
ploitable ("submarginal"). 

The stocks of all resoun::e inventories change 
over time as the result of exploration, technology, 
changes in production costs and changes in price. 
The flows among these inventory stocks are 
illustrated in Figure 12-6, which is an exploded 
version of the McKelvey box.* Exploration lo
cates previously undiscovered mineral deposits 
thus "moving" them into the inventories of iden
tified resources and reserves. This movement 
augments the identified resource inventories whit< 
reducing the undiscovered stocks. Likewise, ad· 
vances in technology and rising mineral prices can 
move resources from the varamarginal and sub
marginal inventories into the economic invento
ries. However, increased production costs (e.g., 
increased energy, capital, and labor costs) and 
environmental constraints can move deposits in 
the opposite direction. Mining, of course, depletes 
reserve inventories. 

Exploration determines the flow that moves 
resources from the stock of undiscovered, re
coverable resoun::es into reserves. Many factors 
influence the level of exploratory efforts. Prevail
ing interest rates and tax policies influence the 
amount of reserves companies want to hold. High 
interest rates tend to discourap,e exploration until 
the ratio of reserves to annt!!tl production becomd 

*Adapted from John J. Schanz, Jr .. "Unhed States Min· 
emls-A Perspective," Mining Congress Journal, Feb . 
1977, p. 27, and "A Quick·Look Method for Monitoring the 
Adequacy of Metal Supplies from Canadian Mining for 
Domestic Needs," Energy, Mines and Resources Canada 
(Mirerals), Mineral PoUcy Series, Mineral Bulletin MR 16S, 
1976. 
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relatively small. Taxes on reserves also discourage 
exploration. 

Technological advances and increased price of 
a mineral commodity relative to productiol) costs 
are the major detenninants in the flow of identified 
paramarginal and submarginal resources into the 
reserves inventory. Increased real prices offset 
the high production costs associated with para
marginal ~or even submarginal) resources, but at 
the same time increases in real prices constrain 
demar.ct and limit the use of mineral commodities 
in foe ec0nomy. Over the past decade technology 
has contributed to a flow of paramarginal and 
submarginal resources into reserves without in
creasing relative prices, but continuation of these 
trends may be more difficulf in the future. 

Technology is knowledge organized and applied 
to an objective-in 1his case the production of 
nonfuel mineral commodities. This production 
process involves many factors-labor, water, en
ergy, nonf uel minerals, capital-and the relative 
mix of the production factors is detennined largely 
!:>Y technology. 
I Much more infonnation (and policy attention) is 
peeded on the influence of technology on the 
production of mineral commodities. To what ex
tent have past technological developments substi
tuted energy, water, and capital for labor? To 
what extent has cheap energy contributed to 
keeping the prices of nonfuel mineral commodities 
low? What sp.~cific technological developments 
are now expected to influence the future produc-

tion of nonfuel minerals? What will be the energy 
requirements? The capital requir~~ments? The 
water requirements? The labor needs? The envi· 
ronmental impacts? Will lower-grade resource 
stocks become economic? What will be the impli· 
cations for the price of mineral commodities 
relative to other goods and services? What indi
cators fhould be used to measure technological 
progreJs? Has progress been achieved if a tech· 
nolog~' provides economic access to lower-grade 
deposits while increasing energy and/or water 
requirements? 

Production costs (relative to nonfuel mineral 
commodity prices) also need careful examination, 
because increased production costs relative to 
market prices can move reserves back to the 
paramarginal inventory by making production un
economkal. An example from fuel minerals illus
trates the point. 

At various times during the past decade the per 
barrel price of oil at which oil shale would become 
economic has been placed at .$5, $7, $10, etc. Yet 
at an oil price of $14 per barrel, shale is still not 
economically recoverable, in large part because 
the increased cost of oil has in tum increased the 
costs of producing oil from shale. The energy 
required to produce a unit of energy from shale is 
large or, to put it another way, the net energy 
yield is small. In such cases, increases in the price 
of c:1 are reflected quickly in increased production 
costs. As a result, shale may never be more than 
marginally economic. Similar questions have yet 
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to be carefully answered about paramarginal and 
submarginal nonfuel mineral resources. 

Estimates of resources other than reserves are 
very uncertain, partly because of conceptual diffi· 
culties. How does the investigator decide when a 
mineral occurrence is too low grade or too difficult 
to extract or refine to include it as a resource? As 
a practical matter, investigators do establish cutoff 
points, selected by professional judgment with 
limited standard criteria available for guidance. 

The question then arises as to what extent 
mineral resources, as represented by the estimates 
presented, might be enlarged from n· aer pa11s of 
the earth's crust (see Frg. 12-4). M.cKelvey has 
suggested that the recoverable resource potential 
of well-explored chemical elements in the United 
States is roughly equal to their crustal abundance 
(percent of the element contained in the earth's 
crust) times a factor ranging between l billion and 
10 billion. 15 Ralph Erickson, also of the Geologi
cal Survey, elaborated somewhat on the relation-

ship and applied it on a world basis. 16 The 
recoverable resource potentials implied by this 
method are included in Table 12-7 for 15 of the 
elements considered in this chapter. These poten
tials include undiscovered deposits but exclude all 
deposits (discovered and undiscovered) not eco
nomic at current prices with present technology. 
Corresponding production and resources data are 
included in the table for comparison. 

The quantity of minerals distributed in the 
earth's crust down to a depth of 1 kilometer is 
very large, as indicated in the last column of the 
table. Most of these minerals, however. generally 
have such a low concentration that the costs rif 
their extraction and refining are prohibitive. 

The Mix of Virgin and Recycled Materials 
The second major decision to be considered 

(see point B in Fig. 12-4) is the way in "ich the 
mix of virgin and recycled materials is determined 
in the minerals supply system. The factors in-

TABLE 12-7 

' World Production and Resenes In l'JT/ (Esthnated), Other ResoW"Ces in 1973-77 (as Data Available), 
Resource Potential, and llf~urce Base of 17 Elements 

(Millions of metric tons) 

Produc· 
lion Reserves 

Aluminum 17- .s,200• 
Iron 49.Sb 93,100 
Potassium 22 9,960 
Manganese 10• 2,200 
Phosphorus 14' J,400' 
Fluorine 2• 72 
Sulfur .52 1,700 
Chromium 31 7801 

Zinc 6 1.59 
Nickel 0.7 .54 
Copper 8 4.56 
Lead 4 123 
Tin 0.2 10 
Tungsten 0.04 1.8 
Mercury 0.008 0.2 
Silver 0.010 0.2 
Platinum group• 0.0002 0.02 

•In bllu1i1e. dry l\ui1. anumed lo avcrqe 21 percent recoverable aluminum. 
•111 ofe and conccntratn assumed to avc111.., '8 percent recoverable iron. 
•In ore and concentralcs auumed lo avcrap: 26 percent rccovc111ble iron. 
• tn oR and concentraln auumcd 10 avcrqe 40 pcrcem manpne.e. 

Other 
Resources 

2,800• 
143,000• 

IOJ,000 
1,100• 

12,000' 
270 

3,800b 
6,0001 
4,000 

103' 
1,7701 
1,2.SO 

27 
3.4 
0.4 
o • .s 
o.o.s• 

•bctudes melal in d••!>'Ka nodulu and. in the ca.e of nickfl. unidentified resourcn. 
r1n phosphate rock ore and conccnlralu anumcd to avcra.ac 13 percent phosphorus. 
•In tluonpar and phosphate ro<k ore and conconlratcs auurncd to avcra:;e 4' percent Ruorine. 

Resource Potential 
(Recoverable) 

3,Sl9,000 
2,03.5,000 

n.a. 
42,000 
SI ,000 
20.000 

3,260 
3,400 
2,.590 
2,120 

.s.so 
68 
SI 

3.4 
2.8 

1.2• 

Resource Base 
(Crustal Mass) 

I ,990,000,000,000 
l,392,000,000,000 

408,000,000,000 
J 1 .200.000.000 
28,800,000,000 
10,800,000,000 
9,600,000,000 
2,600,000,000 
2.2.so.000.000 
2, 130,000,000 
l ,.S I0,000,000 

290,000,000 
40,800,000 
26,400,000 
2,100,000 
l,800,000 
1,100,000 

•Excludes unidrntifi<d •ulfur rc"'urccs. cnurmou1 quanliti .. of sulfur in 1yp1um and anhydrite, and some 6llO bUUon 10111or1ultur In coal, oil Ibale. and in shale !Ital 
ii rich in O!Jllnic mallcr. 
1 In ore anti conccntrat .. aHumrd lo avcrqc 32 p:rccnt chromium. 
'Includes 690 millinn tons in dttp-sea noduln. 
•Platinum, palladium. iridium. cesium. rhodium, and rulh<nium. 
1 Approximate midpoint or ntimated 1an1e ol' O.OJ-0.06 miltion metric Ions. 
•Platinum only. 

SOllN't: U.S. llureau nf Mlne1. Mlnual Co111111oJi11 St1111111urlt1 19111: NIMtal C-11tocli11 Pro/Utt IPn: Mlnm1l Fotll 111111 ProbltllU (Bulletin 667), Wa1hiftllon: 
Oovmiment l'rintina Office. 197~. Donald A. limbs! and Walden P. Prall, ed1., U111t«I Stolfi Milltrol Rt1uwu1 (OeeloJklll Survey ProftHlonal Paper 82(1) 
Wuhinaton: O<>vemmcnt l'rinllna Office. 197). 
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votvcd are, basically, the quantity and quality of 
resources available from mining and recycling. 

As noted above, the earth's crust contains very 
large quantities of minerals. It follows, therefore, 
that the basic long-tenn issue of mineral-commod
ity policy for all nations and the world is not the 
exhaustion of minerals but rather the maintenance 
of an adequate stock of minerals-in-use in the 
global economy at manageable economic and 
environmental costs. Nonetheless, concern over 
exhaustion persists, stemming in part from confu
sion over the terms "renewable" and "nonrenew
able." Biological resources, are often thought of 
as "renewable." Nonfuel mineral resources, arc 
usually tenned "nonrenewable." Actually in both 
cases, the reverse is more nearly true. 

When passenger pigeons were hunted for sa
vory pigeon-pie filling, they were regarded as a 
rencwabL resource. After all, every year the 
pigeons bred and produced more pigeons. Unfor
tunately, the take of pigeons exceeded the maxi
mum sustainable yield of this resource and the 
passenger pigeon population declined. Unlike min
eral resources, the remainder of this depleted 
resource was not scattered across the earth, 
limiting the take, but concentrated. After each 
attack, a biologically fatal instinct flocked the 
birds together again-until the last pigeon was 
shot. The passenger pigeon resource-the spe
cies-is extinct now and will never be replaced. 
It, like all biological resources, was exhaustible 
and nonrenewable. 

By contrast, mineral resources are (at least in 
theory) completely renewable. When an atom of 
copper is used, it is not "consumed" or destroyed 
but remains an atom of copprr potentially avail
able for recovery and reuse. In many cases the 
cost of recovery and recycling would be exceed
ingly high. For example, recoverv of lead from 
the waste stream of used letracthyl lead (in leaded 
gasoline) would be very costly since this lead is 
scattered along highways across the world as 
exceedingly fine, diffuse particles. Nonetheless, 
recovery and reuse of this lead is theoretically 
possible at some cost of energy, water, labor, and 
capital. Therefore, in contrast to biological re
sources, the basic issue of nonf uel mineral re
sources is not exhaustion or extinction but rather 
the cost of maintaining an adequate stock of 
nonfuel mineral commodities within the economy 
through mining and recycling. 

The mix between mining and recycling is deter
mined largely by relative costs. These, in tum, 
depend to a large extent on the •'concentrated
ness .. of the sources of nonfuel minerals. 

Entropy is the scientific tcnn that measures 
how "mixed up" things are. "Concentratedness," 
as used above, is the opposite of entropy. Concen
trated deposits have relatively low entropy and 
low production costs; low-grade deposits have 
high entropy and high costs. 17 Combining min
erals and materials in alloys and other products 
and distributing these products throughout the 
economy increases the entropy of the minerals 
used; how much entropy is added detennines 
largely the practicality of recycling. The factors 
that detennine the entropy of ores and the wastes 
from society are therefore highly relevant to 
maintaining an adequate stock of minerals in use 
at manageable costs. 

Mineral deposits of the lowest entropy (highest 
grade) are generally used first. It is widely thought 
that, as low-entropy deposits are depleted, higher
entropy deposits are found in greater abundance. 
In some types of mineral deposits, there is a 
graduation from relatively low entropy to rela
tively high entropy, and the tonnage available 
increases at a constant geometric rate over some 
range as the grade decreases. 18 However, there is 
no geological reason to think that this relationship 
holds for all ore deposits or that "there must be 
undiscovered [higher-entropy] deposits of astro
nomical tonnage to bridge the gap between com
mercial ore and the millions of cubic miles of 
crystal rocks that have measurable trace amounts 
of the various less common metals in them." 111 

Much further work is needed to more adequately 
estimate the ultimate availability of naturally oc
curring resource deposits and the economic, so
cial, and environmental cost associated with pro
ducing them. 2o 

Save It, or Throw It Away? 

At point C in Figure 12-4 decisions are made 
by the final users of products as to whether the 
depreciated goods are to be "thrown away" or 
saved for recycling. In part this is a question of 
personal v:Jues: Will a person take the time and 
go to !he inconvenience to see that materials are 
sav1:d for recycling? In part the question is 
economic: Are there institutions available for 
recycling and have the depreciated goods been 
designed so as to have economic value for recy
cling? 

The most influential decisions affecting the fate 
of depreciated goods are not macfe by the final 
users and recyclers but by the manufacturers who 
originally designed the depreciated goods. If the 
original design produces a high-entropy combina
tion of materials, the final user has little choice 
but to "throw it away." Thus, while decisions on 

'. I'> 'l '! . ,,. ' 
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recycling appear to be made at point C in Figure 
12-4, most are actually design decisions made at 
point D. 

Some designs facilitate reuse and recycling and 
thereby increase residence times for minerals-in
use. Other designs make reuse and recycling 
virtually impossible ... Disposable" products and 
containers are not designed for easy disposal, in 
fact disposal of "disposable" products is an 
increasingly difficult municipal problem. "Dispos
able .. products and containers are designed so 
that they cannot be reused. Many cannot even be 
recycled because they are such high-entropy prod
ucts. 

Frozen orange juice containers provide an ex
ample of a "disposable" product of a particularly 
high-entropy design. The metal top is usually a 
different alloy (or even a differrnt metal) from the 
bottom. The cylinder itself is composite material
rial heavy paper coated on the outside with ink 
and plastic and lined on the inside with a metal 
foil. Minerals and materials combined in such 
high-entropy designs can be used only once and 
are thereafter lost to society. 

The c<.,:ots of maintaining an adequate stock of 
minerals-in-use, therefore, depend not only on 
adequate reserves and other resources but also on 
the residence time of the mineral commodities in 
the economy before they are lost as high-entropy 
wastes. Product design, the availability of mainte
nance and spare parts are important considera
tions, as are the institutional considerations that 
govern recycling and reuse. Important institutional 
considerations include the freight rates and tax 
policies that favor virgin-over recycled-mate
rials and the municipal disposal service (provided 
at no charge to manufacturers) for the disposal of 
all products, independent of design. A nation's 
minerals policy, therefore, extends well beyond 
reserves, resources, and mining; it includes all 
factors that lead to high-entropy loss from its 
stock of minerals-in-use. 

High-entropy product designs have an impor
tant influence on future material costs and are 
closely associated with an especially important 
institutional consideration: Responsibility for the 
design of most products is separated completely 
from responsibility for the ultimate disposal of the 
products designed. The results of this institutional 
arrangement are often disastrous for those in
volved in the recycling (secondary-materials) in
dustries. For example, a few years ago beverage 
producers began using closures that left aluminum 
rings on the necks of "one-way" bottles with little 
though! about the implications of this high-entropy 
design for ~ycling. Only when recyclers pro-

tested that the aluminum contamination precluded 
recycling the glass cullet was the product design 
changed. 

Automobiles provide another important exam
ple. Automobiles are by nature a high-entropy 
product containing many materials, but design 
considerations could greatly facilitate recycling of 
much of the material. Steel, one of the largest 
constituent materials in automobiles, is reduced in 
value significantly by contamination by copper. 
Were automobile manufacturers responsible for 
the disposal of depreciated cars, a strong incentive 
would be established to reduce copper contami
nation. In fact, if automobiles were leased rather 
than sold, there might be benefits not only for 
recycling and solid waste, but also for mainte
nance and air ·..iuality. 

The positive effect of institutional responsibility 
can be seen in the example of scrap wire from 
telephone installations. Telephone companies are 
responsible for cleaning up after installations; 
rather than paying to have scrap wire carted 
away, attention is given to designs that facilitate 
recycling of scrap copper wire. Special recycling 
bags facilitate collection, and insulating materials 
difficult to separate from the copper are avoided. 
Similarly, aircraft manufacturers, who are often 
asked to scrap aircraft, may stamp alloy composi
tions on parts during manufacture to facilitate 
recycling. Thus, institutional responsibility for 
disposal clearly leads to product designs that are 
very different from those used in the "disposable" 
products that are ultimately the responsibility of 
municipal sanitation departments. 

Conservation and Substitution 
Point D, the last of the four decision points, in 

Figure 12-4, is where decisions on conservation 
and substitution are made. Both conservation and 
substitution come about as a result of design 
policies, which respond strongly to technological 
developments and relative prices. 

The demand for nonfuel mineral commodities
like the demand for energy-can be moderated by 
conservation, but just as with energy, there are 
costs associated with minerals conservation, costs 
that may delay major conservation efforts until 
prices increase significantly. 

Substitution also has potential for decreasing 
the need for the less common metals provided 
the substitute material is not highly en :rgy-inten
sive, like plastics, or is also experienc.ng supply 
limitations, like wood and wood products in some 
regions. Sometimes an alternative pr01.;ess, mther 
than a different material, reduces or even elimi-



222 THE PROJECTIONS 

nates the demand for particular uses of a scarce 
material. There are examples relating to mercury. 

Projected demand for mercury, when compared 
with the resource outlook, suggests that mrrcury 
may be one of the first industrial metals to 
experience significant supply constraints. Further
more, use of mercury is being restricted in part 
because of health and environmental hazards. 
However, acceptable alternatives are now known 
for most of the major uses of mercury. These 
alternatives, in effect, substitute for mercury. 21 

Impressive as such developments are, one can
not simply assume that technology will eliminate 
the need for minerals as they become more 
scarce. It will probably be very difficult-perhaps 
impossible-to develop entirely satisfactory sub
stitutes for lead and antimony in storage batteries, 
manganese for use in desulfurizing steel, nickel 
and chromium in stainless steel, tin in solder, 
helium in low-temperature refrigeration, uranium 
and beryllium in nuclear reactors, tungsten in 
high-speed tools, mercury in wetted contact relays 
and arc rectifiers, .;ilver in photography, and 
palladium as a contact material in telephone 
electromagnetic relays. Furthermore, it often 
takes one or two decades for a new technological 
development to reach the point of widespread 
1JSe. There can be significant coGts and uncomfort
able economic dislocations during !he transition if 
stable international supplies are not rlanned and 
developed well in advance of anticipated needs. 

Nonfuel Minerals and the North-South 
Dialogue 

Mineral commodities are essential to both de
veloped and developing economies, but in differ
ent ways. Developed industrialized economies 
need access to dependable supplies of inexpensive 
raw materials. Developing economies need both 
foreign exchange from mineral commodity exports 
and refined minerals and materials for devrlop
menl. Mini;:ral policies and prices are therefore a 
point of potential disagreement between the indus
trialized nations (predominantly in the northern 
latitudes) and the less developed nations (primarily 
to the south). In fact, minerals issues have been a 
major element in the North-South dialogue. 

The demand for nonfuel minerals commodities 
in the industrialized nations is large. If the fourth 
of the world's population that inhabits ind::istrial 
countries were content with a fourth of the 
world's mineral production, they could furnish 
their entire needs (except for tin and possibly 
bauxite) from their domestic deposits and by trade 
among themselves. At least until the year 2000, 

however, industrialized countries are projected tO 
absorb over three-fourths of world nonfuel mineral 
production. 

The per capita demand for nonfuel minerals in 
the industrialized countries is so high compara
tively that these countries use not only their own 
domestic supplies but import increasingly large 
quantities from the LDCs. (While some of these 
resources are re-exported to the less developed 
countries as manufactured goods, a large portion 
remains in the developed economies.) As a result, 
the percentage of world mineral-commodity pro
duction traded internationally increased apprecia
bly in the 1950s and 1960s, as shown in Table 12-
8. During this same period, real prices of most 
mineral commodities either decreased or increased 
only moderately. 

Prices are a major coni;em of those LDCs that 
export nonfuel mineral commodities. They would, 
of course, like to receive higher prices for their 
commodities and argue that the present price of 
most nonfuel mineral commodities does not reflect 
the real value of the commodities and is not 
compatible with the prices charged for the manu
factured goods they import. To support the latter 
point, they note that LDC "terms of trade" with 
developed areas (unit value index of exports 
divided by ur.it value index of imports) for com
modities (excluding petroleum) dropped from IO') 
in 1953 to 84 in 1975 (1970 = 100).22 

The LDCs' bargaining position is generally not 
as strong with respect to nonfuel mineral com
modities as it is with respect to oil. The OPEC 
nations have over 70 percent of the proven 
re~\erves of petroleum; mineral reserves are not so 
concentrated. The comparative mineral reserve 
position of the developed and developing regions 
is shown in Table 12-9. However, as the indus
trialized nations continue to deplete their own 
resources, the LDCs' position will become 

TABLE 17r-8 
Percentage or World Production or Selected 

Minerals 
Traded Internationally, 1950-70 

19SO 1960 1970 

Aluminum 81 86 IOJ8 
Copper SS 66 S9 
Zinc S2 60 60 
Auorspar 29 42 S4 

•More than J ptrcent of trllded aluminum material• derived from dra..,,downa of 
mine and amelter 11ocka. 
So11rc1: National Commission on Materials Policy, To,.•arJ a Natlonal Ma1trlal1 
Polley: World p,,,~rtlw, Wuhinaton: Oovemment Printl1111 Oftlce, Jan. 197J, 
Apptndb. 
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TABLE 12-9 

Geographic Distribution of World ResourteS of Selected Mineral Commodities In 1974 
(Percent of world total) 

Northern America, Republic of U.S.S.R. and Leas 
Western Europe, South Africa, Eastern Developed 
Australia, Japan Rhodesia Europe Countries 

Reserves Total Reserves Total Reserves Total Reserves Total 
Resources Resources Resources Resources 

Steel-matins 
commodities 

Iron 40 35 I 2 30 27 29 36 
Man1anese 8 8 45 47 37 38 10 7 
Chromium 1 1 96 '11 1 I 2 1 
Nickel 27 33 3 4 9 8 61• 55 11 

Nonferrous 
commodities 

Aluminum 23 25 4 3 73 72 
Copper 31 42 2 12 8 56 48 
Lead .58 65 21 17 21 18 
Zinc 63 63 15 15 22 22 
Tin 7 10 6 7 87 83 

Nonmetallic 
commodities 

Sulfur 40 57 18 14 42 29 
Phosphate rock 18 12 II 3 ' 68 82 
Potash 82 91 17 8 I I 

•Comprises New Caledonia 2' percent and Olhtr lu1 developed coJntries 36 percent. 
•comprises New Caledonia 22 prercenl and other fen developed countries 33 pen:enl. 

So11rrr: Bureau of Minn. Mlntral far/Sand l'robltms, Washinaton: Government l'rinllq Office, 197,. 

stronger, and continued efforts to establish cartels 
can be expected. 

The future prospects for cartelization efforts is 
unclear. Some analysts believe that the political, 
technical, and economic factors responsible for 
OPEC are unique and that there will never be a 
comparably effective marketing organization for 
any other commodity. Others are far less certain. 
Examples of unity among LDCs have become 
increasingly evident in recent years, and these 
countries have much to gain f!conomically by such 
cooperation. It is clear, however, that the LDCs 
will be restrained by a desire to maintain employ
ment in their mining and related industries and 
will therefore be hesitant to encourage industrial 
countries to tum to alternative sources and substi· 
tute materials. Furtbennore, all of the non-OPEC 
LOCs need foreign exchange to pay for essential 
imports. 

Nonfuel minerals play an important role in the 
balance of payments of the less developed nations. 
Of the total value of commodity exports (exclud
ing petrolewn) by LDCs, eight principal nonfuel 
minerals constituted 13 percent in 1960 and 11 
percent in 1975. 23 Sometimes a single mineral 
accounts for over half of total exports of a 
particular cuuntry-copper in the case of Chile, 

Zambia, and Zaire; iron ore in the case of Liberia 
and Mauritania; and aluminum in various primary 
fonns in the case of Guinea and Surinam. Tin is 
nearly as dominant in Bolivian exports, and phos
phate rock in Moroccan exports. 

Much of the final value of refined minerals is 
added during processing and refining, and many 
LDCs want to process their mineral raw materials 
before export so as to retain as much as possible 
of the value added by manufacture. Already most 
bauxite mined in Jamaica is processed to alwnina 
and aluminum metal before export. Collectively. 
LDCs have set a goal of producing 25 percent of 
the world industrial production by 2000. Much of 
the LDC production will be refined mineral com
modities. 

Mineral deposits beneath the sea are of concern 
to less developed countries both because these 
minerals are a possible source of competition and 
because of a feeling of participation in ownership. 
Avid Pardo, Ma!tese Ambassador to the United 
Nations, succinctly stated the LDC position in his 
address to the General Assembly on Novemrer I, 
1967, when he stress\:d that th~ resources in and 
under the oceans hre a ''common heritage of 
mankind." Dispute!. over who sbttuld receive the 
benefits has delayed the development of seabed 
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resources, the most important of which are the 
0 manganese nodules." 

These potato-sized nodules, containing impor
tant amounts of nickel, copper, cobalt, and man
ganese, lie on the ocean floors beneath 1,000 to 
20,000 feet of water. The possibility of exploiting 
these resources has led mining companies in 
industrial countries to fonn several consortia to 
actively develop the necessary dredging and proc
essing technology. Much of the technology has 
already been developed and tested. Preproduction 
expenditures are expected to reach $1 billion by 
1980. Commercial output may begin in the early 
1980s. The prospects for profitable operation are 
good, but the profits would accrue primarily to 
industrialized nations since the LOCs have neither 
the technology necessary to move into deep
seabed mining nor (except for the OPEC nations) 
the necessary capital. 

Annual extraction of manganese nodules from 
the deep seabed may totaJ 15 million metric tons 
by 1985, according to estimates by Leipnger and 
Mudge. 24 These nodules may yield the metal 
tonnages shown in Table 12-10, plus smaller 
quantities of some other metals. However, poten
tial environmental impacts have not yet been fully 
examined, and the LDCs believe that the nodules 
should be mined by an international authorii)' in 
which they have significant representation. 

At recent United Nations Law of the Sea 
Conferences, the LDCs have requested the estab
lishment of an International Seabed Resource 
Authority (ISRA) to control all aspects of deep. 
seabed mining. It is proposed that the ISRA be an 
ope; ating institution in competition with (or trJ the 
exclusion of) private finns. Whether the c1pera
tions are public or private, an international t.u on 
remurces mined from the deep seabed could yield 
$200 million to $600 million annually. These funds 
could then be used to accelerate development in 
the LOCs, which is the basic objective of a related 

TABLE 12-10 

Est1mates of Metal Recoveries from Manganese 
Nodules from the Deep Seabed by 1985 

Production Percent of Percent or 
(thousands of 1974 World Estimated 198.5 

Worfd Produc· metric tons) Production tion 

Nickel 22.5 32 14 
Copper 180 2 2 
Cobalt 37 12.5 62 
Manganese 3,7.50 40 28 
SOllftt: Dl.nny M. Leipziaer and Jamn L. Mudac. Stabl'd Mlnttal Rt101m:t1 

111td l~t £~onoml~ lnltrtm of Dntlopln1 Co11n/t/t1, Cambrklac. Ma11.: 
Ba1Un1cr, 1976. 0.11 for man1anese have been updated. 

proposal for the establishment of a New Interna
tional Economic Order. 

Many of the developing countries have come to 
believe they cannot accomplish their development 
at a satisfactory rate without bask structural 
changes in the world economy. Accordingly, a 
proposal for structural change was presented by 
the LDCs at the Sixth Special Session of the U.N. 
General Assembly in 1974. The proposal calls for 
the establishment of a New International Eco
nomic Order, and one of its principal objectives25 

is a more favorable relationship between prices of 
LDC exports and imports. 

Since the Sixth Special Session in I 9i4, the 
LDCs have made additional initiatives on com
modity prices. An important effort was made at 
the Fourth U .N. Conference on Trade and Devel
opment (UNCTAD) in 1976 to support the prices 
of 10 commodities, including three nonfuel min· 
erals-bauxite, copper, and tin. Further discus
sion of the price of these minerals (plus iron ore, 
manganese ore, and phosphate ;:)ck) were held at 
the 1977 UNCTAD Conference. 

One consideration that will become increasingly 
important in North-South discussions of mineral 
commodity prices is the fact that high-grnde ores 
in effect have a large "energy content" as a result 
of their low entropy. It takes less than half as 
much energy to recover a ton of copper from 4 
percent Z.ambian ore than from 0.3 percent Ari
wnan ore. Grade and entropy considemtions are 
likely to become more important in the future. 

Conclusions 
Projected world demand (when compared with 

world reserves) of nonfuel resources, shows no 
immediate prospect of resource exhaustion. On 
the other hand, significant increases in reserves 
will be needed to meet projected demand, which 
does not include a significant increase in LDC 
demand. As noted in Chapter 22, the projections 
of LOC demands for nonfuel minerd!s could be 
much higher if other assumptions were introduced 
into the analysis. In any event, the industriali1.ed 
nations will continue to be heavily dependent on 
resources imported from LDCs, and both availa
bility and price will depend on developments in 
the North-South dialogue, especially concerning 
proposals for a New International Economic Or· 
der, for multinational corporation codes, and for 
Law-of-the-Sea issues. 

Such North-South is5ues, and the prospects for 
rising energy i;osts, will deeply affect coming 
decisions over the e>.ploitability of resources 
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around the world and the technologies used in the 
uploitation process. The results could include 
significant increases in the real price of nonf uel 
minerals. Recycling could then appear relatively 
attractive in industrialized nations. The possibili
ties for r~cycling, however, depend largely on 

institutional considerations, especially product-de
sign decisions that determine the entropic state of 
the resources in deprcdated goods. As a result, 
product-design decisions between now and 2000 
may have a significant bearing on resource stocks 
and prices in the early 21st century. 
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13 Environment Projections 

This chapter is the last of the U. chapters pre
senting the Global 2000 Study projections. Chap
ters 2-4 present the drivingAorce prn_ier!ion~ 
(Population, GNP, Climate), which provide basic 
inputs to the resoun;e ·projections presented in 
Chapters 5-12. Attention turns now to the future 
of the world's environment. 

The term "environment" is not easily defined. 
To some, the word suggests pristine landsrapes 
and wilderness. While these connotations are cer
tainly inherent in most definitions oi the ierm, 
"environment" is used in this chapter in a much 
broader sense. 

Literally, the environment is the physical and 
biological surroundings of the organisms under 
discussion-in this case Homo sapiens, the human 
species. Humankind depends on this life-sup
porting environment in many complex ways. So 
intimate is the linkage between humankind and 
its environment that the distinction between in
dividllal and environment blurs. Some of the air 
we breathe becomes a part of us. The oxygen 
metabolizes our foods and becom~s a part of our 
flesh and blood; particulates we breath accumu
late in our lungs. Some of the liquids we drink 
become a part of our bodies, as do the toxic sub
stances the liquids sometimes contain. The soils 
become our food, which in turn becomes our tis" 
sues. In fact, the term "environment"-i.e., hu
man surroundings-is an inadequate and inaccurate 
concept because there is not and cannot be a sharp 
distinction between humankind and its surround-

beginning to threaten goods and services that the 
environment has heretofore provided free. or at 
minimal cost. 

Humankind has habitually taken for granted 
the goods (e.g., soil fertility, clean plentiful water) 
and the services (e.g., removal of air pollutants) 
provided by the environment. The habit persists. 
The projections reported in the previous chapters 
are based generally ori the assumption that the 
environment will continue to provide goods and 
services as abundar.tly and inexpensively in the 
future as it has in the past. Many of these general 
assumptions about future environmental goods 
and services are brought into question by the anal
yses in this chapter. In the years ahead, human
kind will need to consider more carefully both the 
envirom.1ental implications of its activities and the 
effects that environmental deterioration generally 
will hav1! on human activities. 

In this chapter, two questions will be asked of 
all of the Study's other projections: First, assum
ing (1) that the developments projected in the 
previous chapters actu;111y come ?.bout and (2) that 
present environmental policies remain un
changed, what impacts on the world's environ
ment can be anticipated? Second, considering all 
the projected environmental impacts collectively, 
how might developments and changes in the 
world's environment influence the prospects for 
achieving the projections outlined in the previous 
chapters? 

ings. In this chapter, for lack of a better alter- The analyses are conducted in two steps, as 
native, the term "environment" will be used to illustrated in Figure 13-1. In the first step, the 
describe human surroundings, but throughout it environmental implications of each of the pre-
should be remembered that in many important vious driving-force and resource projections are 
ways we and our environment arc one. unalyzed. In the second step all of the environ-

In analyzing the future of the human environ- mental implications are synthesized and their col-
ment, it is also important to note the ways in which lective impact back upon the driving-force and 
humankind shapes its environment Many an- rcwurce projections are considered. Were it pos-
thropogenic changes in the envimnment are ben- sible to actually reflect these collective impacts in 
eficial, but some are not. Houses and communities the earlier projections, the two feedback loops in 
provide many benefits, including shelter from the Figure 13-1 would be closed. In practice, it is 
elements, predators and pathogens. Other an- possible only to riote the kinds of effects that could 
thropogenic changes-such as the contamination be expected, but without actually modifying the 
of air, water, and soils-h ""'e not been wholly projections. Thus the feedback loops remain open 
beneficial. Some anthropogt.nic changes are even at two points and the projections continue to be 
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Stlp One1 Environmental 
Projections 

An analysl1 of the en¥1ronmtntol fmpll· 
cations of the drl¥ing·force and , .. 
JOUrce projections 

THE PROJECTIONS 

Step Two1 Closing the loops 

An analysi• of the prcflct.d environ· 
mental dtvelopmenh' Implications for 
tht drivlng·fotce and resource 
projections 

. Flpre 13-1. The two steps In lntearatina environment into the analysis. The aray box represents the analysis 
prior to lntearatlon with the environmental analysis. 
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based on rather optimistic environmental as· 
sumptions. 

The results of the environmental analyses are 
presented in the following 11 sections of this 
Chapter. The first step-the analysis of the en· 
vironmental implications of the previous projec
tions-is presented in the next 10 sections in this 
order: Population, GNP, Climate, Technology, 
Food and Agriculture, the Marine Environment, 
Forestry, Water, Energy, and Nonfuel Minerals. 
Each of these sections attempts to analyze the 
environmental developments that might be ex
pected to follow from the corresponding driving
force and resource projections. To assist the 
reader in recalling the earlier projections, each 
of the 10 sections begins with a brief summary of 
the projections being analyzed (under the heading 
The Projections, as on the following page). The 
second step-the analysis of the effects of envi
ronmental developments collectively on the other 
projections-·is presented in the final section: 
"Closing the Loops: Environmental Feedback to 
the Other Projections." 

Before proceeding to the first of the environ
mental projections, a few additional points need 
to be mentioned. 

First, an effort has been made to conduct the 
entire Global 2000 Study with government per
sonnel, government data, and government ana
lytical tools, but unfortunately this objective could 
not be met in the case of the "Environment Pro
jections" chapter. There is no agency of the gov
ernment that has the responsibility and capacity 
to conduct the kind of environmental analysis and 
synthesis required by the Global 2000 Study. The 
Environmental Protection Agency (EPA) has a 
large staff and substantial resources, but EPA is 
charged with a regulatory mission, not with de
veloping broad, long-term environmental projec
tions. The National Environmental Policy Act 
(NEPA) assigns a long-term foresight mission 
(among other responsibiliti1!s) to the Council on 
Environmental Quality (CEO), but CEO has 
never had the staff and re:murces necessary to 
carry out all of its assigned functions. 

Faced with the fact that no single agency could 
be expected to prepare the environment projec
tions, the original Global 2000 Study plan called 
for each agency to prepare an environmental anal
ysis of its projections, using the capabilities it had 
developed since NEPA initiated the pro4.~ss of 
environmental impact analysis. This too p!"oved 
unworkable. As a result of NEPA, most of the 
agencies now have a substantial capability for en
vironmental analysis. They have assembled the 
data and analytical tools needed to analyze the 

environmental impacts of specific project propos· 
als, but with few exceptions they do not have the 
data and .analytical tools needed to perform en· 
vironmental analyses of long-term plans and 
global projections. Nor have such analyses been 
required of them to date.• As a result, most of 
the environmental analyses that were appended 
to the agencies projections were quite limited, and 
the bulk of the environmental analyses and writ· 
ing for this chapter had to be done by experts 
outside the government. But although the Study's 
objective could not be met entirely in the case of 
the environmental chapter, many government 
personnel have been involved in reviewing the 
analyses that follow. 

A second point that must be made before the 
analyses are presented concerns assumptions. An 
effort was made to avoid abstract environmental 
projections by relating the analyses as directly as 
possible to the driving-force and resource projec· 
dons, but many of the driving-force and resource 
projections were not explicit enough to permit 
detailed analyses of their environmental impli· 
cations, and it ma:; ncc.;.,.,ary to base some of the 
environmental analyses on further assumptions. 
These additional assumptions are described as 
they occur throughout this chapter. 

Third, the environment projections were fre
quently difficult to develop because much of the 
data needed on specific topics was not available. 
In such cases, the analyst was forced either to 
omit certain topics or to discuss their ianplications 
on the basis of fragmentary information. The lat
ter course was chosen whenever the topic seemed 
important-in which case the discussion was 
based on the be~t information available, even if 
it was only fragmentary. 

Fourth, a variety of technologies for environ
mental protection are considered in the various 
sections of the chapter. In general, technologies 
for solving most environmental problems are now 
available, but there are exceptions. For example, 
there is no practical means at present for removing 
oxides of nitrogen from power plant exhaust 
stacks. The analyses suggest that in most cases 
economic and policy considerations-rather than 
the lack of technology-impede environmental 
protection efforts. 

Fifth, the Environment Projections chapter is 
far longer than any other chapter in the Global 

•for example hundreds of environmental impact statements 
have been prepared on individual highways and power plants, 
but there arc no corresponding environmental analyses for the 
Depanmcnt of Transponation's year 2000 plan or the De· 
partmcnt of Energy's national energy plan. 

10, 
d:> 
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2000Study. Its disproportionate length can be jus
tificed on two counts: (1) because future trends 
in the world's environment is a larger than average 
topic, and (2) because the development of global 
environmental models is still in its infancy, the 
environmental analyses-in contrast to the anal
ysis in preceding chapters-are largely discursive, 
rather than analytical. It should also be mentioned 
that organizing this long chapter was complicated 
by the fact that it was necessary to include several 
topics in more than one section. Every effort has 
been made to reduce redundancy, however, 
through footnotes and occasional cross-references 
to other sections of the chapter. 

Finally, the environment projections proceed 
from the same policy assumption used in the other 
parts of the Study-namely, that no changes in 
public policy are anticipated. When applied to the 

environment, this assumption has many implica
tions. In situations where there is currently no 
formal environmental management policy, as for 
example in management of grazing lands in some 
countries, it is assumed that present lack of man
agement practices will continue. While the re
sulting prognostications are occasionally grim, 
they should not be interpreted as statements of 
what will actually happen, but rather as indica
tions of what is likely to happen if societies do not 
develop and implement policies that will sustain 
the health of the environment. Failing this, the 
analyses suggest strongly that the collective en
vironmental impacts to be anticipated over the 
next two decades will be sufficientlv severe in 
many areas to alter significantly-and undesira
bly-the projected population, GNP, and re
source trends. 

THE POPULATION PROJECTIONS AND THE l.~NVIRONMENT 

The Projections 
Population levels and their rates of change projected by the U.S. Bureau of 
the Census are summarized in Table 13-1. The average annual world pop
ulation growth rate will be 1.8 percent per year throughout most of the 1975-
2000 period. By the year 2000, a total of 2.3 billion persons will have been 
added to the world's population, an increase of 55 percent. 

The less developed countries will contribute nine-tenths (2 billions) of the 
world total increase by 2000. Thr crude birth rates in the LDCs are projected 
to decline 21 percent, while life expectancies increase 18 percent (from 54.0 
to 63.5 years).• The result is a net annual rate of natural population increase 
averaging 2.1 percent over the 25-year interval. Asia and Oceania experience 
the largest numerical increases-60 percent of the total projected w, 'rid 
growth. The largest rat,,.s of increase occur in Africa (leading to more than 
a doubling) and in Lat::. America (a 96 percent increase). 

The industrialized countries reduce their population growth rates by about 
a quarter and experience relatively modest numeric increases: 76 million in 
the Soviet Union and Eastern Europe (a 20 perct:nt increase) and 101 million 
in the rest of the industrialized world (a 14 percent increase). 

Although the proj..:ctions do not explicitly address migration and urbani
zation, there are many indications that the LDCs will experience substantial 
urban growth by 2000. 

Introduction 
The S percent increase in world population pro

jected by the Bureau of the Census and summa
rized in Table 13-1 t has many direct and indirect 

'Calculated from Table 8 in U.S. Bureau of the Census, II· 
hatrative Projections of World Populations to tht 21st Ctntury, 
Washington: Government Prin~ing Office, 1979. 
tTwo sets of population projections arc presented in Chapter 
2. One set was developed by the U.S. Bureau of the Census; 
the other by the Community and Family Study Center (CFSC) 

implications for the environment. For example, 
the direct effects of excrement from an additional 
2.2 billion persons can be expected to have a sig· 
nificant impact on the environment in many areas. 
Still larger indirect effects can be anticipated as 

at the University of Chk.ago. Both projections were funded 
by the Population Office of the U.S. Agency for International 
Development. The Census projections have been used 
throughout as the Global 200:' Study base case and arc sum
marized in Table 13-1. ThcCFSCprojcctions were undertaken 
with a different methodological approach that assumes a rapid 
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TABLE 13-1 
lncftale In World Population, 1975-2000 

1975 2000 Increase 

Aver-
age 

Popu· Popu- An· 
lation Share lation Share nual Total 

bi/ ptr· bi/- ptr· 
lions ctnt lions ctnt ptrctnt 

Industrialized re-
0.6 17 gions 1.1 28 1.3 21 

Less developed 
regions 3.0 72 s.o 79 2.1 70 

Worlt4 4.1 100 6.4 100 1.8 55 

Souitt: Bureau or the Censu• projcclinn•. Ch11p1cr 2. this volume. 

a result of efforts to meet the growing needs of 
the projected populations for shelter, food, fiber, 
educational facilities, transportation networks, 
and employment sites. 

The pervasive environmental consequences (both 
direct and indirect) of the projected population 
growth make the subject of "Population and the 
Environment" unmanageably large. Some bound
aries must be drawn and limitations established. 
There are, of course, a number of ways i;i which 
this can be done. The choice here has been to 
discuss in this section those environmental con
sequences that are directly related to population. 
The more indirect environmental consequences 
of population growth-the environmental conse
quences of increased demands for food, energy, 
minerals, forestry, etc., to meet the needs of the 
projected population-are discussed later in this 
chapter in the sections devoted to those topics. 
(There are a few exceptions, however; some in
o;rAct consequences of population growth-e.g., 
. ·eased cattle herds for increased populations 
of nomadic herders-do not fit well in the other 
sections of this chapter and are therefore dis
cussed here.) While this choice limits the subject 

r,:duction of fertility rates attributed to large expenditures o~ 
family planning programs. Both the Census .and the C~C 
n1cthodologies arc discussed in Chapter 15. Smee the wntmg 
of Chapters 2 and IS, an extensive criticism of the CFSC me th· 
odology and projections has been published and rebutted. The 
criticism appears in Paul Demeny, "On the End of the ~op
ulation Explosion." Population and Dtvtlopmtnt Rtv1tw, 
Mar. 1979, pp. 141-62. The response to the criticism is D. ~· 
Bogue and A. 0. Tsui, "A Rejoinder to Paul Demeny's Cn
tique, 'On the End of the. Population E~plo.sio~,· "which.is, 
at this writing, bci11g considered for pubhcatton m Population 
and Dtvtlopmtnt Rtvitw. Prepublication copi~s of !he Bogu~
Tsui rejoinder are available from CFSC, Umvers1ty of Chi· 
1.:>,go. 

matter of this section somewhat, a few further 
distinctions relevant to the subjects under discus
sion should be noted. 

One distinction involves the different types of 
pressures that different cultures exert on the en
vironment. In what follows, the world's cultures 
are categorized as one of two types: either "tra
ditional" or "industrial." This distinction is ad
mittedly a gross simplification, intended only to 
indicate the reiative closeness of a culture to the 
environment on which it depends. In traditional 
cultures, the people depend largely on their local 
environment and are familiar through personal 
experience with the environmenta~ impli~ations 
of their numbers and demands. In mdustnal cul
tures, the people depend to a much larger degree 
on environments that are connected with them 
only by transportation and trade networks, and 
as a result, such people are often not familiar 
personally with the full environmental conse
quences of their population growth and demands. 

Although per capita demands on the environ
ment tend to be higher for industrial cultures than 
for traditional cultures, the distinction is not 
strictly between the less developed and the de
veloped countries. LDCs contain within them 
small industrial cultures that make relatively large 
per capita demands on environments around the 
world, and the industrialized countries contain 
traditional cultures that make demands-rela
tively small per capita demand~primarily. ~n 
their local environmen~. (The Amish commumues 
in the U.S. are an excellent example of a tradi
tional culture within a developed country, as is 
the community and family life-style practiced by 
some individual environmental advocates. 1

) While 
the traditional/industrial cultural dichotomy in
volves major simplifications, it facilitates discus
sion of some important relationships between 
population growth and environmental change. 

In the following pages, the relatively localized 
impacts of traditional cultures on their env,. ron
ments are considered first. The discussion ot tra
ditional cultures introduces the problem of 
managing "common" resources, a probl.em en
countered in various forms throughout this chap
ter. The discussi~1n then turns to the more dispersed 
pre~:mres that indust~ial society ~laces on the en
vironment after which the environmental con
sequences' of changing population distributi~ns 
are noted, especially the growing co~cent.ra.tlon 
of populations in large settl~ment~ with mm1mal 
public health and other services. Fmally, some of 
the linkages between environment and health are 
considered. 



,, 

232 THE PROJECTJONS 

Population and the Environment in 
Traditional Cultures 

Traditional cultures, in the sense used here, are 
cultures that obtain the necessities of life-food, 
energy, fiber, and shelter-primarily from the lo
cal environment with little or no involvement in 
regional or national trade and commerce. Mem· 
bers of such societies are well aware of their de
pendence on a healthy environment. Their 
community values and traditions generally reflect 
this awareness and encourage :\ harmonious and 
sustainable relationship with the environment. 2 

Over the past century industrial cultures have 
spread and affected, in one way or another, all 
but a few exceptionally remote traditional cul
tures. Limited contacts with industrial society 
have changed some· traditional cultures only a lit
tle, but in most cases such contacts have set in 
motion changes significantly affecting the form 
and function of traditional cultures. 

Currently, a majority of the world's rural peo
ples, who occupy a large fraction of the earth's 
land, live in modified traditior,al cultures. There 
are many such cultures in the kss developed coun
tries. Even in the industrialized nations, some 
native populations still approximate their former 
traditional cultures-such as the Amish in the 
U.S., the Eskimos in Canada and Alaska, and the 
Samis (Lapps) in northern Scandinavia. But trade, 
medicine, technologies, and other factors have 
changed practices, values, outlooks, and the re
lations of such cultures to the environment. The 
populations of modified traditional cultures often 
grow at the world's fastest rates and, if unchecked, 
soon exceed the carrying capacity of the local en
vironments on which they depend. As long as the 
needs of traditional cultures remain wen below 
the life-support capacity of the local environment, 
population growth can continue with minimal im
pacts. As the life-support capacity is approached, 
however, environmental degradation begins, 
eroding and reducing the quality of life previously 
enjoyed. Social tension and conflict over the dis
tribution of increasingly scarce resources often 
follows. Ultimately, the capability of the environ
ment to support life is undermined and dim in· 
ished. 

Three forms of traditional cultures (and their 
modified forms) have special significance for the 
environment: (1) those based on the herding of 
animals, (2) those based on shifting cultivation, 
and (3) those who have cut their forests and 
shifted to settled agriculture. The Global 2000 
Study's populatic..n projections imply that th<: pop· 
ulations of all three types will increase signifi· 

cantly over the next two decades, with the result 
that a number of environmental consequences can 
be anticipated. The effects of expanding popula· 
tions of herders and shifting cultivators on the 
environment are discussed below. The environ
mental effects of population growth among settled 
agriculturists are discussed later, in the food and 
agriculture section of this chapter. 

Cultures Based on the Herding of Animals 
The world's herding populations, depending 

upon grasslands or savannas to sustain their live
stock, maintain a delicate, often tenuous rela
tionship with their local environments. When 
herds are managed to sustain the productivity of 
grassland or savanna ecosystems, grazing can be 
continued indefinitely without damaging the fife. 
support system. However, when management is 
neglected, overgrazing often leads to the deteri· 
oration or destructicn of the rangeland. The ex
tent to which the world's grazing lands are already 
under pressure is illustrated !n the Free Range 
Grazing Pressure Map in the color~d map section 
of this volume. 

Once begun, rangeland deterioration is difficult 
tu control. Most grasslands and savannas are lo
cated in semiarid areas, where heavy grazing de
stroys the ability of plants to resist drought and 
leads to eventual loss of palatable species in favor 
of weed species. 3 Range deterioration is almost 
always accompanied by increased soil erosion. 
Unfortunately, over much of the world's range
lands today, such overstocking, overgrazing, loss 
of vegetation, erosion, and associated negative 
impacts on the hydrologic cycle are accelerating 
the conversion of productive grazing lands to des
ertlike wastelands. 4 

The two primary causes of the environmental 
consequences of overgrazing are (1) exp::inding 
human populations accompanied by im.reasing 
human demands for larger herds of livestock and 
(2) efforts to breed and own more livestock as a 
means of increasing individual and cultural wealth. 
Together, these two causes lead to accumulating 
individual pressures on a jointly used, limited re
source base. 

The protection of such a base in the face of 
population and economic growth is an exceedingly 
difficult management problem. 5 Proper manage
ment is central to the protection of grazing lands. 
Unprotected, any jointly used, limited resource 
suffers a fate often referred to as the tragedy of 
the rommons. • 

•Protecting a jointly used resource is often an aspect or en· 
vironmental management. The problems it engenders will be 
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The tragedy is this: Actions that are in the im
mediate best interest of each and every indiviJual 
employing a jointly utilized (common) resource 
are collectively detrimental to the long-term wel
fare of the whole society. In his classic essay, "The 
Tragedy of the Commons," Garrett Hardin de
scribes the tragedy in terms of a grazing commons: 

Picture a pasture open to all. It is to be expected 
that each herdsman will try to keep as rt ny cattle 
as possible on the commons. Such an a~ Jgement 
may work reasonably satisfactorily fo1 centuries 
because tribal wars, poaching, and disease keep 
the numbers of both man and beast well below 
the carrying car,acity of the land. Finally, how
ever, comes the· day of reckoning, that is, the day 
when the long-desired goal of social stability be
comes a reality. At this point, the inherent logic 
of the commons remorselessly generates tragedy. 

As a rational being, each herdsman seeks to 
maximize his gain. Explicitly or implicitly, more 
or less consciously, he asks, "What is the utHit>1 

to me of adding one more animal to my herd? ' 
This utility has one negative and positive com
ponent. 
1. The positive coMponent is a function of the 
increment of one ammal. Since the herdsman re
ceives all the f.roceeds from the sale of the ad
·ditional anima , the positive utility is nearly + 1. 
2. The negative component is a function of the 
additional overgrazing created by one more ani
mal. Since, however, the effects of overgrazing 
are shared by all the herdsmen, the negative utility 
for any particular decision-making herdsman is 
only a fraction of - 1. 

Adding together the component partial utili
ties, the rational herdsman concludes that the only 
sensible course for him to pursue is to add another 
animal to his herd. And another .... But this is 
the conclusion reached by each and every rational 
herdsman sharing a commons. Therein is the trag
edy. Each man is locked into a system that com
pels him to increase his herd without limit-in a 
world that is limited. Ruin is the destination to
ward which all men rush, each pursuing his own 
best interest in a society that believes in the free
dom of the commons. Freedom in a commons 
brings ruin to all.' 

Hardin points out in his article that human pop
ulation growth also unavoidably brings with it in
creasing demands on the environment. These 
increasing demands are perhaps most easily ob
served in traditional herding societies where in
creased populations lead to a need for increased 

encountered again later in this chapter in connection with the 
protection of forests, fisheries, oceans, and the atmosphere. 
The explanation of "the tragedy or the commons" given above 
applies wherever the tragedy or the commons is mentioned 
elsewhere in the text. 

herds, which in turn lend to degradation of the 
commons. 

Degradation of a commons gives rise to a wide 
range of environmental and societal stresses. In 
many cases, social conflicts have their source in 
the deterioration or destruction of a common re
source base. One of the earliest recorded illustra
tions of social stress caused by growing human 
and livestock populations utilizing a limited-re
source commons is the account of the experiences 
of Lot and Abram (later Abraham) in the 13th 
chapter of Genesis. In the biblical case, their cat
tle and herds became so numerous (as a result of 
the increases in their population and wealth) th'lt 
"the land could not support them." Eventually, 
fighting broke out between the herdsmen of the 
two families. To resolve the conflict, Abram pro
posed to Lot that the two families separate and 
gave tot his chcice of where to go. Lot chose to 
move toward Sodom and the other towns along 
the river Jordan; Abram chose the hills of Ca
naan. 

The Genesis solution-separation and move
ment into new, resource-rich commons-is not a 
true solution to the tragedy of the commons be
cause it is effective only until all of the entire 
commons is threatened with overuse and destruc
tion. At this point the basic nature of the tragedy 
can no longer be ignored, and true solutions must 
be sought. In his essay, Hardin sets forth his rec
ommended solution-mutual coercion, mutually 
agreed upon-and explains a number of successful 
applications of this solution.• (Fishing licenses 
and catch-limits to protect the sport-fish popula
tions of the commons-lakes and streams-are an 
example of Hardin's "mutual coercion, mutually 
agreed upon.") . 

American Indians, Eskimos, Lapps, and many 
other traditional cultures evolved solutions to the 
tragedy that limit their demands on resources held 
in common. 1 Often these solutions are based on 
myths, traditions, technologies, and cultural prac
tices that are displaced following contacts with 
industrial society. The results are generally dis
ruptive and sometimes disastrous. 8 In the case of 
herding societies, the disruptive iufluences often 

"In a more recent essay, Hardin discusses his solution in terms 
of national efforts to protect biotk rcwarces from the tragedy 
of the commons and concludes that prnii:-ction of biotic re· 
sources is possible under eitna oocialism or free enterprise 
but not under the system of un;egulated commons (Garren 
Hardin, "Political Requirements for Preserving Our Common 
Heritage," Ch. 20 in Council on Environmental Quality, Wild· 
life and America, Washington: Government Printing Office, 
1979). HRrdin and John Baden propose other solutions in 
Managing the Commons (San Francisco: Freeman, 1977). 



234 TiiE PROJECTIONS 

.I ftDl.JIC. ._,... 

Nwnbel'.or Cattle ud Number of Sheep and Goatst 1955-2000 

(In millions of htad) 

Cattle Sheep and Ooats 

Annual Annual 
1955 Growth• 1976 2000• 1955 Growth• 1976 2000" 

Developing market economics' 514.3 1.7 696.3 904.3 587.8 1.3 7S4.3 944.6 
Africa 95.0 1.7 129.9 169.8 150.3 2.1 216.8 292.8 
Far East 214.8 0.9 2S4.0 298.8 130.5 1.7 176.6 229.3 
Latin America 175.7 2.4 265.6 368.3 1SS.9 0.2 161.4 167.7 
Near East 28.6 2.9 46.2 66.3 150.8 1.5 199.3 2S4.7 

Asian centrally planned economies 57.5 1.2 71.6 87.7 101.6 2.5 1S4.8 215.6 

Subtotal 571.8 1.6 767.9 992.0 689.4 1.5 909.1 1160.2 

Developed market economies' .225.0 1.6 302.0 390.0 364.8 -0.1 359.6 353.7 
North Africa 106.4 1.6 141.7 182.0 35.3 -2.7 15.0 0 
Western Europe 82.0 1.1 100.6 121.9 115.7 -0.5 103.0 88.5 
Oceania 21.7 4.7 43.2 67.8 170.1 1.0 205.0 244.9 

Eastern Europe and the U.S.S.R. 81.2 3.7 143.9 215.6 146.7 1.1 182.0 222.3 

Subtotal 306.2 2.2 445.9 605.6 511.5 0.3 S41.6 576.0 

World Total 878.0 U; 1213.8 1597.6 1200.9 1.0 1450.7 1736.20 

Sowct: TM Siau of Food 111111Agrioilnut1977, Rome: Food and Apiculture Or111niu1ion, Nov. 1977, Ch. 3, pp. J..16 (dnfl). 
"Boch the 1M111I pow'lh and the projcaion to 2lm ·are hued on a linear rather than c.1mpo11nd (i.e .. uponemial) growth model. Revlcwt11 of the manusalpl rcl11hat. In 
view of ran~ conditions • .n e1ponen1ial growth model 'ave unreali•titally large animal Pl pul11ions in 2lMU. . 
• Including countries in regions no! specified. 

come through modern medical technology, vet
erinary medicine, and increased access to water.' 
The consequence is of ten a growth in human and 
animal populations that cannot be sustained on 
the available grazing land. 10 

Lands suitable for grazing are limited, and al
ready available rangelands are overpopulated by 
livestock in many areas (as in the Free Range 
Grazing Pressure map in the colored map section 
of this volume). Data on t~is problem are limited, 
but its seriousness is illustrated by recent and pro· 
jected trends in numbers of cattle, sheep, and 
goats. Table 13-2 summarizes such livestQck data 
for 1955 and 1976 and projects the 1955-76 trends 
to the year 2000. 

The U.N. Food and Agriculture Organization 
(FAO) estimates that between 1955 and 1976, 
world cattle populations grew by more than 330 
million head. If these trends continue, approxi· 
mately 380 million additional cattle will be added 
to the world's herds hy 2000. In North America, 
the Soviet Union, Japan, and Europe, a signifi· 
cant portion of the growth in herds has been on 
feedlots, but elsewhere much of the growth is on 
open rangelands. 

Much of the global growth of cattle herds is 
projected to occur in the developing market econ-

omies-from 696.3 million head in 1976 to 904.3 
million in 2000, an increase of more than 200 
million head. Oceania, Eastern Europe, and the 
U.S.S.R. have experienced the world's most rapid 
growth in cattle populations. Oceania's cattle pop· 
ulations, with the world's highest growth rate at 
4.7 percent per year, almost doubled in two dec
ades, from 21.7 million in 1955 to 43.2 million in 
1976. Eastern Europe and U.S.S.R. cattle pop
ulations grew at 3. 7 percent per year over the 
1955-76 period, from 81.1 million to 143.9 mil
lion, and by 2000 are projected to reach 215.6 
million, more than three times 1955 levels. 

The most rapid recent increases in sheep and 
goats have been in Africa and the Asian centrally 
planned economies. Between 1955 and 1976 Af· 
rican sheep and goat populations grew by 66.5 
million, and in the Asian centrnlly planned econ
omies, they rose by 53.2 million. Sheep and goat 
populations in North America and Western Eu· 
rope have been declining. If present trends con· 
tinue, sheep and goats will have largely disappeared 
from North America by 2000, whereas, world
wide, sheep and goat populations are projected 
to increase by more than 280 million head be
tween 1976 and 2000. 

These recent and projected livestock in· 
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· creases-many of them concentrated in the al
.· ready heavily utilized, fragile grasslands of Eurasia, 
the Near East, Africa, the Far East, Oceania, and 
Latin America-signal accelerating rangeland de
terioration, soil erosion, and desertification in 
these areas. In describing the seriousness of the 
prospects, the f'AO recently reported that global 
livestock population growth has led to 
the serious deterioration of grazing land, partic
ularly in the Sahelian m:d Sudanian zones of Af
rica, and in parts of the Near East, the 
Mediterranean and North Africa. The grazing re
sources in these areas are to a large extent under 
arid and semi-arid conditions, and some of them 
have already been threatened for hundreds and 
sometimes thousands of years by overuse, leading 
to complete changes in the vegetation, which have 
left only shrubs of low palatability. Further in· 
creases m grazing pressure and aggravated misuse 
result in the complete devastation of all vegeta· 
tion, which finally ends in desertification. The 
problem has been magnified by the encroachment 
of cropping onto the grazing area, as a result of 
f;a-;ter population growth outside the range area. 
Jtmilar problems exist in other arid and semi-arid 
areas, for example, in continental Eurasia, in In
dia and Pakistan, and in Northeast Brazil. 11 

The Global 2000 Study projects further popu
lation growth, both within and outc;ide of the 
world's. major grazing lands. Such growth will in
tensify the pressure on these grazing resources, 
either for conversion to cropland or for feeding 
increasing numbers of livestock. 11 In a time when 
many of the world's free grazing commons have 
already been overgrazed beyond their ability to 
recover, the prospect is for even greater devas
tation of the world's remaining grazing commons 
by the year 2000. 

If the consequences oi overgrazing are to be 
avoided in the areas of the world so threatened, 
efforts will be needed to relate future herd sizes 
to the feed resources available. A pioneering 
global study of livestock feed resources and live
stock populations has been completed by the 
Winrock International Livestock Research and 
Training Center, Morrilton, Arkansas. The Win
rock study starts from an assessment of global 
livestock feed resources and the potential for their 
development. 13 This feed potential is then related 
to herd sizes and composition (to provide projec
tions of possible ruminant populations in 2000) 
a11d to the contributions these animals could make 
toward meeting human needs. 

The Wiorock projections of feed resources and 
ruminant populations are summarized in Tables 
13-3 and 13-4. Worldwide, the Winrock study 
foresees the possibility of a 13 percent increase 

in forage feed sources, a 75 percent increase in 
grain feed, a 68 percent increase in feed from by
products of the agricultural industry, a 98 percent 
increase in feed from oilseeds, and a 21 percent 
increase in feed from crop residues-an overall 
increase in ruminant feed resources of 18 percent 
over the 1970-2000 period. Based on these esti-. 
mates of feed resources and improved livestock 
management, Winrock projects that the world's 
herds could increase over the 1972-2000 period 
as follows: cattle by 27 percent; buffalo by 29 
percent; sheep and goats by 40 percent; total ru
ninants fcattle, buffalo, sheep, and goats) by 34 
percent. The prospects for increases vary mark
edly from region to region-from a high of 56 
percent for sheep and goats in middle America 
to no increase in a number of other areas. 

The Winrock projections differ in important 
ways from the relatively simple trend projections 
presented in Table 13-2. The Winrock projections 
start with the feed resources and attempt an as
sessment of how these could be developed. Since 
the projections of Table 13-2 are not as con
strained by feed resources, somewhat different 
results are therefore to be expected. The pro
jected cattle populations, for example, differ in 
that the Winrock estimates of potential growth 
are smaller. On the other hand, Winrock believes 
that the feed resources are potentially available 
for a larger increase in sheep and goats. However, 
.whatever the animal and whatever the increase, 
improved range management methods will very 
much be needed if severe overgrazing of forage 
resources is to be avoided in the decades ahead. 
The projected increases in herding populations 
can only increase the alreac'y severe pressure on 
range and grassland resources in many parts of 
Asia, the Middle East, north and central Africa, 
and Central America. 

Cultures Based on Shifting Cultivation 
Like the herdsmen just discussed, the cultiva

tors of traditional cultures also place intensifying 
pressure on the environmental commons as their 
populations grow. According to one estimate, 25 
percent of the world's land surface-primarily in 
tropical or subtropical regions-is occupied by 
about 300 million people who practice shifting 
cultivation. 1• (See the Land Use Patterns map in 
the colored map section of this volume.) In some 
areas, traditional agriculturists practicing shifting 
cultivation on lands that cannot sustain continual 
intensive agricultural use are beginning to damage 
permanently the productivity of the area and to 
reduce its carrying capacity. 
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·.TABLE 13-3 
Wlorock l'rojectlolJs of World Feed Resources for Ruminants; by Region 

In billions of Meal (10" caloriu) 

Fonge Seurca and Grain 

Forage Sources Grain 

Permanent Pasture and 
Meadows Arable Lands Nonagricultural Lands 

1970 2000 1970 2000 1970 2000 1970 : 2000·,:' 

North America 470 SlS 61S 700 17S 125 20S 33S 
Middle America 21S 3SO 60 70 30 IS 3 s 
South America 1,130 1,170 230 29S 230 110 IS IS 
Western Europe 310 310 220 220 40 30 9S 170 
Eastern Europe 11S 14S BS BS 10 10 3S . 6S, 
U.S.S.R. 300 310 S7S 670 lS IS so 100 
China 2SO 360 7S BS .. 20 ts 2 s 
North Africa, Middle East 180 200 ISO 230 IS 10 s ts 
Central Africa 8SO 900 240 300 3t0 300 I 1 
Southern Africa 190 20S 2S 30 IS IS 3 ·s 
India IS SS 41S 4SO IS 10 3 IS 
South and Southeast Asia 70 44S 220 24S · 130 so ·1 . s 
Japan s 10 2S . 2S 1 1 s lS 
Oceania S80 49S 17S 360 10 10 ts .ts 
Rest of world 140 140 s . .1.0 . 3 3 1 1 

··~ ,, .. 
World totaJ 4,820 5,610 3,llS 3,77S 1,019 719· 439 .;. . .767 

Other Soun:es 
Agri·lndustry 
By-products · Oilseeds Crop Residues World Total Percent of World 

1970 2000 1970 2000 1970 2000 1970 2000 1970 2000 

North America lS 20 2S SS 440 soo l,94S 2,250 16 IS 
Middle America I 1 1 1 6S 80 37S 522 3 4 
South America s 10 2 s 19S 32S 1,807 1,930 14 13 
Western Europe 10 IS 2S SS 275 280 91S 1,080 8 7 
Eastern Europe s 10 s 10 17S 180 430 sos 3 3 
U.S.S.R. 2S 30 10 lS 370 430 1,345 1,570 11 11 
China s s 1 1 S40 S9S 893 1,066 7 7 
North Africa, Middle East s 20 2. 2 110 135 467 612 4 4 
Central Africa 10 10 1 I 130 160 1,542 1,672 12 11 
Southern Africa 1 1 l 1 2S 35 260 292 2 2 
India 30 6S s s 270 350 7S3 9SO 6 7 
South and Southeast Asia 10 20 1 1 235 300 667 1,066 s 7 
Japan 2 2 2 10 45 4S BS 108 I I 
Oceania 3 s I 1 JS lOS 819 991 6 7 
Rest of world 1 1 I I 3S 40 186 196 2 1 

World total i28 21S 83 164 2,945 3,560 12,549 14,810 100 100 

Sotllff: H. A. Fi1zhuh1. H.J. Hodpon. O. J. Scoville. T. D. Nauyen. ind T. C. B,crly, 711r Rolrof Rumln11J111 /11 Supponof Mon, Monlllon. Ark.; Wlnrock 
Uvestock Research and Tr1ln!n1 Center. Apr. 1978. 

When conducted in moderation on suitable 
slopes and at human population levels within the 
carrying capacity C'f the environment, shifting cul
tivation is a sound and appropriate practice. Un
der ml'lderate demands, shifting agriculture is 

usually sustainable for long periods of time and 
with low requirements for energy subsidies or ex· 
ternal capital. A recent U.N. report noted that 
shifting agriculture "achieves high productivity 
per man-day with small capital investment •... 
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TABLE 13-4 
Wlnrock Projections of World Ruminant Populations, by Region 

• <illle eurrato Sheep and Goats Camels• 

Percent 1972 2000 Percent Percent 
1972 'lOOO Increase Increase 1972 2000 Increase 2000 

millions millions millions millions. 
North America 130 156 20 21 2S 19. 
Middle America 39 S9 Sl 16 2S 56 
South America 190 286 Sl 0.1 142 214 Sl 6,154 
Western Europe 89 107 20 0.1 0.1 0 94 113 20 
Eastern Europe 35 42 20 0.3 o.s 67 43 52 21 -
U.S.S.R. 102 123 21 0.4 145 218 so 'Jf1'1 
China 63 82 30 29.7 38.6 30 129 194 so 17 
North Africa, Middle East 44 S1 30 "4.8 6.2 29 216 323 so 6,16S 
Central Africa 116 ISO 30. 157 235 so 7,6S6 
Southern Africa 16 19 19 4S 67 49 ;_ 

India 179 179 0 S1.9 75.3 30 108 130. 20 1,464 
South and Southeast Asia 75 112 49 33.2 43.1 30 75 113 St 1,489 
Japan 4 4 0 
Oceania 37 33 19 224 269 20 
Rest or world 11 13 18 19 27 42 1,059 

World total 1,130 1,435 27 126.6 168.8 29 1,435 2.oos 40 24,311 

Sof<rct: H. A. Fltzhuah. H.J. Hodgson, 0. J. Scoville. T. D. N1u1en, and T. C. Byerly, 11rr Rolr of R11mlnan11 In SllfJponof Man, Morrilton, Ark.: Wlnrock lntemitlonal 
Uvestock Research and Tralnlna Center, Apr. 1978. 
•Camel popul11ion1 were not available for 1972. 

If cultivation is not prolonged, rapid regeneration 
of secondary forest vegetation occurs when the 
land is abandoned." 15 

The importance of the phrase "if cultivation is 
not prolonged" must be emphasized. Sustainable 
shifting agricultural requires periodic fallow pe
riods for the cultivated lands to rebuild soil fer
\ility .• , 

The possibilities for maintaining an adequate 
fallow cycle are closely related to size of the shift
ing cultivator population, and to the land area 
available. The Global 2000 Study's projections 
suggest that the size of these populations will in
crease by 50-70 percent by 2000. The amount of 
land '1urned* and cultivated each year by shifting 
cultivators will also increase. Where will this land 
come from? 

Virgin forest lands are not likely to be available 
to meet all of the incre<ised land needs of shifting 

'Little has been written about the local and global effects on 
air quality and climate of burning for agricultural clearing and 
weed control, but accidental forest fires have somewhat similar 
effects (sec "Air Quality and Smoke from Urban and Forest 
Fires: An International Symposium," Washington: National 
Academy of Sciences, 1976). One of the primary atmospheric 
effects is thought to be a large contribution of particulalcs. It 
is now also thought that this burning contributes to the ac
cumulating concentrations of carbon dioxide in the earth's 
atmosphere (George M. Woodwcll ct al., "The Carbon Diox
ide Problem: Implications for Policy in the Management or 
Energy and Othtr Resources," report to the Council 011 En
vironmental Quality, July 1979.) 

cultivators. In the forestay projections in Chapter 
8, approximately one fifth ~f the world's remain
ing forests are projected to b~ removed by 2000. 
By far the largest portion of the fc!·est losses will 
occur in developing ~<luntries with large popula
tions of shiftiag cultivators. As a result of reduced 
forested areas and the spread of settled agricul
ture, shifting cultivators will be forced to return 
with increasing frequency to lands previously 
cleared and cultivated. Fallow periods will una
voidably shorten, leading to nutrient losses, ad
verse ·shifts . in the species composition in the 
naturally occurring flora and fauna (a reduction 
of overall species diversity and an increasing pre
ponderance of weed species), and deleterious al
terations of the soil structure. 17 Although crops 
may be grown temporarily in some areas following 
a short fallow period, the ultimate result of short
ening the fallow cycle is increased nutrient leach
ing from soils, acceleratin~ competition from 
weeds, and declining yields. 1 

The projected growth of shifting cultivator pop
ulations will also lead to increased use of marginal 
and submarginal lands. Such lands have generally 
been avoided in the past because of the known 
agri::ultural risks and low yields typical of such 
areas. However, as good land becomes scarcer, 
the erosion-prone soils of steep slopes and the 
lateritic soils of humid tropics are likely to be 
cultivated. Steep slopes erode rapidly when cleared, 
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inc-ceasing flooding, drought, and siltation down
stream. Similarly, lateritic tropical soils can quickly 
become unproductive when misused. If intensive 
shifting cultivation is continued in such areas, 
even the forest's ability to regenerate can be 
threatened. 1' 

The populations of traditional cultures-both 
herdsmen and shifting cultivators-already exert 
large, population-related environmental effects 
on approximatdy a quarter of the world's land 
.area. The Land Us.: Patterns map and Free Range 
Grazing Pressure map (in the colored map sec
tion) show large expanses of the globe now peo
pled by herdsmen, pastoralists, and peoples 
practicing shifting crop culture. Although data on 
these populations and their effects on the envi
ronment are quite limited, most experts agree that 
large and growing numbers are involved. 30 Al· 
ready major reductions in the productivity of parts 
of Eurasia, the Near East, Africa, Oceania, and 
Latin America have been observed. 11 Some of the 
productivity losses are very severe. 22 Reductions 
in land productivity by as much as 90 percent were 
reported for several areas during the 1977 U.N. 
Conference on Desertification." 

The Globa! 2000 Study's population projections 
indicate that by 2000 the populations of traditional 
cuJtures will have increased significantly, nearly 
doubling in some areas. If p1cst;:nt trends con
tinue, these populations can be expected to con
tinue growing well into the 21st century,• but in 
some areas, the trends may change. Evidence is 
accumulating that agricultural and grazing lands 
in parts of Africa, Asia, the Near East, :md Latin 
America are already under such hea•:y stress that 
they simply cannot be expected to retain their 
present productivity through another two decades 
of intensifying human and animal population pres
sure. 24 In such areas, further population growth 
Makes major losses of b:otogical life-support ca-

city virtually inevitable. 

Population and the Environment In 
Industrialized Cultures 

Like traditional cultures, modern industrial cul-

•Erit Eckholm points out that many or the cultivators re· 
spondble for deforestation, soil erosion, etc., are not "tradi· 
dona!" shifting cultivators but rather landless castoffs of 
modem development processes. They are not ecologically 
lkilled lik.e tribal people, but are trying to farm wherever they 
can. Dri\·en by po'lulation growth, unequal land tenure. and 
unemployment, these people are moving onto hillsides and 
desert margins. Poverty itself is a cause or some forms of 
environmentt1I deterioration. (Erik Eckholm, The Dispos· 
lt#C!d of thci Earth: Land Reform and Sustainable Develop· 
mtnl, Wuhlnaton: Worldwatch Institute, June 1979.) 

tures, • place population-related pressures on the 
environment. They face the same basic problem 
of the tragedy of the commons, but there are at 
least three important differences between indus
trial and traditional cultures. First, an additional 
person in an industrial society makes larger de
mands on the world's resources than does an ad
ditional person in a traditional society. Second, 
the environmental pressures produced by an ad
ditional person in an industrial society are trans
mitted by transportation and commerce over a 
much wider geographic area than are those of an 
additional person in a traditional society. Third, 
the economies of industrial cultures are much 
more complex than those or traditional cultures, 
complicating the analysis-and even the percep
tion-of population-related environmental im
pacts of industrial cultures. 

It is often asserted that somt- small percentage 
(e.g., 6 percent) of the world's population living 
in industrial cultures consumes some dispropor
tionately large share (e.g., 60 percent) of the 
world's resources. While this assertion is true in 
some generalized sense, the percentages often 
quoted are not as easily devoJoped as the asser
tions might suggest. One of the major difficulties 
in comparing the resource consumption (e.g. com
mercial energy) of an "average" person in an in
dustrial society with that of an "average" person 
in a traditional society is that the industrial person 
uses a significant portion of the resources to pro
duce products that are ultimately exported and 
"consumed" in other countries. Food is probably 
the resource that is easiest to compare directly 
because relatively little human energy (the end 
product of food consumption) is exported as com
pared to the human energy exported in industrial 
products,t Tables 13-5 and 13-6 present data on 
•111e populations of most industrial cultures and nations are 
increasing both as a result or natural increase and as a result 
of immigration. The effects or immigration are discussed 
brieOy in Chapter 2. One of the problems associated with 
demographics in industrial cultures is that those immigrants 
who enter a country illegally avoid contact with the govern· 
ment and are often not counted in official census figures. A~ 
immigration continues, the demographic importance or un· 
counted ;:>ersons will increase. A demographic analysis by 
Robert Cook (available from the Environment Fund, Wash· 
ington) suggests that as or mid-1979, the official population 
figures for the United States are about 3 JY.:rcent low, in part 
because of uncounted immigrants residing illegally in the U.S. 
Concern has already been expressed about the accuracy that 
will be achievable in the 1980 Census (T. R. R. Reid, "Billion· 
Dollar Nosecount of '80 Fated to be Wrong," Washington 
Post, June 10, 1979, p. A2). 
tEven here, the comparison i~ not clear-cut because there is 
a significantly higher human energy content in the goods ex· 
purted by traditional cull!Jres (such as oriental rugs) than in 
most industrial goods. 
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TABL.E l~S 
Annual Grain Consump1tlon per Capita In the 20 

Most Populous Countries, 1975• 
Kilograms 

United States 
U.S.S.R. 
Spain 
France 
Federal Republic of Germany 
Turkey 
Italy 
United Kingdom 
Me1.L1:0 
Egypt 
Japan 
BrAZil 
Thailand 
People's Republic of China 1 

Bangladesh 
Pakistan 
Philippines 
Indonesia 
India 
Nigeria 

708 
64S 
SOB 
446 
441 
415 
413 
394 
304 
286 
274 
239 
22S 
218 
203 
171 
157 
152 
ISO 
92 

Sowa: Lcslcr R. Brown, 171r 'f'ww:1·Nillllt Dq, New York: Norton, 19'18, p. 
200. 
• 1nc1uc1cs pain conawned botb dl~l.y and illdlrcaly (In the form of meat, milk, 
llldcaa). 

the food and commercial energy consumption per 
capita in the 20 most po•pulous countries. The rel
atively "industrial" nations clearly tend to have 
substantially higher pm capita consumption of 
both food and energy than the relatively "tradi
tional" nations. 

Another approach to comparing the resource 
and environmental impacts of industrial and tra
ditional societies is to compare the discarded 
waste from each. In traditional societies very few 
resources are lost as waste. Even human excre
ment is returned to tt.te soil where it adds nu
trients. In industrial societies, wastes of every 
kind are extensive and environmentally damag· 
~~ . . 

In the United States, for example, mdustnal 
solid wastes generated in 1977 totaled about 344 
million metric tons, and the amount of these 
wastes is growing at about 3 percent per year. 15 

The Council on Environmental Quality (CEO) 
reports that solid w Jste·s, fr?m residential and ~m
mercial sources were ':stm::tted at 130 malhon 
metric tons in 1976. Bnued on present trends and 
policies, the project!~n for 1985 is 18~ million 
metric 'ons. 'these rising waste generat10n rates 
reflect increasing use o.f raw materials and en
ergy.» Currently, the average person in the 
United States produces about 1,300 lbs. of mu
nicipal solid waste annually. 17 

TABLE 13-6 
Energy Consumption per Capita In the 20 Most 

Populous Countries, 1974• 

United States 
Federal Republic of Germany 
United Kingdom 
U.S.S.R. 
France 
Japan 
Italy 
Spain 
M~xico 
Brazil 
People's Republic of China 
Turkey 
Egypt 
Philippines 
Thailand 
lndl11 
Pakistan 
Indonesia 
Nigeria 
Bangladesh 

Kilograms 
of Coal 

Equivalent 

11,485 
S,689 
S,464 
S,252 
4,330 
3,839 
3,227 
2,063 
1,269 

646 
632 
628 
322 
309 
300 
201 
188 
JS8 
94 
31 

----------~-·--------------------~ Sowt:t: Later R. Brown, TM fWftt/y·Nltttli 0.y, New York: Norton, 1978. p. 
202. 
• Excludes Rrcwood and duna. 

The cost of disposing of this waste is high-$9 
billion in 1977-and the rate of resource recovery 
is low-about 7 percent. 21 CEO reports• that the 
recovery rate could be tripled by individuals set· 
ting aside recyclable materials such as newspa· 
pers, glass, and metal for separate collection or 
delivery to recycling centers. 19 The composition 
of municipal refuse generated in the Unite~ ~tates 
in 1977 is illustrated in Table 13-7. In add1t1on to 
reducing per capita mineral resource demands, 30 

recycling has energy-saving and environmental 
advantages. CEO reports, for example, that mak
ing steel reinforcing bars from scrap instead of 
from virgin ore takes 74 percent less energy and 
51 percent less water, creates 86 percent less air 
pollution emissions, and generates 97 percent less 
mining wastes. 31 

Per capita wastes and demands on environ
mental and other resources in the United States 
are not typical of all industrial societies, but in 
general an "industrial person" seems likely to 
have a larger impact on the world's resources and 

•since this text was written, CEO has reported further on 
resource: recovery. (See Council on Environmental Quality, 
"Municipal Solid Wastes," in Environmt'ntal Quality: the 
Tt'nth Annual Rtport of the Countil on l nvironmmtal Quality, 
Washington: U.S. Government Printing Office, 1979.} 



240 THE PROJECTIONS 

TABLE 13-7 

Post·Com8me'r Re91den6il ~nd Commercial Solid Waste Generated and Amo11nts R~vered, by Type 
. . . of Material, 1977 

· (As·genrrated wet weisht, in millions of tons) 

Material Recovery Net •w1iste disposed of 

Percent of 
Percent Nonfood 

Gross of Total Product 
·Discards Quantity Percent Quantity Waste Waste 

Paper 49.2 10.2 20.7 39.0 28.6 46.9 
Glass 14.7 o.s 3.4 14.2 10.4 17.1 
Metals 13.7 0.4 2.9 13.3 9.8 16.0 

Ferrous 11.9 0.3 2.S 11.6 8.S 13.9 
Alumirmm 1.4 0.1 7.1 1.3 1.0 1.6 
Other nonferrous 0.4 0.0 0.0 0.4 0.3 o.s 

Plastics S.3 o.o o.o S.3 3.9 6.4 
Rubber 3.3 0.2 6.1 3.1 2.3 3.7 
Leather 0.6 0.0 0.0 0.6 0.4 0.1 
Textiles 3.0 0.0 o.o 3.0 2.2 3.6 
Wood 4.7 0.0 o.o 4.7 3.4 S.6 

Total nonfood product waste 94.S 11.3 12.0 83.2 61.0 100.0 

Food waste 23.8 o.o 0.0 23.8 17.4 28.6 
Yard waste 27.3 0.0 0.0 27.3 20.0 32.8 
Miscellaneous inorganic wastes 2.2 0.0 o.o 2.2 1.6 2;6 

Subtotal 147.8 11.3 7.6 136.S 100.0 164.0 
Energy recovery +0.7 o.s -0.7 

Total recovery 12.0 8.1 
Total nel disposal 135.8 

S11111tt: Franklin Auociate1 (Prairie Village. Kan.), l'ost•C011Jumtr Solid Wastt and Rno11rct Rrcovny Bast/int: Wor.tlnr Pip m, draft prep111d for the Rcsoun:e 
Conservation Committee. U.S. Environmental Protrction Agency, May 16. 1979. p. 22. 

environment than a "traditional person." Fur
thermore, the industrial person has less direct ex
perience of the impacts being made on the 
environment than the traditional person because 
the industrial person is separated by distance from 
many of the more severe forms of environmental 
degradation caused by modern industrial cul
tures. 3J To many urban members of industrial so
cieties, energy comes from an electrical outlet and 
food comes from grocery stores. Relatively few 
have had anything to do with the strip mines, 
power plants, and nuclear waste facilities involved 
in producing "clean" electricity or with the air 
and water pollution associated with steel manu
facturing and with the chemicals used in "indus
trial" agriculture. The complex economic web of 
trade and commerce extends the environmental 
impacts of each additicnal industrial person across 
oceans and continents (see the map Extent of 
Commercial Activity in the colored map section 
of this volume). 

The complexities of trade and industrial com-

merce do not alter the fa.ct that increases in in
dustrial populations and their wealth-like 
increases in herdsmen and cattle-threaten the 
resources of the environmental commons. The 
fundamental population··related problem pre
sented by the tragedy of thie commons '' • .. ..:es both 
traditional and industrial societies. As Garrett 
! ~ardin has shown, common environmental re
sources can be protected by "mutual coercion, 
mutually agreed upon" both under socialist and 
under market economic systems. :u The socialist 
approach is illustrated by !the examples of the So
viet Union 35 and China36

• The market (or mixed) 
economy approach is illm.trated by U.S. efforts, 
among others. 37 It should be noted, however, that 
both socialist and market economic systems face 
two incompletely resolvi::d difficulties in protect
ing the resources of the e:nvironmental commons: 
They place a monetary value on environmental 
~e~;ources and weigh present and future costs and 
b\.;nefits of resour..:~s and. :protective measures. 

Under the theory of n.1arket economies, the 
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price of a good (or service) has a major influence 
on demand, and to the extent that environmental 
'costs are included in market prices, the market 
can help control the demand for and use of the 
environmental commons. A valuation problem 
arises because many environmental cost!' (e.g., 
degraded water and air quality or loss of .species 
and wilderness) are borne by a large portion-or 
all-of society. Called "externalities" by econo
mists, these costs are genernlly not included in the 
price of a particular good or service. Unless en
vironmental costs are included i.1 lhe market 
price, the market cannot act to protect _the envi
ronment.• Similar environmental valuation prob· 
terns arise under socialist economic systems, 
because government-set prices often fail to retlect 
external costs any more adequately than market 
prices. . . . 

The second problem involved m usmg either 
socialist or market economic systems to protect 
the environmental commons is that of intergen
erational equity. 38 In most societies, a present
value approach is used in economic decision-mak
ing. Under the present value appr~ach, futu.re 
benefits and costs are valued less (1.e., are dis
counted) relative to cuaent benefits and. c?sts. 
The higher the discount rate the more ~1fftcult 
conservation and environmental protection be
come. 39 

Whatever economic system is involved, in
creased numbers of people lead to increased en
vironmental pressures. The magnitude and 
character of these pressur-:s depends significantly 
on the tyre of culture. The Global 2.000 Study's 
projections sugges,t that the. popul~t1ons of tr a
ditional cultures will be growmg rapidly (at more 
than 2 percent per year in sc me cases) in the dec
ades ahead. Increased overgrazing and shortened 
fallow cycles will aggravate erosion, f?rest losses, 
and desertification. In part-; of Eurasia, the Near 
East, Africa, Oceania, and Latin America, the 
land cannot be expected to .. etain even its p~e~·ent 
productivi~y unde~ another. lwo decad~s of mte~
sifying stress, as discussed m later sections of this 
chapter. The Global 2000 St11<.ly's p~ojectio.ns 
show the population growth rates of mdustnal 
societies falling by about a quarter by 2000. The 

"Enerr provides an example o{ the cxtcrnal;tics problem. 
There are many external environm.ental costs tr cn.ergy pro· 
duction that are not 1,.;w inrludcd m the market mcc of en· 
ergy. Although this pr~bleu1 i~ not res.olved'. m•:.::h thought is 
being given to alternative mctho~s. of mcludm~ extern~! costs 
into the market price of goo<ls. W1lhan_i Ramsey s Unpaid <:_osts 
of Eltctrical Entrgy: Health an~ Enwo11111enta! lm,11.act: J ·~r1 
Coal and Nucltar Powe1 (Balt1morc: Johns '"·"P"'l'."~. 19,9) 
provides a useful introducti(l.t to this problem. 

population increase in the Soviet Union, Europe, 
and North America (about 200 million) is small 
compared to the rest of the world (about 2 bil
lion), but the per capita resource and environ
mental impacts of industrial societies are relatively 
large. However analyzed, population increase 
throughout the world must be regarded as a major 
source of stress on the common environmental 
resources of the earth. 

Population Distribution and the 
Environment 

The nature of the demands and impacts a pop
ulation makes on its environment depends in part 
on how its people are distributed over the land. 
For both developing and industrialized nations, 
this distri1'ution has been changing. The trend has 
been toward a decreasing proportion of the 
world's p~·pulation living in rural area .. and an 
increasing proportion living in urban areas. 

Over the past two centuries the g1owth of r~l
atively der.se human settlements ha~ been rapid, 
even more rapid than the growth of the world's 
population. Between 1800 and 1950, the world'.s 
population increased by a factor of 2.~ .. Ov~r this 
same period the number of persor.s hvmg m hu
man settlements of 20,000 or more h'creased from 
22 million to more than 500 million. a factor of 
23. The populations of large induii•rial cities 
(100,000 or more inhabitan~s) in ~me:-ica, E~
rope, Oceania, and the Soviet Umon grew still 
faster, increasing by a factor of 35. Recently, Mw
ever, ·urban expansion in developed countries 
(especially in Europe) has slowed. Large cities in 
the LDCs grew less rapidly than large cities in the 
industrialized nations during this period, but since 
1900, LDC urban growth has accelerated. 40 

United Nations reports suggest that trends to
ward urbanization may continue. 41 In 1950, 29 
percent of the world's populati?n lived in urban 
settlements. The urban population share grc..-.· to 
39 percent in 1975 and is projected to approach 
50 percent by 2000. 41 Using the Global 2000 
Study's medium world popula\ion figure, 5~ ~··
cent urbanization would mean more than 3 bdhon 
urban residents in 2000. Such a population dis
tribution would have significant environmental 
implications in both less developed and industrial
ized nations. 43 

Urbanization and the Environment In the LDCs 
How much urban growth can be expected in 

the LDCs by the year 2000? The Global 2000 
Study's projections do not include detail regarding 
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TABLE13-8 

Urban Population In AU Cities or 100.000 or More 

World 
Industrialized countries 
Leis developed countries 

1950 1975 2000 

millions 
392 903 2,167 
262 503 756 
130 480 1.411 

Soluff: Tmub fUld l'rosptt11 In tht Populatloiu oj Urban Automttadons 19'0-
2000, a .Umud In N7J-.1975, New York: United • '11ions 197S 

rural or urban populations, but an estimate of the 
LOO.' urban growth can be obtained from United 
Nations information. 

Projections reported by the U.N. Secretariat 
indicate that urban areas will absorb 59 percent 
of the increase in LDC population between 1975 
and 2000. 44 The Global 2000 Study projects a net 
population growth of 2.0 billion persons in the 
developing nations. Applying the U .N. urban per· 
centage to this figure, the urban populations of 
the LDCs would increase by about 1.2 billion by 
2000. As illustrated in Table 13-8, U.N. projec
tions are similar, but somewhat higher. 

Most of the projected increase would occur in 
existing cities, and as a result many LDC urban 
populations wouJd become almost inconceivably 
large. For example, by 2000 Mexico City would 
house nearly 22 million persons-about 4 times 
New York City's present ~opulation. 45 Sao Paulo 
would surpass 26 million. Altogether, more than 
400 cities would be expected to pass the million 
mark, mtJst of them in developing countries. 47 The 
projected growth of selected LDC cities is illus
trated in Table 13-9. 

The most rapid urban growth of less developed 
countries occurs in the "uncontrolled settle
ments"-urban slums and shantytowns, where 
sanitation and other public services are non· 
existent or, at best, minimal. Already more than 
half of the populations of many larger cities-for 
example, Buenaventura in Colombia, lsmir and 
Ankara in Turkc:y, and MaracJibo in Venezuela
live in uncontrolled settlemc;nts, 48 as do more than 
:i quarter of the populations of Baghdad, Seoul, 
Calcutta, Taipei, Mexico City, and Rio de Ja-
1eiro. 49 Recent estimates indicate that the pop· 
ilations of many uncontrolled settlements are 
:loubling in size every 5-7 years, while the urban 
><>pulations as a whole double every 10-15 years. 99 

rite more rapid growth of the uncontrolled sr•
lements means that as time goes on, a larger frac
ion of the LDC urban population will be living 
n these settlements. In Bombay, where uncon· 
rolled settlements are among the largest in the 
vortd, 45 percent of the 6 million urban popula-

TABLE 13-9 

Estimates IDd Rough Projections or Selected Ur· 
ban Aglomeratlons In Developing Countries 

Calcutta 
Mexico City 
Greater Bombay 
Greater Cairo 
Jakarta 

·Seoul 
Delhi 
Manila 
Tehran 
Karachi 
Bogota 
Lagos 

1960 1970 1975 2000 

Millions of persons 
5.5 6.9 8.1 19.7 
4.9 8.6 10.9 31.6 
4.1 5.8 7.1 ·19.1 
3.7 5.7 6.9 16.4 
2.7 4.3 5.6 16.9 
2.4 5.4 7.3 18.7 
2,3 3.5 4.5 13.2 
2.2 3.5 4.4 12.7 
1.9 3.4 4.4 13.8 
I~ 33 4~ 1~9 
1.7 2.6 3.4 9.5 
0.8 1.4 2.1 9.4 

SoMrct: U.N. catlm11es and medium variant projections. as published In Dtpon• 
mt11t t>/ Stiw Blllltrin, Fall 19711. p. 17. 

tion in 1971 was living in squatter villages and 
slums, and the squatter-slum population was 
growing at 17.4 per cent per year. 5 

The rapid growth of LDC urban populations 
will create unprecedented pressure on sanitation 
and other public services by 2000. Waste disposal, 
water, health care, shelter, education, food, and 
employment will be needed for approximltely 1.2 
billion additional urban residents. Simply to pro
vide in 2000 the same per capita services that now 
exist, the LDCs will need to increase all of the 
services, infrastructures, and capital of their cities 
by roughly two-thirds-and this massive increase 
would provide no net improvement in service~. 
The degree to which public services are providt~ 
will, in large measure, determine future environ
mental conditions in LDC cities. 

Safe drinking water and sewage disposal are 
two of the most basic indicators of LDC urban 
environmental conditions. While conditions im
proved over the 19'/0-75 period, large numbers 
of LDC urban residents still do not have access 
to safe drinking water. A 1975 World Health Or
ganization (WHO) survey5l indicated that at that 
time 24 percent of the urban populations in LDCs 
nid not have house water connections, or even 
access to standpipes, and 25 percent were without 
even household systems for excreta disposa~. • 

Progress in providing basic LDC urban servict.S 
also appears to have varied significantly according 
to income group. The WHO survey found the 

*For comparison, 78 percent of the LDC rural population did 
not have access to an adequate water supply, and 86 percent 
were without even household systen.s for excreta disposal. 
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. in:;tallation of piped indoor water connections 
were ~nning well in excess of anticipated rates; 
thus, 1t was proposed that the 1980 target for in· 
stallation of connections from piped public water 
supplies be moved upward from 60 to 68 percent. 
On the other hand, service from public standpipes 
increased slower than anticipated, and the pro
posed target for this form of service has been 
moved downward from 40 to 23 percent. 53 These 
trends suggest that service is being provided more 
rnpidly to the relatively affluent middle-class 
neighborhoods than to the very poor in the rapidly 
growing uncontrolled settlements. 

Provision of potable drinking water in LDC 
cities is a service closely related to the problems 
of sewage treatment and disposal. A 1976 report 
found that only 3.3 percent of the world's LDC 
urban population lived in dwellings connected to 
sewer systems that were in turn connected to some 
form of conventional treatment facility or oxida
tion pond. The dwellings of another 23.7 percent 
were connected to sewer systems without any 
form of sewage treatment capability. Household 
systems-pit privys, septic tanks, and buckets-
were used by 42.1 percent. The remaining 30.9 
percent did not even have a pit privy. 54 

While WHO reports that over the 1970-75 pe
riod an increasing percent of LDC re~idents are 
served by sewers, the projected growth of slums 
and uncontrolled settlements projected in the 
years ahead present an unprecedented challenge. 
In Sao Paulo, the number of homes served by 
sewers increased over the 1940-75 pciod, but the 
proportion of urban dwellers served by sewers 
dropped from 38 percent to 29 percent over the 
same period.55 n~ high capital costs of Western
style sewage systems lead many development spe
cialists to advocate less costly composting toilets 
as an alternative.56 

Without basic hygienic facilities, LDC urban 
populations face the constant threat of epidemir.s 
and the daily reality of rampant infectious disease. 
The health impacts of sewage pollution of water 
are already serious in LDCs. Growing popula
tions-and the resultant sewage burdens in streams, 
rivers, and lakes and along coastlines-are 
spreading several waterborne diseases in maa1y 
urban communities. Recent figures on the impact 
of waterborne diseases in developing countries 
show that such diseases are responsible for 40 
percent of the affected countries' mortality and 
60 percent of their morbidity. In areas occupied 
by more than 67 percent of the world's popula
tion, dysentery, typhoid, cholera, and hepatitis, 
the major causes of death, can be linked to in· 
adequate sewage treatment. 51 

Env.ironmental problems in LDC urban areas 

are by no means attributable to growth only in 
the poor~st classes; growth in the more affluent 
classes also creates environmental problems. One 
indicator of the environmental stress produced by 
growth of the aftlue~t classes is the increasing 
numbers of automobiles and the associated air 
pollution. Although statistics on LDC urban air 
quality are very limited, a few examples will serve 
to indicate some nf the general trends: 

• In <:aracas, Venezuela, the motor vehicle pop
ulation grew at an annual rate of around 10 
percent prior to 1974. With the increase in in
cor'.~S brought ahout by 1973 oil prke increases, 
the figure rose roughly 20 percent during 1974 
and 1975. Vehicles now produce 90 percent of 
the air contaminants in Caracas. At peak traffic 
hours, the carbon monoxide concentrations 
reach 40-45 parts per million (ppm); the aver
age urban concentration is 25-30 ppm. 58 An 8-
hour exposure to even 20 ppm is described by 
the U.~. Environmental Protection Agency as 
"very unbealthful." 59 

• Air pollution problems in most LDC cities are 
made worse by the fact that many automobiles 
use~ are. old and in poor state of repair, and 
their engines release relatively high amounts of 
carbon monoxide, particulates, and smog-pro
ducing hydrocarbons. In addition, other motor
ized vehicles causing relatively high releases of 
air pollutants (motorbikes, scooters, motorcy
cles) are common in LDC cities. LDC urban air 
pollution problems are further intensified by the 
lack of vehicular air pollution control laws and 
associated emission-control devices for internal 
combustion engines. 

" Ecologist Carlos Bustamante of Peru's National 
University of Engineering noted recently that 
Lima's serious air pollution problems are not 
just due to i2s low diffusion of contaminated air 
(Lima is surrounded on three sides by Andean 
foothills). He claimed much of the problem was 
due to the city's numerous old and poorly main
tained vehicles and estimated that such vehicles 
emit five times more pollution than new curs." 

• In the capital city of Ankara, the Turkish Health 
Ministry recently reported that the air was laden 
with 2.5 times more sulfur dioxide and four 
times more smoke than the maximum levels set 
by WHO. Because of this condition, the Min· 
istry reports that cases of bronchitis, asthma, 
pneumonia, heart attacks, and other diseases 
caused br the air pollution have sharply in
creased.' 

• Bombay, India, is another city suffering from 
serious air pollution. A recent government sur-
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vey found that, largely because of industrial 
growth, pollutants enter the area's air at the rate 
of 1,000 tons every four hours. ' 1 The air pol
lutants include 38.4 percent carbon monoxide, 
33.4 percent sulfur dioxide, and 9.8 percent ox
ides of nitrogen. In one residential area of Bom
bay, the residents were found to be inhaling 
very large amounts of sulfur dioxide every day, 
and most were suffering from cough, constant 
sneezing, asthma, bronchitis, chest pain, and 
fatigue.'-' Bombay's nearly 300,000 automobiles 
have added to the air pollution caused by local 
indust!], magnifying the respiratory disease im
pacts; 
Migration to cities will continue to be a major 

component of urban growth in LDC nations as 
long as mral populations, especially the rural 
poor, believe that urban areas offer greater eco
nomic opportunities than rural areas. As urban 
populations continue to expand, however, eco
nomic and environmental conditions may change. 
Existing trends indicate that the problems of air 
and water pollution can be expected to worsen, 
and the spread of waster-borne diseases-and 
even the disposal of the dead •-will present in
creasing threats to human health. Urban econ
omies will he hard pressed to keep pace. Housing 
and employment arc in short supply. and energy 
will present increasing difficulties, especially for 
the LDC's urban poor. Many can no longer afford 
kerosene or gas and depend on firewood and char· 
coal. In some areas the price of firewood has in
creased at rntes exceeding international oil price 
increases65 (see also the forestry section of this 
chapter). The FAO reports that in some areas of 

•Disposal of the deud presents fewer physical and health prob· 
lems in countries where religion and custom encourage cre
mation. In cultures where burial is preferred and space is 
scarce, public health issues become more important. The dif· 
faculties are most severe in LDC cities following an earthquake 
or some other teuporary cause of high mortality but can occur 
in Industrialized countries as well. A particularly striking e"· 
ample of the cumulative problems that burial can present oc· 
curred in France during the late 1700s. The pri11cipal cemetery 
In Paris had accumulated some 2 million bodies in a space of 
only 1 • ·. : '! 65 yards. The Smi1hsonian magazine reports: "This 
human \.vmpost heap was 30 feet deep and e"tended seven 
feet above ground. In 1780, in a catastrophic landslide, the 
walls of an entire apartment block adjoining the cemetery gave 
way and 2,000 corpses slid into the cellars, giving off a stench 
that well-nigh asphyiiiated the residents above. It was clear 
that new arrangements were urgently needed. But the turmoil 
of the French Revolution ancl the establishment of the Na· 
poleonic Empire precluded the opening of [the new) Pere
Lachaisc [cemetery) until 1804." (Robert Wallace, "The Ele
gies and Enigmas of Romantic Pere-Lachaise," Smithsonian, 
Nov. 1973, pp. 108-15. 

Asia and Africa, firewood now absorbs 15-25 per
cent of household income." 

Will the trends continue? Some observers are 
beginning to have douhts. Harold Lubell, project 
leader for an International Labor Organization 
study of six major Third World cities, concludes 
that "there appears to be a saturation point, and 
when this is reached migration falls off in response 
to declines in the urban economy." 67 Lester R. 
Brown, President of the Worldwatch Institute; 
questions whether sufficient food will be availablei 
to LDC cities, either from other countries or fro~ 
domestic sources in large enough quantities and 
at low enough prices to allow the urbanization 
trends to continue for many more years. 61 In ef
fect, negative feedback may slow the growth of 
already overcrowded cities. 

If present trends do continue to 2000, urban 
populations would approach a majority of the 
world's population, 69 and the largest urban areas 
would be in the LDCs. The ecoriomic and envi
ronmental challenges implied by these trends are 
enormous. Whether these challenges can be met 
to the degree necessary if the trends are to con
tinue is an open question. 

Urbanization and the Environment In Industrial 
Nations 

Over the past several decades population pat
terns in most industrial nations have changed sig
nificantly. Rural to urban migration has created 
large national majorities of urban dwellers, de
clining populations in most small towns and vil
lages, the consolidation and mechanization of 
farms,. and a concurrent decline in the number of 
small, family-owned farms. Rapid growth of var
ious transport systems (particularly highway and 
air) has lead to high personal mobility and rapid 
growth of single-family houses and "townhouse 
complexes" in suburban areas. Urban and sub
urban installation of potable-water, sewer, and 
electric and fossil fuel energy systems for house
holds is nearly complete. Although some of these 
changes have also been occurring to a degree in 
some developing nations, such changes are rela
tively well advanced in industrial nations. 

The environmental consequences of these pat
terns of population distribution and human set
tlement, many of which have already been touched 
upon, are numerous. One factor needing empha
sis concerns the importance of the low (even the 
falling) real price of energy and other raw ma
terials during the period of urbanization in the 
industrialized nations. 

During the 1950s and 60s, the low real cost of 

1 ... ./\ 
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energy encouraged a \1ariety of wasteful and in· 
efficient designs. Homeis, offices, and factories 
were built with minima1l insulation and energy· 
conserving features. L21bor-saving, but energy-in· 
tensive, appliances aind machinery spread 
throughout the culture. Agriculture and industry 
became increasingly en.•~:rgy·inlensive and less la· 
bor-intensive. Production of vehicles expanded 
rapidly, and their weight and horsepower grew 
substantially. Simultam~ous massive investments 
in highway and road 1}onstruction led to rapid 
growth of energy-inefficient single-family homes 
in suburban communiti.es, often around decaying 
inner cities. Oil-based chemicals, plastics, and 
fabrics replaced many natural materials, such as 
wood, wool, and cotton. All this was made pos
sible by cheap, abundan.t energy, especially fluid 
fuels, and all of this ha-s. now changed. 

Some of the envirommental, resource, and eco
nomic cos\s of the past decades of urbanization 
have been analyzed for the United States in "The 
Costs of Sprawl," a study prepared by the Real 
Estate Research Corporation for the Council on 
Environmental Quality· and other federal agencies 
in 1975. 70 This study documents how, in contrast 
to urban sprawl, higher-density, better-planned 
communities require lm;s energy for cooling and 
heating, stimulate less automobile use, and con
serve water. They produce about 45 percent less 
air pollution than sprawling communities, reduce· 
storm water runoff, and allow more land, wildlife, 
and vegetation to be pwotected in parks and open 
spaces. 

Now that the era of inexpen~ive, widely avail
able energy has come w an end, the implications 
for both population disu·ibution and environmen
tal quality are likely to be profound. Although 
the future shape of citk~s in industrial nations is 
not yet clear, it is cert.ain that such communities 
will be confronting radical transformation from 
energy-wasteful to energy-conserving societies. 
Smaller, well-insulated homes, and increasing 
shifts to townhouses and condominiums are trends 
already underway in housing. Slower driving 
speeds, smaller and rnore efficient automobile 
engines and greater use of public transport are 
energy-conserving tra:n ~portation measures al
ready beginning to tak1~ effect. Recycling of ma
terials and increased reliance once again on 
renewable sources of materials (especially wood) 
may also reduce~ socie:tal energy requirements 71 

but might also increasci 1the competition for land. 
The fundamental nat1iue of the long-tenn change 

was indicated brieflt ii111 the 1977 U.S. National 
Energy Plan (NEP). 2 ·n1e NEP noted that a basic 
aspect of the energy problem in the U.S. is that 

abundant cheap energy has led to the develop· 
ment of a stock of capital goods, such as homes, 
cars, and factory equipment, that uses energy in
efficiently. n The NEP went on to note that a tran· 
sition to an era of substantially more expensive 
and less abundant energy is in progress and ·that 
as a part of this transition, changes in capital 
stocks will be needed. 74 These changes, if started 
soon, can be accomplished incrementally. 

In reviewing the NEP, the Office of Technology 
Assessment (OTA) noted that energy efficiency 
in the use of capital stocks depends in significant 
part on how the stocks are distributed over the 
nation and that changes in patterns of capital dis
tribution and transportation are long-range and 
fundamental and will take more than one g1:ner
ation to complete. 15 The OTA report recom· 
mends guidelines, leadership and incentives to 
initiate the process now. Its point might be 
summed up as follows: 

The United States and other industrial nations 
will face an exceedingly difficult energy problem 
in 2000 if its patterns of capital distribution are 
still based on the sprawl that is so characteristic 
of many industrial cities; yet because of the long 
depreciation times associated with transportation, 
communication, sewage, and other systems as
sociated with sprawling types ofland-use patterns, 
the major capital systems of most industrial cities 
in 2000 will look much like those that existed in 
1977 unless the "guidelines, leadership, and in
centives" called for by OT A are established im· 
mediately. The distribution patterns of major 
capital systems can be changed only over a period 
of decades, not within a few years. 

At lea'it in the U.S., the dependence on and 
the passio11 for the private automobile is not likely 
to change easily. The U.S. Bureau of the Census 
recently completed a study of some of the ties 
between Americans and their automobiles. The 
study found, among other things, that while the 
use of car pools and mass transportation probably 
increased after the 1973-74 Arab oil embargo, the 
increase was apparently only temporary. By 1975: 

• Of 80.1 million Americans going to work each 
day, 52.3 million (65 percent) were driving 
alone. 

• Another 15.6 million (19.4 percent) were driv
ing, but with other passengers in the car or 
truck. 

• Only 4.8 million (6 eercent) used public trans
portation, and 3.8 million (4.7 percent) walked. 

• The remaining 3.6 million (4.5 percent) used 
bicycles or motorcycles or worked at home. 

~· 
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• · The average commuter trip was 9 miles each 
way and was 20 minutes in duration.7S• 

• The proportion of mass-transit users among 
those employing vehicles actually decreased 
&om 10 percent to just over 6 percent in 1975. 
Despite the abiding passion and dependence, 

the future of the private automobile is in doubt 
not only in the U.S. but throughout the world. 
Virtually every other use of dwindling petroleum 
resources has been found to have a hi~er priority 
than that of the private automobile." However, 
it will be difficult to eliminate dependence on the 
private automobile without fundamental changes 
in population and land-use patterns. As discussed 
briefly in the energy section of this chapter, the 
choice of future energy systems and technolo
gies-large-scale centralized systems or small
scale decentralized systems-will have a major 
influence on the population and land-use patterns 
than can be expected in the future. 

Whether or not in direct response to energy 
developments, the trend toward urbanizution in 
some industrial nations has begun to change. Jn 
the U.S., for example, signs began to appear after 
1970 that many of the nation's larger cities-New 
York, Los Angeles, Detroit, Seattle, Chicago, 
and St. Louis-were declining in population. 76 At 
tbe same time, much of the nation's fastest pop
ulation growth has shifted to rural areas. From 
1970 to 1975, 7 million people emigrated from 
U.S. central cities to suburbs and other nonmet· 
ropolitan areas. 17 

·However these trends continue, the industrial 
nations of the world face a period of perhaps 50 
to 100 years of transition. Over the next decades, 
choices will have to be made, not only in energy 
development but in many other sectors of indus
trial society (such as food production and water 
and minerals supply) that will encounter problems 
of scarcities and resource degradation. How these 
choices are made will profoundly affect patterns 
of future development and human settlement in 
industrial nations. 

Urbanization and the Environment-Summary 
Urban growth, due largely to the migration of 

poor people from rural areas, may have created 
cities in the developing countries of unprece
dented sizes by the year 2000. On the other hand, 
it is possible that rural development plus a dr!cline 
in economic and public health conditions in LDC 
cities will slow the migration somewhat. In any 
event, it is anticipated that the most rapidly urow
ing parts of these cities will be the uncontrolled 
settlements where large numbers of the poor exist 

without access to even b:ai;ic public services such 
as potable water and sewage disposal. At antici
pated growth rates, it is dciubtful that the services 
of many LDC cities can be increased rapidly 
enough to provide services at even the present per 
capita level. 71 Raw sewage!, air pollution, lack of 
housing. poor and crowdt:d transport, inadequate 
fire protection, and disease;! will present increasing 
difficulties within these cities. Immediately out· 
side the cities, firewood g1 ll:hcrers, animal grazers, 
and charcoal-makers wil I strip the surroun.;ing 
areas of accessible trees, shrubs, and grasses. As 
the area of degradation widens, there are likely 
to be losses of indigcnomi plants and animals, ag· 
gravated soil erosion, and increased risk of serious 
flooding. 79 

In the industrial nations, future trends in ur
banization arc not clear, but designs that conserve 
resources, especially energy, will become increas
ingly attractive. T~e era ·:>f rapid growth in in
dustrialized nations fuelc; cl by high consumption 
of resources, particularly relatively clean, inex
pensive, and abundant pe'U··oleum fuels, has ended. 
In the future, consumption patterns of both rural 
and urban settlements of industrialized nations 
will be altered by inevitable shifts from a high· 
consumption to a conser~·ation approach." Be
fore the year 2000, industrialized nations will be 
forced to make major choices relating to their 
future energy and rcsou!rce industries and their 
production technologies- -choices that will have 
profound implications for population distribution 
and environmental quali1~:y throughout the 21st 
century. 

The Population Projt!ctlons and Human 
Heallth 

The life expectancy of a: population is perhaps 
the most all-inclusive an<ll widely measured indi
cator of a nation's environmental health. In the 
absence of safe drinkin~ water, sewage systems, 
adequate food and shelter, medical services, and 
controls over toxic pollutc1nts and disease vectors 
and hosts, the release of c nvironmcntal pathogens 
and pollutants, life cxpc ctancics arc low. With 
these basic cnvironmcnta I conditions met, life ex
per.tancies are high. 11 

It is generally believed that as economic de
velopment proceeds, oni;· ·of its major benefits is 
a combination of bcnefidal environmental con
ditions that increase the ;;1verage period of pro
ductive life. The increm;ed life expectancy is 
brought about in three sta1ges according to a the· 
ory that has been expres~·;·d succinctly by Dr. N. 
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· R. E. Fendall, former director of medical services 
for Kenya: 
1. In Ute earliest stages of development, the ep

idemiological picture is determined largely by 
an endemic infectious disease situation with a 
high prevalence of parasitosis, gastroenteritis, 
respiratory diseases, malnutrition, and vector
borne diseases. 

2. As living standards rise and environmental 
conditions improve, the endemic infectious 
disease problems are brought under control, 
and measles, whooping cough, poliomyelitis 
and other bacterial and virus diseases dominate 
the epidemiological picture. 

3. In the final stage of economic development, 
the degenerative diseases of a cerebroscleroiic 
nature, hypertension, heart failure, diabetes, 
psycho Jmatic diseases, and cancer comprisf: 
the major portions of ill health. Undernutrition 
gives way to overnutrition and the severity of 
the disease pattern shifts from the child to the 
aged. 12 

This theory, in effect, underlies the projections 
oflife expectancy made by the Bureau of the Cen
sus for the Global 2000 Study. These projections 
(see Chapter 2) assume that future economic 
progress and development will lead to environ
mental conditions that will in turn result in in
creased life expectancy. For the world as a whole, 
life expectancy is projected to increase 6.7 years 
(11 percent) by the year 200J (from 58.8 years in 
1975 to 65.5 years in 2000). For the LDCs, the 
projected increase is 18 percent (form 54.0 to 63.5 
years), and for the industrialized countries, 3 per
cent (from 71.1 , 'J 73.3 years). In no country is 
life expectancy projected t.o decline. 

Since the advent of preventive immunization 
against communicable diseases, life expectancies 
have improved steadily. The continuing trend of 
life expectancy is illustrated and compared in Ta
ble 13-10 with the Bureau of Census projections 
developed for the GlobDI 2000 Study. For the 
world as a whole, a 15 percent increase was 
achieved over the 1950-70 period. Life expectan
cies increased everywhere, but the most dramatic 
incre:ases were in the less developed countries
a 21 percent increase overall. Asia achieved a 
striking 24 percent increase. 

On closer examination, the life expectancy data 
show another important development: The rate 
of increase of life expectancy has slowed. For the 
world as a whole, the average annual incremer.! 
in life expectancy declined from 0.64 to 0.34 years 
over the 1950-70 period. Further increases in life 

expectancy have been particularly difficult to 
achieve in the industrialized nations, where child 
mortality is relatively low. Degenerative diseases 
(e.g., cancer, heart disease, cerebrovascular dis
ease) have proven very difficult to prevent or con
trol. In the LDCs, decreases in infant and child 
mortality have been difficult to achieve, and prog
ress in increasing life expectancies has slowed 
there too. 

The Bureau of the ~ensus life expectancy pro
jections are based on an examination of past 
trends, not on an examination of the causes of 
mortality and the prospects for changes in these 
causes. The causes are largely associated with en
vironmental problems, and the prospects for 
change need to be examined. The problems and 
prospects for improvements are quite different in 
the industrialized countries than in the less de
veloped countries. 

Environment and Health In the LDCs. 
Mortality statistics show that in most LDCs high 

mortality rates among infants and children are the 
primary statistical contributors to low life expec
tancies. A 1975 World Bank Policy Paper con
taining vital statistics for 67 countries lists 19 
countries with per capita incomes of less than $200 
per year. 13 Of these, only 2 had infant mortality 
rates below 10 percent, while 10 had rates 15 per
cent or higher. By contrast, only 4 of the 16 coun
tries with per capita incomes of over $700 had 
child mortality rates greater than 5 percent; 8 had 
rates of less than 3 percent. 14 

The World Bank also notes that the rate at 
which life expectancies have improved in less de
veloped countries has declined since 1955-from 
2.7 years in the periods 1950-55 and 1955-60 to 
2.6 years in 1960-65 and to only 2.0 years in 1965-
70.15 A particularly significant factor in the slow
down of the decline of LDC mortality appears to 
be that mortality in childhood has shown a some
what greater resistance to deciine than mortality 
at some later ages. 86 

The persistence of infectious diseases (above all 
diarrhea) that cannot be conquered with modern 
medicine is, in large part, responsib'e for slowing 
the decline in infant mortality. Malaria control, 
antibiotics, and immunization programs have 
brought some quick, dramatic gains, but further 
progress depends on improvements in nutrition 
and sanitation, which are coming along slowly, if 
at all. According to Dr. John Bryant (formerly 
with the Rockefeller Foundation, now with the 
office of International Health, U.S. Departm~nt 
of Health, Education and Welfare): 
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TABLE 13-10 

LeVels and Trends of Life Expectancy at Birth, lj.50-2000 
I ' • -. 

Ufo Expectanc)' at Birth, In Yan 
19S0/55 1955160 

World 46.7 49.9 

lnclustrialized countries 65.0 68.2 
· less developed countries 41.6 45.0 

Atria 36.1 . 38.S 
Latin America · 52.3 SS.3 
Al.ii a 42.5 46.3 

1960/65 196Sf10 

52.2 53.9 

69.S 70.3 
48.0 S0.4 
40.8 43.0 
57.7 59.5 
49.8 52.S 

19751 

58.8 

71.1 
54.0 
46.2 
63.1 
54.3' 

6s.s. 
73,3· 
63.5 
57.4 
70.3. 
63,7' 

Annp Annual lncmnent In Life Expedal'lC)'. at Bb1h, In Yan 

19SO/SS-19SSl60 1955160-1960/65 1960/65-1965/70 1975-2000" 

World 0.64 

Industrialized countries 0.64 
Less developed countries 0.68 

Africa 0.48 
Latin America 0.60 
Asia 0.76 

0.46 

0.26 
0.60 
0.46 
0.48 
0.70 

0.34 

0.16 
0.48 
0.44 
0.36 
0.54 

0.27 

0.09 
0,38·· 
0.45 
0,29 
0.38 

S.-: World Popul1don l"rolpm111Anmtd111 1111}, New Yori: U.N. Department or Ecx>t!omic and Social Affaln, 1977. pp. 138 ff. 
1 c.Jailated from Bureau or the Ce11111t. ll/111trtUIW1 l'ro/tcdOM of World Pop11/otlo111 to rht :Zlsi Cm111ry, Washington: OovemmClll Printing Office, 1979, p, 9l Table 
I. Welptlng Is 105 for mala: 100 for ftmalet. 
' Asia Md Oceania 

The great weapons of modern medicine are aimed 
at the patho-physiolo~y of disease and its suscep
tibility to pharmaceut1cal, immunological, or sur
gical attack. Health services are designe:d to 
deliver these weapons mainly through the hands 
of doctors. The dismal fact is that these great kill
ers of children-diarrhea, pneumonia, malnutri
tion-are beyond the reach of these weapons. 

If children sick with these diseases n~ach the 
physician, there are sharp limits to what he can 
<Jo. Diarrhea and pneumonia are often not af
ferted by antibiotics, and the frequent presence 
of malnutrition makes even supportive therapy 
difficult or futile. And even these interventions 
by the physician, whether or not they are thera
peutically effective, are only sporadic ripples in 
a running tide of disease. We arc speaking of so· 
cieties in which, at any given time, a third of the 
children may have diarrhea and more than that 
may be malnourished. Their lives nre saturated 
with the causes-poverty, crowding, ignorance, 
poor ventilation, filth, flies. 17 

The causes of high infant·mortality rates are 
well known and closely linked to environmental 
conditions. As shown in Table 13-11, the diseases 
most often fntal during early childhood in a de
veloping area (in this case, Latin America) arc 
fecally related and airborne contagious diseases. 
Although diseases such as cholera, typhoid, and 
polio all contribute ii.:> the mortality statistics, in· 

testinal parasites and various infectious diarrheal 
diseases are probably the most devastating of the 
fecal!y related types. Surveys of pa1·asite-infected 
populations frequently show from 70 to 90 percent 
infestations. 11 In Egypt, Iran, and Venezuela. the 
monthly incidence of diarrhea among presrhool 
children has been estimated to be 40-50 percent." 

The effects of diarrhea, pneumonia, and intes
tinal parasites arc greatly aggravated by under
nutrition, which is the major underlying cause of 
death among children. Deaths from infection 
nearly always result from a combination of un· 
dernutrition and infection. When women are un
dernourished, too frequent pregnancies result in 
malnutrition for the mother and baby, low aver
age birth weights, and poor resistance to disease. 

The prospects for reducing malnutrition are 
mixed. The Global 2000 Study food projections, 
in the medium case, show only limited improve
ment in per capita food availability and, in some 
instances, declines. Furt,1ermore, when food dis
tribution among income classes is ta.ken into con
sideration, the number of malnoudr.:hed, disease
vulnerable children is likely to increase by 2000. 
lncrc .. :.ed death rates in parts of Asia have already 
been observed during poor crop years." 

To further compl;cate the situation, many of 
the diseases most thre~tening health in developing 
countries are becomin1: increasingly resistant to 
drugs now being used in their treatment." Al-
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ready drug-resistant pathogen strains• have con· 
tributed to severe epidemics in several LDCs: 
• In Central America between 1968 and 1971, a 

dysentery pandemic occurred in which the drugs 
normally used to treat the disease proved in
effective. ' 2 The strain-Shigella dysenteriae 
1-had high mortality rates in both Guatemala 
and El Salvador. In Guatemala alone, an esti· 
mated 12,500 people died from the disease in 
1968 (200 out of every 100,000 inhabitants). ' 3 

• In Mexico in 1972, an epidemic of typhoid fever 
appeared on a scale unprecedented in modern 
times. 94 The strain-Salmonella typhi-has re
sistance to a wide range of drugs. '5 The out
break lasted for months and involved four 
Mexican states. Large numbers of persons of all 
ages and varying socioeconomic groups were 
affected. 96 

• In recent years resistance to commonly used 
therapeutic agents against malaria has increased 
substantially in South America and Southeast 
Asia. There is every reason to believe that these 
resistant strains will spread, thus hampering 
treatment and eradication. <n 

In short. there is growing evidence that nu
merous pathogens and vectors t are evolving 
strains that are resistant to many of the common 
and least expensive drugs.91 While new drugs will 
continue to be developed, the ne·" drugs are often 
more expensive and effective against a smaller 
group of pathogens than those that they replace. 99 

Excessive use of commom antibiotics both by hu
mans 100 and in animal feed 101 may increase the 
rate at which resistant strains evolve. The most 

"Palhogen resislance to drugs is nol limited lo developing 
countries; it causes increased mortality in i11dustrialized soci· 
etles as well ("Rise or An1ibiotic·Resis1an1 Bacleria,'' Science 
News, Aug. 24131. 1974, p. 119). Certain slaphylococcus in· 
rections (especially in hospitals) and gonorrhea in parlicular 
are growing problems. There are many indica1ions thal drug 
resistance in palhogens will conlinue lo increase throunhout 
the world (Marietta Whiulesey, "The Runaway Use rrf An· 
tibiotics," New York Times Magazinl, May 6. 1979, p. 122). 
Coastal waters off New York have been contaminated wi1h 
bo1h sewage and mercury. Tesls show that bacleria in 1hese 
waters have developed varying degrees of resistance to am
picillin, tetracycline, kanamycin, and s1rep1omycin, and re· 
search with bo1h the genus Vibro and the genus Bacillus led 
to the conclusion that ampicillin resistance and mercury re
sistance are genetically linked (Marine Ecosystems Analysis 
Program, New York Bight Project Annual Report for FY 1976-
76T, Boulder, Nalional Oceanic and Atmospheric Adminis· 
tration, 1977, p. 28). 
t See lhe food and agriculture section or this chapter for a 
diSCUJSion or the increasing problems of insecticide resistance 
and immunities developing in strains of insect vec1ors. 

inexpensive, common antibiotics are widely avail
able without prescription even in remote rural 
LDCs. 192 And the appearance of resistant bacte
rial strains may not be due only to low probability 
mutations; it is now thought that epidemic dis· 
eases mny suddenly acquire resistant traits through 
higher-probablility contacts with more common, 
harmless intestinal species that have already 
evolved their own resistance. 1113 

If the reduced LDC mortality figures projected 
in the population chapter are to be achieved, 
progress must be made in controlling the fecally 
related diseases, the airborne diseases, and the 
increased mortality associated with these diseases 
as a result of nutritional deficiency. These diseases 
are largely of environmental origin and can be 
controlled only through improved environmental 
and sanitation conditions and through improved 
nutrition and education, all of which require cap
ital investment, as well as through changes of hab· 
its and cultural traditions. As discussed above 
under urbanization in the LDCs, there is reason 
to question whether the needed improvements in 
sanitary and environmental conditions will occur. 
By the year 2000, sanitary conditions in some 
areas may even deteriorate. This situation, wors· 
ened by increasing scarcities of food and energy 
in poorer regions, could lead to an increase, rather 
than a decrease, in mortality rates among some 
populations. 104 

Environment and Health in the Industrialized 
Nations 

Two important developments in health condi
tions are occurring in the industrialized nations. 
First, life expectancies are continuing their trend 
of many years, increasing slowly. In the U.S., for 
example, the rate of increase of life expectancy 
averaged 0.53 years per year over the 1940-50 
period but fell to 0.15 years per year for the 1950-
60decade and to 0.12 years per year for the 1960s. 
Over the first five years of the 1970s, the annual 
rate has increased to an average 0.32 years. bring· 
ing the U.S. life expectancy at birth to 72.5 
years. 105 

The second development relates to causes of 
death. Although there is much dispute over par· 
ticulars, medical experts generally agree that the 
causes of the diseases and accidents responsible 
for most fatalities and prolonged periods of ill 
health in affluent societies (heart disease, lung 
disease, cancer, stroke, highway accidents) are 
now related largely to life-styles and environmen
tal circumstances. Frequently mentioned as con-
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TABLE 13-11 
Pircent&ga of Deaths of.Children Under the Age of Five Due to Fecally Related and Alrborlle Diseases 

· · · or Malnutrition, Latin America, Selected Areas 

Fecally 
Related Airborne Nutritional Total 
Disease Disease Deficiency 

Chaco, Argentina (rural) 40 36 2 79 
San Juan. Argentina (central 

urban) 38 32 3 72 
San Juan, Argentina (suburban) 34 38 8 80 
San Juan. Arp,entina (rural) 3S 42 8 84 
Chaco Resistencia. Bolivia (ru· 

ral) 52 27 6 84 
La Paz, Bolivia (urban) 29 SS 3 87 
Viacha, Bolivia (rural) 25: 65. 0 91· 
Recife, Brazil (urban) 42 41 s 118 
Ribeirao Preto, Brazil (urban) 49 36 2. 87 
Ribeirao Preto. Brazil (rural) 50 29 3 81 
Ribeira.,, Preto Franca, Brazil 

(rural) SS 20 7 82 
Sao Paulo, Brazil (urban) 40 33 s 78 
Santiago, Chile (central urban) 31 37 6 73 
Santiago. Chile (suburban) 33 38 3 74 
Cali, Colombia .. urban) 44 2S lS . 84' 

Cartagena, Colombia (urban) 38 .23 17 78 
Medellin, Colombia (urban) 49 22 11 82 
San Salvador. El Salvador (ur· 

ban) 52 28 6. ... 86 
San Salvador, El Salvador (rural) 51' 22 13 86 
Kingston, Jamaica (urban) 37 21 s 63 
St. Andrew, Jamaica (rural) 23 23 23 69 
Monterrey, Mexico (urban) 43 3S 4 83 

Soluct: Ruth R. Pulfer. and Carlos V. Scrrano, /nttr·Amtrlcan ln•ntlptlon a/ Motta/II)' In Cltlldltt:iod. Pro•l1/onal Rrpon, Washln11on: Pan American Hcallh Organlu1ion. 
Sep!. 1971. pp. 13~~. 

tributing factors are limited exercise, cigarette 
smoking, alcohol consumption, exposure to toxic 
chemicals, chronic psychological stre • and diets 
high in fats, salt, and refined carb<.. •• ydrates. 1116 

Changes in these contributing factors must occur 
if the increased life expectancy projected in the 
Global 2000 population projections is to be 
achieved in the industrialized countries. What are 
the prospects? 

The prospects for change are mixed, at least in 
the U.S. The adverse effects of smoking have re
ceived much attention since the Surgeon Gen
eral's report of a decade Jgo, but smoking habits 
have changed relatively little. Over the 11-year 
period from 1965 to 1976 smoking among males 
declined about 10 percentage points (from 52.4 
to 41.9 percent of the male population) and about 
2 percentage points for women (from 34.1 to 32.0 
percent of the female population). 1117 Efforts are 
being made to control toxic substances, but there 
will be long lags in identifying and removing toxic 
substances from the e1av1ronmcnt. 1• Cancer is the 

only major cause of death that has continued to 
rise from 1970 to 1976, and environmental (i.e., 
exogenous nongenetic) factors contribute 80-90 
i·ercent of the present cancer cases. 1°' Little 
change seems in prospect for the life-styles and 
institutional demands that are the root cause of 
much stress. However, many persons are making 
efforts to improve their physical fitness. Some 
persons are changing their dietary habits, but the 
Global 2000 food projections (see Table 13-17) 
show the industrialized nations increasing their 
already high per capita food consumption still fur
ther to 130-35 percent of the standards recom
mended by the Food and Agriculture Organization. 
Efforts to reduce energy consumption have in· 
creased life expectancies in at least one way: Ac· 
cidental deaths associated with motor vehicle 
accidents have declined by 25 percent between 
1972and1975, due primarily to reduced speeds. 110 

However, due to lax enforcement of the new 
speed limits, speed and accidents are both in
creasing again. 
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Conclusions 
The discussion in this and other sections of this 

chapter make clear that the projected levels of 
human population will exert 'iignificant pressures 
on the environment, both directly and indirectly. 
Environmental impacts will occur in both tradi
tional and industrial cultures. 

A number of traditional cultures have existed 
for centuries in relative equilibrium with their 
environments. Today, population growth, chang
ing technologies, and altered life-styles have ren
dered the balancing mechanisms ineffective. Highly 
evolved social-ecological systems are breaking 
down with disastrous results for both humans and 
their life-supporting environment. 

The threat to most ecosystems in less developed 
regions is illustrated in the last four r.1aps in the 
colored map section at the end of this volume. 
These maps show the extensive overlap between 
the areas of high population density, limited ag
ricultural potential, and intense land use. In parts 
of Asia, Africa, and Latin America, tt.~ produc
tivity of the life-supporting ecosystems can be ex
pected to decline as a result of another two 
decades of intensifying pressure. 

The Global 2000 population projections show 
no significant slowing in growth through the year 
2000, and increases can be anticipated well into 

the 21st century. A large portion of the 6.4billion 
persons projected for 2000 will be desperately 
poor. Biological resources and the environment 
generally as well as economies will be stressed 
just to meet basic human needs. Income dispar
ities and limited educational opportunities will 
compound the difficulties. 

Population-related pressures on the environ
ment are also expected to increase in the indus
trialized countries. Although population growth 
in these countries is muc:1 less than in the LDCs, 
the resource requirements and waste production 
of an "industrial person" i!i large. Trade and com
merce spread the environmental impacts of in
creased industrial populations over very wide 
areas. 

Environmental factors will complicate preven
tive health measures in both less developed and 
industrialized countries. Poor sanitary conditions 
will hamper efforts to eradicate the diseases that 
have the largest influence on mortality rates in 
the LDCs. In the industrial nations, environmen
tal factors and life-styles may lead to the contin
ued prevalence of premature deaths. 111 Curative 
health measures will be complicated in both de
veloping and developed countries as a result of 
increased pathogen resistance to man:' common 
.md inexpensive drugs. 

THE GNP PROJECTIONS AND THE ENVIRONMENT 

The Projections 
The medium-growth• Gross National Product (GNP) projections, developed 
from World Bank, CIA, and nongovernmental data, are summarized in Table 
13-12. GNP is projected to grow exponentially at 3.6 percent per year, in
creasing 145 percent by 2000. The industrialized countries' GNP grows more 
slowly than the world average, increasing by 129 percent. The less developed 
countries more than triple their GNP, but the magnitude of the LDC increase 
($2.4 trillion) is much less than the magnitude of the increase in the indus
trialized countries ($6.3 trillion). Nonetheless, the LDC share of the world's 
total GNP is projected to rise from 18 to 24 percent. 

On the avl!rage these trends, when combined with the trends inherent in 
the population projections, imply that real per capita incomes increase by 
about a third-more in countries with rapid economic and slow population 
growth, less in countries with slow economic growth and rapid population 
growth. In some cases (Pakistan, India, ilangladesh), little or no growth in 
real per capita income is projected. The GNP projections do not address the 
distribution of GNP (or income) among socioeconomic classes within coun
tries and give no indication of any changes that might occur in the composition 
of GNP. 

• The GNP projections in Chapter 3 are bnsed on rates for 
low. medium, and high growth. Only the medium·growth case 
ls considered here. 

Introduction 
Although economic activity certainly has many 

environmental effects, GNP estimates are not an 
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adequate basis from which to deduce detailed en
vironmental impacts. At best, GNP figures pro· 
vide an inaication of the volume of economic 
activity. but with virtually no hint of the content. 
The content of GNP is particularly important in 
connection with the environment; as the U.S. 
Commission on Population Growth and the 
American Future observed, "An irony of [pres
ent) economic measurement is that the value of 
goods anrf services repre~ented by the GNP in
cludes the cost of producing the pollutants as well 
as expenditures for cleaning up afterward." m 
Without knowledge of the specific goods anct bads 
and the services and disservices to be praduced, 
only a very general discussion of the environmen
tal implications of GNP projections is possible. 

Nonetheless, GNP projections do provide some 
clue to future environmental problems, particu
larly with respect to po!lution and waste genera· 
tion and resource consumption. By the year 2000, 
even the slowest growing economy is projected 
to have nearly doubled its GNP, while more vig
orous economies will have more than tripled 
theirs. Barring major changes in the kinds of 
goods (and bads) and services (and disservices) 
produced-and barrio~ major changes in the tech· 
nologies employed and in the share of GNP de· 
voted t~ envi~onmental. protection-certain rough 
prol?Orhonal.IDcreases ID waste and pollution gen
eration and ID resource consumption can be an
ticipated.• 

In the paragraphs that follow, the implications 
of GNP growth for pollution and waste generation 
and for resource consumption are considered very 
briefly. (The specific implications of the projected 
resource developments are discussed in later sec
tions cf this chapter.) Then, toxic substances-a 
topic that relates more to GNP growth than any 
of the other projec1:ons-are discussed l:lriefly. 

Pollution and Waste Generation 
Unless there are very significant structural 

changes in the world's economies, increased eco-

• This observation depends to a degree on where sectorally 
the GNP growth occurs. In industrialized countries, economic 
growth has become increasingly concentrated in the relatively 
clean service sector, rather than in the more polluting extrac· 
live and manufacturing sectors. GNP growth in the LDCs, 
which will occur largely in primary and secondary sectors, will 
probably have relatively larger impacts on the environment 
over tho: next two decades. Furthermore, asdiKussed in Chap· 
ler 14, the GNP model assumes that the proportion of GNP 
allocated lo environmental pollution will not increase mark· 
edly in the LDCs, and the energy model assumes that the real 
cost of environmental protection will not significantly increase 
the cost of building 01 operating future energy facilities in the 
industrialized countrie 1. 

TABLE 13-12 
GNP Trends, 1975-lOOO, Mtdlum·Growth Rate 

(In irillions (1011) of cons/ant 1975 U.S. dollars) 

Industrialized 
countries 

Less u .iveloped 
countries 

World 

1975 2000 lr!crease 

GNP Share GNP Share Ava· Total age 

per· per· 
cent cent percent 

4.9 82 11.2 76 3.4 129 

I.I 18 3.5 24 4.7 218 

6.0 100 14.7 100 3.6 145 

Soutrt: Chaprer 2. 1hls volume. 

nomic activity can be expected to produce larger 
quantities of waste materials and more residual 
wastes. Whether these residual wastes actually 
enter the environment as pollutants depends on 
policies for, and expenditures on, environmental 
protection. The projected economic growth will 
have one of two effects (or a combination of 
both): increased rele,ase of wastes and pollutants 
into the environment or increased costs of keeping 
the waste and pollution out of the environment. 

Increased environmental pollution can occur in 
at least two ways: first, as a result of relaxed or 
unmet ambient (or source-emission) standards; 
second, as a consequence of · ncreased numbers 
of emission sources, all of which meet unchanged 
source-emission standards. As the number of 
sources (or the volumes discharged from existing 
sources) increases, source-emission standards (per 
unit of effluent discharged) must be tightened just 
to maintain present environmental conditions. 

Tightening standards to compensate for in
creased economic activity may become quite ex
pensive. For example, if the number of sources 
meeting a 94 percent emission standard doubles, 
the standard must be tightened to 97 percent, just 
to break even. If the discharges triple, increased 
pollution occurs unless the standards are tight· 
ened to 98 percent. As the standard approaches 
100 percent, the costs of meeting the standard 
generally increase very rapidly. Thus, the pro
jected doubling or tripling of economic activity 
can be expected to lead to either an increasing 
proportion of GNP being devoted to pollution 
control, to more pollution, or to both-unless 
there are innovations in production processes, by 
which "wastes" are recycled and used (as in the 
pulp and paper industry, which now uses "waste" 
as an energy source). 
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Resource Consumption 
The projected increases in GNP imply in

creased demand for both renewable and nonre
newable resources. Meeting these resource 
demands will have many environmental implica
tions. 

The Global 2000 Study's nonrenewable re· 
source projections (i.e., the energy and minerals 
projections of Chapters 10-12) are based on var
ious assumed linkages to GNP. For example, as 
discussed in Chapter 14, the LDC min1.rals pro
jections assume that LDC economies will becC'me 
more mineral-intensive as growth continuc:s; the 
LDC energy projections suggest that LDC econ
omies will not increase in energy intensiveness as 
industrialization proceeds. In the industrialized 
economies, the models assume that GNP growth 
will lead to little change in energy intensiveness 
and to decreasing minerals intensiveness. What
ever the actual relationship is between GNP and 
nonrc.newable resources, increased environmen
tal impacts can be ~mticipated in the mining, re
fining, and energy sectors as a result of increased 
economic activity. The environmental impacts of 
the projected increase in demand for n·Jnrenew
able resources are considered in other r.ections of 
this chapter. 

Renewable resources are <&lso of critical impor
tance to the health of the world's economies. As 
Lester R. Brown, President of Worldwatch Insti
tute, has observed: 
Four biological systems-fisheries, forests, grass
lands, and croplands-form the !<?undation of !he 
global economic system. In addition to SU{>plymg 
all our food, these four systems provide virtually 
all the raw materials for industry except minerals 
and petroleum-derived synthetics. The condition 
of tile economy and of these biological systems 
cannot be separated. As the global economy ex
pands . . . pressures on earth's biological systems 
are mounting. In large areas of the world, human 
claims on these sy~tems are re~ching an .u~su~
tainable level, a pomt where their product1V1ty 1s 
being impaired. When this happens, fisheries col
lapse, forests disappear, grasslands are convert~d 
into barren wastelands, and croplands deteno
rate. 113 

The environmental impacts of projected in
creases in demand for renewable resources are 
considered in other sections of this chapter. 

The Use of Chemicals in the 
Development of Societies• 

Reports can be found do~un:ienting th~ .u~~. of 
chemicals dating back to ant1qu1ty. The ut1hzat1on 

of chemicals to enhnnr.e living conditions can be 
traced to the simple use of metals in the devel
opment 1f glazing materials for ceramic utensils. 
Other uses of metals are found, for example, in 
the development of bron:!e, initially for weap
onry, then for the creative arts. Accounts are also 
found of the use of metals in the development of 
medical practice, such as the use of mercur.y for 
medicinal purposes by the Romans. The reliance 
by civilizations on chemicals in order to ~rnpro~e 
their living conditions has had a long history m 
Western civilization. 

By the same token, however, the use of che'!'· 
icals in an adverse sense also has had a long his
tory beginning with the use of extracts from the 
fruit' of the hemlock by the Greeks. This was fol 
lowed by the Romans, who used other forms of 
poisons, and later st~ll ~y those who parti~ipated 
in the Italian court mtngues of the Renaissance 
era. This of course, continued into the end of the 
19th century with the development of trinitroto
luene (TNT} and the use of chemicals in modern 
warfare in World War I. 

It was not until the end of the 19th century that 
the use of chemicals in society began to become 
widespread. It was at this point that reliance on 
natural sources for chemicals became so strong 
that the sources of supplies began to lag signifi
cantly behind the demands society placed _upon 
them. This led to the development of expenmen
tal chelT'istry in Europe for the express purposes 
of synthesizing new chemicals to replace those 
originally obtained from natural sources. This de
velopment coincided with the discovery that crude 
oil, which was initially used as a replacement for 
whale oil, could also be used as a new source of 
supply for chemicals. A new scientific discipline 
emerged, to expand the utility of crude oil: or
ganic chemistry. 

With the advent of organic chemistry, the syn
thesis of every imaginable organic compound 
originating from crude oil fee~stock beg~n. ~n 
part, this activity was the domam of the s~1ent1st 
in order to further understand the mechamsms of 
organic chemical reaction rates. Uses for the in
creasing number of organic compounds synthe
sized by the organic chemists was left to others. 

•This section was added at the suggestion of the U.S. De· 
partment of State, while Chapter 13 was in press. It is the work 
of Mr. Jack Blanchard in the Office of the Assistant Secretary 
for Oceans .,d International Environmental and Scientific 
Affairs, D . tment of State. Since toxic chemicals are a major 
source of po1lutants in the coasta! waters of !he world's ocea~s, 
they are also discussed below, sn the section on the manne 
environment. 
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however. to develop. An example of such a proc
ess was DDT. It was considered a novel com
pound by organic chemists in the early 1940s. It 
was not until the latter stages of World War II, 
however, that it was found to have pesticide ac
tivity and was used extensively as a disinfectant. 
Subsequently, its use as an overall general pes
ticide expanded enourmously after the war. It was 
used widely and it was inexpensive. Only recently 
have we realized its adverse effects: pesticide re
sistance, thinning of eggshells, and its appearance 
in foodstuffs worldwide. Indeed, the field of or
ganic chemistry spawned an impressive expansion 
of new pharmaceuticals which led to striking ad
vancements in medical health practices. In time, 
the advent of novel synthetic organic chemicals 
quickly found commercial uses, such as plastics 
and even artificial dbmonds. Just before the 
World War II, U.S. production of synthetic or· 
ganic materials was l~ss than 1 billion pounds per 
year. By 1978, U.S. proJuction had risen to ap
proximately 172 billion pounds annually. 114 

The use of cher11icals in the 20th century has 
become so widespread that it can be said that their 
presence is ubiquitous. Along with this e ,1anded 
reliance of chemicals, however, has been an in· 
creasing awareness in recent years of the unin
tended adverse impact to the environment and 
public health due to the widespread use of chem
icals. Society has come to rely extensively on 
chemicals and is now beginning to realize the 
problems that have been created with the man
ufacture, use, transportation, and disposal of 
chemicals. For the advantages that chemicals have 
given societies, which have been overwhelming, 
there have also been disadvantages which have 
proven striking. We are now beginning to realize 
how extensive these disanvantages are, and in in
dustrialized societies remedial measures are being 
developed to respond to the more serious prob
lems chemicals pose to the environment and pub
lic health. 

At the Governing Council meeting of the 
United Nations Environment Programme in 1978, 
it was estimated that 4 million identifiable chem
icals are in common use, with the worldwide value 
of chemical sales in excess of $300 million annually 
and with over 30,000 chemicals in commercial use. 
There are some 1,000 new chemicals brought on 
to the market annually. 115 With regard to inter
national trade in chemicals among OECD-mcm
ber countries, this amour.~cd to approximately 
$50 billion in 1976. 116 

Along with this expanded use of chemicals, 
however, has been an increasing awareness in re
cent years of the unintended adverse impact to 

the environment and public health following long
term low level exposures to chemicals. Society has 
come to rely extensively on chemicals in order to 
improve its living conditions. This heavy reliance 
on chemicals, however, has begun to elicit con
cerns about the benefits when evaluated with the 
unintended risks associated with their use. These 
risks have been associated with every facet in the 
utilization of chemicals, from their manufacture 
and use to their transportation and dh;posal. 

Examples of such risks to chemicals abound, 
not only in the tcchn. ·111 press, but the lay press 
as well. There can be no dispute that radium, 
originally used on watch faces for luminescent fig
ures, causes cancer. Similarly that dibromochlo
ropropane (DBCP) developed as a herbicide 
causes sterility in males following occupational 
exposures. 111 Also that vinyl chloride monomer, 
the precursor to polyvin(.' chloride, causes an
giosarcoma of the liver. 11 Transportation of bulk 
chemicals has periodically resulted in major ac
cidents requiring the evacuation of whole com
munities in order to protect them from clouds of 
poisonous gas, explosives, or other hazards. 119 

Similarly, disposal of chemicals until recently has 
never been regulated. Environmental contami
nation of the Hudson and James Rivers by 
PCBs uo and Kepone, m rcsriectivcly, of the Love 
canal in New York State, 22 and of Hardeman 
County, Tennessee, 123 and Seveso, Italy, are ex
amples of large-scale industrial disposals of chem
icals, which in time have ;'raven injurious to 
communities. 

Where does the control of chemicals begin in 
order to provide society with some protection? 
How will the uses of chemicals be tempered in 
order to provide a rational basis for their contin
ued use? The projected outcome may not be dif
ficult to develop if current practices arc taken into 
consideration. The major question remains as to 
whether controls on chemicals will be adequate 
to allow for their continued use by society while 
maintaining an acceptable measure of protection 
from exposures associated with their manufac
ture, use, transportation, and disposal. 

Chemicals will continue to play an integral role 
in the development of societies of both industrial
ized nations and less developed countries. The 
roles played by these societies with regard to the 
control of toxic substances may not be changed 
materially by the year 2000. 

Industrialized countries have begun to institute 
regulatory controls on chemicals. As national pro
grams have been developed in the last few years, 
continued examples of adverse environmental and 
public health damage coupled with society's in-
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creasing concerns, have led to this development. 
As governments move to implement their respec· 
tive national programs, two major goals are being 
addressed: (1) protection of public health and en
vironment and (2) recognition that economic im
pacts associated with these controls should not 
impede unduly (or create unnecessary economic 
barrier to) technological innovation. These issues 
have .1ternational ramifications. Considerable 
mow nent has been made in attempting to reach 
com nsus among industrializc::d countries regard
ing the control of chemicals. It seems prudent to 
project that some form of international rooper
ation will take place in the future, hopefully well 
before the year 2000. 

A. different set of problems exist, however, for 
less developed countries. In these instances, ex· 
amples already exist with regard to gove;·nments 
who perceive themselves at some disadvantage 
relative to industrialized countries in protecting 
themselves from adverse exposures to chemicals. 
Developing countries, and in some cases less de
veloped countries, have indicated lhat insufficient 
data arc available to them in order to develop 
adequate control programs. Few developing 
countries have the capacity to cope with the so
phisticated analyses required to assess the risks 
of imported or locally mat1ufactured chemicals, 
and multinational chemical manufacturers are lo· 
eating plants in the LOCs to avoid the regulations 
that already exist in many industrialized nations. 
In view of these problems, the LOCs have asked 
the United Nations Environm. nt Programme 
(UNEP) for assistance in developing ..:ni:I strength· 
ening 1hcir cap~bilities for evaluating chemicals, 
food, drngs, :md wsmetics. iu 

The projections for less developed countries for 
the year 2000 in dealir with chemicals are less 
amenable t'.l ge11craliza1· Jns. It can be said that 
they will, of course, rely on UNEP as well asotilcr 
multilateral organizauon~. to provide the 1'asic' 
technical skills for contrdling the manufaC'.ure, 
u:e, transportation, and disposal of chem1cali;. 
Some countries may incorporate directly part o: 
all of the control programs implemented by in
dustrialized countries. As such the work of de
veloped countries in harmonizing regulatory 
controls in chcmic&ls becomes quitt: important to 
both the chemical-exporting countries and the 
chemical-importing countries. 

The level of control Pi chemicals by the year 
2000 may be somewhat. anticipated on the basis 
of c!evelopmcnts already under way. Within in
dustrialized societies, the environmental move· 
ment has established a substantial hody or legislative 
mandates designed to protect public health and 

the environment from pollutants from industrial 
sources. This actMty has been concerned with 
toxic chemicals. Many of these programs have 
been adopted by tile World Bank in establishing 
environmental guidelines for developing coun
~ries desirous of undertaking rapid growth in their 
economies. 115 While environmental controls are 
being imposed in industrial countries, less devel
oped countries will be able to benefit from these 
efforts. 

With regard to direct controls in chemicals 
themselves, the picture is a bit less clear. Indus
trialized countril 'tave identified the character· 
istics of those chemicals which could be regarded 
as having unacc~ptable effects on humans and 
their env1rnnment. These genera!ly are persist
ence, wide distribution, and bioaccumulation 
leaning to biological effrcts, and they form the 
ba~is of their respective chemical control pro· 
grams. u' Since pollution readily crosses political 
boundaries, there is a definite correlatiou that can 
be expected to occur between control programs 
in industrialized and mose in less developed coun· 
tries, the only mitigating aspects being economics, 
technical expertise, and societal factors. In time, 
one would expect that regulatory controls oftoxic 
substances, once inhiated by industrialized coun
tries, will also be r.dopted by nonindustrialized 
countries. 

As less developed countries improve their econ· 
omies, a transf<'r of information on the control of 
chemicals will ;,e e,coected to OCC'lf. In time, the 
differences will be one of a degree of enforcement 
from country to country. Society cannot live with
out chemicals. It is clear, on the other hand, that 
society cannot live without controls on chemicals. 
Somewhere in between will be found the position 
of the broad range of societies, their disparities 
measured by their willingness to coexist with 
chemicals in thdr environment. 

Conclusions 
The Global 2000 Study projects the GNF ')f the 

world to increase from $6 trillion in 1975 to $14.7 
trillion in 2000. Because GNP figures include the 
cost of producing pollution as well as cleaning up 
afterward, they are an inadequate basis for antic· 
ipating environmental impacts. However, the 
GNP projections imply increasir.g demand for 
both renewable and nonren.:wable rcsnurces. 
Short of major changes in the structure of the 
world's economies, mcctii1g the projected re· 
source demands will lead to increases in environ· 
mental pollution or increases in the proportion of 
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GNP devoted to ~environmental protection, or 
both. The environmental implications of meeting 

the projected demands are analyzed in other sec· 
tions of this chapter.. · 

CLIMATE CHANGES AND THE ENVIRONMENT 

The Projections 
Becau~e of the difficulty of climatological modeling, it is not possible currently 
to produce generally agreed-upon quantitative climate projections. Instead, 
the CIA developed for the Global 2000 Study three climatological scenarios,• 
each of approximately equal probability, and described the principal char· 
acteristics and probable broad-scale effects of each. The three scenarios, 
discussed in det&il in Chapter 4, are, in brief: 

CASE I: No CHANGE. Ciimate conditions approximati.. those of the 1941-70 
period. 

CASE II: WARMING. A ge.1eral warming, mainly in the polar and higher middlrJ 
latitudes, is associated with smaller year to year variation in precipitation and 
with slight increase~ in global precipitation but, at the same time, with a 
greater likelihood of continental drought in the U.S. 

CASE III: CODLING. Cooling in the higher and mhidle latitudes is associated 
with a decrease in precipitation amounts and an increase in month to month 
and year to year variation in precipitation, a general equatorward shift of 
storm tracl~s. more frequent failures of the monsoon over India, and {ecurrent 
severe droughts in the Sahel (as during the 1972-74 period). 

Aspects of the energy, forestry, food, and GNP projections, which also 
have the potentia! to influence (and be influenced by) climate, are listed here 
in summary form. 

The Energy Projecions through 1990 shm annual increases in the de
mand for oil of 3.0 percent; oil will supply }7 percent of the 1990 energy 
demand. (See Chapters 10 and 20 for an exp1.tnation of the 1990 limit to the 
energy p:ojections.) It is projected that coal will furnish one-fifth of the total 
energy for 1990. Nuclear and hydroelectricity production will treble and will 
furnish 16 percent of the 1990 energy demand. Natural gas usage will have 
increased 43 percent by 1990 to satisfy 17 percent of the demand. 

The Forestry Projections anticipate deforestation at rates that will reduce 
total forested areas on th-! earth by lft-20 percent by 2000. 

The Food and Agriculture Projections foresee a 90-100 percent increase 
in total woild production. This increase is based on a small (5 percent) 
increase in arable land and a 70.-100 percent increase in productivity of land 
under cultivation. Much of the increased productiv;~J 1s :t result of more than 
a doubling of fertilizert use per hectare for the world as a whole, and a 
quadrupling of fertilizer use per hectare in the LDCs. 

~ .'ie Gross Na :ional Product Projections show tre11ds toward increases in 
real per capita incomes by about one-third, with greater increases in countries 
with rapid ec1... .• ..>mic growth but slow population growth, and smaller increases 
in countries with slow economic-but rapid population-growth. 

• The three climatological scenarios developed by the CIA were based in pan on five i.c.-enarios 
developed jointly by the National Oceanic and Atmospheric Administration, the Depanment 
of Agriculture, the National Defense University and the Central Intelligence Agency. 
t Jn the USDA projections, the term "fertilizer" is used to denote fertilizers and other yield· 
enhancing inputs, including pesticides and herbicides. 
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Introduction 
Present comprehension of long-range climatic 

phenomena is so limited that scientists have no 
generally accepted bases for predicting with as· 
surance the magnitudes-or even the directions
of possible changes in the earth's climate over the 
next several decades. Yet it is known that the 
climate of the 1950s and 1960s was exceptionally 
favorable and that, on the basis of past experi· 
ence, the earth can expect both more variable and 
less favorable climate in the future. Some human 
activities, especially those resulting in releases of 
carbon dioxide into the atmosphere, are known 
to have the potential to affect the world's climate. 
Whether future climate changes will be predom· 
inantly of natural or human origin is not known, 
and the pace at which they will occur and the 
severity of their con·.equences are unknown quan
tities. Many experts nevertheless feel that changes 
on a scale likely to affect the environment and the 
economy of large regions of the world are not 
only possible but probable in the next 25-50 years. 

The Global 2000 Study group. faced with the 
need to estimate the effects of climate change on 
the environment over the next quarter century, 
decided to use the recent survey of expert opin
ion m conducted by the National Defense Uni· 
versity as a basis for the three scenarios described 
briefly above. Environmental implications of each 
of the Global 20'lXJ Study climate scenarios will be 
examined here, •together with aspects of some of 
the other projections that have implications for 
world climate. 

The Climate Scenarios 
An analysis of the environmental impacts of the 
three Global 2000 climate scenarios must begin 
with a brief glance at the National Defense Uni· 
versity (NDU) study on which they are based. 121 

The five climate scenarios of the NDU study 
were developed by a panel of experts in clima
tology. All had the same basic information; each 
had his own ideas and opinions as to the nature, 
dimensions, and consequences of the climate 
changes that could be expected over the next 25 
years. Both human-caused (anthropogenic) and 
natural influences were considered. Increased fos
sil fuel combustion and clearing of forests for food 
production are examples of possible anthropo· 

• The probability of occurrence of the Case I scenario (No 
Change), is 0.30; of Case II (Warl!1ing), approximately O:~; 
of Case Ill (Cooling), also0.25. Estimated from the probab1hty 
figures for the rive National Defense University scenarios given 
in Tables 4-IA through 4-5A in Chapter 4. 

genie influences. Natural influences are exempli
fied by changes in solar radiation, volcanic activity, 
and shifting ocean currents, all of which can have 
significant effects on climate. 

All members of the panel had available detailed 
evidence of climate variation, both during human 
history and during the geological history of the 
planet, indicating that significant natural varia
tions could occur between the ptesent and the 
year 2000. 

The benign climate of the 1950s and the 1960s 
was by no means typical of the integbcial (orpost
glacial) period the earth has been experiencing 
for c:pproximately the last 10,000 years. 129 This 
20-ye.1r period was most favorable for agriculture 
and food production over much of the cultivated 
areas of the industrialized high-technology na
tions; a climate a few degrees warmer or cooler 
could have been considerably less favorable. 130 

Consideration of current trends in temperatures 
and of the history of climate over the past 10,000 
years led the NDU panel of experts to five alter
native climate scenarios for the next 25 years; (1) 
Large Warming, (2) Moderate Warming, (3) No 
Change, (4) Moderate Coqling, and (5) Large 
Cooling. The three Global 2000 Study scenarios 
are related to these five as follows: Case I (No 
Change) is essentially identical to the NDU No 
t :hange scenario; Case II (Warming) falls be
t·Neen the NDU Moderate Warming and Large 
Warming scenarios; Case Ill (Cooling) falls be
tween the NDU Moderate Cooling and Large 
Cooling scenarios. 

The climatological considerations m behind the 
Global 2000 Study scenarios are, briefly: 
Case I: No Change might occur if warming and 
cooling effects should happen to balance one an
other between now and 2000. 
Case II: Warming might occur if the warming ef
fect of atmospheric carbon dioxide were to pre· 
dominate over all other effects. 
Case III: Cooling might occur if the global cooling 
trend that began in the 1940s were to continue, 
possible as the result of an increase in volcanic 
activity (and related dust) or a (sunspot-cycle-re· 
lated) decrease in the solar energy reaching the 
earth. 

Environmental Consequences of the 
Climate Scenarios 

Details of the Global 2000 Study's Case I (No 
Change) scenario are given in Chapter 4 under 
the heading "Same as the Last 30 Years." The 
major premise is that the warming effects of in
creasing C02 in the atmosphere will compensate 
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for the cooling effects of a natural cycle of falling 
temperatures. The environmental consequences 
of this scenario on changes in energy usage, ag
riculture and food production, and forestation are 
minimal. Furthermore, since none of the govern
ment's present long-term global models can utilize 
climate inputs, all of the Global 2000 Study en
vironmental impact projections are based on the 
assumption that the Case I (No Change) scenario 
will actually occur. Thus, the environmental im
pacts of the Case I scenario are incorporated in 
those projections. 

The Case II (Warming) scenario has, of course, 
somewhat different environmental implications. 
This scenario leads to an increase of 1° C in global 
temperatures, with most of the warming in the 
polar regions and t'"~e higher middle latitudes. 
Precipitation incre? ,es arc predicted for the higher 
mid1Jle latiturf .. ~ with little change elsewhere. 
Fewer extre;mely cold winters might be expected, 
but the chance that the interior of the U.S. would 
experience hot summers and widespread drought 
conditions resembling those oi the mid-1930s is 
likely to increase. The warming would be sub
stantially beneficial to Canadian and Soviet wheat 
production; it would be moderately detrimental 
to wheat in Argentina, Australia, and India and 
marginally unfavorable to corn (maize) in Argen
tin~ and the U.S. m The effects on energy usage, 
while not calculated, are probably negligible. De
forestation would probably increase in the higher 
middle latitudes as more of the land became ar
able. Pressures on forests elsewher: would de
pend on population growth and concomitant 
needs for food, fuelwood, building materials, and 
other forest products. 

The Case Ill (Cooling) scenario leads to a 
global temperature decrease of 0.5° C, with 1° C 
cooling in the higher and middle latitudes and 
smaller changes near the equator. Precipitation 
amounts decrease, and month to month and year 
to year variability increases. Storm tracks shift 
equatorward, bringing precipitation to the higher 
latitudes of deserts, but causing equatorward ex
pansion of these deserts. Monsoon failures would 
become more frequent and severe in India, and 
the Sdi1el would experience more frequent severe 
droughls. Wheat yields in Canada and the Soviet 
Unk1n would be reduced, but other key crops 
would nut be severely affected. 133 The demand 
for energy would increase, particularly in the mid
dle anJ higher latitudes, where increasing umounts 
of energy would be needed for heating. Also, 
greater variability of climate might call for higher 
levels of heating-fuel reserves. Additional de
mands for energy might also result from attempts 

to relieve drought effects in densely populated 
areas by producing water in massive desaliniza
tion programs. Forested areas at higher latitudes 
of the Northern hemisphere would become less 
accessible, and grow more slowly. 

Impact of tr11e Other Projections On 
Climate 

Climatologists hnve identified two general types 
of factors that influence climate: human activity 
(anthropogenic influences) and natural factors 
(geological, oceanic, and ice feedback effc...;ts and 
astronomical effects). The following paragraphs 
focus primarily on the anthropogenic influences 
implied by the other Global 2000 Study projec
tions, especially the GNP, food and agriculture, 
forestry, and energy projections. These projec
tions are considered in terms of their potential 
effects on the factors thought most likely to alter 
the world's climate. 

Most experts agree that .the most potentially 
harmful changes in climate on a global scale would 
result from increases of atmospheric carbon diox
ide and other "greenhouse gases" (such/ as fluo
rocarbons and nitrous oxide), from changes in the 
quantity and character of particulate matter in the 
atmosphere, or from a partial destruction of the 
ozone layer. Changes in the earth's surface albedo 
(a measure of reflectivity), and increases in resid
ual heat released as a consequence of energy use 
are also known to be factors in local, regional, 
or-in extreme cases-global changes in climate. 

Carbon Dioxide 
Carbon dioxide ( C03) is a colorless, tasteless, 
nontoxic gas. It is exhaled by all animals as a 
product of metabolism and is absorbed by plants 
as part of the process of photosynthesis. C03 is 
a ba~ic product of the combustion of all hydro
carbons, including fossil fuels and wovd. It is not 
subject to economically practical control by any 
pollution-control technology. The amounts pro
duced annually are so large that the only possible 
means of disposal is discharge to the atmosphere. 

The carbon dioxide content of the atmosphere 
has been increasing since routine observations 
began. Preindustrial (ca. 1860-90) atmospheric 
C03 content is estimated by most experts at ap
proximately 290 ppm (parts per million by vol· 
ume) 134

; measurements show the 1976 content to 
be 332 ppm. 135 The upward trend is easily seen 
in Figure 13-2, which shows rather large seasonal 
variatioM superimposed on the long-term trend. 
The avernge concentration increased hy about S 
percent in the 20-year period 1958-78. 
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The increasing atmospheric ..:oncentration of ment. The C02 in the atmosphere acts in much 
C02 is of concern because of the so-called green- the same way as glass, permitting solar radiation 
house effect. In a greenhouse (or solar collector), to pass through to the earth's surface but inter-
shortwave solar radiation (light) from the sun cepting some of the heat radiated upward f10m 
passes through th~ glass and is re-radiated as in- the surface toward space and reradiating it back 
frared longwave. hent radiation from the soil and toward the surface. With steadily increasing at-
other surfaces inside the greenhouse. The heat mospheric C02, the balance between incoming 
energy radiated upward is trapped inside of the and outgoing radiation can be maintained only if 
greenhouse by the glass, which cannot transmit surface and lower-atmospheric temperatures in-
longwave radiatior. to the colder outside environ- crease. 
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There is still some uncertainty on exactly where 
all of the additional C03 is coming from. where 
it goes, and whether the rate of increase will re
main constant or change. The general picture, 
however, is reasonab~ well established, at least 
out to the year 2000. 1 Since the total amount of 
carbon in the earth-atmosphere system is con· 
stant, the carbon o"ing added to the atmosphere 
pool must come from a nonatmo~pheric carbon 
pool somewhere within the system. Figure 13-3 
shows the various pools of carbon in the earth· 
atmosphere system and the flows of carbon be· 
tween pools. Most experts consider that carbon 
from the combustion of fossil fuels is the main 
cause of increasing C02 in the atmosphere. but 
recently others have suggested that deforestation 
(and the associated oxidation of the fixed carbon 
in plants and humus) may contribute approxi
mately as much to the increase of atmospheric 
C02 as the combustion of fossil fuels. 137 

Global 2000 Study projections are not suffi· 
ciently precise to permit accurate calculations of 
how much C02 will accumulate in the atmosphere 
in the c:::;ming decades. However, significant in
creases in atmospheric C01 levels can be antici
pated on the basis of the forestry and energy 
projections: Deforestation and fossil fuel com· 
bustion are both projected to increase signifi
cantly. On the basis of the Study's projections of 
fossil fuel combustion alone, the Brookhaven 
National Laboratory estimates that annual er':lis
sions of col wlll increase by 35-90 percent by the 
year 1990.* 

Not all the C01 released into the atmosphere 
by these and other processes accumulates in the 
atmosphere. Past records and computations show 
that atmospheric carbon dioxide has been increas
ing by only about 46 percent of the C02 released 
into the atmosphere annually. m An amount 
equivalent to the remaining 54 percent is removed 
by plants through the process of photos~nthesis 
and by the surface waters of the ocean. which take 
up the C02 in solution. u' The amount removed 
from the atmosphere by these processes is de
pendent on the atmospheric concentration of 
C02• From biology and chemistry it is known that, 
in general, the greater the concentration of C02 
in the atmosphere, the more is removed by veg
etation and the oceans. However, the increasing 
concentration of C02 in the oceans (which may 
reduce the ability of orean sudaces to disrnlve 
C02) and the projected deforestation could con
ceivably reduce the rate of absorption and cause 

• See the Energy System Network Simulator (ESNS) estimates 
In Chapter 10. 

an acceleration in the current annual rate of in· 
crease in atmospheric C02• No one knows for sure 
how these and other 140 circumstances will com· 
bine in the years ahead, but after a careful study 
of the matter, the National Academy of Sciences 
anticipates that, if present trends continue, a four
to eightfold increase of atmospheric C02 concen
tration is entire?.' possible by the latter part of the 
22nd Century. 1 1 A four- to eightfold increase in 
atmospheric C02 concentration would have ex· 
ceedingly serious consequences. Even a doubling 
would have very serious consequences, and sev
eral scientists feel that, if present trends continue, 
a doubling is likely to occur during the first half 
of the 21st Century. 

The major contribution to an increased con· 
centration of atmospheric C02 is the combustion 
of fossil fuels. Over the past 30 years fossil fuel 
combustion has increased at about 4.3 percent per 
year. About half of the C02 released by fossil fuel 
combustion remains in the atmosphere while the 
other half is taken up by plants and ocean waters, 
or is otherwise removed from the atmosphere. If 
these trends continue, the atmospheric content of 
the atmosphere could reach twice that of prein
dustrial times by 2025-2050.142 The rates of in· 
crease are dependent on energy strategies yet to 
be chosen, but an illustrative range of cases is 
shown in Figure 13-4. The rapid increases shown 
in the figure are due in part to an assumed con· 
tinuation in the growth of fossil fuel combustion 
and in part to a shift toward coal and synthetic 
fuels produced from coal, both of which produce 
somewhat more C02 per unit of heat prodticed 
Lhan do oil and gas. 

The increased C02 concentrations implied by 
a continuation of present trends have momentous 
implications. The Geophysics Study Committee 
of the National Academy of ~ciences has studied 
the prospects with one of th~ Pi.)S r complete cli
mate models yet devel Jped fJr t .amining such 
problems. The Committee has ob.;en1ed: 
For even a doubling of carbon dioxide in the at· 
mosehere, the model predicts about a 2° -3° c 
rise m the average temperature of tre lower at· 
mosphere at middle latitudes and a 7 percent in
crease in [g~ubat) average precipitation. The 
temperature rise is greater by a factor of 3 or 4 
in polar regions. For each further doubling of car
bon ciioxide, an additional 2° -3° C increase in 
air temperature is inferred. The increase in carbon 
dioxide anriciptu1!dfor A.D. 2150 to A.D. 2200 might 
lead to an increase in global mean air temperature 
of more than 6° C-comparable with the differ· 
ence in temperature between the present and the 
warm Mesozoic climate of 70 million to 100 mil· 
lion years u~o. [Emphasis in the originai.) 143 
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TABLE 13-13 
Global Summary of Sources and Annual Emissions 

. ·of Atmospheric Particulate Matter 

Natural 
Sources 

Anthropo· 
genic 

Sources 

Millions of mttrlc tons per 

Primary particle production 
Fly ash from coal 
Iron and steel industry emis· 

sions 
Nonfossil fuels (wood, mill 

wastes) 
Petroleum combustion 
Incineration 
Agricultural emission 
Cement manufacture 
Miscellaneous 
Sea salt 
Soil dust 
Volcanic particles 
Forest lires 

Subtotal 

Oas-to-particle conversion 
Sutrate from HzS 
Sulfate from SO, 
Nitrate from NOll 
Ammonium from NH1 
Organic aerosol from ter· 

penes, hydrocarbons, etc. 

Subtotal 
Total 

year 

36 

9 

8 
10-90 

4 
JO 
7 

- 16 
1.000 
428-1,100 ? 

4 
3-ISO ? 

1,500-2,300' 100-180 

130-200 
130-200 

60-430 30-35 
80-270 -'• 

75-200 15-90 

350-1. I llO" 175-325 
2.000-3,400' 275-5ll0" 

Sou1tt: Adapted from Gco1'c D. Rubin1oOn, "Efnucnll of Encr,y Produc1i11n: 
Panicula1e1," in Geophysics S1udy Commiucc. Entr11.r and C'lima1', W•shin11on: 
Na1ional Academy of Science'\, 19n. p. b2. 
• Subtotals and 101al1 llo 001 1um c .. <tly due to mundin1. 

Particulates 
At any given time the earth's atmosphere, at 

various levels above the ground, carries billions 
of tons of many different kinds of particles in var
ious concentrations. The5e particulate accumu
lations are of both natural and anthropogenic 
origin. 144 

Table 13-13 lists the kinds, amounts, and 
sources of particulate matter in the atmosphere. 
The flgutes in this table are estimates only; for 
the most part they were extrapolated from data 
that are limited both in accuracy and length of 
record, and assumptions used in the extrapola
tions were sometimes arbitrary in nature. 

The effects of atmospheric particulates on cli
mate are varied. Their size, shape, color, electro
magnetic properties, and distribution in the 
atmosphere determine how they affect the bal· 
ance of solar and terrestrial radiation, the for· 

mation of clouds and rainfall, the surface 
temperature of the earth, and the quality of air 
for both plant and animal life. 145 

Naturally produced particulates tend to.have 
more widespread and more chronic effects than 
those produced by human activity. For example, 
volcanic activity injects particulates high into the 
atmosphere, where they tend to reflect much 
more of the incoming solar radiation than do par
ticles generated by human activity, which tend to 
remain at lower altitudes. 146 Volcanic particles are 
known to have been carried completely around 
the world and to have remained in the atmosphere 
from one to three years.• Clouds of dust particles 
from desert areas are sometimes carried thou· 
sands of rniles by the prevailing winds. m These 
heavy clouds of dust may suppress cloud forma· 
tion and the occurrence of precipitation, and 
could be implicated as a cause of drought. 141 

A general atmospheric effect of particulates in· 
volves the scattering and reflection of solar radia
tion back into space, thus reducing the amoun~ 
of solar energy reaching the earth's surface. t With 
this effect in mind, it has occasionally been spec
ulated that the cooling effect of anthropogenic 
particulates might just balance the warming effect 
of C02 accumulations. All the Global 2000 Study's 
projections of fossil fuel combustion, deforesta
tion, agricultural production, and GNP generally 
imply increases in particulate emissions. The 
ESNS (Energy System Network Simulator) find· 
ings reported in Chapter 10 indicate that over the 
next two decades there will be significantly more 
emissions from energy conversion. If desertifi· 
cation, conversion of forests to agriculture, and 
general removal of vegetative cover continue, the 
amount of particulates contributed by windblown 
dust will increase-perhaps significantly. 

Can the effects of increased particulates and 
C01 emissions be expected to be mutually bal
ancing? The definitive study of this question has 
yet to be done, but on the basis of present infor
mation, the answer seems virtually certain to be 
no. Anthropogenic particulates do not have enough 
effect. The National Academy of Sciences re
ports: 

• The National Defense University global climate scenario for 
Large Cooling is based in part on the cooling effect of partic· 
ulates released by several major volcanic eruptions assumed 
to occur between 1980 and 2000 (see Chapter 4). 
t The scattering and renective properties of particulates vary 
considerably with the size and other properties of the particles. 
While the most common effect is as described above, some 
particles absorb enough solar radiation to produce a wanning 
effect. 
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We can greatly im. "SC emission. of ~h~ kind .of 
particle now produced by combustion m mdustrial 
communities without greatly changing the inte
grated radiative properties of our planet's disk as 
seen from space, unless, as may tie the case, the 
increased particle loading changes the albedo of 
cloud .... [flowev~r ,] there is little dou~t !hat 
an increase m particles and sulfurous em1ss10ns 
to a magnitude. that might have global climatic 
consequences wouid be intolerable from the point 
of view of community health. 149 

The Academy's passing reference to cloud al
bedo is significant. Particulates and aerosols are 
known to provide condensation nuclei important 
in the formation of clouds, but it is not known 
how the tvpes of particles and aerosols that are 
likely to be added to the atmosphere in the years 
ahead would affect cloud formation. The effect 
is likely to be qui·:i:: nonlinear, at least in some 
respects-Le., relatively modest ~hanges in par
ticulate loadings may lead to significant changes 
in cloud cover. The linkage between condensation 
nuclei and cloud formation has been termed one 
of the most frequently overlooked, yet potentially 
most serious consequences of industrial pollu· 
tion. 150 More research in this area will definitely 
be needed. 

Ozone 
The atmosphere consists of two major layers; 

the troposphere extending upward to 8 to 16 kil
ometers and, above that, the stratosphere ex
tending up to about 50 kilometers. Temperature 
decreases with increasing altitude throughout the 
troposphere, but a permanent temperature inver
sion exists at the tropopause, with temperatures 
increasing with altitude in the stratosphere. Tem
peratures rise by roughly 65° C over a height in· 
terval of 35 kilometers. The temperature rise is 
caused by the stratospheric layer of ozone (03). 

151 

The ozone layer has two important and inter
related effects. First, it absorbs ultraviolet (UV) 
light in the UV-B band (optical wavelengths rang
ing from 290-320 nanometers) and so protects all 
life on the earth from the harmful effects of this 
radiation. Second, by abso1 bing the UV radiation, 
the ozone layer heats the stratosphere, causing 
the temperature inversion. 152 The effects of tem
perature inversions in limiting vertical mixing in 
the atmosphere are well kn<'wn ~~ a result of the 
pollution problems of inversion-prone areas such 
as Los Angeles. This same effect is at work in the 
stratosphere.• Various waste products produced 

• While the wastes mix only very slowly vertically, they spread 
horizontally relatively rapidly, reaching all longitudes or the 
world In about a week and all latitudes within months. There 

in, or migrating slowly into, the stratosphere may 
remain there for years until they are converted to 
other substances in the stratosphere or are trans
ported downward into the troposphere, where 
they can be removed by variol!.s processes, in
cluding rain. The difficulty is ti. ~.t the effluents of 
several human activities are being trapped by the 
temperature inversion in the stratosphere, where 
they react in ways that deplete the ozone. 153 The 
human activities now thought to have varying de
grees of adverse impact on the ozone layer include 
the release of chlorofluorocarbons from pressur· 
ized cans and other sources, •M jet aircraft flightt 
in the stratosphere, 155 and the use of nitrogen fer
tilizers in a.~riculture. 156 The Global 2000 Study's 
projectioP~ all suggest that, unless regulatory pol
icies change, these activities and emissions will 
continue to increase. 

The effect of effluents (hydrocarbons and ox
ides of nitrogen) from jet flights in the strato
sphere has been studied in reports by the U.S. 
Department of Transgortation and the National 
Academy of Sciences. 1 The effect depends greatly 
on the number of flights and the performance of 
the jet engin· s. Concern has c~ntered pri':11arily 
on superson:. transport (SST), smce these ~ir~raft 
fly higher in the stratosphere tha.n subsomc Jet~. 
The D~partment of Transportation report estl· 
mates the size and properties of future SST fleets 
that would be required to pay off development 
costs and return a fair profit. On the basis of these 
estimated fleet sizes, updated for improvemenl. .. 
in technology, the National Academy of Sciences 
estimates that the impact of such a fleet might 
ultimately be a reduction of ozone by about 6.5 
percent, with an uncertainty range ~f 1-10 per
cent, whereas current stratospheric flights reduce 
ozone by less than 0.1 percent. 151 

The effect of chlorofluorocarbon release has 
been studied by the National Academy of Sciences 
and others. 159 Using recently updated informs-

is therefore little that any one nation or region can do to 
protect the ozone layer above it. Like carbon dioxide, the 
ozone problem is global in scope. 
t Based on a 1975 report <>y the National Academy of Sciences. 
A very recent opinion by the Academy's Committee on Im· 
pacts of Stratospheric Change-as yet unpublished-suggests 
that jet aircraft may not be as much or a problem as s~ggested 
in previously published reports and may actually increase 
ozone (personal communication: Apr. 3, _1979, f~om J. Murr~y 
Mitchell, Jr., senior research chmatolog1st, Nattonal Oceanic 
and Atmospheric Administration). Opinions, however, .are 
still in a state of flux (see, for example, Anthony J. Brodenck, 
"Stratospheric Effects from Aviation," Proceedings: l~th Pro· 
pulsion Congress, Orlando, Fla., July 1977, and his Strato• 
spheric Effects from Aviation," Journal of Aircraft, Oct. 1978, 
pp. 643-55), The discussion presented here is based on Na· 
lional Academy or Sciences published reports. 
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tion, 1" the Academy reports that continued use 
of chlorofluorocarbons at the 1974 rate would re
duce the global ozone by 14 percent over the next 
50 years, with a 4-40 percent range of uncertainty. 
If th~ rate of production were to increase in pro
portion to the Global 2000 Study's GNP projec
tions, the impact would be muc~ larger. 

The Academy has also studied the impact of 
anthror.ogenic nitrogen fixation on stratospheric 
ozone. 61 The linkage between fertilizer and ozone 
comes through the release of nitrous oxide (N20) 
during the denitrification of fixed nitrogen. The 
processes involved are much more complex than 
for either SST emissions or chlorofluorocarbon 
emissions, and yet they have been studied far 
less. 162 Assuming a 2-3 times increase in manu
factured and legume-produced nitrogen fertil· 
izer, • the Academy estimates that the global 
ozone would be reduced by 3.5 percent, with a 
range of uncertainty of 0.4-13 percent. 163 

It now appears, therefore, that definite and ad
verse effects on the ozone layer do exist in varying 
magnitudes as a result of (1) aircraft exha•1st in 
the stratosphere, (2) chlorofluorocarbon and other 
halocarbon emissions, and (3) nitrogen fertilizer 
&1se. The Global 2000 Study's projections suggest 
that all three activities can be expected to increase 
by the year 2000. At present, there is tremendous 
uncertainty associated with the relative magnitude 
of the impacts of these three human activities, but 
all three now appear to be within an order of 
magnitude of each other, 164 with chloroflaorocar
bons apparently having 1the greatest impact. While 
scientific assessment is !itill in flux and might shift 
significantly, the most recent work on the subject 
continues to support these general conclusions. 165 

How serious are depletions of global ozone? 
The consequences are related both to climate 
modificati .,n and to the amount of ultraviolet ra
diation reaching living organisms on the earth. 
The temperature inversion in the stratosphere is 
caused by the solar energy absorbed by ozone. A 
change in the ozone would lead to a significant 
change in the temperature distribution of the 
stratosphere, and probably to a small (but as yet 
uncertain) change in the pattern of temperature 
and rainfall over the earth's surface as well. These 
climatic changes ::re currently thought likely to be 
small compared to the potential changes that 
could occur as a result of carbon dioxide accu-

• The Global 2000 Study's agricultural projections arc based 
on a doubling of fcnilizcr application worldwide and a quad· 
rupling In the LDCs. Over and above these increases, large 
amount~ of fcnilizcr may be applied in the intensive silvicul· 
tural n1cthods projected to occur in forestry. 

mutations in the atmosphere .... The effects of in· 
creased amounts of ultraviolet (UV) radiation 
may be more serious. 

Ozone-induced changes in UV radiation would 
change one of the conditions that has almost cer
tainly influenced the evolution of life on earth so 
far, and a significant UV increase can be expected 
to precipitate a disturbance in the existing balance 
of life virtually everywhere on the planet. 167 The 
National Academy of Sciences reports: 

All unshielded cells are highly vulnerable to sun
light and may be killed by relatively short expc •. -
sure to full sunlight. While such cells a'ld organisms 
are generally protected to varying degrees in na
ture so that they experience sublethal doses of 
radiation, any increase in UV radiation could be 
considered to increase the pressure against sur
vival. Because of the relationships between spe
cies in ecosystems, damage to one species might 
jeopardize an entire ecosystem. Hence, the po
tential effects of any elevation of the present UV
B levels of sunlight "caching the earth's surface 
should be taken mos ·eriously. 161 

Cancer is the best-established direct threat to 
the human species. There is compelli:lg evidence 
that UV radiation is a cause of skin cancer. 1

" A 
10 percent decrease in stratospheric ozone ap
pears likely to lead to a 20-30 percent increase 
in this type of cancer, 170 but the increase may vary 
significantly from area to area (e.g., in the An
dean or Tibetan highlands it could be higher than 
the wor'.d average). 

The indirect threat of UV radiation to human 
welfare may be even larger than its di rec~ effect. 171 

It is known that, for small changes, UV radiation 
reaching the ground increases about 2 percent for 
each 1 percent decrease in stratospheric ozone. 172 

It is also known that increa.~ed exposure to UV 
radiation adversely affects plants. Plants that have 
been exposed to supplemental UV in growth 
chambers or greenhouses have shown a 20-50 
percent inhibition of growth, a 10-30 percent de
dine in chloro11hyll content (and a similar decline 
in capacity for photosynthesis}, and up to a 20-
fold increase in the frequency of harmful muta· 
tions. m Seedlings are even more sensitive to UV 
radiation than mature plants, and single-celled 
algae are extremely sensitive. Algae can with
stand only a few hours' exposure to even natural 
sunlight, and enhanced UV is expected to cut the 
survivable exposure time by as much as a factor 
of 2. 174 Enhanced UV radiation also appears ~':" 
be extremely lethal to fish and crustacean larvae, 
and has been shown to produce burns and induce 
tumors on those O".'ganisms surviving exposure. 175 

At the present time, the accumulating research 
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data seem to indicate that ecosystems may be sig
nificantly disrupted by increased levels of ultra
violet radiation. 

There are a number of steps that can be taken 
to limit the reduction of the earth's ozone layer. 
The emissions of chlorofluorocarbons can be lim
ited by legislation. The J .S. has enacted such 
legislation 176 and hopes to persuade all industrial· 
ized nations to establish similar limitations. 
Supersonic flying can also be regulated if further 
research indicates the need.• But the world can· 
not easily dispense with nitrogen fertilizers even 
if future research should indicate that they con· 
tribute more to ozone depletion than recent find
ings sutgest. The National Academy of Sciences 
has published an economic analysist of the costs 
and benefits of chemical fertilizers and reports 
that the present discounted value of damages is 
small because of the distant nature of the pro
jected impacts. 177 On the basis of this analysis, 
the Academy states that "in our opinion, the cur· 
rent value to society of those activities that t Jn· 
tribute to global nitrogen fixation far exceed the 
potential cost of any moderate (e.g., up to a dec
ade) postponement of action to reduce the threat 
of future ozone depletion by N20 [from nitrogen 
fertilizer use}. " 1711 

Albedo and Heat 
The. Global 2000 Study's forestry, energy, min· 

erals, agriculture, and GNP projections all point 
to significant changes in land use§ and significant 
releases of waste heat. These changes will cer
tainly influence local climates, and may even af
fect regional or global climate. 

Perhaps the most significant land-use change 
anticipated is the 16-20 percent reduction in the 
world's forests over the next two decades, as pro-

•During the 1976 U.N. Environment Programme'sGoverning 
Council Meeting, the U.S. sponsored a resolution calling for 
an international meeting on the regulation of supersonic fiying. 
The meeting, held in Washington in March 1977, prepared a 
world plan of action on the ozone layer, which is reported in 
Ozont-Laytr Bulltlin (U.N. Environment Programme, Nai· 
robi), no. l, Jan. 1978. 
t The Academy's report notes that this economic analysis has 
Umitations and is not a broad-scale assessment of the foll costs 
and benefits or "l-rrent or projected patterns of global food 
production and energy use. The analysis addresses a 3.5 pe1· 
cent decrease in stratospheric ozone, using discount rate~ rang
ing from 3 to 8 percent. Changes in temperature and in 
ultraviolet radiation are considered. Increased UV radiation 
is assumed to have negligible effects on plants. 
I Surface chal':::es are thought to affect climate through (I) 
changes in albedo, (2) ch11nges in surface "roughness" (by 
affecting drag on wind'), (3) changes in water storage capacity 
(affecting wetness), and (4) changes in heat storage capacity. 
Only albedo effects are discussed here. 

jected in Chapter 8. This reduction of 420 million 
hectares involves roughly 3 percent of the earth's 
continental land surface and about 1 percent of 
the earth's total area. 

The most direct linkage between change of land 
use and climate is through change of surface al
bedo.• Evergreen forests have an albedo of 7-15 
percent. Dry, plowed fields have an albedo of 10-
15 percent; deserts, 25-30 percent; fresh snow, 
85-90 percent; and asphalt, 8 percent. 179 

The global changes in land use over the next 
two decades are by themselves probably not so 
extensive as to cause a significant change in global 
climate, but they are certainly sufficient to cause 
local changes in many areas. In some cases ben· 
eficial changes will occur as, for example, when 
restored park and forest lands improve local cli· 
mate, but adverse change-including desert con
ditions-can also be anticipated. 180 

Urbanization i::; another land-use trend known 
to affect local weather and climate. Typical 
"~1anges resulting from urbanization are shown in 
Table 13-14. 

The er .. ~rgy projections in Chapter 10 anticipate 
an almost 50 percent increase in energy demand 
by 1990. All human energy use ultimately ends 
up as residual heat and much of it-especially in 
thermal generation of electricity-is converted to 
heat immediately on use. t Already. residual heat 
releases are comparable or larger than the solar 
input in some reasonably large local ... reas. 111 The 
anthropogenic energy releases over the 60 square 
kilometers of Manhattan are almost 4 times the 
solar energy falling on the area; even over sprawl
ing Los Angeles (3,500 square kilometers) the 
anthropogenic heat released now totals 13 percent 
of the solar flux. 181 

Although it has long been known that releases 
of residual heat influence local climates, it has 
generally been thought that thermal pollm :on 
would probably not affect global climate because 
anthropogenic heat is now, and is expected to 
remain, a small percentage of the solar influence 
on global weather. 193 As shown in Table 13-15, 
fossil fuel combustion increased by a factor of 8 

• Albedo (as defined in the National Science Board/National 
Science Foundation Patterns and Persprclives in Environmtn
fal Scitnct, 1972, p. 66) is the percentage of the a.nount of the 
incident solar radiation renected by a land or water surface. 
For example, if the sun radiates 100 units or energy per minute 
to the outer limits of the atmosphere, and the earth's surface 
:-eceives 80 units per minute (the atmosphere absorbs 20 u11its) 
and then renects 40 units upward, the albedo is 50 percent. 
t Roughly two-thirds or the primary energy needed in the 
thermal generation of electricity (primarily by coal and nuclear 
plants) Is lost immediately as waste h~.it. 
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TABLE 13-i4 

Typical CUmate Changes Caused by Urbanization 

Type of 
Change 

Temperature 
Annual mean 
Winter minima 

Relative Humidity · 
Annual mean 
Winter 
Summer 

Dust Particles 

Cloudiness 
Cloud cover 
Fog, winter 
Fog, summer 

Radiation 
Total on horizontal surface 
Ultraviolet, winter 
Ultraviolet, summer 

Wind Speed 
Annu91 mean 
Extreme gusts 
Calms 

Precipitation• 
· Amounts 

Days with 0.2 inch 

Comparison with 
Rural Environs 

O.S-l.01 C higher 
1.0-3.cr C higher 

6% lower 
2% lower 
8% lower 

10 times more 

S-10% more 
100% more frequent 
30% more frequent 

lS-20% less 
30% less 
S% less 

20-30% lower 
10-20% lower 
S-20% more 

S-10% more 
10% more 

Sauret: After H. E. Landsbers. In W. H. Manhews el al .. eds .. Ma11'1 /mpact01t 
111, Cl/""'"· Cambridae. Mw.: MIT Pren. 1971. p. 16R. 

• Precipltalion elfect1 are rel11ively uncertoln. 

between 1910 an,· 1970, but solar energy is still 
for and away the most important energy source 
in human affairs. How1 ver, it has been noted that 
although anthropogenic heat inputs will be local
i:!cd, they may be strong enough to alter local or 
tegional components of the world climate sys
tem. 114 In turn, changes triggered in individual 
components of the system may have effects 
'.hroughout the world. Examples of local effects 
&i .. given in Table 13-16. 

The energy research group at the International 
Institute of Applied Sy!t~~ms Analysis (IIASAr 
near Vienna has studied thic: ;Jroblem with the 
general circulation.model of the United Kingdom 
Meteorological Office. 115 The IIASA group found 
•hat large heat releases (such as one might expect 
from "power parks") could trigger changes in re-

• An international effort to accomplish East· West cooperation 
through joint work with the use of systems analysis tools. The 
Institute is well supported by both the U.S and the U.S.S.R.; 
Canada, Czechoslovakia, France, and German Democratic 
Republic, Japan, the Federal Republic of Germany, Bulgaria, 
Italy, Poland, the United Kingdom, Austria, Hungary, Swe· 
den, Finlaml, and the Netherlands also participate. 

TABLE 13-15 

Selected Annual Energy Supply Rates for the 
Earth• 

(Billions of watts) 

I/• Solar constant (extra-atmospheric 
lrradiance) 

lnsolation absorbed at ground level 
Dissipated by friction in atmospheric 

circulations 
Photosynthesis (production by living 

vegetation) 
Geothermal heat (by conduction in crnst) 
1970 Rate of fossil fuel burning 
Infrared radiation from full moon 
Dissipated by friction in ocean currents and 

tides 
Solar radiation received via reflection from full 

moon 
Dissipated by friction in solar tides of the 

atmosphere 
1910 Rate of fossil fuel burning 
Human body heat 
Rdeascd by volcanoes and hot springs 

(geoconvection) 
1960 Rate of hyt.iroelectric power production 

Dissipated as heat in lightening discharges 
Radiation from bright aurora 
Receivecf from space by cosmic radiation 
Dissipatea mechanical ener~y of meteorites 
Total radiation from all stars 
Dissipated by friction in lunar tides of the 

atmosphere . 
Solar radiation received as zodiacal light 

178 ,()()() .ouo 
90 ,()()() .ouo 

1.500,000 

40,000 

32,000 
8,000 
5,000 
3.000 

2.000 

1.000 

1.000 
600 
300 

240 

100 
25 
IS 
10 
8 
5 

2 

Sauret: Alier Office of Research 11. • Dt•elopmenl. U.S. En,·ironmen1al Prolcc· 
lion A1ency. ClianRtJ i• Global Ent •. t1· Bnla11ct, Washin•lon. Del. 1974. 

• Theoe •hole slobc averages represenl annual gigawall• ( I09W) ol power lolaled 
over the eanh·~ 1urfacc. 

gional elements of the global system, and that 
these in turn produced global effects in the model 
runs. The kinds of global changes produced de
pended on where the heat source was located. 
The IIASA group concluded that the results of 
these model experiments indicate a possible global 
atmrc;phcric response to large fl ~at discharges, 
which must be borne in mind for planning pur
poses and also investigated further. 116 

Conclusions 
Both the National Defense University survey 

of expert opinion and the analysis of the possible 
climatic implications of the Global 2000 Study's 
other projections lead to the same general con
clusions: (1) Climate will continue to vary in the 
future, just as it always has in the past, in a largely 
unpredictable manner. (2) Apart from this char
acteristic variability, no substantial net trend of 
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TABLE 13-16 

Effects of Large Heat Additions to the Atmosphere 

Phenomenon 
Enc~ iy Rate 

t ''"'' 

Arca 
(km!J 

Energy-flux-Density 
(W/m1) 

·Large brush fire• 100.000 so 200 
Constqutncts: (Relatively small energy-Dux rate. very large area.) Cumulus cloud reaching 1011 height of 6 km formed ovcrO.I 
area of fire. Convergence o' winds into the fire area. 

Forest fire whirlwind' 
Constqutncts: Typical whirlwind: Central tube visible by whirling smoke and debris. Diameters few feel lo several hundred feet. 
Heights few feet to 4,000 fl Debris picked up-logs up to JO in. In diameter and JO ft long. 

World War JI fire storm• 12 

Constqutncts: Turbulent column of heated air 2.5 mi in diameter. Fed at base by Inrush or surface air; t.S ml from fire, wind 
speeds increased from 11 lo 33 mph. Trees 3 ft in diameter were uprooted. 

Fire at Hiroshima• 
Comtqutncts: (10-12 hr after atomic bomb.) "The wind grew stronger. and suddenly-probably because or the tremendous 
convection sci up by the blazing city-a whirlwind ripped through the park. Huge trees crashed down: small ones were uprooted 
and new into the air. Higher. a wild array of Oat things revolved in the twi~ling funnel." The vortex moved out onto the river. 
where it sucked up a waterspout and eventually ~pent itself. 

Sunscy vo' .:ano• 100.000 < I I00,000 
Constqutncts: Permanent cloud extending lo heights of 5-9 km. Continuous sharp thunder and lightning. visible 115 km away. 
(Phenomenon probably peculiar to volcano cloud with many small ash particles.) Waterspouts resulting from indraft at cloud 
base, caused by rising buoyant cloud. 

Surtscy volcano' 200,000 ?1 li,000 
Comtqutncts: Whirlwinds (waterspouts and tornadoes) are the rule rather than the ~xception. More often than n there is at 
least one vonex downwind. Shon invened cones or long. sinuous horizontal vonices that curve back up into the cloud. and 
intense voniccs that extend to the ocean surface. 

French Meteotron• 700 0.0032 219,000 

Constqumcts: " ... anificlal thunderstorms even tornadoes, many cumulus clouds ••. substantial downpour." Dust devils. 

Mcteotron' 350 0.016 22,400 
Constqutncts: IS min after stanlng the burners, observers saw a whirl 40 m In diameter ••• whirlwind so strong burner names 
were inclined to 45° 

Sir.gle large cooling tower 2,7.SO 0.0046 484,000 
Constqutncts: Plume of varying lengths and configurations. 

Array of large cooling towers 
(48,000 Mw(e) NEC; area 48,0CJ acres) 

96,000 IJ4 495 

Constqutna:: Unknown. 

Sottttt: Ralph M. Rouy. "Energy and the Climate," Institute for Eneray Analyais. Oat Rldac AISOdll~d Unl11en1;1n. Sept. 1976. pp. 15-16. 
•From R. J. Taylor et 11.. "Convective Actlvily Above a Lar1e·Scale Brvsh Fire." JOMmal of App/ltd Mtlftlroloi.v. vol. 12. 1973, p. 1144. 
•From H. E. Oraham, "fire Wllirlw1nds.'' BMl/ttln of Amtrbn Mtttorola11ical S«wty, vol. 36. no. 3. 19"5. p. 99. 
'From H. Landsber1. "Fire Storms Rcsultlna from Bombin1 Conr •trallons.'' Bwllt1i11 of Amulcan Mt1t0rolo11l"'1 Soc:lny, ~I. 211, n3 l, 1947, p. 7l. 
•From J. R. Heney. Hirosltlm•. New York: Bantam, 1946, pp. 56-51. 
•From A.O. Borne. "Binh of an hl1nd," Durovtry. \'OI. 2', no. 4. 1964. p. 16. 
t From S. ThorarillllOll and 8. Vonne1u1. "Whirlwinds Produced by 1he Erupllon of Sumey Volcano," BMtltll11 of Amtrlmn Mt1rorolo11INll Sodttty, vol. 45, no. 8, 1964. 

p. '40. 
I From J. Dencns. "Man·m•de Thundenlorms.'' Discovuy. •ol. 25. no. l. 1964. p, 411, 
•From J. Dnwns. "Man·madc: Tornadoes," Nar""· •ol. l9l. no, 4111tl. 1962. p. ll, 

climate in the direction of either warming or cool
ing is anticipated between now and 2000. 

These conclusions, however, are not the end of 
the climate story. Human societies around the 
world have become (and are becoming increas-

ingly) dependent on favorable climate. Less fa
vorable climates are known to have occurred in 
the past, and the less favorable climate of the 
1971-73 period demonstrated just how vulnerable 
world societies have become to weather and cli-



mate chan;,'.e. The Global 2000 Study's projections 
(all based on the assumi.;,ion of no significant cli· 
matic change) point to a world in 2000 that is even 
more vulnerable to weather and climate change 
than the world of today. Furthermorr, scientists 
now know that several human activities have 
reached a scale that, over periods of several to 
many decades, has th~ potential to alter the 
world's climate significantly. These anthropo
genic influences on global climate include carbon 
dioxide emissions and rele?..;e of chemicals af • 
feeling the ozone laye• as well as potential land· 
use changes, aero3ol and particulate generation, 
and heat releases .. 

The import of anthropogtmic influences on cli· 
mate lies not in any immin,~nt threat of massive 
climatic change, but rather 1.'1 the in::.dequacy of 
present knowledge and the inahility of institutions 
to make society respond effectively if evidence of 
serious consequences develops. Probably the most 
serious anthropogenic threats to the stability of 
climate are col emissions ana releases of chem
icals that deplete stratospheric ozone. In both 
cases it is impossible for an individual nation to 
protect itself against the consequences ~f other 
nations' actions. These problems are truly global 
in scope, and there is no human institution now 
establis~ed that can adequately address them. 

In commenting on its carbon dioxide findings, 
the National Academy of Sciences concluded: 
"If the prelimin~ry estimates of climate change 
in the latter part of the twenty-second century are 
validated, a reasse::;sment of global energy policy 
must be started promptly because, long before 
that destined date, there will have been major 
climatic impacts all over the world . ., 117 Other 
studies now underscore tbe Academy's concern, 
and point to significant ciianges in cod concen
trations by 2000 or shortly thereafter: 1 

The key word in the Academy's admonition is 
"promptly." Unfortunately, given the limitations 
cited above, it is difficult to imagine how a reas
sessment of global enf<rgy policy could be under
taken promptly. Considering the uncertainties in 
the magnitude of C02 sources and sinks and the 
limited research that has been done in these areas, 
it could easily be more than a decade before a 
definitive conclusion is reached just on how to 
project C01 concentmtions accurately. Even given 
definitive prnjections, several decad!s of inten
sive research will be required to reach agreement 
on the climatological implications of increasing 
C03 concentrations. Lacking a world institution 
with an energy mission, how long would a global 
reas?Jessmr.rit of a world energy policy require? 
And given a change in policy, how long would be 

needed to implement any basic change in the 
world's energy capital, infrastructure, and econ· 
omy? By the time the world is prepared to ~ddress 
seriously the climatological implications of world 
energy policy, commitments (e.g., to intensified 
use of coal and to deforestation) may have be
come so well estahlished that a basic change in 
the global energy economy might be as econom
ically catastrophic as the climatic change itself. 
Thus, to delay a careful and prompt international 
assessment of the carbon dioxide proillem could 
lead to capital commitments and forest policies 
th&.t make irreversible accumulations Gf C01 in 
the atmosphere essentially u;1avoidable. Similar 
difficulties could develop in connection with the 
stratospheric ozone layer as the world's growing 
population becomes increasingly dependent on 
biologically and synthetically produced nitrogen 
fertilizer.;. 

In the decades ahead, the finite capacity of the 
atmosphere to absorb various anthropogenic 
chemical emissions without catastrophic climate 
change must be recognized as an extremely im
portant resource, a resource vital to and held in 
common by all nations. Pro:ccting this resource 
will raise pei plexing and troublesome questions: 
Which nations should be allowed to burn how 
much coal ( . to re?lace how much forest with 
food crops? How are global C01 discharges to be 
monitored and controlled? 

The capacity of the atmosphere to absorb col 
may be a resource that is even more limited than 
either forests or fossil fuels, and questions con
cerning the allocation of "C01 disposal rights .. 
could conceivably overshadow all other energy 
issues. 111• Similarly, if protecting the ozone layer 
requires limitations on the emissions from spray 
cans, air conditioners, supersonic aircraft, and 
nitrogen fertilizers, the right to deplete the at
mosphere's limited ozone resource can be ex
pected to go first to agriculture. 

Even within individual nations, the maki11g of 
major decisions in thesl! regards can be expected 
to place a strain on existing institutions and to 
require long periods of time for debate On a 
global scale, there is no adequate institution and 
no precedent for such decisio!ls or the cooperntion 
they would require. 

While no major worldwide climatic changes are 
expected by 2000, anthropogenic forces affecting 
the world's climates will be accelerating, and un
less these forces and their effects are soon studied, 
monitored, and analyzed much more carefully, 
human institutions will be ill prepared to make 
some of the difficult choices that may be required 
in the 1980s or at the latest in the 1990s. 
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. . THE TECHNOLOGY PROJECTIONS AND.THE ENVIRONMENT 

The Projections 
Each of the agen:ies making projections for the Global 2000 Study made its 
own projections (and/or assumptions) of technological developments in its 
particular area of concern. In general. the t~chnological projections and as
sumptions are implicitly, rather than explicitly, incorporated in each agency's 
overall co~tribution to the Study. As a result it is not always possible to state 
precisely what technological develop1~ter.(s a1~ projected or assumed. None
theless, a general pattern is d\scerniole. On the whole, the technological 
projections and assumptions imply that production- and yield-enhancing tech
nologies will continue to be rleveloped aod dis!>cminated as fast as they have 
been over the past few decades-or faster. Further, the agencies generally 
assume that new technologies will be deployed as fast as (or faster than) they 
have in the past, and that the technologies will not produce adverse side 
effects (ofan economic, environmental, social, or resource nature) that would 
limit their application. 

The more specific technological assumptions associated with the projections 
are as follows: 

Popu/Jtion Projections. Birth control (family planning) and health care, 
technologies will be disseminated and used to a greater extent than in the 
past two decades. The technological developments of industrialization, as 
they impinge on nataiity and m'Jrtality, will continue at or above historically 
observed rates. 

Gross National Prodvct i'rojections. In the industrialized world, technology 
is assumed to contribute to future economic growth as it has in the recent 
past. The productivity of new investment capital will increase, in part a result 
of technological change, at about the historically observed rate of O.S-1.S 
percent per year. 

Fisheries Projections. The projections assume that technologies for har
vesting and processing nontraditional living marine resources will be adopted 
increasingly through the year 2000. 

Food and Agriculture Projections. The projections assume that yields per 
hectare will continue to increase at rates comparable to those of the past two 
decades. 

Forestry Projections. Continued i·rogress is assumed in increasing forest 
yields per hectare, and h decreasing losses incurred during processing or 
from previously underutilized species and from disease. 

Energy Projections. Due to technological developments, the real costs of 
production, refining, and marketing of energy products will remain essentially 
constant. Large increases in the adoption of· ;xisting technologies are assumed 
to be possible. It is assumed that, collectively, nuclear and hydroelectrical 
generatior.. (which are lumped together in the Department of Energy pro
jections) will approximately triple between 1975 and 1990. The technologies 
for fossil fuel production and use are assumed to respond to variations in 
relative <'.Osts, resulting in shifts from oil and natural gas to coal. 

Nonfuel Minerals Projections. Technological advances in production tech
nclogy necessary for continued growth in production will be made. As high
grade ores are depleted, technological developments will hold the real cost 
of minerals and materials constant. Mineral use per dollar of GNP will tend 
to decrease as economies enlarge and mature. 

None of the p::ojections assumes specific major technological break
throughs, (such as harnessing of the fusion process for energy production), 
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and none assurr.es failures of existing te~hnologies (such as the ~volution of 
antibiotic-resistant diseases, or the termim\tbn of nuclear power de11el<~pment 
due to inadequate reactor safety or waste disposal methods). 

For three reasons, no attempt will be made to 
anaJ1.te the environmental implications of the 
technological projections and assumptions made 
by the contributing agencies. First, the techno
logical projections and assumptions are, for the 
most part, too inexplicit to permit an adequate 
assessment of their environmental implications. 
Second, technology is knowledge-espr.cially sci
entific knowledge-applied to practical or pro
ductive ends, and since the principal envirllnmental 
implications of a particular technology occur in 
the economic sector in which it is apµlied, its en
vironmental implications are analyzed individ
ually in the other ~ectious of this chapter. Third, 
the interesting and important environmental 
questions about technologies emerge not from an 
analysis of a particular technology but from an 
analysis of alternative technological options. The 
last point desen·es elaboration. 

Both developed and less developed. nations 
have had considerable experience with the un
foreseen social and environmental impacts of 
technology and develop~ent. Ntither Henry Ford 
nor the purchasers of Ins Model Ts fore~aw that 
automobile exhaust would become an environ
mental health problem. Similarly, university ag
ricultural facilities involvi:=d in the development 
of modern agricultural equipment failed to antic
ipate adverse social impacts-such as unemploy
ment among farmworkers and urban migration
and were taken by surprise recently when 19 farm
workers and a California Rural Legal Assistance 
group sued the University of California over the 
devr.lopment of sophisticated harvesting ma
chines, which the farmworkers alleged were <t 

thr-cat to their livelihood. The suit contends that 
harvesting machines in the California tomato in
dustry alone have displaced 32,000 workers and 
that thousands more have been displaced by uni
versity-developed machinery in vegetable fields 
and fruit orchards. 190 One certainly cannot infer 
from this development that all harvesting ma
chh1ery is bad, but the farmworkers' sui! does 
illustrate the extent to which qoestions are being 
raised about the impact of technology-questions 
that in even the relatively recent past migt1t have 
been thought external to decisions concerning 
technologic11I prforities. 

New institutions are developing in response to 
the growing awareness of the social and environ
mental impacts that follow in the wake of new 

technologies. In the United States, the Office of 
Technology Assessment was instituted to assist 
Congress in assessin~ the social, economic, and 
environmental consequences of new and emerg
ing technologies. Internationally, the United Na
tions Co11ference on Science and Technology for 
Development (UNCSTD) was designed to con· 
sider both technological choice and the transfer 
of technologies ~mong nations. 

The international transfer of technologies has 
important environmental implications. In fact, 
some of the most serivus environmental problems 
have come from the direct transfer of technologies 
from temperate-zone industrial societies to. trog
ical environments in less developed societies. " 
Many of these environmental problems are due 
to lack of understanding of how tropical- and arid
zone ecosystems differ from temperate-zone sys
tems. Fnr example, many tropical river basin de
velopment projects have stabilized irrigation 
systems to provide increased agricultural produc
tion, only to discover such stabilized-irrigation 
agriculture provided ideal environments for the 
spread (via snail vectors) of such serious water
Lorne diseases ll5 schistosomiasis. 192 

Economist E. F. Schumacher and his colleagues 
of the Intermediate Te~hnology Group in London 
have pioneered efforts over ihe past two decades 
to develop "appropriate" tedmologicc;, i.e., tech
nologies that are ecologically geode and adaptable 
to the etonomic, resource, and social structures 
of a particular society. Schumacher ?resent...:d his 
thoughts on te.chnology 'n Small is Be~utif ul: 
Economics as if People Mattered. In this well
known book, Schumacher goes beyond environ
mental compatability to identify four basic pro9-
ositions for choosing technoku~ies for developing 
societies: 

• First, that workplaces have to be created in the 
areas where the people are living now, and not 
primarily in metropolitan arecs into which they 
tend to migrate. 

• Second, that these workplaces must be, on av
erage, cheap enough so that they can be created 
in large numbera without this calling for an un
attainab!e level of capital formation and im
ports. 

• Third, that the production methods 1:mployed 
must be relatively simple, so that the demands 
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for high skills are minimized, not cnly in the 
production process itself but also in matters of 
organization, raw material supply, financinc, 
marketing, and so forth. 

• Fourth, that production should be mainly from 
local materials and mainly for k;cal use. m 

The industrialized nations face corresponding 
choices in defining and dF::veloping appropriate 
"postindustrial" technology. The envirorjmental 
problems that arc passed on to the next generation 
will be greatly influenced by •vhether industrial
ized countries-as well as less developed coun
tries-er:icourage technologies that consetve energy 
and other natural resources, increase employ
ment, and minimize pollution and other impacts 
on the environment, or whether these countries 
continue to develop tt:chnological innovation pri
marily for increasinfi.per capita consumption of 
goods and services. 1 

Conclusions 
Many of the environmental impacts discussed 

in other sections of this chapter are the conse
quences of past technological clmices. The health 
of the environment during ihc 21st century will 
be shaped significantly in both developing and 
industrialized countries by the choices of tech
nologies made over the next two decades. For
tunately, a wide range of technologies.are available 
that appear to be environmentally, socially, and 
economically sound, but it is by no means clear 
that these technologies will be chosen. 195 How 
political and social controls affect the choice and 
diffusion of technologies in the early stages of 
their development will have monumental impli
cations for the: environmental conditions passed 
on to the next generation. Indeed, the choice of 
technologies may be the area in which society will 
have the greatest latitude and leverage in shaping 
the future of the global environment. 

THE FOOD AND AGRICULTURE PROJECTIONS AND THE ENVIRONMENT 

The Projections 
The food and agriculture projections developed by the U.S. Department of 
Agriculture• foresee a·90-100 percent increase in total world production over 
the 1970-2000 period. This increase, however, is the equivalent of only a 10-
15 percent increase in per capita production. The real price of food is pro
jected to increase from 30 (o 115 percent over 1969-71 prices. 

The projectiO'.» .. increases are based in part on a projected 4 percent 
increase in arable area. Although this expansion of arable area involves a 
substantial increase in the world's harvested area over the record high levels 
reported for the first half of the 1970s, the rate of increase in arable area is 
significantly slower than in the postwar period. The slowed expansion is due 
in large part to the growing capital costs of adding increasingly remote and 
marginal lands to the production base. The slowed rate of increase leads to 
an increased number of people supported per hectare. Globally during the 
first half of the 1970s, 2.6 persons were supported per arable hectare; by 200'J 
the figure is projected to rise to 4.0. In the LDCs the ratio is projected to 
rise from 2.~ in the early 1970s to 5.3 in 2000, excluding China. 

. • Half of the Study's food projections reported in Chapter 6 
usume that energy prices remain constant i!I real terms (.itt 
1974-76 prices) to the year 2000. The figures presented under 
Alternative II (see Chapter 6) assume that energy prices: re
.main ~r.,tant. The double set of figures presented under Al· 
temative I reflect possibilities ranging from constant to 
increasing energy prices. (The first of the two Alternative I 
entries is for constant energy prices; the second entry is for 
rising energy prices.) Alternative III explicitly presents results 
i;~ on real energy prices rising as prnjectcd j, i the Stu<Jy's 
energy projections in Chapter 10. Alternative Ill also assumes 
high population f(rowth rates, lower income gro\I th rates, and 
weather less favorable than that of the past 25 years. The food 
projections under this l'llemative show the real price of food 
increasing by 115 percent over the 1970-2000 period. For 

LDCs overall, average per capita daily calorie consumption 
remains constant at the 2,165 calorie per capita levels of 1969-
71. Per capita calorie consumption declines for the North Af· 
rica/Middle East region, other African LDCs, and South Asian 
areas and increases fot Latin America and the Southeast Asia 
and East Asia areas. The percentages of decline in per capita 
consumption (relative to 1969-71 levels) are as follows: 1 per· 
cent for the North Afric.a/Middle East area, 16 percent for the 
other African LDCs, 3 percent for the South Asian ar:a. Fer· 
tilizer consumption and increase in arable area are not pro· 
jected for the specific case of rising energy prices. World grain 
trade increases 200 percent, from 79.6 million metric tons in 
1969-71 to 238 million in 2000. Grain imports increase as fol· 
lows: 190 percent for developed importers, 650 for centrally 
planned country importers and 220 for LDC importen. 
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The remainder of the increase in production comes from a projected 70-
100 percent increase in productivity, (i.e., substantially higher crop yields per 
hectare). Implicit in the projected productivity growth is a more than doubling 
of fertilizer• use per hectare for the world as a whole and a quadrupling of 
fertilizer use per hectare for LDCs. The food projections also note a continued 
diminishing of marginal return to increases in fertilizer use. In simplified 
terms, a 1-kilogram increase in fertilizer use at the world level appears to 
have generated about an 8-kilogram increase in grain production in the early 
1970s; a 1-kilogram increm:e in fertilizer use in 2000 is projected to generate 
less than a 6-kilogram increase in production. Water, which is already a 
limiting factor in agricultural production in large parts of the world, will 
become even more of a limiting factor by 2000. As noted in the food and 
agiiculture projections (Chapter 6), the projected increases in food produc
t~on imply large public-sector investments in irrigation, agricultural extension, 
and land reclamation. 

The projected increases in demand will be generated by the projected 
increases i1 1 population and, to a lesser extent, by in'.::reases in per capita 
income. Increases in both production and demand are likely to be unevenly 
distributed and are therefore expected to generate both a marked increase 
in international trade and a widening of the differences between per capita 
consumption in the different regions of the world. Net declines in caloric 
consumption per capita are projected for most areas of developing Africa 
south of the Sahara; negligible gains in caloric consumption are expected for 
South Asia and parts of the rest of the developing world. 

As noted in Chapter 4 ("Climate"), the St•Jdy's food projections im
plicitly assume that no significant change in the climate will occur relative to 
that experienced over the last several decades. However, the projections do 
explicitly consider variations in weather by providing for fluctuations in yields 
similar to weather-related variations experienced during the 1950-77 period. 
The projections take into acrount ecological stresses, such as deterioration 
in soil fertility, and hydrologic irregularity induced by deforestation, but only 
to the extent that these problems have occurred in the past and-given pa~t 
experiences-are likely to occur in the future. Ecological stresses are linked 
to the projections by 4'.!ssuming that ::,\eps wi11 be taken to alleviate the impact 
of these stresses on production. The costs of taking the preventive steps are 
expensive and contribute significantly to the increased real cost of producing 
and consuming food. The required capital is assumed to be available. 
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Introduction 
The food projections present a complex picture 

of interacting factors that will affect the environ
ment. The growing populations and incomes pro
jected increase the demand for food ut a time 
when increasing the stock of arable land will have 
become more difficult and expensive. A reduted 
rate of expansion of arable land will place further 
importance on increasing yields, but yield-en
hancing techniques are themselves showing signs 

of limitaf ions. Further, the nonrenewable re
sources on which agriculture is based-fossil fuels, 
genetic strains, and soils-are being diminished 
rapidly 1n some areas. All of these developments 
will have environmental implications, some of 
which will directly influence the prospects for fu
ture food production. 

• In the Depar:ment of Agriculture's projectim1s for this 
Study, the 1erm ''ferlilizer" is used as a proxy for a group of 
produclivity·expanding inputs, including pesticides, herbi
cides, and high·yield grain varieties, as well as chemical fer· 
tilizers in the usual meaning of the term. The projectior~ arc 
not dc:;ailed enough to specify any change in the relative pro
portions of these various inputs. 

This point has already been forcefully made by 
the Council on Environmental Quality. The 
Council's 1977 report "The Food-People Prob
lem" discusses the situation in the following 
terms: 

In the race to provide food for the expar1dit~g 
world population, improper farming practices
including overly intensive cultivation, too heavy 
a reliance on marginally productive semi-arid 
lands, and inadequate conservation measures-
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are increasing the erosion and de1;>leting the nu
trients of topsoils. The result ... 1s reduced fer
tility of the land, lowering its capacity for food 
production. 

In many parts of the world, hillsides are being 
deforested to make way for more farms and to 
provide fuel for cooking food. The rains no longer 
soak into the ground but run off in the form of 
uncontrollable torrents which tear away the soil 
under cultivation, flood the low lying cropland, 
and clog reservoirs and irrigation canals with silt. 
Left behind are barren slopes that later become 
abandoned. 

Environmental degradation has been barely 
noticeable amid increased farm production re
sulting from the technological improvements of 
the "Green Revolution," made particularly ef
fective by fertilizers and pesticides. However, rap
idly growin~ population and growing affluence 
continue to increase the demand for food, while 
at the same time losses in soil fertility which re
duce land's capacity to produce are occurring 
across the worla. 

According to a U.S. survey of 69 countries with 
1.8 billion people: 
• Overgrazing and overcrol?ping, which result in 

heavy loss of soil by erosion, are serious prob
lems in 43 countries with 1.4 billion people. • 

• Serious irrigation problems were recoraed in 
eight arid countries attempting to increase food 
production. 

• Heavy loss of forests has occurred in at least 24 
developing countries. Principal reason for con
verting forest to cropland and grazing fields is 
to meet the demand for food. 

• Water problems resulting from deforestation 
have Rppeared in 16 countries in the form of 
critical water shortages, and in 10 countries in 
the form of increased flooding. Some countries 
shared both drought and flooding. 196 

The implications of the Global 2000 Study's 
food projections for the environment are dis
cussed in the following five sections. First, the 
food projections are analyzed in terms of their 
implications for human nutrition-an important 
aspect of environmental quality-and in terms of 
the kinds of pressures that agricultural activities 
will exert on other parts of the environment. 
Other subjects of environmental concern include 
soil deterioration, the ecological t:ffects of fertil
izers and pesticides, crop vulnerability (the ge
netic instability induced by simplification of 
ecosystems and reduction of genetic resources), 
and the implications of the food projections for 
nonrenewable fossil fuels.• 

•in addition to the discussions that follow, several direct cs· 
timatcs and broad directional indicators of environmental 
change arc presented in the foOd and agriculture projections 
themselves (Chapter 6). 

Food and the Human Environment 
Food is an essential element in environmental 

quality for the human population. Without an 
adequate diet, vulnerability to disease is in
creased, capacity to perform physical work is lim
ited, and (in children) mental and physical 
development is impaired. Nutritional require
ments vary with age, sex, occupation, height, and 
weight. As a rough guide to human nutritional 
needs, the U.N. Food and Agriculture Organi
zation (FAO) 197 has estimated minimum caloric 
requirements for various regions.• The degree to 
which the FAO standards are met provides an 
important indication of the nutritional dimension 
of human environment and, indirectly, an ~ndi
cation of the pressures on local agriculture. 

Table 13-17 compares recent and projected per 
capita calorie consumption with the FAO mini
mum standards for various regions of the world. 
As noted in Chapter 6, real-price increases will 
be needed to pay for more costly land develop
ment and yield-enhancing technologies implicit in 
the projected figures. Some regions will be better 
able than others to pay th<; increasing real prices, 
and consequently the prospects reflected in the 
table vary widely from region to region. The pros
pects are good in the :r.oustrialized countries and 
the centrally plarined economies. In the affluent 
developed countries, diets can be expected to be
come more diversified while calorie consumption 
rises to perhaps 135 percent of FAO standards. 
The increased consumption in these regions brings 
to mind the problem of malnutrition due to over
consumption (i.e., overeating) cited in several re
cent studies. 198 

The consumption statistics for the industrialized 
countries and centrally planned economies do not 
fully indicate the magnitude of the pressures for 
increased agricultural production in th·!Se regions. 
Many are critically dependent on imports. In one 
case, the food projections in Chapter 6 show a 
food-importing centrally planned economy in
creasing its grain purchases by 650 perr ;mt by the 
year 2000. Pressure will also be high in those ex
porting countries experiencing balance of pay
ment problems. Agricultural sales provide a 
significant amount of foreign exchange for some 
countries. In 1975-77 in the U.S., for example, 

• Of course, adequate nutrition also requires protein and other 
nuuicnts, many of which will also be increasing in price. The 
discussion here is limited to caloric requirements. Sec Joint 
FAO/WHO ad hoc Expert Committee, "Energy and Protein 
Requirements," Rome: Food and Agriculture Organization, 
1973; and World Food Study and Nutrition, vol. l, Washington: 
National Academy of Sciences, 1975. 
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TABLE 13-17 

Dally pe1• Capita Calorie Consumption, Historic and Projected, by Region, with Percent of 
· · · · FAO Minimum Standards 

Historic Projected for 2000 

1969-71 1973-74 Alternative II" Alternative Ill' 

Figurts in partnthtsts are ptrctnts of FAO minimum sra11dardl" 
Industrialized countries 

Centrally planned economies 

Less developed countries 

3,180 (122) 3,340 (128) 3,500 (135) 3,400 (130) 

2,600 (107) 2,665 (110) 2,940 (121) 2,860 (118) 

2,165 (94) 2,135 (93) 2,390 (104) 2,165 (94) 

Latin America 2,525 (106) 2,540 (107) 3,080 (130) 2,710 (114) 
North Africa/Middle East 
Other African LDCs 
South Asia 

2,421 (104) 2,482 (107) 2,655 (114) 2,390 (103) 
2,139 (92) 1,071 (90) l,920 (83) 1,800 (77) 
2,036 (92) 1,954 (88) 2,230 (101) 1,985 (105) 

Southeast Asia 2,174 (98) 2,270 (103) 2,425 (110) 2,310 (I05J 
East Asia 2,140 (97) 2,205 (100) 2,520 (114) 2,320 (105) 

So11~: Pala for Industrialized coun1rle1 and centrally planned eronomits are 
lrom Table ~8. Chapter 6. this study; <I.ala for LPCs are from TAhlc 6-9. Con· 
~nioP from the food indeaes was performed by the Pcpanmcnt of A1rk11l1ure, 

Nott: Caloric requirements and per capi11 nloric comumpliun figures 1r~ cal· 
culatcd lrom measure> of 10111 food supply (adjusted for nonfood use. and pioc· 
eallng loacs and WUle) divided by midyur population. Intake below lll-90 f't'locnt 
or above 121H30 percent 11f lhe FAO. minimum requirement is unlikely, given 
bu!c body metabolism. Therefore pro1«1ed per caplll caloric levels outside a 
ran&~ of S0.-130 percent of calork minimums reRett an unusually small or large 

grain sales provided over 10 percent of all U.S. 
foreign sales .• ,., 

Prospects in the LDCs are mixed. Diet im· 
provements for the poorest two-thirds of the 
world's population are likely to be small or not 
forthcoming at all. As shown in Table 13-17, diets 
are projected to improve in Latin America and 
in Southeast and East Asia. Diets also improve 
in South Asia under the optimistic assumptions 
(induding constant energy prices) of Alternative 
II. But with the assumptions of increasing energy 
prices, high population growth, low income growth, 
and less favorable weather (Alternative III), av
erage per capita calorie consumption declines in 
South Asia and in the LDCs south of the Sahara.• 

The full implications of these calorie consump
tion levels depend on an additional measure-the 
statistical distribution of diets above and below 
calorie consumption averages. Studies by the U.S. 
Department of AgrkJlture and the Wortd Bank:IOll 
suggest that calorie distribution in the LDCs is 
sufficiently skewed ihat national average calorie 
consumption levels would have to. be at least 110-
120 percent of the FAO minimum before con
sumption ir. lower-income groups could be ex-

• Alternative I (see Chapter 6) preser1ts a range for the me· 
d:um case. The first number presented in the Alternative I 
entries reflects conditions with constant e11crgy prices: the sec· 
ond entry is for rising energy prices. The Nutritional impli· 
cations of Alternative I are presented in Chapter 6. 

wute 01 proccuin1 ma1gin rather than a sumin~ daily per capita intake in the 
t,700-1.800 calorie range or in tht 3.300-3.400 calorie range. 
•Real price of energy remains runst1n1. with low population arowth. high income 
frowth, and lcu favorable weather. 

Real price ol eneray increases as projected in Chapter to. with high population 
grow1h, low income growth. and leu f1vor1blc wea1hcr. 
• FAO's minimum, rounll)'·Specific caloric rcquiremeni. imply regional require· 
menlt of 2.375 calories per capita per day for Lalin Ame1in. 2.325 lordevelopina 
Africa. 2.210 for developing Asia (2.300 for the LPCs 11 an aggreiatc). 2.600for 
the indumlalizcd countries. and 2.420 for the centrally planned economics. 

pectcd to approach the recommended minimum.• 
Keeping this added distribution factor in mind, 
the projected increase in per capita calorie con
sumption would probably be adequate to improve 
Latin American diets (under all three alterna
tives') and Southeast Asian and East Asian diets 
(under selected alternatives) to the extent that 
low-income groups would have access to mini· 
mum food supplies. Consumption in the rest of 
the developing regions-and in the LDCs as a 
whole-would fail to increase fast enough to meet 
the minimum needs of the lowest-income groups, 
which possibly make up one-third to one-half of 
the total world population. The World Bank, tak
ing these inequities into account, estimates that 
malnourished persons in the LDCs could increase 
from the current figure (400-600 million) to as 
many as 1,300 million by the year 2000. 101 

There has been hunger and malnutrition sorite· 
where in the world for virtually all of recorded 
history, but as National Academy of Sciences 
President Philip Handler has observed, 

The character of malnutrition has changed mark· 
edly in the last 40-50 years. The classical defi-

• Policies leading to a more equitable income distribution 
could reduce this skewness and result in a far larger improve· 
ment in diets than reflected in the regional consumption av· 
erages. However, the analysis throughout this Study is limited 
to one policy option, namely the continuation of present pol· 
icies. 
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ciency diseases-beriberi, scurvy. pellagra, rickets, 
sprue-have almost disappeared. Only xero
phthalmia due to Vitamin ~ defi~iency c~ntinues 
as a serious problem, causmg blindness m large 
numbers of children. Instead, there is marasm~s, 
and kwashiorkor-both forms of general protem
calorie insufficiency and iron deficiency anemia. 
Thus nutritional status is now rarely the conse
quen~e of ignorance; malnutrition now reflects 
lack of food, not lack of scientific understand· 
ing. 10J 

In short, nations throughout the world will be 
pressured to substantially increase agricultural 
output tc respond to growth in d~mand. ~emand 
will be driven by both population and mcome 
growth, but in different proportil.:ms in ~ifferent 
areas. In the LDCs, approximately a thud to a 
half of the world's population will experience a 
calorie shortfall. Most food-importing nations will 
produce as much as possible to alleviate negative 
trade balances. Exporters, especially the U.S .. 
will encourage grain production to help offset the 
balance cf payment pressure created by continu~d 
heavy oil imports. While the demand for food wdl 
be high everywhere, the ~trains .on the agric~l~ural 
sector are likely to be highest m South Asia and 
in LDCs south of the Sahara. These pressures will 
affect the environment adversely through soil de
terioration, through use of pesticides and abuse 
of fertilizers, and through the consequences of 
monocultures of inbred crop varieties. 

Deteriorstion of Soils 
The amount of land available for cultivation 

changes when new lands are brought into pro
duction, when existing croplands deteriorate and 
are abandoned, and when croplands are con· 
verted to other uses. The projections suggest that, 
even with substantially higher food prices, only 
relatively modest amounts of additional land can 
be expected to be brought into production by 
2000. This prospect accentuates the importance 
of increasing yields and, in turn, of maintaining 
and improving soil fertility. Yields can be en
hanced with fertilizers but only at an increasing 
cost and only as long as an adequate soil structure 
remains. The condition of soils is of central im· 
portance now, and its importance is likely to in
crease in the years ahemJ. The trend, unfortunately, 
is one of deteriorating :mil conditions. 

To what extent does soil deterioration on ex
isting croplands affect the world's agricultural .,o
tential? The limited data available can o.dy 
suggest the outlines of an answer to this ques
tion, lll3 showing scattered but alarming examples 

of soil deterioration.• The primary problems in· 
elude: (1) loss of topsoil to erosion, (2) loss of 
organic matter, (3) loss of porous soil structure, 
(4) build-up of toxic salts and chemicals. 

Given the limited data, there are several ap
proaches that might be used in assessing the in
fluence of soil deterioration on agricultural 
production to the year 2000. First, as has been 
done in the Global 2000 Study's food projections, 
one can assume that farmers throughout the world 
will be awure of the potential problems, will suc
cessfully charge more for their produce, and will 
use the additional ir1come to counteract potential 
ecological problems. The technologies and man
agement techniques now available are assumed 
to be brought to bear on ecological problems as 
they emerge, so as to limit their adverse '.mpact 
on expanding production. This approach does not 
assume that adverse effects do not occur but 
rattu·~ H~!!~ !!!~capital, knowledge, and incentives 
necessary to emplay presently known solutions 
will be available. Under this assumption, the im
pacts of ecological problems on agricultural pro
duction do not increase markedly beyond the 
current level. This approach is subject to criticism 
because it is based on assumed developments
necifically, the adoption of environmentally sen
sitive technologies and management policies
that may or may not occur. 

Another approach is to extrapolate on the basis 
of the present limited knowledge of world soil 
deterioration. For example, the 1977 U.N. Con
ference on Desertification projected that if pres
ent l:·ends continue, the world will have lost one
thirdt of its ::rable lands due to desertification and 

• Changes in soil quality cannot be directly and accurately 
measured over large geographic areas, and too few sample 
measurements have been made to obtain a detailed statistical 
picture at the global (or even, with few exceptions, nt the 
national) level. Presently, rates of soil deterioration for large 
geographic areas can be estimated only on the basis of frag· 
mentary evidence: data from exp.-.dment~I plots, studies of 
stream-water sillation, archeological .... .: ;,, ·.torical studies of 
once verdant lands now turning to desert, and remote sensing 
satellite images used to assess vegetative and oth. r character
istics. The limited number of cases where site·spec:tic data are 
available include examples of disastrous soil deterioration, and 
evidence of deterioration can be found in scattered observa· 
tions from around the world.* The study of world soil con· 
ditions is further complicated in many regions by the use of 
synthetic fertilizers nnd high-yielding varieties, which m11y 
maintain or even increase production for a time, temporarily 
masking losses of soil and deteriorating soil structure. 
t Erik Eckholm has noted in a private communication an in· 
ability to find anyone who will take responsibility for this U .N. 
projection. Eckholm himself sees the problem as serious, but 
not quite this serious. He has described his own perceptions 
of the pl'Oblem in Erik Eckholm and Lester R. Brown, Spread· 



ENVIRONMENT PROJECTIONS 277 

· other causes by 2000. • This approach is open to 
criticism because of the limited knowledge on 
which it is based. The approach used in the fol
lowing paragraphs is simply to catalog and de
scribe the principal elemen:s of what is now 
known of world land degradations. 

The five major agents of soil loss are: (1) de
sertification (the process of land deterioration as
S<>ciated with desert encroachment, usually caused 
by ove:,·Jy intense grazing, shortened fallow pe· 
riods, and consumption of woody plants as fuel); 
(2) waterlogging, salinization, and alkalinization, 
which commonly occur when irrigation systems, 
particularly in arid lands, apply water in ways that 
are incompatible with soil drainage and other soil 
and water characteristics; (3) soil degradation that 
follows deforestation on steep slopes and in many 
humid tropical areas; (4) general erosion and hu
mus loss occurring in major agricultural regions 
as a consequence of rcutine agricultural prnctices; 
and (5) loss of lands to urbanization, road build
ing, villag: expansion, and other land-consuming 
developments associated with economic ar:d pop· 
ulation growth. 

Desertlftcatlon. 
Desertification• will probably be a major mod

ifier of landscapes between now and 2000. If all 
the lands identified by the U.N. as having a high 
or very high probability of desertification were to 
become desert by 2000, deserts would occupy 
more than three times the 7,992,000 square kil· 
ometers they occupied in 1977. 206 Most of the land 
lost would be pastureland, but losses in cropland 
could also be significant. As shown in the acc\Jm
panying map, most of the losses would probably 
take place in Africa and Asia. Desertification is 

ing Deserts-The Hand of Man, W;;shington: Worldwatch In· 
stitute, Aug. 1977. Present l~s to desertification are apparently 
on the order of 6 million hectares per year (60,000 square 
kilometers): 3.2 million hectares of rangeland, 2.5 million hec· 
tares of rainfed cropland, and 125,000 hectares of irrigated 
farmland (Margaret R. Biswas, "United Nations Conference 
on Desertification in Retrospect," Laxen burg, Austria: Inter
national Institute for Applied Systems Analysis, Sept. 1978, 
p. 31). According to "Desertification: An Overview," U.N. 
Desertification Conference Aug. 1977, areas undergoing se· 
vere desertification now cover about 30 million square kilo
meters, or 23 percent of the earth's ice free land area. 
•Desertification is a broad, loosely defined term encompasi1ing 
a variety of ,ecological changes that render land useless for 
agriculture or for human habitation·. Deserts rarely spread 
along we!l·a,1iculated frontiers; rather. they pop up in patches 
where abuse, however unintended, destroys the thin co•1er of 
vegetation and fertile soil and leaves only sand or inert earth. 
(Erik Eckholm and Lester R. Brown, Spreading Deserts-The 
Hand of Man, Washington; Worldwatch Institute, Aug. 1977, 
PP· 7-8). 

an active ongoing phenomenon, and its implica
tions are not a matter of speculation. The eco
nomic bases of several West African countries, 
including Mauretania, Senegal, Upper Volta, 
Mali, Niger. and Chad have recently been un· 
dermined through the extensive desert expansion 
that occurred during the 1968-73 drought. These 
countries will find recovery difficult, as the dam· 
age done to soils was long-term. Sudan, Somalia, 
Ethiopia, Kenya, and Tanzania have also suffered 
degradation of soils associated with the recent 
drought. m 

As already stated, one of the leading causes of 
desertification is overgrazing. As shown in !he 
Free Range Grazing Pres!:.ure map in the colored 
map section, a large amount of land surface is 
used for free range grazing. Livestock populations 
have grown rapidly over the last few decades, and 
in the LDCs much of the increase has been in 
free-ranging animals. Globally the population of 
cattle rose by 38 percent over the 1955-76 pe
riod-including a 62 percent increase in the Near 
East and a 51 percent increase in Latin America. 
Over the same period, global sheep and goat pop
ulations increased by 21 percent, with a 52 percent 
increase in the Asian centrally planned economies 
and a 44 percent increase in Africa. 2811 A portion 
of this increase has been in countries with rapidly 
expanding feedlot operations, but in many areas 
the increases in free-ranging livestock populations 
have pushed above the levels that can be indefi
nitely sustained by the land-given current !Jas
ture management policies and the limited 
application of available (but expensive) technol· 
ogies for the protection of rangelands. In some 
regions, such as Rajasthan in India, increases in 
the land under cultivation have reduced available 
pastureland and intensified pressure on remaining 
pastures. The result has been severe declines in 
soil productivity and in some areas the actual ere· 
ation of deserts of blowing sands. 209 

It is easy to underestimate the statistical prob· 
ability of a drought. The 1968-73 drought ir, the 
African Sahel was so long and so severe that many 
experts suspected that a climatic shift had oc
curred. However, several statistical analyses of 
climatological data prepared for the 1977 U .N. 
Conference on Desertification suggest that the 5-
year Sahelian drought was within the range of 
statistical expectation and therefore should not be 
thought of as a climatic shift or a fluke. Moreover, 
the analyses suggested a statistically significant 
tender.:".y for dry years to occur in succession. 
Thus t1'1e Sahel can expect a recurrence of such 
a drought.2

" In most arid areas the oldest people 
can, on average, remember having experienced 
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about four major droughts. some of which ex
tended over several years. While most areas do 
not experience droughts as frequent or as severe 
as those in the Sahel. the probability of adverse 
weather is often underestimated. especially dur
ing periods of good weather. 

The example of the Sahel also raises questions 
relating to populations, carrying capacity, and 
assistance. Drought always means hardship, but 
in cases like the recent Sahelian drought. where 
conditions exceed mere hardship and include se
vere famine and ecological decline, the role of 
human and animal population levds must be ex
ammed as potentially major contributors to suf
fering.111 Where drought occurs periodically, the 
livelihood systems of the peoples there become 
adapted to coping with the consequences of 
drought. In these situations, the U.N. notes, great 
care must be exercised in external efforts to assist 
so that the adapted livelihood systems are not 
disrupted.m 

Waterlogglng, Salinlzatlon, Alkallnlzatlon 
Many irrigation projects also take their toll. 

The causes varv, as discussed below, but world
wide an estimated 12S,OOO hectares of irrigated 
land are lost from production each year due to 
wa1.erlogging, salinization. and alkalinization.1u 
This loss rate amounts to only about .06 percent 
per year of the world's total irrigated land. 214 If 
it remains constant through the year 2000, about 
2.75 million hectares (approximately 1.4 percent 
of the world's total irrigated land) will be out of 
production. These losses have more impact than 
averaged figures suggest because irrigated land is 
almost always the most productive land in a given 
region. But even assuming average productivity, 
2. 75 million hectares represents the food supply 
(with average yields) for more than 9 million peo
ple.• 

Problems of watcrlogging, salinizatiort, and al
kalinization occur i" arid regions where irrigation 
systems supply water to the soil faster than drain
age can remove it. The excess water raises the 
water table to a level near the ground surface. 
Evaporation brings dissolved soil salts to the sur
f ace where they inhibit plant growth and form a 
mineral crust. The water that returns to local 
streams and rivers is often so laden with salts that 

•A Department of Agriculture representative has pointed out 
that with higher yields (2,000 kilograms) 2.75 million hectares 
could feed more than 15 million people. Furthermore, even 
when lands are not abandoned, waterlogging, salinization, and 
alkalinization are reducing the yields on ever larger amounts 
of land-r.nnually and cumulatively. 

irrigation downstream is impaired (see the water 
section of this chapter for further information on 
this point). 

Seepage from unlined canals is often even more 
of a problem than the water intended for irriga
tion. Canal seepage may cause the water table to 
rise, waterlogging the soil and transporting salts 
from lower soil horizons to the surface. 

Such problems reach extreme proportions in 
Pakistan even as early as the 1960s. At that time 
in the Sind, one of Pakistan's two major prov
inces, 49 percent of all agricultural land was mod
erately or severely waterlogged, 50 percent was 
highly saline, and 27 percent was moderately sal
ine, according to U.N. data. In the Punjab, the 
other major agricultural province, over 30percent 
of all agricultural land was reported suffering from 
salinization. Massive soil reclamation projects in 
Pakistan have had some success, particularly in 
reducing waterlogginj, but reclamation of saline 
soils has been slow.21 

The situation in Pakistan is far from unique. In 
Afghanistan, waterlogging, sal!nization, and al· 
kalinization are evident in most agricultural areas.116 

tn Argentina, 2 million hectares of irrigated land 
are adversely affected by waterlogging, saliniza
tion, or alkalinization.117 And in Peru, 300,000out 
of 800,000 hectares of coastal irrigated land are 
affected by salinization or waterlogging.119 In fact, 
virtually every nation with a sizable irrigated area 
is now adversely affected by these problems. 

In the U.S., for example, some of the nation's 
richest farmlands are threatened. The San Joa
quin Valley provides a recent, well-studied ex
ample. About 400,000 acres (160,000 hectares) of 
irrigated farmland in the San Joaquin Valley cur
rently are affected by high, brackish water tables 
that pose an increasingly serious threat to pro· 
ductivity. Approximately 1.1 million acres (450,000 
hectares}-about 13 percent of the total valley
ultimateiy will become unproductive unless sub
surface drainage systems are installed. The salting 
problems of the valley have been compared to 
those that resulted in the collapse of civilization 
in Mesopotania and Egypt's upper Nile when 
early signs of agricultural overproduction were 
not hc::eded. Loss of the productive capacity of the 
San Joaquin Valley lands would be a serious loss 
to the people who work them, to the economic 
community of the valley, to the State of Califor
nia, and to the country as a whole. The agricul
tural output of the valley is now estimated at $4 
billion annually. To prevent this loss, a compre
hensive system for management and disposal of 
the saline effluent of on-farm subsurface drainage 
systems has been proposed. m Similar problems 
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are also being observed in California's Imperial 
Valley. 

Reclamation of degraded irrigated lands is a 
slow and costly process, often requiring construc
tion of major public works, drainage, and correc· 
tive soil chemistry and structure. Lands that are 
waterlogged but have no problems with accu· 
mutated salts can generally be restored by reduc
ing the water seepage rate and improving drainage, 
which can be costly but at least shows immediate 
results. Salinized and alkalinized soils, on the 
other hand, generally can't be restored without 
washing the accumulated salts out of the soil. In 
arid lands where such problems occur, passing 
enough water through the soil to carry away ex
cess soil salts is difficult, costly, and time-consum
ing. In most instances, drainage problems make 
it impossible to simply pour huge quantities of 
water over the soil, and major hydraulic engi
neering is required. Furthermore, once washed 
out, the salts may reach ground-water supplies or 
become deposited in downstream regions, thus 
moving the problem rather than solving it. In 
many cases it is only possible to move the salts 
down in the soil profile. 

In conclusion, history shows that when the de
sert is made to bloom, it sometimes does so only 
as a day flower, soon to wither under the stressful 
interaction of soil and sun. Poorly managed irri
gation is often a major cause. The U.N. Confer· 
ence on Desertification has focused attention on 
these problems, and the ecological and techno; 
logical aspects of reclamation and prevention are 
beginning to be understood. 220 However, many 
drylands scattered across the world are showing 
early signs of salinization. By 2000 these areas 
may have experienced major declines in fertility 
unless major educaional efforts are made and cap
ital is provided. The technology is available, but 
high costs and poor management (often including 
no water charge, thus encouraging overwatering 
and inadequately designed drainage) may signif
icantly limit its appliction. 

Deforestation 
In their natural state, most regions of the globe 

receiving moderate-to-high rainfall would be for
ested. When forests are cut, particularly in trop
ical and semitropical lands (where rainfall~ are 
violent and biochemical reactions are relatively 
rapid) and on steep slopes (where soils are usually 
thin and easily eroded), accelerated soil erosion 
occurs, accompanied by increased seasonal flood
ing, low flows, and siltation. 

Haiti is an example of what advanced defores-

tation can do to an agricultural system. With 8' 
tight 5.3 persons per arable hectare, Haiti has 
effectively lost the forests on its watersheds.' 
Farmers looking for a small patch of land, hungry 
cows and goats, and firewood gatherers have re
duced the country's forests to 9 percent of their 
original extent. Droughts and floods are unmod
erated by forest buffers; erosion is rampant; ir
rigation and hydroelectric systems are silting in; 
and the quality of the soils is declining.m 

Information on watershed deforestation from 
U.S. Embassy officials (see Appendix C) and 
from the U.S. Agency for International Devel
opment,m suggests that Thailand, Brazil, Costa 
Rica, the Philippines, Burundi, the Ivory Coast, 
Burma, India, Indonesia, and many other nations 
may be facing similar problems, at least locally, 
if not on a nationwide scale. For example, the 
U.S. Embassy in Thailand reports that under the 
combined influences of firewood gathering, slash· 
and-burn agriculture, and large-scale illegal 
poaching of protected forests, the country's entire 
forest area cover could be effectively cleared by 
1987, and even the most optimistic estimates of 
the rate of destruction offer no hope of significant 
forest stands in Thailand beyond 1993. As a result 
of its deforestation, Thailand suffers increasingly 
from both flood and drought, and while Thai
land's arable area is still expanding, the general 
impression left by the U.S. Embassy reports is 
that erosion is already serious and likely to be
come more so. 

As will be discussed more fully in the forestry 
section of this chapter, deforest:.lt:~n. particularly 
of mountain slopes forming the watersheds to 
heavily populated agricultural regions, appears 
likely to create serious obstacles to achieving the 
food projections summarized above, and hence 
also to the fulfillment of basic food needs for tens 
of millions of the world's people. 

General Erosion 
Given the scenarios developed in the agricul

tural forecasts in this volume, it can be anticipated 
that hydrologic destabilization will increase rates 
of erosion and loss of soil organic matter through 
the year 2000. By that time many croplands that 
are now producing well will be facing serious soil 
problems if current cultivation practices continue. 

Because corn (maize) is relatively poor at hold· 
ing soil, the corn-growing lands-about 7 .5 per
cent of all lands in cultivation, producing roughly 
one-fifth of the world's grain-will fare the worst. 
The United States, as the world's largest corn 
producer, is in particular danger. 
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The U.S. Soil Conservation Service considers 
soil losses of 1 ton per acre for shallow soils and 
S tons per acre for deep soils to be the maximum 
that can be sustained annually without harming 
productivity. Although difficult to estimate, the 
extent to which soil losses exceed this figure ap
pears to be great. For example, a survey of 283 
U.S. farms in the Midwest, Great Plains, and Pa
cific Northwest recently conducted by the General 
Accounting Office (GAO) found that 84 percent 
had annual soil losses in excess of 5 tons• per 
acre.m In Iowa and Illinois, the two corn-domi
nated states covered by the GAO study, half the 
farms surveyed lost betwen 10 and 20 short tons 
per acre per year. The5e findings are consistent 
with those of other studies.214 

Gently sloping lands planted to corn, millet, or 
cotton often lose as much as 20 tons of soil per 
acre per year, at which rate they will have lost 
approximately 3 inches of soil by the year 2000. m 
Steeper slopes might double or even quadruple 
these figures and conceivably experience soil 
losses of 6 inches to a foot or more by the year 
2000 wherever the main crop does not provide 
good soil cover. The significance of these losses 
depends on local soil depths, but to date the se
riousness of such losses have been masked largely 
by energy subsidies in terms of fertilizers-sub
sidies that will be increasingly expensi·ve and dif
ficult to maintain in the decades ahead. 

Wheat is relatively good at holding soil. Five 
to 10 tons of soil loss per acre per year are com· 
monly reported losses for wheat, at which rate 
approximately 1.5 :nches of soH could be lost by 
the year 2000. mTerraced rice cultiviation appears 
to be the most soil-conserving of all. It has been 
calculated that Chine5e, Japanese, and Korean 
practices may add more to the soil, through ad
dition of canal dredging to the fields, than is 
washed away .117 Very low rates of erosion can also 
be attained by crop rotations, such as alternative 
olantings of corn, wheat, and clover, which re· 
!.tore organic matter and keep the earth well cov-
2red at most times. 

Loss of organic matter follows trends similar to 
those observed for erosion. It is particularly se
vere with crops such as corn and soybeans, which 
do not provide a dense soil cover or sodlike root 
structure. Organic matter is also lost if crop res
idues are burned to protect crops against disease, 
as they often are in the U.S., or if crop residues 
and manure are used as fuel, as they are increas
ingly in developing regions faced with firewood 
shortages. Rotation schemes, fallow periods, and 
green manuring can reduce losses or permit 
buildup. However, until 1973 relatively inexpen-

sive chemical fertilizers and high crop prices dis
couraged fallowing and encouraged continuous 
cropping. Since 1973 fertilizer prices have risen, 
but although the Global 2000 Study's energy pro
jections suggest that the price of energy-intensive 
fertilizers will increase significantly in the years 
ahead, the high effectiveness of chemical fertil
izers may continue to make the use of organic 
fertilizers less attractive. 

Loss of organic matter is critical for two rea
sons: (1) organic matter serves to retain soil struc
ture and moisture, and (2) breakdown of soil 
organic matter adds carbon dioxide to the atmos
phere, potentially leading to climatic change. As 
shown in Figure B-3, the pool of carbon in soil 
systems is thought to be larger than that in forests 
and living organisms. The effects of converting 
fixed carbon in both forests and soil systems to 
carbon dioxide are discussed above in the climate 
section of this chapter. 

Losses to Development 
When land is subjected to the intense uses char· 

acteristic of urban and industrial development, it 
is in effect permanently lost for food production. 
Furthermore, urbdn and industrial developments 
are often located on some of a nation's, or the 
world's, best agricultural land-rich, irrigated, 
alluvial soi'" in gently sloping river valleys. Such 
lands lost to urban and industrial growth often 
involve taking lands out of production and there
fore represent an actual loss of production as op
posed to a potential loss. 

The loss of both producing and potentially pro
ducing land has serious implications for food-im
porting nations. For example, the total irrigated 
land in Egypt has remained virtually unchange<l 
over the past two decades. Old producing lands 
are lost to development almost as fast as addi· 
tional hectares are irrigated with water from the 
Aswan Dam.1:11 

The worldwide losses of agricultural land to 
development are difficult to estimate on the basis 
of the limited data now available. A recent report 
by Lester Brown, President of Worldwatch lnsti· 
tute, brings together most of what is now known.1..., 
Brown projects that, if present trends in urban 
development and growth continue, developm..:nt 
between 1975 and 2000 will claim 25 miilion hec
tares of cropland. While this is only about 2 per· 
cent of the world crop base, it is enough land 
(assuming even average productivity) to feed 
some 84 million pr.ople. 

Increases both in urbanization (growth of the 
urban .,opulation) and suburbanization (the geo
graphical spread of urban settlements) have ac· 
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TABLE 13-18 
Loss or Agricultural Lands, 1960-2000, Selected 

lndustrlallzed Countries 

Austria 
Belgium 
Denmark 
Finland 
France 
West Germany 
Japan 
Netherlands 
New Zealand 
Norway 
Sweden 
Turkey 
United Kingdom 
United Stales 

(excluding 
Alaska) 

Weighted total 

Average Annual 
Rate of Loss 

1960-70 

Projected 
Cumulative Loss 

1978-2000 

Percent 
0.18 5 
1.23" 24 
0.30 6 
0.28" 6 
0.18 4 
0;25 s 
0.73• 15 
0.48' 10 
0.05 1 
0.15 3 
0.33 7 
0.04 1 
0.18 4 

0.08 2 

2.5 

So11rr1. 19611-70 d111 from Organization for Economic Coopcralion and Devel· 
opmen1. ln1trf11111m. Ch. 13."Physicil Environment." Paris. M1y 16. 1977 (drart). 
p. 22. 
• 19~9-70. ~ 1'159-69. ' 1965-7'. • 1966-72. 

celerated the rate at which agricultural land is lost 
to development. A recent study by the Organi
zation for Economic Cooperation and Develop
ment (OECD) indicates that in the OECD 
(industrialized) countries urban land area has 
been Jrowing about twice as fast as the popula
tion. This trend is due in part to sprawling res
idential patterns. In 19i2 each additional U.S. 
s•1burbanite required 0.15 hectares of land (0.09 
hectares of which was taken out of cultivation) for 
development purposes. This loss is nearly half the 
average agricultural land per capita (0.19 hec
tares) projected for the LDCs by the year 2000.231 

On a percentage basis, even higher loss rates are 
being experienced in some industrialized nations 
(see Table 13-18). Surveys in developing co•m
tries show lower per capita land losses to devel
opment, but the high rates of population grow1'h 
and the limited amounts of prime farmlands t1ce 
likely·to make such losses equally frnport!mt in 
the LDCs. 

In the face of rising energy costs, it is unclear 
whether the trend toward urban, suburban, and 
industrial sprawl will continue or reverse. Energy 
concerns will gradually c:;ncourage both greater 
compactness (for the efficiency needed by large 
centralized energy facilities) and more decentral
ization (for the more diffused, land-intensive, and 

self-sufficient settlement patterns that efficiently 
use solar and other small-scale renewable sources 
of energy, such as windmills, biogas plants and 
biomass). However these forces eventually bal
ance out, it seems likely that significant amounts 
of land will be removed from cultivation or po
tential cultivation between now and 2000. The 
OECD countries again provide an example. Should 
1960-70 rates of land loss continue, the OECD 
countries will have lost an average of 2.5 percent 
of their agricultural lands by 2000, as shown in 
the table. A substantial portion of the higher cost 
of food production projected for 2000 in Chapter 
6 is a direct resu't. of the costs of expanding arable 
area to compensate for development losses. 

Over and above losses to urbanization and sub· 
urbanization, agricultural lands are being lost to 
expanding rural populations and villages around 
the world. The data available on these losses are 
limited. Lester Brown, who finds evidence that 
villages frequently expand onto cropland, reports 
that India, a nation of 600,000 villages, projects 
nonagricultural land use to expand by 9.8 million 
hectares (or 60 percent) b.etween 1970 and 2~. "1 

Overall, world losses of agricultural land to village 
expansion have not been estimated . 

The food projections in Chapter 6 include ex
plicit consideration of land lost to development.* 
The above discussion is presented as support for 
the estimates used and cited in the Study's food 
projet:tiJns, althou!th it provides only an ind!ca
tion of ·:he gross ch .nges known to be occurring. 

By the Year 2000 
This discussion of global deterioration of soils 

has considered (1) desertification, (2) waterlog
ging, salinization and alkalinization, (3) the ef· 
fects of deforestation, (4) general erosion and 
humus loss, and (5) loss of land to urbanization 
anc.I village expansion. These problems are widely 
recognized by national and world leaders and ef· 
forts are being made to reduce rates of deterio-
1 ation and to restore soils. The 1977 U.N. 
Conference on Desertification is an example of 
these efforts. 

•1n the GOL (grain. oilseed, and livestock) m~el.used by the 
Department of Agriculture for the food proJec11ons, devel· 
opment·related land losses are ,specified as a negative function 
of population growth. Specifically, the assumed losses range 
from 0.03 hectares per capita'in LDCs to 0.1 hectares per 
capita in the developed countries. The Department notes that 
to dale losses of arable area to development have been orfset 
substantially by larger gains through settlement or new lands 
or by reclamation or o!d lands. With the .supply of ~tentit.lly 
arable area 'inite and the cost or reclamahon mcreasmg, losses 
due to dcvelopm.:nt an: likely to beco:ne increasingly impor· 
tant. 
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Most instances of soil deterioration are revers
ible, at least in theory. Given sufficiently large 
commitments of time, capital, energy, technical 
knowledge, and political will, most land deterio
ration can be slowed, stopped, or even restored. 
The problem is that in practice the time and 
knowledgl.' required and the economic, resource, 
and politicai :::osts involved make man;1 crises of 
soil deterioration 'lirtually irreversiblf!. 

The difficulty in controlling the fiv;: 1.ypes of 
land deterioration can be seen in examples in the 
United States. Luther Carter has described the 
economic problem in part, noting that desphe the 
billions ment on it, the problem of soil erosion 
persists. 3 The General Accounting Office has 
recently pointed to the need to gi re soil conser
vation top priority in order to meet future food 
needs. n4 Salinization continues to be a threat to 
important U.S. croplands.235 Prime agricultural 
lands continue tu be lost tot. '.ban sprawl, resource 
development, roads, and shopping centers. 236 The 
Department of Agriculture's Soil Conservation 
Service (SCS) reported that iii 1975 soil losses on 
U.S. c1:opland amounted to ah 1ost 3 billion tons, 
an average of about 9 tons per acre. Ali.hough 
this was excessive, it was less than the estimated 
4 billion tons of topsoil that wc,uld have bc-;...n lost 
in 1975 if farmers had folbwt:d nu wnservation 
practices at all.137 The SC3 n.:port concluded that 
to sustain U.S. crop production indefinitely at 
~ven present levels, soil losses must be cut in half. 
The SCS has developed a plan for reducing soil 
losses, but the plan has not been implemented, 
probably in part because it would lead to a 5-8 
percent increase in production costs. It might also 
reduce food output somewhat in the short run.138 

Not just in the U.S. but throughout the world, 
the fate of soil systems depends on societies' will
ingnes:; to pay the shorHun resource and eco
nomic costs to preserve soils for long-run benefits. 
Whether the soils of the world will deteriorate 
further or be reclaimed will depend in large part 
on the ability and willingness of governments to 
make politically difficvh policy changes. Soil pro
tection requires a stable society and well-devel
oped institutions. A society stres: ~·1 by warfare, 
hunger, internal turmoil, and corruption, or ob
sessed with modernization to the point that it ig
nores the fate of its agricultural lands, will be 
fortunate if the productivity of its land does not 
diminish significantly in the decades ahead. 

The political difficulties cannot be overem
phasized. Often solutions to soil problems will 
require resettlement, reduction of herd sizes, re
strictions on plantings, reforms in land tenure, 
~m1 public works projects that will fail withm1t 

widespread cooperation from the agrarian popu
lation. The costs will be immediately apparent; 
the benefits will seldom be seen in less than half 
a decade and in some cases may not be apparent 
for a generation or more. Unless a government 
is trusted hy its people or can afford to offer long
term financial incentives, it will have difficulty 
implementing soil conservation programs. 

The soil conditions that can be expected by the 
year 2000 are critically dependent on policy 
changes during the intervenir1g years. Assuming 
no policy change-the ~~andard assumption un· 
derlying all of the Global 2000 Study projec· 
tions-significant deteriorations in soils can be 
anticipated virtually everywhere, including in the 
U.S. Assuming that energy, water, and capital are 
available, it will be possible for a time to com
pensate for some of the deterioration by increas
ing the use of yield-enhancing inputs (fertilizer, 
irrigation, pesticides, herbicides, etc.), but the 
projected increases in energy (and chemical fer· 
tilizer) costs will make this approach to offsetting 
soil losses ever more expensive. Without major 
policy changes, soil deterioration could signifi· 
r:antly interfere w~th achieving the production lev
els projected in this Study. 

Ecological Effects of Fertilizers and 
Pesticides 

Historically, fertilizer use is correlated with the 
use of a number of yield-enhancing agricultural 
inputs including pesticiues and herbicides. The 
projections in Chapter 6 are based on the as
sumption that growth in fertilizer use is repre
sentative of the growth in all yield-enhancing 
inputs. Therefore the "fertilizer" projections are 
intended to apply to a full package of yield-en· 
hancing ir.puts. 

However, f10m an ecological perspective, fer
tilizers and pes:icides have very different effects. 
It is therefore important in the environmental 
analysis to examine factors that migh:- alter the 
historic correlation. Thus, the discussions that fol
low begin wit.h a brief consideration of some of 
the factors that will influence the relative growth 
of fertilizers and pesticides and herbicides. Fer
tilizers are considered first. 

Fertilizers 
Chapter 6 projects that by :WUQ global use per 

hectare of "fertilizer" (as defined in that chapter) 
will be 2.6 times that of the record levels reported 
in the early 1970s. Usage in LDCs is projected to 
quadruple, and usage in the centrally planned and 
market economies is projected to increase by fac-



tors of 2.3 and 2.1 respectively. Since the area 
under cultivation is projected to increase only 
slightly, the per hectare usage of fertilizers in all 
regions can be expected to increase at essentially 
the same rates as the tolal applications. 111 the 
discussion that follows. it is assumed that ai;~ual 
fertilizer use will follow closely these indicativ~ 
"fertilizer" projections. 

In assessing the environmental implications of 
the projected fertilizer usage, it is important to 
obtain some sense of the magnitude of projected 
fertilizer use relative to natural flows of basic nu
trients. The Scientific Committee on Problems of 
the Environment (SCOPE) of the International 
Council of Scientific Unions estimated in 1976 that 
if current rates of increase in nitrogen fertilizer 
production were to continue. synthetic nitrogen 
fixation-whkh then amounted to about 26 per
cent of natural, terrestrial fixation- would be 
equal to natural fixation by 1983.139 Theecological 
ramifications of an alteration of this magnitude 
in a basic nutrient cycle are uoclear. as are the 
ramifications of the parallel and equally signifi
cant changes in the phosphate nutrient cycle. 

While U.S. Department of Agriculture officials 
regard the global levels of fertilizer USl~ projected 
for 2000 to be safe when applied carefully by 
trained personnel. they are aware that improper 
use leads to increased dangers. Imprnper use can 
aggravate rath.:!r than alleviate problems of soil 
deterioration and declining fertility. Further
more, even with careful application adverse ef
fects of fertilizer usage have been observed, or 
are suspected, in aquatic and marine systems, in 
the atmosphere, and in terrestrial ecosystems. 

Scientific understanding of atmospheric influ
ences is not yet well developed, but it is reported 
by the National Academy of Sciences that nitrous 
oxide from fertilizer usage, when it makes its way 
into the stratosphere, reacts in a fashion that de
pletes the ozone layer. If this phenomenon turns 
out to be serious, the world could find itself in the 
tragic situation of having to support the human 
population at the cost of subjecting the world's 
biota to damaging dosages of cosmic and ultra
violet radiation, at least one effect of which would 
be increased incidence of skin cancer in human 
beings."' 

From the perspective of ecology, the known 
terrestrial effects of increased fertilizer usage are 
surprisingly benign. The addition of large amounts 
of three critical nutrients (phoF,horus, potassium, 

•See t>ie climate section or this chapter for rurther information 
on nitrous oxide and other chemicals that deplete the ozone 
layer. 

and fixed nitrogen) might be expected to produce 
many changes in soils. The most apparent effect 
is simply the intended increase in plant growth. 
One potentially adverse effect concerns the ac
celerated decomposition of organic matter in 
soils. As nitrogen is often the limiting nutrient for 
decompodtion of soil organic matter, increased 
nitrogen usage contributes to reduction of soil 
organic matter, thus degrading soils and contrib
uting carbon dioxide to the atmosphere. 13911 

As soon as virgin soil is plowed, the decom
position of its organic matter accelerates. and soil 
quality (especially tilth, porosity, and water-ab
sorbing capacity) begins to deteriorate. It was 
once thought that the application of nitrogen fer
tilizer would rebuild the organic matter in crop
lands by stimulating more plant growth, the 
residue of which would be added to the soil. 2J9b 

However, it was demonstrated early13.,..-and con
firmed again more recentIJ13911-that under mod
ern farming methods the organic matter in soils 
cannot be maintained at anything approaching its 
virgin state. Generally, soil organic matter de
clines to an equilibrium value of 40-60 percent of 
the orginal content. Soil quality deteriorates as 
well. While in most cases crop yields can be main
tained through the continual application of chem
ical fertilizers, through plowing with large heavy 
tractors, and through irrigation. the modern 
methods of farming tend to lock agriculture into 
a particular mode of cultivatiori and resource al· 
location if h~h yields in degraded soils are to be 
maintained. tt 

Consequences of increased fertilizer use for 
aquatic systems <:re more serious than terrestrial 
effects and inclwie eutrophication240 and nitrate 
contamination of drinking water supplies.m The 
phosphorus component of fertilizers is thought to 
contribute most to eutrophication in affected 
lakes, but nitrogen is also important. Nitrogen 
contributes most to eutrophication in coastal 
waters. More than 70 percent of the nitrogen en
tering surface waters is from nonpoint agricultural 
sources. Even the input of nitrogen from rnin
water is a sufficient nutrient loading in some liilces 
to support a moderate increase in biotic activity. 
An important part of the fixed nitrogen in pre
cipitation enters the atmosphere as a result of am
monia volatilization, chiefly from animal wastes. uz 

The levels of nitrogen that pose hazards to hu· 
man health-about 10 milligrams of nitrate per 
liter of water-are roughly an order of magnitude 
higher than the levels that produce eutrophication 
and are relatively rare at the rates at which fer
tilizers are now used. The primary pop .lation at 
risk is that of infants under the age of three. In-
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fants consuming synthetic milk formula mixed 
with nitrate-contaminated water may experience 
the toxic effect known as methemoglobinemia. 
This disease is readily diagnosed, and is rapidly 
reversible with clinical treatment. After the age 
of 3 months, vulnerability to methemoglobinemia 
decreases rapidly. In the U.S., concentration of 
nitrates above 10 milligrams per liter are rare. 
The primary risk is from wellwater on or near 
farms, especially in areas where soil and hydro
lo~ic conditions favor the accumulation of nitrate 
in groundwater. 

While mortality from methemoglobinemia is 
now extremely rare, the presence of high levels 
of nitrate in drinking water supplies po:ies a health 
hazard that is already a valid concern in at least 
some regions of the United States, and the pro· 
jected doubling to quadrupling of fertilizer appli
cations by 2000 could make this disease more 
serious and more widespread. w 

Pestlddes and Herblddes 
The first step in examining the future environ· 

mental implications of pesticides is to assess 
whether their usage globally is likely to continue 
to be correlated with the "fertilizer" package pro· 
jected in Chapter 6. This assessment is difficult 
because data on pesticide use are not published 
for most countries, and thus it ii: not possible to 
quantify past trends in any detail or to project 
future developments. It is known that a large fTac
tfon-probably more than half-of all pesticides 
art applied to a few high-value, commercial crops 
(especially cotton, vegetables, and tobacco) and 
that demands for these crops are expected to con
tinue growing steadily. The applications of pes· 
ticides to food grains are relatively small. 

The Food and Agriculture Organization suc· 
ceeded in gathering some data for the LDCs in 
1975 and found that pesticide use in the LDCs 
had increased by about SO percent over the two 
year period 1971-73 and that consumption for 
1974-77 was expected to increase more slowly, at 
about 9 percent per year. lA4 These figures are sig
nificantly influenced by the heavy use of pesticides 
in India, Mexico, and Argentina. If this slowed 
rate of increase (9 percent per year) continues, 
LDC pesticide use by 2000 woul.d still be more 
than 10 times the 1971-73 rate. The FAQ growth 
estimat~s are therefore considerably higher than 
the "fertilizer" projection of Chapter 6. 

The FAO survey revealed further that half the 
pesticides used in the LDCs were generally per
sistent organochlorines (DDT, aldrin. and other 
chlorinated hydrocarbons). This is to be expected. 

Though more environmentally damaging, organ
ochlorines are markedly less expensive in most 
applications than the less persistent, more specific 
alternatives, and are also far safer for farm1~rs to 
apply because of less short-term toxicity to hu· 
mans. If the conclusion to the food projecticms in 
Chapter 6 is correct-namely, that in most LDCs 
food demands "are likely to outweigh problenr 
of the environment well beyond 2000"-thi~ use 
of DDT and other persistent pesticides can be 
expected to continue in proportions much like 
those fountJ at present. 245 

The future use of pesticides in the industrialized 
na•1ons is equally difficult to project both because 
of ~1ta limitations and because of growing interest 
in changing practices. The "fertilizer" indkator 
in Chapter 6 implies moderate increases (by a 
factor of 2.1) over 1971-75 average consumption 
by 2000. The banning of DDT and other persistent 
insecticides by much of the industrialized world 
during the last decade suggests that increases in 
insecticide usage there will be discriminating, em· 
phasizing compounds with less persister.t ec1)log· 
ical effects than the compounds likely to be used 
in the LDCs. Furthermore, there is growing in· 
terest in several industrialized nations in the tech
niques of integrated pest management• (JPM).246 

Although there is not at this time a prevailing 
policy to encourage IPM, increasing pest rc~sist· 
ance and simple economics may encourage a !;hift. 
If widely applied, IPM would reduce the mie of 
pesticides. 

The rapid increase in the use of herbicid1~s in 
the developed regions in the last two decades can 
be expected to continue. !f no·till planting, which 
involves heavy use of herbicides, is widely adopted 
in the next few decades-and there is reason to 
expect that it will be-very rapid increases in her
bicide usage can be expected. 

No-till planti.ng is the practice of elimina.ting 
field preparation entirely and planting on top of 
the residue of the previous crops. Minimum tillage 
refers to the practice of minimizing field pr1:pa· 
ration-principally plowing, but also tillage with 
disc harrows, drags, and cultivators-for planting. 
There are both advantages and disadvantages in 
no-till and minimum-till practices. Crop residues 

•The Council on Environme11tal Quality defines integ1'8ted 
pest management as follows: IPM employs a combination of 
techniques to control crop-threatening pests. Maximum reli· 
anc:e is placed on natural pest population controls and a •:Om· 
bination of suppression technique&-eultural methods, pest
specific diseases, resistant crop varieties, sterile insects, at• 
tractants, augmentation of parasites or predators, or chemical 
pesticides as needed. 
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are often breeding places for pests, which in· 
creases the need for pesticides or other pest con· 
trol measures. Fertilizer placement options are 
reduced and, as a result. fertilizers may be inef· 
ficiently utilized and fertilizer runoff increased. 
Also, extensive use of herbicides is involved. 
Nonetheless, no-till and minimum-till techniques 
appear to have potential for reducing energy in· 
puts and for conserving soil resources. The use of 
these techniques has grown roughly 300 percent 
in the U.S. since the start of the decade. They 
account today for roughly & quarter of farmland 
preparation, and some experts expect them to be 
used very extensively in the future. 

What, then, are the prospects for future utili· 
zation of pesticides and herbicides? In the follow
ing discussion, it is assumed that world pesticide 
(and herbicide) use will increase at approximately 
the same rates as the "fertilizer" indicator in the 
Department of Agriculture projections in Chapt~r 
6, that is, they will more than double over the 
1975-2000 period. In the LDCs the increase is 
likely to be fourfold, and possibly as much as six· 
fold if the FAO estimated increase of 9 percent 
per year is rnstained. 

The environmental problems anticipated from 
increases in pestici ie use are suggested by prob· 
lems that have already occurred and can be ex· 
pected to continue. 247 They include: (1) biological 
amplification and concentration of persistent pes
ticides in the tissues of higher-order predators, 
including humans; (2) development of increased 
resistance to pesticides by numerous insect pests, 
and hence possible declines in yields through in· 
creased vulnerability to pests; (3) destruction of 
natural pest controls such as insect-eating birds 
and predatory insects, and hence further increases 
in the cost of-and decreases in the effectiveness 
of-preventing crop losses caused by pests; (4) 
emergence of new pests previously not trouble
some; and (5) increased poisonings offarm work
ers and families from nonpersistent pesticides. 

The first of these problems, biological ampli· 
fication (or concentration), is familiar because of 
the extensive attention it received (due initially 
to the pioneering work of Rachel Carson) in the 
years preceding the bans in several developed 
countri~s on the use of DDT.• Here it is appro
priate to note only that biological concentration 
is a continuing problem. Although monitored con
centrations of DDT in the environment have been 
shown to be declining in those industrialized coun
tries that have banned DDT,241 concentrations are 

•for some uses, that is. The bans do not prevent the use of 
DDT for controlling health·thrcatening insect vectors. 

virtually certain to continue to increase in those 
LDCs where DDT is still being used extensively. 
Unfortunately, very little information is available 
on DDT concentrations in LDC environments 
because almost no monitoring is being done. 

The second problem, biological resistance, has 
received less popular attention than the first, but 
is equally important. Biological resistance to pes
ticides develops in pest species because repeated 
pesticide usage places species under an evolution
ary pressure such that those individuals in a pest 
population that possess some immunity to pesti· 
cides are the most likely to survive and reproduce. 
Malaria-transmitting mosquitoes, plant-eating 
mites, 249 and other insects that have been regularly 
exposed to pesticides are showing great genetic 
flexibility in developing tolerance or resistance to 
insecticides. The three examples that follow were 
selected from the many available and illustrate 
the seriousness of this problem. 

1. In Califom;a, a state that makes heavy use 
of pesticides, a large number of pest species at
tacks crops. Of this large number, 25 species have 
been found to cause major damage (i.e., losses 
of $1 million or more per species in 1970). The 
genetic flexibility of these species is indicated by 
the fact that, at some location in the world, 21 of 
those 25 species have been found to be resistant 
to one or more pesticides: 16 to DDT. 16 to or
ganophosphates, and 10 to cyclodines. In Cali· 
fornia alone, 17 of the 25 species were found to 
be resistant to one or more types of insecticide.150 

2. Disease vectors that have been heavily con
trolled by use of insecticides have shown great 
ability to tolerate thc::ir intended poisons. The 
National Academy of Sciences (using World 
Health Organization data) do~uments the grow
ing number of vector-insect species (e.g., body 
lice) showing tolerance to important pesticides 
over an extended period, as shown in the follow
ing table.151 

Organo· 
phosphatt 

DDT Ditldrln Compounds Total 
19S6 27 2S I 33 
1962 47 6S 8 81 
1969 SS 84 17 102 
1974 61 92 27 109 

Of the anopheline (malarial) mosquitoes, 41 have 
been found resistant to dieldrin and 24 to DDT. 
One species, Anopheles albimanus Wiederman, 
has become resistant not only to dieldrin and 
DDT but to malathion and certain other or-

.;. ,v 
') 
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ganophosphate and carbonate insecticides, thus 
showing itself resistant to all the mafor chemical 
groups that are used to combat malaria vectors. 151 

If pesticide resistance becomes widespread in 
other species of malarial mosquitoes, control of 
malaria would be badly hampered, and its inci
dence could be expected to rise sharply. 

3. Cotton, which receives about 50 gercent of 
all the pesticides applied in the U.S., 3 now at
tracts several pests that have developed immunity 
to all currently available and registered pesticides. 
In cotton-growing districts across Central Amer
ica, the U.S. Southwest, Southern California, and 
Australia, the situation has become so severe that 
growers in many places have been forced either 
to give up cotton growing or to shift to integrated 
pest management techniques. Some districts haw~ 
endured the cost of as many as 30-50 pesticid·e 
applications a year to a single crop. 254 

As long as pesticides are used, pest resistances 
can be expected to continue to develop. By the 
year 2000 there will almost certainly be more pes
ticide-resistant pests and more crops for which 
there are no effective pesticides. There will also 
be more registered pesticides. How the continuing 
struggle with insect pests will stand in 2000 will 
depend on pest control policies, chemical tech
nologies, and biological technologies. Newer pes
ticides are generally more selective, but also more 
expensive than those they replace. The techniques 
of integrated pest management offer new hope,1

" 

but the transmittal of these techniques requires 
a significant amount of field and laboratory re
search on insect ecology, and therefore commit
ments of both time and money. Also IPM methods 
depend heavily on the very species most seriously 
threatened by pesticides-the heneficial insect 
specie'! that prey upon agricultural pests. 

The third problem of increased pesticide use is 
simply that pesticides Jestroy natural pest r.on
trols. The discussion here focuses on predatory 
insects, but insect-eating birds are also affected. 

Insecticides are usually more damaging to pred
ator insect species than they are to pests, because 
(1) predators may be poisoned through ingesting 
poisoned pest species as well as directly through 
the effects of the pesticide*; (2) since predator 
populations are always less numerous and gen
erally less fecund than their prey, predator pop
ulations have less genetic material from which to 
develop immunities to pesticides, take longer to 
regain their numbers after insecticide applicatioll, 

*In general, predators arc more susceptible to pesticides than 
the pest species they hunt. 

and face a higher probability of being red1Jced to 
such a low level that they cannot recover; (3) the 
predator species are eliminated both directly 
through the effects of insecticides and indirectly 
through the loss of their normal food when the 
insects on which they feed are eliminated. 

Often predatory insect~ are made locally extinct 
through pesticide application~. When predatory 
insects are eliminated, herbivoro1.1s pest species 
multiply rapidly leading to severe pest outbreaks. 
Farmers often respond to such outbreaks with still 
heavier application of pesticides, reducing further 
the chances that predator species might be rees
tablished. 

Also, in such predator-free environments, spe
cies that have previously been benign become 
major pests. Mites, which are now major pests in 
fruit culture, became pests only aftt:r the start of 
heavy use of pesticides in fruit cultivation. Similar 
histories can be found for many insect species, 
including Hessian flies, and several major pest 
species of the cotton plant. Insecticides are prob
ably largely responsible for new insect pests in 
agriculture .156 

Successive developments of biological resist· 
ance and releases of new pest species will d~crease 
the effectiveness of the projected increases in pes
ticide use. Diminishing returns on pesticide in
vestments can go on only so long before crop 
losses will force a major change in strategies of 
pest control. The techniques of integrated pest 
management257 and biological controls appear 
now to offer good alternatives. Although there 
are as yet few policy commitments to IPM or bi
ological controls, interest is growing. 

By the Year 2000 
The pressure to increase agricultural yields is 

projected to more than double the application 
rates of nitrogen and phosphorous fertilizers and 
pesticides. This growth in fertilizer use implies 
that before 2000 the annual industrial rate of fix
ing of nitrogen for agricultural purposes will ex
ceed the total global rate of nitrogen fixation by 
natural systems. The full implications of a modi
fication of this magnitude in a basic nutrient cycle 
are not clear and hav~ not yet been studied care
fully, but potentially adverse effc :ts are known 
or suspected. Nitrate contamination of fresh water 
supplies and eutrophication of fresh and estuarine 
waters are among the adverse effects known to 
be possible, and potentially serious reductions in 
the atmospheric ozone layer are suspected by 
some knowledgeable scientists. The increased use 
of pesticides can be expected to continue to reduce 
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pest populations, but with diminishing returns 
since insect resistances to pesticides will continue 
to develop and predator populations will continue 
to be depleted. By 2000 the techniques of inte
grated pest management and biological controls 
may be in much wider use than today. 

The overall environmental impacts are difficult 
to estimate because so many uncertain variables 
are involved. Rising food prices (where people 
can afford to pay them) may allow producers to 
endure the higher costs of increased pesticide use 
at diminished returns; increased resistance to pe~
ticides may increase losses, thereby increasing 
food prices still more; or increased pesticide prices 
may make IPM more competitive. The rate at 
which pest resistance will diminish returns on in
vestments in chemical controls will depend both 
on ihe way the chemicals are used and on the 
progress of chemical technology in finding new 
insecticides. New chemical pesticides will be ne
veloped but will require time and money for reg
is:aation, adoption, and application. 

There are similar uncertainties for the variables 
relating to fertilizers. Will the LDCs-wh~re the 
marginal returns on fertilizer investment.; tire 
greatest-be able to afford fertilizers? How se
rious a threat do fertilizers pose for the upper 
atmosphere? How far and how rapidly will the 
biologically based technologies for nitrogen fixa
tion develop and be applied? 

With all this uncertainty, it is not possible to 
project precisely how these variables will develop 
over the next two decades. It is only possible to 
note that the foreseeable trend is one of heavy 
and increasing dependence-often with diminish
ing returns-on both synthetic fertilizers and 
chemical pesticides. The potentially adverse at
mospheric effects associated with continued heavy 
dependence on synthetic fertiiizers is one of the 
most understudied and potentially serious global 
en\lfronmental questions. Pest control strategies 
also need much forther study. Many experts feel 
that strategies based on biological controls and 
integrated pest management offer much greater 
possibilities for improvement than do chemical 
technologies alone, and a gradual shift toward in· 
tegrated and biological control techniques seems 
probable in both the industrialized countries and 
the LDCs. 

Crop Vulnerability: Genetic 
Considerations 

With only modest increases in arable land ex
pected, the food projections imply strong pres· 

sures to continue increasing yields through genetic 
technologies. Following two decades of develop
ments in agricultural genetics, two trends can be 
expected in response to the continuing strong 
pressures. The first is for further genetic improve
ments in key plant and animal species to raise 
yields.• Developments in this area will entail 
greater dependence on inbred strains manifesting 
a high degree of genetic uniformity. The second 
trend is the shift toward monoculture cultivation 
o! a few relatively high-yielding, low-cost, staple 
food crops. Together, these two trends will lead 
to further genetic hybriding and further replace
ment of lower-yielding, diversified cropping pat
terns with extensive, often contiguous, patterns. 
The short-term effect will be increased yields, but 
in the long run. questions of crop vulnerability 
must be considered. 

These two factors-dependence on inbred strains 
and the shift toward monoculture cultivation
have become more closely interrelated over the 
past two decades as pressure to expand food pro
duction has grown. It has t~een estimated that by 
the early 1970s over four·fifths of the world's food 
supplies were derived from less than two dozen 
plant and animal specii!:., 1511 One expert estimates 
that as much as four-fifths of the world's popu
lation depends for Slcstenance on wheat or rice. 259 

The exact figures are not important. The point is 
that the already narrow genetic base of the world's 
major food crops may become even more narrow. 
Plant diseases are constantly evolving ways to 
overcome plant resistances, requiring plant breed
ers to develop new resistant strains. The tens of 
thousands of genotypes of the major crop species 
are the raw materials from which plant breeders 
work, and these stocks of genetic raw materials 
are being reduced as natural habitats are lost. In
creased reliance on a narrowing gene pool and 
more extensive monoculture of food staples could 
lead to sudden unanticipated widespread losses 
in world food production. How likely and how 
serious is such a disaster? There is no easy or 
precise answer to the question. Past history sug
gests that the probability of a major genetic failure 
is low but increasing. 

The following paragraphs discuss three aspects 
of increasing genetic vulnerability. The first is 
historic in nature. Past examples demonstrate 
both the difficulty of controlling pest or disease 
infections in areas of extensive monoculture, and 

•Questions arc being raised as to how much rurthcr yields can 
be increased by genetics and technology. Sec for example N. 
F. Jensen, "Limits to Growth in World Food Production," 
Scitnet, July 28, 1978, pp. 317-20. 
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the severe implications of failures. The second 
and third aspects relate to concerns voiced by 
plant geneticists themselves: that present trends 
toward uniform strains and loss of genetic reserves 
could raise the frequency and severity of pest-re
lated and disease-related crop failures signifi· 
cantly by 2000, and that the costs of ever: relatively 
minor genetic failures (genetic in the sense that 
a crop population is genetically unable to protect 
itself from pathogens and pests) may ultimately 
outweigh gains from genetically increased yields, 
even if major catastrophes do not occur. Such a 
development would be a catastrophe by itself, 
eventually. 

Historical Examples 
One of the best known examples of a genetic/ 

monoculture crop failure is the massive failure of 
potato crops of the 1840s in Ireland and Europe. 
An estimated 2 million people starved to death 
in the wake of the blight, and a similar number 
were forced to emigrate. 260 The potato famine was 
not a unique phenomena; there are many other 
examples. Wheat rust epidemics have caused lo
calized famines since the Middle Ages. The Eu
ropean wine industry was nearly destroyed three 
times in the last century by three different plant 
diseases. Between 1870 and 1890 coffee rust trans
formed Ceylon from the world's largest coffee
growing nation into a country unfit for coffee
growing. Shortly after the turn of the century, two 
separate, highly destructive epidemici; struck the 
widely cultivated Gros Michael banana. m A fun
gus devastatt:d the Bengali rice crop in 1942, lead
ing to the deaths of tens of thousands. 262 In 1946 
u large fraction of the U.S. oat crop, which was 
comprised almost entirely of a strain called Vic
toria, was lost to a fungus epidemic.™ While these 
genetically related crop failures have all had very 
serious impacts on the human populations in
volved, some genetic failures have been even 
more damaging ecologically. For example, the 
American chestnut is virtually extinct due to the 
chestnut blight, arui elms are becoming ever scar
cer due to Dutch elm disease. 

Serious outbreaks of genetically related crop 
diseases contim1e. For example, after existing as 
a minor disease for 14 years, race 15B of the wheat 
stem rust erupted in the early 1950s into a full
blown epidemic. It destroyed 75 percent of the 
Durham variety in the 1953 U.S. spring wheat 
crop as well as 35 percent of the bread wheat crop 
in that season.™ 

Another example occurred in 1970. A corn fun
gus disease, Helminthosporium maydis, reached 

epidemic proportions in large areas of the corn 
belt. An estimated 80 percent of U.S. corn 
acreage was highly susceptible because of both 
the genetic composition of the corn and the c9n
tiguous monoculture used across large areas of 
the states involved. The disease did not spread to 
all susceptible areas, but it did manage to reduce 
U.S. corn production by 15 percent (710 million 
bushels). It is no exaggeration to call the response 
of the seed corn industry heroic. There is a fas
cinating story of efforts to locate stocks of normal' 
cytoplasm, which were then in short supply. 265 If 
the U.S. seed industry had not been sufficiently 
adaptable in developing a technical fix-it re
placed approximately 80 percent of its sales with 
an alternative (and much harder to produce) prod
uct•-tosses in 1971 and 1972 might have been 
much greater than in 1970. 266 Nonetheless, the 
effect on the price of seed was significant. The 
price of seed corn in 1970-71 was $18-$25 per 
bushel; the mean price was $20. The price has 
risen steadily ever since to a mean of $48 per 
bushel during the 1976-77 season. 267 This 140 per
cent increase is due in large part to the increased 
difficulty of producing blight-resistant seed. 

The Danger of Present Trends Toward 
Monoculture and Genetic Uniformity 

It is almost always the case that a hard fight on 
one front means fewer defenses elsewhere. So it 
is generally with breeding plants for high yields. 
Modern plant breeding is based largely on the use 
of inbred, uniform strains, 161 and the most inbred 
strains appear to have weakened in their natural 
resistance to pathogens and pests. The inbred 
products manifest a high degree of genetic uni
formity. TLe increasing cultivation of strains of 
high-yield varieties will result in great increases 
in the degree of genetic uniformity of major crops 
throughout the world. As a result the fraction of 
the crop at risk in the event of a trait-specific 
epidemic will also increase, as will the ease with 
which disease or insect pests can spread across 
large areas of contiguous monoculture. As a re
sult, the probable geographic extent of the epi
demic may expand in the years ahead. 
Furthermore, since water enhances the transmis
sion of many plant diseases, the projected in-

"The vulnerable slrain in this case was a male-sterile cylo· 
plasm, which allowed the breeder lo cross strains in the field, 
using natural pollination rather than employing an expensive 
mi;r.ual process to avoid self-fertilization or the two strains. 
The fungus forced the seed industry to go back to hand de· 
tasseling. (C. E. Yarwood, "Man-Made Plant Diseases," Sci· 
tnct, Apr. 10, 1970, pp. 218-20.) 
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creases in the amount of irrigated cropland may 
further increase the vulnerability of crops to dis· 
ease throughout the world. 169 Furrow or flood ir
rigation, for example, creates conditions that 
favor the growth of pathogens requiring high soil 
moisture (e.g., Pythium), and sprinkling irriga
tion favors diseases spread by splashing water and 
rain (e.~ .. bacterial blight and anthracnose of 
bean). 171 

Simultaneously, the genetic resources available 
for combatting diseases are dwindling. In the 
event of a major new crop epidemic, plant breed
ers sort through thousands of varieties of the af
flicted plant species, hoping to identify a resistant 
strain that can be interbred with other varieties 
to impart disease resistance without reducing pro· 
ductivity or imparting undesirable characteristics. 
Finding a resistant strain depends on the quality 
of the available seed bank. In general, the more 
tough wild varieties available, the better the 
chance of finding an appropriate resistant strain. 271 

However, the varietal stock is diminishing. The 
wild strains (from which modern high·y~elding 
varieties were originally bred) are not usually cul
tivated and are being obliterated by widespread 
and increasing destruction of habitat. High-yield 
varieties are being adopted everywhere, replacing 
the myriad native strains that local farmers have 
developed over centuries. These strains, often 
uniquely suited to local conditions, are rarely pre
served when farmers shift to high-yield varieties. 
The increases in the use of high-yield varieties 
implicit in the food projections of Chapter 6 will 
worsen this situation. n 

A recently discovered plant related to corn 
(maize) dramatically illustrates the potentially 
catastrophic losses that can occur when plant spe
cies are lost. Corn, an annual plant, must be 
planted every year at the expem;e of labor, ero
sion, and fossil fuel subsidies. A plant known as 
teosinte, an ancestor of corn, was thought to have 
had several varieties, some annual and some P' r
ennial. If a perennial variety of teosinte could le 
found, modern plant breeding techniques might 
permit the development of a perennial corn. For 
many years, only annual varieties of teosinte were 
discovered. Unfortunately, teosinte grew in only 
limited areas of Mexico where they were regarded 
locally as weeds, and it was feared that the per
ennial varieties-if they ever existed-had been 
eradicated. 

In 1910 a perennial variety of teosinte was dh.
covered. 173 The variety discovered (Zea perennis) 
has the long-sought perennial properties, but un
fortunately it h1...; 40 chromosomes and can not be 
crossed with modern corn, which has 20 chro-

mosomes. The discovery of Zea perennis estab
lished the fact that a perennial variety of teosinte 
had in fact existed, but it seemed increasingly 
likely that the 20-chromosome variety had been 
lost. 

In late 1977 Raphael Guzman, a botany student 
at the University of Guadalajara, found a new 
variety of teosinte growing in a remote, moun· 
tainous region of Mexico in the state of Jalisco. 
Guzman's variety (Zea diploperemris) has now 
been examined by Dr. Hugh H. lltis, Director of 
the Herbarium at the University of Wisconsin, 
who reports that Zea diploperennis is a perennial 
variety with the 20 chromosomes necessary for 
cross-breeding with corn. 

The discovery of Zea diploperennis opens the 
possibilities of not only perennial corn, but of corn 
that can be grown over wide ranges of climate and 
soil. Furthermore, since Zea diploperennis grows 
successfully in cool, damp places where fungus 
diseases (such as the 1971 corn blight) abound, 
ciOssbreeding may produce varieties th:-it are 
more resistant to the diseases that now plague 
corn farming. 

Cross-breeding has begun, and fertile offspring 
have been produced. Dr. Iltis now feels certain 
that the perennialness of Zea diploperennis can 
be crossed into corn, but cautions that perhaps 
10-20 years will be required. 

The sobering fact, however, is that the benefits 
from zea diploperennis could easily have been 
lost, just as the potential benefits from many other 
plant species are being lost now, especially in the 
tropics. Dr. lltis writes of Zea diploperennis: 

This species could easily have become extinct 
(before its discovery], and may yet become (ex
tinct] in the wild in tl1e near future .... Just this 
winter I spent 10 weeks exploring for primitive 
corn in southern Jalisco, Mexico. There 1s whole
sale mass destruction of 'legetation [in progress 
there] on a gigantic scale (e.g., virgin tropical de
ciduous forest rear Puerto Vallarta, 30,000 hec
tares at a time) by pwihing of vegetation into piles 
with bulldnzers, foen burning ttie piles and plant
ing sorghum .... The destruction is enormous, 
terrible and devastating .... None of this vege
tation has . . . been studied or . . . represented 
in preserves. Much of such destruction was orig· 
inally U.S. instigated to "help . . . raise more 
food." . . . One could not think of a more eff ec
tive policy ..• to help destroy a livable world!214 

Dr. II tis has recommended that the mountain 
range where Zea diploperennis was discovered be 
established as a national park. Instead, he reports, 
the area is being deforested to provide jobs and 
to supply wood for making broom handles. 175 
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Plant breeders sround the world are aware of 
the rapid rate at which species are being lost, and 
efforts are being made to protect genetic re
sources. An International Board for Plant Genetic 
Resources has been established in Rome with 
U.N. and national government funding. The 
Board is encouraging a variety of seed collection, 
storage, and documentation schemes. 176 The U.S. 
Department of Agriculture maintains an exten
sive collection of crop plant specimens which in
cludes more then 60,000 small-grain specimens, 
but concern is increasing over corporate control 
of genetic resources. Seed companies owned by 
multinational conglomerates have large private 
seed reserves and are lobbying the U.S. Congress 
to extend patent protection to plant varieties.2761 

The iii~titutes responsible for breeding Green 
Revolution varieties are developing and expand
ing their collections, and the Soviet collections are 
as extensive as our own, if not more so. But as 
plant geneticist Jack Harlan has pointed out, 
many of these collections leave much to be de
sired: 
I know these collections too well. Some are better 
than others; some are better maintained than oth
ers. All are incomplete and shockingly deficient 
in some kinds of materials. They tend to be enor
mously redundant in certain races showing seem
ingly endless repetition of combinations and 
permutations of common items and are cluttered 
with accessions that float from experiment station 
to experiment station. On the other hand, some 
races are hardly represented at all and the wild 
and weedy gene pools are conspicuously missing. 
In no collection 1s there an adequate sampling of 
the spontaneous races that are the most likely 
sources of disease and pest resistance. On the 
whole, the collections we have are grossly inad
equate for the burden they will have to bear. m 

This narrowing of the gene pool may hinder 
plant breeding in coming years: Traits possessed 
by local plants (such as tolerance to adverse and 
eroding soil conditions or insect and bird preda
tion), which may be required by the high-yielding 
varieties to adapt them to local environmental 
conditions, may be lost. 

Animal genetic resources are facing problems 
like those affecting the pool of plant genes. ·Local 
breeds of livestock are disappearing almost as rap
idly as are local crop strains. Due to arrificial in
semination, changes in livestock populations that 
might formerly have taken centuries now take 
place in a few decades. About 80 percent of the 
cattle strains indigenous to Euror11~ and the Med
iterranean are threatr.ned with extinction. Else
where, many of the tropical cattle strains are low 

in numbers, and programs for their genetic im
provement are often weak. Native poultry and pig 
strains are also threatened in some developing 
regions. Very little is known about genetic re
sources for goats, water buffalo, camels, alpacas, 
llamas, cultivated fish spedes, and other domes
ticated animal varieties. 278 Therefore it is not pos
sible to evaluate the loss of genetic diversity 
among these types of livestock as readily as among 
crop plants and their progenitors. 

Minor Genetic Failure 
Regardless of whether major di,;asters occur, 

it is clear that further development (or even main
tenance) of genetically specialized, high-yield 
crop strains that are also defensible against pests 
and diseas~s will be increasingly difficult. There 
will be occasional pest and pathogen outbreaks 
from genetic failures, i.e., when the r· .Jral or 
inbred resistance of a plant (or anir strain is 
overcome by pests or pathogens. 1~1any plant 
breeders now expect a new variety of wheat to 
last only about a decade before pests and path
ogens evolve a way around the variety's defen
ses. 279 The high-yield Mexican wheats that touched 
off much of the Green Revolution were carefully 
bred for resistance to stem rust, leaf rust, and 
stripe rust. Recently, however. this resistance ap
pears to have begun to break down. and 10 years 
appears to be the longest that a wheat variety can 
withstand the constantly evolving attack of the 
three rusts. 180 As a result, peasant and commercial 
farmers using high-yield seeds will have to learn 
to shift varieties when the ones they are using 
become vulnerable. Furthermore, the production 
and distribution of seed will have to be developed 
to the point that one major variety can be sub
sututed for another over large areas on very short 
notice."' 

The trends point to problems for plant breed
ers. When favored strains cease to be effective, 
good monitoring and management may be capa
ble of limiting losses, but difficulties will mount. 
As the probability of plant epidemics increases 
(due to inbreeding, decreased species disease re-

•A far better approach might be to simply avoid monocultures 
altogether. Plant pathologist J. Artie Browning has described 
the advantages of diverse cultures modeled on natural eco
systems. He notes: "When used as part of a di11erse (plant) 
population, a frequency or only about 30% [resistant plant 
strain) can be considered adequate protection against the most 
virulent and prev~lent group or strains or the pathogen!" 
("Relevance of Y.nowledge About Natural Ecosystems to De· 
velopment of Pest Management Programs for Agro-Ecosys
tems," Proceedings of the American Phytopathological Society, 
1974, pp. 191-99.) 

ei'I 
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sistance, and monoculture) and as the number of 
genetic resources available declines (due to loss 
of wild habitat and the replacement oflocal strains 
with high-yield varieties), major food losses will 
be increasingly difficult and costly to avoid. 

The less developed countries in the tropics may 
be particularly susceptible to gene~ic crop failures 
in the years ahead. The traditional staple foods 
and export crops of the tropics are often more 
vulnerable than the global staples, either because 
they are propagated asexually (with the conse
quence that all plants in a large area are geneti
cally identical) or because the present collections 
of their genetic material are very limited-or 
both. 281 Notable among such vulnerable crops are: 
plantation crops, such as rubber, oil palm, coffee, 
and cocoa (whose seeds resist normal methods of 
storage with the result that the collections of germ 
plasm are extremely limited); and tropical roots 
and tubers, such as yams, taro, sweet potato, and 
cassavas (which are both er.tremely difficult to 
store and are commonly propagated by dividing 
roots, a form of propagation that leads to genet· 
ically identical plantings). m For crops such as 
these, the stage is set for disasters on the scale of 
the coffee blight that ruined Ceylon's coffee in· 
dustry and the potato blight that struck Ireland. 

Genetic engineering may, at some point, reduce 
dependence on naturally evolved sources of dis· 
ease-resistant genetic material, but to date there 
has been little success in the use of induced mu
tations for generating agriculturally useful plant 
varieties. la.J Plant cell culturing might eventually 
improve photosynthetic efficiency and the amino 
acid balance in plants (from the human point of 
view) and lead to asexual propagation of crop 
plants.™ Should this happen, the world may face 
even greater genetic uniformity in crops. 

Areas in which science and technology could 
definitely help in combatting genetic vulnerability 
include increased systematization of existing col
lections, computerized reference systems, better 
international exchange of plant disease informa· 
tion, improved warning systems, genetic hetero
geneity ha agro-ecosystems, and live collections 
in protected, representative ecosystems. 

By the Year 2000 
If present trends continue, increasing numbers of 
people will be dependent on the genetic strains 
of perhaps only two dozen plant and animal spe· 
cies. These strains will be highly inbred, and the 
plant strains may have reduced pest and disease 
resistance and may be planted in large, contiguous 
monocultures. Plant and animal epidemics will 
occur as they have in the past, except that in the 

future the number of human lives at risk may not 
be in the millions (as was the case in the Irish 
potato famine) but in the tens or even hundreds 
of millions. While the magnitude of the risks in
volved cannot be measured precisely, the world's 
history of crop failures due to pests and diseases 
(including the recent U .. S. corn blight) demon
strates that the probabilities of a major failure are 
not negligible. Furthermore, the costs of everi a 
minor failure would be so high they might offset 
the gains in yields expected from extensive mon
ocultures of high-yield varieties. 

Food and Nonrenewable Fossil Fuels 
Modern high-yield agriculture is heavily de

pendent on fossil fuel inputs.• As Philip Handler, 
President of the National Academy of Sciences, 
has observed, 
The great gains in cereal production have oc
curred where mudern energy-intensive agricul· 
ture-as developed in the United States, largely 
with federal research support-has combined ap
plied genetics, irrigation, pesticides and herbi
cides, fertilizer and mechanization to the increase 
of yields. In effect, modern agriculture utilizes 
sunlight to transmute fossil fuels into edible 
crops. w 

The gains and developments noted by Dr. Han
dler are illustrated in the U.S. corn (maize) data 
presented in Table 13-19 (inputs and outputs ex· 
pressed in common measures) and Table 13-20 
(inputs and output expressed in energy equiva
lents). Perhaps most notable are the declining la· 
bor input and the increasing energy inputs through 
machinery, gasoline, fertilizers, pesticides. her
bicides, drying. irrigation, electricity. and trans· 
portation. Yields also increase-by 138 percent 
from 1945 to 1970-but on a list of the 20 major 
world food crops and nations that regularly 
achieve the highest yields per hectare of each, the 
United States, as of 1974, does not appear even 
once. zu Furthermore, the energy input table 
shows that the number of calories returned in food 
energy per calorie of input energy declines by al
most 25 percent over thP. 194~-70 period. Overall. 
the U.S. now uses the equivalent of approximately 
80 gallons of gasoline to grow an acre of corn. 

Increases in enersy inputs have been observed 
throughout the entire U.S. food system. Process· 
ing, packaging, and distribution in all ultramodern 
food systems require about three times a:. much 
energy as the production itself. m The overall en-

•The implications of higher energy prices for the Global 2000 
Study'• for,il projections are discussed in Chapter 6. 
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TABLE 1~19. 
Average Energy hiputs per Acre In U.S. Corn Production. 1940-70 

Input 1945 19!9 1954 ' 1959 1964 1970 

Labor (hours ptr acre) 23 18 17 14 . 11. 9. 
Machinery (thousands of kilocalorlts) 180 2SO 300 350 420 420 
Gas;;,:1nc (gallons) 15 17 19 20 21 22 
Nitrogen (pounds) 7 15 27 41 58 112 
Phospho~ (pounds) 7 10 12 16 18 31 
Potassium (pounds) 5 10 18 30 29 (JO 
Seeds for planting (bushtls) 0.17 ' 0.20· 0!25 0.30 .0.33 0.33 
Irrigation (thousands of kilocaloriu) 19 23 27 31 34.: 34 
Insecticides (pounds) 0 0.10 0.30 0.70 1.00 . 1.00 
Herbicides (pounds) 0 .o.os 0.10 0.25 0.38 1.00 
Drying (thousands of kilocalories) 10 30 (JO 100 120 120 
Electricity (thousands of kiloca/orlts) 32 54 100 140 203 310 
Transportation (thousands of kiloca/orlts) 20 30 45 60 .. ,,70 70 
Com yields (bushel) 34 38 41 54 68 81 

Soum: D. Plmenttl ct al .. "Food Production and the Encra Crisis," Sritfltt, Nov. 2, 1973, pp. 44J-4S; 

TABLE 1~20 
Energy Inputs In U.S. Corn Production (In kllocalorles) 

Input 1945 1950 1954 1959 1964 1970 

Labor' 12.500 9,800 9,300 7,600 6,000 4,900 
Machinery' 180,000 250,000 300.000 350,000 420,000 420,000 
Gasoline' 543,400 615.800 688,300 724,SOO 7Ci0,700 797,000 
Nitrogen• 58,800 126,000 226,800 344,400 487,200 940,800 
Phosphorus• 10,600 15,200 18,200 24,300 27,400 47,100 
Potassium' · 5,200 10,SOO S0,400 (J0,400 68,000 68,000 
Seeds for planting• 34,000 40,400 18,900 36,500 30,400 63,000 
Irrigation' 19,000 23,000 27,000 31,000 34,000 34,000 
Insecticides• 0 1,100 3,300 7.700 11,000 11,000 
Herbicides! 0 600 1,100 2,800 4,200 11,000 
Drying' 10,oo& 30,000 60,000 100.000 120,000 120.000 
Electricity' 32,000 54.000 100,000 140,000 203,000 310,000 
Transportation• 20,000 30,000 45,000 60,000 70.000 70,000 

Tot&! inputs 925,500 1,206,400 1,548,300 1,889,200 2,241,900 2,896,800 
Com yield (output)• 3,427,200 3,830,400 4,132.800 5,443,200 6.854,400 8,164,800 
Kcal retumtinput kcal 3.70 3.18 2.67 2.88 .3.Cl6 2.82 

Sourtt: David Pimental et at .. "food Production and the Encrty Ciiiis," SdtiW. Nov. 2. 197l. p. -MS. 
• h i1 assul'Jled that a farm laborer ron1ume1 21.777 kcal per wtek •nd worksa 
40-hour week. for 1970. from Table IJ-17: (9 houn/411 hounper wed.) lC 21.7711 
kcal per week • 4,900 kcal. 
"The m1ehinery nccckd to farm 62 acres of com w11 ,.1im11ed co have required 
244,555.000 kcal. Thi1 machinery wu anumed to function for to yean. Repain 
were 1ssumcd 10 be 6 pcrcenl of 1111al machinery production. Hcnct:. ""''"cnativc 
estimate for 1hc production and repair of farm machinery per 1ere of corn for 19711 
wu 420.0UO kcal. A high for the number or lraclon and olhcr types of machinery 
Ill! farms wa1 reached in 1964 and continues. The number of tratton and 01hcr 
types of machinery in 1945 were abou1 half what 1hey are now. 
• Ouolinc: I 3allon • 36.225 kcal. 
• Nllrosen: I pound • 8,400 kcal. including production and proccuin3. 
• Photphona: I pound • 1.520 kcal. including minina and procc:ulnJ. 
1 Polallium: I pound • 1.0.SO kcal. includinJ minin1 and processing. 
~ Corn sted: I pound • 1.800 kcal. This cncrsy inpilt was dollbltd bee1u1e of the 
cffon employed in producing hybrid seed corn. 
~Only 1bou1 l.8 percent of lhe com grain acres in the United S111e1 were lrri111ed 
ln 1964, and chis is not upcctcd to chansc much in the near future. Anescimated 
905,600 kcal 11 required 10 lrrlptc an acre of corn with an ICTC·fOOI of water fur 

one KISOft, Since only J.8 percent of the com acres are lrrl111rd 11964-711). llwu 
ntl11111Cd tlllt only 34.000 kcal were used per acre for com lrrlptlon. 11le pn• 
c::entqe of lm:S irrlpted In 1945 wu bated on trends in lrrlplrd ana 111 q:rl· 
C1111urc. 
l lnsectlddn: 1 pound • 11.lXll kcal, iucludin1 production and procmiq. 
I Hcrblddcs: 1 pound • 11.txll kcal, lncludin1 production and promli119. 
k Wiien com II dried for 11ora1c lo reduce the mobturc from abo\11 26.S pcm:nt 
lo ll percent. 408.204 kcal are ncedccd to dry 91 b!IWl1 (Corn GroM-rr1 G1lllff. 
Awora.111.: 01w: and Co .. 1968. p. Ill). About 30pcrC'llnt of the com produced 
In 1970 wu n1imated 10 have bci:n dried. u rompared 10 an estimated topct«nl 
in 194S. 
11111970,apkultureconsumedaboul310,000kcal per llCTC for fuel us.rocopr~ 
clmridty. 
~ Tiie number of calorics burned to 111n1pon m1chi11ery and supplin to rorn llC'll't 
and IO tnuispon corn 10 the •lie of UK was cs1imatct: 10 l'C aboul 711.t•ll knl per 
- 1111964 and 1970 llld 1boul 20.txll kcal per acre In 1945 • 
• A bushel of com WU considered IO welsh• '6 1>uundt. and Heh po.cl •• 
-d to Cllllllaill l.llOO kcal. 
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ergy requirements of the U.S. food system are 
illustrated in Figure 13-5. On a per capita basis, 
David Pimental estimates that U.S. crop produc
tion alone requires about 112 gallons of gasoline 
per person per year. 288 

The commercial energy requirements for mod
ern and traditional production of rice and corn 
(maize) are compared in Table 13-21. The only 
commercial energy input in traditional agriculture 
is the energy used in making simple tools and 
implements. But when the commercial energy in· 
puts are low, the yields are also low. In transi· 
tional agriculture, more commercial energy is 
used especially for machinery. fuel, fertilizer, pes
ticides, improved seeds, and transportation. In 
transitional agriculture commercial energy inputs 
may increase by a factor of 10 or more over the 
commercial energy used in traditional agriculture. 
Yields may more than double. Modern agriculture 
involves commercial energy inputs that are more 
than 100 times those of traditional agriculture. 
Yields achieved are double to triple those achieved 
with traditional agriculture. 289 

The energy intensiveness of high-yield agricul· 
ture has been studied extensively 2

'
0 and is dis· 

cussed briefly in the food projections in Chapter 
6. While the concerns that have emerged cannot 
be discussed in any detail here, a few need to be 
mentioned. 

The basic concern is that in becoming highly 
dependent on fossil fuels, modern high-yield ag
riculture is also becoming vulnerable-both in the 
short and the long run. In the short run (the next 
two decades), energy-intensive agriculture will 
become increasingly vulnerable to the vicissitudes 
of the energy sector. Even now a sudden price 
increase or a sudden interruption of petroleum or 
natural gas supplies could severely affect world 
agricultural production, raise food prices, and in· 
crease the numbers of people who cannot afford 
adequate food.• If the energy intensiveness of 
agriculture continues to increase over the next two 
decades as implied by the projections, the poten
tial disruptiveness (measured in terms of the num
bers of persons unable to obtain adequate 

•fn this connection it should be noted that 1~nergy-intensive 
food is "inexpensive" in the United States orily because per 
capita income is high by world standards. U.S. costs of pro· 
duction in the U.S. are high compared to those llf many other 
countries. For example, the cost of producing 1,000 kcal of 
plant product is estimated to be about S38 in tbe U.S. and 
about SIO in India (Pimental et al., "Food Production and the 
Energy Crisis," Scitnct, Nov. 2, 1973, p. 448). Bei:ausc many 
LDCs can produce food less expensively than the U.S., some 
observers expected LDCs to export significant amounts of food 

nourishment) of an energy supply interruption 
might well become twice what it is today. 

In the long run, agriculture becomes vulnerable 
through reliance on a depleting resource. David 
Pimentel estimates that if the world's petroleum 
reserves were used exclusively to provide the 
world's population with the average U.S. diet as 
now produced with modern, energy-intensive ag
ricultural methods, the entire 415 billion barrel 
reserve would last a mere 29 years-or 107 years 
if all potential reserves (about 2,000 billion bar
rels) became available. If the world population 
were to subsist on ..:om grain only, the same po
tential petroleum reserves would provide enough 
energy to supply food for a population of 10 billion 
for 448 years!291 

The prospect of increasing energy dependence 
and vulnerability in agriculturt'! has led to some 
preliminarr examinations cf alternative ap· 
proaches. 29 Most of the options so far examined 
involve relatively small farm units, less substitu· 
tion of fossil energy for human energy and skill, 
and the use of "intermediate" or "appropriate" 
technologies. m 

The prospect of relatively small farm units 
raises questions of economic efficiency, and it is 
encouraging to note that the U.S. Department of 
Agriculture, in its publication "The One-Man 
Farm," considers that food production on a small 
scale can be as efficient as production on a larger 
scale: 
The fully mechanized one-man farm, producing 
the maximum acreage of crops of which the man 
and his machines are capable, is generally a tech
nically efficient farm. From the standpoint of costs 
per unit of production, this size farm captures 
most of the economies associated with size. The 
chief incentive for farm enlargement beyond the 
ortimum one-man size is not to reduce unit costs 
o production, but t1l achieve a larger business, 
more output, and more total income. 294 

Encouraging as some of the preliminary inves· 
tigations are, two points must be kept in mind. 
First, present trends are overwhelmingly in the 
direction of further energy intensiv~ness of agri· 
culture; major technological and policy changes 
would be required to reverse this trend. Second, 

(and conon and rubber) to earn foreign exchange, even though 
their own populations are malnourished. Land tenure is a con
tributing factor. Much good farmland in the LDCs (and in· 
creasingly in the industrialized nations) is held by landlords 
or corpora1ions and is farmed for export, nol local consump· 
tion. Such exports, if they develop significantly, would al!IO 
affect the U.S. balance of payments (CIA National Foreign 
-tsscssment Center, "The Role of the LDCs in the U.S. Bal· 
ance of Payments," Washington, Sept. 1978). 
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TABLE 13-21 

Commerd8I F.nergy Rl!flulred for Rice and Corn (Maize) Production, by Moderft, Transitional, and Traditional Methods 

Rice 

Modern Transitional 
(United States) (Philippines) 

Quantity per Energy per Quantity ~r Energy per 
Input. hectare hcciarc hcctr.re her.tare 

/fl' joules /fl' joula 
Macbinciy and implements" 4.2 x H' joules 4,200 335 x 10' joules 335 

FueP 224. 7 liters 8,988 40 liters 1,600 
Nitrogen fertiliza- 134.4 kg 10,752 31.5 kg 2,S20 
Phosphate fertiliza41 
Potassium fertilizer- 67.2 kg 60S 
Seeds' 112.0 kg 3,360 llOkg l.6SO 
Irrigation• 683.4 liters 27,336 
lmedicidcs' 5.6kg 560 1.5 kg ISO 
HerbicidesS S.6 kg 560 l.Okg 100 
Drying 4.6 x 10' joules 4,6IXJI' 

Elcdricity 3.2 x 10' joules 3.200' 

Transport 724 x 10' joules 724• 31 x Ul' joules :n 
Total 64,885 6,386 

Y ICld (/cg/ha) 5,800 2,700 
Energy input yield per unit (10' 

joulalkg) 11.19 2.37 

.SO.-: Food and AsJiadture Otpnizalian. TM~ cf Nod oml Alfrind/Mtt 1976. Rome. IY77. p. 9l 
• Eaetv iapui to produce 1 t1 of eqvlpmcnt l.S51mlCd 10 be 611.' )( 111• jaulcs 
' One liu:r of fuel asumcd 10 cunaain 41 " Ill' joules. 

Trdditional 
(Philippines) 

Quantity per Energy per 
hectare hectare 

/fl' joules 
173 x 10' joules 173 

107.S kg 

173 

1,250 

0.14 

• Pn:xlm::lkm of I ta of nit,.n fenilmr lllSUllll:d to 1:c;wrc AO x uit joulct.. 
'Pradllaioa: ol. I t1 ol phospbate fcnilizrr nsumed to req11ire 14 x Uf joules. 
• Production of I ts ol powsiwn fcnilizcr assumed to require 9 x llf joules. 
r Pmducdoo of I q of bilft"CIUA!ity teed aulllllCd 10 require .lO x 111• jauks in the Uni1c:d Slates and 1$ x ICJ' jaulc5 in the Pbitippinc5 and Mcxic:o. 
• Praduclion of I t1 of peslicide asumcd 10 require 100 x Ill'. 
• ~ 10 be similar to liprcs given ftlr rmizr l>y Da~id Pim.:n12I cl al.. -Ft•'lll Pruductinn and Ille l!n.:~· ("rkk, •• .\ti<'rl<l'. N..1'·. ;!. 11173. p. .ua. 

Maize 

Modern Traditional 
(United States) (Mexia>) 

Quantity per Energy per Quantity Energy 
hectare hectare per ha. per ha. 

/fl' joules /fl' joula 
4.2 x 10' joules 4,200 173 x 10' 173 

joules 
206 liters 8,240 

125 kg 10,(0) -
34.7 kg S86 
67.2 kg 60S 
20.7 kg 621 10.4 kg 

351 x 10' joules 351 
1.1 kg 110 -
t.1 kg 110 

l,239 x 10' 1,239 
joules 

3,248 x 10' 3,248 
joules 

724 x 10' joules 724 

30,034 173 

S,083 9SO 

S.91 0.18 

;! 
rn .,, 
~ ..... 
I'll a 
0 z en. 



ENVIRONMENT PROJECTIONS 297 

population growth may make energy-intensive 
agriculture inevitable. The People's Republic of 
China has probably been more successful than any 
other ~ountry in developing its agriculture with 
minimum energy requirements. The Chinese ex
perience and other experiments 295 demonstrate 
clearly that there are alternatives to the most en
ergy-intensive agricultural methods. Yet even 
China has been forced by the food needs of an 
expanding population to import energy-rich 
chemical fertilizers and has contracted for the con
struction of 13 large nitrogen fertilizer plants. 296 

Conclusions 
It has often been observed that ~g;:::h;tural re

sources are renewable: A hectare of it!;.nland can 
grow as many as three crops annually; soil fertility 
can be maintained and often improved; biomass 
can be consumed and yet grow again another year. 
While these points are all true, the. do not pro
vide an adequate v~rspective for consideration of 
agricultural prospects ~11 the decades ahead, par
ticularly beyond the year 2000. 

There are three critically important facts to be 
kept in mind when considering agricultural pros
pects for the future. First, agriculture is now and 
will continue to be based largely on depletable 
resources. Second, at present these depletabl.z 
resources-crucial to the maintenance and re
newal of land, water, and other renewable agri
cultural resources-are being consumed, 
extinguished, and eroded at rates that ca'lnot be 
sustained indefinitely. Third, for the foreseeable 
future, there is no end in sight to incr~asing pop
ulation levels and to escalating needs for agricul
tural production. 

The depletable nature of a number of basic ag
ricultural resources has been given inadrquate 
attention in the past. There has even been occa
sional confusion as to what the basic resources of 
agriculture are. Biomass is not a basic agricultural 
resource, but genetic stocks of crop plants and of 
domestic animals and beneficial insects are. These 
agricultural resources are being depleted or ren
dered extinct at an accelerating rate that alarms 
many scientists. Soil is a basic agricuh."n-1 re
source, but it is a depleting, salifying, and !roding 
resource. Lost soil fertility often can be restored, 
but only after long periods of time and at great 
cost. Furthermore, in some instances soi~ fertility 
simply cannot be renewed: Soils lost by erosion, 
by urban and industrial expansion, and by hy
droelectric development are permanent losses for 
agriculture. Solar energy is a basic agr!r•!!.ural 
resource, but fossil fuels are too. Fossil fuels are 

a depletable, nonrenewable resource, required 
for production of chemical fertilizers, pesticides, 
and fertilizers, and for mechanization and irri
gation. Water, too, is a basic agricultural re
source, but an exhaustible resource of finite 
extent, threatened by competing uses, dissolved 
salts, and acid rain .. 

The knowledge, technologies, and management 
techniques needed to protect the basic, depletable 
resources of agriculture are generally established, 
but often not known or available where they are 
most needed. Careful cultivation practices and 
well-known techniques of terracing, for example, 
can reduce soil losses. The preservation of habitat 
for the maintenance of genetic stocks requires no 
elaborate technologies. But the technological 
knowledge and capital necessary to successfully 
use marginal soils is not available to many of the 
farmers who will be forced to use these soils in 
the years ahead. Similarly the skills needed for 
safe and effective use of fertilizers or for alter
native methods of pest control are not widely 
available in many less developed countries. 

Although furth ~r research is certainly called for 
(e.g., the atmospheric effects of nitrous oxide 
from fertilizer applications is not known with cer
tainty), the skills and technologies needed to limit 
virtually all of the envi onmental pressures im
plicit in the Global 2000 Study's food projections 
are already available. The big question is: Will 
these skilis and technologies be used? 

There is no clear answer to this question. Con
flicts are involved. The need to increase agricul· 
tural proJuction will certainly continue since a 
large fraction of the world's population is inade· 
quately nourished even now and since throughout 
the foreseeable future the world's population is 
projected to continue growing. Historically, in· 
creases in agricultural production have come both 
from increasing the lands unrler cultivation and 
from increasing yields per hectare. Options for 
increasing the lands under cultivation are now lim
ited and expensive, and becoming more so. 
Therefore efforts to increase yields on lands al
ready under cultivation can be expected to inten
sify. Unless marginal lands are introduced with 
skill and moderation, and unless efforts to in· 
crease yields are carefully managed, environmen
tal stresses will follow --erosion, laterization. 
alkalinization, salinization, waterlogging, urban 
encroachment, and loss of plant, animal, and pre
dator-irtsect species. If unabated, these stresses 
could lead initially to a significant reduction in the 
expansion of food production and in time to a 
serious reduction in the world's capacity to main· 
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tain food production. As noted in the beginning 
of this section, the Global 2000 food projections 
are based on the assumption that steps will be 
taken to keep the impact of these stresses in line 
with past experience. If these stresses are not con
trolled, they could bring into serious question 
even the modest increases in per capita food avail
abi!ity projected in Chapter 6. 

environmental protection and to finance ecolog
ically positive technologies and management tech
niques. Issues relating to land tenure will also be 
important. 297 Unfortunately, efforts to maintain 
and expand the productivity of agricultural re
sources often increase unit costs and reduce pro
duction, at least in the short run. In the face of 
increasing costs of food, it is uncertain that the 
public support required to accomplish these ob
jectives will be made even in the affluent indus .. 
trialized nations-and far less certain in the 
LDCs, which face the greatest pressures to in· 
crease food production in years ahead. 

To what extent will farmers, governments, and 
international organizations act to protect the 
world's depletable ugricultural resources? Several 
nations have already faced the kinds of agricul
turally related environmental pressures that are 
expected to occur worldwide. Some of these na
tions have successfully maintained or expanded 
their agricultural capacities. The People's Repub
lic of China and Israel are examples. Several other 
nations, of which Haiti and Ethiopia are exam
ples, have so far been unable to respond success
fully. Most nations have yet to experience the 
pressures and face the policy decisions. 

Success in efforts to protect depit=t~ble agricul
tural resources will require a concerte•J public ef
fort to set priorities for both food production and 

The agricultural and population policies that 
nations develop over the next two decades will 
have lasting significance. The possibility of a se
rious erosion and depletion of the world's de
pletable agricultural resources cannot be ignored. 
Unless the pressures on these resources are ad
dressed and resolved, at least in part before the 
year 2000, it appears virtually certain that the 
world's per capita food production will slow, stag
nate, or even decline during the first half of the 
21st century. 

THE PROJECTIONS AND THE MARINE ENVIRONMENT 

The Projections 
Many of the Global 2000 projections and their implicit consequ1mces have 
implications for the future of the marine environment. The projections that 
are most relevant are as follows: 

Population. A 45-65 percent increase in human population will k:?d to 
substantial increases in the amount of coastal development. 

Gross National Product. Coupled with projected population growth, dou
bling and tripling of GNPs will lead to global increases in water and airborne 
pollutants and to increases in economic activities-such as dredging and the 
construction of port facilities-that alter the coastal marine environment. 

Agriculture. An increase by a factor of 2.5 in global use of fertilizer, 
pesticides, and other yield-enhancing inputs will lead to a marked growth i11 
the quantities of nutrients and toxic chemicals entering the marine environ
ment. 

Fisheries. The intense demand projected for fishery resources (83.5 mil· 
lion metric tons by 2000) will result in seven:: pressure on preferred stocks 
and increased exploitation of nontraditional, smaller, and shorter-lived spe
cies. Pollution and physical destrur.tion of marine habitats will impede the 
growth of aquaculture in estuarine and coastal areas, effectively reducing the 
overall potential yields of living marine resources. 

Forestry. A 15-20 percent decrease in the area under forest cover, with 
most of the reduction taking place in LDCs, will lead to a sizable increase 
in the silt loads of tropical river systems and thus to increased silt deposition 
in estuaries, deltas, and on adjai;ent coastal shelves. 

Water. Hydraulic engineering of freshwater systems will alter salinity 
concentrations and cyclic flows in estuaries, and will interfere with the life 
cycles of organisms that spend part of their lives in the ocean and part in 
freshwater. Because nutrients will be trapped behind new dams, the quantity 
and quality of estuarine and coastal productivity will be adversely affected. 
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· Energy. More offshore drilling, more marine transport of oil, and more 
>portside storage and processing facilities wm be needed to sustain the pro
. jected 3.3-4.4 percent annual increase in demand for oil. More petroleum 
pollutants will enter the or:eans. Proliferation of onshore and offshore power 
plants will result in extensive use of oxidants and other biocides (especially 
chlorine) to prevent biological fouling in cooling towers, entrainment, and 
thermal pollution, altering the habitat of marine organisms. The increased 
use of nuclear energy may lead to accidental release or to deliberate disposal 
of radioactive materials intc.. the oceans.• 

Nonfuel Minerals. More mining wastes will be produced and more min· 
eral products will be in circulation, due in part to increased production of 
various minerals from lower grade ores. ,\s a result. more of these wastes 
will enter the earth's air and freshwater systems and, eventually, the oceans. 
Of particular concern are toxic wastes resulting from increased production 
of several heavy metals. Chromium production is projected to increase an· 
nually by 3.3 percent, copper by 2.9 percent, lead by 3.1 percent, mercury 
by 0.5 percent, and zinc by 3.1 percent. Increased i1;dustrial dredging for 
gravel and coral sands will .ilso have significant local impacts. If initiated, 
deep-sea mining operations '.Nill produce locally disruptive effects on open
ocean ecosystems. 

In summary, while the projections are usually not sufficiently detailed 
to provide specific quantitative estimates, they do imp:y a variety of impacts 
on the marine environment. Worldwide population growth will contribute to 
increased economic development of the earth's coastlines and their estuaries. 
Industrial, agricultural, and domestic pollution, coupled with hydraulic en
gineering of freshwater systems, will adversely affect biological productivity 
in coastal waters &nd interfere with aquaculture. Growing demand for com
mercially preferred fish will increase pressures on these stocks. Overfishing 
may increase, and a growing proportion of the global catch will be composed 
of nontraditional species. Continued deforestation will lead to destructive silt 
deposition in river estuarie~. deltas, and on adjacent coastal shelves. More 
energy-related polh:.:a1~ts-petroleum hydrocarbons, ra<.iioactive materials, 
and waste heat-will enter the oceans, and the increased production ofvarious 
minerals will add to the amount of toxic wastes entering coastal waters. 
Dredging and deep-sea mining will disrupt coastal and oceanic ecosystems. 
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Introduction 
The earth is ';ruly a water planet. The waters 

of the oceans cover 71 percent of the earth's sur
face and amount to 97 percent of the earth's total 

water supply. So vast is this volume that more 
than 200,000 years would be needed by a river 
the size of the Amazon to drain the world's 
oceans. 

•There are two emerging energy technologies that deserve 
note here -Ocean Thermal Energy Conversion (OTEC,J and 
deep water hydrocarbon exploration. Neither of these tech· 
nologies are projected to be making a major contribution to 
the worid's energy supplies by 1990 (where the DOE projec
tions stop), but both may be in early growth stages by 2000. 
Both may have very significant impacts on the marine envi· 
ronment. 

The OTEC technology utilizes the temperature difference 
between the warm surface water and the cold deep water to 
generate electricity. OTEC plants are likely to be anchored 
in deep waters close to subtropical and tropical islands. Each 
plant may take in and discharge a• much water as the flow of 
a large river. Em~ronmental effects could include death of vast 
numbers of plankton, and larvae of coastal and oceanic fishes 
and benthic organisms by entrainment through heat exchang· 

For an understanding of the future of the 

ers, chemical anti-fouling treatments using chorine or other 
biocides, and thermal shock. 

Hydrocarbon exploration and production will occur in pro· 
gressively deeper waters, introducing into vulnerable oceanic 
ecosystems unprecedented quantities of drilling muds and cut· 
tings, wc-!I treatment fluids, oily brines, natural gas flared un· 
derwater, and oil spills. Oil spills are a special concern b1:cause 
production in oceanic waters will probably be by seated sys· 
tems rather than above-wr.ter platforms. making blowout re· 
pairs and spill cleanup operations particularly difficult. (Ocean 
Thermal Energy Conversion 1977: Environmental Develop· 
ment Plan (EDP), Washington: U.S. Department of !Energy 
1978; James J. Geraghty et al., World Arias of the United 
Stotts, Port Washington, N.Y.: Water Information Center, 
1973.) 
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R. Ehrlich, Anne H. Ehrlich, and John P. Holdren. W. H. Frttman and Company, 
Copyright Cl 1977, p. 69) 

world's erivironment, the immensity of the oceans 
is important for two reasons. First, because of 
their size and other prop ~rties, the oceans have 
a major role in determinir.g the energy flows and 
the macroenvironment of 1he entire planet. Thus 
the condition of the oceans is of planetary signif
icance. Second, the oceans' enormous size pro
vides a large <.1mount of dilution and stability. As 
a result, chang,~ comes slowly to the oceans, and 
changes are often difficult to detect and even more 
difficult to control. 

The major flows involved in tile oceans' influ
ence on the world's macroenvironment are illus· 
trated in Figure 13--6. Through evaporation, 
precipitation, and runoff, the oceans are linked 
with the atmosphere and soil in determining the 
primary flows of solar energy and thus the planet's 
temperature distribution and climate. The mas
sive heat storage capacity of the oceans is one of 
the strongest stabilizing influences on the planet's 
climate. 

The absorption and outgassing flows noted iu 
Figure 13-6 are simplified representations of the 

highly complex cclrbon and oxygen cycles, which, 
through photosynthesis in plants and respiration 
in most organisms, further link oceans, soil, and 
atmosphere. In the oceans, minute phytoplankton 
annually fix 40 billion tons of carbon from carbon 
dioxide and release billions of tom.: cl oxygen. 298 

Both oxygen and carbcm dioxide gases are ex
changed with the atmosphere. Settling and de
composition provide nutrients and energy to life 
in the lower ocean-water strata. 

Although there are still uncertaintie~, the major 
stabilizing functions of the oceans-the water, 
oxygen and carbon cycles-are not likely to be 
seriously disrupted over the next two decades. 
The major impacts on the oceans are more likely 
to occur as a result of yet another function of the 
oceans, namely, as the ultimate receptacle for 
much of the world's unwanted waste materials
toxic substam.:es, sediments, agricultural chemi
cals, oil, sewage, and solid litter. 

The flows toward the oceanic "sink" are also 
illustrated in Figure 13-6. Most of the waste flows 
start on land and move through runoff, dumping, 
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evaporation, precipitation, fallout, and absorp
tion into the ocean waters. Marine transportation, 
seabed oil development, and seabed mining also 
contribute to the flow of damaging wastes. 

A major impact on living marine resources is 
implied by the Global 2000 Study's projections. 
These resources now make an important contri
bution to the economics, health, and welfare of 
many nations. Fisheries contribute about 2 per
cent of the food calories consumed globally by 
humans, and directly supply approximately 14 
percent of the world's animal protein consumed 
by humans. In a number of LDCs and industrial
ized nations, such as Iceland, Japan, the Philip
pines, and Vietnam, animal protein from ocean 
organisms is a major component of the national 
diet, in some cases making ~ over one-half of 
animal protein consumption. Any reduction in 
calories and protein from the oceans will have 
serious implications for the populations of such 
areas. 

Major changes in the composition of living ma
rine resources are anticipated, especially in the 
coastal waters. These changes will come about as 
a result of habitat destruction and waste deposi
tion and concentration, and particularly from pol
lutants such as synthetic organic chemicals and 
heavy metals. In some areas habitat destruction 
is proceeding rapidly and is a major threat. Con
tamination of the marine environment occurs at 
different rates in different areas. Its seriousnes~ 
depends on a number of considerations. 

Because of their enormous volume, ocean 
waters are potentially capable of much dilution 
of polluting wastes. However, the ocean waters 
themselves are not the ultimate resting place for 
many wastes entering the oceans. Some materialr 
are biologically degraded; others are transported 
by particulate fallout and chemical precipitation 
to the sediments of the ocean floor, as indicated 
in Figure 13-6. The rate at which wastes reach 
various parts of the ocean is therefore important 
in determining their concentration and ultimate 
fate. There is extreme variation in the times re· 
quired. 

There are two basic kinds of marine ecosys
tems: coastal and oceanic. Table 13-22 briefly 
ciescribes these two ecosystems and indicates (1) 
the type of pollution affecting each kind, (2) the 
effects of the pollution, and (3) the duration of 
the effects. One fact that stands out strikingly in 
the table is that the highly productive coastal 
waters-including the world's estuaries, coastal 
wetlands, reefs, and the many ma!£inal seas over 
the continenrnt shelves and slopes -account for 
only 10 perctmt of the total area of the global 
marint environment, whereas the relatively Jess 
productive (biologicl'lly speaking) open oceans 
constitute 90 percent. 

An important distinction between coastal and 
oceanic waters is the large difference in the du
ration of effects from various pollutants, many of 
which have only relatively short-term effects in 
coastal waters. Although these "ffects are ex· 

TABLE 13-22 
Categories of Ocean Areas and Types of Pollution, with Effects on Uses and Their Duration 

Types of Pollution 
Effects on Uses and 

Pollution Trends 

COASTAL WATERS 

(JO percent of total area; 99 percent of total fish production•) 

Duration of Effects 

Sewage; industria? wastes; litter; petro- Living resources destroyed or rendered Short-term; mainly during period of dis-
leum hydrocarbons unusable; industrial uses of seawater ad· charl£e 

versely innuenced; amenities reduced; 
recreational values diminished 

Synthetic organic chemicals; metals; ra· Living resources decreased or rendered 
dloactivity . unusable 

0PEN0cEAN 

1...ong·term; metals and synthetic organic 
r.hemicals deposited in sediments may be 
released for a long time through normal 
leaching and/or dredging disturbance 

(90 ptrcent of total area; l perctnt of total fuh prol;..ctlon') 
Synthetic organic chemicals; metals; ~- lnereasing concentrations in water an-! Long-term; duration depends on the res-
troleum hydrocarbons; radioactivity organisms· may indicate dangerous trends idencc time of pollutant 

Sowot1 Midlacl Waldichull. GlolHU MIUIM Poll!Ulolt.· A11 Ovmltw, hria: UNESCO, 1977, p. a~ 
• lncllldiq fllll produc:llon hom upweWn1 an:1. " l'Jldlldlnn fllb prodllCllon from upwellln11n1. 



302 THE PROJECTIONS 

tremely serious in some instances, their intensity 
may be reduced rapidly after the discharge is ter
minated. Other pollutants can have longer-term 
effects due to bioaccumulation and accumulated 
sedimentary deposits. In the open ocean. pollu
tants have the potential to produce delayed ef
fects. In addition to bioaccumulation and 
interactions with coastal zone sediments, pollu
ta11t effects on the open ocean arc prolonged, 
since most ocean waters below a depth of 100 
meters exchange with surface and coastal waters 
relatively slowly-usually over time periods on 
the order of hundreds or thousands of years.301 

Because deep open-ocean waters ure so differ
ent from coastal waters in the rate at which they 
receive and expt:rience the effects of pollutants, 
these two major ocean areas will be considered 
separately. The implications of the Global 2000 
Study projections for coastal waters are consid
ered first under the following topics: coastal de
velopment; coastal pollution; and overexploitation 
of living marine resources. 

The implications of the projections for the deep 
open-ocean waters must be examined separately. 
Not enough time will have elapsed by the year 
2000 for projected developments to greatly affect 
these waters. The discussion of the open ocean, 
therefore, will be primarily in terms of the trends 
established over the next two decades that will 
ultimately have implications for oceanic ecosys
tems. 

Effects of Coastal Development 
The earth's coastal waters and ecosystems are 

important for human society because they arc 
highly productive biologically and because they 
support a wide range of economic activities. These 
ecosystems are strongly influenced by changes in 
the physical and biological conditions of the 
coastal seabed and adjacent land.302 Many of the 
Global 2000 Study's projections suggest a variety 
of coastal developments that r.an be expected to 
cause extensive and adverse chi:\nges in the bio
logical productivity of the world's ~oastal w11es. 

In the next two decades, a significant conse
quenc:e nf many of the Global 2000 projections 
will b1: a dramatic growth in coastal development. 
Population pressures will lead to rapid rates of 
coastal settlement and urbanization, especially in 
LDCs. Rivers emptying into estuaries will be 
dammed to ensure adequate supplies of water for 
burgeoning metropolitan areas and agriculture. 
Rising GNPs and energy demand will encourage 
the expansion of coastal industrial facilities, and 
the consequent development will have serious 
impacls upon the marine environment. 

Coastal dredging is likely to be extensive. The 
Global 2000 Study's minerals, technology, en
ergy, population, and GNP projections indicate 
that offshore dredging for landfill, improved port 
and waterway facilities, and construction material 
can be expected to continue. Coastal dredging of 
anchorages and channels destroys the immediate 
benthic area and, through sedimentation, can af
fect more distant zones. Commercial dredging of 
gravel, coral, and coral sands is already conducted 
in ma1'Y areas in waters as much as 100 meters in 
depth. 

Marine transportation is still the cheapest, most 
euergy-efficient mode of transporting materials in 
bulk, and the Study's food, minerals, and energy 
projections suggest that it will accelerate at least 
as much over the next few decades as in the last 
few. Gruss registered tonnages of ocean vessels 
have grown by 9 percent annually during recent 
years, while the volumes transported have in
creased by 6-9 oerccnt.303 If present growth rates 
continue, marine transport will have increased 
three to se'.'enfold by the year 2000. To accom
modate the increased marine traffic, existing port 
facilities will have to be expanded significantly, 
and corresponding increases in secondary eco· 
nomic activities and human settlement in coastal 
areas can be anticipated. Dredging, filling, pav
ing, and construction of terminals, factories, set
tlements, and service roads will increase noise, air 
and water pollution, and will greatly reduce pro
ductivity, diversity, and stability of coastal and 
adjacent ecosystems. Increasing marine traffic 
may bring proportional increases in catastrophic 
spills and chronic pollution from discharges of 
ballast and tank washings. However, international 
agreements requiring the use of navigation aids, 
segregated ballast tanks, and other features to 
reduce oil pollution shm,ld diminish adverse ef
fects of increased marine traffic.30

Ja 

A less widely recognized problem is "biological 
pollution," the introduction of nonnative species 
into coastal ecosystems. Newly introduced species 
freed of their natural predators, parasites, and 
competitors can severely disrupt food webs, di
versity, and smbility and may effectively eliminate 
valuable native living marine resources. Besides 
marine transportation-related sources of biologi
cal introduction such as ballast waters, bio-fouling 
on vessels and mobile drilling rigs, and sea level 
canals, nonnative species may be introduced de
liberately or accidentally, as in clumps of trans
planted oysters. 303b 

Once established, settlements, factories, refin· 
eries, power plants, and port facilities along the 
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coastal zones are not easily-nor are they likely 
to be-relocated. Furthermore there is a limit to 
the modification feasible should their presence or 
their delayed, indirect environmental impact prove 
severely damaging to coastal ecosystems. The ex· 
pected result of the next two decades of devel· 
opment along coastlines is damaging physical 
alteration or total destruction of habitat-partic· 
ularly in estuaries and wetlands and 0·11 coral 
reefs-that will adversely affect marine organisms 
and natural nutrient and waste cycling processes. 

Impacts on Estuaries and Coastal Wetlands 
Estuaries,• and the salt marshes and mangrove 

communities that make up coastal wetlands, are 
globally widespread. One third of the population 
of the United States lives and works in regions 
surrounding estuaries, and of the 10 largest met· 
ropolitan areas in the world, seven border existing 
or former estuarine regions (New York, Tokyo, 
London, Shanghai, Buenos Aires, Osaka, and 
Los Angeles). Estuaries and coastal wetlands ac· 
cumulate natural riverborne sediments as well as 
wastes from nearby urban areas. Nutrients are 
cycled in estuaries and wetlands. Large phyto· 
plankton and zooplankton populations responsi· 
ble for the high productivity of global coastal 
fisheries, as well as benthic plant production, al· 
gae, salt marsh grasses, seagrasses and mangrove 
communities result from this rich nutrient supply. 
lt is estimated that 60-80 percent of the com· 
mercial marine fisheries species are dependent 
upon estuarine ecosystems during part or all of 
their life cycles. 304 

Salt marshes and mangrove communitirs are 
distributed all over the world and are either as· 
sociated with estuaries or coastal barrier is· 
lands.J11.1 Intertidal salt marshes are an exceptionally 
fertile part of coastal zone estuarine ecosystems. 
Salt marsh grasses recycle mineral and organic 
nutrients entering the marsh environment, cre· 
ating an area of biological prodl•ctivity that can 
yield 10 tons of organic material per acre per 
year.306 Cyclic tidal flooding circulates detritus 
and dissolved nutrients to other marsh areas and 
to offshore organisms. Much of the decomposi11g 
plant matter goes to the floor of the marsh, pro
ducing rich deposits of organic peat. Ultimately, 
low tidal marshes can actually build themselves 
up and out of the tidal range,307 contributing to 

*"Estuary" has been used to describe the lower reaches of a 
river in which seawater mixes with freshwater. The definition 
can be expanded to include bays, inlels, gulfs, and sounds into 
which several rivers emply and in which the mixing of fresh· 
and saltwater occurs. (Charles B. Officer, "Physical Ocean· 
ography of Estuaries," Ommus, Fall 1976, p. 4). 

coastline stabilization. Lush salt marshes also pro· 
vide a habitat for a wide variety of fish, shellfish, 
wildfowl and mammals. Many ducks, geese and 
other waterfowl use coastal wetlands as resting 
stations and feeding grounds during migratory 
movements. Fish such as flounder and bluefish 
mi!y make transient use of marshes for feeding, 
overwintering or as nurseries. 308 

Like salt marshes and estuaries, tropical man· 
grove communities are highly productive. The net 
primary production from mangrove ecosystems is 
utilized by a variety of organisms in a complex, 
detritus-based food web. As a transitional eco
logical belt, mangroves serve to protect the shore
line, are a source of raw materials for human 
populations, act as a shelter for bird and mammal 
species, and are nursery and breeding grounds for 
freshwater and marine organisms. A large num
ber of commercially important fish and shellfish 
of the tropical coastal waters depend directly or 
indirectly on mangrove communities for food and 
shelter during their liv'!s. 309 

The water, food, climate, and population pro
jections imply thillt future water-supply and con· 
servation efforts may include construction of 
freshwater dams and irrigation works. However 
useful these projects may be, they may reduce the 
diver~ity, productivity, and stability of the marine 
environment. Already, the damming of rivers 
flowing into estuaries reduces the size of wetlands 
and diminishes the flow and alters periodicity cf 
freshwater entering the coastal zone. As yet, little 
definitive information is available with which to 
anticipate the ultimate effect of such human ma· 
nipulation of the hydrology of salt marshes and 
mangrove communities,310 but it can be reasona
bly expected that global damming or diversion of 
estuarine river systems will disturb or destroy 
many estuarine habitats for fish and wildlife, and 
will disrupt the normal processes of nutrient sup
ply and cycling. As a consequence, estuarine eco
systems and their distribution and abundance of 
plants and animals can be expected to be signif· 
icantly altered.311 

Salt marshes have historically been filled or 
dredged to accommodate the needs of human set· 
tlements, agricuimre, and industry the world 
over.3u The alteration of salt marsh wetlands con
tinues today for the establishment of new resi· 
dences, for recreation, and industry. In the United 
States, commercial "finger-fill" lagoons have 
been dredged out of salt marsh to provide dockin§ 
space for marinas and land for housing sites.31 

Salt marshes have been dredged for boat and ship 
harbors in the course of commercial development 
of coastal barrier islands as well. 314 These practices 
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are environmentally detrimental. Jm:•".'ad of the 
healthy flushing of salt marsh orgamc matter into 
adjacent wat~rs. the organic matter collects on 
the stagnant canal bottoms, depleting the oxygen 
from the canal waters, thus killing or driving away 
valuable fish and shellfish. ma Leftover dredge 
spoils from channel and boat basin construction
and from their subsequent maintenance dredg
ing-often have been dumped on nearby undis
turbed wetlands, where they smothered established 
plant life and bottom-dwelling animals, polluted 
soil and water, and drastica17 altered the overall 
topography of the marsh.J1 Dredge spoils are 
often dumped in offshore coastal waters, and the 
resulting spoil deposits smother and intoxicate 
benthic organisms. Sediments mobilized and re
suspended by bottom currents and upwetlings can 
also move the spoil material inshore. or pollute 
more removed areas.315

• 

Salt marsh lands have been regarded globally 
as prime areas for industrial siting. Marshes also 
bear the brunt of the often environmentally de
structive aftermath of economic development. 
For example, new refineries, power stations, and 
dikes are being planned for construction on 
marshy European coastlines. J16 Rivers carrying 
industrial pollutants contaminate their own es
tuarine marshes as well as those adjoining or con
nected by coastal currents; chemicals, metals, and 
petroleum pollutants carried to the sea in the 
Rhine River have tended to move northward to 
pollute the Wadden Zee tidal flats in the Neth· 
erlands.317 

Mangrove ecosystems are also facing destruc
tion through development. In many countries with 
large and rapidly expanding populations, man
grove areas are seen as areas for human settle
ment and zones of more intensive exploitation
as i•, southern Florida, U.S.A .• where extensive 
ar1 .-s of mangrove have been bulldozed and then 
filled with dredged sediments to create land for 
housing developments. JIB 

Mangrove communities have been destroyed to 
make way for other forms of land use such as fish 
ponds, urban development, and indmtrial sites. 
Coastal mining, logging without replanting, and 
military defoliation have destroyed mangroves as 
well.319 Destructive influences on mangrove com
munities also include the diversion or regulation 
of freshwater streams and rivers. The resulting 
reduction of freshwater flows cat:se estuarine soils 
to become excessively salinized, a condition in 
which mangroves cannot survive. As a result of 
these varied development practices during the 
1960s and 1970s, there has been widespread and 
rapid degradation or destruction of extensive 

mangrove areas along the coasts of the Ameticas, 
Africa, east and west Malaysia, the Philippines, 
Indonesia, Vietnam, Singapore, east and west In~ 
dia, east and south Australia, and south Thai!. 
land.320 

Impacts on Coral Reefs 
The loss to the marine environment of coral 

reef ecosystems is great. Coral reefs are among 
the most extensive and productive shallow marine 
communities.321 Reef habitats, comparable in 
complexity and diversity to tropical rain forests,322 

provide food and shelter for approximately one
third of all fish species and for seemingly countless 
invertebrates, some of which contain or produce 
a wide range of pharmacologically active com
pounds. In addition, reefs function as buffers 
against ocean forces. As self-repairing, energy
dissipating breakwaters, they protect thousands 
of miles of continental and island coastlines from 
erosion in Southeast Asia, the Middle East, the 
Central and South Pacific and the Caribbean.JU 

Coral reefs in the U.S. Virgin Islands, Micro
nesia, the Seychelles, Puerto Rico, the Bahamas, 
Hawaii, and Florida have been damaged or de
stroyed entirely as a result of poorly planned and 
managed dredging.314 Continued destruction of 
coral reef habitats through dredging activities will 
ultimately affect the marine environment and its 
coastal producfrJity and protection capabilities. 

In short, anticipated coastal development will 
lead to large-scale destruction of estuaries, coastal 
wetlands (salt marshes and mangroves), and coral 
reefs. Notwithstanding the vital role of these areas 
in maintaining coastal productivity and protec
tion, coastal development during the present cen· 
tury has already reduced the total world acreage 
significantly. JU 

If present trends continue throughout the next 
two decades, the increases in human population 
density and industrial and comm1 ml activity will 
have yet more substantial effects on the biological 
productivity of the oceans' coastal waters. The 
habitats provided by estuaries, salt marshes, man· 
grove communities, and reefs will suffer the 
stresses of coastline development, and their loss 
will contribute significantly to changes in size and 
species composition of the global fisheries catch. 

Coastal Pollution 
Coastal waters the world over constantly re

ceive direct injections of polluting materials through 
river discharge, coastal outfalls, dumping, and 
atmospheric transport.326 The agriculture, popu· 
lation, minerals, forestry, and energy projections 
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suggest that the amount of pollutants entering the 
,coastal zones will increase between now and the 
.year 2000. TCJxic chemical contamination. as yet 
largely uncontrolled, is likely to have the most 
damaging impact. While only a small number of 
all toxic chemicals are of agricultural origin. even 
the projected increases in pesticide and herbicide 
use have serious implications for the coastal en· 
vironment. Pollution from expanding use of fossil 
fuel energy sources will continue to afflict coastal 
watP.rs and their living resources. The impact of 
sewage, silt, :md fertilizer nutrients will grow and 
have critical. local and regional consequences. As 
GNPs rise globally. the volume of solid wastes 
discarded or depositeu in the oceans will increase 
as well. 

Collectively. the anticipated amount of coastal 
pollution is seen to be a major problem for the 
marine environment in the future. Pollutant stress 
on ocean life forms can cause chemical-physical 
.damage to cell membranes or tissues, modifica
tion of biochemical reactions, buildup of micro
bial pathogens, low environmental oxy~en levels, 
viral infections. skeletal anomalies, and genetic 
abnormalities. Several indicators point to rising 
levels of pollution in coastal waters. In fish. a 
degenerative disease syndrome aptly named "fin 
erosion" is associated with degra' .d estuarine or 
coastal environments and has been observed in 
U.S. coastal waters, in Tokyo Bay, and in the 
Irish Sea. A similar condition affects crabs, lob
sters, and smaller crustaceans.·m In the New York 
Bight, heavy municipal and industrial pollution 
and long-term dumping of dredge, sewage, and 
industrial wastes has caused fouling of shellfish 
gills by parasites and detritus.328 The collection of 
contaminated shellfish is prohibited in certain 
areas because of hazards to human health."' 

Toxic Waste Poifution 

Toxic waste pcllution (also discussed above in 
the section entitled, "The GNP Projections and 
the Environment.") will be discussed here be
cause many toxic substances eventually find their 
way into the sea via the atmosphere or continental 
runoff. By either route, toxic waste pollution is 
one of the most serious threats to the health of 
the coastal oceans. 

"Trends in shellfish contamination and the closure of shellfoh 
beds in the U.S., as well as a description of the innovative 
Mussel Watch-a monitoring program that uses mollusk tissue 
pollutant levels as an indicator of estuarine environmental 
quality-are discussed in "Ecology and Living Resources," 
Council on Environmental Quality, Environmental Quality 
1979, Washington: Government Printing Office, forthcoming. 

Toxic substances include those that are carcin· 
ogenic (causing cancer). mutagenic (producing 
mutations), and teratogenic (causing birth de· 
fects). Many toxic substances possess two-or 
even all three-of these specific properties. 

Over 4 million chemical compounds have been 
reported to the American Chemical Society for 
listing in the Society's registry. Of the chemicals 
listed, ahout 70,000 are now in prnduction in the 
United States, 50 in quantities greater than 1.3 
billion pounds per year. 329 Unfortunately, not all 
i0,000 will be adequately tested for toxicity or 
environmental hazards. Studies to determine en
vironmental persistence, transport, and long-term 
biological effects are expensive both in time and 
money, and the substances to be measured are 
often not only low in concentration but accom
panied by other substances that produce syner
gistic effects and complicate analysis of the data. 
Relatively few contaminants have been monitored 
to the point where trends can be detected, and 
links between human health and the contaminants 
at the levels at which they occur arc only tenuously 
understood. 330 

One of the gravest perils to human and marine 
life is that relatively persistent toxic chemicals and 
metals might build to dangerous levels before 
being detected, as occurred in the mercury-poi
soning incident at Minamata Bay, Japan (see Ta
ble 13-28, below). The Minamata Bay tragedy is 
by no means the only instance in which long-lived 
toxic chemicals have been released in a way that 
will ultimately lead to their entry into the oceans. 
The Kepone contamination of the James River in 
Virginia provides another example. 

Until it was ordered to stop in 1975, a Hope· 
well, Virginia chemical company under contract 
to Allied Chemicals had been dumping quantities 
of chemical waste into the James River in the 
course of manufacturing the iP'iecticide Kepone. 
About 1.5 million gallons of highly toxic material 
were created and dumped. In 1976, the strange 
symptoms that had been exhibited by workers at 
the plant manufacturing this white-powder chem
ical compound were attributed to Kepone poi
soning. The acute physical symptoms of this 
poisoning arc evident, but its long-term effects on 
humans and animals are still unknown. Since Ke
pone is bioaccumulative and environmentally per
sistent, aquatic life downriver from Hopewell and 
in the James River estuary will be affected for 
many years, even though the source of pollution 
has been eliminated. l.ll 

Polychlorinated biphenyls (PCBs) have been in 
use for half a century. More 'ecently they have 
been discovered to cause cancer in laboratory an-
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imals, and skin diseases, jaundice, and liver dam
age in humans. In the Baltic Sea, only a few 
thousand gray seals remain of a population esti
mated to be 20,000 in 1940, due to the seal's diet 
of PCB-contaminated fish. 332 In the United States, 
the Toxic Substances Control Act of 1976 pro
hibits the sale of PCBs after July I, 1979, but this 
persistent chemical will remain in commercial 
products, municipal dumps, soils, and the sedi· 
ments of streams, lakes, and ocean coastal zones 
for years to come. 

The Hudson River, already contaminated with 
a complex mixture of toxic substances, was further 
contaminated in the early 1970s by approximately 
440,000 pounds of PCBs, discharged there by two 
General Electric capacitor plants. Now, much of 
the PCB contamination, lodged in the river sed
iments over a 40-mile stretch between Troy Dam 
and Hudson Falls, poses a health threat to the 
150,000 upstate New Yorkers who drink the river 
water, as well as a threat to commercial fisheries 
in the Hudson's estuary. Approximately 6,000 
pounds of the accumulated contaminant spills 
over Troy Dam each year. 

In 1976, General Electric agreed to pay the 
State of New York $4 million for the removal of 
the polluted sediment. Two year•; later, the New 
York State De?artment of Environmental Con
servation was requesting $25 million in federal 
fonds to remove 75 percent of the contaminant 
from 30-40 of the most contaminated spots in the 
riverbed. Estimates for dredging the entire 40 
miles of polluted sediments are in the hundreds 
of millions, and would take about 10 years and 
cause destruction of local sediment life for at least 
a year or two in each section of the river dredged . .:w 
In the absence of decontamination, most of the 
PCBs will ultimately be deposited in the Atlantic 
Ocean. 

Pollution of the James and Hudson Rivers are 
dramatic illustraticns of toxic substance contam
ination that ultimately is transported to the oceans. 
While these instances are massive and serious in 
and of themselves, hundreds of thousands of 
smaller daily losses of chemicals around the world 
have even greater implications for the oceans. In 
the next few pages, marine environmental prob
lems arising from toxic wastes will be discussed 
by type of pollutant: synthetic organic chemicals, 
heavy metals, and radioactive materials. 

Synthetic Organic Chemicals 
Large numbers of different synthetic chem· 

icals enter the oceans through rivers, the atmos
phere and offshore coastal dumping of chemical 

wastes and are now ubiquitous in the oceans. 334 

The effects of most of these chemicals has not 
been carefully studied, and even if the knowledge 
were available, the numbers of chemicals and 
their even more numerous effects could not be 
fully addressed here. The discussion is therefore 
limited to a few examples from a group of chem
icals-halogena.ted hydrocarbons-about which 
there is both concern and understanding (albeit 
limited) of their effects on marine ecosystem:;. 
Three heavy halogenated hydrocarbons are con
sidered first, followed by examples of lighter hal
ogenated hydrocarbons. 

DDT, polychlorinated biphenyls (PCBs), and 
hexochlorobenzene are heavy halogenated hydro· 
carbons over which there continues to be concern. 
DDT is still widely used in both agricultural and 
vector control programs in many nations. As dis
cussed in the food and agriculture section of this 
chapter, the Global 2000 food projections antic
ipate a large increase-on the order of 2 to 4 times 
the present amou~t-in the use of pesticides over 
the next 20 years. Persistant pesticides such as 
DDT will almost certainly continue to be used in 
large and increasing c1uantities in many areas, es
pecially in the LDC~. 

Atmospheric transport is the principal pathway 
by which DDT and i!s metabolites reach the 
oceans. 335 Rr.gional DDT contamination has been 
shown to h~we caused reproductive failure in birds 
and fish. In some cases DDT has proved to be 
toxic to fish, 336 and has interfered with their 
chemoreception and natural behavior patterns. 337 

PCBs-stable, relatively insoluble and non
flammable compounds-are now widespread pol
lutants of the marine environment as a result of 
h1advert~nt spills and leakage, breakage of con
tainers, and evaporation. Besides being danger
ous to human health, they are toxic to some 
marine organisms. 338 PCBs (and other heavy hal
ogenated hydrocarbons including DDT and its 
metabolites, and dieldrin) are known to adversely 
affect vital estuarine phytoplankton communities. 
Field and laboratory experiments have shown that 
a variety of normal functions-including growth, 
photosynthesis, and cellular developr.1ent-are 
inhibited in phytoplankton when they are exposed 
to chlorinated pesticide concentrations ranging 
from 1 to 10 parts per billion. Sustained high con· 
centrations were observed to cause cell rupture 
and ultimate death. As a result, these chemicals 
in the marine envimnment may adversely affect 
natural food chains by altering the quantities and 
sizes of phytoplankton available for zooplankton 
grazing. Such changes could in tum disrupt trophic 
interactions within an estuarine community and 

) 
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could bri11g about changes in the species compo
sition of many marine ecosystems.·'~' 

Hexachlorobenzene (HCB) is a stable. unn:ac
tive compound used as a grain fungicide and a 
component in some pesticides. It is produced as 
a by-product in the manufacture of many chlori
nated hydrocarbons. HCB is widely used as a fun· 
gicidc in the Near East. Australia. the United 
States. and Eastern and Western Europe.·"'° Th·.! 
National Academy of Sciences has idl!ntified HCB 
as a danger to human health and to the environ
ment. Once transferred to the oceans via atmos
pheric fallout. waste-dumping. or coastal outfalls 
containing pesticide residut>s. HCB is resistant to 
chemical. biological. or physical degradation. ·141 

It is now present in terrestrial and aquatic food 
webs, and has been observed to he concentrated 
in some marine organisms at levels similar to those 
of DDT and the PCBs. ·142 

Halogenated hydrocarbons of low molccuh1r 
weight are also of concern, but their effects in the 
environment arc different from those of heavier 
molecules. Compared to the heavy halogenated 
hydrocarbons. such as DDT. the PCBs. and dict
drin. compounds of lower molecular weight arc 
more water-soluble. They arc found in aerosol 
propellants. fumigants. fire extinguishers. sol
vents. dielectric insulators. and are used as inter
mediates of orgauic synthesis. It is estimated that 
6,000 tons of one of these compounds (trichlor
otluoromethanc) enter tl:c world's oceans an
nually. 343 These compounds readily evaporate and 
remain in the atmosphere long enough to make 
transfer to the oceans highly likely. While lr.w 
molecular weight compounds arc now ubiquitous 
in the atmosphere and in surface waters.·""' con
centrations obs~rved so far in the oceans arc six 
orders of magnitude below the concentrations that 
cause toxic effects in mammals and aquatic or
ganisms. 345 The long-term impact of these chem
icals at low concentrations is unknown. and a 
continuing buildup of these chemicals could sig
nificantly increase both their concentrations and 
their potential biological consequences. 

One aspect ot the long-term buildup of syn
thetic organic chemicals applies to both heavy and 
light molecules. Unless monitoring increases sig· 
nificantly, pollutant concentrations may grow to 
unmanageable proportions before they arc rec
ognized. By that time. they may have become 
ecologically dangerous and, even if inputs were 
to cease, the effects of the materials continuing 
to circulate in the ecosphere would be manifested 
for years afterward. DDT use offers an example 
of this phenomenon. 346 It has been observed that 
the effects of DDT pollution on a localized or 

regional scale begin to subside in individual spe
cies 3-5 years after input to the ecosystem has 
halted. M7 On a global scale, however. simulation 
models suggest that if world application were 
phastd out. a downturn in hioai:cumulation and 
physiological effects might not occur for decades 
hecause of the DDT residue reml':ning in atn10s· 
phcric, soil. and oceanic reservoirs (Fig. 13-7). 

Heavy Metals 
All naturally occurring heavy metal clements 

.trc found in the oceans at some concentration. 
Those metals introdu~ed hy human society enter 
via rivers. industrial om falls and domestic sewers. 
and through atmospheri1.· transport and offshore 
dumping of waste materials. As a result. pollution 
of the marine environment h\' metals is most cv· 
ident in the coastal zon1:s. esp~cially where mixing 
processes hctwcen coastal and oceanic waters arc 
slow. facilitating accumulation .. 1.1s Due to their 
oceanic omnipresence, most heavy metals arc now 
bioaccumulatcd to some degree in one or more 
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Figure IJ-7. The effect of a gradual reduction, starting in 
1971, in the use of DDT from a simulation model. The usage 
rate is assumed to reach zero by the year 2000. The usage rates 
are historically correct through 1971, when it is assumed that 
a world decision to phase out the use of DDT is reached. 
Shortly thereafter, the concentration of DDT in soil begins to 
decline, but the concentration of DDT in fish continues to 
increase for 11 years and docs not return to the 1971 level until 
1995. The response of DDT concentrations in animals further 
up the food chain-birtfs and humans, for example-arc sub· 
ject to even longer delays. (Jergen Randers, ill D. L. and D. 
H. Meailuws, eds., Toward Global Equilibrium, Cambridge, 
Mass.: Wright-Allen Press, 1973; repril!led by permission of 
the distributors, MIT Press) 
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components of the marine food web . .Mt Trace 
metal concentrations have been measured in fish 
and shellfish in coastal waters of the United States 
and New Zealand, the North Atlantic, the North 
Sea, and other European coastal areas. 350 Ac
cording to the Global 2000 Study proiectioo£, lhe 
annual production and circulation of most metals 
is expected to increase between now and the year 
2000. In many cases the rate of accumulation in 
the oceans of metals injected by human activity 
is expected to exceed the natural rate (Table 13-
23). 

The effect of heavy metal concentrations on the 
development of marine organisms is only begin
ning to be understood. However, the character
istics of heavy metals are significant. They are 
among the most environmentally persistent sub
stances. They cannot be transmuted or destroyed 
and, in concert with certain bacteria, have the 
insidious attribute of combining with organic sub
stances to form highly toxic metallo-organic com
pounds. Som~times these compounds are 
discharged directly into ocean waters. For ex
ample, the "mercury poisoning" at Minamata, 
Japan, involved spent chemical catalysts contain
ing meta Ho-organic methyl mercury .. m 

The highest mercury concentrations in ocean 
organisms are found in the top predators of the 
food chain. In the past decade there has been 
concern that the concentration of mercury may 
increase as more of the metal is released into the 
environment. However, recent studies suggest 
that the present mercury levels in these pelagic 
life forms should not be expected to increase with 
society's continued use of the metal. The esti
mated total mercury content of the world ocean 
mixed layer is currently two orders of magnitude 
greater than the annual production by human so
ciety; therefore, measurable man-made alteration 
of mercury lev~ls in the open ocean is not prob
able in the short term. It does appear likely that 
regional pockets of high-level coastal mercury 
pollution will continue to exist, due primarily to 
industrial processes. m 

Besides input from rivers, urban outfalls, and 
dumping, concentrations of iron and copper met
als in the ocean are atmospherically transported 
from specific industri?.i sources, particularly the 
smelting indu!.try processes for copper and the 
processes of the irnn, steel, and titanium dioxide 
industries for itc>it. The National Academy of Sci· 
ences has estimated that coat combustion is also 
one of the most significant human sources of iron 
and copper introduction to the sea. 353 These met .. 
als are partially released during combustion arid 
r..arried to the oceans in fly-ash particulate m~tter. 

TABLE 13-23 
Estimates from Annual River Dlscharaes of 
Amounts of Metals Injected Into the Oceans An· 

nually by Geoloalcal Processes and by Man 

Iron 
Manganese 
Copper 
Zinc 
Nickel 
Lead 
Molybdenum 
Silver 
Mercury 
Tin 
Antimony 

By Geological 
Processes 
(in ri'.-crs) 

By Man 
(in mining) 

(in thou.sands of mttric tons) 
25,000 319,000 

440 l,ff 1 

375 4,.~11.J 
370 3,'l!ilt 
300 J~a 
180 2,330 
13 57 
s 7 
3 7 
1.5 166 
1.3 40 

Sourct: Michael Waldlchuk, CilobGI MarlM Pollllllon: A11 Ovm•ltw, Paris: 
UNESCO, 1977, p. 20. 

Current levels of oceanic introduction of iron and 
copper will not result in 1r .ajor overall concentra· 
tion changes but will probably increase. Global 
industrial development will provide a growing 
source of metallic emissions that will easily enter 
the world oceans. 354 

Cadmium poisoning in Japan has stimulated an 
interest in the possible effects of this metal on the 
marine ecosystem. Ar. with most other metals, 
cadmium enters the oceans through continental 
outfalls and the atmosphere. Its bioaccumulation 
in organisms consumed by humans could poten
tially be a threat to health. Any significant cad
mium pollution would be expected to occur in the 
coastal zones, and localized high concentrations 
of cadmium could contaminate marine organisms 
in coastal waters. However, open-ocean surface 
water pollution by cadmium metal does not seem 
probable, at least in the near future. 355 

It appears that, up to this point, lead is the only 
stable metal element that has exhibited wide
spread increased concentrations in the ocean. It 
has been nearly 20 years since concentrations in 
the oceans were demonstrated to be at!aining sirs· 
nificant levels through anthropogenic sources. 56 

These concentrations have been altered in coastal 
waters, mainly as a result of the use of lead alkyls 
as antiknock additives in fuels of internal com· 
bustion engines. Lead aerosols have been respon
sible for the increase of this metal in the coastal 
surface waters vf the Pacific, Atlantic, and Med
iterranean Oceans. Once introduced into the sea 
via coastal runoff and the atmosphere, lead· 
quickly interacts with the marine biota. Concern 
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exists over how human health may be affected by 
the consumption of lead-contaminated marine re
sources. 3'7 

Following a course similar ~o fhat of lead in the 
marine environment, other trace metals still in
completely investigated may have increased their 
concentration in the surface layers of the global 
ocean. This is especially possible in northern hem
ispheric waters surrounding regions of high fossil 
fuel combustion, cement production. and other 
industrial activities. JP 

Ultimately, most reactive heavy metals are de
posited relatively rapidly in the sediments of the 
coastal zones, seemingly out cf the water layers 
where they may play a determinate role in bio
logical processes. J!'t However, metal accumula
tion in sediments poses potential prnblems. 
Measurement of the extent of metal concentra
tions have only begun, as have studies of the 
mechanisms for redistribution of metals back into 
bottom water and their uptake by benthic orga
nisms. 360 One study has examined the amounts 
and distribution of six trace metals-cadmium, 
chromium, copper, nickel, lead, and zinc-in the 
water and sediments of Raritan Bay, a polluted 
estuary of the New York Bight. Large amounts 
of metal-ladea municipal and industrial wastes 
have accumulated in the bay, forcing the termi
nation of shellfish harvesting, decreasing benthic 
diversity and reducing the yield of commercial 
fishery species. Metal concentrations in Raritan 
Bay bottom sediments have been found to be sim
ilar to other estuarine areas in the United States 
and in the United Kingdom. 361 Anoxic coastal 
sediments containing predpitated mercury sulfide 
also may release their deposited mercury upon 
contact with aerated waters. 362 

ArtlOcial Radioactive Materials 
The Global 2000 energy projections foresee sig

nifican• growth in the worldwide development and 
use of nuclear energy, and this increased nuclear 
activity may result in increased flows of radioac
tive materials into the marine environment. 

The history of radioactive contamination of the 
oceans provides a useful context for considering 
possible future contamination. The largest source 
of radioactive materials entering the oceans has 
been nuclear explosions detonated by the United 
States, the U.S.S.R., the United Kingdom, France, 
the People's Republic of China and India. Up to 
1968 the world's oceans had received much of the 
radioactive debris from 470 nuclear explosions. 
Two biologically active fission products-cesium-
137 and strontium-90-have been produced at 

levels of 21 and 34 megacuries, respectively, and 
much of this material has now entered the oceans. 36.1 

Although the nuclear test ban has substantially 
reduced the rate at which radioactive materials 
enter the oceans, nuclear energy prod11ction and 
the use of radioactive materials has continued the 
flow of radioactive isotopes into the terrestrial 
environment and ultimately into the oceans. 

The three broad types of radioactive species 
have been introduced to the marine environment: 
(1) transuranic elements used as nuclear fuels, 
such as uranium, neptunium, curium and pluto· 
nium; (2) the radionuclides produced as fission 
products or as induced radioactive species. such 
as strontium-90 and cesium-137; and (3) the ac
tivation products resulting from the interaction of 
nuclear particles with the components of nuclear 
reactors and weapons, such as zinc-65 and iron-
55. As early as 1972, scientists had detected 52 
artificially produced radionuclides in the marine 
environment. 364 

In the decades ahead, the largest source* of 
radioactive materials entering the oceans will 
probably be the nuclear fuel cycle, i.e., the pro
duction, use, reprocessing and disposal of nuclear 
fuels. The Department of Energy projects more 
than a 200 percent increase in nuclear energy by 
2000. How extensive this source will be depends 
critically on how carefully the fuel cycle is man
aged. 

Table 13-24 presents a projection of the inven
tory of radionuclides in the world's oceans that 
has been reported by UNESCO. The total arti
ficial radioactivity in the oceans in 2000 is pro
jected to be of the same order of magnitude as 
it was in 1970, i.e., about 109 curies. Tritium from 
nuclear reactors increases by three orders of mag
nitude over the 30-year period, reaching some
thing on the order of 108 curies. The largest 
artificial contribution continues to be tritium from 
nuclear explosions. The total artificial radioactiv
ity introduced remains two orders of magnitude 
less than the total natural background of potas
sium-40 at 5 x 10 11 curies, but some of the arti
ficially introduced radionuclidcs have effects quite 
different from those of natural potassium-40. 365 

It is not known to what further levels the various 
radioactive elements could safely be accommo
dated in the marine environment, especially in 
crucial coastal zones. So far, only modest efforts 
have been made to study the environmental im
pact these substances have upon individual marine 
organisms or their communities. Transuranics, 

•Assuming that atmospheric testing of nuclear devices is not 
resumed. 
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TABLE 13-24 

Total Inventory of Artificial Radfonuclldes Intro
duced into the World Oceans, 1970 and 2000 

1970 2000 

Curies 
Nuclear explosions 

(worldwide distribution) 

Fission product• (exclusive of 
tritium) 2-6 x 10' 

Tritium JO' 

Reactors and reprocessing of 
fuel (restricted local distri· 
bution) 

Fission and activation products 
(exclusive of tritium) 

Tritium 

Total artificial radioactivity 

Total na1u1al potassium·40 

3 x 10' 
3 x JO' 

10' 

5 x I011 

? x 10'. 

? x JO'. 

3 x JO' 
? x l(JI 

10' 

5 X JOU 

Soutrt: A. Pres1on ct at .. as rcporlcd in Edward E. Goldbc:r1. Tht Htalth o/tht 
O~lllU. Paris: UNESCO. 1976, p. RI. 
• Auumin1 that 1tm<l!lphoric nuclear 1cstin1 will ronlinuc al ahr.ul 1hc l96S-70 
rate. 

fission products, and induced radioactive species 
are now found in seawater and in the ocean biota 
almost universally. The biological or environ· 
mental significance of this contamination is vir· 
tually unknown. 366 

Fo~il Fuels 
The Study's energy projections anticipate a 

global growth in commercial energy demand, and 
a resultirg rise in the production and use of fossil 
fuel energy resources. Driven by expanding GNPs, 
population needs, and technological advances, 
this increased energy usage will certainly aggra· 
vate the already serious problems of coastal zone 
degradation by fossil fuel pollutants. The propor
tions of fuel oil and gas supplies extracted from 
the seabed are significant and increasing. While 
large oil spills caused by blowouts and tanker col· 
lisions can have disastrous local effects on coastal 
zone ecosystems, the discharges from the routine 
transportation, production, and use of oil and gas 
are greater in volume and may present a long· 
term threat to the marine environment. Estimates 
of the quantities of petroleum hydrocarbons en
tering the oceans annually are presented in Table 
13-25. 

As oil exploration continues worldwide, in
creasing numbers of extraction facilities will be 
established in coastal zone areas. Sublethal and 
long-term damage to marine organisms and eco· 

systems may result from chronic discharges and 
accidental low-volume spills during normal off
shore and dockside operations, from disposal of 
drilling muds and cuttings, and from disturbance 
of the seabed and coastal wetlands by platform 
;ind pipeline construction. Losses incurred during 
transportation and processing also contribute to 
low-level petroleum contamination, as do inputs 
from the atmosphere, coastal municipal and in
dustrial waste outfalls, and urban and river run
off. 367 Increased coal combustion and conversion 
can also be expected to contribute to oceanic pol
lution. Mining wastes, sec1 "ldary pollutants as
sociated with trade and transport, and the by
products of processing and primary combustion 
of coal will enter coastal waters via the land and 
the atmosphere. 

The manner and severity with which fossil fuel 
pollutants affect the marine environment varies. 
Different factors-such as oil dosage and type, 
weather ai!d wacer conditions, and the seasonal 
behavior pattern<: of marine organisms-influence 
the biological impact of petroleum hydrocarbons 
on ocean life and habitats. 368 Nearsh~re petro
leum discharges cause more extensive and per· 
mancnt damage to organisms and life cycles in 
estuaries and coastal wetlands than those further 
offshore. Biological recovery of oil-inundated 

TABLE 13-25 

Best Estimates or Petroleum Hydrocarbons Intro· 
duced into the Oceans Annually 

Source 

Natural seeps 
Offshore produclion 
Transportation 

LOT tankers 
Non-LOT tankers 
Dry docking 
Terminal operations 
Bilges bunkering 
Tanker accider.•~ 
Nontanker &ccidents 

Coastal rdineries 
Atmosphere 
Coastal municipal wa~tes 
Coastal nonrefining indus· 

trial wastes 
Urban runoff 
River runoff 

Total 

Best 
Estimate 

Probable 
Range 

(millions of metric tons) 
0.6 0.2-1.0 
0.08 0.08-0.15 

0.31 0.15-0.4 
0.77 0.65-1.0 
0.25 0.2-0.3 
0.003 0.0015-0.005 
0.5 0.4-0.7 
0.2 0.12-0.25 
0.1 0.02-0.15 
Q.2 0.2-0.3 
0.6 0.4-0.8 
0.3 

0.3 
o.3 0.1-0.s 
1.6 

6.113 

Soutre: National Academy or Sciences, PttrolNtn Ill lltt MarlN Ellvil'MlfVlll, 
Washington, 191~. p. 6. 
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wetlands is a complex process, and the time re
quired for recovery varies widely . ., 

The coastal effects of oil pollution may be of 
longer duration than previously thnught. Com
ponents of oil are now known to rei,1ain in es
tua.:-hlL •vetland sediments for as long 11s eight 
years after m initial spill, 310 continuing to affect 
benthic organisms and altering biological produc
tivity. A marsh grass community has been ob
served to have been unable to reestablish itself 
even three years after an oil spill. Over the three 
years of observation, erosion rates in the salt 
marsh were found to be 24 times greater than 
those in nearby unaffected areas. 371 

If subjected to large enough amounts of oil and 
petroleum hydroc:trbon products, either through 
accidental spills or extended low level inputs, a 
sea-surface hydrocarbon microlayer can form to 
cover the adjacent coastal ocean areas. This hy
drocarbon film can act as a differential accumu
lation layer for trace materials such as toxic heavy 
metal ions, vitamins, amino acids, and lipophilic 
chlorinated hydrocarbon pollutants, including DDT 
residues and PCBs. The combination of these 
materials near or at the ocean surface could sig
nificantly affect coastal ocean ecosystems. Such 
"microslicks" have been observed to interfere 
with the normal development of fish eggs during 
spawning seasons, and some scientists suspect 
microslicks of inducin~ changes within phyto
plankton communities. 12 

Although the long-term implications of low
level oil contamination are just beginning to be 
understood, it is now well established that petro
leum hydrocarbons adversely affect a wide variety 
of marine organisms physiologically and behav
iorally. 373 Significant petroleum contamination of 
wetland sediments resulting from repeated small 
spills and/or effluent discharges have already oc
curred along West German, British, French, and 
Italian coastlines, as well as those of the U.S. 374 

Such i::Dlluting input can be expected to increase 
globally as fossil fuel production, transportation, 
and· use grow during the next two decades. 

As the search for oil and gas intensifies, explo
ration and extraction will take place in areas pre
viously untouched. The marine environment in 
parts of the Arctic is now vulnerable to conditions 
accompanying the exploitation of fossil fuel re
sources. The construction of artificial drilling is
lands, dredged up f~om bay botmms, will have 
locally adverse effects on Arctic sea life, as will 
low level losses of oil incurred during routine pro
duction and transportation. Accidental large vol
ume spills or well blowouts would pose serious 
problems, for the very nature of the far northern 

environment would make cleanup efforts and ul· 
timate ecoi.ystem recovery especially difficult. 375 

Exploitation of fossil fuel resources in the Ant· 
arctic region could create similar difficulties. 
There would certainly be localized environmental 
effects of oil processing and transport activities; 
repeated accidental spills could have serious .-;u
mulative effects on Southern Ocean ecosystems. 

Sewage, Fertilizer Nutrients, and Sedimentation 
The Gkibal 2000 Study projections for water, 

population, forestry, and food and agriculture im
ply that there will be a growth in coastal pollution 
from sewage, fertilizers, and land runoff sedi
mentation. These problems are seen to be partic· 
ularly acute in the coastal zones of less developed 
countries. Unprecedented urban growth will give 
rise to an increase in the volume of untreated 
sewage entering estuarine rivers and coastal waters. 
Intensified agricultural activity and the concomi
tant twofold to threefold increase in global f~rtil· 
izer use will add to already large amounts of 
chemical nutrients carried into estuaries, wet
lands, and coral reefs. Projected deforestation will 
destroy watersheds, exacerbate erosion, and cre
ate large nutrient-laden silt loads in rivers running 
to the sea. Upon entering estuaries and coastal 
areas, river waters will release their suspended 
sediment and organic matter, creating conditions 
of coastal water overproductivity and contributing 
to problems of sedimentation that are especially 
destructive of coral reefs. While the dangers of 
both nutrient and sediment pollution are known, 
there has been little study of what the ultimate 
consequences of this pollutant combination may 
be. In the short term, however, it appears that 
nutrients and sediments, together with physical 
alteration of estuaries and reefs, will produce lo· 
calized cases of estuarine and coastal eutrophi· 
cation. 

Coastal wetlands are naturally able to absorb 
contaminants from polluted tidal water. Since 
most salt marshes are either located in estuaries 
or have freshwater flowing into them, their ability 
to retain contaminants running off the land help 
to prevent further transport of pollutants to the 
sea. Marshes of Spartina grasses can biologically 
fix inorganic nitrogen, creating high levels of plant 
productivity equal to that of intensively mnnaged 
agricultural areas. J 7' Mangrove soils are effective 
nutrient reservoirs too ar.d are exceptional envi
ronments for the removal ul ni!rogen in sewage. 
In salt marshes, extreme enrichmt:nt of inorganic 
nitrogen is counteracted by its bacterial conver
sion to nitrogen gas. However, as rapable as wet
lands are in utilizing large volumes of nutrients, 
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the presence of excessive amounts of nitrogen, 
like those contained in sewage and fertilizer run
off, could eventually result in an overproductivity 
of coastal waters that takes the form of coastal 
algal bloomsm and could cause eutrophication of 
localized estuarine and wetland areas. 

In tropical waters, sewage pollution can also 
result in the growth of coral-smothering algae, 
causing reef degradation and sometimes leading 
to the sedimentary production of toxic levels of 
hydrogen sulfide. Pollution-intolerant reef species 
then decrease. The more tolerant species take 
over the community, and the reef ecosystem is 
altered, sometimes p~:manently. 

The exposure of reefs to land runoff sedimen
tation has. so far, been the greatest single cause 
of reef demu~iion. 371 Ongoing activities such as 
deforestation, intensive agricultural practices, 
livestock grazing, and dredging and filling oper
ations are currently leading to extensive sedimen· 
tation of ree~ waters in tropical coastal waters. 
Natural growth of reef-forming polyps requires 
favorable conditions of salinity and relatively 
warm, turbulent or upwelling water to bring nu· 
trients and clean~e ?. 11ay waste materials. 379 When 
functioning natural1y, a coral reef ecosystem sus
tains the life cycles of all of its individual com
ponents, but when the reef -growth system is 
disturbed, imbalances develop as certain reef or
ganisms either leave or die. Most corals cannot 
live if heavily coated or buried by sediment par· 
ticles, and reduced light intensity caused by turbid 
waters significantly affect growth rates and species 
diversity. 380 

Other causes of reef destruction include heavy 
freshwater runoff due to deforestation, excessive 
salinity (produced by desalinization plants), and 
thermal pollution . .11i The resuspension of sedi
ment in dredging operations effectively blocks ar:'2 
regeneration of already damaged coral colonies. 2 

Once destroyed, a coral reef has little hope for 
regeneration. If healing reef growth does occur 
in the absence of pollutants, the time for resto· 
ration to any semblance of its natural state can 
easily be a matter of decades. 383 

Solid Wastes. 
Solid waste disposal in the coastal zones is--for 

the short term-one of the least serious of marine 
pollution problems. While foreign material can 
adversely affec~ coastal ecosystems, its current 
impact is gencrnlly as a localized nuisance and 
human health hazard. However, considering tht! 
population, GNP, and forestry projections, greater 
quantities of solid wastes should be exi;ccted to 
enter the oceans between now and the year 2000. 

The sea floor, surface waters, and beaches of 
the earth's marine environment are littered with 
man-made materials originating from deliberate, 
incidental, or accidental waste c'isposal. • Solid 
waste, often referred to as "litter," is of two types: 
(1) refuse originating on land, consisting of pack
aging materials (plastic, metal, cloth, glass, or 
wood), and (2) refuse from ships released duri~ 
fishing, recreation, or cargo-carrying operations. 
The amount of solid wastes entering the world's 
oceans each year-a large part of which is released 
in harbors, ports, or other coastal water areas-
is estimated to be in the millions of tons (Table 
13-26). 

Floating litter is mainly a coastal zone problem 
and affects both commercial and biological activ
ity. Nylon ropes and plastic sheets floating just 
beneath the sea surface easily foul ship propellors. 
Wood debris and submerged logs can present sud
den and serious navigational problems. The effect 
of litter on ocean organisms is apparent also. Plas· 
tic sheets can also smother benthic organisms. 
Sheer plastics, mistaken for jellyfish, have been 
eaten by sea turtles, small plastic objects been 
injested by fish, and plastic bags caught on the 
heads of sea mammals are known to have caused 
suffocation. In coastal waters adjacent to logging 
and pulp mill activities, solid and liquid wood 
wastes have been found to be destructive of ocean 
organisms and habitats.3115 

On the whole, given current practices and the 
projections of the Global 2000 Study, a growth 
in marine pollution can be expected in the next 
20 years. Outfalls and the atmosphere will inject 
industrial, municipal, and agricultural chemical 
and metal wastes into coastal waters. Pollutants 
from fossil fuel extraction, transportation, and 
energy production will contribut-: significantly to 
spoilation of the marine environment. Population 
growth, deforestation, and int~nsive agriculture 
will all contribute to the volm •e of sewage, nu
trient chemicals, and sediments entering coastal 

*Disposal of solid wastes in the oceans can be carried to ex
tremes, as it has in the New York Bight. resulting in unpleasant 
localized impacts on the marine environment. The Marine 
Ecosystems Analysis Program of the National Oceanic and 
Atmospheric Administration (NOAA) has described one in· 
cident as the infamous "summer 1976 floatables event," during 
which "beaches along the south shore of Long Island were 
inundated by a variety of floating litter. Included among the 
materials washed ashore were tar and grease balls. charred 
wood, garbage and trash (e.g .. watermelon rinds. chicken 
heads, styrofoam beads. paper. and plastic wrappers). and 
sewage-related items (e.g., condom rings. diaper liners. and 
tampon applicators)." (New York Bight Projm: Annual Rt· 
port for FY 1976, NOAA Environmental Research Labora· 
tories, Boulder, Dec. 1977, p. 29.) 
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TABLE1~26 . . 

AnDWll Oce'an Litter Estimates 

Passenger vessels 
Merchant sltipping 

Crew 

Source 

Cargo 
Recremtional boating 
Commercial fishing 

Crew 
Gear 

Military 
Oil drilling and platforms 
Catastrophe · 

Total 

Litter 
(mllllons of 
mtlric tons) 

0.028 

0.110 
S.600 
0.103. 

0.340 
0.001 
0.074 
0.004 

. 0.100 

6.l<JO 

So11rr1: N11ional Academy of SclenQc$, llum/111 l'o#tltlol Omit Poli1111Jnt1. 
WuhlnlfOD, 1975. p. 422, · . 

waters. Unsightly and unhealthy solid waste pol· 
lution will develop into problems of greater mag· 
nitude and areal extent. The most serious impact 
of pollutants will be or the organisms and eco· 
systems of the coastal Zt;nes. Living marine re
sources will be affected by disease and by the 
reduction and spoilation of viable habitat resulting 
from pollutant increases. The greatest uncertainty 
over coastc.11 pollution concerns the specific level 
of the pollution and the future of international 
efforts to control it. 

Overexpl!Jitation of Lhing Marine 
Resources 

The Global 2000 food and population projec
tions point to a growth in global demand for living 
marine resources. However, the fisheries projec· 
tions themselves suggest that the trend in ever 
increasing annual yields may have peaked nnd 
that future catch tonnages may not be able to 
readily meet this demand. Increa&ing pressure by 
commercial fisheries will place great stresses on 
living resource populations and lead to an over· 
exploitation of traditional species. Catch com
positions will shift to greater amounts of 
nontraditional species. A significant proportion 
of these smaller, shorter-lived species will con· 
tinue to be utilized in ways other than direct hu
man consumption. The policies and practices 
applied to marine mammals are in flux. In the 
face of extinction, the survival of many species 
depends on rational scientific and societal man
agement decisions. 

Fisheries 
The Global 2000 Study population and· food pro· 
jections suggest that the demand for seafood will 
increase, encouraging still more fishing actMty. 
The degradation of coastal zone habitats-either 
through physical destruction for development or 
through constant injection of various pollutants
will contribute to changes in species composition 
and the quantity of the global catch. Future gross 
cntch statistics therefore may show a constant or 
increasing yield, but the catch will become com
posed of progressively less traditional products. 
Advances in fishing and processing technologies, 
by helping the gross catch figures to remain high, 
will effectively conceal the degree to which ov· 
erfishing is undermining the utility and value of 
the world catch. 

The coastal oceans are the crucially important 
sites of the world's fisheries: At least half of the 
marine life forms directly utilized by humans 
come from coastal waters; nearly all of the re· 
mainder come from coastal and ocean!c upw1:1l
i ngs. • Although these upwellings occur in 
approximately 0.1 percent of all oceanic areas, 
they ate among the world's most productive fish· 
eries.316 

Over the last three to four decades, intensive 
fishing activity has produced a shift in the species 
composition of the global catch away from the 
traditionally preferred species toward species at 
lower trophic levels and of less economic value. 
A growing proportion is being converted to fer· 
tilizer and fishmeal for animal feed. Before 1940, 
a negligible portion of the catch was used in meal 
production; by the mid-1970s, 35 percent was 
being used for making meal and oil.317 Thus the 
fish catch direct:y used for human consumption 
in 1975 was closer to 45 million metric mns than 
the 70 million often cited. Use of the ocean fish
eries for animal feed is somewhat analogous tv 
fattening livestock on high quality grain. The fish 
catch-like the grain-would be more efficienlly 
utilized if it were consumed directly by humans 
and if animals were raised primarily on plant spe
cies and other foods of no value as human food. 
Whether the shift to fertilizer and fishmeal can be 
attributed partially to the need to find a market 
for the less preferred species or to the fact that 
fishmeal has been made into a more marketable 
product, the shift itself is clear. 

"Upwelling areas occur where winds and prevailing boundary 
currents allow cold, nutrient-laden water to rise from below. 
Upwellings create areas or high t;irimary productivity, which 
consequently allow the productfon or large stocks or fish. 
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Intensive fishing activity appears to have helped 
reduce the absolute yield of the global fisheries 
catch. Improved fishery technologies have greatly 
aided the overexploitation of most traditional 
stocks. Until 1971, global total fisheries produc
tion had increased annually at a rapid rate. How
ever, in 1972 a combination of natural ocean 
current inversions and the prolonged strain of 
overfishing on fish populations drastically reduced 
the population size and thus the yield from the 
Peruvian anchovy fishery. Jn This reduction in 
yield appears to have contributed significantly to 
the 1972 world decline in catch tonnage and to 
the subsequent fluctuations in total annual yields. 319 

Marine Mammals and the Marine Environment 
Constant global demand, shortsighted manage

ment of living resources, and overexploitation 
have caused the severe depletion, and in some 
cases the extinction, of a number of marine mam
mal species. Marine mammals-which include 
whales, porpoises, dolphins, seals, sea lions, sir
enians, sea otters, and polar bears-have histor
ically been hunted to the brink of extinction. Some 
animals, such as whales, have been attacked one 
species at a time and with increasing technological 
expertise (see Table 13-27). As marine biologist 
Kenneth Norris has written, "The contest has now 
become so grossly unequal that no evasion on the 
part of the animals has any effect. Their only de
fense is scarcity." 390 

Abusive overutilization of a living marine re· 
source results in the loss of a full range of bene· 
fits-tangible, intangible, realized, or potential-
to both present and future generations. Such ben
efits include economic and nutritive values, aes· 
thetic contributions, and important roles in 
maintenance of the health and stability of the 
marine ecosystem. 391 

Ecosystem effects may be a crucially important 
factor; no species exists alone, and exploitation 
of one species has some imp.tel on other com· 
ponents of the habitat. Yet present harvesting 
procedures consider only the effects on individual 
species, or groups of species in isolation, and do 
not recognize the need for predicting the impact 
on the cycle of reciprocal relationships within the 
ecosystem. The impact of overexploitation may 
incluQ1~ changes (1) in the population of compet
ing or symbiotic species within the functional 
group of the exploited species, (2) in the vege· 
tation structure and carnivore populations where 
the exploited species is a herbivore, and (3) in 
numbers of prey where the exploited species is a 
carnivore. These are only first-order responses, 

TABLE 13-27 

Eft'ect of Whaling on Stocks of Ten Species of 
Whales 

1974 Stock 
as a Percent-

Virgin 1974 age of the 
Species Stock Stock Virgin Strick 

... (thousands) 
Sperm 

641 69 both sexes 922 
male 461 212 45 
rem ale 461 429 93 

Fin 448 101 22 
Minke 361 325 90 
Blue 215 13 6 
Sci 200 76 38 
Brydc 100 (40)? ? 
Right• (SO)? (2)? ? 
Bow head• (lO)? (2)? ? 
Humpbacl: so 7 14 
Gray• 11 ll 100 

Total 2,367 1,218 51.4 

Sauret: Victor B. Scheffer, "The Sta1111 of Whiles.'' Pacific Dlltovtty, vol. 29, 
no. I, 1976, p. 3. 
•Not amenlly being h11n1cd. 

and consequent changes in more remote parts of 
the system are probable. 392 

International efforts to regulate whaling have 
been protracted. 393 The somewhat more respon
sible management techniques now established by 
the International Whaling Commission are seri
ously hindered by the iack of accurate whale·pop· 
ulation data needed to determine harvest quotas. 
In the United States, the Marine Mammal Pro
tection Act of 1972 is the first national legislation 
that makes the healthy maintenance of the eco· 
system the primary objective of marine mammal 
management. 394 

Major uncertainties arise when evaluating the 
consequences of the Global 2000 Study's projec
tions on the environmental quality of marine fish
eries. A good ~ "Owledge of the ecological effects 
of marine re: .. ~uce overexploitation has yet to be 
gained, and agreement has yet to be reached over 
whether current reduced catch yields are a trend 
or only a temporary fluctuation in fisheries pop
ulation cycles. The productivity of future fisheries 
depends on the development of cooperative ma· 
rine management practices. Inherent in this course 
will be the problem of how to regulate interna
tionally commonly utilized living resources. Uni· 
laterally declared 200-mile economic zones may 
both aggravate and alleviate the evolution of fish· 
eries overexploitation. Only time, and a clear per
ception of current and potential environmental 
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conditions, will tell how successful these manage
ment efforts will have been. 

In conclusion, the Sludy's projections indicate 
that loss of habitat, pollution, and overexploita
tive living-resource management policies will sig
nificantly affect the integrity and ultimate 
productivity of the world's coastal waters. Eco
nomic development along the coastal zone will 
destroy or alter ecosystems crucial to the life 
cycles of many fisheries species. Chemicals, fossil 
fuels, solid and sewage wastes, agricultural nu
trients, and eroded sediments will pollute ecosys
•:ems and degrade marine communities. Growing 
demand for food to feed rapidly multiplying pop
ulatione will lead to great stresses on global fish
eries and cause a further shift in total yields and 
species composition. Population pressur·.J, con
certed economic development, and an increased 
need for food will have cyclic effects and even
tually impact upon those very areas, the coastal 
zones, from which basic sustenance and livelihood 
is derived. 

Open Oceans 
The open oceans differ from coastal waters, 

both iri the time scales of the processes taking 
place within them and in their capacity to absorb, 
dilute, and disperse waste materials. The envi
ronmental conditions of the deep sea are quite 
unique. It is an immense area that is relatively 
stable over long time periods, has little topo
graphic complexity, and receives low inputs of 
energy. Most benthic animals are small mud
dwelling and mud-feeding creatures of great va
riety and long evolutionary history. Natural deep
sea disturbances consist of events such as mud 
slumps, fish and invertebrate activity. and large 
objects settling from the surface. 395 

As a result of their vast size and the nature of 
their ecosystems, environmi;;ntal change in the 
open oceans necessarily occurs very slowly. It can 
~ e expected that the Global 2000 Study projec
tions will cause no major impact on the earth's 
open oceans by the year 2000. However, the pro
jections do indicate that over the next 20 years 
world society will establish certain trends that, 
sustained over the long term, wilt eventually cause 
measurnble change in the oceanic environment. 
Most importantly, long-lived toxic substances will 
continue to accumulate in open ocean waters and 
inevitably affect oceanic ecosystems for many 
years into the future. Deep-sea mining, if initiated 
without adequate knowledge and precautions will 
also have the potential to disrupt the ecosystems 
of extensive benthic and pelagic areas. 

Pollution of the Open Oceans 
The Global 2000 energy, GNP, nonfuel min

erals, and agriculture projections imply that in
creasing amounts of toxic pollutants will continue 
to be produced in the decades ahead. Toxic chem
icals enter oceanic waters three ways. Major 
quantities are deposited in coastal waters and sub
sequently carried into oceanic waters by currents 
and living organisms. Significant amounts are also 
deposited directly from the atmosphere. Large 
and probably increasing amounts will be depos
ited directly into surface and deeper oceanic 
waters by accidental spills, operational discharges 
and intentional dumping. 

Oceanic ecosystems differ from coastal ecosys
tems by assimilating pollutants from land-based, 
coastal, and oceanic sources over a longer time 
period. Most pollutants enter marine waters as 
fine particles, as liquids, or in dissolved for;n. The 
pollutants are then adsorbed onto fine sediment 
and detrital particles that are consumed by zoo
plankton in the water column. The zooplankton 
incorporate the pollutants into their bodies and 
eject then. as packaged fecal pellets. Dead or
ganisms and feces settle quickly, leading to a rnRid 
accumulation of chemicals in oceanic depths. 951 

In the cold oceanic bottom waters, metabolism 
and natural sedimentation arc very slow, 395

b and 
as a result, pollutants are biologically degraded 
or immobilized in sediments at a much slower rate 
than in coastal waters. A related consequence of 
the slow degradation and immobilization of pol
lutants is that deep sea communities arc exposed 
to pollutants for long periods of time. Lengthy 
exposure to even low concentrations of pollutants 
is likely to be especially damaging to the orga
nisms of the deep oceanic waters because they 
have evolved in one of the most stable, least vary· 
ing ecosystems in the tJiosphere, and have had 
little need to develop adaptations to deal with 
environmental change. 395c 

Given their enormous volume, oceanic waters 
can accept a certain amount of waste material. 
Yet the oceans' capacity to dilute is ultimately 
finite. Marine scientist Edward Goldberg has ex
pressed concern that over an extended period of 
time the introduction of pollutants into the oceans 
could lead to a long-term buildup of toxic mate
rial, causing "widespread mortalities and morbid
ities" in ocean organisms. 396 Once this condition 
is reached, Goldberg writes, there would be "no 
turning back. The great volume of the open ocean 
makes the removal of a toxic substance, identified 
by a catastrophic event, an endeavor beyond man
kind's capabilities with the technologies of today 
or of the foreseeable future." J'f'I 
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Deep-Sea Mining 
The potential environmental implications of 

mining the deep seabed are not yet fully under
stood but are being studied by the U.S. National 
Oceanic and Atmospheric Administration, the 
International Union for the Conservation of Na
ture and Natural Resources. and the American 
Society for International Law. 

In a preliminary effort to assess what the eco· 
logi~al impact of deep-sea mining might be, the 
National Oceanic and Atmospheric Administra
tion (NOAA) has monitored test-mining activities 
in the Pacific Ocean. 391 The short-term, near-field 
effects of seabed mining have been evaluated to 
some extent; they include the action of the ore 
collector itself, pelagic and benthic plumes gen
erated by deep seabed collection, and damage to 
benthic and pelagic organisms. 

NOAA stated in its preliminary estimates 399 

that deep-ocean mining will have very marked 
impacts on the sea floor and in the 20 to 50 meters 
of water above the point of discharge of the bot· 
tom effluent. The NOAA-monitored mining test 
has found this to be true in varying degrees. The 
ore collector contact zone-the portion of the 
seafloor actually mined and an area of several 
meters on either side of the collector track·-is the 
site of severe, long-term environmental destruc
tion.• Under present techniques, ore collection 
on the seabed also creates a benthic plume of 
suspended sediment as thick as a few tens of me
ters. The resedimentation from a ber thic plume 
is easily measurable near the collectC'r track yet 
diminishes rapidly as the distance from the t~ack 
increases. NOAA concluded that initial test mon
itoring has shown the resedimentation to not 
measurably affect benthic organisms at sites re· 
moved from the collector track.•1 However, the 
available study methods constrained the ability of 
the monitoring team to tl'ack the benthic plume 
and observe its effects on the deep sea benthic 
organisms. 

The surface plume is a cloud of turbid waste 
water that extends with decreasing intensity and 
detectability downcurrent from the mining ship 
after its discharge. After monitoring the mining 
activity and conducting initial laboratory tests, 
NOAA concluded that the surface plume has no 
observable deleterious effects on the rate of pri· 
mary productivity. The effects of the plume sed
iments on penetration of light into the euphotic 
zone are as yet undetermined. Preliminary inves
tigations show no detectable uin-plum~" mortality 
ofzooplankton; experiments are being conducted 
to assess the possible uptake of plume-related 
particulates by zooplankton. c 

The International Union for the Conservation 
of .Nature and Natural Resources 403, Morges, 
Sw1t7.erland, feels tho.\t the eventual environmen
tal consequences of deep seabed mining may be 
more serious than m1ticipated or observed, for the 
following reasons: 

1. Deep sea organisms may have very long gen
eration times-a benthic clam was recently de
scribed as taking 200 years to reach sexual 
maturity-and may be extremely vulnerable to 
alteration of their environment.• 

2. In the process of t-ringing dredged materials 
to the surface, sediments and bottom water will 
be released. Settling times for sediment may be 
very slow-on the order of 20 meters per year
and intensive drl!dging operations may create ex
tensive surface plumes. One estimate states that 
several hundred thousand square miles of the Pa
cific may be layered with sediment in the 100 
meters below the surface by 1990. Clouding of 
waters may ha 'le adverse effects on many orga· 
nisms, and species composition of the phytoplank
ton community may be altered due to transport 
of dormant spores from the bottom to surface 
waters. 

3. An estimated 70-96 percent of the nodules, 
by volume, will end up as processing waste, and 
processing them will require large quantities of 
chemical reagents and energy. The wastes, which 
will include heavy metals, may be quite toxic to 
marine life, and regardless of whether the oper
ations take place on the coast or offshore, it is 
likely that they will produce both chemical and 
thermal pollution. 

On the other hand, a repurt prepared for the 
American Society of lnternatimtal Law states that 
if strict controls and regulations are established 
soon by the United States and other countries 
involved, adverse impact could be minimized and 
deep-sea mining could be made environmentally 
acceptable. 404 

Conclusions 
Overall, what implications do the Global 2000 

projections have for the marine environment? In 
large part, the answer is uncertain. The limited 

*The deep ocean Hoor exhibits very low rates of recovery from 
damage. Even after : period of two years, densities of life in 
an altered area can be an order of magnitude lower than those 
of surrounding sediments. Benthic species composition remain 
different from the undamaged encircling environment for a 
similiar period of time (J. Frederick Grassle, "Diversity and 
Population Dynamics of Benthic Organisms," Octanus, Win· 
ter 1978, pp. 42, 43, 45. 
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detail in the projections, combined with inade
quacies in present knowledge of the oceans, leave 
many questions unanswered. However. a few gen
eral conclusions can be drawn. 

First, there is no evidence to suggest that the 
major regulatory functions of the world's oceans 
witl be substantially disrupted during the next two 
decades. The oceans' heat and energy storage ca
pacity and its influence on global climate are not 
expected to undergo major modifications. The 
oceanic role in the global oxygen, carbon, and 
water cycles will not be drastically affected by the 
year 2000. 

Second, the most significant impacts of the 
events foretold in the projections will probably 
occur in the coa\'itc1l zones. These impacts will stem 
from the projer:ted pressures of overfishing, the 
projected increase in the installation of new trans
portation and industrial facilities, and the pro· 
jected discharge of toxic wastes and petroleum 
hydrocarbon products. As a result of these pro
jected developments, the future pollution, alter
ation and destruction of estuaries, coastal wetlands 
and coral reefs may be anticipated. 

Spoilation of coastal waters and disruption of 
estuarine and wetland ecosystems may have grave 
implications for the continued productivity of 
global fisheries-including aquacuhure-and for 
the general viability of many ocean organisms. It 
is known that a large fraction of marine fishes 
depend, during some period in their lives, on es
tuarine ecosystems, coastal wetlands (including 
salt marshes and mangroves), and coral reefs. The 
extent to which the world's potential fish catch 
has already been affected by losses of coastal wet· 
lands, estuaries and coral reefs is unknown, but 
certainly large, continuing losses may be expected 
to produce adverse effects. Furthermore, over
fishing will continue to stress coastal fish com
munities; fisheries catches will be composed of 
species at lower trophic levels; and the proportion 
of these species used for animal feed and fertilizer 
rather than for human consumption will increase. 

Coastal zones everywhere will be affected in 
one way or another. The use of DDT and other 
persistent pesticides in African, Latin American, 
and Asian countries for vector contr:ol and agri
cultural pest control is expected to increase in the 
next few decades, and the quantities of these per
sistent chemicals entering the coastal waters and 
~he open ocean will increase accordingly. 405 T:1e 
global input of herbicides and other agricultural 
chemicals will also incre~se, as will urban and 
industrial pollution and the: destruction of estuar
ine and coastal wetland habitats. 

In many respects the degradation of the marine 

environment in the next few decades parallels the 
terrestrial "tragedy of the commons, .. with the 
same complex problem of how to protect a jointly 
used, limited resource in the face of population 
and economic ~rowth. No assured source of funds, 
no unified strategy, and no authority adequately 
protects the global marine environment from 
overuse or misuse. Unilaterally declared two 
hundred mile limits encourage coastal states to 
protect their ocean resources, but the oceans 
themselves do not recognize such arbitrary bound· 
aries; they will transport pollutants throughout 
their environment regardless of political delimi
tations. 406 International agreements on the con
trol of marine pollution have addressed 
contamination by petroleum and radioactive ma
•erials. Dumping of wastes at sea has also been 
considered in international conventions, but the 
largest sources of marine pollution-land-based 
outfalls, runoff, and atmospheric emissions of syn· 
thetic organic chemicals and heavy mt>~als-are 
largely exempt from regulation by ir1ternational 
agreement. The exploration and exploitation of 
the deep seabed are also still unregulated. 407 The 
United Nations Environment Programme (UNEP) 
is helping nations to protect and manage shared 
oceanic zones through its Regional Seas Pro· 
gramme. Of eight regional seas programs now 
designated by UNEP, that for the Mediterranean 
is the most developed. Assessment of coastal and 
open-ocean pollution is being conducted by most 
of the stateii surrounding the Mediterranean; they 
are also involved in marine environmental plan
ning and management, the development of leg· 
islation, and institutional and financial 
arrangements. Although difficulties remain con· 
cerning both individual and collective responsi
bilities and capabilities, UNEP'~ Regional Seas 
Programme is advancing the cause for interns· 
tional cooperation in the prevention of ocean pol
lution. 408 

To further complicate the manag .~ment of the 
marine commons, there are societal l>1elays in re· 
sponding to even catastrophic environmental 
problems. The Minamata Bay incident in Japan, 
involving mercury poisoning through consump
tion of contaminated fish, is a case in point. As 
shown in Table 13-28, 17 years elapsed between 
the time the mercury-laden catalysts were first 
discharged into the bay and the observation of 
neurological disorders in the fishermen and their 
families. Three more years elapsed before the 
agent causing the disease was identified, and an
other 14 years passed before the chemical fact.Ory 
was held legally responsible for its actions and 
ordered to compensate the victims or their fam-
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TABLE 1~28 

Ttmet8ble of' sOcietai .. ResPonses to Mercury Pollution or the Ocean, Mlnamata Bay, Japan, 1939-73 

Years 
Elapsed 

Since Pollu· 

Year 
tion 

Began 

1939 Chemical production begins on the shores of Minamata Bay; the factory discharges spent catalysts O 
containing mercury into the bay. 

1953 Birds and cats in the bay area act oddly; the behavior disorder becomes known as "disease of the 14 
~• «ing cats." 

19S6 
1959 

Neurological disorders observed among Minamata Bay fishermen and their familk 17 
High cone1:ntrations of mercury ascertained in bay fish and in dead patients; an independent study 20 
shows disease was methyl mercury poisoning and factory efOuent the likely source. 

19fi0 Chemical company denies relationship of mercur/ to the disease but finds new discharge sites for 21 
waste; several new cases break out at new site. 

1961-64 Very small compensations paid by the chemical company to disease ·;ictir'" and to fishermen for loss 22-25 
of livelihood. 

1965 A second outbreak occurs at Niigata, Japan, where an acetyltfehyde factory discharges spent mercury 26 
catalysts into the river. 

1967 Niigata patients initiate a civil action, presumed to be the first large civil suit brought against a pollutrr 28 
in Japan. 

1971 Niigata District Court pronounces judgment against the Niigata factory; compensation awarded the 32 
77 Niigata victims or their families. 

1973 Kumamnto District Court finds Minamata Bay factory culpable and orders company to pay reasonable 34 
compensation to victims or their families. 

Solutt: Ednrd D. Goldberg. 11it Ht11l11t 0{1/tt OttonJ, Paris: UNESCO. 1976. pp. 21-lJ; Paul R. Ehrlich. cl al .. Ecosclt11Ct: l'opida1/01t, Raourm, Env110tllflall, San 
fl'lllCIKo; Freeman, 1977, p. S74. • 

ilies. • And many more years will pass, if ever, 
before all of the consequences will have run their 
course. If societal delays on the order of decades 
are involved in the responses of a single nation, 
how long a time might be required for all of the 
nations of the world to respond if the oceans were 
observed to be evolving into a "toxic broth?"., 

Global society is currently in a reactionary 
mode in its dealings with the marine environment: 

Problems develop, and society reacts-after a 
time. Considering the magnitude of the short- and 
long-term problems to be faced, a determined 
shift to a more anticipatory mode is now appro· 
priate. Although dead or dying global oceans will 
not be in evidence by the year 2000, what happe11" 
ov~r the next two decades will be a major de• . .:r· 
minant of the health and productivity of the ma
iine environment in the 21st century. 

THE FORESTRY PROJECTIONS AND THE ENVIRONMENT 

The Projections 
The CIA forestry projections anticipate that the present net global defores
tation rate of 18-20 million hectares per year will continue through the end 
of the century. t About one-fifth of the world's land surface is now covered 
by closed forests. By the year 2000, the projected deforestation will shrink 

•Two yean later, in 1975, a i:urvey disclosed that there had 
been 3,SOO victims of the disease and that an additional 10,000 
persons might develop symptoms of the disease in lhc future 
(Paul R. Ehrlich ct 111., Ecoscitnce, San Francisco: Freeman, 
1977. p. 574). 
tEstimatcs of the annual rate of global deforestation vary 
widely. Data from the governments of lropical countries in· 
\!icate a net annual deforestation or 6.4 million hectares during 
the 1975-80 period, and an optimistic projection of those coun· 
tries' plans indicates the rate will decline to 4 million hectares 
per year by the 1995-2000 period (J.P. Lanly and J. Clement, 
Prtstnt and Future Fortsl and Plantation Arta.r in the Tropics, 

Rome: Food and Agriculture Organization, Jan. 1979). A 
more widely used estimate of tropic deforestation is 10-12 
million hectares per year (used, for example. by Edouard 
Saouma in "Statement by the Director-General of the Food 
and Agriculture Organization," 8th World Forestry Congress, 
Jakarta, Oct. 16-28, 1978). The substantially higher estimate 
used in this study takes into account the common disparity 
between the official designation of areas as forests and the 
actual use of the land by farmers, as well as the disparity 
between official intentions and actual accomplishments in the 
tropical nations. 
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forest cover to one-sixth of the land surface. As illustrated in Table 13-29, 
most of the deforestation will occur in the LDCs, whose humid tropical forests 
and open woodlands are steadily being felled and converted to farmland and 
pasture. This trend is impelled by several forces: the expansion of agricultural 
frontiers into forested areas in order to supply food as populations increase; 
the demand for fuelwood and charcoal; the demard for tropical forest prod· 
ucts by industrialized nations; and the demand within the LDCs for paper 
and other forest-derived products as incomes rise. In North America and the 
U.S.S.R., on the other hand, only small reductions in forested areas are 
expected, while in Europe some increase in forests is anticipated. 

The combination of increasing population growth and decreasing forest 
area will result in a decline in stocks of commercial-sized timber per person. 
Jn the industrialized countries, such stock will fall from the present 142 cubic 
meters per capita to 114 cubic meters per capita in the year 2000, with 
consequent rises in the real price of wood and some increases in the use of 
substitutes for wood products. In the LDCs over the same period, stocks will 
plummet from the present 57 cubic meters per capita to·21 cubic meters per 
capita, resulting in serious shortages of firewood, building materials, and 
other forest-derived benefits. 

Forest management practices will also change. In the industrial nations, 
forest management will become increasingly intensive as efforts are made to 
boost commercial wood yields. In tht: less developed countries, the planting 
of plantation forests may increase toward the end of the century, but over 
the next two decades denuded areas and degraded forests resulting from 
planned agricultural s~alement and from unplanned cutting will become far 
more extensive. 

TABLE 13-29 

319 

Introduction 
Of all the environmental impacts implied by the 

Global 2000 Study's projections, the forest changes, 
summarized in Table 13-29, pose one of the most 
serious problems, pari:icularl~ for tile less devel· 
oped regions of the world. 4 0 When forests are 
removed, water and nutrient cycles are destabil
ized, and soil is left u11iprotected from rainfall and 
from the sun's heat, often leading to a sharp de
cline in soil fertility and to bar sh extremes of tem
perature and moisture that reduce agricultural 
potentials. 411 Where catchments are deforested, 
the result is destabil.ization of steep slopes and 
increased flooding, both of which jeopardize 
downstream land and water use. Where humid 
tropical lowlands are deforested and recovery 
does not occur, sterile soils-capable of support
ing little more than, tenacious inedible grasses
may be exposed. When followed by burning, ov
ercultivation, and overgrazing, deforestation is 
merely the first swp in the process of converting 
forest lands into l>ari.·en wastelands. This trans· 
formation occurrf:d centuries ago in much of the 
Mediterranean basin and the Middle East and has 
already occurred during this century in wide areas 

Esthnates of World Forest Resources, 1978 and 
2000 

Closed Forest Growing Stock 
(mUlion.r of (bUlions cu m 
h«tares} ovtrbark) 

1978 2000 1978 2000 

U.S.S.R. 78S 775 79 77 
Europe 140 ISO 15 13 
North America 470 464 S8 SS 
Japan, Australia, 

New l.ealand 69 68 4. 4 
Subtotal 1,464 l,4S7 156 149 

Latin America 5SO 329 94 S4 
Africa 188 ISO 39 . 31 
Asia and Pacific 

LDCs 361 181 38 19 
Subtotal (LDCs) 1,{1)9 660 171 104 

Total (world) 2,563 2,117 327 253 
Growing Stock 

per Capita 
(cum bloma.uJ 

Industrial countries 142 114 
LDC. S1 21 
Global 76 40 

Soiutt: Table M aad roratry projecdolla. Cblpler 8, thll ..olume. 

.I 

o'-f~ 
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of Africa and South Asia. 4u By the end of the 
century it may well have occurred throughout 
large areas of Africa, Asia, and Latin America. 

Drastic reductions in global forest area, coupled 
with a simultaneous growth in demand for wood 
products, are sure to lead to efforts to intensify 
the management of the remaining forests to raise 
yields and to increased areas of timber planta
tions. These trends will have both positive and 
negative environmental impacts. Well-managed 
plantations and production forests (especially in 
temperate areas) can ease the cutting pressure on 
natural forests, but production forests are biolog
ically less diverse, are poorer habitats for native 
animals, m and, in some instances, may be inferior 
to natural forests in soil and water conservation 
values. 414 Energy-intensive fertilizers, pesticides, 
and herbicides may be required, creating runoff 
and associated problems. Still, given the projected 
demands for forest products, intensified wood and 
fiber production will be absolutely necessary in 
many areas, especially in the tropics, if other large 
areas are to be preserved as natural forests. 

In the discussion that follows, the environmen
tal consequences of deforestation in the LDCs are 
examined first, then the effects of more intensive 
management in the remaining forests of both the 
LDCs and the industrialized nations, followed by 
a brief consideration of possible global effects of 
the expected changes in forest environments. 

Deforestation in tile LDCs 
The world's forests are quite divers~. ranging 

from dense tropical rain forests to sparsely wooded 
savannas, from dwarf krummholz forests along 
alpine timberlines to thickets on semiarid cha
parral land. 415 To simplify the discussion, how
ever, all forests will be classified here into one of 
two broad categories: (1) closed forests, where 
dense tree canopies preclude the growth of grasses, 
or (2) open woodlands, where canopies are more 
open and ground cover includes grasses and forbs. 

Closed Forests 
Closed forests in the LDCs present difficult 

management challenges. Commercial timber cut
ters usually operate on a "cut-and-get-out" basis, 
making no effort to manage for perpetuity. The 
forest is "high-graded" of commercially valuable 
species, while much of the remaining vegetation 
is destroyed by the logging operations. Land for 
crops is often cleared (frequently by burning) with 
little or no use made of the wood,"' and valuable 

•wood ashes do yield crop nutrients-until they are leached 
out, which is often quite quickly. 

timber, such as teak, is sometimes used only for 
firewood. Although management regulations of 
some kind have now been established in almost 
every nation for public forests (and in some na
tions even for private forest:;}, the ability to en
force such regulations is commonly limited, since 
the responsible agencies have insufficient person
nel and inadequate budgets. 416 The need for land
use planning based on soil capabilities and site 
features is widely recognized, but the pace of plan
ning is glacial, and land-use changes-forced by 
population growth and economic dcvelopment
are proceeding rapidly. 417 

The disruption of water systems is the most cer
tain environmental consequence of forest elimi
nation. Deforestation is most rapid in the very 
region where water systems arc most vulnerable: 
the equatorial (tropical) belt, lying between 15 
degrees north and 15 degrees south latitude in 
Africa and America, and bulging up to 30 degrees 
north in Asia. The equatorial belt receives almost 
half the globe's total terrestrial rainfall. Many 
areas within this band receive over 3 meters of 
rainfall a year, and the rain i!i substantially more 
erosive than elsewhere in the world. 418 Until they 
are removed, the multistoried tropical forests 
buffer the force of torrential rains, absorb water, 
and slow runoff. Deforestation of this belt will 
have serious effects on the flows in the major river 
systems such as the Mekong, the Ganges, the 
Amazon, the Congo, and their tributaries; the 
shorter rivers of the equatorial island systems will 
also be affected. The effects will be felt in all zones 
of the equatorial-belt watersheds. Effects range 
from landslides in the mounte;ins and siltation of 
reservoirs and irrigation areas to the smothering 
of marine life with silt in coastal areas. 419 

The extent to which populations in the Asian 
equitorial belt are dependent on indirect agricul
tural benefits from forests differs considerably 
from that of populations in the non-Asian areas 
of the belt. The Asian populations will be consid
ered first. 

The Asian Equatorial Belt. Most Asian forests 
lie above rich alluvial valleys and basins, the ma
jority of which are intensively farmed and irri
gated, and several of which support the largest, 
densest agricultural populations on earth. Almost 
one-fourth of hm nanity lives in these valleys and 
basins and depends for subsistence on critical ir
rigation water d~dved from forested watersheds. 
In India, Pakistan, and Bangladesh alone, about 
500 million people depend on water running off 
the Himalayan watershed, and a similar number 
in East and Southeast Asia depend on water from 
the Himalayan and adjacent mountain systems. 
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Most of the humid Asian equatorial belt is sub· 
ject to heavy rains during the monsoon and to 
relative drought during the rest of the year. Con
sequently, the intensive river basin farming de
pends on flood control and drainage for wet
season crops and on irrigation for any double
cropping. The loss of water control thus spells 
disaster. 

Waterflows in the Asian river basins depend on 
what happens to the forests on the slopes of the 
Himalayan and other Asian mountain systems. 
How the millions of people living in these wa
tersheds manage the land and forests will deter
mine the stability of the streamflows available to 
the billion or so people living downstream. Un
fortunately present land-use trends offer little 
hope that the forests will be conserved. The 
mountain people's populations are increasing by 
over two percent per year according to the pro
jections in Chapter 2, and they perceive no alter
native to clearing the forests to meet their needs. 
Many practice a combination of cropping and an
imal herding, and livestock populations are grow
ing apace with the human populations. m 
Overgrazing is widespread and getting "'.orse. 
Fire, routinely used to clear new croplands and 
to temporarily improve pastures, often gets out 
of control. 411 Commercial cutting has reduced the 
forest cover of the Himalayan watershed by as 
much as 40 percent in the past 30 years, and only 
an estimated 10 percent of the total area now 
under management by man in the East and West 
Himalayas of India (30,000 square kilometers) is 
still tree-covered. 421 Transformation of montane 
ecosystems into alpine deserts has become an im
mediate problem for large mountain populations; 
landslides and catastrophic floods are becoming 
annual disasters. 4IJ 

The most severe consequ~nces in the coming 
decades will occur downstream, across national 
boundaries in some cases. The potential for in
ternational disputes resulting from Himalayan 
deforestation was highlighted in several U.S. Em
bassy cables sent in response to Global 2000 Study 
queries (see appendix C). For example, the U.S. 
Embassy in Dacca cabled: 

Should population pressures lead to large-scale 
removal of forest cover in Nepal and Assam, 
Bangladesh as a whole would be adversely af
fected by the increased runoff. Under present con· 
ditions the country ii: subject to periodic severe 
flooding, and the prospect of more frequent and 
damaging floods would threaten both the pro· 
ductiv1ty of the land and large portions of the 
population. This may be the most significant en· 

vironmental problem facing Bangladesh by the 
year 2000. 

From the U.S. Embassy in New Delhi: 

The combination of both overgrazins and strip· 
ping of trees for fuel is making a serious impact 
on the Himalayan watershed. Effects are seen in 
landslides, flooding on the Gangetic Plain, low
ering of the ground-water table, and reservoir sil· 
tation .... Resolving the sociological problems 
of forestry management would appear to be as 
problematical as finding the resources for refor
estation. Supplying an alternative means for the 
econcmic survival of the people currently usin~ 
the forests for their livelihoo<i must proceed s1· 
multaneously with good forestry practices. 

And from the American Embassy in Islamabad, 
Pakistan: 

The scale of the problem overwhelms scattered 
attempts to reverse the negative trends. Good for· 
estry practices are not imflemented, and no one 
really knows how much, i any, effective refores
tation is taking place. Disruption of watershed 
cover is responsible for declining soil fertility, ac
celerated soil erosion, and increasingly severe 
flooding .... The forestry institutes, which direct 
the few programs, have proven to be inadequately 
financed and unable to meet either the immediate 
or the long-term needs of forest preservation. 

Similar situations, where deforestation is un· 
dermining agriculture downstream, are reported 
(in the communications reproduced in Appendix 
C) from Thailand, Indonesia, and the Philippines, 
and are undoubtedly also occurring in Vietnam, 
Burma, Laos, and Malaysia. 

The No11·Asian Equatorial Belt. Outside Asia, 
the dependency of the downstream populations 
on upstream forestry practices is less intense. The 
non-Asian portions of the equatorial belt are not 
so heavily populated and do not support a major 
portion of the earth's settled agriculture. How
ever, even outside of Asia deforestation of wa
tersheds will affect not only natural systems but 
also the downstream reservoirs, ports, cities, and 
transportation facilities, all of which will suffer 
from flooding. sedimentation, and decreased dry· 
season water levels. 424 

Events in Panama provide a microcosmic pie· 
ture of what will occur on a much wider scale 
throughout tropical Africa and Latin America. 
All the water for operation of the Panama Canal 
comes from the watershed of Lake Gatun. Farm
ers have cleared forest from about half the wa
tershed, and operation of t~.1: can1:1! is already 
threatened by destabilization of water i1ows and 
by sedimentation of the lake and its re,'\Crvoirs. 
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In May 1977, the surface of Lake Gatun dropped 
3 feet below the level needed for full canal op· 
eration. Ships had to send part of their cargo 
across the isthmus by land, and some large carriers 
had to detour around the Horn. Such interrup
tions in the Canal's performance can be expected 
to become increasingly frequent if the trends in 
deforestation cannot be reversed."" 

The highlands of Ethiopia and of the Peruvian, 
Equadorian and Bolivian Andes have long suf • 
fered from the effects of deforestation and are 
especially vulnerable to the consequent ecological 
deterioration. While their salubrious climates 
often attract more human settlements than the 
surrounding lowlands, the mountain terrain makes 
most soils prone to erosion whenever farming be
comes intensive. 426 The hilly rainforest areas of 
West Africa are likewise subject to severe ero
sion, as population pressure for ;es shifting culti
vators to shorten or elimina!~ iallow periods. 417 

Consequently, some areas have already become 
useless badlands. 

The elimination of tropical forests has several 
other damaging effects that are less dramatic than 
catastrophic floods. As regions are deforested, 
they lose much of the cooling effect of shade 
evapotranspiration and develop harsh microcli
mates. 421 Soil, fauna and flora arc exposed to the 
full force of the sun, rain and wind. Plants that 
can survive are often vigorous weeds. Vain at
tempts are made to control the tough, inedible 
grasses that choke out other. vegetation by ~ore 
frequent burning, and the fires eat further mto 
the remnant stands of trees, accelerating the de
crease in life-support capacity. 

Open Woodl1tnds 
Knowledge of open woodlands is fragmentary, 

as they are included in few resource inventories. 
They are thought to cover about 30 percent of the 
earth's total forest area, or about 1.2 billion hec
tares, but they contain less than 10 percent of the 
total global stock of wood. About half of the 
earth's total extent of this type of ecosystem is 
located in Africa, about 15 percent is in North 
America, and 12 percent in South America. 429 

Open woodlands in the tropics arc found in 
semiarid zones, where rainfall is insufficient to 
support a dense closed forest. In these dry are9s, 
fire is an effective tool for weed control and land
clearing. Being sparse, open woodland can supply 
only relatively small quantities of fuel for ex
panding populations and, in many countries (such 
as Sudan, Chad, Niger, Yemen, Iran, Afghani
stan, Pakistan, India, and Nepal), have been 
nearly eliminated by wood gatherers. 430 Open 

woodlands are most often used as rangeland, and 
their regeneration is inhibited by burning and ov
ergrazing. Although most open forest species are 
fire-resistam:, the trees in many regions have been 
decimated by too frequent or too severe burninfi 
in attempts to make short-term improvements. 4 1 

The transformation of open woodland to desert 
is well documented and has in many instances 
taken place within living memory. Where fire
wood gathering, overgrazing and uncontrolled 
burning occur, soil nutrients are leached beyond 
the reach of remnant plants, soil organic matter 
is depleted, t:rosion by wind and water becomes 
severe, and the ultimate consequence is often de
sertification. A large scale shift of vegetational 
belts is underway with desert encroaching into dry 
prairie, dry prairie into savanna, and savanna into 
forest. 432 By 2000 this succession will have sharply 
reduced the rangeland possibilities of the over
used open woodlands. 

Prospects for Amelioration 
The demand for forest products, grazing land, 

and cropland will be high in the decades ahead, 
and the trends for both open woodlands and 
closed forests imply much tropical deforestation 
in the equatorial belt. Can these trends, and the 
associated environmental impacts, be reversed? 
The prospects are mixed. Many complex inter
acting factors are involved. No amelioration can 
be anticipated until there is awareness and, given 
awareness, explicit program ideas, then testing 
and demonstration. But forests are long-term re· 
sources, and economic considerations-especially 
during times of high discount rates-encourage 
short-term thinking. Finally, technologies are 
being developed which will make forest clearing 
quicker and less expensive. These factors all re
quire exr.11ination. 

There is a need for increased awareness both 
locally and within institutions. The Chipko An· 
dolan "tree hugger" movement in northern India 
is an interesting example of growing awareness 
at the local level. The following passage is Eara
phrased from S.K. Chauhan's 1978 article 4 de
scribing that movement: 

Uteraily !inking arms against indiscriminate de
forestation by the lumber industry, these Hima
layan villager:; protectively hug the trees when 
ii.imberjack& approach to fell them! The Chipko 
movement's primary objective is to force the state 
government of Uttar Pradesh to change its anti
quated forest policy. Most of the deforestation 
that takes place in this area is not because of wood 
collecting to meet basic energy needs but the re-
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suit of the insatiable demand of the lumber in
dustry. 

After a serious flood and landslide five years 
ago, people of this region came to realize that 
their lives were intricately interwoven with the 
surrounding forest, and that official policy since 
colonial times had be~n tearing that web apart. 
As the thick, broad-leaf forests on the mountain 
tops were slowly sold away, the humus sponge 
that held the monsoon water back disappeared. 
Perennial streams now dry up soon after tile mon
soon season, and the collection of firewood has 
become a major preoccupation of the hill women. 
This deforestation has increased soil erosion and 
decreased local agricultural productivity. 

The ecological usefulness of the government's 
afforestation programs in the region can be dis
puted. Under these programs, most of the felled 
oaks, rhododendron, and other broad-leaf trees 
are replaced with pine, because they grow faster 
and their wood is wanted in the market. But pine 
forests do not eroduce any humus to absorb water 
or increase soil fertility. Without urgent, proper 
management of these forests, the agricultural 
economy of a vast region of plains as well as hills 
will be threatened. 

The Chipko leaders have organized large vol
untary afforestation programs, planting broad
leaf trees in mountain areas and along riverbanks 
to halt erosion and provide <1 source of fuelwood. 
Yet the fact that the villagers themselves practice 
such conservation techniques, and feel impelled 
to bodily prevent the razmg of trees, illustrates 
the failure of the couhtry's development strategy. 
Instead of trying to link the life and economy of 
the local people, a;id thereby their development, 
with the rational exploitation of the only resource 
surrounding them (in this case, the forests) the 
government continues to support policies that re
gard these resources as things to be sold to the 
highest bidder. 

Much more than local awareness is called for; 
institutional awareness and concern is imperative. 
In recent years there have been some encouraging 
signs of mstitutional awareness, at least at the 
international level. These developments include 
the establishment of the United Nations Environ
mental Program and the development of the 
World Bank policy for environmental as well as 
industrial forestry. 434 The U.S. Department of 
State and its Agency for International Develop
ment recently sponsored a strategy conference on 
tropical deforestation. 435 The papers presented at 
the Seventh World Forestry Congress, held in 
Buenos Aires in 1972, are probably the most com
prehensive set of papers on silv1culture as it is 
practiced today around the world. '-M Numerous 
LDC governments (including Malaysia, the Phil· 
ippines, Thailand, India, China, and Sou'th Ko· 
rea) are now showing serious concern over 
deforestation, 431 and these institutional <level-

opments may foreshadow increased financial sup
port for forest management in the LDCs. However, 
forest conservation and reforestation projects will 
continue to face stiff competition for funds and 
institutional support. Industrial and agricultural 
projects that show a quick profit and give a more 
immediate response to the LDC's urgent need for 
economic growth are likely to continue to receive 
hi$her priority. Forl;!stry projectf> that do receive 
priority and funding will still face formidable eco· 
lo~ical, bureaucratic, and (perhaps even more for· 
mi dab le) sociological obstacles. 

Several types of programs have been proposed 
to offset the adverse effects of deforestation in 
the LDCs. These proposals include: 
• Better management of existing forest resources; 
• Reforestation; 
' Tree Plantations; 
• Rangeland mam:.gement with grazing controls 

and pasture improvement; 
• Restriction of new land clearing, based on soil 

capability studies; 
• Development of agro-forestry techniques for 

people who now have no alternative to planting 
annual crops on steep slopes; 

• Dissemination of more efficient wood cooking 
stoves; 

• Development of bio-gas and solar stoves to re
place wood and charcoal burners; and 

• Intensification of agriculture and other employ
ment-creating forms of rural development in 
order to reduce the agricultural pressures on the 
remaining forest lands. 

The technical feasibility of implementing some 
of these proposals in some less developed coun
tries (especially those in the more temperate 
zones) has been tested in recent years. Agro-for
estry projects (especially for palm oil) have been 
developed over the past decade in Malaysia, 438 

and significant reforestation has been accom
plished over the past two decades in the People's 
Republic of China. 439 Industrial wood plantations 
have been established in parts of Angola, Argen
tina, Brazil, Chile, India, Indonesia, Kenya, the 
Republic of Korea, Malawi, Morocco, Tanzania, 
and Zambia. 440 A village fuelwood plantation pro
gram is underway in the Republic of Korea. 441 

Experiments with agroforestry are being carried 
out in the Philippines.,,.2 and in Nigeria. '43 How
ever, outsirie of the countries just named, few of 
these prog1 <1ms have gone beyond the demon
stration stage. 

Tropical ddorestation is caused by a combi· 
nation of (1~ T,eed for additional agricultural land, 
(2) need for addit!onal fuelwood, and (3) a sus-
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tained world demand for tropical woods operating 
in the absence of effective and enforced programs 
for forest conservation and management. Syner
gisms are often involved. For example, although 
a growing population of subsistence farmers is 
clearing land to grow food, access to such land is 
possible in many cases only because commercial 
logging operations have opened the forests in re
sponse to growing domestic and foreign demand 
for wood products. +u Access and transportation 
are also factors in the economics of clearing steep 
slopes. Even if the soil washes away after only 
one or two crops, farmers can support themselves 
over several seasons of clearing by selling fire
wood or charcoal on the regional market if trans
portation is available. 46 One of the causes of the 
growing world demand for forest products is, of 
course, population growth. but income is also a 
major factor, and the U.N. Food and Agriculture 
Organization (FAO) is well aware of both. Edouard 
Saouma, FAO Director General, stated recently 
that, based on projections of past trends: 
Over the next 16 years it is exP.ected that con· 
sumption of forestry products will rise by 75 per
cent to an annual roundwood equivalent of 4,000 
million m3• If international development strate
gies were to increase the buyin~ power of the 
masses of people in the developmg world, even 
by a small fraction, pr:Jiected consumption figures 
would be far higher. 

In addition, possibilities for earning foreign ex· 
change, needed by many LDCs to reduce large 
foreign debts, will continue to be a motivating 
factor in establishing tropical forest policy 447 and 
will therefore also influence the possibilities for 
ameliorating the "tropical deforestation trends. 

While techniques and technologies are being 
developed that will assist in protecting and ex
panding forests, other technical developments 
may affect the future of tropical forests adversely. 
A variety of faster, less costly technologies are 
being developed to replace cutting and burning, 
the traditional methods of clearing. For example, 
Agent Orange, the chemical defoli~nt used widely 
by U.S. armed forces in Vietnam is reportedly 
available in farm supply stores ir. the Amazca 
basin, where it is used to clear tar d for cultiva
tion. 441 The chemical 2,4,5-T, one ·)f two herbi
cides contained in Agent Orange a.ad invariably 
contaminated with the toxic compound dioxin, is 
now banned in the Unitcc.i States 449 because it has 
been linked with birth defects and miscarriages.• 

•The Comptroller General or the United Slates has recom· 
mended that the 'Jepartment or Defense conduct a survey or 
any long-term n Jical effects on military personnel who were 

Another innovative technique for efficient clear
ing of tropical forests in Brazil is the corremao. 450 

This involves the use of very large anchor chains, 
roughly 100 meters in length and weighing up to 
10 tons. Enormous tractors attached to each end 
drag them through the forest, uprooting trees and 
everything else in the path. t Still another tech
nological develo~Jment likely to significantly affect 
at least the Brazilian tropical forests is the "float
ing papermill." Jn 1978. industrialist Daniel Lud
wig's floating papermill (longer than two football 
fields in size) was towed from its construction site 
in Japan through the Indian and Atlantic Oceans 
to its final destination along the Jari River, a trib
utary of the Amazon. Time magazine, reporting 
on the $250 million plant. commented that by J 981 
the factory "will turn out 750 metric tons of 
bleached kraft pulp a day, enough to make a single 
strand of toilet paper stretching more than 6-'h 
times around the world .... To feed the mill's 
appetite, Ludwig's crews have cleared nearly 
250,000 acres of jungle so far and planted 81 mil
lion fast-growing trees. 451 Eventually, Ludwig 
plans to "tame" an area of rain forest almost the 
size of Connecticut. 

What then are the prospect5 for amelioration 
of the tropical deforestation trends in the LDC? 
While there are a number of important and en
couraging demonstration projects. environmen
tally significant conservation and reforestation 
practices cannot be expected unless and until tech
nically competent institutions are provided with 
more re~ources and authority. 452 Sociological re
search on community cooperation and institutions 
will also be necessary if village-level woodlots to 
meet woodlot and environmental needs are to be 
widely established. 453 

By the Year 2000 
Assuming no change in policy (the standard 

policy assumption of the Global 2000 Study's pro
ject ions), deforestation can be expected to con
tinue as projected in Chapter 8. Deforestation will 
affect the rural segments of the LDC populations 
most severely. Small farmers in South and South
east Asia, already among the world's poorest, will 

likely to have been exposed to herhici1lc!; in SPuth Vie111am 
(Health Effects of Exposure to Herbicide Or1111ge in Vielflam 
Should Be Resolved, Washington: U.S. Gencrnl <\c~ounting 
Office, Apr. 6, 1979.) 
tThis technique was used earlier (:iml may have been <level· 
oped initially) in the United Slates, where ii was used in arid· 
zone range management. Undcdrable woody vegelation was 
scraped from the land with heavy chains, after which preferred 
range grasses were sown. (John Valentine, R1mge Develop· 
ment and Improvement, Provo: Brigham Young l.Jniv. Press, 
1974, p. 516.) 
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face yet harder times as waterflows from the 
mountain watersheds become more erratic and as 
reservoirs essential for irrigation are filled with 
silt eroded from the deforested slopes. In Africa, 
herdsmen will find that rangeland will recover 
more slowly (where it does recover) from periodic 
... lroughts. Throughout the LDCs millions of farm
ers using shifting agricuHure will experience sharply 
declining harvests as yields fall and the short fal· 
low periods fail to restore ~;oil fenility. 

A consequence .lf defore~tation and simulta
neous population growth is that wood for fuel will 
be in sho.1 supply and more people will be forced 
to use grass, crop residues, and animal dung for 
cooking fuel, further endimgering land productiv
ity, since these organic materials are essential for 
the maintenance of soil quality. As prices for com
mercial fuel increase and gathered fuels become 
scarcer, the costs (both monc:dl)' and temporal) 
of boiling water and cooking food may become 
prohibitive for the poorest populations, especially 
in areas where fuelwood plantations have not 
been established. 

Increased Intensity of Forest 
Management 

As explained in Chapter 8, the real price of 
forest products is expected to rise in the coming 
two decades. The ris~r.g prices will enhance the 
profitability of investments in forest management, 
and forests can be expected to become increas
ingly subject to human control and manipulation 
through intensive silviculture and tree farming. 

While it is not possible to know precisely how 
fast intensive silviculture will develop, the trend 
is clear. It is also clear that there will be both 
positive and negative environmental conse
quences. On the positive side, the higher yields 
resulting fron1 faster growth of wood in the in
tensively managed stands and from more com
plete exploitation of accessible natural stands 
should take some pressure off the less accessible 
forest areas and thus allow the preservation of 
some forests in their natural state. Wood from 
intensively managed stands could certainly en· 
hance the human environment for those who de
pend on firewood and charcoal for domestic fuel. 
On the negative side, a number of adverse envi
ronmental effects are anticipated, some of which 
raise questions about the basic viability of inten
sive silviculture, especially in the tropics. 

The technolo~i~al problems involved, are sim
ilar in many way. to those of intensive agriculture. 
Both intensive silvic:.dture add intensive agricul· 

ture involve high-yield strains and monocultures. 
I'lant geneticists have been at work not only on 
grains but also on trees, and there are hopes that 
fast-growing supertree plantations454 will be to 
forestry what Green Revolution methods have 
be:::n to agriculture.• However, monocultures of 
genetically identical trees face essentially the 
same problems as monocultures of genetically 
identical grains. These basic problems were dis
cussed at some length for the case of the Green 
Revolution in the food and agriculture section of 
this chapter; a few points particularly relevant to 
intensive silviculture and tree farming will be con
sidered here. 

A major, perhaps underestimated problem 
faced by both intensive silviculture and intensive 
agriculture is the increasing energy subsidies they 
require. The fossil fuel subsidies inherent in in
tensive agriculture have received much attention 
and have been discossed extensively in the liter
ature (and earlier in this chapter), but the energy 
reijuirements of intensive silviculture have been 
examined relatively little. A 1970 study 455 found 
that fertilization and shorter rotation resulted in 
a 38 percent increase in Douglas fir production, 
while costs (excluding any costs of environmental 
protection) increased 64 percent. Still higher cost 
increases could be anticipated if the energy sub
sidies had been priced at the post-1973 level. 
Nonetheless it is certainly true that trees grow 
rapidly in the tropics, producing rotation times as 
short as 10 years. Attention is now being focused 
on nitrogen-fixing species that may not require 
fertilizer. More attention to and testing of indig
enous species are needed, rather than further at· 
tempts to grow a few exotic species. But no matter 
what species are ultimately chosen, the energy 
subsidies inherent in intensive silviculture deserve 
closer examination before major commitments 
are made. 

Another difficulty in applying the intensive 
Green Revolution methods to forests is that the 
time between harvests is so much longer for trees 
than for grains. A combination of genetics and 
management practices is expected io redµce tem
perate-zone growth cycles from 150 to 40 years 
for Douglas fir and from 60 to 35-40 years for 
southern pine. 456 Nonetheless, the exposure pe· 
riod for genetically identical monocultures of trees 

"In 1975, the journal of the American Forest Institute looked 
forward to an increase of 100 percent in the productivity of 
land in the production of wood and an increase of 300 percent 
in fiber yields ("More Wood, Faster," Green America, Fall 
1975). 
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(even in the tropics) will always be long compared 
with the corresponding exposure period for grains. 
As with grains, pests and pathogens may evolve 
ways to overcome the genetic defenses of single 
strains, producing plant epidemics comparable to 
the southern corn blight or the Dutch elm dis
ease. 457 

As with the deforestation problem, the negative 
environmental impacts of intensive silviculture 
will probably be more severe in the tropics than 
in the temperate zones. Foresters and biologists 
have suspected for some time that the great eco
logical diversity of tropical forests, which makes 
them exceptionally stable under natural condi
tions, also makes them exceptionally vulnerable 
to permanent damage from logging operations 
and that natural forest stands degrade severely 
when subjected to intense use. •53 

Most silvicultural m(!thods have been devel
oped by foresters in the temperate zones and are 
of doubtful suitability or utility for forests of the 
humid tropics. A substantial research investment 
must be made to develop appropriate silvicultural 
methods for tropical environments. However, the 
time lag inherent in forestry research (a growth 
cycle measured in decade~. as opposed to months 
for grains) delays the economic return from trop
ical forest research investments, making it difficult 
to obtain support for forestry research in the 
LDCs. In the absence of extensive tropical for
estry research, technological breakthroughs are 
not likely, and the application of doubtful forest 
management methods can be expected to con
tinue for at least several decades. 

There are other reasons for environmental con
cern about increased silvicuitural intensity: (1) In 
both the industrialized nations and the LDCs, the 
ability of many forest soils to sustain short-rota
tion tree cropping is doubtful. Recent U.S. re
search indicates that even in quickly recovering 
temperate-zone forests, the loss of soil nutrients 
following a clear-cutting operation is significant.~ 
(2) There is some evidence that plantations of 
uniformly aged trees do not stabilize watersheds 
as well as the natural forests that preceded them. 
(3) Applications of pesticides and fertilizers are 
likely to affect ecosystem elements other than the 
trees they are intended for, reducing the diversity 
of both Oora and fauna and threatening the health 
of forest lakes and streams. (4) In some places 
intensively managed forests may even become 
sources of pollution (from fertilizers and other 
applied chemicals), where they once functioned 
as filters of air and water.• 

Given all these problems, how rapidly can the 
methods of intensive silviculture be applied? Even 

with the higher prices anticipated for forest prod· 
ucts, there are serious difficulties in the way of 
rapid, global developments in intensive silvicul
ture, and the pace of applkation promises to be 
slower than was the case for intensive agricultural 
methods. 

To date, experience with intensive silviculture 
is limited to a very small number of complete 
planting-to-harvest cycles. Furthermore, as shown 
in Chapter 8, intensive silviculture is being prac· 
ticed at present on a regional scale only in Europe, 
although significant local developments are taking 
place in Japan, North America, the People's Re
public of China, Brazil, South Kore&, and New 
Zealand. Less intensive techniques, such as reg
ulation of livestock, pes~ control and reforestation 
are practiced on parts of the forests in most in
dustrialized countries and on scattered sites in 
many LDCs. In most forests outside Europe and 
North America, however, the only management 
inputs are fire control and occasional cutting. 

As a result of all of these present and potential 
problems, and because of limited planting-to-har· 
vest experience, most businessmen and investors 
consider plantation forestry outside of the tem
perate zone an unproven technology. 461 Many 
decades will pass before the questions created by 
these problems have been answered. Investors 
will be slow to move into intensive silviculture, 
particularly in the tropics. Because of technical 
problems, most multinational forest product com
panies do not expect that the incentives• will war
rant larfe-scale commercial planting before the 
1990s. 46 It is even less certain when and if publicly 
sponsored and local commercial enterprisc~s will 
undertake plantation forestry projects on a scale 
that would alleviate local and global firewood 
scarcities. 

For all these reasons, major industrial wood 
harvests from manmade tropical forests are not 
likely to begin by the year 2000. Nonetheless, lo
cally important harvests of wood for fuel and for 
village-level construction could be realized by 
2000, and important watershed protection could 
be achieved in some areas whert" policies and at· 
titudes are now changing and wht:re fast-growing 
tree species are available. 

•several years ago, Brazil established strong tax incentives for 
reforestation, and a substantial amount of planting was done 
hastily by corporations and large landowners in the country's 
subtropical areas. Under these incentives, the area devoted 
annually to commercial planting was about three times the 
goal set by the Food and Agriculture Organization for all of 
Latin America. Brazil, however, has now reduced the tax in· 
centives. (Gordon Fox, "Commercial Forestry," Proceedings, 
U.S. Strategy Conference on Tropical Deforestation, Wash· 
ington: Department of State, Oct. 1978.) 
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Global·Scale Environmental Impacts 
There are two global-scale environmental .im· 

pacts to be ~nticipated. fro:n the forestry proJe~
tions. First 1s a potential impact on the world s 
climate. Second is a significant reduction in the 
number of plant and animal species on the planet. 

Cbnnges In Climate 
Tile anticipated change in global forest inven· 

tory may affect global climate patterns by increas· 
ing the amount of carbon dioxide in the atmosphe~e. 
Climatologists have been aware of a steady in
crease in atmospheric carbon dioxide (C02) for 
many years, and some, as already stated in Chap
ter 4 have expressed concern that a global warm
ing trend may result. Until recently, it was 
assumed by most experts"' that near~y all of th~ 
increase was coming from the burmng of fossil 
fuels and that the earth's plants were absorbing 
some of the excess. However, recent calculations 
that take deforestation into account indicate that 
carbon stored in the biomass has been decreasing 
rather than increasing. One rough estimate indi
cates that as much as half the carbon in the earth's 
biomass may be stored in the forests, much of it 
in the tropics, and that current rates of fo~est 
clearing may be releasing amounts of carbon diox
ide approximate) y equivalent to the amounts com
ing from fossil fuel consumption. 463 Others feel 
that these amounts and rates are probably lower. 
It is well known that not all of the col released 
to the atmosphere remains there, but there is still 
debate over the sinks. Some of thr.! released C02 
is stored in new forest growth, but the net de
crease in wood volume projected in this study 
implies an acceleration of the C02 buildup that 
mny have $ignificance for climate as early as 2050. 

Changes In Biological Diversity 
The second global change implied by the .fo~

estry projections f.s a significant reduction in biotic 
diversity. The extent to which the diversity of t~e 
flora and fauna is maintained provides a basic 
index to the ecolC1gical health of the planet. Pres
ently the world's biota contains an estimated 3-
10 million species. 464 Until the present century, 
the number of species extinguished as a re~ult of 
human activities was small, and the species so 
affected were regarded as curiosities. Between 

•o. E. Hutchinson is an exception. In 1954 he cstima!cd that 
the increase in atmospheric C01 from fo~cst destruction was 
about equal tc. that from t~c burning of f~~il fuels (':The 
Biochemistry of the Tcrrestnal Atmosphere, m G. P. Kuiper. 
ed., ThtSolarSystem, Chicago: Univ. of Chicago Press, 1954, 

·vol. II, pp. 371-433). 

now and 2000, however, the number of extinctions 
caused by human activities will increase rapidly. 
Loss of wild habitat may be the single most im· 
portant factor. The projected growth in human 
population and economic activity can be expected 
to create enormous economic and political pres· 
sure to convert the planet's remaining wild lands 
to other uses. As a consequence, the extinction 
rate will accelerate considerably. 

The death of an individual is very different from 
the death of a species. A species is a natural biotic 
unit-a population or a series of populations of 
sufficient genetic similarity that successful repro· 
duction between individuals can take place. The 
death of an individual of a particular species rep· 
resents the loss of one of a series of similar in
dividuals all capable of reproducing the ~asic 
form while the death of a species represents both 
the l~ss of the basic form and its reproductive 
potential. 

Extinction, then, is an irreversible process 
through which the potential contributions of bi· 
ological resources are lost forever. In fact, plant 
and animal species are the only truly nonrenew
able resources. 465 Most resources traditionally 
teri'.ia~d "nonrenewable"-minerals and fossil 
fuels-received that label because they lack the 
reproductive capability. Yet most nonbiological 
compounds and elements are, at least in theory, 
fully renewable. Given sufficient energy, non· 
biological resources can be separated, trans· 
formed and restored to any desired form. By 
contrast, biotic resources-species (not individu
als) and ecosystems-are completely nonrenew
able."' Once extinguished, species cannot be 
recreated. When extinct, biotic resources and 
their contributions are lost forever. 

How many extinctions are implied by the 
Global 2000 Study's forestry projections? An es· 
timate was prepared for the Global 2000 Study by 
Thomas E. Lovejoy of the World Wildlife Fund. 
Dr. Lovejoy's analysis, together with a tabular 
summary of the results, is presented on the next 
four pages. His figures, while admittedly rough, 
are frightening in magnitude. If present trends 
continue-as they certainly will in many areas
hundreds of thousands of species can be expected 
to be lost by the year 2000. . 

Extinction, of course, is the normal fate of v1r· 
tually all species. The gradual processes of natural 
extinction will continue in the ye~rs ahead, but 
the extinctions projected for the coming decades 
will be largely human-generated and on a scale that 
rettders natural extinction trivial by comparison. 

•Also sec the discussion of this point in Chapter 12. 
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A PROJECTION OF SPECIES EXTINCTIONS* 

Virtually all of the Global 2000 Study's pro
jections-especially the forestry, fisheries, 
population, and GNP projections-have im
plications for the extinction of species. Ac
cepting these projections as correct, how many 
extinctions can be anticipated by 2000? 

Probably the largest contribution to extinc
tions over the next two decades will come as 
a result of deforestation and forest disruption 
{e.g. cutting "high-grade" species), especially 
in the tropics. The forestry projections in Chap
ter 8 provide an estimate of the amount of trop
ical deforestation to be expected. The question 
then is: What fraction of the species now pres
ent will be extinguished as a result of that de
forestation? 

Possible answers are provided by the curves 
in Figure 13-8. The curves in this figure do not 
represent alternative scenarios but rather re
flect the uncertainty in the percent of species 
lost as a result of a given amount of defores
tation. The endpoints are known with more 
accuracy than other points on the curves. 
Clearly, at zero deforestation the resulting loss 
of species is zero-and for 100 percent defor
estation, the loss approaches 100 percent. The 
reasons for the high losses at 100 percent de
forestation are as follows. 

The lush appearance of tropical rain forests 
masks the fact that these ecosy~tems are among 
the most diverse and fragile in the entire world. 
The diversityt of tropical forests stems in part 
from the tremendous variety of life zones cre
ated by altitude, temperature, and rainfall var
iations. 467 The fragilit~· of tropical forests stems 
from the fact that, ir. general, tropical soils con
tain only a very limited stock of nutrients. Typ
ically, the nutrients in tropical soils are only a 
small part of the total inventory of nutrients in 
the tropical ecosystem. Most of the nutrients 
are in the diverse flora and fauna of the forests 

*This projection was developed for the Global 2000 Study 
by Dr. Thomas E. Lovejoy of the World Wildlife Fund. 
tDiversity here is used simply in the sense of numbers of 
species. Ecologists sometimes use more complex indices 
of ecological diversity. 

Efforts to meet basic human needs and rising ex
pectations are likely to lead to the extinction of 
between nne·fifth and one-seventh of all species 
over the next two decades. A substantial fraction 

themselves. Tropical forests sustain themselves 
through a rapid and highly efficient recycling 
of nutrients. Little nutrient is lost when an or
ganism dies, but when extensive areas of forest 
are cleared, the nutrients are quickly leached 
out and lost. 468 

Studies have shown that there are a wide 
variety of tropical soils. Some {such as those 
in lowland swamps) are rich, but most are 
either thin, infertile, and highly acidic, or thick 
and highly leached of nutrients. Recent aerial 
surveys of the Amazon basin, for example, in
dicate that only 2 percent of the soils are suit
able for sustained agriculture. 469 Once cleared, 
the recycling of nutrients is interrupted, often 
permanently. In the absence of the forest 
cover, the remaining vegetation and exposed 
soil cannot hold the rainfall and release the 
water slowly. The critical nutrients are quickly 
IPached from the soils, and erosion sets in
first, sheet erosion, then gully erosion. In some 
areas only a few years are required for once 
dense forest lands to turn to virtual pavements 
of laterite, exposed rock, base soil, or coarse 
.. weed" grasses. The Mmyland-sized area of 
Bragantina in the Amazon basin is probably 
the largest and best-known area to have already 
undergone this process, becoming what has 
been called a "ghost landscape." 470 

With formerly recycled nu~rients lost through 
deforestation and its aftereffects, the capacity 
of a tropical rain forest to regenerate itself is 
highly limited and much less than that of a 
temperate forest. The possibilities for regen
eration are limited further by the fact that the 
reproductive biology of many of the tree spe
cies found in mature tropkal forests is adapted 
to recolonizing small patches of disturbed for
est rather than the large areas now being 
cleared. 471 As a result and in spite of rapid 
succession rates, the disruption and simplifi
cation from ctef urestation of tropical rain for
ests is, for Hae most part, irreversible, given the 
time scale necessary to preserve the present 
mature and diverse biota. While a few attempts 
at reforestation to natural tropical forest are 
being made, only limited success has yet been 

of the extinctions are expected to occur in the 
tropics. 

The lost potential of the earth's biological re· 
sources fa often neglected in considering the con-
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Flaure 13-8. Losa of species throuah clcarina of tropical forest areas-five projections. 

achieved {e.g., in Puerto Rico). More typically, 
tropical forests are either cleared and aban
doned, or (if the soil and economics permit) 
converted to plantation forests c" high-growth 
species such as Eucalyptus, Pinus, and Gme
lina, which are not rnitable for the diverse local 
fauna found in mat.ure tropical forests. 

As a consequence ; and for purposes of the 
rough calculations here) the rain forest areas 
modified by deforestation can be expected, 
with few exceptions, to include a negligible 
number of the species that were present in the 
virgin forests. The estimate used for the end-

sequences of deforestation in the tropics. Tropical 
forests contain both the richest variety and the 
least well known flora and fauna in the world. It 
would be difficult to overstate the potent!~t \lalue 

point of the curves in the figure for 100 percent 
deforestation is therefore a 95 percent loss of 
species. So much for the endpoints of the 
curves. 

The general shape of the curves (convex, lin
ear, or concave) depends in large part on the 
size of the areas needed to prese1 ve the eco
systems on which the species deprnd. Unfor
tunatelt, litUe is known about the size of these 
areas. 4 Most tropical species occur at exceed
ingly low densities. Dispersal (to compensate 
for l0<;ai extinctions) is probably an important 
part of their biology, 473 and this survival strat-

of this huge stock of biological capital, which, if 
carefully managed, could be a rich, sustainable 
source of building materials and fuel, as well as 
medicinal plants, specialty woods, nuts, and fruits. 
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egy is impeded or precluded when forest areas 
are reduced to isolated reserves. 

It is also known that only a limited amount 
of a rain forest region can be converted to non
forest before local (or regional) changes in cli
mate will occur, endangering the remaining 
forest areas. For example, current estimates 
put the percent of precipitation in the Amazon 
basin generated by the forest (as opposed to 
the ocean) at slightly over 50 percent. 474 Al
though this contribution to the precipitation 
will not be eliminated entirely by deforestation, 
it will be reduced, and reductions in rainfall 
beyond a certain point could initiate an irre
versible drying trend. 

In the face of our limited knowledge, the 
concept of "refugia" provides one approach to 
estimating the areas needed to preserve troo
icnl ecosystems and their species. During the 
Pleistocene glaciations, the climate in the equa
torial regions was generally dryer and unable 
to support tropical rain forests. Rain forests 
did survive, however, in relatively small patches, 
now termed refugia. 475 It has been found that 
within the Amazon basin there are areas of 
concentration of species not occurrin6 else
where (centers of endemism), and thl;!se areas 
of concentration are thought by many ecolo
gists to represent vestiges of Pleistocene re
fugia. Refugia ha"e now been identified in the 
basin for a few families of organisms (primarily 
small animals, including some insects and a few 
plants). 476 There is wide variation in size among 
the areas of concentration that have been meas
ured. the smallest areas being for the class with 
the most species (i.e., insects). And, of course, 
the smaller the area of concentration, the more 
vulnerable the species are to extinction by rea· 
son of deforestation and loss of habitat. 

How then should the curves in Figure 13-8 
be drawn? Assuming that the refugia concept 
applies generally to all tropical forests, a con
vex curve (curve A or B) would result if the 
refugia turn out to be relatively small and if 
the refugia should happen to be cleared first. 
A linear curve (cu~ve C) would result from 
random cutting if the refugia were not adjacent 
but overlapping, or were relatively small. (The 
limited data now available suggest that the re-

However, if present trends continue, sustained 
benefits from this capital will never be realized. 
Unique local plants and animals will be unknow
ingly and carelessly destroyed. Particularly well-

fugia are in fact relatively small for classes with 
the most numerous species. 477

) A concave 
curve (curve D or E) would result if the refugia 
should turn out to be small and highly over
lapping, and (a) if efforts are made to identify 
and preserve the refugia, or (b) if the refugia 
are widely separated from one another. 

While curve D is used in the following cal
culations, 478 it may underestimate the impacts 
of the projected deforestation.• Were it pos
sible-which it is not-to create instantly a 
minimum system of biological reserves of ad
equate size and ideal location, the impacts of 
the projected deforestation would still be on 
the order of the effects of the Pleistocene gla
ciations. 479 Even so, such a system would not 
be secure because of local climatic effects and 
ever rising political and economic pressures. It 
is dit,;kl!lt to estimate how much of the world's 
tropical forest has been cleared and how such 
pressures will influence future cutting, but con
sidering the amount of forest known to have 
already been destroyej, it is too late to achieve 
even the minimum system of reserves. Fur
thermore, present global conservation plans for 
rain forests are limited. For example, the most 
ambitious proposal for conservation in the Am
azon basin would be site parks and reserves in 
the areas where refugia are thought to have 
occurred, but the total area of the parks and 

•Even the deforestation projected in Chapter 8 may have 
been underestimated. Warwick Kerr predicts the loss of 
all Amazon forests (B. Dicki;on, "Brazil Learn~ Its Eco· 
logical Lessons the Hard Way," Natuu, vol. 275, 1978, pp. 
684-85), and P. W. Richards (op. cit.) predicts the loss of 
all untouched rain forests by the century's end. Very re
cently, however, some new information has become avail· 
able for the tropical forests of lhe Amazon basin. According 
to Larry Rohter (op. cit.), Brazil's .~ational Space Re· 
search Institute analyzed 32 photographs taken from a 
Landsat satellite and estimated in late 1978 that as much 
as one-tenth of the Brazilian Amazon forest has been razed. 
This is an area larger than the state of Texas and probably 
does not include areas that are now forested but are no 
longer diverse, virgin fore~!. On the matter of future cut
ting, the Brazilian Government is reported to be studying 
the use of "risk contracts" for the large-scale logging in the 
Amazon basin. The Superintendency for the Development 
of the Amazon (SUDAM) has identified approximately 
100 million additional acres (between 5 and 10 percent of 
the total area of the Amazon basin) for timber exploitation. 

adapted or fast-growing local trees will be cut be
fore their fruits or seeds are collected. Predatory 
insects and plants with herbicidal or insecticidal 
properties will be lost for lack of observation and 
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TABLE13-30 

ExtlnCtlons nf Species Implied by the Global 2M Study's Projections 

Present 
Species" Projecled Loss or 

Spcde1' 
Extlnc1ion1• 

(In llwU1andl) (in tlwU1onds) DeforestaUon• 

Low DEFORESTATION CASE' 
Tropical forests 

Latin America 
Africa 
S. and SE. Asia 

Subtotal 

All other habitats 

300-1,000 
15()..500 
300-1,000 

759-2,500 

so 
20 
60 

33 
13 
43 

100-333 
2IMS 

129-430 

249-8Z8 

Oceans, fresh water. nontropical forests, 
islands, etc. 

Total 

2,250-7,500 

3,000-10,000 
18M2S 
437-1,453 

HIOH DEFORESTATION CASE' 
Tropical Forests 

Latin America 
Aflica 
S. and SE. Asia 

Subtotal 

All other habitats 

300-1,000 
150-SOO 
300-1,000 

750-2,SOO 

67 
67 
67 

so 
so 
so 

IS<J..SOO 
75-250 

IS<J..SOO 

375-1,250 

C. :cans, fresh water, nontropical forests, 
islands. etc. 

Total 

l,250-7,SOO 

3,000-10,000 
18&-625 

563-1,875 

•The 1otal of :J..10 million species (s,ee reference 85) are usumed to be 
distributed roughly If follows: 10 peicenl In 1hc virgin fore111 of Ille Amazon 
(P. H. Raven. perlOnal communicat~n to T. E. Lovejoy, 1974). S percent 
in African 1roplcal foretll, 10 percent In south and 10uthea11 Asian 1ropkal 
foreall, and 75 percent elsewhere (oceans. fresh water. nontropical fores11. 
lslanda. etc.). It 1hould be noted that Ille figures for the pen:entage of the 
world'1 biota In tropical rain fore111 are comiervatlve. Many estimates ($Ce 
NOflllln Mycn. Tlit Slnkl11g Ark, London: Peraamon. fonhcomlng. 1979) 
pl- .JG.-40 percent of the IOl•I in the moil! tropia and 70-80 percent In lhc 

reserves would comprise only 5 percent of the 
total land area of the Amazon.• Such a system 
would mimic the distribution of forests at the 
height of the Pleistocene glaciations. 411 

What then is a reasonable estimate of global 
extinctions by 2000? Given the amount of trop
ical forest already lost (which is important but 
often ignored), the extinctions can be esti
mated as shown in Table 13-30. In the low 
deforestation case, approximately 15 percent 
of the planet's species can be expected to be 
lost. In the high deforestation c::.se, perhaps as 
much as 20 percent will be lost. This means 

study. Diverse assemblies of gigantic trees, their 
understories, and their resident communities of 
mammals, birds, and insects-natural wonders 
every bit as unique and beautiful as the Grand 

tropla u 1 whole. 
•Sec the foreatry projccdont In Oiap«cr 8. 
• Derived ftom curve C in Figure 13-8. 
• Calcul11cd u the perctnt loss ohpedcs limes the preient number ohpecics. 
•.The combined dfect1 of lou uf h1bi111. preienec of tosic substances. eu· 
trophlca1ion, deienificalion. 1implification of forestJ In the 1cmpcr11e iones. 
acid rain, c1c.-tprc1d over fivt contlnen11 and the two-thirds of the pl1ne1'1 
surface covered by the seu-arc usumed to lead 10 a lou of one·lwelfth of 
the pl1ncl'1 bi011. 

that of the 3-10 million species 412 now present 
on the earth, at least 500,000-600,000 will be 
extinguished during the next two decades. The 
largest number of extinctions can be expected 
in the insect order-many of them beneficial 
species-simply because there are so very 
many species of insects. The next highest num
ber of extinctions will be among plants. While 
the projected extinctions refer to all biota, they 
are much larger tha11 the 1,000 bird and mam
mal species now recognized as endangered. 41.1 

Clearly the extinctions caused by human activ
ities will rise to unprecedented rates by 2000. 

Canyon-will b~ irreparably lost. In short, the 
projected loss of tropical forests represents a mas
sive expenditure of biological capital, an expend
iture so sudden and so large that it will surely limit 
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the future benefits that even careful management 
and husbanding can sustain from the remaining 
biotic resources of the earth. 466 

Conclusions 
The Globul 2000 Study's forestry projections 

have serious implications for the environment. In 
the Asian !.DC's, deforestation will cause exten
sive erosion and will destabilize waterflows, ad
versely affecting the agriculture on which a quarter 
of the world's total human population depends. 
In the tropical zones of Africa and Latin America, 
deforestation will lead, in many cases, to the loss 
of the nutrients and to reduction of the soil quality 
essen\:.::• &, 'r the recovery of the forests. Desert 
encroachn1ent can be anticipated in parts of nearly 
every continent. Extinctio.1s of species caused by 
human activities will explode to rates never before 
observed, p:rhaps on the same order as during 
the Pleistocene glaciations. 414 

The deforestation will be caused by a combi
nation of population increase and economic growth. 
Currently the primary cause is agricultural ex
pansion. By 2000, agriculture will have Ciip1mded 
about ns far as it can, and fuelwood and forest 
product demands will become the primary causes. 
Populations needing firew~od, charcoal, p~ots for 
agriculture, lands for grazmg, and matenal~ for 
village construction are projected to continue 
their rapid growth over the next two d~cades. In 
the industrialized nations, slower population growth 
coupled with economic growth and ~igh per capita 
consumption of forest products will al~o have a 
large impact on world forests through increased 
demands for wood and paper products. The de
mand for commercial timber and paper in the less 
developed countries, while starting at a .low ba~e, 
is rising considerably faster than that .1~ the in
dustrialized countries, and as a result a nsing num
ber of LDCs are becoming dependent 011 forest
product imports . ..s 

Prospects for amelioration of these trends are 
mixed, at best. On the one hand, there are a large 
number of difficulties. Silvkultural methods de
veloped primarily in the temperate zones are of 
doubtful utility in the tropics, where most of the 
deforestation will occur. Intensive silviculture 
(tree plar.tations), patterned a!ter Green Revo
lution agriculture, is a much-discussed hope but 
its methods face the same problems (including 
energy-intensiveness and genetic vulnerability. of 
single-strain monocultures) as Green Revolutton 
agriculture and over much longer planting-to-har
vest periods. Experience with these methods (es
pecially in the tropics) is limited to a few growth 

cycles at most. Investors are cautious, and major 
world plantings are not expected before the 1990s 
at the earliest because the economic incentives do 
not match the risks involved. On the other hand, 
the need for small-scale village woodlots is now 
recognized by international aid agencies and by 
many national governments, and many proiams 
of this sort are now planned or underway. 

The tragedy of forests is that, like the com· 
mons, 417 they are another example of a common 
resource subject to misuse-but on a global scale. 
While forest lands are owned by individuals (or 
governments), forests provide community, na
tional, and international benefits that go well be· 
yond the benefits usually considered in forest 
management decisions. Moderation of te°.1pera· 
tures, stabilization of waterflows, protection of 
soils, and provision of habitats for a wealth of 
unexamined biotic resources are some of the ben· 
efits of forests that accrue to society as a whole 
and do not enter into the normal calculus of for· 
estry economics. 

The difficulty-some would say. the impossi· 
bility-of managing common resources is well 
known. Garrett Hardin has written about the spe· 
cific problem of managing and .&rotecting com
mons-type biological resources. He concludes 
that biotic resources cannot be preserved under 
commons management, and that socialism o~ pri· 
vate enterprise are the only workable alternatives, 
both of which have limitations. The socialism ap· 
proach suffers from the problem of quis custodiet 
ipsos custodes? (who will watch the watchman 
himself?). The private enterprise approach, Ha~
din argues, has a serious weakness m the way It 
deals with time, the question being: Can conser
vation be accomplished over time solely as a result 
of economic self-interest? 

Aldo Leop.;>ld, a wise and i!lsightful obsen:er 
of biotic resmuces and economic systems, consid
ered this question and concluded: 

A system of conservation based s~lely on eco· 
nomic self-interest is hopelessly lopsided. It tends 
to ignore, and thus eventually ~o eliminate, many 
elements in the land commumty that lack com
mercial value, but that are (as far as we know) 
essential to its healthy functioning. It assumes, 
falsely, I think, that the ~conomic parts of t~e 
biotic clock will function without the uneconomic 
parts.• 

More recently, economic analysis has provided 
further support for Leopold's conclusion."" A 
common approach to management decisions un
der private enterprise is to calculate the present 
value of the future stream of benefits to be ob· 
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tained from alternative management strategies. 
Other things being equal, management strategies 
that maximize the present value of discounted fu
ture benefits are generally preferred. 

What benefits are to be considered, and at what 
discount rate? Forest benefits to the entire wa
tershed (e.g., water stabilization, erosion control, 
temperature moderation, species protection, rec
reation) are often not included in the calculations 
because th1. y are "external" benefits, i.e., bene
fits not accruing to the self-interest of the forest 
landowner. Discount rates are also important be
cause conservation by its very nature concerns 
itself with future values. As Hardin explains, 
"The higher the interest rate on money, the more 
difficult it is to conserve for the future. Or as 
economists put it: the higher the interest rate, the 
more heavily the purely rational man must dis
count the futur~. . . . Compound discounting, 
which increases as interest rates increase, dimin
ishes and in the long pull virtually destroys [future 
values] ...... And the Global 2000 Study's projec
tions suggest that interest rates will remain high. 
Virtually every one of the projections is based on 
the assumption that large amounts of capital in
vestment will be made in the sector; these in
vestments of scarce cupital can be expected to 
keep interest rates quite high. 

Scott Overton and Lury Hunt of the University 
of Oregon have examined the implications of the 
present-value approach to forest management. 

Their particular concern was whether this ap
proach to management and conservation would 
keep the forest system in equilibrium at an opti
mal, sustainable yield. They concluded that the 
conventional economic analysis (ignoring the ex
ternal costs and benefits of forests to the wider 
society) "must lead to a pattern of high cuts now 
and lower cuts later . . . to shorter and shorter 
rotations to the point of depletion of the resource, 
and to the conversion of forest lands to other uses 
until the relative price of forest products rises suf
ficiently high that the economic system is in equi
librium. m 

It seems likely, therefore, that without basic 
changes in forest policy throughout much of the 
world, the environmental consequences of the 
Global 2000 Study's forestry projections are vir
tually inevitable. Even the bases for such policy 
changes are unclear. It is not at all obvious what 
should be done in eaizh geographic area, and tech
nology is certainly not the whole answer . .,3 In 
general, lo,;alized approaches and solutions will 
probably be needed, but until all of the societal 
benefits of forests are taken into consideration in 
making forest policy and management decisions, 
societies around the world can expect that the 
forest-related environmental benefits that are 
taken for granted today will continue to slip away 
and will be sadly reduced in number and quality 
by the end of the century. 

THE WATER PROJECTIONS AND THE ENVIRONMENT 

The Projections 
The Study's water resource projections, developed by the Department of the 
Interior and the Central Intelligence Agency, assume that water supply is 
constant and that demand increases with growth in population, expansion of 
irrigated agriculture, and increased industrial activity. The projections stress 
the severe limitations associated with supply-demand balance. But since re
gional or local quantitative data are lavking. global aggregates are presented 
(see Table 13-31). 

The present global supply of fresh water (i.e., total runoff) is large relative 
to demand, at least in theory. Supply is now about 10 times demand but by 
the year 2000 is projected to be 3.5 times demand. This projection dramatizes 
the rapidity with which human demand is catching up with the world's the
oretical availability of fresh wate1. However, even these figures are misleading 
because of the extreme seasonal and geographic uneveness in the distribution 
of water resources. Even now local and regional deficits occur on a seasonal 
and, increasingly. perennial basis. 

Given present data limitations, th~ prospects for water in 2000 can be 
assessed only qualitatively. Based on examples from many areas, the pro
jections anticipate serious water shortages in many nations or regions. Water 
development projects will be pursued, but severe shortfalls are expected in 
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deficit areas. Areas noted as being particularly susceptible to water shortage 
include parts of Africa, North America, the Middle East, Latin America, and 
South Asia. Conflicts among competing water-demanding economic sectors 
and among nations drawing water from the same river systems are anticipated. 

As a further complication, water supplies from streams and rivers may 
become less reliable in regions where deforestation is stripping watersheds 
bare. The projected decrease in t!'-e world's forests from 20 percent to 16 
percent of the land snrfa~e ty 2000 will take place largely in the LDCs, where 
needs tor water already exceed supplies in some regions. 

The water projections assume no climatic change. However, in the event 
of a cooling trend supplies would be adversely affected as a result d a more 
erratic pattern of rainfall. A warming trenJ, on ihe other hand, might reduce 
variability and increase supplies slightly, but in the central United States 
droughts mi&ht become more common. 

Introduction 
It is not possible to analyze the environmental 

implications of the water projections with preci
sion because environmental impacts tend to apply 
to specific river basins or other hydrological units, 
and the water projections summarized in Table 
13-31 could not achieve that level of detail. None
theless, five environmental topics related to the 
projections of water supply and to the conse
quences of water development and use are ex
plored: 

• Environmental developments affecting water 
supply ~ deterior~ting catchments in river basins, 
acid ram, chmat1c change); 

• Impacts of hydraulic works; 
• Water pol1ution (of urban and industrial origin 

and of agricultural origin); 
• Water-related diseases; and 
• Extinction of freshwater species. 

This range of topics reflects the multiplicity of 
characteristics, uses, and values of the water re
source: Water is essential to human health and 
well-being; water is habitat for a diversity of 
aquatic life; water is a major component (and 
determinant) of the environment. In short, water 
is unique among resources in the diversity of its 
characteristics, uses, and values. 

Environmental Developments Affecting 
Water Supply 

Worldwide, two environmental developments 
are likely to have an impact on water supply by 
2000: catchment and river basin deterioration and 
regional or global changes in climate. The trends 
in catchment and river basin deterioration are 
clearly discernible and accelerating. Oimatic trends 
are less clear but just as important. Deteriorating 

catchment and river basin conditions will ad
versely affect water supplies by increasing varia· 
bility. Climatic change could further increase 
variability. 

Deterioration or Catchments and River Basins 
From the standpoint of both water supply and 

water quality, the condition of a catchment or 
river basin is determined largely by the flora on 
the upper portions of the basin. The high, often 
steep portions of the basin usually receive a large 
proportion of the rainfall, and the flora on these 
slopes are critically important in determining the 
quality and flows of water throughout the basin. 

A continuous mantle of vegetation in the upper 
portions of a basin has many benefits. The veg
etation breaks the fall of the raindrops, absorbing 
the kinetic energy before it can dislodge soil par· 
ticles. The vegetation also slows the runoff and 
enhances the absorptive properties of the soils. 
Where vegetation is present over the upper por· 

TABLE 13-31 

Projected Global Supply and Demand ror Water 
by the Year 2000 

Cubic kilometers per year 

Projected Demand 

With- Con-
drawn sumcd• 

Irrigation 7,000 4,800 
Domestic 600 100 
Industrial 1,700 170 
Waste dilution 9,000 
Other 400 400 

Total 18,700 5,470 

St111rct: Tlic work of G. P. Kalinln. as presented in Chapter 9. 
1 Not returned 10 meams or rivers. 
•Taken 10 be the mean annual diKharge of all riven. 

Supplyio 

37,700 
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tions of a river basin, t'te basin's water is generally 
relatively well regul& .•'!' and clean. 

In the absence of .iegelative cover, rain flows 
off li basin's steep upper slopes as it would off a 
tin roof. The full k~netic energy of the raindrops 
is available to dislodge soil particles. A relatively 
unobstructed surface accelerates the runoff, pro
ducing greater flood peaks downstream.* The 
kinetic energy of the enhanced floods tears away 
rive. ..... anks, broadens channels, and damages or 
destroys canals, bridges, and other hydrological 
developments. Canals and dams are rapidly filled 
with sediments eroded from upstream, and top
soils are carried far downstream to be deposited 
ultimately in estuaries and oceans, often adversely 
affecting biological productivity. Aq1Jifers are not 
recharged, and in the dry season flows are low. 
As a result, the removal of vegetation-especially 
forests-from the upper portions of river basins 
and catchments increases erosion, reduces water 
quality, damages hydrologic developments, and 
reduces the water available during the dryer sea
son.* On very steep (therefore unstable) slopes, 
removal of vegetation can trigger landslides and 
flows of debris. In the Cape Verde Islands, nar
row, irrigated valleys have been buried meters 
deep by soil and debris swept down from denuded 
side slopes by intense rains. 495 

Deforestation, burning, overgrazing, and some 
cultivation practices all have potential for ad
versely affecting river basins and catchments. The 
Global 2000 forestry and agriculture projections 
both suggest that by 2000 such practices will have 
extended much further into the upper portions of 
river basins and c~tchments (see Chapters 6 and 
8 and Appendix q. 

Deforestation is one of the most serious causes 
of deterioration of catchments. In steep, high
rainfall zones such as the midslopes of the Andean 
and Himalayan mountains, forests are indisprm
sable for protecting catchments and controll:ng 
runoff. Removal of trees, however, does not in
variably jeopardize water supplies. In regions 
with moderate relief and low rainfall, removal of 

•ne development of large urban areas can produce similar 
effects. Roofs, streets, and other impervious surfaces both 
Increase the volume and shorten the duration of runoff, leading 
to Hash floods and serious erosion downstream. In Arlington, 
Virginia, for example, the county's Environmental Improve· 
ment Commission has estimated that 50 percent of the land 
area in this suburban community as of 1972 had been covered 
over or in some way made impervious, and as a result damaging 
flash floods now occur in what were formerly small streams 
(Arlington's Environmental Quality-1972, County Planning 
Office, Arlington, Va., 1972). Since 1972 much more of the 
county has been made impervious, and an additional large 
highway is now under construction. 

for•'lsts and the substitution of other soil-binding 
veg·~tation that consumes less water (such as 
grasses) can improve lower-basin watc.r supplies 
by increasing runoff-at the cost of tree growth. 
Sdentifically controlled cutting of catchment veg
etation has been employed in the United States 
and some other countries to increase runoff, or 
water yield, in dry regions. 496 To be successful this 
practice requires strong, enlightened institutional 
programs for careful land and water management 
over much of the affected basin. In most of the 
world there is as yet no such institutional capa· 
bility, and as a result, the projected deforestation 
will in virtually all cases lead to adverse water 
impacts. 

Burning, overgrazing, and cultivation practices 
that expose the soil for long periods can be ex
pected to increase in many areas over the next 
two decades, contributing further to catchment 
deterioration. These practices intensify the ex· 
tremes of flooding and aridity by reducing soil 
porosity :ind water storage capacity, bj· reducing 
organic mai!cr, and by increasing compaction. In 
soils that arc overgrazed, frequently burned, or 
continuously ci..~tivated, organic matter (largely 
mulch from vegeta~ive debris) can become suffi
ciently depleted to cause soi! drought. Without 
the abso: ent properties of these organic mate· 
rials, soils are less able to retain moisture, am:1 
shifts in vegetation occur. The vegetatioP. ;able to 
survi".e in such soils is typical of climates that are 
more arid than actual rainfall indicates. The in
tensification of soil drought is already in evidence 
in the African Sahel and other semiarid regions, 497 

and much further deterioration of the water re
taining properties of soils can be anticipated on 
the basis of the population and food projections. 

Acid Rain 
Acid rain is an environmental problem closely 

related to energy development. It deserves special 
note here because of its effects not only on water 
bodies over much of the world but also on many 
other pans of the biosphere. 

While the Global 2000 energy projections are 
not specific enough to permit a detailed analysis 
of the future prospects for the acid rain problem, 
a few points can be made. First, increases in coal 
combustion in the magnitudes projected (13 per
cent by 1990) will significantly increase the pro
duction of the two primary causes of acid rain
sulfur oxides (S01 ) and oxides of nitrogen (N01). 

The 58 percent increase in oil combustion pro· 
jccted to occur by 1990 will also increase both so. 
and N01 emissions; the 43 percent increase pro-
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jected in natural gas combustion will also increase 
N01 emissions. Technologies are available to re
move sulfur oxides, but their removal is expensive 
and probably will not be required uniformly 
throughout the world. There is no practical tech
nology for the removal of oxides of nitrogen from 
stack gases; the only control now available in
volves reduced combustion temperatures, which 
limit efficiencies. The water-quality consequences 
of increased emissions, especially increases of 
NO. emissions, need to be considered carefully. 

The immediate consequence of both so. and 
NO. emissions is the acidification of precipitation. 
These gliseous compounds react in the atmos
phere to form sulfuric acid and nitric acid. which, 
in turn, precipitate out of the atmosphere in both 
rain and snow. The acidified precipitation falls 
anywhere from a few hundred to a few thousand 
miles away from the l!Ource, depending on the 
strength of the prevailing winds. 498 As a result, 
the pH of rainfall is known to have fallen from 
a normal value of 5. 7 to 4.5-4.2 (high acidic val
ues) over large areas of southern Sweden, south
ern Norway, and the eastern U.S. 499 In the most 
extreme case yet recorded, a storm in Scotland 
in 1974, the rain was the acidic equivalent of vin
egar (pH 2.4). ~'"'Equivalent changes have almost 
certainly occurred elscivhcre, for example, down
wind of the German, Eastern European. and So
viet industrial regions. Effects of acid rain are only 
beginning to be understood but have now been 
observed in lakes, rivt>;s. and forests, in agricul
tural trops, in nitrogen-fixing bacteria. and in 
soils. 

The clearest ill effects of acid rainfall observed 
to date are on lake fisheries. A survey of over 
1,500 lakes ;,., southwestern Norway, which has 
acid rainfall problems similar to those of southern 
Sweden, showed that over 70 percent of the lakes 
with a pH below 4.3 contained no fish. This was 
true for less than 10 percent of the lakes in the 
normal pH range of 5.5-6.0. 500 Similar effects 
have been found in lakes in the Adirondack 
mountains of New York 501 and in some areas of 
Canada. 502 Acid rain appears to be the cause of 
both the low pH and the extinction of the fish 
(see also the discussion of fresh water extinctions 
in the fisheries section of this chapter). Within the 
last 20 years salmon disappeared from many Nor
wegian rivers, and trout soon followed. Measure
ment in such rivers almost always shows a decline 
in pH, usually attributable to acid rain. Similar 
occurrences have been observed in Sweden. m 

Effects of acid min on forest growth are only 
beginning to be understood. The effects on tree
seed germination are mixed. 504 Reductions in nat-

ural forest growth have been observed in both 
New England and Sweden. 505 One study tenta
tively attributed a 4 percent decline in annual for
est growth in southern Sweden to acid rain. 506 

Other observers feel that a decline in Scandina
vian forest growth has not been conclusively dem
onstrated but suspect that the even more acidic 
rainfall expected in the future will cause slower 
growth. 567 

The effects of acid precipitation on leafy veg
etation have been studied in the United States in 
the states of Maryland and West Virginia. Whil~ 
no major damage has yet occurred, one study con~ 
eludes that current levels of acidity in rainfall pres~ 
ent little margin of safety for foliar injury to 
susceptible pl,::~ species, but with the increusing 
emissions of pollutants that contribute to the for
mation or acid rain, there is substantial risk of 
surpassing the threshhold for foliar effects in the 
future. 508 

Little research has been undertaken on the ef
fects of acid rain on large natural ecosystems, but 
one interesting study has now been done for the 
boundary-waters canoe area and the Voyageurs 
National Park (BWAS-VNP) wilderness areas in 
the north central United States. The findings are 
a:; follows: 

Acid precipitation, by causing increased acidity 
in lakes, streams, pools and puddles, can cause 
slight to severe alteration in communities of 
aquatic organisms. . .. Bacterial decompositio11 
is reduced and fungi dominate saprotrophic com
munities. Organic debris accumulates rapidly. 
Nutrient salts are taken up by plants tolerant of 
low pH (mosses, filamentous algae) and by fungi. 
Thick mats of these organisms and organic debris 
may develop which inhibit sediment-to-water nu
trient and mineral exchange, and choke out other 
aquatic plants. Phytoplankton species diversity, 
biomass and production arc reduced. Zooplank
ton and benthic invertebrate species diversity and 
biomass are reduced. Ultimately the remaining 
benthic fauna consists of tubificids and Chirono
mus (mid~e) larvae in the sediments. Some tol
erant species of stoneflies and mayflies persist, as 
docs the alderfly. Air breathing insects (water 
boatman, backswimmer, water strider) may be
come abundant. Fish populations are reduced or 
eliminated, with some of the most sought after 
species (brook trout, walleye, smallmouth bass) 
being the most sensitive and therefore amons the 
first to be affected. Toxicity or elevated tissue 
concentrations of metals may result either from 
direct deposition or increased mobilization or 
both. Amphibian species may be eliminated. And 
finally, populations or activities of higher terres
trial vertebrates that utilize aquatic organisms for 
food or recreation are likely to be altered. set 
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The study concludes that "as more lakes are 
eventually impacted, the whole philosophy be
hind the wilderness experience that forms the ba
sis of the establishment of the BWCA-VNP will 
be violated and the part of the BWCA which pro
vides recreation will be reduced. Few people who 
utili::e the BWCA-VNP could be expected to en
joy the areas made fishlcss by pollution from hu
man activity." 
The effects of acid rain on nonforest agricultural 
crops are under study and are beginning to be 
reported. Shoot and root growth of kidney bean 
and soybean plants have been found to be mark· 
edly reduced as a result of simula,ed acid rain of 
pH 3.2.510 Similarly, nodulation by nitrogen-fixing 
bacteria on legumes is significantly redu::ed by 
simulated acid rain. 511 The growth of radish roots 
has been observed to decline by about 50 percent 
as the pH of rain falls from 5.7 to 3.0.512 

The sensitivity of soils to acidification by acid 
rain varies widely from area to area. depending 
largely on the amount of calcium in the soil. m 
Calcium buffers the soil against acidification, but 
is leached out by acid rain; this leaching of calcium 
and soil nutrients has been found to increase with 
decreasing pH, and the pH of soils has been ob
served to decline more rapidly with more acidic 
rains. 514 The acidic soils that can result from acid 
rain could be expected to significantly reduce crop 
production in the affected areas unless large 
amounts of lime were applied. 

In addition to damaging biota and soils, acid 
rain damages materials extensively over wide 
areas. 515 Even stone is being sever\!ly damaged. 
A dramatic example of the effects of acid rain and 
air pollution on stone is provided by the Egyptian 
obelisk moved from Egypt to New York in the 
1890s (Fig. 13-9). While the inscription on the 
east face of the monument is still legible, the in
scription on the west face has been destroyed by 
chemicals in the city's air. driven b) i~ew York's 
prevailing westerly winds. 

The 13 percent increase in coal combustion by 
199fJ implies that large areas in and near industrial 
areas will cor.tinue to receive highly acidic rain
fall. The rainfall in these areas is likely to become 
increasingly acidic as S0

1 
and N0

1 
emissions in

crease. The areas affected are likely to extend 
hundreds to thousands of miles downwind from 
the sources, a total geographic area large enough 
to include many lakes, watersheds and farmlands. 
The combined adverse effects in these areas on 
water quality (and indirectly on ~vii quality and 
plant growth) are likely to become increasingly 
severe. 

Climatic Change 
Water supplies and agriculture can be severely 

affected by climatic changes that are well within 
the range of historic experience. Changes in 
global temperatures could lead to either an in
crease or decrease in both the amount and vari
ability of rainfall. The climate projections therefore 
have definite significance for water availability in 
the future. 

The Global 2000 Study's clim;;te projections 
provide little guidance, however, because of dis
agreement among climatologists on future trends. 
As discussed in Chapter 4 and in the Climate sec
tion of this chapter, the experts are more or less 
evenly divided over the prospects for warming or 
cooling, and most felt that the highest probability 
is for no change.516 Faced with this uncertainty, 
the Global 2000 Study devised three climatic scen
arios of roughly equal probability. There is con
sid;::rable. uncertainty as to the pattern of rainfall 
to be associated with these climate scenarios, but 
it is thought by many climatologists that global 
warming would lead to slight increases in precip
itation in many areas and less year to year vari· 
ation. (The central U.S .. however, might 
experience more frequent drought.) A cooling 
trend is thought by many to be associated with 
less precipitation and increased year-to-year var· 
iation. 

In short, there is much uncertainty about future 
global climate because of the present lack of 
agreement on causes, effects, and trends. Uncer
tainty over climate-and therefore also over water 
supplies and agricultural harvests-can be ex
pected to lead to projects for the storage and reg
ulation of water and to the development of food 
reserves in anticipation of unfavorable years. 

Even if it were absolutely certain that the var
iability and amount of water supply would not 
deteriorate in the years ahead. there would still 
be reason to anticipate further projects to increase 
the storage and regulation of water and to develop 
food reserves. Population growth, urbanhation, 
and the extension of both agriculture and forestry 
into more arid and variable regions !las made the 
social and economic impacts of variability of water 
supplies greater than in the past. In the years 
ahead the impacts of even present variability can 
only become greater. As nations attempt to bring 
more marginal lands into production, fluctuations 
in water supply 11ill quickl) translate into social 
and economic vulnerability. Therefore, even in 
the ausence of any climatic deterioration, incen
tives will be present to maintain food-grain re
serves, accelerate water conservation efforts, 
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Fl11ure 13-9. A monument to acid rain and air pollution-"Cleopatrn's Needle," sent from Egypt to 
New York City in the 1890s. The inscription on the east face (left) is still legible; the inscri11tion on the 
west face (right) has been erased hy chemicals in the city's air, driven hy the prevailing westerly winds. 
Ninety years in New York has done more damage to the stone than 3,500 years in Egypt. ( U.N. photo) 

modify macro- and microclimates, and develop 
hydraulic works to reduce the risk and 1::1certainty 
in water availability. What will be tl.e environ
mental consequences of these efforts? 

Impacts of Hydraulic Works 
Both the prospect of destablizing deforestation 

in the upper portions of river basins and the cer
tainty of continued (possibly even increased) cli
matic variability will encourage the development 
of hydraulic works for flow regulation, electrical 
generation, irrigation, and flood control. The 
Global 2000 Study's water projections assume in
creased withdrawals of water for :di uses, but 
make no projections as te how additional water 
supplies will be developed or where supplies 
might fall short of future need. To meet the pro· 
jected withdrawals a considerable expansion of 
engineering works for water regulation and dis· 

tribution will be required, especially h1 regions 
with highly variable rainfall. By one estimate, 
12,000 cubic kilometers of runoff will be con
trolled in the year 2000 by dams and reservoirs-
30 percent of the total world runoff and three 
times the estimated 4,000 cubic kilometers now 
stored in the world's reservoirs. 517 

Jn the LDCs, where most of the world's un
tapped hydropower potential is located, river 
basin development schemes that integrate flood 
control, power production, and irrigation will be 
implemented for a number of reasons: 

• The indispensable role of irrigation in increasing 
food production; 

• T!1e limited amounts of naturally fertile, well
drained, well-watered soils remaining to be 
brought into production; 

• The need to control th:! floods of large rivers 
(e.g. Yellow River, Lower Mekong River) 
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where floods have been more.orless tolerated 
in the past; and 

• The need for electricity in economic develop
. ment. 

The environmental impacts of large river basin 
development schemes can be great. In the case 
of large dams, the impacts include: 
• The inundation of farmland, settlements, roads, 

railroads, forests, historic and archeological 
sites, and mineral deposits; 

• The creation of artificial lakes, which often be
come habitats for disease vectors such as the 
ffil()Squitoes that transmit malaria and t11e snails 
which transmit schistosomiasis; 

• Tiie alteration of river regimes dC'Wnstream of 
dams, ending the biologically significant annual 
flood cycle, increasing water temperature, and 
SC1metimes triggering riverbank erosion as a re
sult of an increased sediment-carrying capacity 
of the wr.ter; 

• The intf'.rruption of upstream spawning migra-
tions of fish; and 

• Water quality deterioration. 
Irrigation sysLems have their own environmental 
problems: 

• Danger of soil salinization and waterlogging in 
perennially irrigated areas; 

• Water weeds, mosquitos, and snail infestation 
of drainage canals, with the danger of malarial 
and schistosomiasistic infections spreading in 
areas where these diseases exist, especially in 
parts of Africa and Latin America; and 

• Pollution of irrigation return water by a variety 
of agricultural chemicals, with negativ~ conse
quences for aqu:itic life and for the human use 
of downstream waters. 

While the benefits of dams and irrigation de
velopment may c.atweigh the costs, environmen
tal impacts have a definite bearing on the benefit/ 
cost ratios of riv!;r basin development schemes. 
l'lans for the development of the Lower Mekong 
River Basin illustrate this point. 

A series of engineering, economic, social, and 
environmental studies of the Lower Mekong 
Ba&in has bi!en carried out under the aegis of the 
United Nations Committee for Coordination of 
Investigations. The develorment plan that has 
emerged from these studies c<.lls for the construc
tion over a 20-year period r1 a series of multi
purpose dams and associat"'d irrigation works for 
the basin, which is shared by Thailand, Laos, 
Cambodfa and Vietnam. 518 In 1974 tile portion of 
the basin dowr.:iiream from (he l'eu~~e·s Republic 

of China supported about 33 million persons. 
Assuming the adoption of birth control methods 
at rates based on other South Asian experience, 
the U .N. studies project this population to grow 
ultimately to or beyond the I. ower Mekong 
Basin's present food-production capacity, which 
is estimated to be potentially adequate for 123 
million persons. To feed the expanded population 
by the end of the century, it will be necessary to 
expand paddy rice production from 1970s 12. 7 
million tons to 37 million tons. The studies suggest 
that this increase of nearly 200 percent cannot be 
achieved without flood control and new irrigation. 
It is estimated that multiple dams in the Lower 
Mekong River system could add up to 5 million 
hectares of land for double-cropping of rice and 
might provide enough food to support an addi
tional 50 million persons in the basin.519 The dams 
would generate badly needed power, and the res
ervoirs could, with proper management, become.• 
productive fisheries. 

The proposed dams in the Luwer Mekong Basin 
will involve significant social costs. For example, 
the reservoir behind the Pa Mong-the largest 
dam proposed for the Mekong River-would 
force the resettlement of 460,000 persons, mostly 
in Thailand. Land for resettlement en masse in 
large communities is not available, and Thailand 
is faced with the prospel't of paying these people 
an estimated $626 miHior. (approximately $1,400 
each) to leave without a 11lanned alte:·native, a 
situation euphemistically reforr.ed to as "self-set
tlement. "510 

The situation in the Mekong River Basin hap
pens to be relatively well understood because 20 
years of internationally coordinated studies i.we 
examined the entire river basin as a single t-jan
ning unit. Other densely populated river basins 
in Asia, Africa, and Latin America are the focus 
of similarly ambitious schemes, but in most cases 
there are no coordinated studies or even adequate 
data. Consequently the full social and economic 
costs of these proposed projects can scarcely be 
estimated. 

The enviro11mental costs are just as hard to es
timate. It is known trat large dams produce very 
considerable ecologic.al impacts on rivers and es
tuaries in temperate and subtropical areas. The 
Aswan Dam in Egypt is a case in point. 

A considerable list of costly impacts are asso
ciated with the High Aswan Dam and the irri· 
gation development that has subsequently taken 
place ir. the Nile Delta. They have been recently 
documented by Julian Rzoska521 in a ten-years
later assessment, as well as by earlier res:drcher~ 
such as Kassas, George, 110d van der Schalie.52:.1 
Here are some of their findings: 
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• 100,000 people had to be relocated from the 
reservoir site, which extends into Sudan. The 
people :-v~re mostly flood plain farmers of Nu
biau or1gm. . 

• The ancient Nubian temrles were inundated 
(a considerable portion o them were salvaged 
intact in a UNESCO-organized emergency op
eration). 

• The dam traps sediments that formed~ enriched 
the flood plain as well as the Mediterranean 
Sea, with a loss in natural soil productivity and 
the collapse of th.~ sardine fishery that once pro· 
vided half of Egn t's fish. 

• Waves and tides ar1~ now eroding the delta, 
which formerly was extending into the Medi
terranean, and a reduction in the agriculturally 
important delta is slowly occurring. 

• Year around irrigation in the delta, which rep· 
resents 60 percent of Egypt's farmland, has el
evated the water table and caused salinization, 
now oeing remedied through expensive drain
age works financed by the World Bank. 

• Schistosomiasis is rapidly spreading throughout 
the rural population as a consequence of the 
spread of the snail intermediate bests in the ir
ngation canals, the Jack of sanitary facilities and 
the ~ontinual exposure of the dense rural pop
ulation. 

• The water hyacinth spread almost uncontrolla
bly throughout the canal systems, r1here it har
bors snails and interferes with water flows. 

This controversial project's benefits include an 
8,000 megawatt electricity generating potential, 
and a doubling of agricultural potential on per
ennially irrigated soils. 

While the extensive consequences of the Aswan 
Dam are reasonably well known and established, 
relatively little is known about the ecological ef
fects of dams in tropical areas, where most of the 
need and potential is located. The animal specks 
native to tropical rivers, estuaries, and oceans 
have frequently evolved life cycles that arc linked 
to annual floods and the patterns of salinity and 
nutrient fluxes that accompany the floods. Reg
ulation of river flows can therefore be expected 
to significantly affect large numbers of estuarine 
and oceanic organisms. Similar impacts can be 
anticipated in freshwater species. Their decline is 
not likely to be compensated by the development 
of aquaculture, especially if pollution seriously 
impairs water quality. 

Water Pollutfon 
The Global 2000 Study projec••ons . point to 

worldwide increases in urbanization and industrial 
growth and in the intensification of agriculture-

trend-. t~at, ht turn, imply large increases in water 
pollution in ;nany areas. 

Water Pollution of Urban and Industrial Origin . 
By the year 2000, worldwide urban and indus., 

trial water withdrawals are projected to increase 
by a factor of about 5, reaching 1.8-2.3 trillion 
cubic meters (see Chapter 9). The higher figure 
is almost equal to the total annual runoff of 2.34 
trillion cubic meters from the 50 United States. 
Most of the water withdrawn for urban and in
dustrial use is returned (treated or untreated) to 
streams and rivers. If 90 percent is returned, the 
total combined discharge of water flowing through 
sewers and industrial outfalls by the year 2000 will 
hP. on the order of 1.6-2.1 trillion cubic meters. 

Urban and industrial effluent will be concen
trated in the rivers, bays, and coastal zones near 
the world's largest urban-industrial agglomera
tions. In the developing world-where 2 billion 
additional persons are projected to be living hy 
2000 and where rapid rates of urbanization con
tinue-urban and industrial water pollution will 
become ever more serious because many devel
oping economies will be unable or unwilling to 
afford the additional cost of water treatment. 

Few LDCs have invested heavily in urban and 
industrial waste treatment facilities. As a result 
the waters below many LDC cities are often thick 
with sewage sludge and wastes from pulp and pa· 
per factories, tanneries, slaughterhouses, oil re· 
fineries, chemical plants, and other industries. 
One consequence of this pollution is declining 
fishing yields downstream from LDC cities. For 
example, the inland catch in the eastern province 
of Thailand, 696 tons in 1963, fell to 68 tons by 
1968, and it is thought that water rollution, par
ticularly from Bangkok, was the main cause of 
the decline.m Similar, though less extreme, de
clines have occurred around the world in fresh
water systems, and in bays, lagoons, and estuaries .. 
Frequently the changes arc not measured but be
come apparent with the appearance of cutrophi
cation, poisonous red tides, and the decline of 
inland fishing occupations. 524 

Efforts to control the effects of pollution from 
LDC cities can lead to international disputes. An 
example is the dispute that occurred in 1976 over 
India's :.ithdrawal of water from the Ganges to 
flush out the port of Calcutta during the dry sea
son when the water was needed :n Bangladesh for 
irrigation. m 

The reuse of urban and industrial waste water 
is likely to increase as urban populations expand 
rapidly iu the water-short regions of West Asia 
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and in arid portions of Mexico, Africa, and the 
U.S. Southwest. The use of waste water for irri· 
gation will serve to recycle nutrients that would 
otherwise overload the absorptive capacity of riv
ers; however, a careful management and moni· 
toring will be required to avoid pollution of 
ground-water and human exposure to disease 
pathogens, heavy metals, and other toxic sub
stances. 526 

The use of water as the transport media for 
sewage is being questioned because of its high 
capital requirements, its potential for pollution, 
and its energy intensiveness. Composting toilets 
that avoid the water medium entirely have been 
developed and are being used more widely. 527 

Some water pollution problems are linked di
rectly to air pollutants from urban and industrial 
areas, particularly from emissions of r.ulfur and 
nitrogen oxides from electric power plar.ts burn
ing fossil fuels (see "Acid Rain," above). The 
increased use of coal (a rich source of both sulfur 
and nitrogen oxides) promises a grow~ng contri
bution of acid to rain water and to lakes. There 
is no known, economically practical method for 
controlling NOll emissions. Control of S01 emis
sions from coal is now technologically possible but 
is estimated to increase electricity costs by 6-15 
percent. It seems that the price of "live" lllkes 
will be high.521 

Urbanization and industrial growth, in addition 
to increasing various forms of water pollution, will 
also increase the consumptive uses of water. 
Evaporative cooling for ther:nal-electric gener
ating facilities is one of thr fastest-growing con
sumptive uses of water. 

Large amounts of water are used to remove 
waste heat from thermal-electric (primarily coal 
and nuclear) power plants, but until recently rel· 
atively little of this water has been consumed (i.e., 
evaporated). Until the early 1970s in the U.S. 
most of the waste heat from electricity genera
tion-which amounts to approximately two-thirds 
of the total primary energy input to electrical gen· 
eration•-was dissipated by means of once-through 

• Nuclear plants typically cc,nvert roughly one-third of their 
primary energy input to e~ectricity; the remaining two-thirds 
is usually lost as waste hf:at. Fossil-fuel-fired plants arc only 
slightly more efficient. Over and above these 1osses, trans· 
mission-line losses are sig,1ificant (A.L. Velikanov, Hydrologic 
Problems Stemming frDm Energy Developmenr, U.N. Water 
Conference, Jan. 27, 197'.', p. 6). The large amount of energy 
lost as waste heat is al the heart of some of the most intense 
criticism of energy policies that increase electrical generation 
for end uses that do not necessarily require electricity. Sec, 
for example, Amory 8. Lovins, Soft Energy Paths, Cambridge, 
Mass.: Ballinger, l9n, and Efficienr Use of Energy, American 
Institute of Physics Conference Proceedings no. 25, summa· 
rized In Physics Today, Aug. 1975. 

cooling. With once-through cooHng, large quan
tities of river, lake, or ocean water are pumped 
through condensers and returned to the natural 
water body approximately 10° C warmer. Be
tween 1950 and 1972 annual water withdrawals 
in the U.S. for thermal-electric power plant cool
ing jumped from 50 billion to 275 billion cubic 
meters-2.5 times the average flow (110 billion 
cubic meters) of the lower Mississippi River
surpnssir.g irrigation withdrawals in volume. 519 

Concern for biological and ecologicul damage 
caused by water intakes and by thermal pollution 
in the U.S. resulted in the promulgation in 1974 
of standards for levels of thermal discharge to 
water bodies by power plants, but in 1976 the 
standards were remanded by court order. At pres
ent, thermal pollution has a low priority at the 
Environmental Protection Agency. 530 Thermal 
pollution impacts are numerous and generally del· 
eterious in mid to low latitudes. In high latitudes 
waters are naturally so cold that aquatic life proc
esses are slowed, and in these areas heated dis· 
charges from power plants can stimulate production 
of fish and other organisms. In the tropics, on the 
other hand, where waters are naturally warm and 
many species live near their upper temperature 
tolerance, thermal discharge::. are often lethal. At 
all latitudes increased temperature reduces the 
dissolved oxygen in the water, stressing aquatic 
fauna by speeding metabolic rates while at the 
same time depleting oxygen supplies.!ill Other im
pacts include: 

• Destruction of small organisms such as fish lar
vae and plankton entrained m the cooling water 
intake and poisoned by antifouting biocides. 

• Reduction of fish abundance, biomass, and spe
cies diversity in downstream thermal "plumes.a 

• Synergistic exacerbation of the stresses caused 
most organisms by other factors such as in
creased salinity, biological oxygen demand, and 
toxic substances. 

• Shifting of the balance among algae species to 
favor blue-green algae, which create taste and 
odor problems in municipal water supplies. 

• Sudden changes of temperature during startups 
and shutdowns, causing death of many sensitive 
species.531 

The remanding of the 1974 Environmental Pro
tection Agency r~gulations on thermal pollution 
left U.S. problems of thermal pollution unre
solved. New plants tend to utilize evaporative 
cooling towers rather than once-through cooling 
because of insufficient volumes of water available 
rather than because of ecological considera-
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tions.m As a result, thermal water pollution in 
the U.S. may remain at about 1976 levels, while 
local atmospheric heat and humidity loadings in 
areas around new power plants increase. The U.S. 
Water Resources Council estimates that the con
sumptive use of water by the country's electrical 
generating facilities will increase rapidly (650 per· 
cent between 1975 and 2000).5.w 

The net consumption (i.e .. evaporation) of 
water can also be expected to continue increasing 
elsewhere in the world during the years ahead as 
thermal-electric gem~ration grows and supply con
straints and environmental considerations en
courage shifts away from once-through cooling to 
evaporative cooling towers. A. L. Velikanov has 
estimated for the United Nations that waste heat 
discharged from thermal-electric plants through
out the world in 1973 was sufficient to evaporate 
7-8 cubic kilometers (km3

) of water if cooling tow
ers had been in use everywhere. 535 This estimate 
may be low. European energy specialist Wolf 
Hlifete calculates that if Europe had been using 
cooling towers exclusively in 1974, Europe alone 
wou~d have been evaporating water at an annual 
rate of 16 km3• 536 Hafele expects this consumption 
to reach 30 km3 per year by 2000. Although this 
represents only about 1 percent of Europe's yearly 
runoff of 2800 km3, the additional consumptive 
demand on Europe's water resources would be 
significant. 

Water Pollution of Agricultural Origin 

Extensive pollution from fertilizer runoff can 
be expected, especially in developed, densely 
populated regions, if worldwide fertilizer usage 
increases from 55 kilograms per hectare (kglha)
the average 1971-75 rate-to around 145 kg/ha as 
projected. The U.S. Department of Agriculture 
projects fertilizer application rates in Japan, 
Western Europe, and Eastern Europe to reach 
635, 355, and 440 kg/ha, respectively, by 2000(see 
Table 6-15). • At these application rates it will be 
difficult to avoid at least some increase in the 
nitrogen pollution of water supplies and eutro
phication of bodies of water. 

The LDCs are likely to experience increasing 
water pollution by pesticides, especially chlori
nated hydrocarbon insecticides used in irriga1ed 
rice culture and export crop production. The Food 
and Agriculture Organization expects that pesti
cide usage in the LDCs will grow at 10 percent 
per year for at least the near future. Should this 

• The projection assumes that real energy prices remain c:on-
1tant to 2000; fertilizer projections were not reported for the 
Global 2000 standard case of rising energy prices. 

trend continue until 2000, the volume of pesticides 
used in the LDCs will have increased more than 
sevenfold."' Presently, about half the pesticides 
used in the LDCs are organochlorines, a trend 
that may continue because organochlorines are 
substantially less expensive than the more spe
cific, less destructive and less persistent alterna
tives. 

A sevenfold increase in the use of persistent 
pesticides in Asia would virtually eliminate the 
cultuiing of fish in irrigation canals, rice paddies, 
and ponds fed by irrigation water."' Organochlo· 
rine insecticides continue to collect in aquatic sys
tems years after they have been applied and affe."l 
waters many miles downstream. At moderately 
high concentrations, they kill fish. 539 Already, 
many Asian farmers are reluctant to buy fry for 
their paddies or ponds for fear that pesticide pol· 
lution will kill the stock.540 The amount of protein 
forfeited could be substantial. Per hectare yields 
of fish from well-tended ponds can be as high as 
the per hectare yields of rice. i.e., 2,500 kg/ha 
animal protein vs. 2,500 kg/ha carbohydrate.541 

Cage culture yields are extraordinarily high and 
show great commercial promise in several devel· 
oping countries, as long as waters are not poi
soned by pesticides. Projected pesticide increase 
seriously threatens both freshwater and brackish 
water aquaculture in much of Asia. If pesticide 
trends continue, aquaculture in Latin America 
and Africa will eventually face the sRme threat. 

The protein that fish culture could provide is 
badly needed, especially in the humid tropics 
where aquaculture can thrive. Moreover. while 
alternative forms of producing animal protein 
tend to increase the pressures on already stressed 
soil systems, fish culture places no strain on ter
restrial systems and is complementary to the care· 
ful water management schemes required for 
sustained agricultural production in many parts 
of the humid tropics. The F AO estimates that 
culture of fresh water and marine organisms could 
reach 20-30 million metric tons by 2000-between 
one-third and one-half of the present marine 
catch.s.u Further pesticide pollution will sharply 
diminish this promising prospect. 

Increased pesticide use will also create water 
contamination problems in industrialized nations. 
To cite but one example: California health ofi. 
cials report that they have found dangerous levels 
of a pesticide-dihromochloropropane (DBCP) 
in half of the irrigation and drinking water wells 
they have tested in one of the state's major ag· 
ricultural areas, the San Joaquin valley. The U.S. 
Environmental Protection Agency banned the use 
of DBCP in 1977 on 19 fruit and vegetable crops 
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after tests showed that the pesticide caused ste· 
rility in the workers who manufactured it and 
caused cancers in laboratory animals. Two years 
after the ban, California health officials found res
idues averaging 5 parts per billion (ppb) in the 
wells tested. The State has recommended that all 
wells showing more than 1 ppb of DBCP be closed 
to human consumption. At that level, one case 
of cancer is expected for every 2,500 persons who 
use the wells. Arizona health officials have tested 
18 wells near Yu."'!a and found 6 wells with con· 
centrations of 4.6-18.6 ppb. of DBCP. The En
vironmental Protection Agency has allowed 
continued use of an estimated 10 million pounds 
of DBCP annually in the U.S. on crops such as 
soybeans, citrus fruits, grapes and nuts but is now 
considering restricting this amount. 50 

Other pesticides may not cause as many prob
lems with water. California officials report that 
DBCP is the only pesticide they tested that shows 
a tendency to be absorbed into ground-water. 
Nonetheless, the projected increases in pesticide 
usage will create a variety of water contamination 
problems in the industrialized nations as well as 
in the less developed countries. 

Irrigation will also add large amounts of salt 
contamination to the waters of many areas. su The 
water-use projections reveal that by the year 2000 
between 4,600 and 7 ,000 billion cubic meters of 
water will be withdrawn for irrrigation. Approx
imately 25-30 percent will be retu1 ned to streams 
carrying dissolved salts. In very and areas return 
water is heavily contaminated with salts, concen
trated by high rates of evaporation. 

Salt pollution of arid-zone rivers draining away 
from irrigated lands will ultimately make the riv
ers unfit for further irrigation use in their lower 
reaches, as has already heppened to the Shatt-al
Arab River, in Iraq and the Lower Colorado 
River in the U.S. us The Shatt-al-Arab was formed 
by the Tigris and Euphrates Rivers, whose delta 
soils were once covered with extensive date-palm 
and citrus orchards. 

One remedy-a very costly and energy-inten
sive remedy-for the salt pollution of rivers is to 
desalinate the water. A 104 million gallon per day 
desalting facility will soon be in operation on the 
Lower Colorado River. Now under construction 

·at Yuma, Arizona, this plant will be the largest 
desalting plant in the world, costing over $300 
million. It is needed to fulfill a U.S. agreement 
with Mexico to deliver water in the Colorado 
River with a total dissolved solids content (in
cluding salts) of no more than 115 milligrams per 
liter (mgll). Because of the leaching of salts from 
fields upstream, the dissolved-solids content had 

increased to 850 mg/l and was expected to reach 
1,300 mg/l by 2000. Most plant species cannot 
tolerate water with more than 500 mg/1 of dis· 
solved solids.546 

Water-Related Diseases 
Water related diseases have been an unfortun· 

ate accessory to irrigation systems and dams as 
well as to pollution by human wastes and are vir· 
tually certain to become more prevalent during 
the rest of the century as more of the water en
vironment becomes affected by human activities 
and wastes. · 

A wide variety of water developments can in
crease the incidence of water-related diseases. 
The creation of ponds, reservoirs, and irrigation 
and drainage canals in the course of water re
source development, and the widespread inade
quacy of waste water disposal systems in LDC 
cities, all favor the persistence or spread of a num
ber of su<;h diseases. In recent years new irrigation 
systems and reservoirs in Middle and North Africa 
and West Asia have provided ideal habitats for 
the intermediate snail host of schistosomiasis, 
which has spread dramatically among rural pop
ulations. 547 This debilitating disease of the intes· 
tinal and urinary tract now affects an estimated 
250 million people throughout the world, approx
imately 7 percent of the entire human population. 
In some irrigation-project and reservoir areas, up 
to 80 percent of the population is affected. Mi 

In addition to schistosomasis there are num
bers of other serious water-related diseases. These 
include malaria, filariasis (elephantiasis), and yel
low fever, all of which are transmitted by mos
quitoes. Onchocerciasis, "river blindness" disease, 
is transmitted by flies. Paragonimiasis is a disease 
transmitted by a snail. Poorly managed water re
source development projects, as well as the im
pact of urbanization on aquatic habitats and water 
quality, contribute to the spread of all of these 
diseases. Diseases typical of waste water contam
inated by human feces-cholera, typhoid fever, 
amoebic infections, and bacillary dysentery- can 
become problems anywhere in the world. In 
LDCs today almost 1.5 billion persons are ex
posed to these diseases for lack of safe water sup
plies and human waste disposal facilities. Largely 
for this reason infant deaths resulting from diar
rhea continue at a high rate. Every day 35,000 
infants and children under five years of age die 
throughout the world; most of these deaths occu' 
in LDCs. 549 Schistosomiasis afflicts 200 million 
people in 70 countries and elephantiasis is esti
mated to cripple 250 million more. 551 In parts of 
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Asia where night soil is extensively used as fer
tilizer, roundworm (Ascaris) infections will con
tinue to be a threat because the roundworm's eggs 
are not easily killed. 

Water-related diseases are not limited to coun
tries that cannot afford sewage treatment. In in
dustrialized countries the treatment of city waste 
waters with chlorine present:3 a different kind of 
water-related health problem-the possibility of 
cancer. When chlorine re nets with organic com
pounds in waste water, one of the resulting by
products is chloroform, a carcinogen. Elevated 
rates of fatal gastrointestinal and urinary cancer 
are reported by some scientists in communities 
that utilize water supplies contaminated with chlo
roform. 551 The U.S. National Academy of Sci
ences has recommended that strict criteria be 
applied in setting limits for chloroform in drinking 
water.m 

ExtlnctJon of Freshwater Species 
The International Union for Conservation of 

Nature and Natural Resources notes in the draft 
of its World Conservation Strategy that 274 fresh 
water vertebrate taxa are threatened by extinction 
as a result of habitat destruction. This number is 
larger than the number of similarly threatened 
vertebrate taxa in any other ecosystem group. 5" 

It is not surprising that a large number of fresh
water species are threatened with extinction 
through loss of habitat in view of the major 
changes that are occurring in freshwater systems. 
Damming, pollution, channelization, and siltation 
are causing massive alterations in freshwater eco
systems throughout the world. Fresh water species 
endemic to specific lakes, rivers, or upper reaches 
of river branches are particularly vulnerable be
cause they are often easily extinguished by changes 
in water chemistry (the effects of acid rain for 
example), modific~tion of streambed contours, 
alteration of water temperature, or tile imposition 
of dams that prevent species from reaching their 
spawning g ... ounds. Because of the anticipated in
crease in pollution and in manipulation of fresh
water systems, many of the species now threatened 
may be extinct by 2000, and many now relatively 
common species may be on the way to extinction. 

The trends in freshwater extinctions will be dif
ficult if not impossible to reverse. In many areas 
political and social realities will stand in the way 
of installing expensive pollution control systems, 
of changing dam sites, or of reducing pesticide 
usage or coal combustion in order to save a fish 
or amphibian whose existence may be known to 
only a few people and whose value and impor-

tance may be perceived by fewer still. As a result, 
high rates of extinction among freshwater species 
are expected to continue. 

Conclusion 
Freshwater, once an abundant resource in most 

parts of the world, will become increasingly scarce 
in coming decades for two reasoni;. First, there 
will be greater net consumption, by cooling towers 
and, especially, by irrigaticm so that the total sup
ply will decline. Second, pollution and the impacts 
of hydraulic works will effectively limit the uses 
of freshwater-and therefore, in effect, the sup
ply. The deterioration of river basin catchments, 
especially as a result of deforestation, will increase 
the variability of supply, accelerate erosion, dam
age water development projects, and degrade 
water quality. It seems inevitable that the function 
of streams and rivers as habitat for aquatic life 
will steadily be sacrificed to the diversion of water 
for irrigation, for human consumption, and for 
power production, particularly in the LDCs. 

The 1977 U.N. Water Conference served to fo
cus global attention on the critical problems of 
managing the world's water resources in the com
ing decades. In the LDCs the development of 
water resources for irrigation and power is a key 
to providing for the economic needs of expanding 
populations. At the same time the ecological im
pacts of hydraulic works and of pollution from 
agricultural fields and urban industrial concentra
tions is greatly diminishing the capacity of water 
systems to support fish that are sorely needed to 
supplement meager diets. The lack of safe water 
supplies and of methods for sanitary disp(lsal of 
human waste and waste wa~t;.r means that as many 
as 1.5 billion persons are exposed to focally re
lated disease pathogens in drinking water. These 
problems of water sup~>ly and quality in LDCs are 
so severe as to be matters of survival for millions 
of persons. 

In industrial nations, water supply and quPlity 
will pose more subtle and therefore more complex 
questions of trade-offs and conflicts among users 
(or values) of freshwater. Water resources man
agement in such nations is concerned not with 
human survival but with balancing demands for 
Wl'..ter resources against consirierations of quality· 
of-life. But scarcities and ..:onflicts are becoming 
more acute, and by the year 2000 economic, if not 
human, survival in many industrial regions may 
hinge upon water quality, or water supply, or 
both. 

Perhaps the most underrated aspect of fresh-
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water systems throughout the world is their func· 
tion as aquatic habitat. At some point, high social 
and economic costs will follow the continued ne
glect of the water quality needed to maintain 
ecosystem health. This point may be marked by 
the faHure of fish farms, or by a decline of the 
capacity of streams to accommodate wastes, or by 

the decline or disappearance: of species that may 
possibly be of great future value. Given the crit· 
icality of the other uses of freshwater resources, 
the future integrity of aquatic habitats is by no 
means assured. In fact 1 since aquatic habitats are 
much more difficuit to know and monitor than 
terrestrial ones, it is in serious doubt. 

THE ENERGY PROJECTIONS AND THE ENVIRONM.ENT 

The Projections 
Assuming a S percent annual increase (starting in 1980) in the real price of 
oil, the Department of Energy, projects a growth in demand for commercial 
energy (i.e., energy from fossil fuels and from nuclear and hydro sources) 
of 3.0 percent per year for the 1975-90 period.• Total world commercial 
energy use (energy conversion) is projected to increase about 56 percent in 
15 years-from 246 quadrillion (10 15) Btu to 384 quadrillion Btu in 1990. 

The projected distribution of this increase among energy sources is illus
trated in Table 13-32. The wor' J's dependence on oil increases from 46 to 
47 percent of total energy use. Annual oil consumption is projected to increase 
66 quadrillion Btu (11.4 x 10' barrels), a 58 percent increase in oil use over 
15 years. Coal's share is projected to increase 13 percent; by 1990, 20 percent 
of all the energy used is projected to come from coal. Natural gas usage i~ 
projected to grow by 43 percent, providing 17 percent of the world's com
mercial energy in 1990. Nuclear and hydroelectricity productiont are pro
jected to increase by 226 percent (more than tripling); by 1990 they account 
for about 16 percent of the world's primary energy uses, but (after subtracting 
losses of waste heat) provide only about 6 percent of the world's usable 
energy. Solar energy, other than conservation and hydroelectric, is not pro
jected to be making a significant contribution to the world's energy production 
by 1990. 

The distribution of the increased use of commercial energy forms among 
regions of the world is illustrated in Table 13-33. Energy consumption in the 
United States increases by 41 percent, less rapidly than the 87 percent increase 
in other industrialized countries. The LDCs increase their use of commercial 
energy forms by 64 percent, but because these countries use such a small 
amount of commercial energy now, the 15-year growth adds only one per
centage point to their fraction of the world total. The OPEC countries use 
a relatively small, but rapidly growing (more than 6 percent per year), fraction 
of the world's primary energy. Th~ centrally planned economies increase 
their annual energy use by 34 percent, but their share of the world total 
declines from 31 to 27 percent. Overall, the global use of primary energy 
increases by 56 percent. 

Projected changes in per capita use of primary energy are i111Jstrated in 
Table 13-34. U.S. per capita energy use increases by 27 pero.mt over 15 
years, from 553 percent of the world average to 586 percent. The other 
industrialized countries increase their per capita energy use more rapidly (72 
percent) to reach 325 percent of the world average by 1990. The LDCs 
(including OPEC countries) increase their per capita consumption by 27 

•Because of the complexities of the world energy situation, 
the Department of Energy did not feel its projections could 
be extended beyond 1990. See chapters tO and 20 for further 
details. 

tThe Department of Energy projections lump 1oge1her nuclear 
and hydroelectric generation; most of the increase muat be in 
nuclear generation because most of lhe large undeveloped 
hydroelectric Siles are in the LDCs, and few or these will be 
developed over the next IS years. 
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percent, to reach 19 percent of the world average. (The OPEC countries 
even though their populations are relatively small, account for 36 percent of 
the co~bin~d LDC-OP~C increa~e in energy use.) The centrally planned 
economies mcrease their per capita energy use by 12 percent but decline 
relative to the world average from 97 percent to 90 percent. For the world 
as a wh~le .• per capita annual energy u .. e increases 20 percent from 60 million 
to 72 mdhon Btu. The world average oil consumption in 1990 will be the 
eq~iv~lent of approximately 12 barrels of oil per person per year. The global 
vanat1on ranges from about 73 barrels per person per year in the U.S. to 
about 2.4 barrels per person in the LDCs (including the OPEC countries).• 

Introduction 
The DOE energy projections are based largely 

on an industrialized country perspective. The pro
jections in Tables 13-32, 13-33, and 13-34 focus 
exclusively on what might be termed the com· 
mercial energy sources-oil, coal, natural gas, and 
nuclear and hydro sources-used primarily in in· 
dustrialized economies. Important as these com
mercial energy sources and their environmental 
impacts are, they provide an incomplete picture 
of energy development and use and of environ· 
mental impacts over the next two decades. 

In the less developed countries, noncommer· 
cial, organic fuels-woc.d, crop wastes, charcoal, 
and dung-are collected and burned daily by an 
estimated 1.5 billion persons, approximately 40 
percent of the total human population. These en· 
ergy sources are used extensively throughout rural 

•These projections were made by DOE in 1978, and DOE 
has revised its estimates since. Sec, for example, Nasional 
Energy Plan II, Washington: Department of Energy, May 
1979. 

regions and even in cities, but because of their 
low energy content both per unit weight and per 
unit volume, they are not commonly traded in 
international commerce. Nevertheless, these or
ganic fuels are traded locally and are vitally im· 
portant to the economies in which they are used. 
Furthermore, their use has environmental impli· 
cations of a significance comparable to that of 
commercial energy sources. 

Two other categories of energy need to be men· 
tioned briefly. One might be termed traditional 
sources; the other high-technology sources. The 
traditional sources involve well-established tech· 
niques and technologies for converting solar, 
wind, and water power into useful work. Exam· 
pies include sailing ships, windmills, water mills 
and wheels, hydraulic rams, solar drying and dis· 
tilling, charcoal-fired smelters and forges, and 
human and draft animal power. Not much im
portance has been assigned to these traditional 
sources of energy over the last several decades in 
the industrialized nations until recently, when 
"intermediate" and "appropriate" technologies554 

TABLE 13-32 

Global Primary• Eneqy U1e, 1975 and 1990, by Energy Type 

197S 1990 Avenige 
Percent Annual 

Percent Percent lncreuc Percent 
1011 Btu of Total 1011 Btu• of Total (197.s-90) Increase 

OU 113 46 179 47 58 3.1 
Coal 68 28 77 20 13 0.8 
Natural pa 46 19 66 17 43 2.4 
Nuclear and hydro 19 8' 62 16' 226 7.9 
Sollr (other than conservation 

and hydro)• 

Total 246 100 384 100 56 3.0 

s-r:t: TIMI 1990 llpm 1.11 from the Depaftmellt or Elleta7'• projections bl C111p1er 10 and note b, below. The 1975 fiaurea ror the ce1111a111 plallllCd-.lel
'*oo•B.t11 DOB from K. A. D. lnsliJ, Bl' SIMllllCfll Rmtw of World OU llllllutr7, 1916, Lolldon: Rrlllsh Petroleum Compa111. Uc1 .. 1976; tbc other 1975 fipm art from ·--· • All of lbt nuclear and much or the Clllll prllll&fJ' (I.e ..... enerv 11 UICd 
lllamally to auerate eledridty. In the proceu, 1ppC01lm11ely two-thltdll or tbe 
~ IMfl1 ii loll .a wutc beat. TIMI llpm pw:n be1111111 primary •aero. 

The ClOIMfliolll from Ille DOB projecllonl 111 T.iitc UHi were mldc u folloM: 
OU: IU J( ID' bblldlly J( 365 dip J( 5.1 J( lo' Btllllllll • 179 J( ID' 811.COlll: 
5,424 J( ID' lllort tonllJr J( 14.1 11 ID' Btllllhon ton [DOB flpre fllf world 
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TABLE 13-33 

Regional Distribution of Global Primary Energy Use, 1975 and 1990 

197S Annual Use 1990 Annual Use Averaae 
Percent Annual 

Percent Percent Increase Percent 
1011 Btu of Total 1011 Btu of Total (197.s..90) Increase 

United States 71 29 100 26 41 2.3 
Other industrialized countries 67 27 125 33 87 4.2 
Less developed countries 25 10 41 It 64 3.3 
OPEC countries 6 2 IS 4 ISO 6.1 
Centrally planned economies 77 31 103 27 34 1.9 

World 246 100 384 100 S6 3.0 

Sowa: The 1990 fl,um are from DcpuUnetll of Eneru'• projecdont In Chapter 10. The 1975 llpra fur the centnllJ Planned~ .... 1taut1 bJ DOB ,._ 
K. A. D. ln&la, BP SWQl/cal Rwltw of World OU lndiu"1, 1'116, London: British Pcln>ltum Camf11111, Lid., 1976: the Oilier 1975 flaum IN f"9 DOS'l ll'lft 
lllJIUl)Ct. 

TABLEl3-34 

Per Capita Global Primary Energy Uie, Annually 1975 and 1990 

197S 1990 . 
Aver1ge ' 

Percent of Percent of Percent Annual 
World World Increase Percent 

10' Btu Average 10' Btu Average (1975-90) Jncreue 

United States 332 SS3 422 S86 27 J.6 
Other industrialized countries 136 227 234 325 72 3.6 
Less developed countries• 11 18 . 14 19 27 1.6 
Centrally planned economies S8 97 6S 90 12 0.8 

World 60 100 72 100 20 1.2 

Sowttt: The enersy liprn are from the Department of EMqy (see C!Ypler 10 and Table 13-33). The populatlon llprn were obtained ffOlll thr B11n111 ddllC
(see Ch1p1cr ?). 
• Since popul11ion projections were not made separately fOl lhe OPEC countrln. those eountrln hive been Included lnre In the LDC catqD'IJ. 

began to attract attention. Now these and related 
technologies are being reexamined by many groups, 
including the National Academy of Sciences, and 
it is generally agreed that many traditional tech
nologies and techniques and their modern elab· 
orations (e.g., methane generation) show ~rent 
promise for rural development applications. u A 
major advantage of the modernized traditional 
sources is their small-scale, decentralized nature, 
which allows a wide range of applications espe
cially in poor rural areas. 

The high-technology category of energy sources 
includes a number of technologies now being re· 
searched or undergoing development. There are 
many examples: large-scale synthetic fuel pro
duction from coal, nuclear fusion, nuclear fission 
breeder reactors, hydrogen fuel, solar photovol
taic cells for direct electrical generation, large 
wind turbines for electrical generation, and larr.e 
scala geothermal and ocean thermal energy C(;n· 

version. Most of these high technologies are very 
large-scale apr.roaches to energy supply and are 
beyond the reach of the poorest regions of the 
world. 

In the dfocussion that follows, the environmen· 
tal impact; of the Department of Energy (DOE) 
projections for commercial energy in industrial· 
ized society are considered first. The Brookhaven 
Natior1al Laboratory (BNL), under contract with 
DOE, analyzed the environmental implications 
of the DOE projections, but the analysis, as will 
be explained more fully below, does not provide 
an adequate basis for assessing the environmental 
r.onsequences of future energy developments. 
Jargely because of technological uncertainties. 
Technology is then discussed in terms of the spec· 
trum of alternatives and the various environmen· 
tal consequences implied by th{;·1e alternatives. 
The environmental implications of possible future 
high technologies are not discussed because these 
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technologies are not projected by DOE as making · 
significant contributions to the world's energy 
economy by 1990. 

The environmental impacts of noncommercial 
organic fuels used in the LDCs is considered next, 
together with two "intermediate" or "appropri
ate" technologies that are becoming commercial
ized to a d~gree in some LDCs: methane gas and 
charcoal. Since the DOE projections did not in· 
elude noncommercial energy sources, the discus
sion of organic fuels, charcoal, and methane is 
based largely on projections and estimates devel
oped by the United Nations. 

Commercial Energy in Industrial 
Societies 

The environmental implications of the DOE 
energy projections cannot be analyzed in detail 
for two reasons. First, the analytical tools needed 
for the assessment of the environmental conse· 
quences of even national (let alone global) energy 
projections are still being developed. Second, the 
DOE energy projections for the Global 2000 
Study are not sufficiently detailed to permit the 
full application of even the presently available 
tools for environmental analysis. Consider first 
the limitations in available tools for environmen· 
tal analysis. 

Much has been written, and continues to be 
written, about the environmental aspects of en· 
ergy development. Probably the largest portion 
of this work in the U.S. is being conducted cw 
sponsored by one agency or another of the feder.al 
government.• Most of th~ •malyses and rnf1Jrts 
are highly detailed and lack both the breadfo and 
synthesis required for policy analysi!l ar.J for the 
Global 2000 Study. 

In spite of the large number:; of P,r.1;::rgy-envi· 
ronment studies, the information an.a analytical 
framework needed to systematically, comprehen
sively, and objectively compare the impacts of 

•111e volunie of energy-environment research and analysis 
sponsored by the government is staggering. The Environmen· 
tal Protection Agency has developed a directory just to assist 
government personnel and other interested persons in locating 
the principal government officials involved in lhe program 
("Who's Who in the lnteragency Energy/Environment R&D 
Program," June 1918). In April 1977, the Energy Research 
and Development Administration published a 4-volume In· 
veNory of Ftderal Energy-Related Environmenl 1;nd Safety 
Research for FY 76, totaling approximately l ,500 pages. 

Debate surrounds the energy-environment research egemfa. 
The Depanment ... r Energy has obtained research recommen
dations from c..-insultsnts (e.g., METREK Division of the 
MITRE Corporation International Aspects of .Energy and 1he 
Environmen1: SlatUJ and Remmmendalions:, Apr. 1978). 

alternative energy strategies do not exist. Re
cently, however John P. Holdren has proposed 
a framework for such analysis. 556 The framework, 
in its barest outline, involves the following se
quence: 
1. Identification of the sources of effects on the 

environmen'!, in the form of specific techno
logical systems and activities; 

2. Identification and characterization of the in
puts to the immediate environment that are 
produced by these sources, where "input" is 
taken tf> encompass what is put into, taken out 
of, or done to the surroundings; 

3. Analysis of the pathways by which the inputs 
lead to stresses on the components of the en
vironment at risk; 

4. Characte1ization and quantification of these 
stresses; 

S. Analysis of the responses of the components 
at risk ~o the stresses imposed; 

6. Identification and quantification of the costs 
to human well-being associated with these re· 
spon~es.m 

At present, the six steps of this sequence cannot 
be completed systematically for any nation, let 
alont; for the world. Sources can now be identified 
in tr.;rms of specific technological systems and ac
tMties, but most national (and all global) energy 
r1rojections and scenarios do not provide the basic 
source information in the detail needed for a com
prehensive environmental analysis. Large vol
umes of data of mixed quality on pollution and 
residual inputs into the environment are being 
gathered in "data bases." However, the assem
blini a:nd synthesizing of this data into a coherent, 
rew1ily usable form is proceeding only relatively 
siowly. (Basic environmental input data are now 
being summarized in a large data book 5511 by the 
office of the Assistant Secretary for the Environ
ment, DOE. When complete, this volume will 
provide an important and useful source of data 
on the amounts of pollutants various energy 

Congressional committees and the Council on Environmental 
Quality have developed their own views (see Congressional 
Research Service, "Research and Development Needs to 
Merge Environmental and Energy Objectives," prepared for 
the House Subcommittee on Environment and the Atmos· 
phere, Mar. 1978; and the Council's "Environment and Con
servation and Energy Research and Development: Assessing 
the Adequacy of Federal Programs," Government Printing 
OHice, Sept. 1976). The following two books by INFORM, 
a nonprofit environmental research group in New York City, 
provide an excellent overview of industrial research on new 
energy technologies: Stewan W. Herman and James S. Can
nan, Energy Futures: lndus1ry and the New Technologies, 1976; 
Waller C. Patterson and Richard GriHin, Fluidized-Bed En· 
ergy Technology: Coming 10 a Boil, 1978. 
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TABLE 13-35 
· U.S. Source Documents on ~ Enects of PoUutants 

TI tie 

Air Quality Criteria for Nitmgen Oxidu 
Nllrogttr. Oxldu 
Air Quality Criteria for Hydrocarbons 
Air Quality Criteria for Sulphur Oxides 
Sulfur Oxidu 
Air Quality Criteria/or Photo Chemical Oxidantl 
Ozone and Other Photo Chemical Oxidantl 
Air Quality for Particulate Matter 
Particulate Polycyclic Organic Matter 
Air Quality Criteria for Carbon Monoxitk 
Carbon Monoxide 

Quality Ctittria for Water 
Drinking Water and Health 

Energy and Climate 
Permanent Regulatory Program lmplemenling Section (SOl)(b) of the 

Surface lo'ining Control and Reclamation Act of 1977 
RehabUitan; .. n Potential of Wutem Coal Fields 

17le Environmental Effects of 171ermal Discharges 
Biological Effects of Once· Through Cooling 

Reactor Safety: Assessment of Accident Risks in U.S. Commercial Nuclear 
Power Plants 

17le Risks of Nuclear Power Reacton: A Review of the NRC Reactor Sa/tty 
Study 

Risk Assessment Review Group Report to the U.S. Nuclear Regulatory 
Commission 

Liquefied Energy Gtuu Safety 

The Effects on Population of Exposure to low Levels of Ionizing Radiation 
Radiological Quality of the Environment in the U.S., 1977 
Report of the lnteragency Ta,tk Force on Ionizing ·Radialion 
71ie Effects on Populations of Exposu~ to low Levels of Ionizing radialion 

The Strategic Environmental Assusment System• 

349 

Source• Year 

EPA 1971' 
NAS 1977 
HEW 1970 
HEW DO date 
NAS 1978 
HEW 1970 
NAS 1917 
HEW 1969 
NAS 1972 
HBW 1970 
NAS 1977 
EPA 1976 
NAS 1977 
NAS 1977 

DOI 1979 
NAS 1974 
EPA 1974 
UWAO 1978 

NRC 1975 

ucs 1977 

NRC 1978 
OAO 1978 

NAS 1972 
EPA 1977 
HEW 1978 
NAS 1979 
DOE 1978 

1 111 lhc order In which the 1bbmi1llonl ill'!'CU In the table: U.S. Enri!Ollmental Pro!ectlon A&lllC)': National Academ1 of Sdences: U.S. l>eputmcnl ofllallll, 
l!chlCltloll, and Welfare; U.S. Department of the Interior; UtlHIJ Water ACI OfOUP. Rldunond, Va.; U.S. Nuclear Replal°" Commlalon; Union of C.ollcemedSdealllll, 
Culbrldte. Mast.: U.S. General Accounllnt Office; U.S. Department of Encra. 
• The U.S. Oovemment doc1 !IOI have a model capable of a 1ynthe1l1 of all cncr1y•rcla1cd environmcn1al lmpac:11 alona the linct of Holdren'• 6-ltcp acquencc ~ 
In the 1u1, but the Strate&it Environmental Aueusment Syttcm (SEAS) II 11ted by DOE for i11 cnvlronmen1al analyti1 (see. for cumple. DOE'1 Oflke of the AAbtaftt 
Secretary for Environment, Nati011a/ Entrgy Plan JI. Apptndi.r: Envlronmutat Tnnib ind tmp«u. May 1979. l'· 2). Al111>. there 111.0 lln&lc IOlln:e of dueulllCllll· 
11on for lhe SEAS model. bu1 Rkhard J. Kalashcr cl al. Indicate In a recent DOE·sponsorcd rcpon 1ha1 "documentation on the SEAS mcthodoloo. data buel. llld 
ocher detailed lnformallon on the 1yt1cm" may be found in the 31 rdcrcnc:c1 :i11ed on pa,c 9$ of the rcporl (Nor/Olla/ Envlronmtnt11/ lmpoct ProjtttiOlt No. I.McLean. 
V1.: MITRE Corp .. Dec. 1978). 

sources put into the environment.) Information 
on pathways, strisses, responses, and costs is still 
incomplete and fragmented (see Table 13-35). 
Given the fragmentary information available for 
many of the six steps in the sequence, it fa nvt 
surprising that at present adequate analytical 
model~ do not exist for translating environmental 
inputs from even a national energy projection or 
scenario through the pathways, stresses, and re· 
sponses to the costs to human well-being,• and 

• The model now being used by the Department of Energy
the Strategic Environmental Assessment System (SEAS) 

considering the complexities involved, time will 
be needed to improve the models. 

In view of the present limitations in capabilities 
for the analysis of environmental consequences 
of energy pw,iections, the most that could be 
hoped for ira the; Global 2000 Study's analysis was 
a clear imlication of inputs only-the environ· 
mental inputs from world energy developments 
out to the year 2000. However, even this relatively 

model-1s more Integrated than many national energy models. 
Some results rrom the SEAS model are discussed later in this 
section. 
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modest goal proved impossible for several rea
sons. First, the DOE projections do not extend 
to 2000. Because of technical, political, economic, 
and policy uncertainties (see Chapters 10 and 20 
for further details), the DOE was unable to ex
tend its projections beyond 1990. Second, the 
DOE energy projections are not sufficiently de
tailed to permit anything '::mt the broadest cf en
vironmental assessments. The fraction of coal to 
be strip-mined is not projected; the percent sulfur 
in the coal to be burned is not specified; nuclear 
and hydroelectric generation-technologies with 
quite different environmental effects-are lumped 
together. 

Given the incomplete and tentative nature of 
the energy projections, a detailed and systematic 
environmental analysis could not be t\Xpected. 
However, DOE was asked to provide at least a 
general analysis of the environmental implications 
of its projections, and the Department contracted 
this work to the Brookhaven National Laboratory 
(BNL). 

Environmental Analysis-The Brookhaven 
National Laboratory Projections 

The DOE-BNL environmental projections in· 
clude energy-related air pollutant emissions (car
bon dioxide, carbon monoxide, sulfur dioxide, 
oxides of nitrogen, particulates, and hydrocar
bons), radioactive emissions (tritium, population 
exposure to radiation, and solid high-level waste), 
land-use requirements, and solid-waste genera· 
tion. Unfortunately, the simplifying assumptions 
underlying the DOE-BNL environmental projec
tions severely limit the usefulness of the results. 
Thesr ssumptions are: (1) tilat by 1985 all energy 
facil:.ties throughout the world will be retrofitted 
to meet U.S. new-source performance standards• 
for sulfur dioxide, oxides of nitrogen, particulates, 
and hydrocarbons; and (2) that for other envi
ronmental emissions and effects, emissions per 
fuel unit nroduced and consumed will remain at 
presently estimated values. The DOE-BNL land· 
use and solid-waste estimates pertained only to 
those aspects of the energy system for which DOE 
was able to supply Brookhaven with projections 
(unfortunately this excluded strip-mining). The 
estimates thus give only a partial picture of en· 

• See Cltan Air Act, 42 U.S.C. 1857 et seq. In its Eighth 
Annual Rtport-1977 (p. 26), the Council on Environmental 
Quality writes-<0nccming the 1977 amendments to the Act
that "sections of the Amendments provide a more vigorous 
definition of new-source performance standards requiring per
formance at least as good as that which could be obtained by 
using the 'best technological sy:1tem of continuous emission 
reduction.'" 

ergy-related effects. No base-year (1975) residual 
emission figures could be provided because the 
DOE energy projection~ di,d not include base-year 
figures.• Given these :!ssumptions and limita
tions, the DOE-Bi'lL ts,~ures must be regarded 
at best as lower l:>0unch. on the expected environ· 
mental impacts. 

The DOE-BNL environmental projections are 
presented in Tables 10-16,10-17, and 10-18 of 
Chapter 10 for three cases in which oil prices are 
assumed to remain constant out to 1990. The 
Global 2000 Study's base case- "ii prices increas· 
ing at 5 percent per year startin;,: in 1980-was not 
analyzed. However, the low-gcowth case leads to 
a total world energy consumption similar to that 
in the Global 2000 Study's base case, but the mix 
of technologies is of course different. The DOE
BNL residuals projections for the low-growth case 
are shown in Table 13-36. The DOE-BNL en· 
vironmental projections are discussed in detail in 
Chapter 10 and will not be discussed here. Be· 
cause of fundamental limitations in the DOE
BNL approach, remedial efforts would be insuf
ficient. Another approach is needed. 

Environmental Analysis-Another Approach 
The energy problem has several dimensions-

political, econo1 ~ic, resource, technological, en
vironmental, social-and difficult decisions will 
be required of each nation in each of these areas. 
The basic difficulty in developing projections of 
the environmental consequences of energy de
velopment is that few nations have yet made these 
difficult decisions. As a result, there is much un· 
certainty as to the approaches and technologies 
that will be used. 

In the discussion that follows, the resource and 
economic aspects of the energy problem are ex· 
amined briefly to establish a framework for the 
spectrum of technological alternatives various na
tions are now considering. The environmental 
consequences of the technological options at the 
ends of the spectrum are then discussed and com
pared. This comparison, based on U.S. national 
studies, provides a range of possible environmen
tal consequences. Finally, the comparison is ex
tended globally, with particular attention to 
environmental impacts of energy development 
that could have significant implications for some 
of the other Global 2000 Study projections. 

The Resource Problem. Essentially, the re
source aspects of the commercial energy problem 

• Late in the study, DOE did provide a limited amount or 
base-year data, which have been used in Tables 13-32, 13-33, 
and 13-34. 
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TABLE 13-36 

Projectec1·AnnualEmls.slons: 1985 and 1990, Low-Growth cue• 
European U.S. Less Ccl'ltrally 

OECD and Developed OPEC Planned 
Countries canada Japan Countries Countries Economies World 

198.5 
Carboa dioxide 

(bUlion.r of short ton.r) 4.7!! 6.85 1.Sl 2.57 0.80 7,5j! 24.0 
Carbon monoxide 

(million.r of short ton.r) 22.5 . 13.4 6.68 lS.7 s.so 2l.4 86.1 
Sulfur dioxide 

(millions or short tons) 11.8 13.0 4.S2 7.07 1.33 29.8 67.4 
Oxides of nitrogen 

{milliions of short tons) 13.5' lS.7 4.71 8.21 2.38 19.7 64.1 
Particulates 

(millions of short tons) 6.3 9.02 2.03 6.S6 O.S4 30.6 ss.o 
Hydrocarbons 

(millions of short ton.r) 2.S6 1.84 0.79 1.73 O.S9 2.99 10.S 
Land USC 

(millions of acres) 13.7 18.7 3.37 11.9 0.004 IS.I 61.2 
Solid wastes 

(mil.tons of shr.rt ton.r) 80.1 218 7.43 4S.6 o.ss 149 soo 
Tritium 

(thousands of curiu) 103 142 22.9 34.6 3.64 47.9 354 
Population exposure 

(thousands of man·nms) 3.98 S.44 0.88 t.33 0.14 . 1.84 13.6 
SGlid high-level wutes 

(billion.r of curiu) 11.0 lS.t :?.44 3.69 0.39 S.10 37.6 

19'0 
Carbon dioxide 

(billion.r of short tons) S.20 7.31 1.62 3.0S 0.97 8.42 26.6 
Carbon monoxide 

(millions of short ton.r) 26.2 13.1 8.44 19.6 6.96 2S.O 99.2 
Sulfur dioxide 

(million.r of short tom) 12.7 13.8 4.68 8.42 t.S6 33.4 74.6 
Oxides or nitrogen 

(millions of short ton.r) 14.8 16.2 4.44 9.74 2.88 22.0 70.7 
Particulates 

(million.r of short ton.r) .6.66 9.73 2.lS 7.81 0.63 34.2 61.2 
Hydrocarbons us· 0.38 (millions of short ton.r) 2.94 2.14 0.73 3.3S' 12.0 
Land use 

(millions of acres) · lS.7 21.6 !'fl 4.43 lS.7 0.007 2h6 79.0 
Solid waste · 

(million.r of short tons) 7S.1 243 7.49 S0.2 1.~ 168 S4S 
Tritium 

(thousands of curies) 178 . 214 42.4 74.6 12.0 118 639 
Population exposure 

(thousands of man·rems) 6.83 8.23 1.63 2.87 0.46 4.53 24.6 
Solid high-level wastes 

( billion.r of curies) 18.9 22.9 4.S2 7.9S 1.28 12.6 68.1 

Sollttt: Department of Energy-Brookhaven N11ional Labofalory projcctiOlll. 
•The lmpon1n1 auump1ions behind the liavrc:a In 1his lable are discussed briefly In the tut of Ibis chapter and. more fully. In Cltapcer IO. 

facing the world is that convenient, easily trans- While there is still uncertainty and debate over 
ported, relatively clean-burning petroleum and how much oil will ultimately be recovered, esti-
natural gas resources are being derleted. As thest. mates are becoming more refined. The lack of 
resources become increasingly Sl'~rce, a transition consensus on estimates of ultimately recoverable 
to other forms of energy must be made. How conventional worhJ oil re5ources stems (1) from 
quickly the transition must be made depends upon several economic, technical, and geologic uncer-
how much oil will ultimately be recovered and tainties that are not likely to be resolved soon, 
how rapidly the oil is used. and (2) from a failure to fully utilize existing public 

:;'JI 
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Flpre 13-10. Distribution and present production of ultimately recoverable ;-onven· 
tional cru~e oil resources of the world. Shaded areas represent cumulative prodt1ction 
to date. (M. King Hubbtrt, in Congmsional Rutarch Strvict, Project lnterdepc:id· 
ence: U.S. and World Energy Outlook Through 1990, Washington, 1977, p. 644) 

information about world oil resources. A recent 
report prepared for the Central Intelligence Agency 
by Richard Nehring of the Rand Corporation pro
vides a detailed, publicly available description of 
the known recoverable crude oil resources of the 
world and an explicitly reasoned estimated range 
of ultimatell recoverable conventional c:ude oil 
resources. 55 

The Nehring report focuses on the relatively 
small number of giant oil fields, d~fined as fields 
having an ultimate recovery of 500 million barrels 
or more. These giant oil fields contain more than 
75 percent of the known recoverable oil resources 
of the world. Their comprehensive examination 
provides an efficient means of assessing world oil 
resources. 

After a lengthy and detailed analysis, Nehring 
concludes560 that thr ultimate recoverable con
ventional crude oii resources of the world are 
somewhere between 1,700 and 2,300 billion bar
rels.• Nehrings "best estimate" of the ultimately 

• These figures were estimated prior to the recent reports of 
a major oil province in Mexico. The Mexican find, therefore, 
may be considered to be one of "the two to four major oil 
provinces" that Nehring expects to be discovered and devel· 
oped. The Muican find is large, probably on the order of S0-
60 billion barrels of petroleum (as opposed to "oil equiva-

recoverable conventional crude oil resources of 
the world (i.e., the middle of his range) is 2,000 
billion barrels. The global distribution of this re
source is illustrated in Figure 13-10, in which the 
shaded areas indicate the fractions of the ulti
mately recoverable crude oil resourc:is that have 
already been produced. The United ~Lates has 
produced the largest fraction of its crude oil re
s·ources (approximately 50 percent); Canada, 
Mexico, and Western Europe have produced rel
atively small fractions of theirs. 

How fast will the world's crude oil resources be 
r.onsumed? This question cannot be answered 
with precision. As Ne:uing notes, the future de
pletion rate will depend on (1) the production 
policies of OPEC, (2) the development of tech· 
nology for offshore Arctic and deepwater expl'l
ration and production, and (3) the existence of 
the necessary economic incentives to producers 
and refiners. However, it is possible to estimate 
roughly how long the world's crude oil resonrces 
will last. 

I~ •t"). This amount is roughly equal to 10 percent or the 
~ . __ "leum ultimately recoverable in the Middle East or 50 
percent of the oil yet to '>e produced in the United States-or 
about 3 percent of the ultimately recoverable crude oil re· 
sources of the world. 
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YEARS 

Flpre 13-11. Possible production rate curves for the world's ultimately recoverable 
crude oil resources. (M. King Hubbf1n In Congrwlo1141 Rt.starth Strvke, ·Project 
Interdependence: U.S. and World Enr:rgy Outlook Through 1990, Washington, 1917, 
p. 642) 

The production rate curve for any finite rn
source-including crude oi>-has a bell shape. 
The production iate starts at zero when the re
source was first tapped. The curve then rises as 
the production rate increases. Ultimately, the 
curve must peak and return to zero as the oH 
resource is exhaust~d. On such a curve, a stetlp 
rise in the real costs 0f discov~ry and productit•n 
can be anticipated. The t0t~I area under the curv1'! 
must equal the total oil ultimately economicall) 
recoverable. 561 

Using 2,000 billion barrels (Nehring's best es
timate) for ·;e ultimately recoverable resource, 
Pigure 13-1 , llustrates two possiblf: shapes of the 
future crude oil prorluction rate curve for the 
world. In bo.h case.s, the total area under the 
curves is equf'.i to the total ultimately recoverable 
conventional crude oil resourc~ c1f the world 
(2,000 billion barrels), and the initial portion of 
the curves corresponds to historic experience. The 
symmetric curve rises to a peak about 1990, de
clining thereaiter. The second curve shows that 
if petroleum production were held at about 1975 
rates, the declin!: in production co1Jld be post
ponett for abvut two decades. The symmetric 
curve assume!i that 80 percent of the world's ~C:t?! 
ultimately recoverable conventional resources arc 
consumed rJver a 58-year period; with production 

limited to the 1975 rate, 80 percent of the re· 
sources .ue consumed over an 81-year period. 

The r~source aspect of the world's commercial 
energy problem is, in esseni:e, that crude oil (and 
natural gas) cannot continue to grow at historical 
rate~. figure 13-12 illustrates the problem for 
crude oil. The rapidi3• rising curve continues the 
growth trend experie•.tr.ed in the 1950s, 60s, and 
early 70$. The lower curve is the symmetric pro
duction curve (from Fi6. 13-11) for the world's 
ultimately recoverable conventional crude oil re
sources. The rapidly growing gap is an indication 
of the resource aspect of the world's commercial 
ener~y problem. 

1he Economic Problem. The economic aspect 
Jf the world's comme1cial energy problem stems 
largely from the observationsu that GNP and en
ergy growth have been correlated in the past, as 
illustrated in Figure 13-13 for the U.S. 11te con· 
cern is that (1) if GNP meas1...es social welfare 
and (2) if growth in GNP is both correlated with 
and caused by energy growth, reduced energy 
growth would necessarily affect social welfare ad
versely. However, there are many r~asons to 
doubt these two suppositions. It is well known 
that GNP is not an adt.;quate or satisfactory meas
ure of social welfare. Furthermore, there is wide 
variation among nations and regions in the amount 
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Cruc:N oil c~tlon rote 
projtcted from octuol growth 
O'tll" tM 1950·7.5 period, -

Plp!I 13-12. Gtologically estimated global crude oil 
production rates compared with consumption rates pro
jected from actual growth over the 1950-'i~ period. The 
production curve i1 from Figure 13-ll; the consumption 
curve is projected from historic consumption rates over 
the 1900-75 period. 

of GNP (and welfare) produced per unit of energy 
used," and the hypoth,.sized causal linkages be
tweer. c:nergy use end GNP (and welfare) are 
clearly subject to varying degrees,.~ efficiency. 563 

• A study prepared by the MITRE Corporation for the De· 
partment of Energy (Richard J. Kalagher et al., "National 
Environmental Projection No. l ," Dec. 1978, p. 83) forecasts 
that by 199() the U.S. economy will generate $19 billion of 
ONPpcrquad (to 11 8tu)ofenergysupply, up about 19 pcrcc.nt 
from the 1975 performance of $16 billion GNP per quad of 
et ~ti;y supply. 

Since GNP figures include the value of services 
performed in cleaning up the environment as well 
as economic activities that create pollution, social 
welfare could actua!ly increase as a result of re· 
duced GNP, at least to the extent that more ef· 
ficient use of energy could reduce the polluting 
componen! of GNP without reducmg the bene
ficial component.• While all of the future con
sequences are still not entirely clear, the social, 
economic, and environmental consequences of 
alternative energy paths are important consider
ations in projecting an energy future. 

The Technological Options. There are many 
ideas as to how the United States and other na· 
tions might best respond to the resource and eco
nomic aspects of the world energy problem. The 
moi..L widely discussed ideas are basl!d on the use 
of increased amounts of energy derived from five 
primary energy sources: coal, oil, natural gas, 
nuclear fission, and solar. Increased use of each 
of these primary sources has environmental im· 
pacts. These impacts are d~scribed briefly in the 
following paragraphs. 

• Coal production and use involve serious en
:1ironmental problems, most of which can be lim· 
ited through control m,~asures. 

Worker health and safety is a special concern 
with coal. Coal mining is a hazardous occupation, 
even when c?.rcful attention is given to maintain
ing a safe and healthy workplace. Without such 
attention, ftequent accidents and a high incidence 
of black-lung disease would be the 11orm. 

Adverse land and water impacts are also a 
prime concern. Without proper controls, surface 
mines can lead to large-scale land disruptions. 
Natural habitats can be largely destroyed, and 
farmlands can be rendered unproductive. The 
physiological and ecological charactec of the af
fected regions can be markedly changed. Land 
subsidence is a common occurrence with deep 
mines. Water pollution, especially acid mine 
drainage, is associated with both surface and un
derground mines. 

·vrithnut adequate controls, coal combustion 
crin release considerable amounts of air pollu
tants, inclurling sulfur dioxide, nitrogen oxides, 
partic\'la'tes, and trace metals. These pollutants 

• Further support for this point is provided by the forthcoming 
report of the Demand and Conservation Panel of the National 
Academy of Sciences' Committee on Nuclear and Alternative 
Energy Systems (discussed in part in "U.S. Energy Demand: 
Some Low Energy Futures," Sciencr, Apr. 14, 1978, pp. 142-
52), and in the report of .:.e Energy Project at the Harvard 
Business School (Robert Stogaugh and David Yergin, eds., 
Energy Future, New York: Random House, 1979). 
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Flavre 13-13. Hlstorical 1rov1th of GNP and commercial energy use In the United States, ISS0.1976. (U.S. 
Statistkal Abstracts) 

can !produce health or ecological concer.u on a 
loca~, regional, national, and sometimes even in
ternational scale. 

The ecological effects associated with acid rains 
have only recently become of widespread con· 
cern. The combustion of coal and other fossil fuels 
prod•tces oxides of sulfur and nitrogen that acidify 
rain over wide areas. (The acid rain problem is 
discussed extensively in the water section of this 
chapter.) 

The combustion of coat and other fossil fuels 
releases carbon dioxide, contributing to the prob· 
lem of its accumulation in the atmosphere. Global 
atmosphere C02 levels have already increased by 
about 10 percent above pre-industrial concentra· 
tions. The global consequences of continued col 
buildup are not well understood, but there is con· 
cern that a gradual, irreversible, and potentially 
dangerous change in the world's climate could 
occur over the next century as a result of the 
"greenhouse effect." (The COl problem is dis· 
cussed extensively in the climate section of this 
chapter.) 

• Oil produces environmental impacts that are 
both similar to and different from those produced 

by coal. The environmental impacts associated 
with the combustion of oil and coal are generally 
similar, but on a per unit energy basis tend to be 
less severe with oil. The comparison, however, is 
not completely straightforward because some of 
the impacts are not fully commensurable. (The 
problem of comparability becomes more acute 
with energy sources that are even more dissimi
lar-e.g., coal versus nuclear energy.) 

The most prominent generic l'.nvironmenta' dif
ference between coal and oil concern production 
and transportation. The problems of production 
and transportation of oil include the likely dis
ruption of some pristine areas (such as the arctic 
and antarctic regions), the possibility of blowouts 
during the exploration and drilling phases, and 
the likelihood of major spills due to trart"portation 
accidents. Ocean transportation by supertanker 
is of particular concern. Over the last decade, 
large oil spills fmm supertankers have become a 
global problem. Chronic oil pollution from many 
sources, land- and marine-based, ::.lso remains a 
serious concern. 

• Natural gas produces substantially less air 
pollution per unit of energy than eUher oil or coal. 
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Being gaseous under normal conditions, it poses 
less risks to land and water during overland trans
port. Natural gas, however, is increasingly being 
liquefied and transported via ocean tankers. In 
the event of a serious accident near a major pop
ulation center, a tanker filled with highly volatile 
liquefied natural gas poses the risk of a disastrous 
fire or explosion. 

• Nuclear energy raises a set of environmental 
concerns that are largely different from those as
sociated with fossil fuels. I."~1.:~trical energy gen
eration at a nuclear power plant does not, for 
example, directly produce conventional air pol
lution. Also, due to the comparatively high energy 
content of uranium ores that are presently avail
able, much less land is disrupted to produce a unit 
of energy from r ·anium than from coal. 

Nuclear power, however, does have several im
portant societal and environmental problems as
sociated with its widespread use. These include 
concerns related to reactor safety, nuclear waste 
disposal, and international security. 

Nuclear reactor safety is a continuing issue. The 
possibility of a truly catastrophic accident, in
volving a reactor meltdown that releases consid
erable amounts of radiation and could lead 
potentially to thousands of deaths and billions of 
dollars of property damage, has been a concern 
since the beginning of the technology. Elaborate 
safety measures with several levels of redundancy 
have been develop.:d to prevent such an event. 
Even though the likelihood of a major accident 
at a carefully designed, maintained, and managed 
reactor is small, its precise value is uncertain and 
nonzero. The actual degree of risks under various 
conditions of design, maintenance, and manage
ment continues to be the subject of intensive anal· 
ysis. Needless to say, if nuclear power plants are 
not subject to careful design, maintenance, and 
management, these facilities pose far greater risks 
to public heaith and welfare. 

The total global amounts of nuclear waste gen
erated by reactor operations have grown steadily. 
Nur.•~ar waste products are toxic, highly radio
ar·,"d, and long-lived. Some of the radioactive 
~ ... ..1,opes in nuclear wastes remain dangerously 
radioactive for hundreds of thousands of years, 
a period many times longer than recorded history. 
Safe disposal will require extended containment 
in sites that are stable over geological periods of 
time. Many disposal techniques have been pro
posed but none has yet been established as fully 
satisfactory. Research aimed at resolving this 
problem must receive greater attention than in 
the past. 

Nuclear power may also increase the risk to 
world security, both through the possibility of 
added wlnerability to terrorist actions and through 
its potential for accelerating the proliferation of 
nuclear weapons. Acts of vandalism and sabotage 
to nuclear power plants have been reported in 
several countries. While no radioactive releases 
due to such attacks have been reported so far, this 
possibility remains a serious concern. Nuclear 
power may also accelerate weapons proliferation. 
The spread ofsensitive facilities (e.g., enrichment 
and reprocessing plants) can result in direct access 
to weapons-usable materials. To date, the tech
nology for enriching uranium and separating p'u
tonium from spent fuel has been tightly controlltd 
and limited almost exclusively to those nations 
already possessing nuclear weapons. However, 
this situation may change in the future if more 
nations seek to a~quire enrichment and reproc
esf ng facilities. The widespread use of plutonium 
art."! highly enriched uranium would increase the 
availability of both, and thereby also increase the 
risk of further proliferation of nuclear weapons 
throughout the world while offering no substantial 
advantage over the continued use of low-enriched 
uranium in the nuclear energy facilities of those 
nations that do not now have nuclear weapons. 
Furthermore, a substantial disadvantage could 
occur in that a proliferation of nucleal' weapons 
capability would diminish world security and in 
turn threaten the energy security of all nations. 

• Solar energy is available in several forms, in
cluding hydropower, wind power, organic mate
rial (biomass), ocean thermal energy conversion, 
and direct sunlight. Its environmental problems 
vary markedly both in kir1d and in degree from 
one technology to another. Even for a given tech
nology, the environmental implications depend 
on the scale of the facility and on site-specific 
factors. 

Hydro facilities that generate electricity usually 
generate from a few kilowatts to thousands of 
megawatts. Environmental concerns associated 
with hydropower include the disruption of river 
flows and aquatic life, flooding of land and wet· 
land habitats, potential public health problems 
related to ecosystem changes, and possible long
term effects on agricultural production at those 
locations where the reservoir is used for irrigation. 

Energy production via large and small wind sys
tems also raises a number of minor but conse· 
quential environmental concerns. These include 
safety problems associated with blade or tower 
failure, worker and neighborhood exposure to 



ENVIRONMENT PROJEcrtONS 357 

noise, electromagnetic interference, and wir.:dmill 
aesthetics. · 

The potential environmental problems associ· 
ated with increased reliance on biomass could be 
severe. As noted elsewhere in this Study, LDCs 
have been particularly subject to the overuse of 
biomass for basic energy needs. The problems in 
some LDCs include widespread deforestation and 
the loss of essential nutrients due to the use of 
animal wastes to meet domestic energy require· 
ments. These problems are already very critical 
in some countries and may become even more 
critical in the future. 

By comparison, the use of bioenergy in indus
~rialized countries appears to pose problems of 
considerably smaller magnitude. These include 
the possibility of small- to moderate-scale ecolog
ical effect<: due to the development of intensive 
biomass ·'farms," air pollution associated with the 
incr~~ed use of fuelwood, and air and water pol
ludon associated with the production of liquid or 
gaseous fuels from biomass. 

Ocean thermal en<'rgy conversion (OTEC) sys
tems pose severa~ environmental problems (see 
"The Projections and the Marine Environment" 
above), whose nature, magnitude, and effects are 
still somewhat uncertain. Three unexplored areas 
provide the source of this uncertainty. First, the 
technology is evolving rapidly and is subject to 
substantial modifications. Second, the specific 
nature of the impact of OTEC facilities in an 
ocean environment is not well understood. Third, 
the aggregate environmental impact of an OTEC 
"farm" is unknown. The most important concerns 
identified so far include: the need to avoid ecology 
sensitive areas by proper site selection; displace
ment of c:ufficient oceanic water to alter the tem· 
perature and chemical characteristics of the marine 
environment; entrainment and possible destruc
tion of marine organisms; and corrosion of me· 
tallic surfaces, which could lead to the buildup of 
toxic substances in the marine food chain. 

The potential methods of harnessing direct so· 
lar radiation range from large-scale electrical gen
erating ins~allations to small-scale applications for 
home space heating, hot water, and electricity. 
The vast majority of the applications appear to 
be relatively bf'nign environmentally. Most of the 
environmental impacts are typically associated 
with the production of equipment rather than op
eration. Large-scale solar "power towers" and 
solar cells in space to generate microwave power 
beamed to earth are possible exceptions. Ongcing 
research is aimed at the better identification of 
the environmental effects associated with these 
and other systems. 

Given these primary sources of energy-coal, 
oil, natural gas, nuclear fission and solar-there 
are a wide spectrum of mixes under consideration 
by nations around the world as possible solutions 
to their energy problems. The spectrum ranges 
from heavy dependence on nuclear energy and 
nonrenewable fossil fuels (especially coal) with 
mi'limal attention to the productMty and effi
ciency of energy use on the one hand, to heavy 
emphasis of renewable resourcel: (especially the 
various forms of solar energy), increased produc
tiviiy (i.e., end-use conservation), and increased 
efficiency in the energy secto~ \te., thermody
namic matching of energy source to end-'!Jse re
quirements•) on the other. These two extremes 
of the solution spectrum are now widely refer
enced to as the "hard" and the "soft" paths. SM 

The hard path/soft path dichotomy is a conve
nient means of capsulizing the range of environ
mental impacts that may be expected from energy 
development in the decade ahead. While both the 
hard path and the soft path h&ve environmental 
impacts, their relative difference in emphasis on 
conservation, productivity, efficiency and renew· 
able/nonrenewable sources leads to very different 
environmental impacts. For a time, the most com· 
plete comparisons of hard and soft path ~: .1.marios 
were provided 21 the writings of Amory Lovins"' 
and his critics, but a number of additional stud
ies are now available. Most of the new studies are 
not strictly hard path or soft path studies, but are 
definitely closer to one end of the spectrum or the 
other. The discussion that follows relates these 
studies to the hard ar.d soft path concepts and 
compares environme:ltal consequences. Finally, 
the range of energy-related environmental im
pacts that might be experienced globaUy in 2000 
is considered briefly in light of the comparison. 

The Hard Path 
Studies of hard path options abound. The dis· 

cussion here is limited to two. The first is the work 
of the World Energy Conference (WEC), which 

• The degree to which the energy industiy requires primary 
energy to deliver end·use energy for the nuds of society is 
illustrated by the example of converting coal to another form 
of energy, namely electricity. If three lumps of coal are burned 
in a thermal power plant to generate electricity, tht tMtfY 
stctor of tht tconomy lose.f the tntrgy from two lumps of coal 
o.r wastt htat. Similar losses occur in the conversion of coal to 
synthetic fuels. Such inefficiencies in the energy sedor can be 
minimized by matching thermodynamically the quality of the 
.~nergy delivered to the quality of the energy needed for the 
p~rformancc of particular end uses. 
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provides what is probably the most complete 
global hard path scenario yet developed. but has 
only a very limited environmental analysis.• The 
second is U.S. national energy scenario developed 
by the U.S. Department of Energy. The environ
mental implications of the DOE scenario have 
been analyzed much more fully than the WEC 
scenario. 

The World Energy Conference Study. The rel
atively hard path scenarios developed by the 
WEC anticipate significant growth in both coal 
and nuclear. The WEC analysis,t noting that ul
timately production regulates demand, projects 
potential world primary energy production in 2000 
at 690 exajoules (EJ).§ The potential production 
mix is as follows: coal, 170 EJ; oil, 195 EJ; gas, 
143 EJ; nuclear, 88 EJ; hydraulic, 34 EJ; uncon
ventional oil and gas, 4 EJ; renewable solar, 
geothermal, and biomass, 56 EJ. 567 

The WEC presents a range of energy demand 
projections for 2000. All of the projections are 
based on assumed rates of economic growth and 
assumed elasticities of energy use relative to in· 
come and price. High growth ("H") cases and low 
growth {"L") cases were developed using the fol
lowing assumed annual economic growth rates: 

Cemral/y Less 
OECD Planned Developed 
Na1ions Economies Countries World 

Hi8h growth 3.7 4.5 5.3 4.1 
Low growth 2.8 3.2 J.8 3.0 

The income and price elasticities vary from case 
to case. The hiHh·growth case H3 includes only 
the impact of a significant price response and re
sults in a demand of about 680 EJ (646 quad) in 
2000-an increase of a factor of two over energy 
use in 1972 (the study's base year). The HS scen
ario includes not only the high price response, but 
also oil utilization constraints and vigorous con
servation measur~. which exceed the normally 
expected consumer response to higher energy 
prices. The HS assumptio;· ; result in a demand 
of about 560 EJ (532 quad) in 2000-an increase 
of about a facto1r of 1.7 over 1972 use. The low
growth case L4 assumes a high price response, 
further oil constraints, further conservation meas-

• The scenarios developed by Workshop on Al1crnalivc En· 
crgy Strategics (WAe.i) might also have been considered here, 
but they excll.'dc nations having cen~rally planned economics 
and have no mor-= environmental analysis than the WECwork. 
t The WEC projections extend to 2020, but to facililate com· 
parison with other figures in this report, the WEC figures 
presented here are the ones for 2000. 
I l EJ • 10" joules • 0.95 x 1011 Btu • 0.9S quad. 

ures, and the use of oil primarily for premium 
uses. The L4 assumptions result in a demand of 
about 520 EJ ( 494 quadl;-an increase of about 
1.5 times over 1972 use. 

The World Energy Conference's consider1:1tion 
of environmental constraints is confined to one 
page in its current work. 5ff This brief discussicn 
recalls for the reader the assumption in the WEC 
analysis that current environmental and antipol
lution standards will remain unchanged. The dis· 
cussion continues by noting that of course standards 
will change; and because "in the case of an emer
gency an ample supply of energy is given a higher 
priority than at least the more marginal concern 
for the environment, ... we believe that proi:;..~r 
measures to prevent energy shortages should fo1rn 
a part of a comprehensive and responsible envi
ronmental policy." 570 

The WEC environmental assessment continues, 
"It is often said that the least-polluting joule is 
the one never produced. This is not necessarily 
true. In fact many antipollution measures, adopted, 
or proposed, re~uire the use of more energy 
rather than less. 1 

The WEC concludes its environmental discus
sion with a call for more environmental analysis. 
It should be noted that environmental consider
ations are one of the three major topics on the 
program of the next WEC conference. su 

The DOE hard path scenario. The Department 
of Energy recently cc.ntracted with the MITRE 
Corporation to analyze the environmental impli· 
cations of a DOE scenario that lies close to the 
hard end of the spectrum of energy paths. The 
scenario, known as Projection Series C, is one of 
a set dev~loped by DOE's Energy Information 
Administi .. ~ion and reported in the Administra
tion's ann•,al report. 573 In Table 13-37, Projection 
Series c• is compared with the original definition 
of the hard path. While there is a close corre
spondence between the scenario and the defini
tion, this is not the "hardest" of the scenarios 
being considered by DOE. The DOE-sponsored 
MITRE analysis 574 describes this scenario as a 
"business-as-usual" scenario, characterizing "a 
middle range of energy futures likely to result if 

•since the above was written, DOE has puulish!'!d a si'llilar 
environmental analysis of National Energy Plan II (N': ; 11). 
'lbc NEP-11 scenario for low-priced oil ($21/bbl Jn 21.ii:;; is 
based on the idcnlical average annual growth rate in primary 
energy convcrsion-2.82 percent per year. The NEP-11 scen
ario for high·pria:d oil ($38/bbl in 2000) has a slightly slower 
average annual growth ralc in primary energy convcrsion-
2.60 pera.nt per year. 
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policies in existence prior to the passage of the 
National Energy Act• are continued. 

The DOE-MI"~'RE analysis of Projection Series 
C is based on present and anticipated '!nviron
mental regulations, many of which are uncler at
tack or in question. Among these regulations, the 
air and water quality regulations are particularly 
import:-nt. t 

Based on these and other assumptions, the 
DOE-MITRE report presents a mixed and incom· 
plete picture through 1990 of the U.S. environ
mental future implied by the Projection Series C 

•Deregulation provided for in the National Energy Act will 
graduall}' raise the cost of domestic oil and gas to world price 
levels, but will not significantly alter the basic strategy char
acteristic of Projection Scric:s C. 
tThc MITRE analysis (pp. 19, 59-60) describes its assumptions 
about these regulations as follows: 

'"lbc 1970 Clean Air Act Amendments to the Air Quality 
Act of 1967 ('Clean Air Act') provide the legislative basis for 
most environmental regulations and assumptions used in this 
section of the report. The Clean Air Act stipulated that the 
federal government set National Ambirnt Air Quality Stand· 
ards (NAAQS) for five pollutants: total suspended particu
lates, sulfur dioxide, nitrogen dioxide, hydrocarbons, and 
carbon monoxide. Each stall\ was then required to develop 
and submit a State Implementation Plan (SIP) io the Envi· 
ronmcntal Protection Agency (EPA) Administrator. The SIP 
specifies strategics to achieve the level of nir quality established 
by the N AAQS for individual polluting categories in all regions 
of the state. EPA also set New Source Performance Standards 
(NSPS) for selected industrial categories. Compliance with 
both the SIP and NSPS is assumed in the rnvironmental fore· 
casts of this report, although full compliance with Sir ~!and· 
ard~ !~not assumed until 1985. It is assumed !hat new sources 
coming on line if~er 1975 meet EPA 's origin!ll NSPS •tandards 
until the revised NSPS regulations of the Clean Air Act 
Amendments of 1977 become effective. 

" ... The revised NSPS regulations require th.: use of the 
'Best Available Control Technology' (BACT) for new major 
emitting facilities. This BA.CT requirement has been simulated 
for new coal· fired electric utilities (projected 10 be operational 
in 1984 or later) and new industrial boilers (initiated in 1981) 
or later) .... 

"Title II of the Clean Air Act (as amended in August 1977) 
specifics emission limits (in grams of pollutant per vt.hicle mile 
traveled over the lifetime of a vehicle) for mobile pollution 
sources. These emission limits have been translated by EPA 
into emission factors (also expressed in grams per mile) which 
account for incr~asing pollutant ..... lssions as the vehicle ages. 
In several cases, the cmissior1 factors for new vehicles arc lower 
than the emission limits s1:t because increasing emissions due 
to vehicle deterioration arc accounted for by increasing emis
sion factors over time .... The Federal Water Polbtii>n Con· 
trot Act stipulated that the Environmental Protection Agency 
(EPA) develop industry-specific guidelines limiting rclca&es 
of major pollutants .... The effluent limitations dcvclo<JCd 
by EPA set two levels of guidelines: 'Be~t Practicable "fcch· 
nology' (BP'I) currently available, to be met by July 1, 1977; 
.lnd 'Best Available Technology' (BAT) economically achicv· 
able, to be met by July 1, 1983. This DOE-MITRE study 
assumc:i that 100 percent industrial compliance with BPT 
standards will be ach!cved in 1979, and with BAT standards 
by 1985." 

hard path scenario. The treatment of air pollution 
covers most of major energy related pollutants: 
sulfur oxides, hydrocarbons, carbon monoxide, 
nitrogen oxides, hydrocarbons and particulates, 
but omits carbon dioxide.• The discussion of 
water pollution covers total dissolved solids and 
nitrogen discharges. Water consumption is pro
jected, but n<' indications of land disruption and 
loss by mining (especially coal strip-miniug and 
uranium mining) are provided. Solid wastes (es· 
pecially scrubber sludge and ash) are projected, 
but nuclear wastes and radiation associated with 
the nuclear fuel cycle are not. Despite its limita· 
tions, this is one of the broadest and most com
plete environmental assessments yet provided by 
DOE in its energy scenarios and strategies. t The 
principal findings are exerpted briefly helow. 

According to the DOE-MITRE report, the en· 

• The major importan-:e of carbon dioxide to the formulation 
of cn:rgy policy is discussed in a recent report sent by four 
scientists to the Council on Environmental Quality (George 
M. Woodwcll, Gordon J. MacDonald, Roger Revelle, and C. 
David Keeling, "The Carbon Dioxide Problem: Implications 
for Policy in the Management of Energy and Other Re
sources," Washington: Council on Envirllnmental Quality, 
July 1979). 
t There is wide variation in the extent to which environmental 
considerations have hecn included in major domestic and 
world energy studies. In the U.S., for example, the Federal 
Energy Administration's 1974 Project lndtpendtnce Report 
included a brief 15-pagc environment assessment (Chaptcr4), 
addressing a wide range or environmental impacts associated 
with six scenarios for $7 and $11 oil, but wit\out much inte
gration end synthesis. The 1974 rcporl of tt,c Ford Founda
tion's Energy Policy Project (A Time to Choose, by S. David 
Freeman ct al., Ballinger, 1974) anticipated higher oil prices 
and included a reasonably thorough environmental assessment 
in its analysis of alternative energy policies (p. 179). The 11'\77 
Congressional Rcscan.h Service report Project lnrerdt;;;.nd
ence discussed briefly thi: environmental constraints associated 
with various possibl,. .. 1cn1v sources. The National Acadc1ny 
of Science's /, olicatmns ..,f ~n11ironmental Regulations for 
Energy Produci Jn and •'_o~ .mption (1977) is very detailed 
on those environmental imp:1cts now being regulated in the 
U.S. 

The National Energy Plan (Executive Office of 1hc Prcsi· 
dent, 1977) integrates general environmental cons1<:1crations 
al many points, but specifics arc limited. The Department of 
Energy did not prepare an environmental impact statement 
for tfic plan, but an "environmental assessment statement" is 
expected to be released in 1979 (John Pearson, Energy Infor
mation Administration, personal communication, 1979). In 
May 1979, DOE i>ubmittcd a revised National Energy Plan 
(NEP II) to Congress, containing an appendix, En11ironmental 
Trends and Impacts, that addresses the environmental con· 
sequences of the revised plan and its energy-pricing proposals, 
similar in scope to the DUE-MITRE report discussed in the 
text above. 

Outside th'! U.S., there is also wide variation in the ways 
in whil:h energy and cnvironmr:nt arc considered. The Sec· 
tet21l'iat for Future Studies in Sweden bas produced two reports 
<:u energy that contain extensive and integrated consideration 
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TABLE 13-37 

Comparison of the Hard Path Deflnldon and the Enel'I)' Information Admlnlatradon's 
ProJecdon Serles C 

Hard Path Definition Projection Series 
~~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Twin goals: 1usta1nlng growth in energy con· 
llUDptlon (11111med to be closely and causally 
linked to GNP and to social welfare) and 

minimizing oil lmpons 

Rapid c1p1111ion of the coal sector (mainly coal 
strip-mined and .c:Onvcned Into electr iclty or syn· 
thetlc fuels). 

Rapid expansion of the oil and gas secton (in· 
creuingly from arctic and offshore wells). 

Rapid expansion of the nuclear f1SSion sector 
(especially ln fast breeder reacton). 

Umlte'cl or no use of solar and conscrvalion tech· 
n:>logies. 

The Projection Series C scenario projects the following trends In macroccon· 
omic 11nd energy consumption: 

GNP (billions of 1912 dollars) 
Energy consumption (quadrillion Btus) 

l97S 
1,202 
70.6 

19/JS 
1,803 
94.6 

19'}() 
2,017 
108.S• 

Increased petroleum imports. The costs of production and distribution for ail 
energy sources except oil and gas were heM constant by the Energy lnfor· 
mation Administration. Changes in oil ani:i gas costs, however, arc induced 
through a!tcmativc assumptions regarding ~heir physical availability. The Pro
jection Series C case postulates a constant real price of imported oil of SIS.32 
per barrel in 1978 dollars. 

Coal production, particularly in the West, will increase dramatically, reflecting 
Increased demand brought about by higher (post-1973) prices of oil and gas, 
panicularly for electricity generation. Electricity sales will grow at 4.8 percent 
per year, rather than the historic 7 percent, reflecting saturation of air con
ditioning and major appliances that included high rates of penetration during 
the 1960s. This is consistent with the S percent growth from 1970 to 1976 and 
4.2 percent from 1976 to 19n. 

Increased oil imports. Domestic oil production will increase slightly over cur· 
rent levels because or the development or Alaskan oil fields and the outer 
continental shelf. Lower 48 production of natural gas will continue to decline, 
although less rapidly, after Alaskan North Slope gas distribution systems arc 
completed. Fuel shares in the industrial economic sector indicate a shift from 
gas to oil and, to a lesser extent. to electricity, reflecting declining gas supplies. 

Large increases in nuclear power. 

Solar technologies arc not expected to contribute significantly to total r.ncrgy 
supply through 1990. The key elements in supply-demand patterns through 
1990 arc assumptions about the degree of energy consc·vation in general and 
of oil and gas in particular. as a result or economic pre!t!'!iures and mandatory 
conservation measures introduced 1973. C'rie example of such measures is the 
imposition of fuel efficiency standards for automobiles. 

Sowa: Hard pith deflnl~AlllOI}' B. Uw1111. 5qft EMrv l'.ilu: Toward 11 Durablt l'mct, Cambridge. Mau.: Ballinger. 1977. p. 26. Pr Ion Serles C-Rldllrd 
J. Kalqber es al .. "Nllional E11viroamcn11l lmp1'1 Projeclion No. I.'' Mel.can. Va.: MITRE Corp .• Dec. 1978, pp. I. 150. 
• C.part IM Departmcn1 of Encfl)''I projection lor Iii!: Global 2000 S1udy. "'hich hr1 the U.S. cunsumlna llXl quadrillion Btus in 1990 (T1ble IJ..33). 

of environmental impacts ("Energy and Society: Conceptual 
Outline Introducing a Futures Sludy," Dec. 1975: and MAans 
Ulnoroth et al., Entrgy in Transition: A Report on Energy 
Policy and Future Optwn.s, Mar. 1977). The 1977 World En· 
ergy Owloolc: A Reassessment of Long· Term Energy Devel· 
opmtnb and Related Policies, prepared for the Organization 
for Economic Cooperation and Development, does not ex
plicitly consider the environmental dimension of energy pros
pects. The lengthy report of the Workshop on Energy Strategies 
(Energy: Global Prospects 1985-2000, McGraw-Hill, 1977) 
concludes its consideration or environment in lc:..s than two 
paaes (p. 41). The global energy analysis work of lhc l11ter· 
national Institute of Applied Sy~tems Analysis is oricnr"d pri· 
marily toward economic and resource comidcrations but docs 
contain a limited environmental dimension (see, for example, 
W. Hlfele, "Energy Options Open to Mankind Beyond lhe 
Turn of the Century,'' lntcrr.ational Conference on Nuclear 
Power and Its Fuel Cycle, Schlosaburg, Austria, Ma11 1977: 
and Hlfelc and W. Sassin, "The Global Energy System," 
AIWMll Review of Ent'IY, vol. 2, 1977). 

The international environmental group Friends of the Eanh 
has published books on world energy strategies (Amory B. 
Lovins, World Energy Strategies: Facts, lssuu and Options, 
Ballinger, 1975) non-nuclear energy options (Lovins and John 
H. Price, Non-Nuclear Futures: The Case for an Ethical Energy 
Strategy, Ballinger, 1975), and soft energy paths (Lovins, Soft 
Energy Paths: Toward a Durable Peace, Ballinger 1977), all 
of which contain general but not highly delailcd considerations 
of social, political, 11;1d physical environments. The Rockefcl· 
lcr Foundation sponso1cd World Energy Survey by Ruth Leger 
~ivard (World Priorities, Leesburg, Va., 1979) contains a brief 
environmental discussion. The various reports of the World 
Energy Conference (WEC) contain nothing on the environ· 
mental aspects of energy issues (Robert J. Raudebaugh, Ex· 
ccutivc DirectorofWEC's U.S. Nntional Committee, personal 
communication, Feb. lS, 1979). 1l:e WEC, however, plans to 
include cnvironmi;:ntal considerations in two of the four major 
program divisions at its 1980 meeting (11th World Energy 
Conference, 1980, "Energy for Our World," Ter.hnical Pro
gram with Instructions for Authon, 1979). 
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vironmental implications of the Projection Series 
C hard path scenario are as follows: 

• Little or no improvement is shown for sulfur 
oxide (SO.) emissions. All improvements occur 
by 1985 wnen it is assumed tlla: standards for 
existing sources will have been met. If so. 
emissions are to be reduc~d by 1990, the retire· 
ment of old plants must be accelerated or the 
standards tightened. 

• Large increases in nitrogen oxide (NO.) emis· 
sions are antic·· 1ted. Throughout the rorecast 
period, combu:..ion activity (primarily by elec
tric utilities) is responsible for the majority of 
so. and NO. releases. 

• Significant national reductions are expected by 
1990 ~ ... the emissions of earticulates, hydrocar· 
boos, and carbon monoxide. 

• Large increases in dissolved solids (especially 
sulfates, creating acid problems) are antic1· 
pated. 

• Little or no improvement is shown for point· 
source nitrogen releases to water. 

• Significant national reductions are expected by 
1990 in point-source discharges of major water 
pollutants such as biochemical oxygen demand, 
suspended solids, total phosphorus, and nu
merous met::ds. 

• Larie increasP.s in ash and scrubber sludge are 
anticipated. 

• High-Btu gasification of coal is expected to pro
duce major increases in cyanide releases in re· 
gions with gasification plants unless zero discharge 
regulations are imposed. 

• Thermal discharges are not calculated, but large 
increases in water consumption for evaporative 
cooling are anticipated. Both utilities and other 
manufacturing industries contribute substan
tially to increased water consumption by 1990. 
The increasing role of nuclear-powered gener· 
ation is a factor in this increase. Development 
of both energy and manufacturing activity may 
be seriously limited by existing or anticipated 
water shortages in several regions of the coun· 
try. 

The DOE-MITRE report does not address the 
following energy-related environmental consid· 
erations: 

• Land losses to facilities development, uranium 
mining, and strip-mining are not calculated or 
discussed. 

• Nuclear wastes and radiation from the nuclear 
fuel cycles are not calculated or discussed. 

• Occupational safety and hc~alth issues are not 
addressed. 

When the environmental trends are viewed at 
the regional and local levels, the picture reveals 

impacts that are otherwise masked by the national 
trends. Figure 13-14 summarizes the most signif
icant energy-related regional impacts. 

The DOE-MITRE report describes the envi
ronmental trends from the Projection Series C 
hard path scenario as "a middle ground of likely 
environmental futures" for the U.S. How typical 
might such impacts be for other industrial econ
omies? 

Serious as many of the DOE-MITRE environ
mental trends are, they may underestimate the 
impacts that would follow in many nations from 
a hard path energy policy. This is because the 
degree of environmental protection assumed in 
the DOE-MITRE report requires significant na
tional commitments of capital, resources, and la
bor. The report notes that 

Total pollution control costs (capital P.lus oper
ating and maintenance expenditures) wall increase 
at an annual rate of 3.1 percent between 1975 and 
1990, but will decline relative to GNP. 
Direct and indirect energy req_uirements for pol
lution control are projected to mcrease by 50 per
cent between 1975 and 1990, but will account for 
no more than 3. 7 percent of total U.S. energy use 
in any one r,ear. . . . The number of persons in 
1990 that will be employed directly or indirectly 
in pollution control-related activities is estimated 
to be 1.8 million, or 1.6 percent of total U.S. 
employment. 

It is not clear that all industrial nations (perhaps 
even including the U.S.) will be able or willing to 
commit as much of their capital, resources, and 
labor to environmental protection as is assumed 
in the DOE-MITRE report. 

There are a number of variations of the hard 
path. The most significant differences among 
these variations concern the major sources of ad· 
ditional primary energy. Some variations invo'!v~ 
a large growth in nuclear energy; others involve 
large increases in coal combustion. The environ
mental implications of these two variations are 
significantly different, and their economic advan
tages and disadvantages differ from region to re
gion. 

The primary argument for nuclear power in the 
U.S., for example, has been that it would produce 
cheaper electricity than alternative energy sources. 
Early advocates suggested that fission would pro
duce electricity "too cheap t1.> meter." Nuclear 
power has certainly no prospect of becoming too 
cheap to meter. As a result, the basic argument 
of its cost advantage over alternative sources has 
been questioned frequently with the charge that 
if all costs were properly accounted for, and sub-
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eullate rel.i1111 lrom coal mining and electric 
ulllltlH 1ctlvlllea. large lncreaaea In NCSW 
generation by 1990 due to on 1hale actMllH. 

Region 9 
large lncre1111 In NCSW volumes .iy 11190 
prlmarlly In C1llfornia. SO, eml11lona decline. 

Region 10 
TDS dlachlrgu double due to eieclrlc utlllllH. 
Pol1talum re1e11ea doublH due to ameillng. 

PUERTO RICO 

Jfpn Q..14. Major regional trend& aasoc:iated with the DOE-MITRE Projection Series C (Hard 
Path) Energy Development Scenario. In the regional analyses. IDS atands for total dissolved solids; 
NCSW al8Ddl for non.:ombuatible solid w.,.tea. (Notional Envlronmmtal lmpact Proj«:t No. 1, MITRE 
Corp .. Dec. 1978) 
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sidies stripped away, nuclear power would not be 
competitive with alternative energy sources. 575 

The Ford Foundation's nuclear energy policy 
study group addressed this question and con
cluded in 1977, before the Three Mile Island nu
clear reactor accident in Pennsylvania, that in the 
United States nuclear energy based on uranium, 
but not plutonium, is somewhat less costly ~ban 
coal, but that in much of the country "the choice 
is so close and the uncertainties suffici1.;ntly large 
that the balance could easily shift either to in
crease or eliminate the small average advantage 
that nuclear power presently enjoys." 576 

For Japan and Western Europe, the Ford study 
concludes that 
a shift to heavy reliance on coal would require 
increasing dependence on imports from the United 
States and Eastern Europe. The political accept
ability of such dependence is not clear. There is 
also a question as to how large a foreign market 
[for coal the United States) could supply and still 
meet its own growing domestic demand. For these 
reasons, a greater preference for nuclear power 
should be expected in these countries than in the 
United States. m 

For the LDCs, the Ford study concludes that 
the demand for nuclear power is "very uncer
tain": 

Nuclear power may be cr,mpetitive in somt. 
twenty dev1=loping countries by the year 2000, and 
others may install it for noneconomic reasons. As 
a practical matter, the large, 1,000 MWe nuclear 
power plants now being built (by commercial 
manufacturers J to achieve economies of scale are 
not matched to the small power grids of most 
developing countries. More suitable, smaller plants 
(less than 600 MWe) would have significantly 
higher capital cost per kilowatt and, in the absence 
of demand, are no longer being built. For these 
reasons, nuclear power may be ruled out as an 
economic energy option for many developing na
tions. 571 

In the U.S. and many other countries, decisions 
on major electric power facilities are made by 
utility executives based on costs to the utilities 
(after government subsidy) rather than on costs 
to the nation as a whole. The costs of decommis
sioning old plants and disposing of nuclear wast~s 
are minimized because of the uncertainty of those 
costs. Recent accidents-such as occurred at 
Three Mile Isiand in Pennsylvania 579 have raised 
interest rates, and underwriters point to the pos
sible need for further costly regulations, designs, 
and plant shutdowns. 511 As a result, the costs of 
nuclear power-including those costs perceived 

by utilities and banks-may become increasingly 
comparable with coal.• 

While there are many factors beyond purely 
economic ones involved in the choice of national 
energy policy beyond the purely economy factors. 
Nonetheless, a number of recent decisions seem 
to support the conclusions of the Ford study. In 
the U.S., the states of California and Montana 
have limited the construction of new nuclear fa
cilities until the federal government will have 
demonstrated a capacity to safely dispose of the 
nuclear wastes. 511 Sites for nuclear plants and dis
posal areas continue to present a problem; only 
the states of Washington, New Mexico, and Ne
vada are still sympathetic to locating new waste 
disposal sites within their boundaries. 511 The gov
ernors of the only three states now willing to ac
cept even low-level nuclear wastes recently wrote 
to the Nuclear Regulatory Commission and the 
Departr. ~nt of Transportation demanding tight
ened en. · cement of safety rules on the shipment 
of nuclear wastes if their states are to continue 
receiving radioactive ma~erials. The Governor of 
South Carolina cut off shipments from the dam
aged reactor at Three Mile Island. 5ll In Europe, 
antinuclear sentiments significantly contributed to 
a change of government in Sweden, 514 and voters 
elected to terminate work on a nearly complete 
nuclear plant in Austria in 1978. 515 In the Federal 
Republic of Germany, the construction of a nu
clear reprocessing plant considered essential to 
Germany's energy program for the next two dec
ades was recently "postponed indefinitely." 516 

European expectations for nuclear energy can be 
seen in the history of OECD projections for 1985 
nuclear-generating capacities shown in Figure 13-
15. It seems likely, therefore, that at least until 
2000, the hard path option will include some nu
clear power (primarily existing plants) but will 
emphasize coal. 

The Soft Path 
There are many ideas about the technologies 

most appropriate lo a soft path future. These tech
nologies were originally defined in terms of five 
characteristics: 

"The costs or the Three Mile Island accident arc now thought 
to be higher than the first estimates. Repairing the damaged 
reactor (unit 2) will cost not $140 million, i:1ut 1240-320 million; 
in addition, the cost or replacing the reactor core is estimated 
at $60-85 million; the utility will not be permitted to restart 
the un·lamagcd reactor (unit 1) for 18 months to 2 years, 
leading •o costs-over and above those directly attributable 
to the accidcnt-<>r $14 million per month. ("Costs Still Climb· 
ing at Three Mile Island," Science, Aug. 3, 1979, p. 475) 
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-Ot!Mtr 
OECD 
Europe 

-European 
Community 

--Unit.d 
States World Installed Capacity, D.cembtr 31, 1978 

11.C,000 megawath 

Flaure IJ-15. OECD countries' projections vf 1911'i nuclear llMeretinll capacity for the world b" dates of 
estimates. (From "Nucltar Energy," Ctntral lnr..?lligence Agmcy, Aug. 1977, p. J9; wori/ installtd 
rapacity data from U.S. Dtpartment of Entrgy, Entrgy lllformation Administration.) 

1. They rely on renewable energy flows that are 
always there whethe1 we use them or not, such 
as sun and wind and vegetation: on energy in
come, not on depletable energy capital. 

2. They are diverse, so tflat as a national treasury 
.runs on many small tax contributions, so na
tkmal energy supply is an aggregate of very 
many individually modest contributions, each 
designed for maximum effectiveness in partic
ular circumstances. 

3. Thay are flexible and relatively low ti'!chnol· 
ogy-which does not mean unsophisticated, 
but rather, easy to understand and use without 
esoteric skills, accessible rather than arcane. 

4. They are matched in scale and in ~eographic 
distribution to end-use needs, takmg advan
tage of the free distribution of most natural 
energy flows. 

5. They are matched in energy quality to end-use 
ne~ds [thus increasil1$ the productivity of the 
pl"lmary energy usedJ.587 

Tbe number of national soft path anc' low-en
ergy studies from around the world has hcreased 
rapidly in the last few years. Several of tb~se stud
ies for some of the nations having ener1:y-inten
sive economies are discussed in the following 
p1tges. • 

The Solar Sweder; Study. One of the most thor
ough ns:ional soft path studies now a\'ailable is 

•aeaden interested in a more complete inventory and con· 
dnuing reporting of national soft-path studies arc referred to 
the Journal Soft Enersy Notes (San Francisco, Friends of the 
Buth). 

the Solar Sweden report produced by the Secre
tariat for Future Studies in Stockholm. 581 This re
port addresses the feasibility of basing the Swedish 
energy supply completely on solar energy (solar 
radiation, hydro power, wind power, and wave ' 
power) in the not too distant future. (Complete 
dependence on solar energy would be difficult for 
Swed~n since it is quite far north and receives 
only about 40 percent of the solar energy per unit 
area that is received by countries in North Africa.) 
While the report does not advocate that Sweden 
turn solely to solar energy, the report concludes 
that by 2015 Sweden could shift e11tirely to solar 
energy without prohibitive costs and dthout major 
changes in life styles. 

The Solar Sweden analysis is based on a number 
of assumptions. The goods and services produced 
are assumed to double relative to B75. The ef
ficiency with which energy is U!'ed to produce the 
goods and services is assumed to increase as ii· 
lustrated in Table 13-38. Care is taken to match 
the quality of an energy source with the quality 
required for particular end uses, as described in 
Table 13-39. The quality of the energy delivered 
remains essentially unchanged. The resulting en· 
ergy system is illustrated in Figure 13-16. The 
final value for energy use in 2015 is not quite 500 
x 1012 watt hours (WH), compared with 390 x 
1012 WH in 1975. (Tie corresponding figures in 
quads are 1.7 and 1.3, respectively.) 

The Solar Sweden energy system is very diver
sified. Production and use of biomass dominates 
and includes e::nergy plantations on land and in 



ENVIRONMENT PROJEcnONS 365 

TABLE 13-38 

SGlar Sw1u11 Assumed Produrtlon of Goods and 
Services and Speclftc Eneqy Use, 197S and 2015 

Goods and Services 
Produced in 2015 Rel· 

Energy ative to 1975 

Specific 
Produc· Energy 

1975 2015 tion Need• 

7WH' 
Production of goods 165 264 
Production of services 

Transport 75 
Other 7f1 

Housing, including 
domestic electric· 
ity 80 

Total end usc 390 
Conversion losses 251 

75 
70' 

80 

489 
1CJ 

Tolal supply 415 568 

Ptrctnt 
+100 -20 

+100 -so 
+100 -so 

+40 -30 

Sotutt: Thomu B. Johansson and Pclcr Slccn. Sol•r Swtthn, Slockholm: Scc
relui11 for Fu1um S1udicl. 1978. p. 26. 
• Encra required 10 prodixe a 11nl1 of~ or acrvicn. 
' I TWH • toll wan hour11 • J.41 K 10-J quads. 
1 Of .. -111ch lpllCC hca1ln1 II appro1lmalcly 40 TWH. 
•,.,,which space her:in1 111ppro1ima1cly JI TWH. 
• Loan !!'! .1..-..1na1y di11ribullon and rennerlc1. 
1 l.08111 occur mainly In domcslic mc1hanol production. 

the fi>·.:a and the use of straw, reeds, and logging 
waste. Solar heating is used for space heatinf to
gether whit district heating based on plants fueled 
with biomass for combined generation of eiec
tricity and heat. The electricity sector becomes 
relatively large and the proportion of electricity 
larger than today. Electricity is produced from 
hydro power, wind power, and solar cells and in 

fuel cells and plants for combined generation. By 
making the latter into relatively small units, they 
can be located to minimize energy waste, e.g., by 
using the waste heat for space heating. Methanol, 
from biomass, is introduced into the transport sec
tor. 

In making its economic calculations, the Solar 
Sweden report assumes that the costs for the re
newable energy system are and remain those that 
can be foreseen ior the 1980s. The calculations 
show that building up such a system is compatible 
with the assumed doubling of the production of 
goods and services, implying an increase of ap
proximately 2 percent annually. Of this annual 
increase approximately one-eighth goes to the 
new energy system, and the remaining seven
eigbths are necessary to increase the production 
of goods and services. Thus, the report concludes, 
a renewable energy system does not demand a 
lower standard of living, but merely requires that 
part of the increase in goods and services is util
ized to create such a system. 

In discussing the advantage of a solar Sweden, 
the report notes that the energy system it sketches 
is domestic, and that as a result, uncertainties con
cerning the possibilities of importing various en
ergy raw materials do not exist. Balance of 
payment is not to any large extent influenced. The 
use of many different dispersed energy sources 
makes the system relatively invulnerable. The sys
tem is preferable from the environmental point 
of view because it limits emissions and does not 
increase the risk of catastrophic occurrences. 

But the environmental implications of the solllr 
Sweden energy system are not completely bene
ficial. The report notes that the demand on L •• 1d 

TABLE 13-39 

Solar S1v.k11 Percent Distribution of Energy, by Energy-Quality C1llegorles A-I, 1971 and 20151 

1971 2015 

Industry Transport Other Industry Transport Other 

A Uptlng, small moton 2 IS 5 
B Electridty for chemicai procellCI 3 3 
C Stationary moton 15 17 
D Transports 3 100 2 
E Process heat (> IOOO"C) 22 23 
F Process heat (500-IOOO"C) 9 9 
G Process heat (100-SOO'C) 26 26 
H Process heat (< IOO"C) 9 9 
I Low temperature heat (space heating) II 85 6 

40 

100 

60 

Total 100 100 100 100 100 100 

Percenl of total energy usc 41 17 42 54 15 31 

Sotutt: Tbomu B. Johanaon and Pclcr S1ccn. Solu Swrdm, Slockholm: Scae11rla1 for Fu111m S1udlc1. 1978, p. 26. · 
1 The q111llly dUlllicatlon A-I are not ltriclly lhcrrnodynamlc bul are uacr orlcnlcd. 
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Ehlctrlclty 
Supply 189 

TWh losse1 21 TWh 
supplied Uses 168 uwd Quality Industry Trmuport-

otlon 

:,,~,126- Ehlctrldty, 12 61 
lights, etc. 

50 20 

Aquatic enll'gy I lndustrlol EhM:tricl!Y, 8 
combustion chemical 

351 
proceJMS 

Industrial Stationary "5 
Biomass sources1 co-oenerotlon et'llfnu 

Energy 
plantations 260 80 D Transportation 5 75 

Marine 
plantations 20 l'1'0Cffl heat 60 

>1000oC 
Bark, etc. 36 

Forest woste 22 F 500·1000oC 25 

Strow 
and reed 8 100.500"C 68 

Woste, etc. 5 

H <IOOoC 24 

Solor heating 71 Spoce 17 
TOTAL supplied 568 Mating 26-4 75 

F°lllft 13-16, The Solar Sweden cncray system for the year 2015. The supply fron. renewable sources and the 
amounts rrom each arc aivcn on the left. The end use of cncray is divided into cncray quality catcaorics A throus;h 
I on the riaht. The linkaac between supply and use is shown in the center of the fir Jrc. Numbers indicate the 
encray (in TWh= 1011 watt·hr..Jrs) represented by each line. (From "Solar Swd;.•.-:," Stockholm, 1978, p. J2} 

is great because of the low intensity of solar ra
diation in Sweden. It is estimated that approxi
mately 3 million hectares would bt needed, 
mainly for energy plantations. As now conceived, 
t'te plantations would need to be heavily fertil
ized, particularly with nitrogen. Methods of con
trolling damage from game animals, rodents, 
fungi, and insects would also be needed. The en
vironmental problems of managing large-scale 
energy plantations-and ecologicah:i' acceptable 
m'Ulagement techniques-are discu.ssed in two 
re1ated Swedish reports."' 

Finally, the Solar Sweden report acknowledges 
conflicts of interest concerning the 3 million hec
tares that would be needed for energy plantations. 
The other sectors most interested in utilizing the 
same areas would probably be the forest industry 
and recreation. The forest industry in Sweden 'ur
rently uses approximately 23 million hectares. 
Wind power, etc., might meet with resistance 
from those who own recreational houses near the 
plants. Therefore, an important question is how 
Swedish society should balance the interests of 
forest industry, recreation, and energy productim1 
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in the future. The report concludes that these in
. terests can be balanced and conflicts resolved with 
farsighted planning. 598 

Soft Energy Studies in Canada. Canada has also 
given thought to soft energy scenarios for its fu. 
ture 5" and has examined the possibi1ities for en
ergy plantations. The Canadian Ministry of Ener~ 
Mines, and Resources, in its Tree Power report, 
assessed the energy potential of forest bio·.nass in 
Canii.da for three technologies: (1) <lirect electric
ity generation or cogeneration, (2) conversion to 
methanol, and (3) low Btu gasification. Costs 
were established, where possible. The Canadian 
forest resources are large, and the report notes 
that data on the extent of Canadian forest re~ 
sources are "severely lacking." Using various es
timates of the resource, the report estimates that 
the total annual productivity of the forest is Jbout 
400 x 106 ODt (oven-dried metric tons), equiv· 
alent in energy to 8 x 10 18 joules. The present 
Canadian wood harvest of 51 x 106 ODt for all 
purposes has an energy content of about 1 x 1O 11 

joules. The report concludes: 
The medium term to 1990 will realize more forest 
energy but will require changes in harvesting tech
nology and forest management practice as well as 
development of conversion and end use technol· 
ogies. 

Over the longer term to 2025. the extensive 
forest and energy plantations could provide a 
large fraction of tile carbon brsed fuel require
ments. However a development progn~m includ
ing extensive environmental assessment of the 
impacts of such large scale use will be needed. 
For example, the effect of collecting for\~·st residue 
in the medium term and of plantati1ms in the 
longer term could oe to strip the soil of nu
trients. m 

U.S. Studies. In the U.S., the Department of 
Energy has indicated its interest'' in consideration 

•ne DOE interest in what it terms "small·scale, appropriately 
distributed technology" was expressed most clearly at a public 
briefing on January 26, 1978, in Washington. The official tran
script of this briefing (published as DO£ Role in Suppon of 
Sma//.Scalt Appropriately Distributed Technology, DOE Of· 
ficc of Consumer Affairs, Aug. 1978) is available from the 
National Technical Information Serv!ce. The specific program
matic efforts reported in t! • llriefing arc s\.immarized in Table 
13-4. 
tAs of August 1978, it was established that the Standing Com· 
mittee would be chaired by t'te Assistant Secretary for Con· 
scrvation and Solar Applications, and that the Committee 
would have representatives from the DOE Offices of Enu·gy 
Technology, Energy Research, Env!ronmcnt, and Policy and 
Evaluation (p. 144 ol the bri:!i'lg cited in the pcevinus note). 
As of this writing (March 1979), no Committee members baa 
been appointed, and the Committee's purpose had not been 
rcaolvcd. 

of soft path options by establishing a Standing 
Committee on Soft Technology under the R&D 
Coordinating Councilt and by initiating a small
grants program for several studies. These studies 
are listed and described briefly in Table 13-40. 

The DOE-:gonsored California Distributed 
Energy Study is probably the most detailed and 
thorough soft path analysis now available. The 
study analyzes hypothetical future energy systems 
for the State of California in the year 2025. As
suming a .joubling of population, a tripling of total 
economi~ activity, and a quadrupling of enerr,y 
prices by 2025, the study reaches four important 
conclusions for the State: 

1. It is possible to achieve a balance between en
er~y demand and energy sueply only through 
stnct attention to conservation for buildings, 
improved efficiencies of end-use apP.liances, 
ana improved efficL~ndes io industry. 595 

2. It is possible, in purely technkal terms, to 
come quite close to oi;>erating the postulated 
advanced, post-industnal society in California 
using indigenous, sustainable resources."' 

3. The environmental impacts of certain "soft" 
technologies-notably mcreased end-use effi
ciency, active and passive solar heatin~ and 
cooling with individual building or neighbor
hood units, fuel production from biomass in 
the form of wastes, and di!;f)ersed on-site wind 
generators-will prove mdrkedly smaller than 
those of virtually all of '.he trad1ti<.mal "hard" 
technologies, as well as smaller than those of 
the more centralized technologies for harvest· 
ing renewables. 597 

4. To achieve a distributed fsoft] energy outcome 
which is approximately ihat Clescribed fin the 
California study 1 by a time close to 2cJ25 re· 
quires that implementation begin almost at 
once.'"' 

While the Cali'ornia Distributed Energy Study 
is the only detailed soft path study now !!'faiiable, 
a number of studies have examined aspects of a 
soft path for th~ whole of the U.S. The findings 
and conclusions of approximately 40 related stad
ies have been drawn together by the Council on 
Environmental Quality (CEQ) in a recent report 
that compares the hard and soft paths for the 
United States."' Some of t~e major findings re
ported by CEQ Rre as follows: 

• There is now clear evidence that the United 
States can maintain a healthy economy without 
the massive fncreases in primary energy called 
for under the hard path. 

• Recent macroeconomic analyses indicate that 
there is a more loose and Rexible linkage be-
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TABLE 13-40 
U.S. Depai1ment.of Energy Stttdles Underway as of August 19'l'8 to Examine "Sort Path'.' Options 

·Subject . 
or Title .. 

Small·Grants 
Program 

Appropriate 
Technology 
Characterization 

"Callfor~ Case 
Study: 
Decentralized. 
Energy Systems" 

"Any Town USA" 

Responsible 
·ooeomcc 

Conservation and 
Solar 

Policy and Evalua-
tion · 

Polley and. Evalua· 
lion 

Policy, and ·Evalua
tion · · 

Energy Futures: Policy and Evalua-
. Solar and Nuclear tion 
Altemativei 

Overview of Soft Environment 
Energy Paths and 
Decentralized 
Energy Systems 
in the United 
States 

Development of Enel1'/ Tcchoology . 
Community Level 
Technology 
Assessments 

Alternatives Energy Environment 
Futures 

Budget Description 

$3 million (FY 78) This program provides small grants (up to SS0,000) for conser· 
$8 million (FY 79) vation and solar efforts. The $3 million pilot progrem started 

in Region 9 and was he!lvily over subscribed. Approximately 
1,100 grant l~ques~:. W'!re received; approximately 100 were 
funded. The hm.:gct has n..-w been increased to $8 million for 
all 10 ft<:leral regions. A prei:minary report on the effe.::tiveness 
of the grants has beeli piepared.• 

$250,000 Contract to Arthur 0. Liule, Inc., Cambridge, Mass., for an 
engineering notet:ook describing the technical and economic 
aspects of "appropriate," "soft," and "transitional" technolo
gies. A draft has been circulated for review at DOE, but as of 

$700,000 

$240,000 

March 1979, the repor1 was not publicly available.' 
This sludy, conducted ;ointly by the Lawrence Berkeley Lab
oratory ar.d the Lawrence Livermore Laboratory, is probably 
the most thorough and detailed examination of a "soft ~th" 
option for a specfic region-California. The DOE preface to 
the study indicates that it was undertaken largely as a res?Qnse 
to "Energy Strategy: The Road Not Taken," by Ami)!'}' B. Lov
ins (Foreign Affairs, Oct. 1976). Two reports and many sup· 
porting documents have been produced,< Further work on this 
topic h11s been proposed by the two laboratories involved, but 
DOE. ·,s of March 1979, was not willing to fund a.;1itional work. 

~RI International was to provide a study on how a "typical" 
American town might look under a sort path solar future. The 
study was completed in 1977 but was never published or publicly 
released by DOE. A limited number of copies or the report arc 
available directly from SRI International.' 

This study at the Institute for Energy Analysis, Oak Ridge As
sociated Universities, hils two objectives: ( l) to proj'!ct the con· 
tribution that solar energy might make by the y~ar 2020; (2) to 
investigate how far nuclear development could continue if all 
additional reactors were iocated on sites where nuclear reactors 
are already located or under construction. DOE representatives 
report Chai the contractor was unable to develop the solar por· 
tion of the stud•· •11 i.ny extent; the contractor reports that DOE 
Jost interest in the solar portion or the study. In any event, as 
of March 1979. a nuclear report was available, but the solar 
report was incomplete.• 

Not applicable This subject was ultimately subsumed under "Alternative En~ 
ergy Futures" below. 

$500,000 (FY 78) As a part or a longer study, contractors were to work with local 
$250,000 (FY 79) communities t<i develop "self-assessments of solar futures." As 

· of March 1979, o.,e contractor had started work, and Requests 
for Proposals (RA~) are pending. No report was publicly avail· 
able at that time, ~ut one report prepared under the program 
may be obtained from another source.' 

$179,000 This work was contracted to the Argone National Laboratories 
and in turn subcontracted to the Center for Energy St1.1dies in 
the DepJrtment of Industrial Engineering. The work was done 
by faculty and students as II part or Industrial Engineering 
Course 235 at Stanford University. As of March 1979; no report 
was publicly available from DOE, but a report we.:: expected to 
be available from Stanford.• 



ENVIRONMENT PROJECTIONS 369 

TABLE 13-40 (cont.) 

Subj<:Ct 
or Tille 

Less Developed · 
Counmea. 

Responsible 
DOE Office 

~•1cemational Affairs 

Budget 

$1,600,000 

Sotlrcr: U.S. Dcpanmcnt of Energy, Office of Consumer Affairs. DOE Rolt In 
S11ppor1 of Small&olt Approprlattly D/Jtrlbuttd Ttrhno/osy. Official Transcript 
of Public Briefing and Addendum on Jan. 26. 1978, CONF-71111132. Washington: 
National Technical Information Service. Aus. 197K. p. 144. Budgets and dcKrip
tlons of studies uc based on information provided by the responsible DOE offices 
and DOE contrae1ors. 

1 DOE Sin Francisco Operations Office. Appropri~tc Energy Technology Pro
gram, Summaf')' of Projrcu: Appropriatt EntrRY Ttchnology, Pilot Rt11ional Pro· 
gram, 1978 (aYlilablc from Appropriate Energy Technology. DUE, 1333 Broadway. 
Oakland, Calif. 9-:612): DOE Div. of Buildings and Community Sync ms. Assistant 
Secretary for Conservation and Solar Applirati~ns. "Appropriate Tcrhnol<'gy: A 
FaCI Sheet," Washington, 19n: "Rcpon 10 Congress on Appropriate Technology 
Pilot Regional Program," undated. unpublished (available from, Jeri) D. Duane. 
DOE, O:lice of the Assistant Secretary for Conservation and Solar Applications). 
• Edward Blum, DOE. Office of the Assistant Sr.crctary for Policy and Evalu.:ition. 
personal communication. Mar. 1979. 
• Paul P. Craig and M. D. Levine. "Distributed Energy Sysicms in California's 
Future: Issues in Transition," Lawrence Berkeley Laboratory, Jan. 16. 1979 
sdraft). 

John Rcuyl ct al .. Solar Entrgy In Amtrlca'1 F111urr: A Prtllminary Aurnmtnl, 
Menlo Park, Calif.: SRI lntcrnatio"1I, Mar. l9n. 

tween energy use and the economy than pre
viously thought. 

• These studies generally conclude that low en
ergy growth is not only c1Jnsistent with contin
ued economic expansion ai!d a high standard of 
living but can also have a positive effect on em-

. ployment and can provide an important weapon 
in the fight against inflation. 

• Much of the energy saved by a dep"rture from 
the hard path would be realized in the form of 
reduced imports of oil and natural gas for which 
Americans pay a high price both economically 
and in terms of national security. Improvements 
in U.S. balance of payments can be anticipated 
principally due to reduced dollar outflows for 
direct purchases of foreign fuels. 

The CEO conclusion, in short, is that the 
United States can do well, indeed prosper, on 
much less energy than has been commonly sup
posed. 
. But what about the environmental impacts of 
a departure from the hard path? The CEO report 
also provides one of the more complete national 
comparison now available of scenarios related to 

Description 

This joint DOE/State Department program of cooperative as· 
sistancc to selected developing countries is intended to provide 
a complete and objective energy assessme111, including all the 
basic data and information needed for the development of au 
energy plan for the country being analyzed. A wide range of 
energy options-both nucle· ; and nonnuclear-are considered 
with emphasis given to employing indigenous resources. An as· 
sessment of Egyptian energy options is now complete and has 
been very well received by 7 gypt and international development 
and lending institutior• • \ report on Peru is in progress, and 
five other reports are being considered. 

'The nuclear report is M. J. Ohanian ct al .. Ftwibiliry 4 a Nurltar Ci1in11 Policy 
80Jtdan Existing Ci1t1, Oak Ridge: ln•titutc for Energy Analysis. Nov. 1979.As 
of May 1979, the Institute was still planning seven topical reports <'n solar energy: 
two were final, three were being revised following review. one was under a. new 
review, one was still being written. The final reports arc as follows: R. W. Gilmer 
and R. E. Meunier. "Electric Utili1ics and Solar Energy: The Service Contract in 
a New Social Contcll," Oak Ridge Am>eia1cd Univmitin. Apr. 1979: final re· 
ports being revised at Oak Ridge Amicia1ed Univcrsilies arc (wi1h dales of draftl: 
R. W. Gilmer "The Social Control of Energy: A Ca•e lor 1hc Promi•c of Dcccn· 
tralizcd Solar Technologies," Apr. 2. 1979: W. D. Devine. Jr .. "Energy Account· 
ins for Solar and Allcmativc Energy Snur<c•." Jan. 1979: D. D. ReiSlcr and W. 
D. Devine, Jr .• "Total Costs of Energy Scn·icc-." Mar. 19711. The following draft 
is being reviewed: D. A. Boyd. "The S1nchaS1ic Sun: ldenlifying the Recoverable 
Resource," Mar. 1979. 
1 C. T. Donovan ct al .. EntrK.V Stlf-Suf!iritnn· 1r. Northampton, MOJ1achu1t1rs, 
Jan. 3. 1979 (available from A. S. Krass. School of Na!Jral Science. Hampshire 
College, Anihcnt, Mass 111002). 
I Grant Ireson ct al .. Alttrna11.·• Entrg,v FururtJ: An Aummtnl of Op1ion1 for 
U.S. S«ltty 10101;, lnS1itu1c for Energy S1Ud1cs. S1anford University. forthcom· 
Ing, 1979. 
• DOE Developing Counuics Energy Program. Es.•·pr·Unirtd S1a1t1 Coaptraril't 
Entrgy A11mmtnl, W.oshinglon. 1978, S vols. 

the h&rd and soft path environmental impacts. 
This comparison is made on the basis of two en
ergy supply futures 600 (see Table 13-41). • Future 
I, with a total demand of 85 quad.5 (1 quad = 1015 

Btu) reflects a strong, sustained commitment to 
conservation (higher energy productivhy) and the 
use of renewable energy sources. In Future II, 
energy demand grows by 1.9 percent per year 
reaching 120 quads by 2000. 

The CEO report t;omparcs the environmental 
impact of these two energy futures as follows: 
The most important difference in energy supply 
between the two futures described above arise 
from the need to pl&ce great emphasis on coal and 
nuclear in Future II. In the high-growth future 
these two sources collectively supply 2.1 times as 
much energy (an additional 34 quads) in the year 
2000 as they would in tl:e low-energy futu'°e. Al
t:-tough it is not feasible to describe completely 

'The CEO report is not a true comparison of hard and soft 
paths for the U.S. because both of the energy supply futures 
contains the same solar component ( 19 quads). For a true hard/ 
soft comparison for the U.S., it would be necessary to replace 
the 19 quads of solar in Future II with an additional 19 quads 
of coal or nuclear. 
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TABLE 13-41 
Energy Supply In um and Two Supply sCe01rlos 

for the Year 2000 · 
Qll4ds (1011 Btu} of Primary Fuels 

1975 2000 

Future I Future II 
-~-

Oil and gas 56.5 4f.i 46 
Sol&U" 4.2 J9 19 
Nuclear 2.7 Ir··. 18 
Coal 14.1 18 37 

Total 71.S 8.'i 1?.I 

Sotlrtt: COlll'ICll on Environmental Qualily. T1rt Good NtM Abo111 £1ttfR.V. Wah· 
lnacon: OoYemmcnt Prln1ing Office. 1979. p. 20. 
• Tbc tolar catelOIY Includes all renewable enCflY soun:cs. The 4.2 quadtlncludcs 
t.8 qu.ds from blomasi. which k usu1lly not Included in national ener8}'11alllllcs. 

the details of these two futures, s~cific, imp<>r· 
tant environmental impacts related to the addi· 
tional use of coal and nuclear energ~ in Future II 
have been estimated and presented m Table (13-
42] .... Although the total impacts of all these 
trends is highly uncertain, it is nonetheless clear 
that a national-indeed, global-policy empha
sizin~ energy conservation [(i.e., increased pro
ductivity in the energy sector) and benign sources] 
will allow the world more flexibility and time to 
maneuver in the event of incipient, adverse de
velopments. 601 

Low Energy Study for Denmark. Domwtic 
nonrenewable energy sources are limite<i in Den
mark. In the face of rapidly rising ener~y costs, 
the country has been considering a variety of op
tions for reducing its needs for foreign oil. Much 
of the energy analysis in Denmark has assumed 
that little departure from traditional energy growth 
rates could be a«Xomplished without serious eco
nomic implications. A 1976 study, sponsored 
jointly by the Niels Bohr Institute and the Inter
national Federation of Institutes for Advanced 
Study, 603 found much more flexibility in the GNP
energy relationship than had been assumed in the 
past. 

The Danish study examines the economic con
sequences of two scenarios out to 2005. One scen
ario assumes a continuati~•1 of l:tie traditional 
growth in energy use (3- .j per cent p~r year); the 
other assumes a reduc~d growth (un~er 1.5 per 
rent per year). In the traditional-growth scenario, 
energy is us~d more or less traditionally. Jn the 
reduced-growth !lirenaric:;, major efforts are made 
to increase the thermodynamic r.ificiency with 
which the energy is used. 

The study found that over a 15-year period 
Denmark could make major reductions in its en· 

ergy requirements without harm to general eco· 
nomic development. The energy savings for the 
two ca~!l.i are illustrated in Figures 13-17 and 13-
18. Overall, the study concluded that the reduced 
energy growth, while requiring somewhat larger 
investments over the next 15 years, produced a 

TABLE 13-42 

Relative Environmental Impacts of Low· and 
Hlgb-Enel'IY Growth Futures 

1977 2000 

Futurcl Future II 

Coal production (millioni of 
tonilytar)• 613 782 1.(!09 

Cumulative coal mined, 1977-
2000 (millions of tons)• 16;000 25,SOO 

Cumulative area strip-mined, 
1977-2000 (square milts)• 1,200 2,000-

Cumulative area affected by 
I ,.W0:..3,300' ' subsidence (square milts)• 2,300-5,300" 

Number of coal power plants 
(nominal /,JOO MW)• 200 243 soo 

Number of nucl..:ar power 
plants (nominal, I, 100 MW)' 43 135 304 

Arca required for transmission 
lines for new coal and nu· 
clear plants (square milts)• 3,900 16,SOO 

Radioactive tailings to supply 
uranium for 197"1-2000 (mil· 
lion tons)• 400 80(! 

Volume of low-level radioac· 
live wastes generated, 1977-
2000 (millions of cubic ftet)1 34 66 

Spent fuel generated, 1977-
2000 (thousands of tons~ 61 120 

Total spent fuel generated over 
lifetimes of plants con· 
stn•ctcd through the year 
2000 (thousand.~ of tons)' 121 274 

So11m-: Council on E•,wlronmenial Oualhy, T1rt Oood Ntws Aboul ElltftiY. Wash· 
lngton: Oo~emment !':ln!lng Office. 1919. pp. 23-24. 

• Nominal tens 1·1 23 million Btu each. 
~ Auuming 1inc11r gro1111h In production. 
• Auuming (I) onc·h•lf of coal is mined in lhc Weit. one·h•lf In lhc Mldwat 

and E&sl; and (2) all of Western coal and one·half of rest is snip-mined. Are1 
disturbed: SO acreJ per million tons in the W~st and Jll(I acres elsewhere. See 
Entrgy!En»lronmtnt fact Book, DOE/EPA. Dec. 1977. p. 60. 

1 Auum!n17;3010 S29 acm affected per ton of coal mined. depending on mining 
l«hniqueJ. Ste Entrgy Alttrnativl'f: A Comparativt Anaf.nls. University of Okla· 
homa. Science and Public Policy Program. May 1975. pp. l-S6. 

• Auumc1, 70 percent of coal will continue 10 be used by electric utilillcs,npacl1y 
factors will average SS percent and individual plant cffitieudes 35 pen:cnt. 

1 Auumes e1paci1y facton of 60 percent and average cffki.:ncies of 33 perccn1. 
•Based on an average value of 17.l!lll acres per gigawau of capaci!y. See Entl'8,V 

and tlrt Envfl'l.·•mtnt: Elmrir Powtr, CEO. Auir. 197J, p. 41, nolt 8. 
• Auumln11 0.1 pttttnt uranium ort, 0.2l ptr~r.I 1a//i,1g1 ossa.v, <1.nd annual 

I011di1'/l of JO tOllS of futl ;ur rtacror ptr ytor. 
1 Bastd on an 1111nual volumt of 16,500 ru/Jir fut ptr plant·ytar. Stt "Rtpon to 

llw Prrslu:u by tlrt /nttragfnry Rtvitw Group on Nucltar Wiutt Ma11Glf"lflt11/," 
Oct. 19711, p. D-6 (draft}. 

I Nlumi111 JO tons duclrar11td ptr nactor ptr ytar. 
• Nl11mln1 JO tons dbchafltd ptr rtactor ptr ytt1r and JO•ytar plan/ llfttl-. 
I J,10819 lm • 
• J,l/I01q tm. 
I J,026-8,:Jf7 19 km. 
• J.'"1-IJ,72119 km. 



ENVIRONMENT PROJECl\ONS 

i.:n;, 1.nm 111111 s. ........................ 4 ............. :.,-r .... ...... "' .... _ ........ ....., ........... .,...,,. ... 
..... 1177-• --tm-• 

Tollin mill: Talll Total . Gell 3ab1Dlollllkr. 22 billion Ollr 

nii!l.Gcll 
lllftlClllUlll'. BHllDllOllr. 

111111.tololl tl97Sprlcls) (1975 ptlcn) 

~o 

60 

50 

"" 

30 

10 

0 

·rn .....rt 
5 lllllall Dlir. ?O BIC1'mfY 

4 llllllan Dlir • ......... 
tllllll.llal ~ 30 ll.ICftlCITT 

AenicllOUStl« ~IJUlpom. I~ 
llandlrdl lor tleclr. llllCeS. Ruin -=-·led heating Ind coollng lnstaU I. 

5 iS 
IS 

IUTim 
llllOl'IMICI insulation. reductlcln ol vtnbllllDll 

4 20 ..... IOssls. ilUlomalk: ltmpllcblr• '=:"uon. 
loMrlng of roomftmlle!alUl• In en ttc . . 21 llllllall Olir. during on hours. hot recycling equlpmllfll. .. ... 

·:J'.:."11a1 1~llllllolllllr. 

10 

3 15 

PIOllllCtlll 
lmprlMICI processes. hell recMfV, IUlllllllltd · • 
COlllrols tnsutation ol lllflllolloutll. · · 

2 10 

s 
HIHH• 
lbllllollllllr. TUmtnt 

.... u. Improved itlili1atton ol lransporl CIPIClly In 
12111111.Gal s goocls lra'lspolls. Hp Illes on CllS wt1h 

PQOl lutl ICCllomt • lllltd lil!lil! (ThllSe 
meUUtes require no lnveslmenlsl 

TUlll'llTI •••G1W1 Tiii ..... Olllklnlllcr. 2 blllOnlllo:r. 
5111111.Geal 

0 0 

FJpre 13-17. Survey of energy savings in Denmark, 1977-00; "mill Gcal" "" miUio!lll 
of gigacalories = 1011 calories; Dkr = Danish kroner. (Svtn Bj,rnlwlm, Energy in 
Denmark, 1990 and 2005, Ntils Bohr lnstitutt, 1976, p. 34) 
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considerable overall advantage to the economy
. atso to the reliability of Danish energy supplies 

and to the environment. 

for energy conservation in the U .K.'" The lnsti· 
lute's study uses the official U.K. Department of 
Energy estimates of GNP growth• and examines 

L<>w-E1Jergy Study for the United Kingdom. In 
London, the International Institute for Environ
ment and Development has studied the potential 

" For the next 10-15 years GNP is assumed to grow as fut u, 
or futer than during the 1960s. By 202S GNP roughly doubles 
in one cue; it trebles in another. 
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Flpre 13-18. Treditional and rcduce<l demand for energy in Denmark, 1990 and 2005, showing 
quantities of fuel by type of demand. Fuel consumption is calculated by assuming the: losses in the fuel 
conversion and distribution syttem that applied in 1975. (Sven Bjtbmholm, Energy in Denmark, 1990 
and 2005, Ntils Bohr Institute, 1976, p. 35) 

alternative rtrategies for supplying the needed 
energy. The study assumes a series of policies 
encouraging efficient use of energy. These in
clude: 

• Improved thermal performance of new residen
tial dwellings, offices, public-sector buildings, 
such as schools and hospitals, and industrial 
buildings (by tightening the building regula
tions); 

• Energy performance standards for cars (and 
possibly also light-goods vehicles) to accelerate 
and ensure the timely implementation of tech· 
nical developments already under way in the 
motor industry; 

• Energy performance standards for major hoi1se
hold electrical goods and cooking stoves to en
sure the introduction of relatively simple, low 
cost improvements (such as better insulation) 
and similar standards for lighting; 

• Possible legislation to reduce the •!~c of oil in 
heating homes, offices, and public-sector build
ings, as well as in industrialized boilers ( .. pos
sible legislation," because the authors believe 

that the gradual reduction assumed may occur 
without legislation). 

The study's conclusions (in the authors' words) 
are as follows: 

• In 2000 the U.K. could be entirely self-sufficient 
on North Sea oil and gas even on central esti
mates of reserves. 

• Coal production need be only some 120 million 
[metric tons] a year, far below the 170 million 
target in the [U.K.] "Plan for Coal." 

• From 1976-2000 we have assumed the construc
tion of only 4.5-6.5 GW [gigawatts] of nuclear 
capacity, or thre~ to ~ve average·sized stations, 
compared to 30 GW iu the current Department 
of Energy reference forecast. If more were built 
there would be s~tch a surplus of generating ca
pacity that a choice would have to be made be
tween leaving nuclear stations idle and reducing 
coal prod·~ction to uncomfortable low levels. 

• Over the same period, only 26-30 GW of gen
erating capacity of al! kinds need be built (most 
of it replacine; existing plant} compared to 83 
OW in the Energy Department's reference fore-



ENVIRONMENT PROJECTIONS 373 

cast. The saving in capital investment would be 
around £26-30,000 million for the plant alone, 
or well over £1,000 million a year. We would 
be most surprised if this did not greatly exceed 
the costs of all the energy conservation meas
ures we have assumed for all sectors and fuels. 

• After 2000 the only significant fuel shortfalls are 
in North Sea oil, taking the central estimate of 
reserves. This "gap"' reaches an annual 36-47 
million [mi;:tric tons] of oil by 2025 in the Low 
and High cases respectively, or roughly half re
cent levels of oil imports. It could be filled from 
several sources, either from the large quantities 
of crude oil that should even then be flowing in 
world trade or by the import of liquid fuels made 
from crops grown in the tropical belts .... 

• Coal production need be only 128-148 million 
[metric tons] in 2025, or well below the present 
target for 2000. 

• Electricity output can be met by building only 
6 GW of nuclear capacity in the first quarter of 
the next century. Nuclear power in our projec
tions thus becomes a peripheral issue and could 
be abandoned as an option if-for whatever rea
son-it became prudent to do so. We have, how
ever, assumed a continuing nuclear programme 
at a "tick over" level sufficient to keep the in
dustry alive as an insurance measure. 

• The fast breeder reactor and the plutonium fuel 
cycle, with all their risks of nuclear weapon pro
liferation an<!gublic opposition, could be shelved 
indefinitely. 

Commercial Energy In Industrial Socletles
Envlronmental Prospects 

The DOE projections and the hard and soft 
path studies reviewed here all suggest that ma
jor-perhaps even ma~ive-changes in the world's 
commercial energy et:onomy will inevitably be in 
progress wt:U before 2000 and that these changes 
in the energy er.onomy could well bring with them 
major environmental consequences throughout 
the world. The \ype and magnitude of the envi
ronmental impacts depends largely on the choice 
of technologies to be employed i · · the energy sec· 
tor of the economy to provide energy for end-use 
needs, i.e., the production of goals and services. 

As already noted, there is a spectrum of tech· 
nological options open for the future of the energy 
sector. The spectrum ranges from the soft path 
(emphasizing both efficient use of energy in the 
energy sector itself and renewable forms of en
ergy, especially solar, for primary sources) to the 
hard path (emphasizing large increases in primary 
energy production, especially coal and nuclear 

generation of electricity and the production of 
synthetic fuels). Options at the soft path end of 
the spectrum lead to a relatively efficient energy 
sector, capable of meeting end-use needs with less 
primary energy imputs than possible with options 
near the hard end of the spectrum. Every option 
along the hard-soft spectrum produces social and 
environmental side effects. While most studies 
suggest that options toward the soft end of :he 
spectrum produce impacts less serious than op
tions toward the hard end, the soft options too 
have their effects. The Solar Sweden report dis· 
cussed above candidly acknowledges concern over 
intensive energy plantations, and the brief men
tion in the report of the International Institute for 
Environment and Development of "the import of 
liquid fuels made from crops grown in the trnpical 
belts" might involve some significant environ
mental implications outside the U.K. 

It is now widely recognized and accepted that 
the largely undesirable side effects of ~nergy-sec
tor development must be taken into account in 
the selection and development of energy futurns, 
but it is not yet widely understood that these side 
effects-rather than resource or narrow economic 
considerations-define the ~nergy dilemma in the 
long term. As noted in the DOE-sponsorl~d Cal
ifornia Distributed Enetgy Study: 
The energy problem resides fundamentally in the 
fact that the relation between energy and well· 
being is two-sided. The application of energy as 
a productive input to the economx. yielding de
sired goods and services, contnbutes to well 
being; the environmental and social costs of get
ting and using energy subtract from it. At some 
level of energy use, and for a given mix of tech
nologies of energy supply, further increases in 
energy supply will produce incremental social and 
environmental costs ~reater than the incremental 
economic benefits-that is growth {in energy con
sumption 1 begins to do more harm than good. 
This level can be said to define a rational "limit 
to growth," as distinct from a strictly physical one. 
That such a level, beyond which energy growth 
no longer pays, exists in principle for any mix of 
tcchnolo~ies of supply and end-use is easily shown 
from basic economics and physical science; pre
dic!ing its magnitude exactly is much harder, the 
more so because social costs even less quantifiable 
than environmental ones may dominate. Lovins'" 
evidently believes that the United States is already 
near or beyond the point, given the "hard" energy 
technologies on which it relies, where further 
growth hurts more than it helps. Whether he is 
right or wrong about exactly where we are now, 
however, or in specific judgments about the merits 
of "hard" versus "soft" technologies, it is clear 
that energy policy for the long term should .be 
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shaped by awareness that social-environmental 
costs, not exhaustion of resources, will limit the 
amount of human well-beins derivable from en
ergy. Maximizing this quantity will require striv
ing for technologies of energy supply with low 
social and environmental costs per umt of energy 
delivered, and fostering patterns and technologies 
of energy end-use that squeeze from each such 
unit the maximum contribution to human well
being. 
This perspective, then, elevates environmental 
and social characteristics to the top of the list of 
criteria used to select supply technologies from 
the menu of genuinel)· long-term options-fission 
breeder reactors. fusmn, direct ana indirect har
nessing of solar flows, and possibly some forms 
of geothermal energr.. It rationalizes the possi
bility that society will choose to pay more (in 
economic terms) for a more benign energy source 
than for a less benign one. And it argues for using, 
as a criterion for selecting short-term and trans1· 
tion energy sources, the extent to which these 
promote and facilitate the transition to a longer 
term energy future built on more benign sources 
and efficient end-use. 
Given a perspective that places environmental 
and social impacts at the heart of the energy pre
dicament rattier than on the periphery, it becomes 
essential to compare ~he impacts produced by al
ternative energy op~frms !wstematically, compre
hensively, and objcctiv\:iy ~10'7 

The environmental anc social impacts of alter
native energy options for the next two decades 
have not been compared "systematically, com
prehensively, and objectively" for the U.S., let 
alone the world. While these ideas will never be 
fully achieved, progress is being made and should 
continue. For the U.S., the DOE-MITRE study,• 
DOE-sponsored California Distributed Energy 
Study, and the CEQ comparison of alternative 
energy futures-all three summarized above-are 
the most current (but still highly inadequate) ef· 
forts. On the world level, the primary analyses 
now available that address energy-related envi
ronmental and social impacts are a few very brief 
reports by the U.N. Environment Programme• 
and the works by Lovins already cited. t On the 

·~iinc:e thi! text was drafted, DOE released its second National 
Energy Plan (NEP-11), which includes an appendix on envi
ronmental impacts (DOE Office of the Assistant Secretary for 
Environment, National Entrgy Plan II, Apptndix: Environ· 
mtlllal Trtnds and Impacts, Washington, May 1979). The ap
pendix contains information quite similar to the DOE-MITRE 
study, plus an analysis of the environmental implications of 
specific NEP-11 initiatives. 
tSevcral persons reviewing the manuscript of this Study sug
geatcd adding to these the report of the Workshop on Alter
native Energy Strategics (EMrgy: Global Prosptcts 1985-2000, 

basis of the analyses now available, only two 
things can be said. The first is that the more ef
ficient energy sector produced by soft path options 
leads to a need for less primary energy. The sec
ond is that, to the ex:tent that primary energy pro
duction leads to undesirable social and 
environmental impacts and to the extent that soft 
path technologies are less damaging to the envi
ronment, a shift toward the soft path options can 
be expected to reduce these impacts.• 

Systematic, comprehensive and objective anal
yses of alternative energy nptions are urgently 
needed. These studies will no! be done easily or 
quickly, but in their absence it r.1ay be difficult to 
obtain public support of any choice of energy pol
icy. As time goes on, the situation (as Fig. 13-12 
suggests) will only become more urgent, and op
tions may become more restricted. Lovins, for 
example, argues that some ~lions will be effec
tively foreclosed by delay. (There have been 
sharp exchanges between Lovins and his critics on 
this point. 610) It is clear, however, that the world's 
remaining petroleum resources need to be in
vested wisely in infrastructure, and capital needs 
to be well matched to genuinely long-term energy 
options. The choice of both the long-term options 
and the transitional approaches can be facilitat~d 
by further attention to, and analysis of, the as
sociated social and environmental impacts. 

Noncommercial Fuels 
The preeminent noncommercial fuel through

out the world is wood. (Charcoal, also important, 

New York: McGraw-Hill, 1977) and the works of the World 
Energy Conference (see especially World Energy Commission 
of the World Energy Conference, World Energy: Looking 
Ahtad 10 2000, New York: IPC Science and Technology Press, 
1978). Neither is appropriate. The WAES report deals with 
only a part of the world and concludes its treatment of the 
environment in Jess tl)an two pages. The WEC, as noted ear
lier, i11 only now beginning to consider the environmental im
plications of energy sector development (Robert J. Raudebaugh, 
Executive Director of the WEC's U.S. National Committee, 
personal communication, Feb. 15, 1979). 
•Additional analyses on these points are becoming availablt. 
These include the report of the Energy Project al the Harvard 
Business School (Robert Stobaugh and David Yergin, ells., 
Entrgy Futurt, New York: Random House, 1979) and the 
forthcoming report of the Demand and Conservation Panel 
of the National Academy of Sciences' Committee on Nuclear 
and Alternative Energy Systems (discussed in part in "U.S. 
Energy Demand: Some Low Energy Futures," Scitnce, Apr. 
14, 1978, pp. 142-52). Both reports point to the advantages 
of an efficient energy sector of the economy and to the econ
omics of conservation. This last point is made effectively in 
Energy: 11tt Cast for Conservation by Denis Hayes (World
watch Paper 4, Washington: Worldwatch Institute, Jan. 1976). 
All three reports support the general points made in the text 
above. 
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is derived from wood.) Only in the developing 
countries, however, does firewood continue to be 
a major fuel; 90 percent of the worlds fuelwood 
consumption is in the LDCs. ' 11 Worldwide, the 
energy derived from wood amounted to 13.3 x 
10 15 Btu in !974, roughly the same amount as the 
total from hydroelectric sources. 612 Dried dung 
(providing an estimated 1.7 x 10 15 Btu in 1974) 
and crop residues (providing an estimated 1 x 
10 15 Btu in 1974) are the other major noncom
mercial fuels. "l They are important in densely 
populated regions, such as northern India's Gan
getic Plain, and in the treeless Andean mountains 
in South America. Thus the noncommercial fuels-
wood, charcoal, dried dung, and crop residues-
are all organic fuels. 

Statistics concerning noncommercial, organic 
fuels are incomplete, due to the inherent diffi
culties in collecting such data, and to the relative 
lack of attention given these forms of energy by 
governments and world organizations. The United 
Nations Food and Agriculture Organization (F AO) 
has attempted over the past decade to survey 
these fuels even partially. 

It is not possible to make a precise distinction 
between commercial and noncommercial fuels. 
Large quantities of firewood are marketed com
mercially, and the statistics now available on 
wood consumption include wood converted to 
commercial charcoal (estimated at 5 percent of 
the total fuelwood consumption) along with non
commerc!al firewood. Dung is also sold to some 
extent, so that its noncommercial designation is 
not entirely accurate. Furthermore, crop residues 
are increasingly being used along with animal 
manure in the production of methane gas on a 

'. commercial basis, so that the noncommercial cat
egory is not precise in this case either. Although 
the discussit:,ii that follows focuses on the non
commercial uses of these organic fuels, there is 
a discernible trend toward commercialization. 

Wood, dung, and crop wastes are used through
out the LDCs as a source of energy for the prep
aration of meals ~nd for heating. An estimated 
1.0-1.5 billion persons 614 (more than a quarter of 
the total world population) use fuelwood as their 
primary energy source for cooking. Most of these 
persons are located in rural areas where firewood 
has traditionally been a free good. An additional 
100 million or more persons use dried dung and 
crop wastes for the same purpose. 615 

Global estimates of the share of noncommercial 
energy in the total energy picture in developing 
countries vary widely from a high of 70 percent 
to a low of 30 percent. 616 It is known that these 
fuels (wood, dung, and crop wastes) account for 

approximately 56 percent of the total energy con
sumption in India and 58 percent of the total in 
Africa. Commercial energy-coal, gas, oil, elec
tricity, and charcoal-is used almost exclusively 
by the wealthiest 20 percent of the people in poor 
countries. 617 

It was once hoped that fossil fuels (especially 
kerosene) would reduce fuelwood and charcoal 
use, thereby decreasing deforestation pressures. 
The rapid increases in fossil fuel prices since 1973, 
however, have largely eliminated this hope. The 
rate of growth in LDC kerosene consumption has 
been slowed significantly, and the demand for 
fuelwood and charcoal is thought to be rising rap
idly, in spite of percentage increases in the prices 
of these fuels that are as large or larger than the 
percentage increases in the price of fossil fuels. 
Switching from kerosene to fuelwood has been 
reported in parts of Africa 611 and is probably oc
curring in many other poor LDC areas where fuel
wood is still relatively plentiful. As a result, the 
demand for fuelwood and charcoal in the years 
ahead may grow as fast as-or even faster than
LDC populations. 

The primary environmental consequences of 
fuehvood consumption are those associated with 
deforestation, described earlier in this chapter. In 
the paragraphs that follow, a few additional en
e.-gy-specific impacts associated with fuelwood are 
presented. The discussion then turns to the im
pucts of the use of dung and organic residues for 
fuel impacts which are serious for soil productiv
ity. The discussion concludes with a consideration 
c;f the prospects for controlling the environmental 
impacts of noncommercial fuels. 

Fuelwood 
Today there is an inverse relationship between 

the level of economic development and the u~ 
of fuelwood. The poorest countries or regions use 
the most fuelwood; it is the principal source of 
fuel for the poorest families in these regions. Do
mestic energy requirements in developing coun
tries range from a low of 0.2 ml (cubic meters) 
of wood per person per year burned in open cook
fires in tree-short South Asia, 619 to a medium of 
0.5 ml in the warm tropi~ and to a high of over 
2 ml per person per year in the colder uplands, 
where wood is burned for both cooking and 
warmth. m The average annual per capita con
sumption wherf; wood is abundant is about 1 ml 
(approximately 450 kg of wood),• but it drops to 

•for comparison, a cord of wood (a common measure in the 
U.S.) is a pile measuring 4 x 4 x 8 feet (128 ft 1 or 3.6 m1). 
Therefore, 1 m1 of wood is less than 0.3 cord. 
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less than 0.5 m' in wood-poor areas such as China. 
India, the Near East, and North Africa. 621 

The demand for fuelwood in developing coun
tries i:; estimated (largely on the basis of data 
collected before the major oil price increases 
started in 1973) to have been growing 1-2 percent 
per year. Based on this growth rate, the FAO 
proj~cted in 1976 that consumption would reach 
2 billion cubic meters annually by the year 2000. 611 

In contrast, fuelwood consumption in developed 
nations was falling at the rate of 6 percent per 
year in 1975 and represented less than 1 percent 
of the total energy consumed by these coun
tries. w (This downward trend, however, may 
now have been reversed as a result of the recent 
rapid increases in the cost of fossil fuels.) In 1977 
the FAO revised its estimate upwards to a 2.2 
percent annual increase in demand in LDCs and 
predicted that by 1994, there would be a fuelwood 
shortage of 650 million cubic meters annually in 
wood-poor countries. 6u For comparison, this fig
ure is roughly one quarter of the year 2000 fuel
wood consumption projected by the FAO. 

Wood is the only household fuel for most of 
the rural families in the developing world, and 
even urban families meet as much as 25 percent 
of their fuel needs with fuel wood. 625 However, 
because of its high weight per unit fuel value, 
wood is seldom collected from farther away than 
10 kilometers and ordinarily is not transported by 
road from beyond 50 kilometers. Theref...re scarc
ities tend to b1,; local. Still, as scattered rural pop
ulations deplete local wood r1;;-~ources, entire 
regions become treeless, and an ir.~reasing effort 
must be exerted to find and ct> .. ry v:ood to the 
home. In the arid Sahel of Africa, 1he gathering 
of fuelwood has become a full-time job, requiring 
in places 360 person-days per year per house
hold. 12' Urban families, too far from collectible 
wood, spend 20-30 percent of their income on 
wood in some West African cities. Large indus
tries involving trucks or animal carts exist to bring 
fuelwood into cities. 617 When demand is concen
trated in farg;; towns or cities, the surrounding 
areas become barren to a distance of as much as 
50-100 kilometers. m 

FAO's annual shortfall of 650 million cubic 
meters of fuelwood by 1994 is an alarming pro
jection. It implies the reduction of essential fnel 
consumption, expanded deforestation, increa.sed 
wood prices and growin& amounts of dung shifted 
from field to fireplace. The fuelwood prrJblem 
is every bit as great for the poor LDC rural dweller 
as is the problem of increased petroleum costs for 
the more affluent citizen of the developed world. 

There are no panaceas or quick fixes for the 

fuelwood problem. Tree plantations established 
today will require at least 10 years of growth prior 
to harvest, and growth rates are slow in the semi
arid regions where scarcities are already critical. 
In the Sahiel, annual production of wood in native 
scrub forests, on a continuous basis, ranges from 
less tnan 0.5 m 3 per hectare at the desert's edge-
or enough for only one person's fuel needs-to 
up to 5 m 3 per hectare in the less arid belt adjacent 
to the wooded savanna. w Near the wooden sa
vanna, a hectare of well-tended forest could sat
isfy the fuel needs of a family of six or more. " 1 

Since the region's remaining forest stock has not 
yet been measured, the extent of the present fuel
wood supply is not known, but local scarcities are 
evidenced by the treeless landscapes around 
towns. The Club du Sahel• notes that where pop
ulations exceed 25 persons per square kilometer, 
total deforestation is inevitable, and many areas 
of the Sahel have already surpassed this popula
tion density. 6·u By the year 2000, the Club esti
mates that total firewood consumption will increase 
from the 1975 figure of 16 million to 33.5 million 
cubic meters, including 9.8 million burned in cit· 
ies. w To meet this demand it is calculated that 
150,000 hectares per year of forest plantations 
would have to be established-SO times the pres
ent rate of 3,000 hectares per year. 634 

The picture is not all bleak, however. Wood 
can be conserved through the use of more efficient 
stoves. In many areas the potential for conser
vation exists for ample village woodlots. The con
straints in most areas are more sociological than 
technical, though the difficulty of sociological con
straints is not to be underestimated. " 5 

Charcoal 
The manufacture and commercial use of char

coal appears to be increasing in the LDCs, where 
it is used primarily for cooking and heating in 
rural and urban areas. Much of the increase is in 
urban areas. The increasing use of charcoal in 
cities is explained by a combination of factors: 
increases in pri~s of kerosene, liquid gas, and 
electricity; lack of fuelwood as deforestation ex
tends beyond distances from which it can be eco
nomically transported; and increasing urbanization 
of LDC populations. 63' 

Information on the production and use of char
coal is not routinely collected by many nations, 
and as a result the data now available are not 
sufficient for making detailed projections. How
ever, the information that is available from sev-

• An international voluntary association of nations, organized 
to mobilize assistance to druught stricken Sahelian states. 
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eral countries indicates increases in both the rate 
of , consumption and the price of charcoal in 
LDCs. 637 In Ghana, which has desert scrub, sa· 
vanna woodlands, and.humid evergreen forests, 
charcoal consumption in 1975 was estimated at 
over 280,000 tons, and use was growing at an es
timated 2.7 percent per year. 638 Kenya's con
sumption in 1972 was 310,000 tons, half of it in 
cities, and demand was growing at 7 percent per 
year. 639 For the poor communities that ring cities 
in Kenya, charcoal is now the major fuel. In Moz· 
ambique, 6,000 families earn their livelihood ~ 
supplying charcoal to the capital city Maputo. 
Even in rural areas of East Africa, up to 50 per· 
cent of the people buy their charcoal. 641 In Sudan 
and Thailand, charcoal represents over 40 percent 
of the wood consumed for fuel; in India, however, 
its use is relatively small. '4J In general, the pattern 
appears to be one of an increasing trade in char
coal in urban markets, particularly in low-income 
quarters, and an increasing amount of charcoal 
manufacture. 

While most charcoal is used for domestic cook
ing and heating, Brazil, the world's largest char
coal producer, uses most of its production for 
smelting pig iron, 45 percent of which is smelted 
with charcoal. Brazil burned 3.6 million tons of 
charcoal in smelters during 1978 and this figure 
is expected to increase at 10 percent per year, 
doubling every 7 years. 643 In the State of Minas 
Gerais, where 56 smelters supply 85 percent of 
Brazil's pig iron, virtually all of the original SS 
million hectares of forest have been removed, 
largely for charcoal production. At present rates 
of cutting, there will be no more savanna forest 
in Minas Gerais by 1982. 644 To ensure a continuing 
supply of wood and charcoal, the Brazilian gov
ernment enacted a law in 1967 requiring wood
using industries to be self -sufficient in wood by 
1982. A successful program of fiscal incentives 
(now reduced) resulted in the establishment of 
over 1.5 million hectares of eucalyptus by late 
1978. 645 

The actual combustion of charcoal fuel has 
minimal direct environmental impact. It is cleaner
burning than wood or coal. Its sulfur content is 
roughly one tenth that of even coking coal, mak· 
ing it an ideal smelting fuel. 646 It has twice the 
caloric value of most air-dried wood, at less than 
half the weight, and as a result it can be trans· 
ported from much greater distances than wood. 
The carbonization process used to make charcoal 
consumes some energy to drive off water and 
other volatile substances, but if wood is used as 
the energy source, it is energy that otherwise 
probably would not be used or sold because of 

local surpluses or the cost of transporting the 
wood. 

The indirect environmental effects of charcoal 
use are more significant. Because charcoal is such 
an attractive alternative fuel for urban uses, and 
because its manufacture is a simple and univer
sally known technology, future conversion of for
ests and other vegetation to charcoal will continue 
to be an important and probably increasing activ
ity in LDCs. Uncontrolled deforestation and its 
consequences (described earlier in this chapter) 
will therefore be a parallel and increasing result 
of intensified charcoal trade and manufacture. A 
related social consequence will be a decline in 
self ·s!.lfficiency among rural dwellers who will lose 
the natural vegetation they now exploit for mul
tiple purposes-medicine, construction materials, 
tool woods, food, livestock forage, vegetable 
gums, etc. w The establishment of fast-growing 
fuelwood plantations of such species as eucalyptus 
will ensure a continuing supply of fuelwood, but 
will not replace the numerous other uses of native 
vegetation. These environmental and related so
cioeconomic consequences will be particularly 
c.oticeable in the areas around large cities, out to 
a distance of perhaps as much as 200 kilometers, 
depending upon the cost of transport. If the land 
is available and plantings can be encouraged and 
protected, large blocks of eucalyptus (or other 
fast-growing species such as pines or the acacia 
Leucaena) can be expected to replact~ the diverse, 
slower-growing native forests in the vicinity of 
large cities. Otherwise, the native forests near 
cities may simply be removed and not replanted. 

Dung and Crop Residues as Fuel 
Once fuelwood demands exceed forest produc

tion, a variety of stresses and changes begin. Arid 
regions have virtually no alternatives to fuelwood, 
and after it is gone desertification is speeded. In 
more humid agricultural regions that have become 
deforested, the alternative open to poor people 
is to turn to burning dung and crop residues 
(stalks, hulls, etc.) for cooking and warmth. 

The shift to dung and crop residues is already 
well advanced in the treeless Gangetic Plain of 
India, Nepal, other E.arts of Asia, and the Andes 
of South America. The FAO reports that in 
1970 India burned 68 million tons of cow dung 
and 39 million tons of vegetable waste, repre
senting 35 percent of her total noncommercial 
energy consumption.""' Worldwide, an estimated 
150-400 million tons of dung are burned for fuel, 
the lower estimate being equivalent to 13 percent 
of the amount of energy provided by firewood. 
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Dry dung has about the same caloric value as 
wood per unit weight.• 

The burning of dung and crop residues is a dis
astrous loss. For the world's poor, these orga11.ic 
materials are the only sources of the nutrients 
needed to maintain the productivity of farmlands. 
It is the poorest people-the ones least able to 
afford chemical fertilizers-who are now being 
forced to burn their organic fertilizers. The com· 
bustion of dung and crop residues is equivalent 
to burning food. One ton of cow dung contains 
enough nutrients to produce 50 kilograms of food 
grain, which in turn can feed one person for four 
months. 651 The burning of almost 70 million tons 
of cow dung in India wastes nutrients equal to 
more than one-third of India's chemical fertilizer 
use. '5l 

In the LDCs the potential contribution of or
ganic materials (including human wastes) to soil 
fertility is enormous. The Food and Agriculture 
Organization reports that in a study done by J. 
C. C. van Voorhoeve for the World Bank the 
amount of nitrogen, potassium, and phosphorus 
potentially available to the LDCs from organic 
sources in 1971was7.8 times the amount actually 
applied that year as chemical fertilizer, worth $16 
billion at 1973 prices. For 1980, the van Voor
hoeve study found that at least 80 million metric 
tons of organic nutrients-worth $21 billion
could be supplied from organic sources. 653 If the 
amount of dung burned increases in proportion 
to population growth (the same assumption made 
for fuelwood consumption), 250-670 million tons 
per year would be burned annually by 2000, rep
resenting a loss of appror.imately 5--13 million 
metric tons of nitrogen (assuming 2 percent ni
trogen dry weight). Jn monetary terms, these lost 
nutrients would be worth roughly $2 billion an
nually. 

It is essential to understand that while inorganic 
substitutes exist for organic sources of nitrogen, 
potassium, and phosphorus, there is no substitute 
for organic matter itself. The proteins, cellulose, 
and lignins that comprise plant residues increase 
the porosity and water-holding capacity of soils, 
thereby serving to prevent erosion and provide 
the conditions needed for good root develop
ment. 654 Organic matter is also the food for the 
soil's microbiological life, which slowly converts 
and releases nutrients (and trace elements) in 
forms and at rates that plants can assimilate.'" 

Bio-Gas 
Methane gas, also known as marsh gas, can be 

obtained from otganic wastes. by means of a rel
atively straightforward technology. 656 Manure 

and plant wastes are fed into enclosed chambers 
of brick, concrete, or steel construction. Anaer
obic bacterial digestion of the organic matter pro· 
duces methane (CH4) and carbon dioxide (C02), 

the products of bacteri&I· respiration. The envi
ronmental consequences-of this growing form of 
energy production are generally quite positive. 
The resulting sludge retains all of the mineral salts 
and nitrogen (although little of the cellulose or 
carbohydrates) in the original material. Thus, the 
fertilizing benefits of the organic wastes are re
tained in the sludge• while the energy value of 
the manure and crop residues is captured in the 
form of methane gas. The energy value of the gas 
produced ranges from 18,630 to 26,080 kilojoules 
(500-700 Dtu/ft 3) per cubic meter. In small farm 
applications the gas is piped directly to the kitchen 
for cooking. 

Small-seal·~ bio-gas plants have been the subject 
of intensive research and development in recent 
years, especially in India and the People's Re
public of China. A major focus of this research 
has been on family-size plants (2-3 m 3 of gas per 
day). The offal from at least five cows (or an 
equivalent amount from other animals or humans) 
is needed to produce this amount of methane. 
Since many rural poor do not have so many ani
mals, this source of energy is not accessible in
dividually to the poorest rural people. India and 
China are developing larger bio-gas plants (10 m3 

of gas per day) that show considerable promise 
for community use. 657 

Both China and India have begun developing 
bio-gas production facilities. China has already 
built 7 million bio-gas plants and a total of 70 
million are targetted for 1985. 658 India plans to 
build 100,000 bio-gas plants per year for the next 
decade. This rather modest number would affect 
only l--2 percent of India's people; it would proc
ess the manure of only 2-4 percent of India'scows 
and recover only 100,000 metric tons per year of 
nitrogen fertilizer. 659 Presently, India has only 
7 ,000 bio-gas plants. 660 Taiwan, South Korea, and 
Thailand are also promoting this form of energy 
development. 

Problems of operation and maintenance, initial 
cost, and social equity have impeded rapid dif
fusion of this promising technology,'" but the 
many benefits of bio-gas technology assure it an 
important role in the decades ahead. 

• Theru is another advantage. The digestion process kills many 
pathogens afrccting both plants and humans, thus improving 
human health and reducing the transfer of crop diseases from 
year to year. This advantage is particularly important in those 
areas where night soil is used as fertilizer. 
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Noacommerclal Fuels-Environmental Prospects 
Growing populations and increasing prices of 

commercial fuels (especially fossil fuels) can be 
expected .to lead to rapidly increasing demands 
for orgamc noncommercial fuels. This increasing 
demand will lead to many environmental impacts. 

The environmental impacts of deforestation 
have been discussed earlier in this chapter ("The 
Forestry Projections and the Environment") and 
will not be repeated here. One general outcome 
of deforestation is, of course, a shift to other 
sourcc:s of fuel, such as organic matter. A single 
and disastrous consequence can readily be pre
dicted: dec~ine in soil productivity and the decline, 
therefore, m the production of food for humans 
~nd animals .. More specifically, a n~mber of phys
ical and environmental effects of diminished lev
els, or disappearance of, organic matter in soils 
can be determined: 

• Diminished capacity of soils to hold water 
!herefore g~eater susceptibility to drought dur: 
mg dry penods, exacerbated by loss of lignin 
by-products. 

• Decreased {>Orosity, therefore poorer aeration 
and absorption of water and more difficult tilling 
plus a tenClency to become compacted and dur
mg rains, waterlogged, leading to erosio~ and 
fast runoff. 

• Less adhesion between soil particles and greater 
susceptibility to erosion by wind or water. 

• Reduced reservoir of plant nutrients (and there
fore reduced fertility) and greater loss of nu
trients to leaching action of soil water. 

• Overall loss in productivity of the land. 

These effects have long been known "J; avoiding 
them through husbandry of soil organic matter 
has been a hallmark of wise farming for thousands 
of years. 

In regions with scarce fuel supplies, it is not 
likely that cattle populations will grow and com
pensate for the increased burning of dried dung. 
As noted in Tables 13--2 and 13-4, cattle popu
lations will increase in many areas but on over
grazed lands; the animals will eat less and produce 
less dung as land productivity declines. The sit
uation may lead to a self-accelerating downward 
trend in soil productivity, driven by efforts of in
creasing populations to survive on decreasing 
quantities of plant production. 

In regions with steep slopes erosion may ~ the 
coup de grace for lands which have been deprived 
of organic matter, reducing them in extreme cases 
to bare rock and in wide areas to infertile soils 
which will require decades or more of carefui 
management and co11servation if they are to be 

returned to productivity. Such severe hillside ero
sion has already been documented in Central 
America, the Andean region of Latin America, 
the East African Highlands, and the Himalayan 
hills. 663 In less steep landscapes, the land will sim
ply produce less food and plant matter, and both 
animals and people will go hungry or starve-or 
migrate if the alternative exists. Adverse climatic 
developments aggravate declining productivity, as 
experience in the Sahel has shown. 

A reversal of these alarming trends is being 
sought by the World Bank, the Food and Agri
cultural Organization of the United Nations, and 
U.S. Agency for International Development, "4 

and other organizations that have studied the 
problem.'65 Reduction in the use of wood, dung, 
and plant residues for fuel could be achieved by 
several means: 

• Use of kerosene. This is judged to be tc•o ex
pensive for the poorest people.• 

• Improved efficiencies in the technologies used in 
the production of charcoal. 

• Improved efficienty of fuel use. This is the most 
promising option. Open fires waste over 90 per
cent of the heat generated. Improved stoves, of 
which a number of designs exist suited to dif. 
ferent cultures, can reduce wood consumption 
by 70 percent."' 

• Utilization of methane digesters. This process 
holds much promise, hut requires an initial cap
ital outlay of several hundred dollars, and the 
possession of livestock. Thus, it holds little 
promise for the dilemma of the poorest people 
(no free fuel and no ability to purchase an al
ternative), but the process does save the value 
of or2anic matter while also exploiting its en
ergy .167 

• Development of Jue/wood plantations. This is a 
promising solution after a few years to a decade 
for growth, but is beset by lack of institutional 
capabilities for large scale plantation programs, 
as well as social and economic problems at the 
local level (see Chapter 8). 

• Solar and wind energy. There is increasing in
terest in the use of solar energy for cooking and 
for irrigation pumping and of wind for pumping 
and other energy needs. 

• The World Bank is concerned about the effocts of increasing 
world oil pa ices on non-OPEC developing economies and ha1 
initiated a new program to accelerate petroleum exploration 
and produc:lion in the non-OPEC developing countries. (See 
A Program lo Acctltratt Petroltum Production ln tht !Hwl
opb!g Countries, Washington: World Eank, January 1979. 
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What then are the prospects for noncommer
cial, organic fuels by the year 2000? The answer
to the extent that it can be given-depends largely 
on which geographic region is being considered. 
Potentials for organic matter production vary 
among regions by a factor of 10 or more, as do 
population densities. Awareness of the impor
tance of organic fuels is growing rapidly in some 
areas, less rapidly in othtrs. The role of cattle 
husbandry and traditional methods of cooking and 
disposing of organic wastes also show cultural var
iations, which not only influence the practice of 
using organic fuels but also the potentials for so
cially and economically feasible alternatives. 
Howeve;-, further increases in population and fur
ther increases in the costs of fossil fuels imply 
substantially increased pressures on organic fuel 
resources virtually everywhere by the year 2000. 

Conclusion 
How the many nations of the world will respond 

to the rapidly ·::hanging energy situation is uncer
tain, aml as a result it has not been possible for 
the Department of Energy to develop energy pro
jections that extend to the year 2000. While DOE 
did prepare projections that extend to 1990, the 
i.nfonnation required to analyze the environmen
tal implications of these projections is not avail
able. As a result, it has been necessary to limit 
the discussior. of environmental impacts to a qual
itative consideration of a range of energy devel
opment options bounded by the hard and soft 
paths. From this qualitative consideration it is 
clear that all energy sources have environmt~nral 
impacts associated with their development and 
use. The energy challenge to each nation over the 
next two dec:.ides is to develop an energy economy 
that balances the advantages of more energy with 
the disadvantaee of the envirotimental and social 
impacts. While the situation is still very uncertain, 
trends are emerging for both the commercial and 
the noncommercial energy econom~es. 

At present, the world's commercial energy sec
tor (fossil fuels, nuclear energy, and hydropowt:r) 
is developing a structure that is much nearer the 
hard path end of the spectrum of options than the 
soft path end. If the overall, primary-. nergy 
growth rate projected by the Department o; En
ergy out to 1990 were to continue to 2000, the 
result would be a commerical energy economy 
~11suming 517 quads (517 x 1015 Btu) annually, 
mort. •ban double the 1975 figure. If, in addition, 
this con. merical enet·gy were to be supplied by a 
global energy sector similar in composition of that 
described in Table 13-41 for the United States, 

the consequences might be expected to include 
the following proportionate increases in the en
vironmental impacts described in Table 13-42: 

• Several thousand million tons of coal production 
per year by 2000. 

• Approximately one hundred thousand million 
tons of coal mined cum11 tively, 1975-2000. 

• Many thousandi- of square kilometers of land 
strip-mined cumulatively. 

• Many thousands of square kilometers of land 
affected by subsidence cumulatively. 

• Approximately one thousand (nominally 1,100 
Mw) coal power plants. 

• Several hundred (nominally 1,100 Mw) nuclear 
power plants. 

• Several tens of thousands square kilometers re
quired for transmission lines for electricity gen
erated by new coal and nuclear plants. 

• Approximately 1 ,000 million tons of radioactive 
tailings from supplying uranium, 1977-2000. 

• Approximately ten million cubic meters of low
level radioactive wastes. 

• A few 100,000 tons of spent nuclear fuel, 1977-
2000. 

• Several 100,000 tons of spent nuclear fuel gen
erated over the lifetimes of the plants con
structed through the year 2000. 

While these estimates are highly uncertain, they 
are the best estimates that can be made with the 
projections and data currently available, and they 
do indicate the order of magnitude of the cumu
lative impacts of a global hard ps•'l over the dec
ades ahead. 

In addition to its environmental impacts, the 
global hard path option will maintain and increase 
thennodynamic inefficiencies in the energy sector 
itself. Large amounts of energy will be used in 
converting one fonn of energy to another, and 
the resulting energy fonns will not in many cases 
be efficiently r.iatched thennodynamically to end
use requirements. 

As the soft path studifs illustrate, requirements 
for nonrenewable prima~y energy (and the asso
ciated environmental impacts) could be reduced 
by increasing the thennodynamic efficiency in the 
energy sector, by increasing the contribution of 
renewable sources of primary energy, and by in
creasing end-use conservation. However, the 
DOE energy projections show only re~atively 
small shifts in these directions through 1990. 

Trends in the world's noncommercial energy 
economy lead to environmental consequences 
that are quite different from those implied by the 
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commercial eronomy. The FAQ projection of a 
650 million cubic meter annual shortage of fire
wood in the LDC~ means that approximately a 
quarter of the needed fuelwood in the LDCs may 
not be availahle. The shortfall implies increased 
deforestation and shifts tv altnrnative fuels (dung 
and crop residues). Both th1

; d'.!forestation and 
the shift to alternative fuels will have adverse af
fects. The deforestation wm enhance ero6on and 
destabilize stream flows. The combustion of dung 
and crop residues will deprive the soil of needed 
nutrients and organ:c matter. 

111e most serious environmental impacts im
plied by the noncommercial energy trends oo aid 
be reduced significantly by extensive development 
of village woodlots and the use of methane gen
erators. EncoJraging initiatives in both areas have 
been noted above. Nevertheless, if pre .. ent trends 

continue, the organic fuel needs of increased LDC 
populations can be expected to seriously affect 
forestry and asficulture in large parts of Africa, 
Asia, and Ladn America by the year 2000. 

By then, lhe commercial and noncommercial 
f:nergy sectm."S may be having increasing effects 
on each other. Higher costs of kerosene can be 
expected to expand the use of organic fuels in 
LDCs, increasing further the pressur~s on LDC 
forests. The resulting deforestation and wood 
c"Jmbustion will conuibute potentially significant 
amounts of carbon dioxide to the atmosphere and 
will reduce the amount of vegetation available 
globally to absorb C01-developments that, in 
turn, will increase concerns in tht world's com
mercial energy economy over the climatological 
consequences of continued and expanded fossil 
fuel combustion. 

THE NONFUEL MINERA~ PROJECTIONS AND THE ENVIRONMENT 

The Projections 
Collectively, the demand foi the 18 nonfuel minerals considered in the pro
jections prepared by the Department of the Interior, was expected to grow 
at around 3 percent per year, slightly more than doubling between 1975 and 
2000. In most cases it appears possible to accommodate the projected growth 
of mineral demand, but there are a numb.er of unanswered questions con
cerning the price at which demand. wUl be met, especially if energy prices 
increase significantly above their present levels. As higher-grade resources 
in accessible locations are exhausted, new mining ventures will tend to exploit 
lower-grade deposits and de'fJOSits in less accessible parts of the world with 

. more fragile environments. Some of the projected increases in supply are 
large and will require contributions of both virgin and recycled materials. 
The industrialized nations will continue to depend heavily on resources im
ported from LDCs and are projected to absorb over three-fourths of the 
world's r1onfuel mineral production until i..t least the year 2000. 

Introduction 
The Global 2000 Study projections inditate that 

in the decades ahead there will be increasing · 
needs both for mineral resources and for envi"· 
ronmental conditions beneficial to biologic;i.l re
sources. These two resource needs, at least in che 
context of present policy and practice, are to a 
~egree in conflict. Thus tensions between mate
.;,.10 demand and environmental quality can be 
expected to continue. In the past-and even to 
a greater degree now-miner~JI resource policy 
has been ha~ed on the assumption that mining is 
the most appropriate use for mineral-bearing 
land. Not long ago in the United States, however, 
the Study Team on Environmental Problems As
sociated witt':. Metallic and Nonmetallic Mineral 
Resources, working under the sponsorship of the 

National Academy of Sciences, advised against 
making the assumption that mining is necessarily 
the most appropriate use of mineral-bearing 
land."' The goal recommended by the U.S. Sec
retary of Interior is a proper balance between 
mineral extrac\ion and environmental protec
tion . .., Achieving that balance in the U.S. and 
elsewhere will require significant changes of pol
icy and practice, as well as significant expendi
tures. According to a United Nations estimate, 
the cost of abating all world pollution due to min
ing by the year 2000 would be about $200 billion, 
or 1-2 percent of the product value . ..,... 

Richard A. Carpenter, Executive Director of 
the National Academy of Sciences' Commission 
on Natural Resources, has summarized the situ
ation as follows: 
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The tensions between availability of materials and 
quality of the environment will mcrease with eco
nomic gro\\-1h and the appreciation of environ
mental values. These tensions can be relieved to 
an extent by internalizing the wsts of environ
mental protection so that they are reflected in the 
price of materials. . . . 

Environmental protection regulations will re· 
suit in (i) increased costs for many materials; (ii) 
disruptive changes in uses of materials. due to 
environmental characteristics and revised cost of 
effectiveness calculations; (iii) restrictions on the 
siting of processin~ and manufacturing installa
tions; (iv) preemption of access and surface ri& ~s 
to some mmeral bearing lands, particularly tht • .;e 
that are federally controlled; (v) diversion of cap
ital from new .Production facilities; and (vi) frus
trating delays m decisions, .. uch as those affecting 
leasing and plant siting. 

In return for these generally undesirable dis
ruptions in the continur.d development and supply 
of materials. societ) will obtam: (i) improved 
quality of air and water; (ii) lon~·term protection 
of the natural ecosystems of which man is a part; 
(iii) more efficient allocation of natural resources 
on the basis of more accurate and complete ac
counting of costs; (iv) im,Proved human health 
through decreased contammation of the environ
ment with toxic substances; and (v) conservation 
of materials through a closing of the productiun. 
use. and disposal cycle. 

Ingenuity and a more complete understanding 
of the parts and interactions of the energy. ma
terials, and environmental system can do much 
to reduce the tensions in these conflicts and brin~ 
about equitable trade-offs among societal goals.• 

Significant environmental damage can be an
ticipated from the projected increases in mineral 
production and utilization. These impacts will be 
felt as a continuation of both the direct and the 
indirect consequences of mining on land. Mining 
the s~abed will present new and unique environ
mental impacts. The three types of impacts are 
discussed below. 

Direct Environmental Eft'ects of Mining 
on Land 

As shown in Table 13-43, mines, quarries, and 
wells yielded about 21 billion short tons of refined 
mineral materials worldwide in 1976 (25 billion 
if oil and gas are included). Of the quantity pro
duced, roughly 1l'i billion tons were nonmetallic 
minerals, mainly sto~'e, sand, and gravel; 8 billion 
tons were fuels; :&iao nearly 1 billion tons were 
metals. 

Most mineral resource production now occurs 
in the industrialized countries. About 14 billion 

tons of refined mineral materials were produced 
in Japan, Canada, Australia, South Africa, and 
thf: industrialized countries of Europe in 1976; 4 
billion tons were produced in the United States, 
an() 7 billion tons in ~he less developed countries. 
This m~rketed minert-1 output amounted to 2 tons 
per person annually in the LDCs, 20 tons per 
person in the United States, and 16 tons per per
son in the other industrialized countries (Fig. 13-
19). 

Direct effects of mining Qn the landscape. such 
as surface disturbance, deposition of overburden 
and tailings, and generation and disposal of pol
lutants, tend to be roughly proportional to the 
quantity of minerals extracted. Such effects, in 
the absence of measured data, can therefore be 
roughly estimated by applying conversion coeffi
cients to estimates of future production. Estimates 
of utilized land areas and generated m;ning wastes 
derived in this manner are presented below, after 
which their implications for air and water re
sources are discussed briefly. 

Land Use in Mineral Production 
The extent of the earth's surface disturbed by 

worldwide mining operations has never been 
measured ac:-curately. It is estimated in Table 13-
43 at roughly 1.5 million acres per year in 1976, 
growing to 3 million acres per year by 2ono (ex· 
cluding surface disturbed by oil and gas opera
tions). The land area that will be directly disturbed 
during the 1976-2000 period is approximately 60 
million acres, or 94,000 square miles-an area 
roughly equal to West Germany, or 0.2 percent 
of the earth's total land surface. By comparison, 
the southern border of the Sahara Desert, by 
moving steadily southward during the last 50 
years, is believed to have encompassed some 
250,000 square miles of land once suitable for ag
riculture or grazing. 672 and it is expected that the 
closed forests of the world will be reduced by 1. 72 
million square miles between 1978 and 2000.673 

However, the projected figure (94,000 square 
miles of land expected to be directly disturbed by 
mining over the next quarter century) is mislead
ingly small. The mines themselves are not the only 
arens disturbed by mining operations. It has been 
said that the least of the problems is "the hole in 
the ground." Mimng operations are responsible 
for water and air pollution, for destruction of fish 
and wildlife habitats, for erosion, and the im· 
pairment of natural beauty many miles from the 
mine sites. The extensive areas indirectly affected 
by mining are not included in the 94,000 square 
mile figure, and virtually no data are available 
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TABLE 13-43 

F.atlmeted Luci Area Utlllltd ror World Mlncnl Pmluctlon Compared with AnnUll PrOciadk.~ t'76- . 
. 2000 

Ratio of 
Mineral 

Pioduction 
(in millions 1976. 1985 2000 of abort tons) 
to Acres of 

Land Land Land Land 
Ulilizcd in Production Utilized Production Utilized Proouction Udll1.cd 
the U.S. in (bllllon.r of (thou.rands (bllllon.r of (tho wands (billlatu of (tho111ands 

Mineral Commodity 1971° 1hort ton.r) of acrt.r) 1hort ton.r) ofacra) 1hort ton.r) ofacra) 

Stone 30 7.7 231 8.2 246 14.8 444 
Sand and gravel so 6.9 345 10.S S2.'i 17.3 86S 
Commodities not elsewbt.re 60' 1.S 90 2.2' 132 3.S• 210 

stmfied' 
Cays 120 0.6 72 0.8 96 1.1 132 
Bituminous coal' 130 3.S 4SS 4.0 S20 4.8 624 
Iron (in ore) 170 o.s 8S 0.8 136 1.1 187 
Pbalphate rock 260 0.1 26 0.2 S2 o.s 130 
Copper 12,670 0.008 101 0.013 16S 0.022 279 
Uranium• 200,000 0.000025 s 0.000107 21 0.0001~ 39 

World total (excluding petro- 20.8 1,410 26.7 1,893 43.l 2,910. 
leum and natural gas) 

Nalrt: ProdllCtkla figures assume U.S. 1971 rallo of martetlblc produc:lioll IO land utlllied (ml1111111 I). Pmductloo llama for 1915 lllld ml ue U.S. 9.,... ol Mills 
projcdloas for demand, whicb Is UIWllCd to bu malebed by produdlon. 

• Millions of lbor1 tons prodllced : IQ'CS of land utlllzcd. 
• Malnly cement, anthracite coal, salt, and Olhcr llOIUllctalllc: minerals, but csdudifta pcuolc11111 and aalllral pa. 
1 Eltimaled llprc, bated on the rcleUve COt11ributlom of cement, anthllldtc c:oal, aalt, and Olbcr noamelllllc milllerall. 
•This fuel mineral It lndudcd for pwposes of oomparilon. 
• Fil'Q'CI do nol include centnlly planned economics; data wu not available. 

Soluas: lbllol calc:Watcd Crom U.S. Bureau of Mlnet, Uut4 Udllzadoll ....; R~ flt tJw M/llbtr '"""'"'· 1910-71, 1974. Productloa da11' for 11176 rro.u.s. 
Burca11 of Mi.nel, MINNI Conutwdily SlllflJfllU'la, 1971. Plo.iucllon atlmates for 1118.S and 2000 from U.S. BllfUll MIMa, Mlttmil n..fr Mil,_,,, 1976. 

on the overall amounts of land disturbed by min· 
ing. 

Mining directly disturbs :Snd in a number of 
ways. According to United States experience over 
the 1930-71 period, 59 percent of such land was 
utilized for excavation and 38 percent for disposal 
of mine and mill waste; the remaining 3 percent 
either subsided or was otherwise disturbed by un
derground workings. 674 

Large areas have been directly disturbed by sur
face mining for certain metals-in Malaysia tor 
tin, in New Caledonia for nickel, in Australia for 
titanium, and on various Pacific islands for phos
phate. 675 Work bas begun near Hambach, West 
Germany, on an open-pit lignite mine that will 
cover 30 square miles of what are (or were) farms, 
forests, and villages. 676 A proposed bauxite mine 
in Western Australia will destroy the only forest 
in a million square mile area. The mining com
pany answers critics that it believes most of the 
trees have an incurable root disease. The com
pany has also offered to attempt reforestation. ' 77 

By 1977, land directly disturbed by surface min-

ing in the United States totaled 5.7 million 
acres. 671 The strip mining of bituminous coal ac
counted for the largest part of this. The thinner 
the coal seam, the greater the area di~turbed for 
a certain quantity of coat. In the western United 
States. for example, t!1e mining of 30-foot seams 
of Wyoming coal di sf l.lrbs 25 acres of land for 
every million tons produced, whereas mining 10-
foot seams ot Washington, Arizona, Colorado, or 
Utah coal disrupts 72-80 acres per million tons of 
coal recovered. ' 79 There is 12 times as much cottl 
available by deep mining in the United States as 
by stripping,'*• but although deep mining appears 
to cause less land degradation than surface min· 
ing, it entails greater occupatic.nal hazard and 
discomfort and greater cost. 

The nonfuel minerals commodities principally 
responsible for direct land disturbance during 
mining are sand and gravel, stone, copper, iron, 
clays, and phosphate rock ore. Table 13-43 pro· 
vides estimates and projections of the areas dis· 
turbed worldwide during the mining of these 
commodities in the years 1976, 1985, and 2000. 
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· ABOUT 40,000 POUNDS OF NEW MINERAL 
MATERIALS ARE REQUIRED ANNUALLY 

FOR EACH U.S. CITIZEN 

~& 
8000LBS. 8000 LBS. 660 LBS. 450 LBS. 
STONE SANO AND (;11AVEL CEMENT CLA VS • 430LBS. 

SALT 
1400 LBS. 
OTHER 

NONMETALS 

1000 LBS. 46 LBS. 16 LBS. 14 LBS. 11 LBS. 31 LBS. OTHER 
IRON AND STEEL ALUMINUM COPPER ZINC LEAD METALS 

PLUS 

[J • 6 & 
7660LBS. 5200 LBS. COAL 4200 LBS. 1n LB. URANIUM 

PETROLEUM NATURAL GAS 

TO GENERATE: 

ENERGY EQUIVALENT TO 300 PERSONS WORKING AROUND· THE.CLOCK FOR EACH U.S. CITIZEN 

U.S. TOTAL USE OF NEW MINERAL SUPPLIES IN 1975 WAS ABOUT 
4 BILLION TONS I 

Figure 13-19. Consumption of new mineral materials per person in the United 
States in 1975. (U.S. Bureau of Mines, Status of the Mineral Industries 1976) 

The figures, admittedly approximate. were de
rived for each commodity by observing the ratio 
of production tonn&6es to land acreages disturbed 
and utilized in the United States in 1971 (as re
ported in a Bureau of Mines study"') and apply
ing these ratios to the Bureau's projections of 
world mineral demand (which were equated with 
production). 

There are several factors influencing the accu
racy of the area estimates in the table. The mix 
of mining methods used in the United States, es-

pecially the ratio of surface to underground min
ing, differs from that of the world as a whole. The 
United States is also atypical in that it exploits 
much low-grade ore deep beneath the surface. It 
should also be remembered that as miners every
where deplete the world's high-grade, accessible 
ores, they will be turning to deposits requiring 
even more surface disturbance. Some new pro
duction processes (such as leaching ores in place) 
show promise for reducing the land requirements 
of mining, but it is doubtful that these processes 
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will be in widespread use before 2000. Lastly, it 
should be noted that the projected production fig
ures have a wide range of uncertainty, which car
ries over into the land utilization figures. 

In addition to land disrupted by "the hole in 
the ground," other land is affected by mining 
wastes. Furthermore, dust and toxic materials 
from the wastes genernt~d in mining and refining 
often spreads to surrounding areas, reducing their 
ability to support life. 

The wastes from mining and the early stages of 
refining are usually bulky, and sometimes toxic. 
For many deposits, the tons of earth that must be 
moved to expose the ore body exceed the tonnage 
of ore ultimately recovered from the site. This 
surface material removed (the "overburden") and 
the residue left after processing {the "tailings") 
are usually discarded in open piles. 

Accurate data on the woridwidc magnitude of 
mining waste generated annually are not avail
able, but it is known that in industrialized coun
tries the mining and cleaning of coal produces 
more waste than the extraction of any nonfuel 
mineral. According to the Organization for Eco
nomic Cooperation and Development, annual ac
cumulations of coal mining waste ar~ 90 million 
metric tons in the United States, 60 million tons 
in West Germany, and Sf. million tons in the 
United Kingdom. 611 Uranium is nlso responsible 
for larg~ amounts of mining waste. Nonfuel min
eral commodities whose extraction is accom
panied by considerable waste include (in descending 
order of apparent magnitude of waste) copper, 
iron ore, phosphate rock, stone, and clays. 

Table 13-44 gives estimates of the Rmount of 
waste generated by the worlcl output of six mineral 
commodities.• The estimates are rough approxi
mations, derived by multiplying world production 
or projected demand by the ratio of marketable 
product to waste experienced ir the United States 
in 1975. w While these estimates suffer from the 
same kinds of limitations as the estimates in Table 
13-43, they do suggest that world production of 
the six commodities (totaling 9 billion tons) gen
erated approximately 14 billion tons of waste in 
1976. The projection for 2000 is 18 billion tons of 
commodities produced and 34 billion tons of 
waste. Future mining and milling wastes are ex
pected to increase faster than the output of min
eral commodities, p'-trtly because the demand for 
minerals with high rntios of waste to marketable 
product (phosphate rock, copper, and uranium) 

• As indicated above, coal generates an enormous quat.tity of 
mining waste, but data corresponding to that presented in 
Table 13-44 could not be obtained for coal. 

is projected to increase faster than the demand 
for minerals with low waste to product ratios 
(stone and clays). The actual increase of wasti: 
will probably be greater than the increase in Table 
13-44, which does not take into account the fact 
that, as time goes on, the average grade of ores 
worked will generally be lower. 

Several countries are now set.king ways to pro
tect agricultural land, forests, and waterways from 
poJlution from mine wastes. In the Philippines, 
where mines discharge 140,000 tons of waste 
daily, the country's Bureau of Mines is investi
gating potential uses of some of the mine waste 
as material for cement, ceramics, and construc
tion. 1114 There is plenty of 'Nast~.} to work with. For 
example, nonfuel minir.g operations in the United 
States in 1975 moved 4.2 billion tons of material, 
of which 2.6 billion tons represented crude ore 
and 1.6 billion tons mining waste; 94 percent of 
the crude ore and 99 percent of the mining waste 
was from surface mines."" 

What happens to mined-out land after opera
tions move on or cease? When nothing is done, 
th~ abandoned and useless sites usually remain an 
ugly, hazardous area and a major source of water 
pollution, air :pollution, and soi] erosion. Vege· 
tation is slow to regenerate naturally because of 
displaced soi], steep slopes, and drainage, which 
usually is acid, alkaline, or saline. These problems 
are pzrticularly acute in areas where coal has been 
strip mined."' 

According to the Environmental Protection 
Agency,.., representative annual rates of erosion 
from various land uses are as follows: 

IANI Use 
Forest 
Grassland 
Abandoned surface mine 
Cropland 
Active surface mine 
Construction 

Metric Short 
Tom per Tom per Relative 
SqUllrt Square Rate 

KUomtter Milt (Fortst•J) 
8.S 24 1 

85 240 10 
850 2,400 100 

1,700 4,800 200 
17,000 48,000 2,000 
17,000 48,000 2,000 

Reclamation efforts can reduce the environ
mental damage caused by mining wastes. Mining 
companies-at least in some nativns-are increas
ing the incidence and degree of reclamation of 
mined lands. These efforts are largely in re ;ponse 
to conservation movements and more stringent 
legislation. 

Although world data on the extent of recla
m11tion of mined-out lands are not available, some 
information for the United States is available. Of 
U.S. land used for mining in the 1930-71 period, 
40 percent has been designated "reclaimed."• 
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J . However, the quality of the reclamation varies 
considerably. In some cases the effort has been 

,1 §-.~~~! • clj minimal; in others serious difficulties are pre-
':> sented by hilly terrain and limited 1ainfall. ·I ...... ...,. OI 

I Land reclamation success stories are heard from 

I many other nations. For example, in Ostmva, 
1 

j 
Czechoslovakia, red oak has started to grow on 

~ 1! ~i~~~- ~ I coal dumps characterized by steep slopes and very 
l limited soil. 689 American Metal Oimax, Inc. of ... •CH'I ... N ~ I ! 1 New York conducts a project to farm its acquired 

1j "' I l 
coal lands ( ~t Sullivan, Indiana) before strip min-

~i.~~~C> l'l ing ar.j plans to develop the land's most produc-
§i 

i 
"'I. I tive resources after mining. 690 A cement plant at ......... co ... ... Bamburi, on Ke<:ya's Indian Ocean coast, has re-

I 
B 1 habilitated hundreds of acres of land from which 

1! i§-.ii~§ ; i r it quarried coral limestone; the area now has a ... forest of 30,000 trees, a productive farm, and fish 
8 I j fi rf ... ponds."' .. 

I .. I As of mid-1977, 70 percent of the land disturbed 
'0-

1 
by surface mining and needing reclamation in the 

! ! a1i~i~~ ~ 
! United States was not under any legal require-

lllli s 
ment to be reclaimed. 691 This situation led to the 

I ~~ ~ ...,. "° ... ...,. 

l ... 
Surf ace Mining Control and Reclamation Act of I 

JI 
... f 

1977. The law, which applies only to coal lands, 

'I ~ie~~~c:i ~ ~ stipulates that mined-over areas be returned ap-

~i 
co ... C> i:;. 

j 
proximately to their original contours. A tax on ... 1 currently produced surface coal will be used to 

... finance the reclamation of "orphaned" lands left 

1! § .. §~~~ ~ I l from earlier operations. Slopes of more than 20 
degrees on waste dumps are prohibited. 691 

fi .... ...,. 

I Compliance with the new reclamation law is 

~ ! JI 
: estimated to add from 50 cents to $4.00 to the cost 

I s of producing a ton of surface-mined coal in the 
~ j~ ~ 1! i~~~~i l t United States. 694 Rehabilitating coal fields in the 

f 
... ""' 

...,. °' '3 western United States, parts of which have a dry 
:I . I climate, would cost an estimated $925 to $2,750 

~ 8 ! 1( 1 
per acre. 695 According to an Argonne National ]I ~~i=COc:i ""' Laboratory sturly, reclamation of mined land in 

~ 'IS '3 some localities (such as certain phosphate rock J i ""' OI .I!' :i sites in Florida) may be a profitable endeavor if 

J si ~1 ~ s: .s proper land us~lanning and marketing strategies 
.!! ~JI J i£ 11~~ 

are employed. 

I 1~~ :I c:i' NN88fa ijl 
Under present policy in most nations, the min-

~ ing of a particular piece of land is usually per-'O :I ... ~ ... 
mitted even when mining operations conflict with 

;s Div! 
~ ~ e, j! 

slfil~~ 1·11 1 other uses of the land. However, stipulations and 
'O 'OH c:ic:i~.,.:~~ ft , conditions are increasingly being made that take 
.g g .. other potential land uses into consideration. In a 

.. &IF< .... 
11si few cases, mining has even been prohibited for 

I R 
environmental reasons. For example, the Rio 

J 
ll! '8 Tinto Zinc Corpcra~ion was prohibited from min-

1 . Ill ·S JI' i ing in the Snowdonia National Park, Wales. m --
uJbl 

=a.1 iu] The Swedish Government has assured environ-

I i1 mental groups and local authorities it will refuse 

j-.. • to issue requested permits for strip mfning min-
~ eraJ-bearing slate deposits in the Naerke area of 

\.\\ v 
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southern Sweden."' In a region of Western Aus
tralia recently experiencing a diamond rush, the 
government set aoide as off limits to mininj, a 440 
square mile park near Cape Londonderry. Eco
logical (as well as economic) factors figured sig
nificantly in the decision of the Puerto Rican 
Department of Natural Resources to not allow 
Kennecott Copper Corporation and American 
Metal Climax to mine an estimated 243 million 
tons of copper reserves on the island. 700 The 
United States has largely closed its national parks 
to mining; it has also prohibited surface mining 
of coal on prime farmlands unless they can later 
be restored to their original productivity and has 
prohibited mining that damages wati!r supply. 781 

Trends such as these may reduce to a degree the 
land disruption caused by mining, but they will 
also increase somewhat the cost of mineral prod
ucts. 

Impact of Mineral Production on Air Quality 
Air pollution generated from mining and proc

essing activities (particularly high-temperature 
metallurgical operations) produces serious envi
ronmental and health problems. Air pollutants of 
particular concern are sulfur oxides, particulates, 
asbestos, radionuclides (radium and radon), coke 
oven emissions, arsenic, lead, and fluorides. 702 

Most sulfur oxide contamination of the atmos
phere is caused by the combustion of fo:;sil fuels, 
especially coal, but in addition, sulfur oxides go 
up the stacks of smelters treating sulfide ores of 
metals such as copper, nickel, lead, and zinc. 

In 1974 U.S. copper smelters emitted 8,214 tons 
of sulfur oxides daily, 10 percent of the nation's 
total. However, smelter emissions are being re
duced. The 1974 emissions were 33 percent below 
previous highs and the 1986 emissions are ex
pected to be 90 percent below the earlier peak. 793 

Unfortunately, such reductions are not the trend 
everywhere. The Cuajone copper mining and 
smelting project in Peru will soon double emis
sions and effluents from the site; it is expected 
that 60,000 tons of sulfur oxides will be released 
into the air and 30 million tons of tailings dis
charged into the sea annually. The World Bank, 
one of the project's lenders, has persuaded the 
borrower to accept, in principle, the incorporation 
of a number of environmental safeguards in proj
ect design. 104 The copper-nickel smelters of the 
Sudbury district of Ontario, Canada, emit 2.7 
million tons of surfur oxides annually, causing 
losses of timber with a value of $117 ,000 per year 
in a 720 square mile zone of severe damage. m 
Such sulfur oxides contribute more widely, of 
course, to the problems of acid rain discussed in 

this chapter in the section entitled "Water Pro
jections and the Environment." They are also 
known to increase the incidence of asthma. 
chronic bronchitis,· and emphysema."' 

Uranium-mill tailings present a radioactive air 
pollution problem. The radium in the tailings de
cays to the radioactive gas radon, whose decay 
products are responsible for the high incidence of 
lung cancer among uranium miners in Europe and 
the United States. m Piles of uranium tailings in 
the United States total 140 million tons and could 
reach a billion tons by the year 2000. M Lyman 
J. Olsen, director of the Utah State Division of 
Health, reports that thousands of people work 
and live in dose proximity to the tailings pile of 
an inactive uranium-mill site in Salt Lake City and 
are exposed to radioactive dust, radon ~s and its 
decay products, and gamma radiation. An ac
tive uranium mill near Grants, New Mexico, has 
dumped 23 million tons of tailings on 265 acres; 
the pile rises to a height of 100 feet. Covering 
such dumps with 8-12 feet of clay would reduce 
the radon eminations to twice background lev
els. 710 The cost of safe disposal of all uranium 
tailings in the United States is conservatively es
timated at $140 million.111 

Although radiation .at phosphate rock mines is 
apparently a somewhat lesser problem,112 the 
Global 2000 Study projections of a doubling to 
quadrupling of fertilizer use by the year 2000 im· 
ply an increase in the amount of radioactive phos
phate waste. In Florida radiation from phosphate 
wastes is already an issue. According to a prelim
inary report by the U.S. Bureau of Mines, there 
could be a twofold increase in the incidence of 
lung cancer among persons living in structures 
built on reclaimed phosphate lands in Florida. 713 

Impact of Mineral l'l'Oduction on Water Quality 
Surface and underground water is frequently 

polluted by effluents of mining and milling op
erations and by rainfall or stream action on solid 
mine and mill wastes. Thirty-four percent of waste 
water discharged by all major U.S. industrial 
groups in 1973 was from production of primary 
metals, 8 percent from petroleum and coal prod· 
ucts, and 1 percent from stone, glass, and clay 
products. 114 

One example of water pollution from mining 
is acid mine drainage, which is caused by the re
action of water and air with sulfur-bearing min
erals in coal or metal mines and dumps. The 
sulfuric acid produced in this reaction enters 
streams, lakes. •md rivers where it lowers the pH, 
killing many forms of life. 

Another notable example of water pollution by 
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mining wastes is the dumping of salt wastes by 
East German potash mining companies into the 
Werra River. The Werra, which weaves across 
the border between East and West G~rmany, 
flows into the Weser River, which is now so salty 
that the city of Bremen can draw on it for only 
~O percent of its water supply. 115 In addition, 
wastes from potash mines in France have long 
been implicated as one of the primary sources of 
contamination of the Rhine River. 

In 1978, a series of earthquakes affecting Ja. 
pan's lzu Peninsula caused the collapse of earthen 
dams holding mine wastes containing poisonous 
sodium cyanide. Fish were killed not only in the 
Mochikoshi and Kano Rivers but as far away as 
Suruga Bay. 11

• 

The Philippine Inter-Agency Committee on 
Environmental Protection has reported the dis· 
charge of about 100,000 tons of mine tailings per 
day in eight major river systems in the country, 
affecting an estimated 130,000 hectares of agri· 
cultural land. 711 The Japan International Coop· 
eration Agency is expected to study the feasibility 
of a project for collecting tailings from at least 
four of the six major copper mines in the Baguio 
district of the Philippines ancl transporting them 
by pipeline for discharge into the Lingayen Gulf. 711 

In Pem, tailings from copper mines are pollut· 
ing the San Juan, Mantaro, Locumba, and Moche 
rivers with iron, acid, magnesium, and other met· 
als. The World Bank recommends a Mantaro 
cleanup project to be completed by 1980 to bring 
the iron content of the waste outflow down to 0.1 
gram per liter and to reduce the acidity by 99.9 
percent. 71

' 

As part of the opening of a molybdenum mine 
at Urad, Colorado, American Metal Climax con· 
structed rliversion structures and two miles of un
derground pipeline so that streams will flow 
around and under the mill and iailings areas and 
emerge from the property uncontaminated. The 
streams involved are part of the water supply for 
Golden, Colorado. A reservoir, holding water for 
mining and milling the ore, will be open to the 
public for campin~, fishing, and the enjoyment o! 
the surrou!ldings. 20 

The Resuve Mining Company, a subsidiary of 
Armco Steel and Republic Steel Corporations has 
dumped approximate'y 67 ,000 tons of iron ore 
waste (taconite tnilingi1) daily into Lake Superior 
for the past 23 years. The wastei< contain micro· 
scopic asbestos fibers from a mine at Babbitt, 
Minnesota, and an ore-processing plant at Silver 
Bay, Minnesota. m Asbestos fibers are now pres· 
ent in the drinking water of Duluth and other 
communities that draw wate1 from the lake. Air· 

borne asbestos fibers are known to cause serious 
lung diseases, including a particularly dangerous 
form of cancer. Whether similar problems arise 
from the drinking of water containing asbestos 
has not been e:;tablished. Nevertheless, state and 
federal courts have determined that a potential 
health hazard exists 722 and have ruled that Re· 
serve must change to on-land disposal. It is esti· 
mated that the required pollution control facilities 
will cost $370 million. 

The increased mining that follows from the 
Globai 2000 Study's projected demand for fuel 
and nonfuel minerals could easily increase the 
amount of water pollution from mining activities. 
Present policies may limit the effects somewhat, 
but the quality of water used for drinking, irri· 
gation, and fish culture can be expected to be 
adversely affected in at least some areas. 

Indirect Effects of Mining on Land 
The direct effects of most mining operations on 

land, while not negligible, are localized and rel· 
atively small compared to man7 other forms of 
human economic activity such as farmin~. for· 
estry, Rnd urbanization. By contrast, the indirect 
effects of mining can be quite large. especially 
since the infrastructure developed for mining op· 
erations often permits a large number of other 
activities that would be very difficult or impossible 
to carry on without it. Among the many indirect 
effects of mining on land are the boom-and-bust 
cycle, access roads, demand for renewable re· 
sources, and energy requirements. Each will be 
briefly considered here. 

The boom-and-bust cycle of communities near 
mining and refining centers is a virtually inevitable 
consequence of the nonrenewable nature of min· 
eral resources. Demographic and economic insta· 
bilities usually result.• In the short run, small 
communities may be unable to supply the com
munity services needed by the overwhelmingly 
large n11mbers of new citizens drawn to a new 

• The U. \. Department of Housing and Urban Development 
has prepared a report suggesting how to manage: grnwth when 
an area is suddenly affected by the rapid growth ac.."Ompanying 
resource exploitation. The report focuses primarily on growth 
associated with eoergy development but apolies equally to 
growth associated with the exploitation of nonfuel minerals. 
It includes brief ca.~ studies of the impacts of growth associ· 
ated with the Jim Bridger i .. .,·~r Plant in Sweetwater County, 
Wyoming, the nuclear power plant in Calvert County, Mary
land, and oil pro;luction a;:id coal mining in Campbell County, 
Wyoming; the effects of North Sea oil and gas production on 
Scotland are also examined. (Rapid Growth from Energy Proj· 
tcu-Idw for State and Local Action-A Program Guide, 
Washington: Department of Housing and Urban Develop· 
ment, 1976.) 
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mining operation. In the long run (of a decade or 
two), these services may not be needed at all. 

D. B. Brooks and P. W. Andrews, in reviewing 
the problem of boom-and-bust cycles on a global 
basis for a 1973 United Nations Symposium on 
Population, Resources and Environment, noted 
that: 

Even if mining communities are more carefully 
~tanned today, their inherent tendency to deplete 
their reason f,,~· existence cannot be ignored, be
cause the result is often a depressed region with 
high unemployment and few services. Such prob
lems are intensified by the cyclical nature of in
vestment in minerals, so that there tend to be 
cycles, every 20 to 40 years, during which a nation 
is faced with waves of mine closures. 7J3 

This type of local economic instability is exac
erbated by the relative isolation of mining from 
the rest of the economy. Mining generally does 
not spawn significant amounts of associated in
dustrial or manufacturing activities, especiallv if 
carried out in remote areas. · 

Mining activities, especially in remote areas, 
require improved access roads. The access roads 
built to mines often lead to other forms of natural 
resource exploitation that are undesirable if un
controlled. As happened in coal mining regions 
of Southern Appalachia and in the copper and 
silver mining regions of Chile, forests are often 
removed from a wide area a;ound the mine, either 
to provide timber for mining operations, housing 
construction, railroad ties, and fuel, or simply 
because improved trans)hlrtation makes previ
ously inaccessible forests exploitable. 

The excessive production, use, and marketing 
of charcoal is a case in point. A few countries still 
use charcoal to smelt and refine ores, among them 
Brazil; Argentina, Malaysia, Austra:ia, and In
dia. 724 The consequences of this practice are il
lustrated by what is happening in Brazil. The once 
extensive, mixed-hardwood open woodlands of 
the Brazilian plateau are being rapidly consumed. 
In the state of Minas Gerais, it is estimated that 
by 1982, 45 million hectares of forest will have 
been cut down, lar~ly for conversion to charcoal 
to sme:lt pig iron. The destabilizing impact of 
this drefore&.tation on soils and the hydrological 
cycle is discussed in more detail in the energy 
section of this chapter. 

Not all energy for mining and processing comes 
from renewable sources. Most energy for the min
ing and metals industries comes from nonrenew
able sources, and these energy requirements lead 
to yet another indirect consequence of the pro
jected increases in mining activities. 

Like the technologies of the Green Revolution 

in agriculture and the intensive silviculture dis
cussed elsewhere in this chapter, the technologies 
of mining and processing are energy-intensive and 
are becoming more so. The worldwide energy 
dependence of mining and processing has not 
been studied carefully, but the linkages between 
energy and minerals in the U.S. has been exam .. 
ined to some extent. The reason for concern over 
the energy-intensiveness of mining and processing 
is that lower-grade ores generally require more 
energy for extraction, processing, and refining at 
a time when energy costs are projected to increase 
significantly in the years ahead. As Earl Hayes 
notes, 
Each material has a fixed lower bound of ore 
grade, below which energy costs make processing 
uneconomic .... Energy costs [in generall rise 
rapidly as ore grade decreases. At some fower 
limit, say 0.25%, the energy expenditures domi
nate the whole recovery picture. Technological 
improvements in rock disintegration, transport&· 
tion and concentration will have to be macf,.. 
such low-grade ores are to be considereu ;;
serves-that isl. resources that can be processed 
economically. 7 

Hayes also notes that in 1971 the energ)' inputs 
for processing metallic and nonmetallic minerals 
totaled 69 x 10 15 Btu. The net energy output was 
57 x 10 15 Btu. The U.S. materials industry uses 
over 20 percent of the nation's energy to process 
materials: 8 percent for metals, 7 .8 percent for 
chemicals and allied products, 4 percent for pe
troleum refining, and 2 percent for nonmetallics. 
Steel, aluminum. plastics, cement, and gasoline 
account for half of the 20 percent. 717 

As these figures make clear, the projected 
worldwide increases in minerals production can 
be expected to have a number of indirect envi
ronmental consequences through the associated 
demands for energy. 

Effects of Mining the Seabfd 
As mentkmed in Chapter 12, if the politics of 

the ocean flooi are adequately resolved and if 
manganese noduies prove economically compel· 
itive with the ores for which they would substitute, 
large-scale mining of the ocean floor may com
mence before the year 2000. The environmental 
implications of mining the seabed have already 
been discussed in detail in this chapter in the sec
tion on "The Projections and the Marine Envi
ronment." 

Conclusions 
The environmentai consequences of an approx

imate doubling of the global mining of nonfuel 
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TABLE13-45 
• Aj)parent Opportunities for Further Mineral Development 

Value or 
World Out· 
put, 1968 

(in millions Percent or 
of 1968 World Percent of 

Country Mineral dollan) Reserves World Output 

Zambia copper 7,740 10 Quite small 
Chile copper 7,740 19 12 
Thailand tin 750 32 9 
Indonesia tin 750 12 Quite small 
U.S. zinc 1,450 27 12 
U.S. lead 775 37 14 
Cuba nickel 1,100 24 Quite small 
Morocco phosphorus 83S 42 13 
Guinea bauxite 340 34 Quite small 
Australia bauxite 340 34 IS 

Sofitet: Rea S-and Bcllllon Varon, 11tr Mlnln8 lndutry and thr lkrtlopl"lt CoHtrln, New Yon: Olfonl. 1977, App. O. 

minerals between now and 2000 are difficult to 
assess. Possibilities. for considerably expanded 
production seem to eJdst in countries having large 
portions of the wolfld's reserves of critical, high
va!ue minerals (Table 13-45). Major new re
source discoveries have been reported in ecolog
ically fragile areas sm;h as the seabed, the Amazon 
basin, Oceania, Siberia, and south central Africa. 
A disproportionate fraction of resource devel
opment is expected to take place in the LDCs, 
where environmental protection measures may be 
limited. 

Smelting, refining, and milling usually occur in 
major industrial centers rather than at the mine 
site, but mineral exploitation and processing can 
have devastating impacts on extraction and con
centration sites and their adjoining communities. 
Although the mining and concentration opera
tions may continue for only a decade or two, they 
leave permanent scars on the landscape, espe
cially in the case of open pit mines, which can be 
very deep. 'nl Superficial mining of ores such as 
ba.uxite that are the result of weathering or are 
found in sedimentary formations may be less de
stmctive of the land, which can be restored to 
productive ~ore,;ts, to pasture, or even to farmland 
if precaution·~ and ecological conditions are ade· 
q1uate. The r«:overy of such sites will take many 

more years in arid or cold (Hmdra) regions than 
in hot humid regions, however. How long it will 
take for mining scars to heal in the oceans is stiU 
highly uncertain. 
Th~ indirect effects of boomtowns, new trans

portation systems, and other infrastructures as· 
sori~ted with mining operations may be more 
'asting and significant than the direct effects. Land 
and water for mining and refining will in many 
cases be in direct competition with agriculture, 
fornstry, urban water supplies and other uses. 
Conflicts with local populations over the use of 
land and water resources can be expected to in· 
crease. In West Germany opposition was encoun
tered when an entire village was relocated recently 
to make room for a coal mine. 729 In central Flor
ida, opposition has been rai:;ed to phosphate min
ing because of competition for the wa:er used in 
beneficiating the ore. 

These and other environmentally related con
flicts will increase in the years ahead as the min
erals industry is forced to tum to poorer, less 
accessible, more energy-demanding ores than 
those preseutly being exploited. As a result, the 
environmental damage done by mining is likely 
to increase m.arkedly unless policies change and 
production technologies and pracuces improve 
significantly. 

CLOSING fHE LOOPS 

Introduction 
1be previous 10 sections of this chapter have 

considered t.he Global 2000 Study's projections 
for population, GNP, climate, technology, food 
and agriculture, forestry, marine and coastal r~-
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sources, water, energy, and nonfuel minerals for 
the purpose of determining what impact those 
projections will have on the environment between 
now and the year 2000. In the final sections of 
this chapter, however, the perspective will be re
versed. The focus will shift to the impact that the 
environmental developments presented in the 
preceding 10 sections would have on the popula· 
tion, economic, and resource projections of Chapters 
2-12. 

Figure 13-1 at the beginning of this chapter 
illustrates a reversed-ecological-perspective, 
showing first how population, economic, and re
source factors affect environment (as presented 
in the preceding 10 sections of this chapter) and 
how, in turn, the environment feeds back upon 
(affects) population, economy, and resources. 
While Figure 13-1 illustrates, at least concep
tually, how the feedback loops are closed in na
ture, it must be emphasized that in the discussion 
that follows the feedback loops are not actually 
closed analytically, and that they cannot be closed 
with the government's current models. 

The problem is that the government's present 
analytical tools for making population, GNP, and 
resource projections are not designed to accept 
explicit environmental feedback. Most of these 
models simply assume implicitly that the environ
ment will do what it has done in the past, only 
more so; and this assumption leads to discrep
ancies between the environmental assumptions of 
the population, GNP, and resource projections 
and the environmental conditions implied by 
these projections. Put simply, the environment 
cannot do what some of the projections assume 
it will do. 

Although there is no way in which revised, 
more realistic environmental assumptions can be 
entered into the projection models, it fa possible 
to (1) compare each model's envirm1mental as
sumptions with the environmental c1.>nditions im
plied by the population, GNP, and resource 
projections, (2) not~ the discrepancies (which 
would not exist if the environmentai feedback 
effects were actually present in the modeis), <:1nd 
(3) consider how the discrepancies might affoct 
the population, GNF, and resource projections 
if it were possible to alter the environmental 
assumptions to eliminate the discrepancies. Since 
it is not possible to alter the environmental as
sumptions in the population, GNP, and resource 
projections, the discrepancies remain, and the 
projections retain their basically open-loop, linear 

character.• Nonetheless, the examination of the 
discrepancies and their implications provides a 
step toward a more ecological perspective. 

As a preparation for shifting to this more eco
logical perspective on the future world environ
ment, it is helpful to review the impacts upon the 
environment alre;idy presented in this chapter. 
Because, from the envi,onmental point of view, 
economic and political boundaries are of very lim· 
ited relevance, it is necessary to organize the in
fo rm at ion around major environmental 
classifications-terrestrial, atmospheric, aquatio
rather than around the economic and political ju
risdictions considered heretofore. This is essential 
as a first step in closing the feedback loops be
cause, for instance, many of the projections imply 
changes in the aquatic environment, and all of 
these changes need to be considered in comparing 
the future aquatic environment with the water 
assumptions in the various projections. Similarly, 
several of the projections imply changes in soil 
conditions, and it is the overall soil conditions that 
result from all the changes that need to be com
pared with the projections' implicit assumptions 
about soils. In such cases, how is the whole eco
logical perspective to be determined on the basis 
of fragmented projections-and then again how 
is the whole environmental future to be made rel
evant tc. fragmented projection models? 

The approach used here is to gather the impli· 
cations of the fragmented projections into one 
extensive table-Table 13-46. This table is or
ganized primarily by the earth's major environ
ments: terrestrial, atmospheric, aquatic. This 
primary organization establishes the holistic per· 
spective characteristic of the environment. 'The 
secondary organization of the table is by major 
geographic groupings: global, regional (i.e., con· 
tinentai or more than one nation state), and local 
(i.e., subcontinental, individual nation states, or 
smaller economic or politicai units). The "local" 
category is further subdivided jnto "rural" and 
"urban." This organization of the table demon
strates the relationship of economic and geopo
litical areas. 

In the text that follows Table 13-46, the future 
world environment is discussed first in terms of 
the three major environments (still in the original 
perspective of projections impacting on the en
vironment) so that the overall ecological descrip
tion of the future world environment can finally 

•These missing reedback loops and many other deficiencies 
in the government's current analytical capabilities arc dis· 
cussed in Chapter 14 and succeeding chapters or Parts II and 
111. 



TABLE 13-46 
. S ._, al "npHtl m the l'.lrftlOlllDellt Implied by the Global 2000 Study's Population, GNP, ad Resource Projecdom, 

by Major Envlrorunents 

GNP 

Tedmology 

Agricultme and food 

Global 

No impact projected. 

No impad projected. 

No impact projected. 

No impact projected. 

Land productivity is declining in 
many industrialized countries as 
well as LDCs. Losses of range and 
fumland to desertification by 2000 
could total 2.800 million hectares, 
primarily in Africa and Asia. 

One half the total irrigated land is 
already damaged by waterlogging, 
salinization. and alkalinization. By 
2000, an additional 2. 75 million 
hectares could be lost or damaged. 

F'llheries uad marine de- No impact F!Ujected. 
~ 

Hundreds of thousands of spedes 
of plants and animals will be ex· 
tinct by 2000-a major reduction 
of a global genetic resource. 

A. TERRESTRIAL ENVIRONMENTS 

Regional 
(continf!ntal or morf! than 

onf! nation statt!) 

Local 
(subcontinental, individual nalion staJa, or :smallt!r) 

No impact projected. 

Slow economic growth rates in 
densely populated LDCs will in
crease the pressures of people and 
domestic animals on land. 

No impact proje_cted. 

No impact projected. 

Regional genn pla::m in traditional 
crops is being lost as increasingly 
marginal lands are being brought 
under cultivation and local vari
eties are replaced by high-yield 
varieties. 

No impact projected. 

Urban 

Arable land lost to new or ex
panding human settlements by the 
year 2000 is projected to be 25 
million hectares. 

Continued tenestrial disposal of 
toxic industrial and urban wastes 
will create notential health haz· 
ards in both industrialized coun
tries and LDCs. 

No impact projected. 

No impact projected. 

No impact projected. 

No impact projected. 

Between 1975 and 2000. 446 mil· No impact projected. 
lion hectares of forests will be re· 
moved to meet global demands for 
forest i>fOduas. fuelwood. and ag-

.Rural 

Increased numbers of subsistence 
farmers in LDCs will result in de
terioration in land productivity. 
overgrazing. and deforestation. 

No impact projected. 

No impact projected. 

No impact projected. 

Soil erosion and compaction will 
be a continuing-perhaps intcnsi· 
fying-problem for intensively· 
cropped, clean-tilled land in both 
industriali7.Cd countries and LOCs. 

Heavy dependence on pesticides 
will further deplete insect predator 
populations. reducing the crop 
protection offered through insect 
ecology. but the trend toward in· 
tegrated pest management may 
compensate or even rehabilitate 
some areas. 

No impact projected. 

Critical catchment areas and in
herently unstable land will become 
destabilized by deforestation lead
ing to erosion and land slippage. 



No impact projected. 

ricultural land. The deforestation 
will occur primarily in the LDCs 
and will: ( 1) cause irreparable or 
long tem1 damage to the land by 
exposing the soil to sun and rain; 
(2) render up to 600.000 species 
of ~,•ant:: anci ;;;;im'!.ls globally ex
tinct; (3) destabilize slopes of 
catchments, especially in the Hi· 
malayan range and other moun
tains of Asia and in Latin American 
ranges. 

Deforestation rates are relatively 
slow in industrialized co1,mtrics. 
balanced by plantations. 

No impact projected. 

In industrialized regions {North 
America. Eastern and Western 
Europe. Japan. U.S.S.R .• South 
Africa. and Australia) energy de
velopment by 2000 will n:sult in: 
• Thousands of millions of tons of 

coal mined annually. 
• Approximately one hundred 

thousand million tons of coal 
mined cumulatively over the 
1975-2000 period. 

• Many thousands of square kilo
meters of land strip-mined cu
mulatively. 

• Many thousands of square kilo
meters (c:ollcctively) of land ad
versely affected by subsidence. 

• Land for approximately 1.000 
coal power plants (nominal 
1.100 Mw). 

• Land for several hundred nu
clear power plants (nominal 
I.JOO Mw}. 

Habitats for wildlife {including 
predators of agrkultural pests) 
will be destroyed in large &llKHmtl. 

No impact projected. Large impoundments will irn-tl· 
date agricultural lands, fore1U, 
mineral depo!its, human settle· 
ments. roads. etc., espccialiy in 
densely popt.11.atei:l. LDC llP,at. 

WhC!re LDC urban poor rely on Strip ml.!1:~10 oi tf.'!31 and uranium 
chucoal or firewood. urban de· will catt;c !and disturbance. and 
mand will result in total denuJc- · mine tLlings will pose radiation 
ment of surrounding countryside danger. 
to a:s great a distance as 100 kilo-
metl:rs. 



A. TERR.ESl'RJ.AL ENviRONMENTS (cont.) 
~--~----~~----~----~------~~~~~~~~-

GICIW 

Regional 
(contintrntal or mort! than 

ontr nation stare) 

• Several teos of thousands of 
square kilometers of land for 
tranwission lines for new coal 
and nuclear plants. 

• Approximately um million tons 
of radioactive tailings rrom sup
plyir.!t uranium for the 197~ 
L.OC'O perfod. 

• App!o:<:it;1ately 10 million cubic 
meters of low-level radioactive 
wastes. 

• A few 100.0CKl tons of spent nu
clear fuel. 

• Several 100,000 tons of spent 
nuclear fuel over the lifetimes of 
the plants constructed through 
the year 2000. 

Coal development can be expected 
to be most intense in those areas 
with large coal deposits (U.S. and 
Eastern Europe); nuclear dcvel· 
opment most intense in those areas 
with limited coal resources (West· 
em Europe. Japan). 

In the less developed regions 
(Nonh and Middle Africa. pans 
of the Middle East. m&ch of Asia. 
pans of Latin America). the en
ergy !mr!acts will be primarily in 
orgr:~ fuels leading to: 
• A \.ISO million cubic meter an

nual shortfall in fuelwood before 
2000. causing (1) combustion of 
even small bushes and aggra
vated erosion and desertifica
tion. and (2) increased use of 
dung and crop residues for fuel. 

Local 
(Sllbconlinmta/, indMdalll lltllion Sllllt.l:r, DI' .rmallii!r) 

Urban Rum 



POpuatiOn 

.GNl 

Climate 

Tccbnology 

Apiaalture wMl food 

F'aberies and marine de-
w:lopmen1s 

No impact projected. 

S!Qe spray<211 propellants and 
some high-altitude aircraft flights 
may contribute to the depiction of 
the ozone layer. 

No impact projected. 

No impact projected. 

Nitrous oxide release to air from 
bacterial conversion and nitrogen 
fertilizer may eonrribute to dcple-
tion of the cnone layer. 

DDT and other organocblorincs 
enter the atmosphere where they 
accumulate and arc precipitated 
out in rain. which ultimately will 
contaminate the oce.ims. 

No impact projected. 

• Annual combustion of 2.50-670 
million tons of dung by 2000. 
depriving the soils of the equiv
alent of $2 billion in chemical 
fenilizer. 

No impact projected. No im{>8Ct projected. 

9. ATMOSPHERIC ENVIRONMENTS 

No impact projected •. 

No imp.-. projected. 

No impact projected. 

No impact projected. 

No impact projected. 

No impact projected~ 

No impact projcc:tcd. 

LDC air pollution-ap<.'Cially by 
toxic substances-will increase if 
polluting industries move from 
areas with strong environmental 
standards to areas with limited or 
no standards. 

No impact projected. 

No impact projected. 

No impact projected. 

N. ~' . " :. "cCtcd 
O}~PJ:OJ .. • 

The mining m quarries of bamitc. 
sand, gravel. ~nd limestone. a 
well as the mining of metallic min
erals from hard rock. will result iD 
!orig-term-sometimes perma
nent-local land disturbance and 
loss. 

·.No impact projected. 

No impact projected. 

No impact projcc:tcd. 

Pesticides sprayed from airaaft 
may create local air quality prob-
lems and poison people and ani-
mals. 

Smoke and dust will create local 
air quality problems. 

Land dearing will cause greater 
weather and microclimate ex-
trcmes. 

No impact projected. 



A. ATMOSPHERIC ENVIRONMENTS (cont~) 

Global 

RegiOnal 
(continental or lflOtt dian ' 

Of~ nation stote) 

446 minion hectares of forest will No impact projected. 
be lost as an absorber of atmos- . · 
pheric carbon dioxide (COz). 

COz will be added to the aunos-
phere as a result of buming.apor· 
lion of the trees that were on the 
446 million hectares cleared. 

Water resource develop- No impact projected. 
ment and regulation 

C02 emissions will increase to 26-
34 billion short tons per year. 
roughly double the COz emissions 
of the mid·l970s. 

446 million hectares of COrab
sorbing forests will be lost. 

Burning of much of the wood on 
446 million hectares will produce 
more COz. 

Decomposition of much soil hu· 
mus will release more COz. 

Establishme~t of trends in fossil 
fuel combi..;iion and deforesta· 
tion, which will lead inevitably :o 
signifiontly larger co~tentrations 
of COz in the earth's atmosphere 
during the 21st century. 

A doubling of the COz concentra
tion by 2050 could increase the 
average temperature of the eanh 
by about 3"C. melting much of the 
polar ice over an estimated period 
of 200 yeatS and flooding large 

No impact projected. 

In industrialized regions of the 
world (Nonh Amerli;a. Eastern 
and Western Europe. Japan. 
U.S.S.R .• South Africa. and Aus· 
tralia) the annual production and 
combustion of several thousand 
million tons of coal will produce 
regionally significant emissions of 
particulates, carbon monoxide. 
nitrogen oxides. sulfur oxides. and 
toxic heavy metals. 

In some areas. emission control 
standards will limit or reduce some 
emissions. In the U.S .• for exam
ple. the Dcpanment of Energy 
estimates that under present 
standards. national emissions of 
sulfur oxides will decline until 1985 
and increase thereafter. 

In the less developed regions, in· 
c:reascd combustion of wood. dung. 
and coal is not expected to result 
in multinational or coniinental air 
quality problems. 

LOcaJ 
(subcontinaital. individulll nation .Ii-A.:, or $mll/./a) 

Urban 

·. No impact projected. 

No impact projected. 

Coal corabustion will rctult in S to 
20 tim~ more air pollutants (CO. 
N011• SOz. hydrocarbons. smoke. 
sr.:-og) ·.Jtan at present and higher 
temperatures than surrounding 
countryside. 

LDC cities will probably not de
mand emission controls on coal 
power and heating plants. and as 
a result will experience large in
creases in many air pollutants, es
pecially sulfur oxides and 
particulates. 

Notica.1ble inc:'.asc .in humidity· . 
will occur neu reservoirs and ir· 
rigation s)'Ste'm. · 

Slight increase in humidity near 
reservoirs and irrigation systems. 

Hotter local weather will occur 
where forests have been removed 
for fuelwood or charcoal. 



Population 

Climate 

Technology 

. Food and qric:ulture 

amounts of cmstal land. 

No impact projected. 

Increased emissions of sulfur and 
nitrogen oxides will acidify the 
rain over wide areas. 

No impact projected. No impact projected. 

C. AQUATIC ENVIRONMENTS 

No impact projected. .. 

No impact projected. No impact projected. Human wastes !:feate increasingly No impact projected'. 
severe water pollution problems 

No impact projec:tcd. Pollution by toxic wastes from pc· 
trochcmical. metallurgical. and 
other industries will accumulate in 
n;gional seas and gulfs with slow 
or restricted ware; circulalicn (e.g .• 
Red Sea. Caspian Sea. Persian 
Gulf. Mcdite1nncan). 

in many LDC urban areas. 

In or near large cilics-espccially 
in the mitldlc·incomc LDCs-sc· 
rious water pollution by organic 
and inorganic wastes. some highly 
toxic, can be expected from areas 
of industrial concentration and 
pons, Construction on coastal and 
wetland habitats will reduce 
spawning and breeding habitats 
and damage reefs. 

Cimate change of sufficient mag· Cimatc change of sufficient mag
nitude to influence global water niludc to influence regional waler 
supplies arc thought p<r..sible by supplies is thought possible by 
2000. but there is no consensus on 2000. but there is no consensus on 
either the climate change or the either the climate or the associated 
associated change in water supply. change in water supply. 

Cimatc change of sufficient magnitude to 
arc thought possible by 2000. but there i 
climate change or the associated change 

No impact projected. 

No impact projected . 

No impact projected. No impact projected. 

Consumptive (evaporative) use of Pesticide, fertilizer and other 
water for irrigation will increase. chemical manufacturing plants may 
Surface waters will contain in· pollute klcal waters with ~ucnts. 
creased amounts of salts. fenil· 
izcrs. and pesticides. 

Persistent pesticides and their deg· 
radalion products. cspcdally the 
organochlorinc group. will accu· 
mulatc in marine sediments and 
bioaccum11latc in marine food 
chains. 

No impact projected. 

Streams receiving runoff from 
farmlands. especially irrigated 
la.Ids, will receive increased quan
tities of pesticides, herbicides, sed
iments. nitrites. and nitrates. 

Persistent pesticides in runoff will 
contaminate sediments and near· 
shore waters and damage spawn
ing and breeding waters. 

Feedlots and food-proccsSng plants 
will pollute locai waters with or· 
ganic wastes. dcprc3Sing dissolved 
oxygen levels and killing fish. 



Globa1 

Intensive commertfal fishing will 
continue to do':plete oceanic stocks 
of tuna ld1d Olber traditionally pce
fmed species. 

~ impact projected. 

Water rcsuun:e develop- No impact projected. 
ment and regulation 

Open oceans will be polluted by 
oil from tankers and by atmos
pheric falloilt from the a>mbustion 
of fossil fuels. 

c. AOUAnc ENvm.ONMENTS (cont.) 

Regional 
(COl'fliMnUll or matt than 

ont nation statt) 

Populations of preferred fish spe· 
cies may decline in some regional 
seas (e.g .• the Mediterranean) as 
a re~ult of intensive fishing and 
pollution. 

The 200-mile economic zone. on 
the other hand. may lead to im· 
proved management of some re
gional and national fisheries. 

Extensive deforestation and land· 
dearing will alter the hydrology of 
major rivers. exaggerating ex
trcme high and low flows. 

Large-scale dams. impoundments. 
and modifications of river flows 
will significantly alter salinity. 
temperature. and flows of nu
trients in estuaries. disrupting the 
life cycles of many organisms and 
adversely a~fecting biological pro
ductivity in the affected water!. 

Local 
(s11/xontinmtal, individllal nation st11ta, or smo/Ja) 

Urban Rural 

Fishing in P...-.!!vily polluted rivers. coastal waters. and estuaries will 
dcdinc or become restricted due to health hazards of toaic c::bcmiClls 
and path\.'8Cns. 

Local strcamflow and seasonal floods will increase in bains with • 
forested watersheds. 

Aquifer recharge will diminish following deforestation. reducing poand
water supplies and incrcasing vulnerability to drought. 

Intensive tree-fanning will add fertilizers and pesticides to local waters. 

Hazards of schistosomiasis. malaria. and other water-borne diseases 
will be incrcascd significantly through irrigation projects that create 
and expand habitats for the vectors and hosts of these diseases. 

Increasing consumptive use of water will diminish t!Je capacity of 
streams and rivers to carry and degrade wa.,tcs, including soil salts. 

Impoundments on smaller riven to store water. a>ntrol Roods, and 
generate electricity will alter hydrologic regimes to the detriment of 
aquatic productivity, only partially compensated for by still-waterfisb.. 
cries in reservoirs. 

In the industrialized regions of the Oil pollution of t'°rts. coastal waters. and estuaries from accidental 
worid (North America. Eastern losses oa:uring during transfers, or from groundings or coUisions. 
and Western Europe. Japan. 
U.S.S.R .• South Africa. and Aus- Local wa1crs will experience therma' and other kinds of pollution as 
tralia). there will be several aquatic a result of coal and nuclear generating plants with once-duoughcooling. 



No. irrl~ project~. 

impacts of energy development: 
Acidic drainar.e from approxi
mately one thousand million tons 
of coal mined annually will affect 
water qt!ality and aquatir life over 
large areas. 

Lakes in southern Scandinavia and 
eastern Noth America will become 
l'ddified as a result of add rain 
and snow. 

Oil from offshore wens and tank
ers (operational discharges and 
accidental sp !Is), and terrestrial 
runoff will poUute coastal and 
open o...--ean areas. 

Large increases in the number of 
coal and nuclear power plants will 
. .:rcate a large impact on the aquatic 
environment through once-through 
cooling or consumptive. evapora· 
tive cooling. 

In the less developed regions. two 
aquatic impacts of energy devel· 
opr:Jent can be expected: Stream 
and riv'.:r flows will be destabilized 
as a result of deforestation forfuel
wood; oil development and expon 
in petroleum exporting countries 
will adversely affect water quali:; 
and aquatic resources. 

Deep-sea mining is not expected 
to produce seriously adverse ef· 
fects in the short run (years) but 
the long-term. ultimate effects of 
bottom disruption. turbidity in the 
d:e~ ocean waters. and the proc· 
zssing of wastes are still very un· 
certain. 

which alters aquatic ecology. lowen dissolved oxygen. kills fish eggs, 
and may cause fish kills. 

Consumptive use of water for evaporative cooling in generatins plants 
may be large enough to affect stream flows in some areas. potcntiaUy 
reducing the ability of streams to absorb wastes and degradins water 
quality locally. 

Local streams and rivers will be polluted by acidic drainage from mines. 

I .,, 
e 
a 
i 



TABLE 13-46 (oont.) 

D. Low PROBABILITY, Hmn·RISK EVENTS AFFEcnNo ALL ENVIRONMENTS 

Global 

Regional 
(continmtal or mor~ than 

on~ nation stat~) 

:.oca1 
(subconlinmta/, individual nation stall!S, or snuilJa) 

Urban Rural 

As populations grow. forcing the Regional manifestations of the Vulnerability. large increases in Vulnerability i!' less in rural areas 
use of more marginal and arid global problem will be significant. pric:s. and supply interruptions but. locally. wilt be severe. as in 
lands. world food production will especially for South Asia. the wilt be especially high in urban the African Sahel. 
become more vulnerable even to United States. the U.S.S.R .• and areas. 
(relat!velv) high-probability vari- the Sahel region of Africa. 
ations in climate. 

Habitat for the wild progenitors of Regional manifestations of the Urban areas will be more winer· Rural areas will be less wlcerable 
major food crops will continue to global problem will be experi· able to~ pricc:s and supply than urban areas to supply inter~ 
be lost while single-variety mon- enccd. interruptions. ruptions and increased prices. 
ocultures expand. As a result. 
there would be an increased prob-
ability of plant epidemics (e.g., the 
U.S. problem with com blight in 
the early 1970:~. which could sig· 
nificantly affect world food sup-
plies and markets. 

Increased dependence of a:;ricul
ture on fossil fuel intensive inputs 
increases the vulnerability of crop 
production to -'.'"ruptions of en· 
ergy supplies. 

The increased use of nuclear en
ergy increases the probability of 
fu."'!her nuclear proliferation and 
of nuclear terrorism. 

A 226 pera:r.t increase in nuclear 
and hydroelectric (mostly nuclear) 
generation b~· i;?o (several 
hundreds ;;I plants by ~). will 
increase the probability oi a seri
ous accident in a nuclear reactor 
or in some other portion of the 
nuclear cycle. 

!.ocal manifestations of the global No unpact projec:ted. 
and regional impacts will be ~-
:icrie~~. · 

Increased marine transport of liq· 
uefied energy gases will increase 
the risks of fares or explosions in 
ports. 

Nou: Throughout Table 13-46 the word "will" is used in the scmc that an impact will follow if the popuJatioo, 
GNP, and n:soun:c projections are fulfilled and if there is no change in current environmental projection policies. 
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be related back to the environmental assumptions 
in projection models for the discussion of dis
crepancies and their implications in the section 
entitled, "Assumptions, Discrepancies, and Feed
back .. 

It should be emphasized here once again that 
the entries in Table 13-46 and in the following 
section ("The Global Environment in 2000") 
summarize impacts on the environment implied by 
the Global 2000 Study's population, GNP, and 
resource projections. Where an entry in the table 
indicates "No impact pwjected," it means simply 
that the Global 2000 Study's projections for pop
ulation, GNP, and resources do not imply an im
pact in this particular area. For example, although 
there are many indirect implications of the pro· 
jected increase in human population, the pro
jected increase is not expected to have a direct, 
global effect on the world's soils. As a· result, the 
first entry in Table 13-46 under Terrestrial En
vironment is "No impact projected." 

The Global Environment in 2000 
Most• aspects of environmental deterioration 

are not global in scale, but those that are are 
serious and troubling indeed. They are serious not 
only because they develop slowly on a massive 
scale but also because they are usually not subject 
to any quick technological fixes. They are trou
bling not only because data and knowledge on 
their development and causes &re of ten only 
sk :tchy, but also because the institutions studying 
and addressing these problems are underfunded 
a~d understaffed. Furthermore, solutions to many 
globai environmental problems are related di
rectly or indirectly to economic development and 
population stabilization efforts, and therefore 
programs to address global environmental prob
lems must inevitably become involved in some of 
the world's most difficult and complex social, po
litical, and economic problems. 

Serious environmental developments on a global 
scale are clearly in evidence--on the land, in the 
atmosphere, and in the water. The global prob
lems of the terrestrial environment arc considel~d 
first. 

The \Vor/d's Terrestrial Environment in 2000. 
The world has only rccentJy begun to take meas
ure of the universal and momer,tous nature of 
trends in the condition of the tern'strial environ
ment. The data now available are largely a result 
of a series of specialized international conferences 
and studies sponsored by the United Nations. The 
general picture is that of a decline in soil quality 
and productive capacity over much of the planet, 

but especially in the difficult or marginal environ
ments, such as mountains, arid lands, and very 
humid regions. The most massive losses or dam
ages to the world's lands, forests, and genetic 
wealth have been taking place and will continue 
to take pla\!e in the less developed regions of 
Africa, Latin America and Asia, but the indus
trialized countries are also being affected. 

Some reference figures are helpful in adding 
perspective to the discussion of the future of the 
terrestrial environment. The most basic of these 
figures is the earth's total area: 51,000 million 
hectares (510 million square kilometers) or 197 
million square miles. Of the earth's total surface, 
more than 70percent is ocean (361 million sq km). 
About 25 percent (132 million sq km) is ice-free 
land. About 5 percent (26 million sq km) is dosed 
forest and 2 percent (12 million sq km) is open 
forest and range lnnd. Deserts now cover about 
2 percent of the surface area (7. 9 million sq km). 
About 3 percent (15 million sq km) is arable land. 
Irrigated land amounts to less than 1 percent of 
the arable total, as does the total urban area. 

Table 13-47 presents the major trends in the 
world's terrestrial environment. In geographic 
tenns, desertification is the most sweeping change. 
If unchecked, the process of desertification that 
is claiming rang~ land and some crop land, es· 
pecially in Africa and Asia, will more than triple 
the present 7,922 thousand square kilometers of 
desert in the world, possibly by 2000. Twenty one 

TABLE 13-47 

Projected Changes in Global Vegetation and Land 
Resources, 1975-2000 

1975 2000 Change 

millions of hectare5 
Deserts 
Closed forests 
Irrigated area 
Irrigated area 

damaged by 
salinization and 
related 
problems• 

Ar!!ble land 

792 1.284 
2,563 2,117 

223 273 

111.5 114.6 
1,477 l.539 

So11ttt: Olobtl 2000 S1udy projcaions. 

+492 
-446 
+50 

+3.1 
+62 

Percenl 
Change 

+62 
-17 
+22 

+3 
+4 

1. Es1ima1ed as follows. In Chapter 9 it lscstimated that half of the world'stotPI 
Irrigated ma Is already damaged; thus 1he 1975 figure i~ approximately 111.S 
million hi. The U.N. estimates (Dntr1ifica1io11: An OmL'itw, U.N. Conference 
on Detcrtlr1e1tion, 1977, p. 12.) th111pproxima1ely 125,IUJ ha are dcgradf.d an• 
n11.11ly due to walerlogg!ng, salinizalion, and alkalinizalion. Assuming that this 
annul fipro remalm consl&nt 10 the year 2000. 1 10111 of 3.1 million ha. would 
be lidded to the damaged area, brinsins the 10111 to 114.6 million ha. 
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percent of the earth's ice-free surface would then 
be desert. 

At the other climatic extreme-the humid trop
ics-deforestation is proj! ;cted to remove 446 
million hectares of closed! forest oy 2000, thus re
ducing the amount of the: earth's surface covered 
with closed forests from one-fifth to one-sixth of 
the total. Because of the low fertility of many soils 
in the humid tropics, thf: removal of tropical for
ests may represent a onetime exploitation with 
high long-term costs, especially for the survival 
of local flora and fauna. 

At no time in recorded history has the specter 
of species extinction loomed so ominously. Largely 
a consequence of deforestation and the "taming" 
of wild areas, the projected loss over two decades 
of approximately one-fifth of all species on the 
planet (at a minimum, roughly 500,000 species of 
plants and animals) is a prospective loss to the 
world that is literally beyond evaluation. The ge
netic and ecological values of wild or newly iden
tified species continue to be discovered. They 
represent an irreplaceable evolutionary legacy 
whose value, particularly the value of the many 
expected to be lost in the tropics, will certainly 
increase especially if the earth's climate becomes 
warmer. The fact that humankind derives most 
of its food from no more than 15 species of plants 
masks to some extent the importance of genetic 
extinction, but not for the plant breeders who rely 
on the traits of wild progenitors of domestic plan~s 
in their continuing battle against pests and disease 
and in efforts to increase yields. 

Arable land for agriculture is projected to in· 
crease by about 4 percent over the next two dec
ades to a total of 15.4 million square kilometers. 
This global projection, however, hides a number 
of important considerations. In some areas the 
amount of arable land is actually projected to de
cline. Where arc:'. 1le land is projected to increase, 
the projection 1Z based on the assumption that 
capital will be available to bring the land into 
cultivation at two to three times the present cost 
per hectare. Furthermore, overall basic land pro
ductivity is declining in many areas. 

Irrigated lands, a part of the productivity prob
lem, are projected to increase by about 28 per
cent, again assuming that large amounts of capital 
will be available for water regulation and irriga
tion projects. However, one-half uf the world's 
irrigated soils are presently suffering the effects 
of salinization and alkalinization resulting from 
inadequate drainage and poor water manage
ment. The amount affected will increase during 
the rest of the century. Barring unprecedented 
improvements in water and soils management, the 

historic and present intractability of this problem 
does not ~de well for irrigation in arid zones. 
While the areas affected are relatively small, ir
rigated lands generally have exceptionally high 
yields, and their loss, or even their reduced pro
ductivity, is therefore very important. In the U.S., 
for example, the extremely produ.ctive San Joa
quin Valley in California is experiencing increas· 
ing problems of salinization. 

Worldwide, the productivity of arable, unirri
gated land is declining in many areas due to ov
erintensive use. While in the industrialized 
countries, a loss in natural productivity is partially 
obscured by heavy use of incrnasingly expensive, 
petroleum-based chemical fertilizers, that is not 
the case in the LDCs. While Jack of comprehen
sive data limits appreciation of the phenomenon, 
observations in Africa and in India and elsewhere 
in Asia point to continuing erosion, loss oforganic 
matter, shortened fallow pe:riods, and declining 
soil quality in the decades ahead. 

The prospect of declining soil quality can be 
seen to be very serious whe:n viewed against a 
backrlt'lp of increasing popu.lation densities on 
arable lands. The trends in arable hectares per 
capHa throughout the world are illustrated in Fig
uri: 13-20. With less than 20'00 square meters 
(one-fifth of a hectare, or one-half acre) of arable 
land per capita projected for tht\ year 2000 in the 
LDCs, continuation of the deterioration in soil 
quality and natural productivity would be disas
trous. Nonetheless, since birth rates are not pro· 
jected to decline to replacement levels anytime 
soon and since little additional land will be 
brought into cultivation, very intensive use-and 
abuse-of land can be expected to continue well 
into the 21st century. 

While there are definite global trends toward 
soil loss, soil deterioration, and species extinc
tions, these terrestrial trends are generally subject 
to remedial action on a national or even loc~' 
scale. By contrast, the atmosphere and the ocear.s 
are examples of global resources held in common, 
and all nations must inevitably participate in the 
resolution of problems in these areas. Jnstitution· 
ally, therefore, the problems of the atmospheric 
and aquatic environments are even more difficult 
of solution than those of the terrestrial environ
ment.• 

•rt can be reasonably argued that terrestrial resources are also, 
in effect, a global commons problem. Foreign economic as
sistance and international trade in oil, grain, and forest prod· 
ucta involve many nations directly or indirectly in the rate of 
other nations' terrestrial environments. Nonetheless, each na· 
tion does have significantly more control over its soils, forests, 
and fresh water resources thar. it does over its share or the 
world's atmosphere and oceans. 
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flaure 13-20. Arabic land per capita, 19SS, 1975, and 2000. (From Chapter 6, Table 6-13) 

The World's Atmospheric Environment in 2000. 
Two global atmospheric changes resulting from 
anthropogenic pollutants are of great conse
quence over the long term: the increase in con
centrations of carbon dioxide (C01) and the 
depletion of the ozone layer in the stratosphere. 

Most climatologists expect a general, global 
warming as a consequence of increased atmos· 
pheric concentrations of col, but the timetable 
for significant global warming is not agreed upon. 
The National Academy of Sciences projected a 
6° C warming by the latter half of the 22nd cen
tury, but it appears very likely that significant 
global climatic warming could occur long before 
that time. A panel l")f scientists assembled by the 
Department of Energy anticipates that a doubling 
of atmospheric C01 would result in a 2-3° C 
wanning as early as th~ year 2050. 730 

U.S. analyses of early warming trends are sup
ported by World Meteorological Organization 
(WMO) reports on atmospheric carbon dioxide. 
lbt: W!viO aiso suggests that with a doubling of 
C02 the global average temperature would in
crease by almost 3° C above its present level 731 

and that gradual warming of the lower atmos
phere, expecially at high a!titudes, would create 
global and regional climatic effects detectable be· 
fore the end of this century and significant before 

the end of the next. m The Declaration of the 1979 
World Climate Conference of the WMO states 
that the burning of fossil fuels, deforestation, and 
changes of land use have increased the col con
tent in the atmosphere by about 15 percent during 
the last century and are continuing to increase 
col concentrations by about 0.4 per cent per 
year. 733 

Most recently, four scientists reported to the 
Council on Environmental Quality on the C01 
problem, noting-among other things-that the 
time is at hand when industrialized nations must 
begin careful consideration of the implications of 
their energy policies for the col balance of the 
atmosphere. The scientists concluded: "If we wait 
to prove that the climate is warming before we 
take steps to alleviate the col build-up, the ef. 
fects will be well underway and still more difficult 
to control. The earth will be committed to appre
ciable changes in climate with unpredictable con
sequences. The potential disruptions are sufficiently 
great to warrant the incorporation of the col 
problem into all considerations of policy in the 
development of energy. 734 

A global warming would mean more rain and 
a melting of polar ice, with a consequent rise in 
sea level. Temperature increases in polar regfons 
would be 3 or 4 times greater than global aver-



404 ms PROJBCl10NS 

ages. If the West Antarctic ice sheets were to 
melt,• it could raise sea levels worldwide by S 
meters. 135 Even if only a 1° C increase in average 
temperature were experienced, it would make the 
earth's climate warmer than it has been at any 
time in the last 1,000 years. 736 

TI1e date at which significant depletion of the 
ozone layer could take place is at least as uncertain 
as the date for significant effects of carbon dioxide 
accumulation. It is thought that continued use of 
cblorofluoromethanes at the 1974 rate would re
duce global ozone by 14 percent over 50 years. 
Gases emitted from high-altitude aircraft and 
from nitrogen fertilizers, thought to have a simi
lar, if lesser, effect on ozone, would also contrib
ute to the depletion. 

Ozone absorbs ultraviolet and cosmic radiation, 
and as a result its depletion allows greater amounts 
of these biologically potent forms of radiation to 
reach the earth. It is esti.nated :hat a 1 percent 
decrease in ozone increases ultraviolet radiation 
by 2 percent. The known consequences of in
creased nltraviolet radiat~on include a greater in
cidence of skin cancer in humans and damage to 
other species (both plants and animals), but the 
biological impacts of increased ultraviolet radia
tion have not been studied extensively. ·. 

The World's Aquatic Environment in 2000. 
Over the next two decades, changes in the world's 
aquatic environment are expected to occur pri· 
marily on or near land. Freshwater will be affected 
most, followed by changes in coastal marine 
waters and habitats. The deep open-ocean walers 
interact only very slowly with surface and coastal 
waters and are not expected to change signifi· 
cantly by 2000. 

The precise nature of freshwater pollution is 
highly localized, but the general problem of water 
quality deterioration is global in scope. In the Jess 
developed regions, pollution of water supplies by 
disease pathogens or parasites is perhaps the ma
jor problem. In industrialized and urbanized re
gions, pollution of waterways and ground water 
by municipal sewage and industrial wastes (toxic 
chemicals and heavy metals) are principal con
cerns. In rural areas, nonpoint pollutants-fertil
izers, pesticides, salt-laden irrigation drainage, 
and other contaminants emitted from sources that 
are difficult or impossible to pinpoint-are of uni
versal concern. 

Ultimately, rivers carry many freshwater pol-
lutants to the oceans, and over the next two dee-

•Scientists believe that with a 6° C increase in the earth's 
average temp:raturc, the melting would require about 200 
years. 

ades coastal waters will be steadily polluted by 
oil, persistent chemicals (including organochlo
rine pesticides), and by heavy metals, even though 
discharges of these pollutants are controlled in a 
number of nations. The U.S. alone now dis
charges SO million tons of waste per year into the 
ocean-80 percent of it dredge spoils, 10 percent 
industrial waste, 9 percent sewage sludge, and 1 
percent miscellaneous. 7n In addition, increased 
offshore oil and gas drilling, a projected 7 percent 
increase in ocean traffic (including the transport 
of oil), the mining of the seabed, and the urban
ization and industrialization of coastal areas will 
all contribute to ocean pollution. 

Continuing heavy exploitation of coastal fish
eries and upwellings, as well as pollution and loss 
of estuarine habitats, will deplete preferred stocks 
of fish (e.g., tuna) worldwide. The following 
trends for fish and shellfish populations are based 
on the Global 2000 Study projections: 

Marine species 
Freshwater species 
Marine aquaculture 
Freshwater aquaculture 

Total 
Dem:md in yP.ar 2IXXJ 

Annual 
t!tJ.l'Vtsl 

(in millions 
of me.irric 

tons} 

60 
10 
3 
3 

76 
83.5 

Tr~nd 

Peak, 1970 
Peak, 1975 
Increasing, 1979 
Increasing, 1979 

The 200-mile economic zone may lead to im
proved management of marine fisheries, but the 
pressures on these n.~sources are expected to con
tinue to increase. 

Low-Probability, High-Risk Events Affecting 
All Environments. By 2000 the world will be more 
vulnerable to several low-probability high-risk 
events. Food production will be more vulnerable 
to fluctuations in climate and to disruptions in 
energy supplies for fertilizer production, farm 
machinery fuel, and inigation. Loss of wild pro
genitors of major food crops could lead to in
creased difficulty in maintaining pest and pathogen 
resistance in high-yield hybrids. A major shift to 
nuclear power could make the energy sector vul
nerable, should a major nuclear accident occur. 
And a major shift to coal could make the energy 
sector vulnerable, should a serious problem de
velop with C02• While it may be that none of 
these difficulties will occur, the disruptive poten
tial of such events will increase significantly by 
2000. 
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Special Regional Prob•ems 
In addition to th1~ worldwide environmental 

developments just described, Table 13-46 in
cludes a large number of regional developments 
involving continents or more than one nation 
state. Six regional developments are discussed 
here: (1) the increasing use of coal combustion by 
industrial regions; (2) their inc.reasing use of nu
clear power; (3) fuelwood shortages in rural LDC 
areas; and developments in (4) regional seas, (5) 
transnational river basins, and (6) wet tropical 
regions. 

Industrial Regions Turning to Coal. Two large 
industrial regions are rich in coal resources-the 
United States and Eastern Europe. It is likely that 
the coal resources of these regions will be devel
oped much more extensively over the next two 
decades. While it is not po!>Sible to anticipate the 
environmental consequences in detail, there are 
broad implications for the land, air, and water of 
these regions. 

The land impacts are primarily associated with 
coal mining, power plant facilities, and transmis
sion lines. Worldwide, over the 1977-2000 period, 
approximately 100.000 million tons of coal can be 
expec1ed to be miricct, reaching the rate of several 
thousand million tons prr year by 2000. Strip
mined land would total tens of thousands of 
square kilometers, and subsidence would affect 
an additional tens of thousands of square kilo
meters. Land for more than 1,000 coal-fired 
power plants would be needed. Additional trans
mission lines would require many tens of thou
sands of square kilometers. Much of the affected 
land would be in the United States and Eastern 
Europe. 

The atmospheric impacts would include signif
icant increases in combustion residuals-particu
lates, heavy metals, carbon monoxide, nitrogen 
oxides, and sulfur oxides. Emissions of most of 
these residuals would depend on the control meas
ures applied, but no ecor.omically practical tech
nology is available to cor1trol the release of oxides 
of nitrogen. 

The aquatic impacts of increased coal combus
tion include thermal discharges, increased con
sumptive uses, and acid drain1ge. Once-through 
cooling kills many small organisms and young fish, 
causes damaging variations in water temperatures 
and reduces dissolved oxygen concentrations. 
Evaporative cooling towers are projected to cause 
the second largest increase in consumptive use of 
water, and in parts of water-scarce Europe, water 
for cooling towers may be subject to limiting con
straints until other needs have been met. In the 

U.S., water for coal processing and the production 
of synthetic fuels may pose constraints in the arid 
West. Increased deep- and surface-mining could 
easily lead to much water pollution in the U.S. 
and Europe, especially with silt and acid. The 
U.S. has recently passed strip-mining legislation, 
but it remains to be seen how effectively the leg
islation can be enforced. 

Increased emhsiom; of oxides of nitrogen and 
sulfur will aggravate another aquatic effect of in
creased coal combustion-the acidification of 
rain. Acid rain is already a problem not only for 
northeastern Europe and the U.S. but also for 
neighboring states. Weather patterns carry the 
emissions and contaminated water vapor north of 
the industrial centers in northern Europe and the 
northeastern U.S. Thousands of lakes and streams 
in southern Sweden and Norway, in the U.S. 
Adirondacks, and in adjacent areas in Canada 
have been damaged-perhaps irreparably-by 
acid rain. These waters normally yield abundant 
arctic char, salmon, and trout, but are losing much 
of their aquatic life as the acidity increases. Lower 
forms of aquatic life and juvenik lik forms are 
extinguished by thl! excessive acidity caused by 
the rain. Evidence has now been presented sug
gesting that the emissions that cause acid rain may 
travel more than 10,000 kilometers to contribute 
to atmospheric haze in the Arctic. 731 The shift to 
more coril use will aggravate future acid rain prob
lems. 

Industrialized Regions Turning to Nuclear Power. 
Neither Western Europe nor Japan have large 
coal resources and may, as a result, turn increas
ingly to nuclear power in the decades ahead. A 
shift toward nuclear power would bring its own 
environmental impacts, starting with the mining 
of uranium. In addition to the land disturbed, 
thousands of millions of tons of radioactive tail
ings will result from supplying uranium for the 
world over the 1977-2000 period. 

The nuclear plants and transmission lines them
selves require large amounts of land. The pro
jected 226 percent increase in nuclear and 
hydroelectric generation by 1990 (most of it nu
clear) will require hundreds of additional nuclear 
power plants. By the year 2000, the spent nuclear 
fuel will accumulate in amounts measured in 
hundreds of thousands of tons. There will also be 
more than 10 million cubic meters of low-level 
wastes that will have to be stored somewhere. In 
view of local opposition to locating such plants in 
many areas and of even more widespread oppo
sition to storiug radioactive wastes in most local
ities, it is not at all clear where these plants will 
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be located or where the radioactive materials will 
eventually be stored. 

The reactor accident and its aftermath at Three 
Mile Island, Pennsylvania, in March and April 
1979, dramatized the hazards of nuclear power. 
Subsequent reviews and investigations are sharp
ening the basis for assessing and reducing the risks 
of nuclear power, but it is now virtually certain
at least in the United States-that the develop
ment of nuclear power will be delayed. It will be 
more closely regulated and, as a result, will be
come more expensive. 

Fuelwood Shortages in the LDCs. By 1994, 
there will be a 650 million cubic meter shortfall 
in fuelwood in the LDCs, according to the Food 
and Agriculture Organization. This shortfall is 
about one-half the present fuel wood consumption 
in LDCs and would furnish the cooking and heat
ing needs of approximately 650 million persons. 
TC'lday, by comparison, an estimated 1.5 billion 
pe•~ns warm themselves and cook with wood. 
The numbers will surely increase as long as the 
price of alternative fuels continues to increase 
more rapidly than income. 

The fuelwood shortage will be felt throughout 
the world, especially in the semiarid regions. 
These same semiarid regions are threatened by 
desertification, and of course fuelwood exploita
tion of the slow-growing trees in open woodlands 
and "bush" of Africa and Asia is one of the pri
mary causes of desertification. Fuelwood short
ages will also affect the populations of high 
:"ountains in LDCs where tree growth is slow and 
human numbers are high-the Himalayas, the 
Hindu Kush range, the Andes of South America, 
and other, lesser massifs. 

Statistical data on the open woodlands of the 
world and the woody vegetation of semiarid re
gions are limited, but it is known that approxi
mately 50 percent of the world's total open 
woodlands are in Africa and 12 percent in South 
America. The fuelwood crisis has already afflicted 
Africa seriously and i:hows no sign of easing soon. 
Firewood and charcoal production account for 90 
percent of the total forest exploitation on that 
continent. In the Sahel, the present rate of refor
estation, an inconseque11tial 3,000 hr.:tares per 
year, is far, far below the 150,000 hectares that 
needs to be planted there each year if future de
mands are to be met. 

To reverse the fuelwooJ shortage trend, truly 
dramatic increases in the establishment of fuel
wood plantations will have to be made worldwide. 
If the trend is not reversed, all other vegetation 
(and dung as well) will be used for fuel in the 

affected areas, as is already the case in parts of 
India, Nepal, Sahelian Africa, and South Amer
ica. Most of the people living in semiarid zones 
threatened by desertification are pastoralists and 
herdsmen, and the resulting disappearance of soil 
organic matter will have disastrous effects on their 
ability to feed themselves and their animals. The 
carrying capacity of the land will decline as soils 
los~ the fertility and water-holding capacity pro
vided by organic matter. Outmigration or star
vation (or both) will accompany this scenario of 
land degradation. As many as 600 million people 
now living in (he zones threatened by desertifi· 
cation would cause (and would ultimately be vic
timized by) this process. 

Pollution of Regional Seas. Many regional seas, 
or gulfs with relatively poor circulation, are £Uf· 
fering from land-based pollution introduced by 
rivers or directly by sewage pipes from cities and 
industrial sites. The Mediterranean Sea, the Per
sian Gulf, and the Caspian Sea exemplify this 
problem. 

The threat to the Persian Gulf is growing rap
idly. Sixty percent of all the oil carried by ships 
throughout the world moves through the shallow 
Persian Gulf. There are 20 existing or planned 
major industrial centers along the coast. Heavy 
pollution of the Persian G11lf as well as the Mf:d~ 
iterranean has resulted in international, antipoi· 
lution agreements and action plans, sponsored by 
the United Nations Environment Program. These 
plans, a first step mward cleanup, are also in
tended to prevent further deterioration and to im
prove documentation concerning pollution levels 
and the rcsour..:es affected. 739 

Transnational River Basin Development. Of the 
world's 2(."i large rivers, 148 are shared by two 
states and 52 by 3-10 countries each. Examples 
include the Nile, shared by Ethiopia, Uganda, 
Sudan, and Egypt; the lower Mekong River, 
shared by Laos, Thailand, Vietnam, and Cam
bodia; the Plata, shared by Brazil, Bolivia, Uru
guay, Paraguay, and Argentina; and the Ganges 
shared by Nepal, India, and Bangladesh. 

Large-scale development in transnational river 
basins often have environmental impacts that ex
tend across national borders. Difficult political 
problems of international equity result from the 
ecological and socioeconomic impacts that follow 
from urgently needed dams and by flood-control, 
drainage, and irrigation projects. Downstream 
states may experience costs while upstream states 
enjoy the benefits. Reduced flows, sudden changes 
m flows (related to generation of peak power), 
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dislocation of populations from reservoir sites, 
wateMelated diseases (such as malaria and schis
tosomiasis) associated with man-made lakes and 
irrigation projects, and water qunlity problems 
resulting from agricultural runoff-all are prob· 
lems of ri\'er development with the potential to 
stir up international conflicts. River~. such as the 
Euphrates and the Jordan, running through water
short regions will be especially susceptible to de· 
velopmcnt conflicts. 

The LDCs in particular will have to grapple 
with these difficult problems, since their hydroe
lectric power generating potential is relatively 
undeveloped. Increased petroleum prices have 
greatly enhanced the economics of hydroelectric 
power in the LDCs, and the needs for flood con
trol and increased irrigation (assumed in the food 
projections) are similarly compelling. 

Wet Tropical Regions. Forty percent of the re· 
maining 1,680 million hectares of "closed" trop
ical forest will have been destroyed by 2000, 
according to the forestry projections in Chapter 
8. Much or most of this destruction will occur in 
the Amuzo:.~ Basin, in the Indonesian territories 
of Sumatra, Kah.mantan, and West Irian, and in 
Papua New Guniea. Equatorial Africa's small 
amount of closed tropical forest (approximately 
40 million hectares) will be all but gone by 2000. 
Increases in firewood gathering, shifting agricul
ture, permanent agriculture, and industrial for
estry will all contribute to this destruction of the 
world's tropical forests. 

The fate of these deforested areas remains in 
doubt. The intensification of shifting agriculture 
through shortened fallow periods will degrade 
large areas or force their conversion to grazing 
land. Relatively little of the forested land is pro
jected to have been converted to permanent ag
riculture. Portions may succumb to laterization 
while other areas will be invaded by cogon grass 
(Imperata cylindrica) or other vigorous weed spe· 
cies that will be virtually impossible to exclude as 
soil fertility declines. Regions with almost sterile 
soils will become useless, covered with grass too 
coarse for cattle. This case is exe:nplified by the 
quartzite sands of the Gran Sabana regions of 
Venezuela, once forested by broadleafed trees, 
now covered only uy short grass. There has been 
no natural regeneration of the trees. Large areas 
will be degraded forest-devoid of commercially 
valuable species-but will still be heavily vege
tated. 

In addition to the loss of productivity, defores
tation of these humid regions will render extinct 
u much as one-half of their genetic heritage, rep-

resenting anywhere from 375,000 species to well 
over a million. The loss is incalcuable since most 
of the tropical gene pool has not been identified 
and studied, but if the wet tropics contain one
third of the wo!ld's species, as scientists have es
timated, the projected losses will be truly mo
mentous. 

Deterioration of Urban Environments 
A general worsening of urban environments in 

the less developed countries is a virtual certainty, 
with population growth and poverty as the most 
important factors. As illustrated in Table 13-48, 
the population of LDC cities is projected to grow 
at the extraordinary rate of 4.3 percent per year, 
almost tripling over the 1975-2000 period. Of the 
2.2 billion total world increase in population be
tween 1975 and 2000, almost half-930 n-;,illion 
additional persons-will live in LDC cities. The 
increase i.n LDC urban populations is projected 
to be larger than the entire 1975 urban population 
of the world. Although LDC economic growth is 
expected to be concentrated in urban areas, it is 
doubtful that LDC cities will have the resources 
necessary to keep pace with the increasing needs 
for public services and facilities. 

To keep pace with the projected increases in 
needs during the next two decades, LDC cities 
would have to essentially triple all of the facilities 
and services that have been built up over the past 
centuries. The chances of this happening are un
likely at best. Water supplies and sanitation serv
ices in most LDC cities and surrounding slums are 
already being rendered obsolete by rapid popu
lation influxes. Almost 1.5 billion persons in 
LDCs-more than one-third of the world's total 
population-presently lack safe water and waste 
disposal facilities. LDC cities will also be hard 
pressed to provide food and the sanitary condi
tions for safe food distribution. Most LDC cities 
have only very limited sewage systems, or none 
at all. Noise, congestion, and air pollution are as 
bad-or worse-in many LDC cities as they are 
in industrialized nation cities. Infant mortality 

TABLE13-48 

Urbla Population In All Cities of 100,000 or More 

World 
lndustrialiu J count:les 
Less developc.iJ countt \es 

1950 1975 2000 

millions 
392 983 2,167 
262 503 756 
130 480 l,411 
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continues to be high in LDC urban slums and 
uncontrolled settlements partly because of dis
eases (such as diarrhea) related to poor sanitation 
and contaminated water and because of inade
quate diets, which increase susceptibility to dis
eases. Already most of the 35 ,000 infants and 
children under the age of 5 who die throughout 
the world esch day were born and died in the 
LDCs, and the proportion is likely to increase in 
the years ahead. 

Urban populations in industrialized countries 
are also projected to increase over the next two 
decades, but at a relatively manageable 1.6 per
cent per year. However, even this growth rate 
leads to a 50 percent increase over the 1975-2000 
period. 

Urban areas in industrialized countries are 
likely to be most adversely affected by de(erio
rating air quality resulting from a large; increase 
in coal combustion aad from the possibility that 
some nations will relax emission standards so as 
to reduce the economic costs of emission control. 
While national energy plans are by no means firm, 
and while the energy projections anticipate only 
a modest 13 percent increase in coal combustion 
by 1990, many observers anticipate large in
creases. The health and environmental conse
quences of an increased use of coal will be 
determined by the stringency of environmental 
controls. If there is no change of policy (the 
Global 2000 Study's standard assumpt!on) emis
sions can be expected to begin increasing in ut 
least some parts of the world. In the U.S., for 
example, a middle-range energy scenario devel
oped by the Department of Energy shows sulfur 
oxide emissions decreasing through 1985 but in
creasing thereafter as a result of increased coal 
combust!oa and the slow retirement of old power 
pfants. Similar trends can be expected elsewhere. 
In fact, in some areas there may even be efforts 
to relax present emission standards because of the 
economic costs entailed. 

However, the human health consequences of 
exposure to air pollutants may be more serious 
in LDC cities than in the cities of industrialized 
nations. Emissions from increased coal combus
tion in LDC cities are not likely to be tightly reg
ulated, and some highly polluting industries 
(including some emitting toxic substances) are 
avoiding regulation;; in industrialized nations by 
locating plants in LDCs, where there are far fewer 
regulations. 1• Furthermore, the health impacts 
of air pollutants in LDC cities are likely to be 
complicated-e11pecially in the poorer sections
by poverty, disease, and poor nutrition. 

Assumptions, Discrepancies, and 
Fftdback 

With completion of the description of the future 
world environment as it is implied by the popu
lation, GNP, and resource projections of Global 
2000, the shift can now be made to an examination 
of the effect the environment will have on these 
population, GNP, and resource projections. As 
illustrated in Figure 13-1 earlier in this chapter, 
this is the point at which the closing of the feed
back loops can begin. As already noted, the loops 
cannot actually be closed analytically here, but 
the implications of the lack of closure can be ana
lyzed to a degree. The basic process to be used 
is (1) to identify the environmental assumptions, 
both implicit and explicit, that were madP.. in de
veloping the population, GNP, and resomce pro
jections1 (2) to compare these assumptions wth 
the future world environment (terrestrial, atmos
pheric, and aquatic), as treated in the preceding 
section and in Tab~e 13-46, (3) to note the dif
ferences (discrepancies) between the assumptions 
and the environmental perspective, and (4) to 
consider how these discrepancies would feed back 
to and alter the population, GNP, and resource 
projections. 

The actual tracing ~hrough of the assumptions, 
discrepancies, and effects hecomes quite compli
cated because of the number of feedback loops 
ii.wolved. The two loops shown in Figure 13-1 
linking back to the two driving-force projections 
(population, and GNP) and the resource projec
tions are highly simplified representations of the 
myriad ways the environment influences the pros
pects for future developments in populations, 
GNP, and resources. Analysis of these influences 
on the population and GNP projections is partic
ularly complex because many of the environmen
tal influences from these projections come indirectly 
through the resource projections. 

As an aid to systematic discussion of these many 
influences, Figure 13-21 presents a conceptual 
model of the major feedbacks linking the envi
ronmental projections back to the other projec
tions. This conceptual model underlies the 
discussion that follows. The Global 2000 popu
lation, GNP, and resource projections imply a 
future world environment (summarized in Table 
13-46). When this world e:wia~nment is com
pared with the assumptions that ar~ inherent in 
the population, GNr, and resource proj~ctions, 
a number of significant discrepancies appear. The 
discrepancies generally result from unrealistic as
sumptions in the populJttio11, GNP, and resource 
projections about the ability of the environment 
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and F•tillty Bloretour.:n Wat« 

; '" 

Fndboc:k to 
Demographics Regulation Through 

Human ln1tlMlon1 
_ ... 

Fl111re 13-21. Conceptual model for closina the loops. 

to supply increased goods and services. The ef· 
fects of the discrepancies are traced through the 
envir<mment to consequences which feed back to 
human health and the economic sectors. The col
lective consequences are subsequently traced on 
through the human health and the economic sec
tors for their secondary consequences and their 
feedback to the GNP and demographic projec
tions. The discussion of the feedback to the eco
nomic sectors includes illustrative economic impacts 
that are referred to later in the discussion of fe~d· 
backs to GNP. 

Developments in the environment have vir
tually no direct effect on the mineral and energy 
sectors of industrialized economies. (Fuel and 
nonfuel deposits and mining operations are not 
affected directly by, for example, water pollution, 
air pollution, and species extinctions.) However, 
there are significant indirect effects. These indi
rect effects arise largely through human health 
effects and low-probability high-impact events 
that lead (through human institutions) to tighter 

environmental (&nd safety and health) regulation 
of the mineral and energy sectors. · 

The effects of the discrepancies that feed back 
onto human health and the economic sectors are 
disaggregated into two categories in Figure 13-
21: effects from the "economic" and effects from 
the "noneconomic" parts of the environment. The 
distinction is between those aspects of the envi
ronment on which markets place economic value 
(e.g., land, water, forests, fish stocks) and those 
aspects of the environment on which markets 
place relatively little-or no-economic value 
(e.g., population of insect predators, pollinating 
insects, decomposer organisms, and nitrogen-fix
ing bacteria; spawning habits; and a variety of 
biological and ecological processes, su"h as the 
annual flooding or drying cycles that trigger re· 
productive behavior in fish and other species). 
This distinction is made to emphasize P. point 
made years ago by Aldo Leopold, namely, that 
one cannot expect the "economic" parts of the 
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TABLE 13-49 

. · 1D~lromnent81 .. AUumptlons Inherent In the Populatlon, GNP, and Resource ProJectlonu 

PC>i>ulatlon 

GNP 

FOod. and agriculture 

·. Forc1t..Y 

Water 

·.·Marine 
," 

EnersJ' 

Minerals 

The population projections anticipate declines in fertility and mortality, partly because 
of an assumption that environmental conditions affecting human populations will improve 
significantly over the next two decades. The lack of consideration of migration assumes 
implicitly that dirferences in environmental conditions will not lead to significant migration. 
The GNP projections make no explicit environmental assumptions. Implicitly, however, 
they assume that over the next two decades the environment will supply goods and services 
free (or at no increase in cost), in vastly increased amounts and without breakdown or 
interruption. 
The food and agriculture projections take into account losses of arable land due to ur· 
banh·.i.~liln and assume (1) that other losses and deterioration of soil will occur at about 
the saine rate as in the past, (2) that losses of soil and soil fertility can be made up through 
the application of increased amounts of fertilizers, pesticides, and irrigation water, and 
(3) that losses to insects and plant diseases will not increase significantly. 
The forestry projectior.:1 assume that lhe adverse effects of deforestation and forest sim· 
plilication will not reduce the rapid rate of large amounts of deforestation, especially in 
the tropics. Thi! projections assume, further, that serious deterioration of soils will follow 
much of the anticipated deforestation but that there is potential for applying Intensive 

. methods of silviculture through the use of rapidly growing species and, possibly, the use 
of fertilizers. 
The water projections do not specfically address environmental developments that may 
affect water supplies and quality; they assume implicitly that environmental developments 
will not significantly alter future water supplies. 
Th-:: marine projections note that pollution of the ocean will ultimately, if continued, 
••.lversely affect fish stocks and catches but ;:ignificant effects are not expected by 2000. 
The energy projections make no explicit environmental assumptions and assume implicitly,., 
that environmental considerations and regulations will not interfere with achieving the S6 
percent increase in the use of fossil fuel and nuclear energy projected for 1990. The 
projections also assume that there will be no significant increase in the cost of pollution 
control. 
The minerals projections include no explicit environmental assumptions P.nd asc.ume Im· 
plicitly that the environmental implications of mining and refining wil: not lead to further 
regulation and increased costs, and that lands now containing mineral resources or reserves 
will not be protected in any way that would make the mi11eral resources unavailable for 
exploitation. 

environment to function without the "nonecon
omic0 parts. 

In many cases (such .·, soil deterioration, spe
cies extinctions, and C01 accumulations) the pro
jections lead to environmental feedbacks that will 
not have produced their total effect until well be
yond 2000. 

The environmental assumptions inherent in the 
population, GNP and resource projections are 
summarized in Table 13-49. With few exceptions, 
the models do not have provisions for explicit en
vironmental assumptions, and as a result, the en
vironmental assumptions tend to be implicit and, 
in some cases, quite vague. 

Before discussing the assumptions of the indi
vidual projections, a point concerning time lags 
must be stressed. The populaticn, GNP, and re
source projections imply a number of environ· 
mental impacts that will not nearly have run their 
courses by 2000. The continued flow of long-lived, 
toxic organochlorines (1!.g., PCBs and DDT) into 
the world's oceans is but one example .. In these 
cases, time lags occur between the causal action 
(the developments implied by the population, 
GNP, and resource projections) and the ultimate 
feedback, through the environment, back to the 
projection. 

Feedback to the Forestry Projections 
Of all the resource projections. the forestry 

projections may have the most significance for the 
future world environment. Feedback to these pro
jections is therefore taken up first. 

The forestry projections are based on only a 
few environmental assumptions: (1} that the ad
verse effecis of deforestation will not lead to reg
ulation and control of deforestation. especially in 
the tropics; (2) that serious deterioration of soils 
win fo!low much of the anticipated deforestation 
in the. tropics; and (3) that in most of the areas 
to be deforested there is potential for intensive 
methods of silviculture using fast-growing species 
and, possibly, fertilizers. The projections them
selves, being extrapolations of historic trends, as· 
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sume that the 18-20 million hectare annual net 
deforestation rate will remain constant despite 
growth in population and economic activity. 

There are relatively few discrepancies between 
the environmental assumptions underlying the 
forestry projections and the future world envi
ronment implied by all of the projections. Serious 
soil deterioration is expected. In some tropical 
areas there may be potential for intensive silvi
cultural methods with pesticides, fertilizers, and 
fast-growing species. However, this potential cer
tainly does not extend to all of the areas expected 
to be deforested, and where the potential does 
exist, it will be reduced by the extinction of both 
locally adapted, fast-growing tree species and in
sect predators, especially birds and predatory in
sects. 

The environment projections sur,1marized in 
T ahle 13-46 imply a significant increase in the 
acidity and extent of acid rain. This development 
may reduce forest growth in some areas, espe
cially in northern Europe, the northeastern U.S., 
southern Canada, and parts of the U.S.S.R. 
Acidification of soil may also oc1:ur over a period 
of years. The acid rain phenomeua will probably 
reduce rates of growth and increase the difficulty 
of reforestation efforts. 

The environment projections also imply that 
significant forest areas will be inundated by water 
development projects. For the most part the af
fected areas will be deforested before flooding; 
so the primary effect on the forestry projections 
would be to reduce the area available for refor
estation. 

'· The most significant environmental assumption 
in the forestry projections is that the adverse ef
fects of deforestation will not le.ad to regulation 
and control. The adverse effects of deforesta
tion-deterioration of soils (permanent in some 
cases), the extinction of hundreds of thousands 
of species, the destabilization of hydro logic flows, 
the increase in atmospheric carbon dioxide (C02), 

the loss of large amounts of C02-absorbing veg
etation-are all of such significance as to raise the 
possibility of a major change in forest policy 
throughout the world, especially in the LDCs. 
Although there are some small encouraging signs 
in individual countries (as noted in Chapter 8 and 
in the forestry section of !his chapter), large, rap
idly growing populations of the rural poor in many 
LDCs make careful management of forests for 
timber production Rnd other uses increasingly dif
ficult. The forests of mountain regions, so essen
tial to soil protection and runoff control, are 
particularly endangered by encroaching popula
tions of land-hungry rural poor. The slow-growing 

trees of the open forests of the world's arid lands 
are similarly vulnerable to expanding rural pop
ulations and their needs for wood for fuel and 
construction. And finally, it must be remembered 
that the forestry projectfons assume that the net 
rate of deforestation will not increase with in
creasing populations. 

All things considered, the environmental as
sumptions underlying the forestry projections are 
generally consistent with the environment projec
tions, and environmental feedback is not likely to 
alter the forestry projections significantly. If any
thing (as the forestry projections also conclude), 
the anticipated loss of only one-fifth of the world's 
remaining forests over the next two decades "rep
resents a mildly optimistic scenario." 

Feedback to the Water Projections 
As noted in the water projections, meaningful 

statements describing water supply can be made 
only for relatively small areas, and then only after 
detailed on-site inv~stiga!ions of the water re
sources available. Unfortunately, data are not 
forthcoming for assessing global water resources 
and their future on an area by area basis, and as 
a result the water projections are presented on 
the basis of national and world averages. 

The averaging process vastly overstates avail
able water resources. Virtually every area as large 
as a nation has areas with substantial surpluses of 
water as well as areas of water shortage. The U.S. 
is an example. The Pacific Northwest as a region 
has ample-even surplus-water, whereas the 
Southwest has severe water limitations. The ag
gregation of the water resources of these two re
gions into average figures for the U.S. implicitly 
assumes that water from surph1s areas can be 
made available to water-limited areas. In reality, 
however, surplus water throughout the world goes 
unused. Some of it will continue to go unused 
unless large numbers of very large, very expensive 
hydraulic works are constructed. Some of it will 
remain unused because of the energy and eco
nomic costs of lifting water considerable heights. 

The projections focus on rates of replenishment 
of water resources. The rates of replenishment 
are assumed to be measured approximately by the 
total surface drainage from an area. This assump
tion overestimates water resource replenishment 
in some areas and underestimates it in others. The 
assumption overestimates replenishment in areas 
drawing on fossil waters because here the replen· 
ishment is essentially zero. In other areas the as
sumption underestimates replenishment (or at 
least the availability of water of altered quality) 
because it neglects reuse possibi!ities. 
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The projections address both withdrawals of 
water (water that is potentially available for 
reuse) and consumptive use of water (largely 
evaporative uses that preclude reuse) but do not 
consider in-stream uses. Issues relating to trans
portation, aquatic habitats, water as an energy 
resource, flood~plain agriculture, and water qual
ii:y a1·~ not considered. 

In addition to the assumptions and emphases 
mentioned above, the water resource projections 
are based on several other important assumptions. 

The projections assume that an approximate 50 
percent increase in world population and a 146 
percent increase in economic activities will roughly 
double the demand for water in nearly half of the 
countries of the world by the year 2000. They 
recognize that arid regions will experience water 
shortages long before 2000 but do not address the 
shortages that will be entailed by the need to pre
serve river flows for carrying away wastes. Exist
ing water quality problems for irrigation (i.e, salt) 
and potable water supplies (pathogens and toxic 
substances) are noted but are not related quan
titatively to the water shortages already occurring 
in many localities. The projections set forth var
ious ways to deal with water shortages: augmen
tation of supplies (storage and reuse), reduction 
of water use (pricing policy, regulation, techno
logical innovation), and allocation. The influence 
of possible climate changes and of anticipated 
land-use changes on supplies are not considered. 
Interrelationships between water quality and flow 
on the one hand and the living resources of 
streams, lakes, and the oceans on the other are 
not taken into account. 

A comparison of the assumptions underlying 
the water projections with the environmental pro
jections brings out a number of discrepancies. 
These discrepancies relate to the effects of (1) 
land-use changes, (2) possible climate changes, 
(3) changes in consumptive uses, (4) changes in 
water quality, and (5) habitat change:.. 

Effects of Land-Use Changes. Per/taps the most 
significant land-use change projected for 2000 is 
extensive deforestation, which has dramatic im
plications for water availability. Lacking the reg
ulating effect of forests in the upper elevations of 
river basins, water flows will become more ex
treme during both the high and low flow periods. 
Water supplies will be reduced in both quantity 
and quality. The reduction in quantity will be a 
result of rapid runoff, which cannot be retained 
for later use. The reduction in quality will be a 
result of the increased silt loads that accompany 
increased erosion. 

The LDC forests will be most affected. The 
tropical rivers of Africa and Latin America carry 
enormous quantities of water and will become 
highly destructive if their peak flows are aug
mented. Similar problems can be anticipated in 
parts of Africa and in Asia. The remaining forests 
of the Himalayan range are particularly important 
since the waters of the range feed a number of 
large ri-lers that supply the needs of millions of 
persons. It is estimated that by the year 2000 the 
Ganges Basin alone will contain 500 million per
sons, who will be dependcttt on that river for ag
ricultural, industrial, and drinking water. 

The steep and rugged terrain of the Himalayas 
and the Andean ranges prohibit the construction 
of the large dams that might tame their rivers and 
regulate their flows. Consequently only vegetative 
cover and special land management can be em
ployed to comcol runoff. The denuding of catch
ments will exaggerate high flows and high sediment 
loads, and will reduce dry-season flows. These 
changes will in tum lead to extreme problems in 
the management of irrigation systems and im
poundments throughout the affected regions. 

A world survey has yet to be m,1de of the eco
nomic impact on water projects of the sedimen
tation, greater fluctuations in flow, and more 
frequent flood peaks that result from vegetative 
changes in steep catchments. It was expected that 
large impoundments such as Volta Lake in Ghana 
or Lake Nasser behind the Aswan Dam would 
have useful "lives" of 100 years or more, but these 
and other lakes and dams will have much shorter 
lives if sedimentation increases. Wherever major 
denuding occurs upstream of a large reservoir, 
accelerated filling by sedimerts is likely to become 
evident by the year 2000, and in small rivers with 
high sediment loads, impoundments may become 
economically infeasible because of the short time 
it would take them to fill witli sediment. 

Deforestation would also affect ground-water 
recharge and, ultimately, flows from springs. This 
effect is well establi"' ,\d, but the extent of its im
pact across the wo,:d is undocumented and dif· 
ficult to assess because subsurface water movements 
can only be determined by carefully executed sur
veys using radioactive isotopes or dyes. 

Effects of Possible Changes in Climate. In ad
dition to the effects of deforestation, potential 
changes in climate would certainly affect water 
supplies. There is not full agreement among cli
matologists either as to the climate changes an
ticipated or as to their consequences for water 
supplies, but many climatologists as!IOCiate in
creased variability and reduced rainfall with a 
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cooling trend, and increased rainfall (except per
haps in the south central area--dustbowl of the 
1930s-of the U.S.) with an increase in temper
ature. 

Effects of Changes in Consumptive Uses. Over 
and above the effects of deforestation and possible 
climatic change, water C1Vailabiility will be influ
enced by increased consumptive uses of water for 
irrigation and for the dischuge of waste heat 
through evaporative cooling towers. Thermal 
electric (coal and nuclear) power plants discharge 
approximately two-thirds of their input energy as 
waste heat; increasingly these discharges are 
through evaporative cooling towers. By 2000 the 
consumptive use of water for waste heat dis
charges is expected to be regionally significant in 
the U.S., Europe and Japan. 

The biggest increase in consumptive (evapo
rative) use of water will come about as a result 
of the growth in irrigated agriculture. 

Irrigation is already the largest consumptive use 
of water, and although the agricultural projections 
are not specific as to the amount of additional 
irrigation implied, it is clearly large. The projec
tions suggest that the pressure on water resources 
due to irrigation of arid lands is likely to increase 
even more rapidly than pressures on arable land 
resources, which will increase by only about 4 
percent in area by the year 2000 over the 1971-
75 average figure. The increased consumptive use 
of water in agriculture will decrease the supply of 
water available for other uses, especially for en
ergy applications. 

Effects of Changes in Water Quality. Irrigation 
will decrease water availability in yet another way. 
Salts washed out of the soils will enter streams 
and rivers, contributing to a general decrease in 
water quality and in some areas effectively re
ducing water supplies by rendering water unfit for 
reuse. 

There is an important linkage between the en
vironm, ntal implications of the agricultural and 
water projections. The agricultural projections 
anticipate both increases in irrigated land and a 
net increase in arable land over and above land 
losses. To achieve the increase in arable and ir
rigated land anticipated, marginal arid lands will 
be brought into cultivation, in some areas through 
irrigation and the removal of soil salts. However, 
the problems of salinization in irrigated soils are 
resolved only by flushing salts out of the soil with 
water. The rivers and streams that receive the 
salt-laden drain water become increasingly salty. 
As the water projections note, the buildup of con
centrations of salts in rivers flowing through ir-

rigated lands in arid regions is inevitable. The 
result downstream is water unfit for irrigation. 
This phenomenon has no solution other than the 
removal of salts. 

Desalting rivers is expensive. A 104-million gal
lon per day desalting plant under construction at 
Yuma, Arizona, will cost an estimated $315 mil
lion. It will reduce the salinity of the Colorado 
River as it passes from the U.S. into Mexico from 
850 milligrams per liter (mg/I) to 115 mg/I in ac
cordance with a 1973 agreement. Without the 
plant, the Bureau of Reclamation projected that 
salinity levels would climb to 1,300 mg/I milligrams 
per liter by 2000, and that every additional mil
ligram per liter of salt would cause an equivalent 
of $230,000 in damages annually to water users 
in the lower reache~ of the river. 741 

Desalting rivers also requires energy. The 
Yuma plant will require 4.3 megawatts of hy
droelectric energy to run the pumps that supply 
pressure for reversed osmotic desalinization. The 
electric generative use of the water, therefore, 
also competes with irrigation use. Of the plant's 
input waters, 70 rercent emerge at 250 parts per 
mi!!ion (ppm) salt concentration and flow back 
into the river; 30 percent emerge at 9,000 ppm 
and flow into a briny lagoon. Wind and solar gen
eration methods are being considered to reduce 
the hydroelectric demands of the plant. 

If the assumption in the food and agriculture 
projections is correct-namely that there will be 
significant increases in the agricultural use of arid 
lands through irrigation-large water losses 
(through evaporation) from the supplying streams 
and rivers are inevitable. At the same time, salts 
will be flushed out of the soils. More salt and less 
water means higher salt concentrations down.
stream. Accordingly, one of two results will fol
low: Irrigated farming costs will either increase 
significantly so as to include the cost of salt re
moval, or the salts from the fields of farmers up
stream will be added to those in the fields of 
farmers downstream. 

Salts are not the only way in which the envi
ronmental implications of the food projections 
impact on water quality. The use of fertilizers, 

· pesticides, and herbicides is projected to double 
on a global average but to quadruple in the LDCs. 
The fertilizer runoff will leact tn the eutrophication 
of many lakes and streams especially in the LDCs. 
Contamination with pesticides will reduce the pos· 
sibilities for aquaculture, reducing the availability 
of badly needed fish protein. Probably the net 
effect in the LDCs will be to reduce the amount 
of water that is safely available for fish culture 
and for human consumption. 
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Other decreases in water quality will also occur. 
In addition to salts and pesticides, increasing 
amounts of fertilizers. toxic substances, oil, dis
ease pathogens, acids (from mine drainage and 
acid rain), and sediments can be expected to enter 
the world's waters, especially in the LDCs. The 
net effect will again be either a reduction in the 
safety of the water available for various uses or 
hu:1 ·~ased cost~ oi protecting water supplies. 

The economic costs of water protection are sig
nificant. In O•e U.S., for example, a predecessor 
of EPA-the fcrleral Water Pollution Control 
Administration (FWPCA)-attempted to esti· 
mate the ultimate costs of water protection in 1970 
as this nation was beginning seriously to clean up 
its waters. The FWPCA concluded that it would 
cost $4.4 billion to bring municipal water treat
ment systems up to desired standards, and that 
additional needs related to urban and suburban 
growth would bring the total to $10 billion for the 
1970-7.5 period. m The total public expenditures 
in the U.S. on water-pollution control for the 
1977-86 period is now estimated to be on the or
der of $200 billion,,.., and the portion of these 
costs associated with potable water may go still 
higher. 

Habitat Changes. Both the water and the food 
projections explicitly or implicitly assume the de
velopment of many more water-regulation proj
ects-dams, dikes, canals, etc. The severe 
ecological consequences of many of these projects 
are beginning to be examined more carefully dur -
ing the planning process. As a result, sor.1e 
planned projects can be expected to be delaye~1, 
redesigned, or dropped in the years ahead. 

TI1e LDCs can anticipate the largest ecological 
impacts as a result of future water development 
for two reasons. First, the industrialized nations 
have already developed most of their water re
sources, and while some further development will 
occur, it will probably proceed with caution in
formed by the ecological results of earlier, less 
cautious developments. Water resources in the 
LDCs are less developed and more likely to pro
ceed with relatively less careful consideration of 
the ecological consequences. 

The second reason is that water development 
leads to a number of severe ecological changes in 
the LDCs that do not occur (or occur to a much 
lesser degree) in the industrialized nations. Prob
ably the most significant of these ecological 
changes is the spread of habitat for disease vectors 
and hosts. The implications of large dams and 
inigation projects for the spread of malaria, schis
tosomiasis, and river blindness will be of fncreas-

ing concern to water planners throughout the 
world, and it is likely that a number of large water 
developments now planned ii' LDCs will be de
layed or abandoned in the yearn ahead when their 
ecological implications are better understood. In 
this way ecological and habirat considerations will 
feed back to influence the water projections. 

The preceding comparisons of the assumptions 
underlying the water projections with the envi
ronmental projections bring out a number of dis
crepancies relating to changes in land use, climate 
(possibly), consumptive use!;, water quality, ecol
ogy, and habitat. These discrepancies cannot be 
related quantitatively to the water projections, 
but they all support the general conclusion of the 
water projections, namely that throughout the 
world, even before the year 2000, shortages of 
water of usable quality can be expected to become 
more frequent, more extensive, and more severe 
than those being experienced today. 

Feedback to the Food and Agriculture 
ProjecUons 

The environmental assumptions in the food and 
agriculture projections take into account some, 
but not all, of the influ~nces that follow from the 
environmental projections. The major environ
mental assumptions underlying the food and ag
riculture projections arc as follows: 
• Weather variability (but not global climate 

change) is analyzed as the principal variable in 
the three alternative projections of food pro
duction, and as a result climate overall is as
sumed to remain favorable over the next two 
decades. 

• Some land is assumed to be lost to urbanization 
(and perhaps other causes), but the amounts 
assumed lost to specific causes are not indicated. 
Trends in net arable area provide some clues 
and are given in Chapter 6 in Table 6-12. By 
2000, the amounts of arable land in North Af
rica, the Middle East, and South Asia are pro
jected to decline (relative to areas u'lder 
cultivation in 1985) as the "economic and en
vironmental costs of maintaining cultivated 
areas near physical maxima become prohibi
tive." 

• The projections assume that increasing inputs 
of fertilizer and irrigation and other energy-in
tensive inputs will compensate for erosion and 
the other forms of land deterioration now being 
experienced throughout the world. 

• Deterioration of range lands is not specifically 
addressed in the projections and is assumed im· 

,ff) 
d' .... 
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plicitly not to be a constraining factor on the 
projected livestock production. 

• The projections assume that substantially in
creased amounts of water will be available for 
irrigation, but the specific water assumptions 
are unclear. The text of Chapter 6 indicates that 
water management for irrigation could become 
the single most important constraint to increas
ing yields in the LDCs, but the quantitative im
plications of water constraints are not analyzed. 
Also, the extent to which irrigation is leading 
to the salinization of soils is not discussed. 

• The continuing losses of diverse local (and wild) 
crop strains is implicitly assumed not to ad
versely affect the success of plant breeders in 
developing still higher-yielding varieties and 
protecti~g food crops against pests and patho
gens. Yields are assumed to continue increasing 
at essentially the same rates as in the past two 
decades. 

• Pollution by pesticides and fertilizers is assumed 
not to constrain the use of pesticides and fer
tilizers. Pollution is mentioned in Chapter 6 as 
a potential problem particularly in the LDCs 
but it is also implied that these countries wili 
have neither the capacity nor the motivation to 
C?ntr~I fertilizer and pesticide pollution, espe
cially 1f controls would reduce yields. 

It is '10table that the projections foresee only 
a smpH increase (about 4 percent) in arable land 
over the last quarter of this century, and after 
1985 decreases are proje~ted in some regions. 
Land limitations and production constraints es
pecially water shortages, lead to a decline in' per 
capita food production relative to 1970 levels in 
North Africa, the Middle East, and the Central 
African LDCs, and only slight increases in South 
Asia. In other words, over the period of the pro
jections there will be no major improvement in 
t~e food supply ~or the world's poorest popula
tions, and what improvements do occur will re
quire an increase of 95 percent in the real price 
of food. 

Against this sobering outlook, a comparison of 
the environmental assumptions in the food pro
jecti0!1s with the environmental projections gives 
little reason for optimism. Discrepancies· are ap
parent in connection with land deterioration, 
losses of genetic resources, pest and disease man
agement problems, water problems, and the ef
fects of air pollution. 

Effects of Land De1erioration. Erosion, salini
zaticn, alkalinization, waterlogging, compaction, 
and loss of or~anic matter are all aspects of the 

soil deterioration processes at work throughout 
the world. While soil deterioration is a less easily 
quantified phenomenon than land lost to urban 
sprawl, its effects are being felt in both LDCs and 
industrialized nations. 

In the industdalized nations, the primary forms 
of land deterioration are erosion, compaction 
and salinization. The projections assume that con: 
t~nue~ and increasing quantities of energy-inten
sive mputs (especially chemical fertilizers, but 
al~o irrigation water, herbicides, and pesticides) 
will compensate for basic declines in soil condi
tions and productivity. This assumption is sup
ported by past experience. In the U.S., for 
example, almost two-thirds of the crop land needs 
treatment for erosion and compaction, but as a 
resu~t of incr~asing energy-intensive inputs, yields 
continue to mcrease and many large farms con
tinue to .nake a profit. 744 

The discrepancy between the assumptions of 
the food projections for industrialized countries 
and the environmental projection involves the 
f~asi~ility of continued increases in energy-intea
s1ve mputs over the next two decades. Diminish
ing returns are experienced; input costs are 
increasing rapidly with energy prices; adverse ex· 
ternalities (such as the effects of toxic pesticides 
on human and animal health• and ground-water 
pollution) are becoming matters of concern. 

Although there are admittedly some significant 
exceptions, the issue in most industrialhed na
tions is not irreparable soil damage but the in
creasing vulnerability of the agricultural sector of 
the economy to disruption. Present practices lead 
to three forms of vulnerability. First, present 
farming practices with energy-intensive inputs and 
cost-cutting methods lead to soils that are less able 
to absorb and retain water; rain and irrigation are 
both of less help to crops, and the soils are more 
vulnerable to wind erosion during a drought or 
a shift to a period of dryer climate. Second di
minishing returns on increasingly expensive' en
erg···intensive inputs can be c;ustained only to a 

•Many worker.; in LDC countries use pesticides without ad· 
equate training or protection. In Central America, for cx
ample, lhere were 19,300 medically certified pesticide poisonings 
over the S·year period 1971-76. Most of lhe poisonings (17,· 
000) occurred in El Salvador and Guatemala where there are 
about 360 cases per year for each 100,000 persons. By com· 
parison, in the U.S. there are only about 0.17 cases per 100,000 
persons. In Central America pesticides have also contaminated 
animals. In 1976 about S00,000 pounds of beef imported to 
the U.S. from El Salvador were rejec1ed for levels of up to 
95 parts per million of DDT; the U.S. lhreshold level is S 
("Toxic chemicals: How More lhan 50 Nations on Five Con· 
linenls Handle Their Mosl Deadly Pollu1an1s," World Envl· 
ronmmt Rtport, June 18, 1979, p. 2). 
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point, and along the way further soil damage 
(especially erosion and compaction leading to 
hardpan soils) will accumulate. When dama6e is 
far enough advanced, productivity drops regard
less of added fertilizers. Some U.S. soil~, have 
reached and passed that point. 7" Third, the food 
needs of an increasing world population combined 
with rapid increases in energy prices could lead 
either to a very rapid increase in the cost of food 
(effectively pricing a much larger portion of the 
world's population out of the market) or to a rel
atively sudden and disruptive shift away from en
ergy-intensive methods ,_, agriculture. Restoration 
of mildly damaged soils could be accomplished 
over a decade with fallowing and green manuring 
with leguminous cover crops, but restoration of 
severely damaged land would require much longer, 
and a disruptive effect on production could be 
expected during the restorative period. The food 
projections in Chapter 6 note that there are a 
variety of cultural practices and management 
techniques available to redm.:e agricultural de
pendence on energy-intensive inputs, but the pro
jections question the ability of farmers to maintain 
or expand production levels while shifting away 
from energy-intensive inputs. 

There is little question, however, that rising in
put costs and further diminishing returns are in 
prospect and that a careful and objective analysis 
of scientific and public policy options for reorien
tating trends in agriculture is needed. Evidence 
is accumulating that present research and £olicy 
priorities are in need of reorientation, 7 but 
short-term and institutional interests are also in
volved. In this connection, David Vail of Bowdoin 
College asks a very relevant question about ag
riculture in the industrialized nations: "In view of 
the power, objectives, and past behavior of the 
industries (and government agencies) that have 
shaped and promoted [energy-]intensive technol
ogy, is it reasonable to expect a transformation 
cf priorities just because it would be in society's 
long-run interest?"747 

For the LDCs, the food projections assume that 
land deterioration will not be more serious than 
in past decades because farmers will br. aware of 
the problems, will institute practir.es preventing 
more extensive deterioration, and will charge 
mor<>, for their crops to cover increased costs. 
There is a significant discrepancy between these 
assumptions and the environm~mal projections. 

Basically, the eD'-vironraental projections antic
ipate significan! increases in the intensity of use 
of agriculture lands in the LDCs and very few 
preventive or remedial measures. The primary 
LDC remedial measures implied by the food pro-

jections are a fourfold increase in the use of fer 
tilizers, herbicides, and pesticides and a larg( 
increase in irrigation. With the projected increas( 
in energy costs, and with the envfronmental (anc 
political) implications of the implied water de· 
velopment, it seems unlikely that remedial or pre· 
ventive measures will be able to counter the 
pressures for overuse. Furthermore, the environ· 
mental projections suggest that deforestation will 
increase the degradation of the LDC agl'icultural 
Jands, both through more erratic streamflows and 
increased erosion and through a fuelwood short· 
age, which will result in an increase in lu:' burning 
of dung that would otherwise have been returned 
to the soil as nutrients. 

The economic consequences of land deterio
ration are more immediate in the LDCs than in 
the industrialized countrie" Overgrazing, deser
tification, and salinization .. ;e major problems. 
Harold E. Dregne, chief of the U.N. Environment 
Programme's working groups on desertification, 
finds the total annual production losses due to 
desertification and salinization (an estimated $15.6 
billion 748

) to be distributed as follows: $3.3 billion 
due to waterlogging and salinization of irrigated 
land; $6.7 billion due to range deterioration; $5.6 
billion due to deterioration of rainfed crop land. 
Most of these losses would be borne by the LO Cs. 
Dregne computed the production loss potential 
at 40 percent of production on irrigated lands (due 
to salinization), 60 percent on range land, and 25 
percent on rainfed crop land. Average gross in
comes per hectare from lands not affected by de
sertification or salinization were estimated at $400 
for irrigated land, $90 for rainf ed crop land and 
$3.50 for range land. 

Another measure of the economic impact of 
land deterioration is the estimated cost of reme
.Jial measures. According to the Committee on 
Problems of the Environment of the International 
Council of Scientific Unions (SCOPE), it would 
cost $25 billion to rehabilitate 50 million hectares 
with the heaviest salt damage. 749 The U.N. En
vironment Program estimates that it will cost $400 
million a year to combat desertification. 750 So far 
no global price tag has been placed on halting 
erosion or overgrazing. 

Effects of Genetic Resource Losses. The food 
and agriculture projections assun1e that yields will 
continue to increase at essentially the same rate 
as over the past two decades. The yield increases 
come in part from distribution of technologies 
already demonstrated in field experiments and in 
part from further experimental improvements, 
especially in seed. Improvements in seed involve 
both increased plant productivity and increased 
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(or at least maintained) resistance to plant pests 
and pathogens. To achieve these ends, local 
strains of crop species are needed, and these are 
being lost rapidly. 

The projected extinction of one-fifth of all spe
cies-plants and animals-on the planet is an in
dication of the overall pressure on genetic 
resources. Most of these extinctions will occur as 
a result of tropical deforestation. The genetic 
losses of most concern to agriculture are not so 
much located in tropical forests as in dry and 
marginal lands where local strains of important 
food grains have evolved high-yield or disease
resistant traits. These local strains are being lost 
in two ways. First, local strains are lost as more 
and more farm lands are put into production with 
commercial rather than local seed. Second, land
clearing is destroying habitat for many local wild 
varieties. 751 

Concerned plant scientists are increasing their 
efforts to collect varieties of crops from all over 
the world before they are lost. The International 
Rice Research Institute has a collection of 45,000 
rice strains in Los Banos, Philippines but consid
ers that its collection is only a fraction of the 
world's known rice germ plasm. 752 There is little 
doubt that large numbers of local strains will be 
lost in the decades ahead. Without new genetic 
materials to work with, there are very real limits 
to what plant breeders can accomplish. 

Although the genetic losses most significant to 
present-day agriculture are far more likely to oc
cur in the fields of subsistence cultivators than in 
tropical forests, the extinctions in tropical forests 
also have implications for future agriculture. 
Tropical forests contain wild progenitors of many 
important crops-cocoa, rubher, oil palm, pine
apple, and many nuts and fruits, as well as me
dicinal plant species and many plants of unexplored 
food and medical potential. Should the world's 
climate become warmer and wetter, as many cli
matologists believe likely, these and other tropical 
species could become exceedingly important. 

Finally, it should be mentioned that, livestock 
genetic resources are also being lost at a rapid 
rate and without extensive efforts at preservation. 
Livestock, especially ruminants, are important in 
the world's food ~uture because of their capacity 
to convert cellulose plant materials (indigestible 
to humans) into high-quality protein. 

Effects of Pest and Disease Management Prob
lems. The food projections assume that agricul
tural pests and diseases will not present more 
difficult problems in the futul'e than they have in 
the past. The projections anticipate that these 

problems will be managed through a global dou
bling in the use of pesticides. A still larger increase 
in pesticides is anticipated for the LDCs. 

By contrast, the environmental projections sug
gest that pest and disease problems will increase, 
especially if reliance continues to be placed pri
marily on pesticides. The methods of integrated 
pest management* may offer a more effective al
ternative, but contiuued dependence on pesticides 
will enhance resistance in pests and decimate 
predator populations. Extensive monocultures of 
genetically identical plants will further increase 
vulnerability. 

The economic impact of pest management 
problems will be felt particularly in cash and ex
port crops. The problems caused by heavy appli
cations of pesticides have been well demonstrated 
in cotton fields of the world 753 as well as on plan
tations of tea, oil palm, vegetables, and fruits. 754 

In Northeastern Mexico 250,000 hectares of cot
ton were totally destroyed by the bollworm He
liothis when it became resistant .to all of the 
pesticides used against it. 755 Similar problems of 
resistance were experienced in Texas where the 
costs of protecting cotton in the Rio Grande Val
ley were higher than anywhere else-11 percent 
of the total production costs. In 1966 cotton farm
ers in the U.S. were using 47 gercent of all pes
ticides used by U.S. farmers, 7 and pest control 
costs had become inordinately high. 

Although many cotton farmers. especially in 
the U.S .• Mexico, and Peru, are shifting to inte
grated pest management techniques for cotton. 
pesticides applied to cotton elsewhere in the world 
continue to represent a large share of the total 
pesticide chemical usage. In fact. in LDCs expart 
corps (including cotton) receive most of the pes
ticides now used: 757 

The projected 100 percent increase in food pro
duction by 2000 is weakened to the extent that it 
assumes that a doubling of the world average ap
plication rate of pesticides to food crops (and a 
quadrupling of the application rate in the LDCs) 
will enhance production. Modest applications of 
pesticides in conjunction with the ecological and 
cultural techniques of integrated pest manage
ment generally contribute to increased yields in 
the short run, but massive increases in the use of 
pesticides alone will definitely increase the chances 
of major increases in pest resistance over the nex:t 
two decades, as has happened already in cotton. 

•"Integrated pest management" applies to a wide array or pest 
management techniques thfll greatly reduce the use of pesti· 
cides and rely more on bi1Jlogical controls and cultural tech· 
nlqucs. 
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The assumption in the food pro.iection that fur
ther adoption of existing high-yie:d technology 
will occur is in essence an assumption that larger 
monocultures of genetically identical strains will 
increase. This assumption implies increased vul
nerability of food staples. The establishment of 
still larger monocultures of rice. wheat. and corn 
propagated from an excessively narrow genetic 
base enhances the probability of crop epidemics 
on a scale even larger than the 1972 corn blight 
epidemic in the U.S. The potential economic im· 
pact of such an epidemic is enormous. While a 
useful quantification of this potential is not pos
sible, the possibility is real and is increased by the 
trends assumed in the food projections. 

Effects of Air Pollution. The food projections 
assume that the adverse effects of air pollutants 
on agricultural production will not increase over 
the next two decades. but the environmental pro
jections point to a number of potential increases 
in air pollution, some of which can be expected 
to affect agriculture adversely. 

The increased combustion of coal will produce 
at least three combustion products of potential 
significance to agriculture, namely. sulfur oxides 
(SO ), nitrogen oxides (N01 ) and carbon dioxide 
(Cd'2). Increased C01 in the air could increase 
plant growth, but SO, and N01 emissions are 
known to have adverse effects on P.lants. SO, 
emissions can be controlled with the technology 
now available, so the extent of emissions depends 
on national pollution control standards. In the 
U.S., for example, present standards would re
duce SO emissions until about 1985, when emis
sions wo~ld start increasing again. NO. emissions 
cannot be controlled with existing pollution con
trol technologies. The energy projections are not 
sufficiently detailed or precise to permit an esti
mate of the areas that will be exposed to increased 
concentrations of so. and NO .. 

Air pollution already causes signific~nt dam~ge 
to agricultural crops. In the U.S., atr pollution 
damage to crops in Southern California alone cost 
farmers $14.8 million per year during the 1972-
76 period. The losses amounted to 2 percent of 
the crop categories affected. Celery, potatoes, 
and tomatoes were especially hard hit. 

Over the next two decades the impact of air 
pollutants on agriculture can be expe~ted to !n
crease, especially for farmers downwmd. of m
dustrial centers. The effects may be particularly 
severe near industrial centers in LDCs. 751 

Effects of Aquatic Changes. The food projec
tions assume that water resources will be available 
to effectively utilize a doubling in the application 

of fertilizers. (The twofold increase is a world av
erage; a quadrupling of fertilizer use is anticipated 
in the LDCs.) The projections note that water 
management could become the single most im· 
portant constraint on increasing yields in the de
veloping world. 

The environmental projections lend strong sup
port to the concer~ over water constr~in~s not 
only in the developmg world, but also m mdus
trialized nations. Competition with energy devel
opment will be intense in parts of many 
industrialized nations (e.g., the Western U.S.). 
While neither the water assumptions in the food 
projections nor the water projections themselves 
are sufficiently detailed to permit a close com
parison, much examination of regional water sup· 
plies would be needed to d~ter~ine if the w~ter 
assumptions of the food projections are fully JUS· 

tified. 
In addition to water supply. the environmental 

projections point to two other aquatic develop
ments that will affect the food projections. One 
concerns the acidity of rain water. the other. var
i::.~1ons in supply. 

The increased emissions of sulfur oxides and 
nitrogen oxides. from coal combustion are cau.si~g 
rainfall over wide areas to become more ac1d1c. 
Much of the eastern half of the United States and 
parts of southern Canad;:, northern Europe, and 
southern Scandinavia have all been affected. The 
effects of acid rain on crops and soils are only 
beginning to be investigated. but it is already 
known that simulated acid rain adversely affects 
the growth of some food crops, including soybeans 
and kidney beans. Jt is also known that over a 
period of 3-5 years simulated acid rain begins ~o 
acidify soils. Most food crops do not grow well m 
acid soils. The extent to which acid rain will ad· 
versely affect food production is still unknown, 
but over the next 20 years it will probably have 
much more effect than is assumed in the food and 
agriculture projections in Chapter 6. 

The i.mplications of the anticipated ~eforest~
tion for streamflows also apply to agnculture m 
large portions of the developing world. The ab
sence of forest cover in the upper reaches of river 
basins tends to exaggerate both peak and mini
mum flows. As a result, flooding and erosion will 
be increased during rainy periods, and irrigation 
potentials will be reduced during dry periods. This 
effect is not considered iii the development of the 
food projections. 

As the preceding par,graphs have ir.dicated, 
there are apparently ma11y discr.epancies between 
the environmental assumptions underlying the 
food projections and the environmental projec· 
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tions made in the food and agriculture section of 
this chapter. Land deterioration is likely to be 
more extensive than assumed. The assumed pri
mary reliance on chemical fertilizers to maintain 
soil fertility will lead to further soil deterioration 
as well as to increased costs and economic vul
nerability. Lost genetic resources will reduce the 
prospects for additional decades of yield in
creases. The assumed primary reliance on pesti
cides as a pest management strategy implies 
further pesticide resistance in pest population~~ 
and decreased populations of pest predators. Air 
pollution will have adverse effects, as will acid 
rain. Although the water assumptions are not ex
plicit, the adverse effects of deforestation ..... 
water supplies will further complicate an already 
difficult situation. 

If these apparent discrepancies could be taken 
into account, the feedback from the environmen
tal projection would alter the food projection in 
several ways. Most basically, per capita food con
sumption might well be less than that projected 
in Alternative IJI in Chapter 6, namely, a 4 per
cent increase worldwide, a decline of 20 percent 
in Africa and the Middle East, and increases only 
in the U.S., the U.S.S.R., and in Eastern and 
Western Europe. The real cost of food might in
crease more than the 100 percent projected, and 
even before 2000 those LDC economies that are 
largely agrarian may experience a decline in the 
growth of their GNP. 

Feedback to the Ftsheries Projections 

The fisheries projections make several environ
mentally related assumptions concerning marine 
fisheries, freshwater fisheries, and aquaculture. 

For marine fisheries, the projections assume 
that: 

• Increasing demand for marine fish will not lead 
to overfishing so severe that it depletes fish 
stocks. 

• Continuing pollution of coastal waters with oil, 
pesticides, heavy metals, and other toxic sub
stances will have an overall negative effect on 
the quality or quantity of marine fish catches. 
However, the projections implicitly assume that 
such pollution will not be severe by the year 
2000. 

• Continuing losses of estuaries and coastal wet
lands will not significantly reduce natural ma
rine productivity by 2000. 

• Improved fishing technologies will not be used 
in ways that threaten fisheries. 

• The present world harvest of marine fish of 
about 60 million metric tons {mmt) will not in-

crease on a sustained basis; careful planning and 
management could, in theory, raise the harvest 
of natural marine production to 100 mmt by 
2000; and economic model projections based on 
continued population and GNP growth lead to 
a fish demF.nd in 2000 ""f 81-83 mmt. 
For freshwater fisheries, the projections assume 

that: 

• Natural freshwater fisheries are fully exploited 
at the present 10 mmt catch. 

• Environmental deterioration will not adversely 
affect this natural freshwater catch. 

For aquaculture (fresh- and saltwater), the pro
jections assume that: 

• There is a significant potential for expanding 
the present 6 mmt harvest of largely high-unit
value species. 

• This potential will not be seriously affected by 
environmental developments over the next two 
decades. 

The environmental projections show develop
ments that will adversely affect natural production 
of fish, both marine and freshwater, and that will 
reduce the potential for both freshwater and ma
rine aquaculture. The only question is how soon 
will the adverse effects be felt. 

Feedback from both continued pollution of 
coastal waters and the loss of coastal habitat could 
significantly affect the marine fisheries projec
tions. Discharges of oil, pesticides, heavy metals, 
and other toxic substances are expecled to con
tinue to increase, especially in LDC coastal 
waters. By 2000, the impact on fisheries may not 
be universal, but many areas will experience con
tinuing or increasing contamination by long-lived 
pollutants that may decrease production region
ally or !ieverely contaminate marine resources. 

The continuing losses of coastal habitats-es
tuaries, salt marshes, mangrove communities, 
etc.-may not lead to a significant global decline 
in marine fisheries by 2000. Nonetheless. it is 
known that most important marine species are 
dependent at some point in their life cycles on 
such habitats, and continued loss of these habitats 
must ultimately have significant impacts on ma
rine fic:heries-impacts that could begin to be felt 
befo;,.: 2000. 

An example illustrates the economic signifi
cance of coastal marine habitats in rhe U.S.: Es
timates made in the northeastern United States 
and the Gulf of Mexico demonstrate that fish pro
duction alone on an acre of submerged coastal 
wetlands has an annual value (in 1970 dollars) of 
$380, which over even a relatively short 20-year 
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life period represents $7 ,980 at a 5 percent dis
count rate. However, for every acre of coastal 
wetlands dredged or filled, the production of two 
additional acres is lost because of the resulting 
disruption by siltation and other impacts. As a 
result, a single acre of coastal wetlands lost to 
dredge and fill operations represents $23.940 in 
lost seafood production potential alone.• and 
coastal wetlands provide many other ecological 
benefits that have not been included in this esti
mate. 759 

Marine fish production will also be affected by 
hydrologic developments or, the land. The pro
ductivity of coastal waters is enhanced by the nor
mal flows of rivers and the sediments and organic 
matter they bring to the ocean food chain. This 
function of rivers is being increasingly impaired 
by large dams which control floods. regulate 
flows, and trap sediments and organic matter. The 
food and the water projections implicitly assume 
that a large number of dams and reservoirs will 
be constructed by 2000. The importance. magni
tude, and timing of the resulting impact on ocean 
fisheries can be deduced from examples but can
not be projected in any detail. (In some cases the 
impact on marine fish production may be offset 
to some degree by new fish production in the res
ervoirs.) The effect of the Aswan Dam on the 
Mediterranean's sardine fishery is a well-known 
example of this phenomenon. 

The effects of irrigation development, in
~reased sewage discharge from LDC cities, and 
mcreased use of pesticides and fertilizers could 
seriously affect both the projected freshwater 
catch and aquaculture. Irrigation development 
often adversely affects habitats for freshwater fish 
by increasing temperatures, reducing the oxygen 
content of the water and increasing salinity. The 
projected increase in the use of fertilizers will en
hance algal blooms, eutrophication, and depletion 
of dissolved oxygen in reservoirs and lakes. Acid 
rain f~om incr~ased c?a~ combu~tion w~ll Rd~ify 
Jakes m many mdustnahzed nations, ehm11·,•;•r.g 
the use of the lakes for aquaculture or the na1..1ral 
production of fish. Pesticide residues from a dou
bl!ng to a quadrupli~g of pesticide applications 
will pollute streams, nvers, reservoirs, and lakes 
killing small fish. ' 

•nesc fiaures are not intended to eslablish a precise value for 
coastal wetlands. Eslimated values vary widely and are hard 
to estimate (See "The Value of Wellands'' in Slinor Lander 
Horwitz, Our Nation's Wetlands: An lnteragency Task Force 
R~port, GPO s1ock no. 041--011-00045-9, Washington: U.S. 
Government Printing Office, 19711, pp. 28-29). The figures arc 
used here only as an indication of real. non-zero value for 
coastal wetlands. 

Coastal and estuarine breeding and spawning 
waters for many oceanic fish will also be affected, 
especially in regional seas. In the Mediterranean, 
for example, coastal aquaculture, which now 
yields 165,000 tons of fish each year, is seriously 
threatened by land-based pollution, as are the 
700,000 tons caught an.1ually in the open Medi
terranean. The $5.0 billion price tag on the 
cleanup of the Mediterranean Sea is well justified 
by the benefits of conserving these fisheries re
sources as well as the 100 million visitor per year 
tourist industry and the 100 wetland sanctuaries 
for birds and marine life. 760 

Brackish-water fish ponds line the coasts of 
many Asian cm~ntries and yield highly prized 
Chinese milkfo.ll and shrimp. They too are seri· 
ously threatened by pollution, particularly pesti
cides in runoff but also by toxic substances in 
municipal and industrial effluents. 761 Paddy rice 
cum fish culture operations are also jeopardized 
by pesticides in water and an important nutritional 
:~pact results, since snails, crabs. and small fish 
which normally inhabit flooded rice paddies are 
a major source of protein for form families 
throughout Asia. 762 

As the preceding paragraphs have indicated, 
there are a number of potential and apparent dis
crepancies between the assumptions of the fish
eries projections and the environmental 
projections. If the apparent discrepancies could 
be eliminated in the analysis. the accumulative 
effects of the t::ivironmental trends, in conjunc
tion with increasing demands for fishery products, 
could lead to a decrease in the world's total fishery 
resources. The anticipated environmental devel
opments will certainly have a negative effect on 
these resources because the trends are largely 
disruptive and poisoning. When these effects 
would be felt is open to sreculation, but there is 
a distinct rossibility that the adverse effects of 
continued environmental deterioration wiil have 
noticeably affected many fishery resources before 
2000. 
Feedback to the Minerals Project,ons 

The environmental projections are not likely to 
have significant direct feedbacks to the nonfuel 
minerals/projections because mineral production 
is not particularly sensitive to environmental con· 
ditions. A change in air quality, for example, has 
little direct effect on mining. 

There are ilidircc~ feedbacks, however, that 
may be sigruficant. As land aisruption, water pol
lution, and air pollution ~ffect human health and 
the nonmini11g sectors of the economy, human 
institutions (e.g., governments, insurance com-



ENVIRONMENT PROJECTIONS 421 

panies, etc.} may impose further regulations that 
will reduce the environmental impacts of mining 
and increase mining costs. 

The nonfuel mineral projections are not based 
on any explicit environmental assumptions. 
Implicitly, they assume that envil'onmental reg
ulations will not significantly constrain world min
ing activities over the next two decades. They 
assume further than the nonfuel minerals sector 
will receive all of the water and energy needed 
for the projected growth. All of these assumptions 
are somewhat questionable. 

Water, for example, is needed in the mining 
and processing of both fuel-mineral and nonfuel
mineral ores, and water availability could be an 
important constraint. While the amounts needed 
for mining are relatively small (in the U.S. they 
amount to only about 2 percent of total with· 
drawals), and while the water-quality require
ments are relatively low, water resources will 
become increasingly constrained every\llhere. 
Competition for water between agriculture, min
erals development, and energy production will 
become much more intense in the years ahead. 

The use of energy in mining and refining may 
be more troubling. The energy requirements of 
declining ore grades has not yet been examined 
carefully, and the economics of mining will cer
tainly be affected by further increases in energy 
costs. The economic recoverability of some re
sources now classed as (economically recovera
ble} reserves may even be affected if energy prices 
continue to rise sharply. 

Finally, laws and regulations to preserve envi
ronmental quality may be tightened in the future 
as the projected increases in mining and refining 
activities impact on land, air, and water resources. 
However, the assumptions underlying the projec
tions-no tightening of the laws and regulations 
controlling the environmental impacts of min
ing-are consistent with ~he Global 2000 Study's 
overall assumption of no policy changes between 
the present and the year 2000. 

Feedback to the Energy Projections 
Like the nonfuel minerals projection, little or 

no direct environmental feedback is expected to 
commercial energy production (coal, oil, gas, plus 
nuclear and hydro generation) in the industrial
ized nations, but significant feedback may be in
volved in the LDCs' use of organic fuels. 

The energy and fuel mineral projections do not 
make explicit assumptions about the futute en
vironment but implicitly assume that environ
mental laws and regulations will not limit 
development or significantly increase costs over 

the next two decades. The energy projections as
sume further that there will be no constraints on 
the water or energy needed for energy develop
ment. 

Large amounts of water are needed for coal 
mining, synthetic fuel production, and oil-shale 
production, and at least in the arid west, these 
water needs will conflict with mining and agri
cultural needs. In 1978, the U.S. Water Resource 
Council anticipated increasing pressures on water 
resources in the Missouri and Upper Colorado 
River basins, where coal and oil-shale mining are 
developing, but beyond those areas, the Council 
foresaw no other major conflicts between the 
water needs of the coal industry and of other water 
users.763 The water picture in the U.S. may 
change, however, if there is a significant increase 
in the production of synthetic fuels, which require 
large amounts of water. 

Water for evaporative cooling at nuclear and 
coal-powered electric generating plants may also 
present problems in some o.:-~as. In Western Eu
rope, for example, withdrawals for evaporative 
cooling may present a constraint when added to 
all other water demands. In the U.S., consump
tive cooling water withdrawals are expected to be 
the fastest-growing component of water use over 
the 1975-2000 period, increasing from 1.3 to 7.8 
percent of total water consumption. Overall, 
water can be expected to become more of a con
straint than is assumed in the energy, agriculture, 
and nonfuel minerals projections. 

Like water, energy itself is a critical input in 
energy development. The energy projections im
plicitly assume that adequate energy will be avail
able for energy development, conversion, and 
delivery. In fact, the energy efficiency of the en
ergy sector (end-use energy supplied per unit of 
primary energy used} may decrease as a result of 
the projected increases in primary energy con
version to secondary energy forms. especially 
electricity and (perhaps) synthetic fuels. This 
means that the energy sector itself will require 
increasing amounts of primary energy in order to 
supply a given amount of end-use energy need in 
the economy. Net energy analysis and energy ef
ficiency are not a part of the current energy pro
jections, and its seems likely that the energy 
efficiency of the energy sector will be examined 
more extensively in the years ahead. Ultimately. 
some of the assumptions underiying the energy 
projections may be brought into question. 

Energy development in the industrialized na
tions will produce significant environmental im· 
pacts over the next two decades, and the laws and 
regulations relating \o its development may change 
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significantly. The energy projections. however. 
assume no change in environmental regulations 
and no significant increases in the cost of envi
ronmental protection. Tins assumption is consist
ent with the Global 2000 Study's overall assumption 
of no policy change. 

In the LDCs, there will be feedback from the 
environmental projections to the energy projec
tions in two ways. First, ddorestation from all 
causes will contribute to the growing shortages of 
fuelwood. Second. deteriorating range conditions 
may reduce the amount of dung available for fuel. 

Feedback to the GNP Projections 
The feedback of the evironmental projections 

to the GNP projections (and also to the popula· 
tion projections, which are considered next) is 
more complex than the feedbacks considered so 
far. The complexities arise both from the several 
linkages through which environmental feedback 
influences GNP and from the indirect nature of 
the feedbacks. 

Environmental developments influence GNP in 
at least three different ways. One way is through 
the influence that environmental developments 
have on individual economic sectors, which in turn 
influence the total GNP. Another is through the 
influence that human health has on GNP. Finally, 
the economic activity associated with environ
mental protection efforts also influences GNP. 

These three linkages from the environment to 
GNP are not easily discerned in the assumptions 
that underly the GNP projections. While there 
are no explicit environmental assumptions in 
those projections, they seem to assume implicitly 
that the environment will continue to provide each 
economic sector with the same goods and services 
as in the past, but in substantially increased 
amounts, without interruption and without in
crease in cost (generally taken to be zero). The 
discrepancies that follow from this assumption 
are, of course, somewhat different for the indus
trialized countries than for tht> LDCs. 

Feedback to the Industrialized Economies. 
Feedback from the environment through the var
ious sectors of the economy have been discussed 
in the preceding sections on forestry, water, food, 
fisheries, nonfuel minerals, and energy. These 
feedbacks involve parts of the environment that 
are economically valued (e.g., land and fore!\ts), 
as well as parts that are not valued economic:~lly 
(e.g., populations of predator insects). An at
tempt has been made to include in these discus
sions a few indications of the costs of lost 
environmental goods and services. (The estimated 

loss of seafood production totaling-by one esti· 
mate-nearly $24,000 for each acre of dredged 
coastal w~tlands is but one example."') Unfortu· 
nately, available data on such losses are so incom· 
plete that the cost figures cannot even be termed 
spotty, but they make a basic point: The goods 
and services provided by the environment-from 
the decomposition of wastes to the absorption of 
carbon dioxide-<:ontribute substantially but sub
tly to the GNP in each economic sector. Projected 
losses in environmental !!Oods and services will 
significantly affect every economic sector, but es
pecially-but not exclusively-those involving re
newable resources. 

There will also be feedback from the nonre
newable resource sectors. For example, different 
energy strategies allow for comparable degrees of 
environmental protection with very different cap
ital (and GNP) implications. All of the projections 
are based on the assumption of no capital con
straints. In actual fact, capital is scarce and ex
pensive, and intense competition among the 
sectors can be expected over the next two decades 
as efforts are made to develop a new energy econ
omy, raise food production, increase water avail
ability, increase mineral production, and protect 
the environment. Increasing costs of obtaining 
many resources can be expected to contribute to 
inflation and capital scarcity, thus indirectly af • 
feeling GNP. 

Feedback from environmental protection ef • 
forts to GNP is also subtle and complex. No stud
ies have yet been done of this feedback for 
industrialized economies as a group, but the issue 
has been examined for the U.S. economy. 

The U.S. study, recently done by Data Re
sources, Inc. (DRI) for the Environmental Pro
tection Agency (EPA), analyzes the economic 
effects of fed;;ral air and water pollution control 
programs over the 1970-86 period. The ORI study 
arrived at the following conclusions: 

• The extra investment required for the federal 
air and water pollution control programs has a 
positive economic effect until 1981, after which 
it turns slightly negative due to inflation and 
reduced productivity. As a result the real GNP 
would be 1.0 percent lower at the end of the 
period than if there has been no incremental 
pollution control expenditures. 

•The figures used here are only illustrative. Estimates vary 
widely. (See "The Value of Wetlands." in Elinor Lander Hor
witz, Our Nation's Wetlands: An lnteragency Task Forced Rt· 
port, GPO Stock No. 04l-()l l-tKKJ45-9, Washin!!lon: U.S. 
Government Printing Office, 1978, pp. 28-29. 
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• The federal air and water pollution control pro
grams are slightly inflationary 1 adding 0.3 per
cent to the overall rate of inflation each year 
through 1986. 

• Empluyment benefits remain constant, even 
after construction ends, due to the labor needed 
in operation and maintenance of ~ollution con
trol equipment and instal.lations. 64 

At the time of the ORI srndy's release, EPA's 
administrator pointed out that the ORI study did 
not measure many of the benefits of cleaner air 
and water, and as a result depicted the worst pos
sible economic impact. Had thf' study been more 
complete, the negative impacts might have been 
largely counterbalanced or outweighed by consid
eration of benefits such as enhanced ;igricultural 
production, greater fish harvests, lower mainte
nance and depreciation costs for materials and 
processes affected by air and water pollution, and 
improved health.765 

The EPA administrator's comments on the ORI 
study refer to the third type of feedback from the 
environment to GNP, namely the linkage through 
human health. While again no studies for the in
dustralized nations as a group have been done, 
~he impacts of air pollution on human health in 
the U.S. have been studied in a report, also pre
pared for EPA, by a group of' ~source economisb 
at the University of Wyoming. Completed in 
1979, the study documents a very significant lin
kage between environment. health. and GNP. It 
concludes that the health benefits from a 60 per
cent reduction in air pollution would amount to 
a total annual savings of $40 billion ($185 per 
person)-$36 billion representing a decrease in 
illnesses and $4 billion, a decrease in mortality 
rates.766 The major health benefits associated with 
the reduction in air pollution particulates were 
more on-the-job time for everyone and increased 
productivity of those people suffering from chronic 
illnesses associated with air pollution. Thr Envi
ronmental Protection Agency estimated on the 
basis ot' the figures above that the 12 percent de
crease in particulates alone that has been achieved 
between 1970 and 1977 provides $8 billion in 
health benefits each year compared to thf: total 
1977 expenditures on all air po/Imams from sta
tionary sources (the .£rimary sources of particu
lates) of $6.7 billion. 67 

The linkages between the environment and 
GNP involve a numbe,. 1f subtleties; the linkages 
through human health ~nd soil conditions provide 
two interesting examples. In the case of human 
health, improvements in air quality increase pro
ductivity and time on the job, both of which con-

tribute to increased GNP. But these are not the 
only effects. An improvement in health reduces 
the goods and services delivered by the medical 
sector of the economy, thus diminishing GNP. 
Similar subtleties occur in the case of soil health. 
Declines in soil quality due to compaction and 
erosion are known to be occuring widely in the 
U.S., but by replacing lost fertility with energy· 
intensive inputs, declining soil productivity may 
actually increase GNP-but at the cost of (among 
other things) increased dependence on foreign 
sources of energy. These two examples suggest 
that in industrialized countries the linkages be
tween environmental developments and GNP 
may be quite different from the linkages between 
environmental developments and national wel
fare. 

Feedback to the LDC Economies. The model 
used to develop GNP projections for the LDCs 
makes environmenta? assumptions that are similar 
to those contained in the GNP models of indus
trial economies. Neither of the GNP models 
mr.kes explicit assumptions about goods and serv
ices provided by the environment; both assume 
implicitly that environmental goods and services 
will be available without interruption in much 
larger quantities and at no increase in cost. Fur
thermore, in the case of the model of the LDC 
economies, it is a~;qJ.med th'.lt environmental con
siderations are relatively unimportant compared 
with trade with developed nations. This last as
sumption is inherent in the model's structurt:, un
der which the LDC economies are assumed to 
expand only through trade with industrialized 
countries, and as a consequence, can grow only 
when industrial economies are growing. This last 
assumption has been questioned both as to its 
necessity and its desirability for the LDCs. 

Actually, the same three types of linkages relate 
environmental developments to GNP in the in
dustrialized countries as in the LDCs. The three 
linkages-through the economic sectors, through 
human health and productivity, and through ex
penditures on environmental protection-are 
probabl)' even more important in determining 
GNP (and welfare) in the LDCs than in the in
dustrialized nations. 

Linkages through the economic sectors illus
trate this last point. In the LDCs, the industrial 
sectors (such as oil, chemicals, steel, and manu
facturing) are by definition less developed (i.e., 
industrialized), and the economic sectors based 
on renewable resources (forestry, fisheries, agri· 
culture) are the economic mainstays of the do· 
mestic economy. Environmental deterioration 
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strongly affects the renewable resource sectors. 
Deforestation is, simply put, a matter of living 
from biological capital, not from its div!dends, 
and the LDCs' tropical forest capital will !argely 
be spent by 2000. Fuelwood shortages will in
crease the use of dung for fuel, reducing the re
cycling of nutrients to the soil, and so will 
adversely affect the agricultural sector. Defores
tation will exaggerate peak and minimum stream
flows, which will increase erosion, degrade water 
quality, and reduce productivity in the agricultural 
and fisheries sectors. Overgrazing will deplete 
grass and range land resources, which will speed 
up desertification and adversely affect the agri
cultural sector. Efforts to increase agricultural 
production with pesticides, fertilizers, and irri
gation will require increasingly expensive energy
intensive inputs, which may in !urn intensify bal
ance of payment problems to a greater extent than 
they increase domestic GNP. The projected quad
rupling of agricultural chemical usage would also 
adversely affect the fisheries sector. In short, pro
jected environmental developments in the LDCs 
can be expected tQ have pervasive adverse effects 
on GNP through the vitally important agricul
tural, forestry, and fisheries sectors of the econ
omies. 

The effects of environmental developments on 
GNP via human health and productivity are 
equally strong. The projected increases in urban
ization in the absence of adequate sewage and 
potable water facilities can only lead to significant 
increases in the incidence of fecally related con
t~gious disease and morbidity generally. The 
quadrupled use of pesticides will (and already has) 
lead to major increases in worker illness and poi
soning. The water development projects implied 
by the food projections will expand habitats for 
disease vectors, increasing the incidence of schis
tosomiasis, river blindness, and malaria. Wide
spread malnutrition will complicate the increased 
morbidity. The combined effects of the projected 
environmental developments can be expected to 
significantly reduce human productivity and GNP 
in the LDCs. 

To date many of the LDCs have not made ma
jor investments in industrial pollution control 
technologies, and the GNP projections assume 
that laws and regulations affecting industrial pol
lution control expenditures in the LDCs will not 
be increased significantly over the next two d.!C· 
ades. This assumption is consistent with the 
Global 2000 Study's overall assumption of no pol
icy change. 

In the absence of stringent pollution control 
laws ana regulations, m:.dtinational corporations 
engaged in highly polluting industrial processes 

may find the LDCs increasingly attractive sites for 
their plants. Industries involved in the production 
of toxic substances may become especially inter
ested in LDC locations.7671 Increased industrial 
activity, even of the highly polluting sort, may 
increase the GNP of LDC economies-and per
haps even national welfare-but before this pos
sibility is accepted as valid, the adverse effects of 
the pollution on other economic sectors and on 
human productivity need to be examined care
fully.* 

In both LDCs and industrialized countries, en
vironmental developments influence GNP di
rectly through economic sectors, indirectly through 
human health and prnductivity, and, subtly, 
through expenditures on environmental protec
tion. The Global 2000 Study's projections of GNP 
make no explicit assumptions about the environ
ment but implicitly assume that environmental 
developments will not reduce GNP growth in 
either developed or developing col•ntries. A com
parison of this assumption with the preceding par
agraphs reveals many discrepancies. While it is 
not possible to modify the GNP projections to 
eliminate these discrepancies, a more adequate 
consideration of environmental developments in 
the GNP projections would probably lead to lower 
estimates of GNP growth, especially in the LDCs. 
In any case, environmental deterioration will im
pair the quality of life in both industrialized and 
developing countries, and "additions" to GNP 
required to offset pollution or health damages 
might more properly be substituted since they do 
not involve a net increase in desired goods and 
services. 

Feedback to the Populatlon Projections 
Feedback from the environmental projections 

to future population levels occurs through the ef
fects of environmental changes on health, mor
tality, fertility, and migration. The feedback 
through health, mortality, and fertility will be 
most significant for the LDC populati"n projec-

•M. Greg Bloche, a Yale medical student, has recently inter· 
viewed the minister of health in the People's Republic of China 
on the subject of the environmental and health impacts of 
industrialization. He reports that China is having the same 
difficulties as industrialized nations in coping with rapid in· 
creases (a doubling over two decades) in the illnesses of in· 
dustrialization-canccr, hypertension, and heart diseases. He 
also reports familiar tensions in carefully and objectively ex· 
amining the merits of environmental standards and quotes the 
minister of health as remarking tersely: "Of course the Min· 
istry of Health wants high standards and the Ministry of In· 
dustry wants low standards. You can spend less money on low 
standards.'' (M. Greg Bloche, "China Discovers Health Perils 
Accompany Modernization," Washington Post, Aug. 19, 1979. 
p. A2l.) 
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tions. The foedback through migration will also 
affect LDC demographics to a small extent anct 
will have a relatively long-lasting effect on pop
ulations in some industrialized nations. 

Feedback to the Population Projections for the 
LDCs. The environmental assumptions underly
ing the LDC population projections are largely 
subassumptions of the fertility and mortality rate 
assumptions. Fertility rates and mortality rates 
are not projected by the population model, but 
rather are fed into the model as a large number 
of time-series assumptions/projections. The en
vironmental assumptions underlying the exter
nally developed fertility and mortality projections 
are the assumptions that need examining here. 

To understand how environmental assumptions 
enter into the fertility and mortality assumptions/ 
projections, the.: methods by w~ich these p~ojec
tions were developed must first be reviewed 
briefly (a more detailed explanation will be found 
in Chapters 2 and 15). The process is basically 
this: The fertility rate (or mortality rate) for the 
base year is estimated on the basis of available 
data and is then projected forward in time, using 
one or two methods-either a general continua
tion of past trends or. the establishment o~ a ".tar
get" figure for the final year of the projection. 
Under both approaches, the projected fertility 
rate (or mortality rate) is adjusted upward or 
downward to take into account assumed influ
ences of the environment and other factors, such 
as the availability of family planning services.• 
There are two environmentally related assump
tions used in developing and adjusting the pro
jections of the LDC fertility rates: (1) continued 
moderate social and economic progress in all 
LDCs throughout the projection period and (2) 
a more or less continuous decline in fertility rates 
throughout LDC sockties caused in part by t~e 
assum-::d continuatio:1 of social and economic 
progress. The enviroi!lmentally related ~ssump
tion underlying the mcirtality rnte assumption/pro
jection is basically that , to the e:itent that improved 
sanitation, nutrition ;rnd environmental condi-

• At the request of the U.S. Agency for International Devel· 
opmcnt, two sets or demogrnpltic projections wer.: dcvclopeli 
for the Global 2000 Studv. One set was developed by the U.S. 
Bureau of the Census, the other by the Community and Family 
Study Center (CFSC) of the Universi~y of Chicago. The .two 
projections u~c basically the same env1~onmental :-.~umptaons 
but differ significantly in their a~sumptaons cc!'ccrn1~g the ef
fectiveness of family µlanning progams. Further details on the 
differences between the two sets of projections is provided in 
Chapters 2 anrl 15 and in Paul Demeny, "On the End of.the 
Population Explosion," Population and Dt11tlopmtnt Rt111tw, 
Mar. 1970, jip. i41-62, and in Donald J. Bogue and Amy Ong 
Tsui, "A Rejoinder to Paul Dcmcny's Critique," M~y 1979 
(draft ~'ubmittcd to Population and Dt11t/opmtnt Rtv1tw). 

tions have led to decreased mortality rates in the 
past, continued improvements will lead to similar 
decreases in mortality rates in the future. 

ribere appear to be a number of discrepancies 
between the Global 2000 Study's low-fertility, 
low-mortality population assumptions/projections 
and the Study's environmental projections. The 
population projections assume continued im
provements in human welfare thr~ughout L~C 
societies. Discrepancies between this assumption 
and the environmental projections can be seen for 
large aggregate areas of the LDC nations, for 
large rural LDC areas, and increasingly for LDC 
urban areas. 

The assumed continued moderate social and 
economic progress throughout the LDCs appear 
to be contradicted by trends in GNP, food, and 
energy. The per capita GNP projections-even 
without correction for decreased goods and serv
ices from the environment-do not show mod
erate increases throughout the LDCs. In the 
medium case, growth in per capita GNP sl~ws to 
0.1 percent per year for parts of South Asia for 
the 1985--2000 oerind. Per capita GNP growth for 
the entire African continent slows to less than 1.4 
percent per year for the same peri?d•. and .al
though figures for the poorest countries in A.fnca 
are not available separately, they are certain to 
be much lower than the continental average. Food 
consumption per capita does not show moderate 
increases throughout the LDCs. For the LDCs 
overall, per capita ~aily calori~ ~onsumpti?n-
again, with no reductions for ant1c1pated environ
mental problems----increases only slightly, from 93 
percent of FAO minimum standards for the 1973--
74 period to 94 percent in 2000. Th!s single per
centage point increase masks declines for the 
poorest LDC nations and for the poorest classes 
in all LDC societies. Per ca:>ita daily calorie con
sumption in the Central African LDCs falls from 
90 percent of FAO minimum standards for the 
1973-74 period to 77 percent in 2000. • !he energy 
sector will also affect health. The projected dou
bling of world energy prices will force the LDCs, 
chronically short of foreign exchange, to depend 
increasingly on domestic or~ani~ fuels., But the 
Food and Agriculture Orgamzat1on projects tt.i;.t 
by 1994 there will be a fuelwood sho~tfall ot 650 
million cubic meters annually, approximately one 
quarter of the fuelwood consumption projected 
by FAO for the year 2000. ~e health h~ards 
associated with undercooked foods and inade
quate heat are well known. In short, the aggregate 

"The figures for per capita daily caloric consumption arc from 
Alternative Ill of the food and agriculture projections in Chap
ter 6-thc only alternative that includes increasing energy 
costs. 
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projectious of GNP. food, and energy-t:ven 
without any correction for. environmental deteri· 
oration-do not suggest .continued moderate 
progress for all segments of the populations 
throughout the LDCs. 

Beyond the broad, aggregate trends, rural LDC 
areas will experience problems uniquely their 
own. The pressure on all agricultural lands will 
increase enormously. The number of persons that 
will have to be supported per arable hectare will 
increase from 2.9 in the 1970-75 period to 5.3 by 
2000. The expansion of irrigation facilities im
plicitly assumed in the food projections will sub
stantially increase habitats for disease vectors. 
Malaria-carrying mosquitos are developing pro
gressively greater resistance to the major pesti· 
cides used to control them. The quadrupled use 
of pesticides assumed in the food and agriculture 
projections will lead to increased pesticide pol
lution and poisonings. 

The largest impacts on LDC health, however, 
may occur in the , urban areas. Over the last 
qul\rter of this century the urban population of 
the world is projected to increase from 39 percent 
to almost 50 percent. The largest increases will 
occur in LDC cities. Mexico City is projected to 
increase from 10.9 million h• 1975 to 31.6 million 
in 2000, roughly three times the present popula
tion of metropolitan New York City. Calcutta is 
projected to reach nearly twice New York's pres
ent population by2000. Jakarta's populatiJn more 
than triples to reach 16.9 million. Altogether, it 
is projected that 1.2 billion additional persons
roughly a quarter of the present total world pop
ulation-will be added to LDC cities, and the 
most rapid growth will be in unrontrolled settle
ments, where populations are r'"·.v doubling every 
S-7 years. Financial resources are not likely to be 
available to the poor in uncontrolled settlements 
or to their city governments, even for providing 
safe water. Sewage facilities will be limited at best. 
Fecally related diseases can be expected to in
crease. The forestry and energy projections sug
gest that warm, dry, uncrowded housing will be 
even less available than now-a condition that 
will fostl":r the transmission of contagious diseases. 
Pathoge;1 resistance to the least expensive anti
biotics and other drugs is becoming more common 
in the treating of many diseases, iucluding ma
laria, typhoid, dysentery, and the venereal dis
eases. lhis increased resistance, along with 
continued malnutrition, will make epidemics more 
frequent and harder to control. 

Overall, there appear to be significant discrep
ancies between the environmental projections and 
the assumptions underlying the population pro
jections for the LDCs. If it were possible to cor-

rect these discrepancies by incorporating feedback 
from environmental projections into the demo
graphic projections for the LDCs, some signifi· 
cant numerical changes would probably occur. 
The projections for Pakistan are a case in point. 

The environmental and other projections for 
Pakistan do not support the general assumption 
underlying the population projections, namely, 
continued moderate increases in social and eco
nomic welfare. Even before any environmental 
considerations are taken into account, growth in 
Pakistan's per capita GNP is projected essentially 
to come to a halt during the 1985-2000 period, 
and there are many environmental considerations 
to be taken into account in Pakistan. Virtually 
every environmental feedback discussed in the 
past few paragraphs applies to Pakistan. There
fore, to the extent that the fertility and mortality 
rates for Pakistan were assumed to be lowered by 
continued moderate increases in social and eco
nomic welfare, the rates are too low. If environ
mental r~edbacks had been explicitly taken into 
account, life expectancies might have been pro
jected to remain about the same or to increase 
only slightly rather than to rise by an average of 
nine years.* Similarly, something less than a 28 
percent decline in the crude birth rate (from 44.54 
to 32.12) might have been anticipated, even with 
a fairly strong family planning program. 

If environmental feedback were to be explicitly 
considered throughout the popula~ion projec
tions, analogous adjustments would be necessary 
in the projections for many other LDC countries, 
inclucHng Haiti. Thailand, Mexico, India, Indo
nesia, Bolivia, Bangladesh, and the countries of 
sub-Saharan Africa. 

Feedback to the Population Projections for the 
Industrialized Countries. The feedbacks to the 
population projections for the industrialized na
tions are relatively few compared to those for the 
LDC population. The linkages are primarily 
through the health implications of energy devel
opment and through migration. 

The energy projections show clearly that by 
2000 a transition away from petroleum must be 
well in progress for most industrialized nations. 
The choices lie along a spectrum that ranges from 
the soft path (a highly efficient energy sector using 
a minimal amount of primary energy drawn as 
much as possible from solar and other renewable 
sources) to the hard path (a relatively inefficient 
energy sector using relatively large amounts of 
primary energy drawn from coal and nuclear 

•for females, tile projected in·crease over the 1975-2000 period 
is from 53.63 to 63.95 years (19 percent) in the medium series 
or the Bureau Ol Census projections; for males the increase 
ls from 54.SO to 62.30 years (14 percent). 
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sources). Most nations have yet to choose among 
their options, but when the choice is made, it will 
have significant health implications. The hard 
path coat option implies increasing problems with 
particulates, oxides of sulfur, £nd oxides of nitro
gen, all of which have health adverse effects. The 
hard path nuclear option implies increasing prob
lems of disposal of radioactive wastes from ura
nium mining, from low-level nuclear wastes, and 
from spent nuclear fuel, and radiation problems 
as well. The soft-path renewable-resource options 
also pre11e11t a number of health problems. The 
energy projections do not extend to 2000, and it 
is not possible to predict how nations will make 
their energy choices. Whatever the choices are, 
:1owever, they can be expected to have significant 
and varied health implications, but are unlikely 
to significantly affect population growth. 

The other major feedback from the environ
mental projections to the population projections 
for the industrialized nations involves migration. 
International migration is a difficult subject from 
many perspectives, including that of the demog
rapher. The demographer's problem is that mi
grants are often in violation of immigration laws, 
and as a result avoid being counted in a census. 

Difficult as the problem is for demographers, 
the projected LDC population growth coupled 
with the projected LDC environmental trends 
suggests that there will be increasing pressures 
from international migration. Although the flows 
cannot be quantified and projected precisely, in
creased migration can be anticipated f1 om North 
Africa to Europe, from South Asia to the oil-rich 
nations of the Middle East, and from Central to 
North America (Mexico City, for example, is only 
about 500 miles from the Mexican-U.S. border). 

Even the limited statisti.:s available for the 
United States illustrate the demographic signifi
cance of migration. The so-called na.Jral increase 
(excess of births over deaths) for the U.S. is now 
roughly 1.3 million per year. Approximately 
400,000 foreign visitors per year remain in the 
country illegally, and in addition approximately 
800,000 successfully enter the country illegally 
each year, adding about 1.2 million persons to the 
U.S. population annually, an amount almost iden
tical with the natural increase of about 0.6 percent 
per year.• As a result, the population growth rate 
for the U.S. is probably closer to 1.2 percent per 
year than the 0.6 percent per year estimate given 
in Table 2-12 in Chapter 2. Similar (and probably 

•These estimates were obtained in 11/76 by Justin Blackwelder, 
president of the Environmental Fund, Washill;!ton. £rom the 
U.S. Immigration and Naturalization Service (INS) and were 
published by the Environmental Fund in 1976 in "U.S. Pop
ulation Larger Than Official Census Figures." The INS has 
llince stopped making such estimates, and will not now confirm 
or deny the estimates (E. Collison, INS Staff Investigator, 

increasing) immigration can also be expected fo!i 
parts of Europe :md the Middle East. 

It is thus clear that feedback from the environ
mental projections to the population projections 
has implications for the population estimates for 
both LDC and industrialized nations. For the in
dustrialized nations, migration may increase growth 
rates in some cases by one half of a percentage 
point or so. For the LDCs, the effects are more 
complex and dependent on the situation in indi
vidual countries. If environmental factors could 
have been taken into account explicitly through
out the Global 2000 Study population projections, 
the total world estimates for 2000 might well have 
been about the same as the present projection
a 46-64 percent increase to a total world popu
lation of 5.9-6.8 billion in 2000-but for some
what different reasons: Birth rates would have 
generally been somewhat higher and life expec
tancies lower . 

Summing Up 
The foregoing analysis of the environmental 

feedbacks to the Global 2000 projections reveals 
numerous and serious differences (discrepancies) 
between the projected future world environment 
and the assumptions that were used in the pop
ulation, GNP, and resource projections of Chap
ters 2-12. Many of the study projections assume 
implicitly that terrestrial, aquatic, and atmos
pheric resources will continue to provide goods 
and services in ever increasing amounts without 
maintenance, moderation, or protection. t Such 

personal rommunication, 1979). Anne Ehrlich suggests that 
the figures are too high (personal communication, 1979). The 
Golden Door, a recent book on migration between Mexico 
and the United States attempts to trace the history of the 
800,000 estimate (Paul R. Ehrlich, Loy Bilderback, and Anne 
Ehrlich, New York: Ballantine, 1979, p. 180). INS Staff ln
vestigator E. Collison suggests the recent work of Clarice L&n· 
caster of the U.S. Department of HEW and Frederick 
Scheuern of the U.S. Social Security Administration as a 
widely accepted estin1ate. Clarice Lancaster and Frederir..k 
Scheuem estimate that in 1970 there were bt tween 2.9 and 5.7 
million illegal aliens in the U.S. ("Counting the Uncountable: 
Some Initial Statistical Speculations Employing Capture-Re
capture Technique," paper presented at the American Statis· 
tical Association Annual Meeting, 1977). 
tfo the U.S., this and related assumptions have been ques· 
tio11t'd with increasing frequency by many groups. The rela· 
tionship between the environment and human economic 
institutions is highly complex, and many environmental leaders 
believe that some basic value changes will be needed before 
a sustainable relationship can develop. Several femi11ist writers 
have drawn interesting parallels between the values 1Jnderlying 
the relationship between humankind and Mother Nature on 
the one hand and values underlying relationships between men 
and women. See, for example: Susan Griffin, Woman and 
Na1'urt: The Roaring Inside Her, New York: Harper, 1978; 
Mary Daly, GYNIECOLOGY: The Metapliysics of Radical 
Feminism, Boston: Beacon, 1978; and Dorothy Dinnerstcin, 
The Mermaid and the Minotaur: Sexual Arrangements and 
Hlltnlln Malaise, New York: Harper, 1978. 
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assumptions are unrealistic. The Global 2000 
Study's environmental analyses point to many 
areas where the capacity of the environment to 
provide goods and services can no longer be taken 
for granted. There are two reasons. First, the de
mand for environmental goods and services is 
outstripping the capacity of the environment to 
provide, as both population and per capita con
sumption expand. Second, in many areas the eco
logical systems that provide the goods and services 
are being undermined, extinguished, and poi
soned. While informed and careful management 
of the environment might still increase the goods 
and services it provides in some areas, in other 
areas the demands placed on the environment are 
approaching, and in some areas have exceeded, 
its sustainable carrying capacity. 

Added insight into the meaning of the Global 
2000 Study's projections can be obtained by com
paring thP-m with a National Academy of Sciences 
estimate of the ultimate carrying capacity of the 
global environment. The Academy's 1969 report, 
Resources and Man, concluded that the world 
population must be stabilized at levels consider
ably lower than 10 billion, if human life ts to be 
comfortably sustained within the resource limits 
of the earth.768 The Academy also concluded that, 
even by sacrificing individual comfort and choice, 
the human population is unlikely ever to exceed 
30 billion persons. 

Information that has become available since 
1969 tends not only to confirm the Academy's 
findings but to point to even more severe limits. 
For example, the Academy based its conclusion 
as to the earth's carrying capacity on the assumed 
availability of 61 million hectares more arable 
land thau was projected by the U.S. Department 
of Agriculture for the Global 2000 Study. The 
Academy's report assumed a sustainable fish 
catch 40 million tons per year higher than the 
National Oceanic and Atmospheric Administra
tion has estimated for the Global 2000 Study.• In 
its estimates, the Academy had assumed that one
half of the world's potentially arable land was 
under cultivation so that a twofold increase in 
production could be expected by developing the 
other half, and two additional twofold increases 
could be obtained by increased productivity and 
innovation respectively, leading to an eightfold 
potential increase in food production. Its study 
made no .mention of the productivity losses re-

•1t is perhaps notable that the historically steep upward trend 
in marine fish catch peaked at 60 million tons just as the 
National Academy of Sciences made its cstim11tc of a 100 mil· 
lion ton potential. 

suiting from salinization (which now affects half 
of the world's irrigated soils), or of the soil losses 
and hydraulic destabilization that will accompany 
the projected deforestation. Nor did the Academy 
anticipate the rapid rise in the cost of energy-in
tensive fertilizers and pesticides. In short, the vast 
majority of the information that has become avail
able over the past decade suggests that the Acad
emy's estimate is reasonable, perhaps even 
optimistic: TI1e earth's carrying capacity, under 
intensive management is about 10 billion persons 
"with some degree of comfort and individual 
choice," and about 30 billion otherwise. 

The world's population picture has, of course, 
changed since the Academy's report in 1969, 
when !here were about 3.6 billion persons and the 
total was increasing at about 2 percent per year. 
In 1979, there are approximately 4.3 billion per
sons, and the number is increasing at about 1.8 
percent per year. The Global 2000 Study's pro
jections suggest that by 2000 there will be about 
6.35 billion persons, and that the number will in
crease at about L 7 percent pc.:r year. Clearly, if 
present demographic trends continue, population 
growth will not stop-i.e., the annual percentage 
increase will not fall to zero-until well into the 
21st century. If a net reproductive rate of 1.0 
(replacement fertility) could somehow be achieved 
in 2000, the world's population would peak at 
approximately 8.4 billion by about the year 
2100.7

" If it were to continue growing at the rate 
projected for 2000 (1.7 per unit per year), the 
world population would reach 10 billion in 2027, 
and 30 billion in 2091. 

As of 1980, the year 2027 is 47 years away. To 
put it another way, a child born in 1980 will be 
47 years old in 2027. Persons now under the age 
of 24 years can expect to live to 2027 (assuming 
a 70-year life expectancy). They may r: living in 
a world whose population is approaching the max
imum number that an intensively managed earth 
can sustain with, as the National Academy puts 
it, "some degree of comfort and individual choice." 
What are the major environmental developments 
that these persons may observe? 

The Global 2000 Study's environmental pro
jections. based on the assumption of no changes 
in policy, point to major changes in all three of 
the earth's major euvironments-terres!rial, 
aquatic, and atmospheric. The projections also 
point to a group of emerging environmental prob
lems, some of which are global in scope, some of 
which involve vicious circles of causality, and 
some, increased societal vulnerability. By and 
large, these environmental problems will be dif • 
ficult to re ;olve, even with major policy changes. 
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In the terrestrial environment, the basic change 
to be anticipated is a general deterior.;ition of soil 
quality over most of the earth. The immediate 
causes vary from one area to another, but gen
erally invohe demands on local ecosystems and 
soils and population growth that will be impos
sible to sustain. Desertification will claim large 
areas in the LDCs of Africa, Asia, and Latin 
America, as will erosion following shortened fal
low cycles and tropical defor tation. Erosion, 
compaction, and hardpanning . .ti affect increas
ingly large areas in the industrialized nations, as 
will salinization, alkalinization, and waterlogging 
of irriga~ed lands everywhere. Farm land will con
tinue t.o be lost to urban and village expansion. 

The global aquatic environment will also de
teriorate generally, both in its saltwater and fresh
water portions. Freshwater will be slowed by 
dams and irrigation works, warmed by waste heat 
from energy facilities (thus reducing the oxygen 
content), reduced in flow by more consumptive 
(i.e., evaporative) uses such as irrigation and 
evaporative cooling for energy facilities, salted by 
irrigation dr!linage, eutrophied by fertilizer runoff 
and sewage, acidified by acid mine drainage and 
acid rain, destablized by deforestation, and pol
luted by silt, pesticides, and other toxic sub
stances. Freshwater habitats for disease vectors 
will increase. Habitats for species that require 
swift, clean, cool water (like salmon in the U.S.) 
will decline. Coastal marine waters will suffer 
from loss of important habitats-estuaries, salt 
marshes, mangroves, reefs-as well as from heavy 
pressure on fish and mammal populations, con
tinued pollution by crude oil from offshore ex
traction, marine transport, and terrestrial runoff, 
and an influx of toxic materials, the effects of 
which will continue to be experienced for decades, 
at a minimum. 

The atmosphere will-again, under the as
sumption of no change in present policies-re
ceive increasing amounts of effluents from coal 
combustion. Oxides of nitrogen and sulfur will 
cause increased health problems and will produce 
acid rain. Particulates will increase health prob
lems. Carbon dioxide emissions resulting from 
deforestation and from all forms of fossil fuel com
bustion (especially increased use of coal and syn
thetic fuels) will continue to increase the global 

• concentration of C01 in the atmosphere, creating 
conditions that many scientists believe could raise 
the average temperature of the earth, melt polar 
ice, raise sea levels, and flood coastal areas during 
the 21st or 22nd century. Some spray-can pro
pellents and refri.~erants, some high-altitude air
craft flights, and nitrogen fertilizers wi11 release 

chemicals in varying amounts that tend to reduce 
concentrations of ozone in the upper atmosphere, 
potentially increasing the amount of ultraviolet 
radiation, which is damaging to plants, animals, 
and humans. 

Several developments are anticipated that will 
affect all three major environments (air, water, 
land). The release of toxic substances, including 
pesticides, is being controlled increasingly in in
dustrialized nations, but under present policies 
growing amounts of these substances can be ex
pected to enter the air, land, and water in LDCs. 
Materials emitting low-level radiation will be re
leased in increased amounts into all three envi· 
ronments. Oxides of nitrogen and sulfur from 
fossil fuel combustion will increase atmospheric 
concentrations, acidify rain, and ultimately alter 
chemical balances in surface waters and soils over 
wide areas. The rate of extinctions of species in 
all three environments will increase dramatically, 
leading to the loss of perhaps one-fifth of all plant 
and animal species by 2000. 

Some new classes of environmental problems 
will become more evident and more important
among them: problems that require global co· 
operation; problems that are very long-lived; 
problems that lead to increasing social vulnera· 
bility; and problems that originate in vicious-circle 
types of causations. 

Problems of the global commons-the earth's 
atmosphere and oceans-can be expected to be
come more important and urgent in the years 
ahead. Management of global C03 and ozone con
centrations are probably the most important and 
difficult issues of the global commons, but the 
protection of marine mammal populations (a 
global-commons problem on which some progress 
has already been achieved) will continue to be a 
concern. Institutional mechanisms for dealing 
with these issues are limited. The International 
Maritime Consultative Organization (IMCO) has 
made significant progress in dealing with oil pol· 
lution from tankers, but has made little progress 
in reducing the flow of toxic substances into the 
oceans. The U .N .·sponsored Law of the Sea Con
ference constitutes one of the broadest efforts 
made so far to deal with such problems, but the 
slowness of the progress made by this conference 
and related follow-up activities illustrates the ex
treme difficulties involved in achieving the nee· 
essary cooperation on issues related to the global 
commons. Efforts to manage C03 and ozone con· 
centrations on a global scale are just beginning, 
and considering the issues involved-fossil fuel 
combustion, deforestation, high-altitude flight, 
perhaps even the rate of use of nitrogen f ertil-
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izers-agreements can be expected to be at least 
as difficult to reach as in the case of the Law of 
the Sea. 

Multilateral cooperation on only a somewhat 
smaller scale will be required to deal with a num
ber of terrestrial, coastal, and freshwater envi
ronmental issues. Desertification problem!: often 
cross national boundaries, as do some of the hefd· 
ing populations involved. Deforestation is being 
driven not only by domestic needs, but also by 
multinational markets and corporations. Protec· 
tion of regional seas will be impossible without 
multilateral cooperation, and the protection and 
management of many river basins will require co
operation among two or more nations as well. 
Since the net·rfs 0f upstream and downstream 
users often confhc., river development and man· 
agement may become an increasing source of con
flict among nations as water resources become 
still more heavily committed. 

Long-lived toxic pollutants also present a new 
class of environmental problems. Many toxic sub
stances-heavy metals, radioactive materials, and 
some toxic chemicals-have very long lives, and 
their release or mobilization into the environmeot 
creates changes for which there is no apparent 
remedial action. Mercury, lead, high-level radio· 
active wastes, dioxin, and PCBs are examples. 
Many metals, some of which bioaccumulate, are 
highly toxic, and once mobilized by mining, re
fining, dredging, or industrial processf:s, are ex· 
pected to produce adverse effects for decades-
or centuries-to come, especially in the oceans. 
The consequences are many and varied. It is well 
known, for example, that the utility of biological 
resources (e.g., fish and shellfish) has been de· 
graded or destroyed by heavy metals, but it is less 
well known that some bacteria have developed 
resistance to mercury poisoning and as a conse
quence also to several antibiotics. (Research with 
the genus Vibrio and the genus Bacillus have led 
to the conclusion that the antibiotic and mercury 
resistances are genetically linked and caused by 
the mercury exposure.179) High·level radioactive 
wastes are extremely toxic and must be kept safely 
separated from the environment for tens of thou
sands of years, a period that exceeds the stable 
life of any civilization in history, and even exceeds 
the period of recorded history. Long-lived toxic 
chernicals present similar problems. While several 
industrial nations are now tightening regulations 
for the use and disposal of toxic chemicals, the 
controls are far from adequate. Even determining 
wh!~h individual chemicals are toxic will be dif
ficult, and the problem of the synergistic toxicity 
of two or more chemicals presently lacks a feasible 
solution.771 Furthermore, old chemical dumps 

(such as the Love Canal dumpsite in New York 
State),m contaminated river bottoms (such as 
those of the Hudson River in New Yorkm and 
the James in Virginia),774 and contaminated lands 
(such as the environs of Seveso, ltaly)775 will con· 
tinue to pose threats to animals-and human 
life-for many years to come. 

Another class of environmental pressures is 
leading to increased vulnerability, especially in 
the world's food production and energy systems. 
Food production around the world is leading to 
various forms of soil deterioration. Fertility is 
being maintained, pests controlled, and yields en
hanced through energy-intensive (or more specif· 
ically, fossil fuel-intensive) inputs of fertilizers, 
chemicals, and fuels for tractors and irrigation 
motors. The food needed to feed the population 
projected for 2000 can be produced only through 
the continued and increased dependence of ag
riculture on fossil fuels. The increased vulnera
bility that this trend implies is illustrated by the 
disruption in energy supplies caused recently by 
the change of government in a single nation
Iran, by no means the largest of the world's energy 
suppliers. The vulnerability of energy-intensive 
agriculture is increased further by expanded areas 
of genetically similar (or identical) monocultures, 
by expansion of agriculture into increasingly arid 
and marginal lands, and by the projected defor· 
estation (which exaggerates seasonal variations in 
water availability and thus increases vulnerability 
to drought). 

In the energy area, increased reliance on nu
clear energy will create another environmentally 
related vulnerability. The accident at Three Mile 
Island in Pennsylvania demonstrated dramatically 
that nuclear accidents, whatever their probability, 
can and do happen. In the Three Mile Island ac
cident, relatively littlf damage was done to the 
environment, but radi·.Jactive gases were released, 
and the governor of Pennsylvania felt it necessary 
to partially evacuate an area within five miles of 
the stricken plant. As a result of the accident, and 
of concern over the safety of a second reactor at 
the same site built by the same manufacturer, a 
significant fraction of the electric energy supply 
for Pennsylvania has beeu lost for a period of 
years. Public concern is now such that another 
serious accident or a terrorist attack• could lead 
to a significant curtailment in nuclear generation 
in many countries. The projected 226 percent in
crease in nuclear generation by 1990 will increase 
this vulnerability. 

•There have been a significant number or attacks on nuclear 
installations. See Michael flood, "Nuclear Sabotage," Bulletin 
of tht Atomic Scltnlists, Oct. 1976, pp. 29-36. 
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Finally, there is a growing class of environ
mental problems that will be extremely difficult 
to resolve because of a vicious circle of causes and 
effects. This class of problems is particularly acute 
in the land-deterioration/population-growth phe
nomenon in some of the poorest rural areas in the 
LDCs: Environmental deterioration is acceler
ated by further population growth; human repro
duction rates are kept up by poor livi~ conditions 
(and other socir.I welfare problems); 6 and living 
conditions declin~ further as the environmental 
resources deteriorate. 

The important linkages between the popula-
. tion, welfare, and resource demands have long 
been recognized and included in development 
f'lans and projection models, but the linkages 
from the environment back to population, wel
fare, and resources have often been neglected. So 
it is with the Global 2000 Sudy's projections. As 
illustrated in Figure 13-1, the linkages from the 
population and GNP projections to resource de-

mands are well established. This chapter has ana
lyzed the environmental implications of the 
population, GNP, and resource projections and 
has attempted to close the feedback loops linking 
the projected future world environment back to 
the other projections. While the feedback loops 
could not actually be closed, the environmental 
assumptions underlying the population, GNP, 
and resource projections were identified and com
pared with the environmental future these pro
jections imply. The environmental assumptions 
implicit in the population, GNP, and resource 
projections amount in many cases to an assump
tion that the environment will provide its goods 
and services in much larger amounts, without in
terruption, and without increase in cost. The en
vironmental analysis suggests that this assumption 
is, in many cases, unrealistically optimistic. The 
analysis also shows that the goods and services 
provided by the environment can no longer be 
taken for granted. 
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Methodology and Environmental Maps 
Methodology Maps 

The first five maps which follow depict the varlr.us ways In which 
the regions of the world are represented In five key methodologies 
used to develop the Global 2000 Study projections. These maps 
and methodologies are as follows: 

• GNP Projections (SIMLINK methodology) 
• Population Projections (Cohort-component methodology) 
• Food Projections (GOL methodology) 
• Energy Projections (IEES methodology) 
• Nonfuel Minerals Projections (IOU methodology) 

Each methodology has its own way of dividing and aggregating the 
world Into regions. These regional patterns differ. Moreover, some 
methodologies make many regional discriminations; others, only a 
few. In order to clarify these patterns and levels of regional detail, 
on each map a distinctive color is assigned to each region sepa· 
rately distinguished by the relevant methodology. 

Some methodologies develop projections for each region sepa· 
rately, with no simulated Interactions between regions. The maps 
depicting these methodologies make use of very thick boundaries 
between regions: -

Other methodologies develop projections for each region on an 
lnteroctlve t.asls. The maps depicting these methodologies make 
use of thinner boundaries between regions: --

Though some methodologies simulate all endogenous regions In 
equal detail, others simulate different groups of regions at different 
levels of detail. Within maps depicting these latter methodologies, 
similar co!ors have been assigned to regions within groups slmu· 
lated at the same level of detail: 

D • More Intense colors have been assigned to those regions modeled 
In greater detail: 

• • • • Less Intense colors have been assigned to those regions modeled 
In lesser detail: 

D • Environmental Maps 
The last five maps Illustrate various themes developed In the en· 
vlronmental projections. 
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14 The GOvernment's Global Model: The 
Present Foundation 

This chapter introduces Part II of the Global 
2000 Study's Technical Supplement. Part I (Chap
ters 1-13) responcfed to the first aspect of the 
President's directive establishing the Study: to 
make a "study of the probable changes in the 
world's population, natural resources, and envi
ronment to the end of the century." Part II (Chap
ters 14-23) responds to the second aspect of the 
President's directive: that "this study will serve 
as the foundation of our longer-term planning."" 

Specifically, ?art II describes and analyzes the 
set of formal computer-based models and less for
mal computational procedures used to develop 
the projections presented in Part I. It is these 
models and procedures, rather than the projec
tions themselves, that constitute the real "present 
foundation" for the government's longer-term 
planning. This is because: 

• These models and procedures embody-in an 
outward and visible form-many of the as
sumptions present in the minds of those re
sponsible for the government's longer-term 
planning. 

• These models and procedures are actually used 
by Government planners to help delineate the 
i'llplications of those assumptions, to test and 
revise those assumptions where appropriate, 
and more generally to provide analytic support 
for long-term policy dl!cisions. 

A presentation of the government's present 
foundation for longer-term planning requires both 
a holistic overview of the entire set of models and 
procedures und~rlying the projections and a de
tailed examination of each model and procedure. 
This first chapter of Part II provides the holistic 
overview, while Chapters 15-23, which follow, 

•Part Ill of this volume (Ch. 24-31) also responds to lhesecond 
aspect of the President's directive hy descrihing. analyzing. 
and comparing several highly integrated. long-term. glohal 
models not currently in extensive use hy the U.S. govern men I. 
These models and their projections provide important addi· 
tional insights for use in analyzing the Glohal 21Klll Study's 
projections and otherwise strengthening the present founda
tion for the government's longer-term planning. 
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describe and analyze each element of the set in
dividually. This chapter can be thought of as pri· 
marily examining the external relationships among 
a set of "b:ack boxes,"' whereas Chapters 15-23 
explore the internal contents of each black box 
in detail. For the reader's convenience, a sum
mary description of each "element" (or black 
box) is provided at the end of this chapter. 

The "Government's Globi:.I Model" 
Throughout Part II of this volume, the set of 

formal models and the less formal computational 
procedures used to develop the Study's projec
tions are referred to. collectively. as the "govern
ment's global model" (for projecting probable 
changes in the world's population, natural re
sources, and environment to the end of the cen
tury).• Of course, the U.S. Government does not 
presently have an integrated computer model of 
the world. In fact, i! may at first seem inappro-

•Additional specialized lerms and phrases used in Part II: 
Computer-based model-For the purposes of the Global 

2000 Study, a computer program which simulates the behavior 
of some real-world phenomenon (for example, population 
growth or the patterns of world food trade) by using mathe· 
matical equations to make projections. 

Input-Data (including assumptions) required before use 
can be made of a computer-based model or other compute· 
tional procedure. 

Output-Data created as a result of making use of Ii com· 
puter-based model or other computational procedure. 

Endogenous calculations-Calculations performed by a 
computer-based model or other computational procedure. 

Exogenous calculations-Calculations performed either in 
preparing input before making use of a computer-based model 
or other computational procedure, or in preparing output after 
making use of a c:omputer-based model or other computational 
procedure. 

Dynamically calculated projections-For the purposes of the 
Global 2000 Study, projections made endogenously for a fu
ture year that are dependenl in part on projections (also made 
endogenously) for a preceding year or years. 

Statically calculated projections-For the purposes of the 
Global 2000 Study, projections made endogenously for a fu· 
ture year that are independent of projections made endoge· 
nously for a preceding year or years. Exogenous changes in 
tbo: input determine the year for which the projections are 
being calculated. 
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priate for this report to make reference to this 
collection of analytic procedures as though it were 
a fully integrated entity-with a food sector main
tained by the Department of Agriculture, an en
ergy $ector maintained by the Department of 
Energy, an environmental sector scattered through 
many agencies, and so forth. 

Instead, each agency has its own idiosyncratic 
way of projecting the future, bast>·~ on its own 
responsibilities and interests. These different ap
proaches were never designed to be used as part 
of an integrated, self-consistent system like the 
"government's global model." They we,( de
signed by different people, at different times, us
ing different perspecHves and methodologies, to 
meet different neP.ds. While many are widely rec
ognized as making outstanding use of state-of -the
art analytic procedures appropriate to their re
spective sectors, they produce projections that are 
mutually inconsistent in important ways. 

Nevertheless, there are at least three compel
ling reasons for describing and evaluating these 
different approaches as a collective whole: 

1. The various sectoral models and calculation 
procedures (arbitrarily aggregated in this dis
cussion into a set of 11 "elements") have, to 
a limited degree, actually been developed and 
maintained m ways that involve mutual inter
actions via an informal, almost glacial process. 

2. Projections developed using these eleme1its 
have generally been used by the governm«mt 
and others as though they had been calcula· ..:d 
on a mutually consistent basis. 

3. These elements should be capable of being 
used on a mutually consistent basis-regard
less of how they have actually been developed 
and maintained, and regardless of how their 
1>rojections have generally been used. In fact, 
the President implicitly directed that the ele
ments be used and evaluated in this way when 
he commissioned the Global 2000 Study. 

The U.S. Govern.ment has a large collection of 
analytic procedures for anticipating future trends 
in a wide range of areas. The Global 2000 Study 
aske<.! the federal agencies to develop projections 
using the methodologies that they routinely use 
for this purpose. 

These metbodolories-or tools-can be consid
ered collectively as elements of the government's 
overall global model. Normally these elements 
are not employed in ways that ensure that the 
assumptions they use are mutually consistent. For 
1:he purposes of this stuciy, ensuring consistency 
became a high priority, and every effort was made 
to enhance interactions and consistency among 
eltments. 

But in spite of the discipline established by the 
Study to ensure consistency, a number of internal 
contradktions were inherent in the analysis and, 
unavoidably, they remain. To put it more simply, 
the analysis shows that the executive agencies of 
the U.S. Government are not now capable of pre
senting the President with internally consistent 
projections of world trends in population, re
sources, and the environment for the next two 
decades. 

These contradictions do not completely invali
date the overall results of the Study-in fact, the 
Study's projections are the most consistent such 
set the government has ever produced-but they 
do suggest that the results of the projections un· 
derstate the severity of potential future problems. 
The analysis also points to ways in which the qual
ity of the government's long-term analytic tools 
can be improved. 

One of the most important findings of the Study 
is that the sectoral trends projected in Part ! in· 
teract with each other in the real world in ways 
that are not represented in the government's 
global model-essentially because of the institu
tional context in which the elements of the model 
were developed and are being used. This context 
emphasizes sectoral concerns at the expense of 
interactions among sectors and le1ds to distorted 
and mutually inconsistent project:ons. Important 
decisions-involving billion-dollar federal pro
grams and even the national security-are par
tially based on these projections. 

In the discussion that follows, the "present 
foundation" (the government's global model) is 
first described in terms of its scope and in terms 
of the linkages between its elements. With this 
overall description to work from, the operation 
of the elements as a collective whole is analyzed. 
The implications of this analysis are then exam· 
ined with regard to (1) interpreting the projec
tions and (2) strengthening the present foundation. 
Finally, the 11 elements of the government's 
global model are summarized, using a fixed for· 
mat to facilitate comparisons. 

The remainder of this chapter is divided into 
five sections and several subsections, as follows: 

Der.cription of the Present Foundation 
Scope of the Global 2000 Study 
Linkages Prior to the Global 2000 Study 
Linkage~ Under the Limited Discipline of the Global 

2000 Study 
Analysis of the Present Foundation 

Inconsistent Val'iable Values 
Use of Diverse Sources of lnfonnation 
Absence of Feedback 
Structural Incompatibilities 
Institutional Factors Underlying the Discrepancies 
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Interpreting the Projections 
Validity or the Basic Findings 
Biases Due to Inconsistent Variable Values 

Strengthening the Present Foundation 
NccC: for an Ongoing Institutional Mechanism 
Potential Technical Improvements 
Incorporating Broader Improvements 

Summary Descriptions of the 11 Elements 
Population 
Gross National Produc~ 
Climate 
Technology 
Food 
Fisheries, Forestry, Water 
Energy 
Energy Residuals 
Fuel Minerals 
Nonrucl Minerals 
Environment 

Descriptim1 of ~he Present Foui1dation 
The government's present foundation for longer-

1:erm planning-the government's global model, 
as previously defined-is more than the sum of 
its parts. It is the sum both of its 11 elements and 
of the linkages among them. For the reader's con
venience, the projections and detailed di::;cussions 
in this volume related to each of the 11 elements 
are cross-referenced in Table 14-1. 

The discussion that follows first reviews the 
decisions made in defining the scope of the Global 
2000 Study, then describes the linkages that ex
isted prior to the President's directive establishing 

TABLE 14-1 

Index to ProjecUons and Detailed Discussions 
Related to Each orthe 11 Elements of 

the Government's Global Model 

Element 

In tht order presented in the last 
section of this chapter 

1. Population 
2. GNP 
3. Climate 
4. Tcchnology-
5. Food 
6. Fisheries, Forestry, Water 
.7. Energy 
8. Energy residuals 
9. Fuel minerals 

JO. Nonfucl minerals 
1 i. Environment 

Projections DeJailed 
Developed Description 
Using the of the 
Element Element 

Part I, 
Chapter 

2 
3 
4 
5 
6 

. 7,8,9 
10 
10 
ti 
12 
13 

Part II, 
Chapter 

15 
16 
17 
'.23 
18 
19 
20 
20 
21 
22 
19 

•A (Oll\posilc elciMnt. blinpng lo&clher under • 1lnalc heading the varlOllS II· 
1umpdons and approaches related to the iechnologlcal lnnov1ti011l used by the 
different elements, together \\ilh !heir deploymen111nd lmpac::t1. 

the Study, and, finally, describes the linkages es
tablished under the limited discipline imposed by 
the Study. 

Scope of the Global 2000 Study 
Within the scope of the President's directive, 

several decisions were made that played a major 
role in determinfog the ultimate shape of the 
Global 2000 Study by alternately selecting and 
excluding factors and considerations related to 
long-term global analysis: 

1. The mandate of the Global 2000 Study was 
to focus on trends and changes rather than on 
goals. The Study was to look ahead, primarily to 
the year 2000 but not much beyond. It was con· 
cemed with biophysical matters, as opposed to 
social, political, and economic developments. 
While economic considerations were introduced 
in a limited way to help tie the projections to
gether, economic, political, and social, consider· 
ations were essentially outside the scope of the 
Study. 

2. Analytic methods were used wherever pos
sible, to the exclusion of more normative or qual
itatively descriptive approaches that might have 
been used to gather ideas and opinions from coun
try and sectoral experts.• Naturally, the govern· 
ment makes use of many computational procedures 
for policy analysis other than those used by the 
Global 2000 Study, and many organizational units 
make use of sources other than those relied on by 
the Study. But, in general, those other procedures 
produce projections that are either not global and 
long-term, (i.e., to the end of the century, as de
fined by the President's directive) or not generally 
used by the governmental urit \liith primary re· 
sponsibility for developing the type of projections 
required for this Study. Hence, such procedures 
were not included among the 11 elements com· 
prising the government's global model appropri
ate for meeting the objectives of this Study. t 

3. Wherever possible, use was made of the 
tools, data, and capabilities available within the 
federal government. This choice was made to fa· 

•for cumiJle, the field anomaly relaxation method for pro
jecting wholc·bociy future patterns, developed by the Stanford 
Research Institute. 
t Broad survcyi; or other models used by the U.S. Government 
arc provided in A Guide to Models in Governmental Planning 
and Operations, Washington: Environmental Protection Agency, 
Aug. 1974, and in G. Fromm ctal., Federally Supported Math· 
nnatical Models: Survey and Analysis, Washington: National 
Science Foundation, June 1975. A discussion or the evolving 
role or models in governmental processes is provided in M. 
Greenberger ct al., Models in tht Policy Process, New York: 
Russell Sage Foundation, 1976. 



456 THE GOVERNMENT'S GLOBAL MODEL 

cilitate an evaluation of the present foundation 
for longer-range planning-but as a result of this 
decision, the contributions of many tools available 
in universities, the private sector, and other in· 
stitutions were omitted. A further consequence 
of this choice is that individual agency views were 
not cross-evaluated with other perspectives from 
the private sector, except to the extent that these 
may have been incorporated in the views and crit· 
icisms of the Study's advisers. 

4. Among the tools available in the federal gov
ernment, it was necessary to pick and choose spe
cific topical areas wi~hin the broader categories 
of population, natl.Hal resources, and the envi
ronment. Some of these choices were voluntary, 
others were not. For example, grasslands are a 
resource that could not be evaluated in the time 
available. While mineral consumption is pro
jected, mineral demand, supply, and price are not 
projected because the government has no capa
bility to project these on a global basis. The long
term global environmental analysis was assembled 
from a large number of sourcet:, most of them 
outside the government, since the government has 
no capacity for such analysis that could be brought 
to bear on the Study. 

5. Among the many variables selected for pro
jectkm, some basic disaggregations were made, 
but dii:aggregation was not possible in every case 
or, necessarily, in even the most significant cases. 
For example, the number, age, and sex of the 
world's human populations were considered, but 
other foctors (for example, educational, rural-ur
ban, racial, religious, income, and other socio
econor ... ic distributions) were not. Total energy 
consumption was considered, but not in terms of 
~h.e end-use requirements for low-grade versus 
high-grade forms of energy; no net energy con
siderations were included. Out of nearly 100 re
sources traded internationally, only 12 were 
considered. Competition among crops for arable 
land was not specifically considered. Also, the 
envir~nmental projections could not be geograph
ically disaggregated in many cases because of the 
limitations of available data. 

Linkages Prior to the Global 2000 Study 
Each of the various agencies and departm>;ats 

of the executive branch of the federal government 
has always had some capacity to make long-term 
assessments of global trends related to popula
tion, natural resources, and the environment
such as the assessments discussed in Apµendix A. 
Recent examples include World Population: 1977 
by the Bureau of the Census, World Food Situ-

ation and Prospects to 1985 by the Department of 
Agriculture, Mineral Facts and Problems by the 
Bureau of Mines, and World Energy Prospects by 
the Department of Energy's predecessor, the Fed
eral Energy Administration. 

Prior to the Global 2000 Study, such reports 
were generally prepared largely independently of 
each other."' little formal attempt was made to 
ensure that the assumptions used by one agency 
were consistent with those used by another. Little 
consideration was given to mutual interactions 
and feedback over time. Little heed was paid to 
intersectoral problem areas and concerns that 
were not the immediate responsibility or a special 
interest of that particular agency. I:istead, it was 
implicity assumed that long-term issues relating 
to population, natural resources, and the envi
ronment could be studied and analyzed on a 
largely independent basis. 

Interaction among various elements of the gov
ernment's global model still tends to occur very 
infrequently. Even the activities of the inter
agency task forcet cited in Chapter 1 and dis· 
cussed at greater length in Appendix A have done 
little to improve coordination among the govern
ment's numerous computational procedures. This 
is due largely to the relatively narrow focus and 
brief life span of most of those procedures. They 
tend to focus on a single set of narrowly conceived 
factors directly relevant to specialized sectoral 
concerns and to give priority to more pressing and 
parochial short-term tasks. 

While it is true that the individual reports dis· 
cussed in Appendix A have been independently 
prepared, there has always been some interaction 
between the agencies as they proceeded to for
mulate their projections. But most interactions 
occur as part of a relatively slow process. In gen
eral, one agency completes and publishes a study 
report, which, when read by other agencies, in
forms the future study efforts of those agencies. 

Those individual studies have not all been un
dertaken at the same time, of course, nor have 
they necessarily made use of mutually consistent 
assumptions. Thus, while some feedback (and 
some interaction) does occur, as manifested in the 
process just described ( a1. d occasionally in formal 
and informal task force collaborations), such feed
back tends to be extremely limited. Nevertheless, 
when viewed from this perspective, a quasi-inte
grated governmental global model can be seen 

•nie extent to which formal collaborative joint task force 
efforts were undertaken is discussed in Appendix A. The trend 
has been increasing, but the Global 2000 Study is the first 
official study to use all 11 elements concurrently. 



THE PRESENT FOUNDATION 457 

that is more than the sum of a set of independent 
elements &nd their respective projections. 

A signal indication of the relative lack of direct 
interaction among the clements and associated 
experts (prior to the Global 2000 Study) was pro· 
vided when the Global :woo staff met with the 
agency er.perts responsible for the maintenance 
and operation of the 11 clements of the govern· 
ment's global model. With one or two exceptions 
at the most, none of the agency experts had met 
eAch other previously, and none knew anything 
about the assumptions, structures, requirements, 
and uses of :he others' calculation procedures
although on occasion they were required 10 make 
use of projections developed by the other ele· 
men ts. 

Linkages Under the Limited Dlsclpllne of the 
Global 2000 Study 

The various agencies' miscellaneous published 
projections could have been used as the Global 
2000 Study's projections, but while this would 
have addressed the first aspect of the President's 
directive establishing the Study, it would not have 
addressed the second. The foundation thus estab· 
lisb.ed would have been of unknown reliability, 
making interpretation of the projections uncer· 
tain. Moreover, no basis would have been estab
lished for strengthening the present foundation. 

Therefore, a special limited discipline was es
tablished for the Global 2000 Study-that is, a 
conscious choice was made (1) to employ, wher
ever possible, the very tools and data used within 
the federal government, and (2) to employ those 
tools and data on the most coordinated basis fea
sible within the constraints of the Study. In keep
ing with this decision, the Global 2000 Study's 
central staff established three criteria to be fol
lowed in developing the Study's projections, 
namely, that the projections be developed using 
analytical procedurts, wherever possible, which 
were essentially (1) long-term, (2) global, and (3) 
in general use by the agencies primarily respon
sible for the type of projections required by the 
Study. 

It was also clear that the normal linkages and 
mode of operation of the government's global 
model were not adequate for the Global 2000 
Study, and so a special effort was made to increase 
linkages between the element~ and to improve the 
consistency of these assumptions by: 
• Using the output from one element ~s the input 

to another whenever this was readily feasible 
within the time and resource constraints of the 
Study. 

• Providing special opportunities for relevant 
agency experts to exchange views with each 
other in order to encourage them to make their 
elements (and derived projections) more mu· 
tually consistent. 

• Providing special opportunities for the various 
agency experts to exchange views with and re
ceive comments from various experts not di· 
reedy affiliated with the participating agencies. 
This also was done to encourage the agency ex· 
perts to make the elements (and their derivi:d 
projections) more mutually consistent. 

The initial assignments of responsibility to the 
appropriate agencies have already been presented 
in Chapter 1. The agencies identified experts, 
both inside and outside the agencies, wborn the 
agencies considered most appropriate for dis· 
charging the responsibility of preparing the pro· 
jections requested by the Study's centrnl staff. 
These "agency experts" (identified in the Ac· 
knowledgment seclion of the Preface) then be· 
came responsible for selecting and utilizing 
analytical procedures that they felt best met the 
Study's criteria. 

The agency experts were asked to produce a 
first draft of their projection in just six weeks, at 
which time they, the Study staff, and a small group 
of outside experts• met for a weekend 3ynthesis 
meeting. The purpose of the meeting was to im· 
prove the consistency of the projections and to 
begin-at least subjectively-to considt~r the im
plications of the natural resource and environ
mental projections for the independentl.v derived 
projections of gross national product (GNP) and 
population. A certain amount of dirficulty was 
anticipated in this preliminary meeting, and, in 
fact, many inconsistencies were revealed. The ex· 
perts then decided collectively how best to adjust 
and modify the projections to improve the i.nternal 
consistency of the whole set. The final projuctions 
were prepared during the following two months. 

The projections had to be undertaken as part 
of a sequential process, since the structures of the 
elements themselves precluded their being used 
simultaneously. This process is illustrated in Pig· 
ure 14-1. 

While this sequential process permitted some 
interaction among the various eh.!ments of the 
government's global model, many important link· 
ages could not be inr.luded at all. In particular, 
the population and GNP projections that were 

•nese experts are also identified in the Acknowledgments 
section of the Preface to this volume. A cl1scussion of their 
activities, together wilh a summary of their views, is presented 
in Appendix B. 
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Fl11urt 14-1. Sequential steps followed in linkina elements of the 11overnment's global model. 

prepared during the first step were based largely 
on extrapolations of past trends and were unin
formed by interactive feedback from the resource 
and environmental projections or from each 
other. The resource and environmental analyses 
also projected developments that could signifi
cantly feed back to and influence each other., but 
these feedbacks wen: also not represented by ex· 
plicit linkages. 

Although an attempt was made to develop pro
jections of resource consumption and environ
mental impacl'.ii using a single source for population 
projections and GNP projections, this effort was 
only partially successful.* While projections pro
vided by these single sources were used in pre
paring the Study's food and energy projections, 

•Another initial objective was to examine the implications of 
the projections as they applied to a specific geographic region. 
This examination would have provided another test of the 
consistency of the projrctions and would also have given the 
global (sometimes nebulous) projections a more specific geo
graphic reference for policy analysis. Unfortunately this ex
amination could not be completed within the time and resource 
constraints of the Study because of the major differences in 
the ways that the various models represent geographic regions. 
Nonetheless, an effort was made in the preparation of Chapters 

they were not used in preparing the climate, tech
nology, fisheries, forestry, water. fuel minerals, 
and nonfuel minerals projections. Nor were they 
used explicitly in preparing the environmental 
projections derived from the other projections. t 

The limited extent to which both vertical and 
horizontal linkages were actually established for 
the Study is indicated in Figure 14-2. Additional 
steps were taken by the Study in order to obtain 
some indication of the extent to which the envi
ronmental impacts projected by the Study would 
have influenced the Study's other projections
had they been available and taken into account 
when those projections were made. These steps 
were discussed previously in the "Closing the 
Loops" section of Chapter 13 and are therefore 

15-23 to provide the reader with as much detailed numeric 
information as possible on one arbitrarily selected region
North Africa. The interested reader may wish to examine fur
ther the additional problems and inconsistencies exposed by 
drawing this information together for purposes of comparison. 

t Similarly, it was not possible to ensure that the assumption 
of no significant policy change was followed in developing the 
various projections (as shown later, in Table 14-2 and sum· 
marized in the element descriptions at the end of this chapter). 

r 
\,\ ! \ :1 
'\' 
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Flpre 14-2. Linkages achieved between elements of the government's global model. Areas are pro· 
portional to the complexity of explicit quantitative relationships. The small squares represent negligible 
co;nple:xity. 

not discussed furth.er in this chapter. nor included 
in Figure 14-2. 

Attempts by the Study to link together the ele
ments of the government's global model focused 
entirely on linking the outputs of one element 
with the inputs of another. Because of the severe 
difficulti~s encountered in meeting even this lim
ited objective, no attempt was made to evaluate 
deeper linkage opportunities or the challenges 
related to melding the various structures and par
adigms. 

A crude measure of uncertainty surrounding 
the projections was obtained as part of the limited 
discipline of the Global 2000 Study by requesting 
all participants to provide high, medium, and low 
variations of their projections wherever feasible. 
In practice, the high, medium, and low variations 

that were prepared in making the resource and 
environmental projections were h1rgely obtained 
by varying the population and GNP assumptions 
on which they were based. Most of the partici
pating agency experts were reluctant to assign 
either statistical or subjective estimates of relative 
probability to these variations. 

Even under the limited discipline of the Global 
2000 Study, multiple sources for population and 
GNP projections were used in developing many 
of the Study's other projections. For this reason, 
inconsistencies unavoidably abound in the Study's 
collected set of projections-as well as for other 
reasons which will be discussed later in this chap
ter. Nevertheless, under the discipline of the 
Study, more consistency was· achieved regarding 
linkages as basic as the use of consistent popu-
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lation and GNP projections than in any previous 
official governmental projections related to long
term,. global trends in population, natural re
sources, and the environment.• 

Analysis of the Present Foundation 
The tacit assumption underlying the develop

ment and use of each separate element of the 
government's global model has been that long
term global trends in population, natural re
sources, and the environment can be projected 
separately in an essentially consistent and accu
rate manner. This assumption is false. As wilJ be 
seen in the following analysis, projections from 
the government's global model fail to meet the 
most fundamental test of consistency-that the 
basic conclusions of an analysis shall not contra
dict its basic premises. And because the conclu
sions are not mutually consistent, they cannot be 
accurate.t 

While consistency is a necessary prerequisite 
for accuracy, consistency alone does not ensure 
accuracy. Projections which should be and are 
consistent can nevertheless be wrong. Moreover, 
certain real-world phenomena in a state of dy
namic disequilibrium (for example, markets where 
supply and demand are not in balance) would be 
inaccurately represented by projections in which 
supply and demand were statically balanced in 
acc01dance with a foolish consistency. 

Nor does a~curacy ensure usefulness. The ul
timate usefulness of a projection (and, in a sense, 
its accuracy) can only be judged relative to its 
intended purpose. And it is likely that different 
criteria should be used to evaluate different pro
jections, depending on the purposes for which the 
projections were developed. For example, some 

•ne projections reported in this Study are based on the col· 
lective judgment of the agency experts who !'articipatcd in the 
effort. In an effort to ensure internal consistency, several ad· 
justmcnts were required in individual ;1gcncy projections. As 
a result, the projections may not agree completely with pro· 
jections previously published by the participating agencies. 
Since the manuscript has noi been subjected to formal inter
agency clearance pro.::cdures, the agencies are not responsible 
for any errors in fact or judgment that may have occurred in 
making these adjustments. 
t One of the problems in analyzing models (and one of the 
strengths of models) is that models change over time. The 
models analyzed here are the models used to develop the 
Global 2000 Study projections. Since the projections were 
developed, several of these models have been modified, im· 
pmvcd, or expanded, in some cases m response to prnblcms 
and issues identified in the course of this study. The Depart· 
ment of Agriculture has established links to the International 
Institute for Applied Systems Analysis ir, Vienna and with the 
Mesarovic·Pcstcl World Integrated Model. The. Department 

projections are best evaluated in terms of how 
well the underlying equations are fitted to past 
data. Others are best evaluated in terms of how 
well the equations can be defended as logically 
representing relationships existing in the real 
world. Some projections are best evaluated in 
terms of how accurately and precisely they predict 
(1) the timing of events in the real world or (2) 
the particular values pertaining to certain varia· 
bles at particular times. Others are best evaluated 
in terms of how well they illuminfl!e possible fu
ture patterns of behavior, even if the timings and 
magnitudes of the patterns they project are not 
precisely accurate. 

The various elements of the government's 
global model were not designed to be used on a 
fully mutually consistent basis, even though pro
jections developed using them are often treated 
as though they were. Therefore, it is in a sense 
unfair to the designers of these elements to ana· 
lyze them on a holistic basis-even though a hol· 
istic perspective is, qs discussed in the previous 
section, a basic requirement of the President's 
directive creating the Study. Moreover. it would 
have been more unfair to the designers of the 
elements to note that the elements are capable of 
performing a number of agency-specific functions 
not required under the mandate of the Global 
2000 Study. 

Despite the numerous inconsistencies which are 
about to be analyzed, the projections developed 
for this Study using the government's global 
model are the most complete and internally con
sistent ever developed by the executive agencies 
of the government. The central staff of the Global 
2000 Study concluded, as have many of the 
Study's advisers, that the overall findings are 

of Energy is exploring feedback relationships to GNP. The 
Central Intelligence Agency is developing an expanded ca
pability for nonfuel minerals analysis and projections. The 
World Bank has developed a new economic model which, 
Bank analysts report, eliminates many of the problems iden· 
tified in this report. New projections also differ from those 
prepared for the Global 2000 study. The World Bank is pro
jecting lower growth rates. The Department or Energy now 
expects oil price increases to occur sooner than projected and 
to have more impact on economic growth. 1be Department 
of Agriculture anticipat~s incr<::tses in the real price of food 
to occur sooner. The Bureau of the Census now expects life 
expec::tancles to increase more slowly than projected in some 
countries. While there have been changes in both individual 
models and projections, nothing has changed fundamentally 
concerning the problems of inconsistency and internal contra· 
diction that occur when an effort is made to integrate the 
projections from the vurious clements of the government's 
global model. The basic problem addressed by this chapter 
h&s not changed and is not soon m·.ely to change significantly. 
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valid, for reasons that will be discussed later in 
this chapter in the section entitled "Interpreting 
the Projections." 

The essential problem with the current ele
me~ts ~f the g~vernment's global model (and the 
pro1ect1ons denved from them) is, of course, the 
fact that they were designed to simulate sectoral 
aspects of long-term global trends largely to the 
exclusion of interactions between and among sec
tors. This design is no institutional accident but 
is in conformity with the bureaucratic division of 

1responsibility within the executive agencies.• But 
real-world phenomena interact-especially in the 
longer term-in ways that do not conform to the 
bureaucratic division of responsibility or to nar
rowly focused sectoral models. Hence, the gov
ernment's global model in its present form can 
only i.mperfe~tly project the consequences of 
these mteracuons. Furthermore, in the absence 
of ongoing institutional incentives to address 
cross-sectional interactions, the present form of 
the government's global model is not likely to 
change significantly in the foreseeable future. 

The following analysis of the government's 
global model addresses six subjects: (1) the ubiq
uitous and important inconsistencies in the gov
ernment's global model; (2) the extent to which 
the inconsistencies result from the use of diverse 
sources of information; (3) the extent to which 
the inconsistencies are due to the absence of im
portant feedback relationships; ( 4) the various 
f.tructural differences between the elements that 
make calibration difficult; (5) some of the insti
tutional factors that underlie the discrepancies
including the use of the elements to develop pro
jections intended primarily for advocacy pur
poses. 

Inconsistent Variable Values 
The 11 elements of the government's global 

model make use of many of the same variables-
for example, population growth rates. Some as
sumed values are assigned to these variables prior 
to making use of an element, while other values 
are calculated as an intermediate o& fin:il step in 
developing an element's projections. 

In many cases, the values nssigned to the same 
variables by different elements are inconsistent 

"This fragmented approach is oot unique to the executive 
branch. The U.S. Congress, through its committee structure, 
faces similar (but somewhat different) difficulties in system
atically analyzing interrelated issues. 

with each other.• For example, one set of pro
jections assumed that populatiof! growth rates in 
the less developed countries (LO Cs) would de
cline significantly, while another calculated that 
they would not. One set of projections assumed 
that per capita gross national product (GNP) in 
the LDCs would increase significantly, while an
other calculated it would not. 

In order to help the reader understand the col
lective implications of these numerous inconsist
encies, the following discussion is divided into 
four subsections, each of which addresses an im
portant set of inconsistent variable values (the 
overwhelming number of environmental projec
tion findings-discussed at length in Chapter 13-
which explicitly contradict major variable values 
involving virtually all the other elements, are not 
included). The first subsection concerns popula
tion and GNP growth rates; the second and third, 
commodity trade prices and volumes; the fourth, 
capital and resource utilization. Each subsection 
consists of a paragraph providing a brief perspec
tive on a set of inconsistencies, a diagram visually 
summari:£mg the set, and an itemization of specific 
inconsistencies. t The inconsistencies presented 
are representative but not exhaustive; nor are the 
four aggregates into which they have been grouped· 
exhaustive. Other aggregates could have been 
assemhled to make other points, but these four 
seemt!l 1ufficient to establish the ubiquity and 
seriousr11.:Js of the inconsistencies. 

Inconsistent Population and GNP Growth Rates 
The Global 2000 Study population and GNP 

projections were developed independently of 
each other and appear to be mutually inconsistent. 
Because these projections were used to calibrate 
several of the Study's other projections, the dis
tortions created by their inconsistencies have 
skewed those other projections. Additional dis-

"The variables described here as inconsistent arc not alwayn 
precisely or cvr.n approximately commensurable. Therefore, 
the "inconsistencies" cited in this discussion should be under· 
stood as apparent only and subject to further verification. It 
WR! not possible to reconcile them more closely with each 
other within the time anti budget constraints of the Global 
2000 Study. 
t In these somewhat technical itemizations. many mcthotlol
ogics and reports are referred to by short names or abbrevi
ations-for example, the "cohort-component methodology" 
or the "WAES study." Providing even a brief explanation of 
these terms in this context would have distracted the reader's 
attention from the inconsistencies that arc the focus of the 
immediate discussion. The reader is referred to the final sec
tion of this chapter for a brief explanation of these terms and 
to Chapters 15- '?3, where each is described at greater length. 
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crepancies were created when still other projec
tions in the preceding chapters utilized population 
and GNP projections developed independently of 
the Studv. 

Figure 14-3 illustrates some of the inconsist
encies regarding population and GNP growth 
rates. Four of the 11 numbered "elements"• con
sidered in this chapter are involved: population 
(1), GNP (2), food (5), and nonfuel minerals (10). 
Four apparent inconsistencie!l are discussed be
low: (A) LDC social and economic development, 
(B) LDC population growth, (C) world populu
tion growth, and (D) GNP growth in LDCs. The 
arrows represent linkages that should or did oc
cur. The broad end of the arrow is attached to the 
source of a particular type of information; the 
arrowhead indicates where the information is re
quired as an input. The plus and minus symbols 
locate points of apparent inconsistency in the link
ages. 

A. LDC Social and Economic Development. 
The food element (5), the GNP element (2), and 
the population element (1), of the government's 
global model appear to have posited different 
rates of LDC social and economic development. 
Specifically, the Department of Agriculture's 
GOL (Grain, Oilseed, Livestock) model pro
jected (in the medium-growth case, over the 
1970-2000 period) that global per capita food con
sumption will increase only slightly and that this 
increase will not be evenly distributed, so that 
declines will be e;cperienced in some LDCs. Sim
ilarly, the WAES (Workshop on Alternative En
ergy Sources) study, which is an integral part of 
the GNP element (2), projected (in the medium
growth case, which averages the two WAES 
cases, over the 1985-2000 period) that in some 
countries (e.g., Brazil, Mexico, Bangladesh) real 
per capita GNP (calculated using the Global 2000 
Study's population projections) is likely to in
crease only marginally and that in others (e.g., 
Pakistan) real per capital GNP is likely to decline. 
In contrast, the Census Bureau's cohort-compo
nent methodology assumed (in all three cases, 
over the 1975-2000 period) that all LDCs will 
continue to make moderate progress in social and 
economic development. 

B. LDC Population Growth. The population 
element (1) and the GNP element (2) appear to 
have posited different population growth rates ~n 
the LDCs. Specifically, the Census Bureau's co-

•ne number following each element is the sequence number 
arbitrarily assigned to that element in the last section of this 
chapter. 

hort-component methodology projected (in t 
medium-growth case, over the 1975-2000 perio 
that the LDCs will not experience significani 
lower total population growth rates over the 198 
2000 period relative to the 1975-85 period-th 
is, the average annual growth rate over the 198: 
2000 period (2.09 percent) was projected to I 
only 0.07 percentage points lower than the ave 
age annual growth rate over the 1975-85 peric 
(2.16 percent).• In contrast, the WAES study a 
bitrarily reduced all GNP growth rates (includir 
those of the LDCs) by roughly 10-30 percent (1 
both WAES cases, over the 1985-2000 period) I 
reflect the projected impact of assumed declini11 
population growth rates on GNP growth. 

C. World Population Growth. The populatio 
element ( 1) and the nonfuel minerals element ( lC 
appear to have posited different population growt 
rates for the industrialized nations relative ti 
world population growth rates. Specifically, th 
Census Bureau's cohort-component methodolog: 
projected (in the medium-growth case, over th1 
1975-2000 period) that average annual U.S. am 
U .S.S.R. population growth (0.6 and 0.8 percent 
respectively) will be significantly lower than av 
erage annual world population growth (1.8 per 
cent)-despite, for example, a projected 20 percen 
increase in U.S. fertility rates over the same pe· 
riod. In contrast, the 1977 Malenbaum Repor1 
relied upon by the Department of the Interim 
assumed (in the one case presented, over the 
1973-2000 period) that average annual U.S. and 
U.S.S.R. population growth (1.0 and 1.3 percent, 
respectively) will be less dramatically lower than 
average annual world population growth (1.9 per
cent). 

D. GNP Growth in LDCs. The GNP element 
(2) and the nonfuel minerals element (10) appear 
to have posited different GNP growth rates in the 
LDCs. Specifically, the WAES study projected 
(in the medium-growth case, which averages the 
two W AES cases, over the 1975-2000 period) that 
collectively African, Asian, and Latin American 
GNP will increase roughly 5 percent per year. In 
contrast, the IOU (Intensity of Use) methodology 
relied upon by the Department of the Interior 
assumed (in the one case presented, over the 
1973-2000 period) that collectively African, Asian 
<uid Latin American GNP will increase roughly 
3.5 percent per year. 

•in the Bureau of the Census high·growlh series, the average 
annual population growth rate in the LDCs actually increases 
from 2.32 percenl per year over the 1975-85 period to 2.39 
percent per year over the 1985-2000 period. 
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Inconsistent Commodity Trade Prices 
Major disparities exist among many of the ele· 

ments of the government's global model regarding 
commodity price projections. Not merely the ex
tent of real-price changes, but even the direction 
of such changes, is inconsistently projected with 
regard to fundamental price variables involving 
fertilizer, nonfuel minerals, food, and energy. 

Figure 14-4 illustrates major inconsistencies 
regarding commodity price projections. Five ele· 
ments of the government's global model are in· 
volved: GNP (2), food (5), energy (7), fuel 
minerals (8), and nonfuel minerals (10}. Four in· 
consistencies in commodity trade prices are dis· 
cussed below: (A} fertilizer prices, (B} mineral 
prices, (C} food prices and (D} energy prices. 

A. Fertilizer Prices. The nonfuel minerals ele· 
ment (10) and the food element (5) of the gov· 
emment's global model appear to have posited 
different growth rates in real fertilizer prices. Spe· 
cifically, the 1977 Malenbaum Report relied on 
by the Department of the Interior projected "a 
gradual weakening of demand forces relative to 
supply forces" and concluded, therefore, that 
"the long-term tendency, 1985 and 2000, may thus 
be for lower materials prices [including those in· 
volved in the producti.on of fertilizers] relative to 
prices of the final products in which they are 
used." In contrast, the Department of Agricul
ture's GOL model assumed that fertilizer prices 
will increase in response to rising energy prices 
(in the rising-energy-price case and the pessimistic 
case, over the 1970-2000 period), though the ex
act assumed fertilizer price increases are not ex-

. plicitly disaggregated from other cost assumptions. 

B. Mineral Prices. The nonfuel minerals ele· 
ment (10), the GNP element (2), and the energy 
element (7} appear to have posited different 
growth rates in mineral prices-at least, with re
S3JCCt to copper and tin. Specifically, the 1977 
Malenbaum Report relied on by the Department 
of the Interior projected "a gradual weakening of 
demand forces relative to supply forces" and con
cluded, therefore, that "the long-term tendency, 
1985 and 2000, may thus be for lower materials 
prices relative to prices of the final products in 
which they are used." In contrast, the World 
Bank's 31MLINK (SIMulated trade LINKages) 
model assumed growth in averagP r~al prices for 
copper and tin (in all three cases, over the 1975-
BS period) to be roughly 5.2 and 2.5. percent per 
year, respectively. Also in contrast, the Energy 
Department's IEES (International Energy Eval· 
uation System) model assumed (in all four cases, 

over the 1975-90 period) that the various re
sources indirectly required to produce energy 
(e.g., nonfuel minerals) will be available in un
limited supply at current real prices. 

C. Food Prices. The food element (5) and the 
GNP element (2} appear to have posited Jifferent 
growth rntes in real-world food prices-at least, 
with respect to wheat. Specifically, the Agricul
ture Department's GOL model projected that the 
real price of wheat (in the medium-growth case, 
over the 1970-85 period} will increase 2.1 percent 
per year. In contrast, the World Bank's SIMLINK 
model assumed that the real price of wheat (in all 
three cases, over the 1975-85 period} will decline 
at roughly 0.6 percent per year. 

D. Energy Prices. The energy element (7), the 
GNP elemtnt (2), and the fuel minerals element 
(9) appear to have posited different growth rates 
in energy prices-at least, with respect to petro
leum prices. Specifically, preliminary projections 
made by the Energy Department's IEES model 
for the Study showed that the world demand for 
petroleum is likely to exceed world supply (at con
stant real 1978 prices} well before the year 2000; 
therefore, new projections were developed arbi
trarily assuming a 5 percent per year increase (in 
the rising-energy-price case, over the 1980-1990 
period}, which showed that equilibrium condi· 
tions for supply-and-demand quantity and prices 
would be likely to be achieved under this as
sumption. In contrast, the World Bank's SIM
LINK model assumed that real rl"troleum prices 
(in all three cases, over the 197~ ·85 period) will 
remain constant at 1975 levels. Also in contrast, 
U.S. Geological Survey Circular 725 ~from which 
the Study's U.S. oil and gas resource and reserve 
estimates were derived) assumed a continuation 
of 1974 prices and of price-cost relationships and 
technological trends generally prevailing a few 
years prior to 1974. 

Inconsistent Commodity Trade Volumes 
As in the case of crimmodity prices, major dis

parities exist among many of the elements of the 
government's global model regarding commodity 
trade volume projections. The GNP projections, 
for example, assumed lower growth rates in world 
food trade than projected by the food element 
and higher grcwth rates in world minerals trade 
than projected by the nonfuel minerals element. 

Figure 14-5 illustrates some of the major in
consistencies regarding commodity trade vol· 
umes. Four elements .Jf the government's global 
model are involved: GNP (2), food (5), fisheries 
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10. Nonfuel Mln'Mall Element 

,~, 
(8) Mineral Prlcn 

2. GNP Elem.nt 9. Fuel Mineral• Element 

Flaure 14-4. lncons;itcnt commodity trade prices. 
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Flpre 14-5. Inconsistent commodity trade volumes. 
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(6), and nonfuel minerals (10). Four inconsist
encies are discussed below: (A) fish supply, (B) 
U.S. fertilizer consumption, (C) food trade, and 
(D) minerals trade. 

A. Fish Supply. The fisheries element (6) and 
the food element (5) of the government's global 
model appear to have posited different growth 
rates in world fish catches. Specifically, the Com
merce Department's judgmental forecasting pro
cedures projected (in the medium case, the only 
case projected, over the 1975-2000 period) that 
while catches of some species may increase, others 
are likely to decrease, keeping the total annual 
fish catch essentially constant. In contrast, the 
Agriculture Department's total food submodel 
assumed in essence that the size of each country's 
fish c.atch (except in the case ofJapan) will provide 
a constant percentage of the food needs of each 
country (in all four cases, over the 1975-2000 pe
riod), implicitly requiring t!tat the annual fish 
catch for each country (except Japan) increase at 
essentially the same rate as population. 

B. U.S. Fertilizer Consumption. The food ele
ment (5) and t1';.: nonfuel minerals element (10) 
appear to hav•.; projected different growth rates 
in U.S. fertilb. '!r consumption relative to growth 
rates in the rest of the world-at least, with re
spect to phosphate rock (which is used primarily 
for fertilizer). Specifically, the Agriculture De
partment's fertilizer submodel projected growth 
in U.S. fertilizer consumption (in the medium, 
constant-energy-price case, the only case pro
jected, over the 1973-2000 period) to be some
what lower (3.2 percent per year) than in the rest 
of thP. world (4.0 percent per year). In contrast, 
the Interior Department's calculations (loosely 
based on the 1972 Malenbaum Report) projected 
growth in U.S. consumption of phosphate rock 
(in the most probable case, over the 1973-2000 
period) to be significantly lower (2.6 percent per 
year) than in the rest of the world (5.9 percent 
per year). 

C. Food Trace. 'fhe food element (5) and the 
GNP element (2) appear to have posited di:fferent 
growth rates in world food trade-at least, with 
respect to wheat. Specifically, the Agriculture 
Department's GOL model projected growth in 
trade in wheat between all countries (in the me
dium-growth case, over the 1970-85 period) to be 
4.1 percent per year. In contrast, the World 
Bank's SIMLINK model assumed growth in trade 
in wheat between the industrailized nations and 
the LDCs (in all three cases, over the 1975-85 
period) to be 2.5 percent per Y''ar. 

D. Minerals Trade. The nonfuel minerals ele
ment (10) and the GNP element (2) appear to 
have posited different growth rates in quantities 
of minerals traded in world markets-at least with 
respect to aluminum and zinc. Specifically, the 
IOU methodology relied upon by the Department 
of the Interior projected growth in world con
sumption of primary aluminum and zinc (in the 
one case presented, over the 1973-85 period) to 
be 4.2 and 3.3 percent per year, respectively. In 
contrast, the World Bank's SIMLINK model as
sumed growth in trade in a collf.;ctive category of 
certain key minerals (namely, bauxite, lei:'.d, phos
phate rock, silver, and zinc) between the indus
trialized nat~ 'RS and the LDCs (in all three cases, 
over the 19'1;J-85 period) to be 6.3 percent per 
year. 

Inconsistent Capital and Resource Utilization 
No consistent accounting was made of capital 

and resource allocations among the eleven ele
ments of the government's global model. Thus, 
significant omissions or double-counting may 
have been implied in projected levels of water 
availability and some forms of capital investment. 
Significant omissions or double-counting may also 
be involved in assumptions regarding the future 
allocation of land and labor. But it is impossible 
to compare these assumptions in this discussion, 
since they were completely inexplicit in almost all 
elements and could not be inferred without ex
tensive analysis beyond the scope and resources 
of the Global 2000 Stucfy. 

Figure 14-6 illustrates some of the significant 
omissions or double-counting that may have oc
curred regarding capital and resource utilization. 
Six elements of the government's global model 
are involved: GNP (2), food (5), water (6), energy 
(7), energy residuals (8), and nonfuel minerals 
( 10). Four inconsistencit:s are discussed below: 
(A) water availability. (13) investment in agricul
tural inprovement, (C) investment in pollution 
control. and (D) LDC resource consumption. 

A. Water Availability. The water element (6), 
the food element (5), the GNP element (2), the 
energy element (7), and the nonfuel minerals ele· 
ment (10) appear to have posited different levels 
of water availability. Specifically, the judgmental 
forecasting procedures u:;ed by the Study's water 
consultants projected (in the medium case, the 
only case presented, over the 1975-2000 period) 
that problems of water shortage will be more 
widespread and severe by 2000 than they are 
now-in part as a result of extensive deforesta· 
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tion. In contrast, the Agriculture Department's 
GOL model assumed (in all four cases, over the 
1970-2000 period) no explicit limitations on water 
availability (at current real prices), although lim
itations on arable land were explicitly considered. 
Also in contrast, the World Bank's SIMLINK 
model assumed (in all three cases, over the 1975-
85 period) that foreign exhcange earnings rather 
than savings, capital, or labor will constrain GNP 
growth in the LDCs; resource availability (e.g., 
water) was not assumed to be a binding constraint. 
Also in contrast, the Energy Department's IEES 
model assumed (in all four cases, over the 1975-
90 period) that the various resources indirectly 
required to produce energy (e.g., water) will be 
available in unlimited supply at current real 
price~. Also in contrast, the IOU methodology 
relied upon by the D~partment of the Interior 
assumed (in the one case presented, over the 
1973-2000 period) that long-term growth in min
erals and materials consumption will not be gov
erned by suppiy limitations (e.g., water). 

B. Investment in Agricultural Improvement. 
The food element(:) and the GNP element (2) 
appear to have assumed different growth rates in 
investment for agricultural improvement. Specif
ically, the Agriculture Department's GOL model 
assumed (in all four cases, :>Ver the 1970-2000 
period) that major increases in public and private 
investmen\ will be made throughout the world to 
increase crnpped areas. In contrast, the World 
Bank'~ SIMLINK model assumed (in all three 
casts, over the 1975-85 period) that the propor
tion of an LDC's GNP allocated for agricultural 
improvement will not vary markedly from recent 
historic experien,~e. 

C. Investment in Pollution Control. The energy 
residuals element (8), the GNP element (2), and 
the energy element (7) appear to have assumed 
different growth rates in investme\it for pollution 
control. Specifically, the Energy Department's 
IEES-ESNS (International Energy Evaluation 
System-Energy System Network Simulator) model 
assumed (in all three cases, 1975--90) that an ex
tremely large investment in pollution control tech· 
nologies will be made by all countries by 1985 so 
that by that time all energy conver~ion facilities 
throughout the world will meet or will have been 
retrofitted to meet 1978 U.S. new source per
formance standards for carbon monoxide, sulfur 
dioxide, nitrous oxide!i, and particulates. In con
trast, the World Bank's SIMLINK model assumed 
(in all three cases, over the 1975-85 period) that 
the proportion of an LDC's GNP allocated for 
environmental protection will not vary markedly 

from recent historic experience. Also in contrast, 
the Energy Department's IEES model assumed 
(in all four cases, over the 1975-90 period) that 
the real cost of applying technology to protect the 
environment will not significantly increase the 
real cost of building or operating energy facilities 
in the future. 

D. LDC Resource Consumption. The energy 
element (7) and the nonfuel minerals element (10) 
appear to have assumed different growth rates in 
LDC resource consumption, although compari
sons are not easily made. Specifically, the Energy 
Department's IEES model implicitly a~sumed (in 
all four cases, over the 1975-90 period) that in
dustrialization within the LDCs will not cause 
LDC resource consumption (energy, in this case) 
to increase faster than the LDCs growth in GNP. 
In contrast, the IOU methodology relied upon by 
the Interior Department assumed (in one case 
presented, over the 1973-2000 period) that in
dustrialization within the LDCs will require them 
to consume increasing amounts of resources (in 
this <.ase, minerals and materials) per unit of per 
capita GNP as industrialization proceeds. 

Use of Diverse ~ources of Information 
There are a .'lumber of inconsistencies among 

the elements of the government's global model 
due to the different elements making use of dif
ferent sources of information for the same sets of 
assumptions. 

For example, many federal agencies, including 
the Departments of Agriculture, Energy, and the 
Interior have customarily made use of interna· 
tional population estimates and projections de
veloped by organizations other than the Bureau 
of the Census. These estimates vary widely, as 
may be seen in the following recent estimates of 
the average annual rate of LDC population 
growth in 1975: 

U.S. Agency for International Development 
U.S. Bureau of the Census 
U.N. Secretariat, Population Division 
Environmental Fund (privately sponsored) 

l'ercenl 
1.88 
2.2S 
2.34 
2.ss 

Projections of future population growth rates are 
usually even more divergent than these estimr.tes 
of past population growth rates. 

Many federal agencies have also often made 
use of divergent international GNP projections 
devel\>ped by organizati1Jns other than the World 
Bank's Economic Analysis and Projections De
partment. The State Department's Agency for 
International Development, for example, has cus· 
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TABLE 14-2 

Selected· Contrasting: Assumptions of the 11 Elements of the Government's Global .Model 
' . . ' ' ' . 

The 11 · 
Elements 
or the (: Selected Selected 
Government's Selected Polley Populallon Selected GNP Selected CUmate Technology 
Global Model Cases Presented Assumptions Assumptions Assumptions Assumptions Assumptions 

1. Population a. High-growth Major extension Zero net Moderate social Not considered No major 
:case or ramily migration and economic technology 

b. Medium- planning between regions progress breakthroughs 
growth case. throughout the thr;.ughout the or setbacks 

c. Low-growth world world over the arrecting fertility 
case 1975-2000 or mortality 

period rates 

2. GNP a. High-growth Continuation or Major reduction GNP growth in Not considered Major increasing 
case implementation in population LDCs largely returns on most 

b. Medium- of prudent growth rates in dependent on LDC gross 
growth case policies to all countries industrial nation capital 

c. Low-growth maximize export over the 198S- GNP growth investment 
case earnings 2000 period 

3. Climate a.· Wanning Deliberate Not explicitly Not explicitly Extreme climatic Deliberate 
case human efforts to considered considered change not human efforts to 

b: Constant modify climate considered modify climate 
temperature excluded excluded 
case 

c. Cooling case 

4. Technology · The same Extensive No major Major increasing Deliberate Major 
technology deployment of technical returns on most human efforts to technological 
assumptions family planning, breakthroughs LDC capital modify climate progress in 
usually applied nuciear-powcr or setbacks investment excluded almost all 
to all cases and air affectihg fertility projections; no 
pertaining to a pollution· or mortality technological 
given element; abatement rates setbacks or 
no coordination technologies adverse side 
of assumptions (some of which effects 
among different may require anticipated 
elements significant policy 

changes in some 
countries) 

S. Food a. Optimistic Major public a. Global 2000 a. Global 2000 Explicit Widespread 
case and priva.te low-growth high-growth assumption of deployment of 

b. Middle case investment in case case no climatic fertilizer and 
c. Pessimistic agricullurnl land b. Global 2000 b. Global 2000 chnn.11e other yield· 

case developmcmt medium- medium· enhancing 
d. Rising· continued: growth case growth case inputs. 

energy· price worldwide shift c. Global 2000 c. Global 2000 producing 
case toward 1nore high-growth low-growth steadily 

fossil-fuel· case case increasing 
intensive d. Global 2000 d. Global 2000 yields-
agricullural medium- medium· comparable to 
tcchnic1ues growth cMC growth case the increases 

experienced 
over the past 
two decades. 



THE PRESENT FOUNDATION 471 

Selected 
Flshedes, Selected 
F.:irestry, and Selected Enerv Selected Fuel Nont'uel Selected 

Sebded Food Water Selected Energy Reslda:lls Minerals Minerals EnYiromnentll 
Alsumptlons Assumptions Assumptions Alsumptlom Assumptions Assumptions Alsumptlom 

Not explicitly Not explicitly Not exr!:Citly Not explicitly Not explicitly Not explicitly Not explicitly 
cunsidered considered considered considered considered considered considered 
(except as (except as noted (except ns noted (except as noted (exr.ept as noted (except ns noted (except as noted 
noted under under "Selected under "Selected under "Selected under "Selected under "Selected under "Selected 
"Selected GNP GNP GNP GNP GNP GNP 
GNP Assumptions") Assumptions") Assumptions") Assumptions") Assumptions") Assumptions") 
Assumptions") 

Lower trade Not explicitly Unlimited . Not con~idered Unlimited Higher trade Not explicitly 
volumes at considered energy at energy at volumes at considered 
lower prices constant real constant real higher prices 
than Global prices prices than Global 
2000 food 2000 nonfuel 
projections minerals 

projections 

Not explicitly Not explicitly Not explicitly Not explicitly Not explicitly Not explicitly Not explicitly 
considered considered considered considered considered considered considered 

Widespread Development or Widespread By 1985, all Continuation or Increasingly Jess Side effects or 
deployment of less wasteful deployment of countries' the price-cost intensive technology, 
fertilizer and methods for light-water energy facilities relationships and mineral use in coupled with 
other yield- harvesting nuclear electric retrofitted to technical trends highly institutional and 
enhancing nontraditional power plants meet U.S. new generally industrialized social problems, 
inputs, fish species; source prevailing in countries; appear to be the 
producing development or performance years prior to increasingly root cause of 
steadily less wasteful standards for 1974 assumed in more intensive many of the 
increasing methods and of CO. SO,, NO .. all U.S. oil and mineral use in wcrld's most 
yields methods for and particulates gas resource and LDCs. serious 
comparable to exploiting reserve environmental 
the increases nontraditional estimates problems; but 
experienced forestry species; technology can 
over the past water also solve muny 
two decades. assumptions problems 

unknow:i 

No major Major increases a. Constant Not considered No fuel resource No nonfuel No large scale 
increase in in fish catches energy price constraints minerals land degradation 
meat share of implicitly b. Constant (other than resource due to 
LDC diets assumed; energy price price) constraints environmental 

adverse impacts c. Global 2000 (except energy or human 
or deforestation rising·energy- price effects) factors (other 
not considered; price case than 
explicit d. Global 2000 urbanization) 
a.uumption or rising·energy· and no increased 
unlimited water price case (In pest resistance. 
at constant real all cases, 
prices unlimited 

energy supply 
assumed at 
cited costs) 
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Table 14-2 (cont.) 
The II 
Elements 
orthe Selected Selected 
GoYel1Ullellt'• Sekded Polley Population Selected Gri.P Selected Cllallfe TecflnolOu 
Global Model Clla Presented Assumptions A.uumpU.ms Ammnpllona Mlwnpdom Allamptlons 

6. Fisheries A single Improved Assumptions not Assumptions not Not considered Development of 
medium case. management or explicit explicit methods for 

fisheries and harvesting 
protection or the nontraditional 
marine fish species 
environment on 
a worldwide 
basis 

Forestry A single Some policy Assumptions not Assumptions not Not considered Development or 
medium case changes explicit explicit less wasteful 

throughout the production 
world regarding techniques and 
current of methods for 
deforestation exploiting 
practices nontraditional 

forestry species 

Water a. Higher case Unknown Unknown Unknown Unknown l'!llmuwn 
b. Lower case 

7. Energy a. Optimistic Implementation a. Global 2000 a. Global 2000 Nol considered Widespread 
case or more low-growth high-growth deployment of 

b. Middle case effective energy case case light-water 
.c. Pessimistic conservation b. Global 2000 b. Global 2000 nuclear electric 

case programs within medium· medium· power plants 
d. Rising· the OECD growth case growth case 

energy-price countries; c. Global 2000 c. Global 2000 
case OPEC countries high-growth low· growth 

to supply oil to case case 
meel residual d. Global 2000 d. Global 2000 
demand up to medium- medium· 
their maximum growth case growth case 
production 
capacity 

8. Energy a. Optimistic Major public Not explicitly Not explicitly Not considered By 198S, all 
residuals case and private considered considered countries' 

b. Middle case investment in air (except a~ (except as energy facilities 
c. Pessimistic pollution derived from derived from retrofitted to 

case abatement preceding preceding meet U.S. new 
technologie,, oy energy energy source 
all countrir.11 projections) projections) performance 

standards for 
CO, SO,, NO,, 
and particulates 

9. Fuel A single Continuation of Not considered Not considered Not considered Continuation of 
minerals medium case 1974 prices the price-cost 

ass11med in all relationships and 
U.S. oil and gas technical trends 
resource and generally 
reserve prevailing in 
estimates years prior to 

1974 assumed in 
all U.S. oil and 
gas resource and 
reserve 
estimates 
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Selected 
Fbheriel, Selected 
Forestry, and Selected F..nav Selected Fuel Nonfuel Selected 

Selected Food W•ter Selected Energy Ralduls Minerals Minerals EaYlronmen191 
Allumpdons AsP·.mptlons Assumptions Alllwnpdom Assumptions Assumptions Auumpdoas 

Not considered Water Not considered Not considered Not considered Not considered No significant 
proj c.:tions not pollution 
considered affecting growth 

of fishery stocks: 
no significant 
losses of 
estuarian areas 

Not considered Water Not· considered Not considered Not considered Not considered No significaut 
projections not impai:ts affecting 
considered forest growth 

(e.g., acid rain, 
increased UV 
radiation, or 
Increased pest 
resistance) 

Unknown Unknown Unknown Unknown U!!!'.nown Unknown Unknown 

Not considered No nonfuel Net energy not Not considered Not directly No nonfuel Not explicitly 
resource explicitly related to the resource considered 
constraints in considered Study's fuel constraints 
the minerals (except ns 
Industrialized projections limited by GNP) 
countries 
(except as 
limited by 
GNP); bio· 
energy resource 
oonstraints in 
the LDCs 

Not considered No resource a. Global2000 No capital Not considered Not considered By 1985, all 
constraints optimistic investment countries' 

case constraints energy facilities 
b. Global 2000 retrofitted to 

rniddle case meet U.S. new 
c. Global 2000 source 

pessimistic performance 
case standards for 

CO, SO,, NO,, 
and particulates 

Not considered Not explicitly Not directly Not considered Net energy not Not explicitly Not explicitly 
considered related to explicitly considered considered 

Study's energy 
projections 

considered 
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Table 14-2 (cont.) 
. The.JI 
FJemenll 
of the 
Gcmrnmcat's Sdccted Polley 
Global Model Cues Preser.1ted Assumpllona 

Sdccted 
Population 
Assumpllona 

Selected GNP 
Assumptions 

Selected Climate Selected 
Assumptions Tecllnolcv 
Selected Allwnpdom 

10. Nonfuel A single No changes Single set of Single set of Nol considered Increasingly Jess 
intensive 
mineral use in 
highly 
industrialized 
countries; 
increasingly 
more intensive 
mineral use in 
LDCs 

minerals medium case projections projections 
derived from based on 
U.N. projections Malenbaum's 

personal 
judgment 

11. Environ· Same cases as 
ment provided for 

each element, 
but generally 
only medium 
cases analyzed 

No policy Global 2000 
changes (except medium case 
as derived from 

Global 2000 
medium case 

Several 
environmental 
developments 
assumed 
polentially 
capable of 
innuencing 
global climate 

Technologies are 
generally 
available lo 
address the 
world's most 
serious 
environmental 
problems (e.g., 
soil erosion and 
deterioration); 
social and 
institutional 
problems (not 
technological 
problems} are 
often the 
primary 
Impediment to 
environmental 
protection 

preceding 
projections) 

tomarily relied on the World Bank's generally 
more optimistic individual country analyses. The 
Department of Agriculture's Economics, Statis· 
tics, and Cooperatives Service has customarily 
used projections developed by the U.N. Food and 
Agriculture Organization (FAO). The Depart
ment of Energy's Energy Information Adminis
tration has used projections made by the 
intergovernmental Organization for Economic 
Cooperation and Development (OECD). The In
terior Department's Bureau of Mines has relied 
on international ecooomic projections developed 
by Profes!>or Wilfred Malenbaum of the Univer· 
sity of Pennslyvania. • 

•The FAO and OECD projections have tended to be signif· 
icimtly higher than those of the World Bank and Professor 
Malent•aum. Moreover, these projection differences have 
tended to be significantly greater on a regional or country by 
country basis than on a global basis. 

Under the limited discipline achieved by the 
Global 2000 Study, much more consistent use than 
heretofore was made of the projections developed 
using the population and GNP elements by other 
clements of the government's global model. 
Nevertheless, inconsistent assumptions abound, 
as shown in Table 14-2, which provides a c1oss· 
index of selected, diverse assumptions used by the 
elements. Many of these inconsistent assumptions 
are described in greater detail in the summaries 
of the various elements presented in the last sec· 
tion of this chapter and in Chaptecs 15-23. 

Even a single set of assumptions may root&. 
internal inconsistencies as a result of being com· 
piled from diverse sources. For example, the U.S. 
government does not maintain its own single, con· 
sistent source of GNP projections. The GNP pro
jections most frequently used pertaining to the 
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Selected 
. Flsberla, Selected 

Forestry, and Selected Eneru Stlected Fuel Non fuel Selected 
Selected Food W1ter Stlected Energy Resldula Minerals Minerals Emlronmenlll 
Aasumptlom Assumptions Assumptions Assumptions Assumptions Assumptions Auumptlom 

Not considered Explicit Explicit Explicit Explicit 
assumption of assumption of assumption of assumption of 

Explicit Explicit 
assumption of assumption of 

no resource no resource no no resource no resource no 
constraints constraints environmental contraints C{)Jl~trnints environmental 

constraints constraints 

Global 200l Global 2000 
rising-energy· medium case 
price case 

Global 2000 
rising·energy· 
price case 

Global 2000 
medium case 

Global 2000 
medium case 

Global 2000 
medium case 

Considered 
extensively on a 
comprehensive, 
interrelated 
basis 

OECD countries• are those assembled hy the 
headquarters staff of the OECD. The most fre
quently used GNP projections for the LDCs are 
those developed by the World Bank. The most 
frequently used GNP projections for the centrally 
planned economies are those develo~d hy the 
U.S. Central Intelligence Agency. 

Each of these source!: prepares hs projections 
using different statistical conventions and inde· 
pendently developed assumptions reg~rding the 
future. Such GNP projections are therei'!.lre not 
internally consistent, as noted in Chapter 3. Be
cause they are not collectively maintained by the 

•nie Organization for Economic Cooperation o.. .,d Develop
ment includes the following countries: Australia, Austria, Bel· 
gium, Canada, De!1Illlllk, Finland, France, the Federal Republic 
of Genmmy, Greece, Iceland, Ireland, Italy, Japan, Luxem· 
bourg, lhi: Netherlands, New Zealand, Norway, Portugal, 
Spain, Swtden, Switzerland, Turkey, the United Kingdom, 
and the United Seates. 

U.S. government, it was not possible within the 
mandate and constraints of the Global 2000 Study 
to examine in any detail the assumptions under
lying the GNP projections routinely used by the 
government.• What information is available sug
gests that population, resources, and the environ
ment are not taken into account through any 
explicit functional relationships and are included 
only judgmentally, if at all. 

Three further problems related to the use of 
diverse sources for GNP projections are noted 
below. They are representative of the types of 
problems encountered when div\!rse sources are 
also used for population, food, energy, and other 
projections: 

•However, one Important computer model used to develop 
GNP projecdons (the World Bank's SIMLINK model) Is dls
cuaed in some detail in Chapter 16. 

/ 
~(·' 
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1. The GNP projections published by the 
OECD for its member nations are widely re
garded as "pious hopes!' To obtain a measure of 
realism, the World Bank has routinely adjusted 
the OECD projections substantially downward 
before using them. Further downward adjust
ments were made by the WAES study* (and rec
ommended for Global 2000 Study use by World 
Bank analysts) to account for the fact that those 
GNP projections have in the past been based on 
the assumption made by individual OECD nations 
that they will be able in the future to import un
realistically large amounts of OPEC oil. 

2. The World Bank's projections of LDC 
growth rates assume that the primary force driving 
LDC economic progress is growth in the econ
omies of the industrialized countries. As yet, nei
ther the theory nor the specific numbers involved 
in this assumption have been adequately vali
dated. The theoretical and numeric basis under
lying the GNP projections for the centrally planned 
economies are subject to even less general agree
ment. 

3. The Global 2000 Study's per capita GNP fig
ures come directly from combining the population 
and GNP projections, which were developed in
dependently of each other and have been shown 
previously in this chapter to be mutually incon
sistent. Moreover, in projecting beyond about 10 
years, all the Study's GNP projections have been 
based on a simple exponential growth model in
volving an assumed percentage of annual com
pound growth. This exponential growth assump
tion produces absurd results in the long runt and 
assumes implicitly that no resources or environ
mental constraints will be encountered that can
not be overcome by unspecmed technological 
developments (which themselves are further as
sumed to crc:ate no constraining resource or en
vironmental problems). To the extent that the 
GNP projections include any consideration of 
population, natural resources. or the environ
ment, that consideration is exogenous. judgmen
tal, and not open to examination or verification. 

•nc World Alternative Energy Strategics siudy sponsored by 
the Massachusclls lnstilutc of Technology, which is discussed 
in Chapler 16. The GNP projections for LDCs developed for 
that study arc presented as part or the Global 2000 Study's 
GNP projections in Chapter 3. 
t World Bank analvsts note that their official GNP projections 
rarely extend more lhar. 10 years into the future. The expo
nential growth rates mentioned above were developed as a 
speciaJ accommodation 10 the needs of the W AES study and 
were never intended to be applicable beyond the year 2000. 

Absenee of Feedback 
A second critical factor accounting for the in

consistencies previously presented is the general 
lack of feedback between elements of the gov
ernment's global model. Under the limited dis
cipline (described earlier in this chapter) established 
by the Global 2000 Study, only a few basic link
ages were made between the elements, as shown 
schematically in Figure 14-2. But even if a much 
more strict and comprehensive discipline had 
been possible (for example, the use of single 
sources of information for related input assump
tions required by the elements), two fundamental 
structural problems related to feedback would 
have been encountered in attempting to link the 
elements together on a consistent basis: 

• The elements have been designed to accom
modate only the sequential unidirectional link
ages previously shown in Figure 14-1--that is, 
the population and resource projections must 
precede the resource projections, which must 
precede the environmental projections. 

• The sets of assumptions which are made prior 
to using many of the elements are "frozen" in 
the sense of not being responsive to changed 
conditions in the course of projection compu· 
tations. 

These two problems are actually two dimen
sions of the same feedback issue. The first prob
lem, regarding sequential unidirectional linkages, 
focuses on intersectoral distortions-the fact that 
certain sectors are represented in the govern
ment's global model as influencing others, but as 
not themselves being influenced by others. The 
second problem, regarding "frozen" sets of as
sumptions, focuses on temporal distortions-the 
fact that the general absence of feedback produces 
increasingly severe inconsistencies the further into 
the future the projections are extended. 

Sequential Unidirectional Linkages. Jn most of 
the elements of the government's global model, 
population and GNP are conceived as "driving 
forces." Given assumed levels of population and 
GNP, the various elements calculate the con
sumption of food, energy, mineral~. and other 
resources. But no calculations are r.aade regarding 
the influence of the scarcity or abundance of food, 
energy, minerals, and other resources-as pro
jected by their respective element5-()n popula• 
tion or GNP. Similarly, no calculations are made 
regarding the influence of environmental fac· 
tors-as r .. ojected by the environmental ele-
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ment-on population, GNP, or the various natural 
resources.• 

In the case of the population projections, for 
example, certain extremely general assumptions 
are made regarding social and economic devel
opment, and in many cas1!s these are inconsistent 
with the projections developed by other elements. 
But there is little or no provision in the population 
element itself that would allow precise, explicit, 
quantitative adjustments in the element's calcu
lations to be made in response to the precise, 
explicit, quantitative calculations made by the 
other elements. 

fo short, the issue is not merely that the reverse 
linkages have not been made (for example, from 
per capita food consumption to population) but 
that th~ current structural design of the elements 
i:S~D~rally precludes their being made. The pop
ula:ion and GNP elements are essentially incap
'.".b!e of taking precise account of the results of the 
natural resource projections. And the population, 
GNP, and natural resource elements are incapa
ble of taking precise account of the results of the 
environmental projections. In actuality, of course, 
they take little or no account of them at a11-
precise or imprecise. While the environmental 
elem~nt is not capable of taking the results of the 
population, GNP, and resource elements pre
cisely into account, it does at least consider them 
qualitatively. 

It should also be noted here that even if the 
models were struct~red so as to facilitate the es
tablishment of the needed reverse linkages, many 
of the linkages would have to be established con
jecturally because the empirical evidence pres
ently available is limited. However, even a con
jectural linkage would, in most cases, be far pref
erab!e to the assumption of no linkage when such 
an assumption is known to be significantly in er
ror. Furthermore, if sensitivity tests show the lin
kage to be a critical and sensitive linkage. priority 
can thus be established for the collection of 
needed empirical data. 

"Frozen" Sets of Assumptions. Each element 
of the government's global model makes use of 
sets of assumptions (i.e., time-series inputs) which 
may be thought of as "frozen." They are frozen 
in the sense that they are determined prior to 

0 The very significant effects that the environmental projec· 
lions could be expected 10 have on the population, GNP, and 
re11<1urcc projections arc discussed under "Qosing the Loops" 
in Olap:cr 13. However, as pointed OUI in that chapter, all of 
the projections retain their basically open·loop character be· 
cauu none of the missing feedback linkages oould actually be 
established through direct dynamic effects on the elements' 
calculations. 

using the element and are not altered in response 
to changed conditions implied by calculatiom1 
made by the element and by the other elements. 
In other words, there is no feedback from the 
element't; computations to the original set of fro
zen assumptions. 

For example, as already shown in Figure 14-2: 

• The population projections were developed 
with fixed assumptions regarding social and 
economic progress. 

• The gross national product projections were 
developed with fixed assumptions regarding 
population growth. 

• The energy projections were developed with 
fixed assumptions regarding population and 
GNP growth. 

• The food projections were devel,oped with fixed 
assumptions regarding increases in population, 
GNP, and energy prices. 

• The population, GNP, and resource projections 
were deveioped with fixed assumptions con
cerning the environment. 

• The environmental projections were developed 
with fixed assumptions concerning the popula
tion, GNP, and resource projections. 

In some cases, the set of fixed or frozen as· 
sumptions used by one element may summarize 
the projections developed through the complex 
calculations of another element. Often these com
plex calculations are summarized in the form of 
simple time-series data or fitted equations. In 
other cases, the set of frozen assumptions may 
come from a source entirely outside the govern
ment's global model and may explicitly contradict 
calculations made by another element of that 
model. Often these frozen assumptions are not 
explicitly stated in quantitative terms, but may 
nevertheless be inferred-for example, in terms 
of some commodity being available in unlimited 
supply or at constant real prices, or both. 

The government's long-term global projections 
implicitly assume either (1) that the use offrozen 
sets of assumptio!ls would produce logically con
sistent projections or (2) that any inconsistenci~s 
would be relativeiy inconsequential in view of sim· 
plifications made in the overall representation of 
the global system and data uncertllinty. These 
assumptions tend to be valid for short-term (i.e., 
1-2 year) projections-where, in the absence of 
major dislocations, major trends generally tend 
to perpetrate themselves forward smoothly-but 
are increasingly dubious when the projections ex
tend for 5, 10, 20, or more years. As projections 
are extended further into the future, feedback in-
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teractions become increasingly important as ma
jor trends collide with one another and are 
deflected from their original paths in complex 
ways. The elements of the government's global 
model are generally not structured and linked to
gether in a way that allows such deflecti..as to 
occur. As a result, the trends override one another 
and produce increasingly serious inconsistencies 
as the projections move further into the future. 

Structural Incompatibilities 
Any model of reality necessarily selects and 

excludes relationships and data in order to clarify 
the issues it is intended to simulate. Thus, the 11 
elements of the government's global model nat
urally embody simplifications, limitations, and 
omissions that may well have been entirely ap
propriate for the purp.:::iscs for which the clements 
were originally designed, but which make effec
tive coordination between elements extremely 
difficult. The inability or failure to transfer infor
mation represented in one dement according to 
one set of structural conventions to a different 
element utilizing a different set of structural con
ventions provides a third explanation for the in
consistencies previously presented. 

Most elements, for example, make use of dif
ferent conventions for representing the world geo
graphically, which makes coordination difficult. 
Some elements provide great detail on the West
ern industrialized nations and little detail on the 
LDCs, or vice versa, while most provide almost 
no detail on the centrally planned economies. 
Some elements arc fundamentally incapable of 
simulating interactions among separate geo
graphic regions except through changes in cxog
enou s assumptions (so that interregional 
adjustments cannot be taken into account by 
them). Other elements are fundamentally interre
gional, that is, their basic purpose is to project 
future interregional trade balances, based on the 
a:m .. 1mption that static economic equilibrium con
ditions will obtain in the future in a way that max
imizes total world economic efficiency for the 
sector for which the projection is developed. 

A perspective on the geographic differences 
among those elements with the most complex ex
plicit quantitative relationships is presented in the 
fint five maps in the colored map section. These 
maps illustrate the extent to which each element 
(1) aggregates (or disaggregates) the various re
gions of the world and (2) makes independent 
(or interdependent) projections for those regions. 
The maps also show the level of detail represented 
in each aggregate. 

Most elements make use of different conven-

tions for representing temporal change, which 
also adds to the difficulties of coordination. Some 
elements are theoretically capable of projecting 
well beyond the year 2000, others were not de
signed to project beyond 1985 or 1990. Some ele· 
ments were designed to calculate equilibrium 
balances between supply and demand at equili· 
brating prices and arc fundamentally incapable of 
simulating change over time, except through 
changes in exogenous assumptions. This means 
that they cannot take into account dynamic dis
equilibria. Other elements are fundamentally dy
namic-that is, their basic purpose is to display 
trends and modes of behavior over time. 

Other major structural differences and limita· 
tions include: 

• Many elements are based on analytic methods 
that require crucial interdependent variables to 
be projected independently in advance. 

• Many require these variables not to exceed his
torial ranges or rates of growth. 

• Most are incapable of simulating fundamental 
structural change. 

• Many have limited capacity to integrate incon
sistent inputs developed using other analytical 
methods. 

Many of these differences are summarized on 
an element by element basis in Table 14-3. A 
more complex account of them is provided in the 
lrist section of this chapter and in Chapters 15-23. 

lnstitutfonal Factors Underlying the 
DiscrepaPties 

Many institutional factors underlie the incon· 
sistencies. As Table 14-3 shows, each of the 11 
elements of the government's global model was 
developed in a different bureaucratic context. It 
would be surprising indeed if the elements did not 
significantly differ from each other since each was 
developed 

• by different people (even experts differ among 
themselves), 

• at different times (the real world changes over 
time), 

• using different perspectives and methodologies 
(which use different simplifying assumptions 
and different computational techniques), 

• to meet different needs (affecting the selection 
of assumptions and the validation of calcula
tions). 

Moreover, it would be naive not to recognize 
that projections and the procedures used to pro-



THE PRESENT FOUNDATION 479 

TABLE 14-3 
Selected lnstltutlon81 ·and Structural DllTerences Among the Elements of the Government's Global Model 

Element 

1. Population 

2.GNP 

3. Climate 

4. Technology 

S. Food 

Primary Source 
of Projections 

Primary 
Computational 

Pr0<:i dures 

Census Bureau; Cohort-component 
University of methodology 
Chir.ago 

WAES Study SIMLINK model; 
(Mm and World judgmental extrapola· 
Bank lion 

National De· Weighted expert opiu· 
rense University ion 
study (CIA) 

Diverse inde· Diverse unrelated 
pendent sources methodologies 

Department or GOL model 
Agriculture 

6. Fisheries, NOAA; CIA; No explicit quantita• 
forestry, and Department or tive model 
water the Interior 

7. Energy Department or IEES model 
Energy 

8. Energy re· Department of IEBS-ESNS 11'\0del 
siduals Energy 

. ' 

Major 
First Major Geographic 

Use Rt.presentation 

1974 

1977 

Diverse 

1974 

Diverse 

1977 

1978 

The world in 23 
independent re· 
gions 

Primarily 6 LDC 
aggregates, with 
limited interac· 
ti on 

The world in 8 
regions 

Usually global 
only 

The world in 28 
interrelated re
gions 

Typically by in· 
terrelated eco· 
system 

The world in S 
interrelated re· 
gioris 

The world in S 
independent re· 
gions 

Temporal 
Representation 

1975-2000 
(dynamically 
calculated) 

1975-85 
(dynamically 
calculated) 
1985-2000 
(informally 

extrapolated) 

1977-80, 
1981-90, 

1991-2000, 
(discontinuously 

calculated) 

No consistent 
representation 

1985 
2000 

(discom:nuously 
calculated) 

2000 
(informally 

extrapolated) 

1985 
1990 

(essentially 
discontinuously 

calculated) 

1985 
1990 

(discontinuously 
calculated) 

Number or 
Cases 

Examined 

3 

3 

3 

1 per 
element 

4 

1.1.2 

4 

3 

9. Fuel 
minerals 

Independent ex· Ectetic (based o:i many Diverse No consistent No temporal In general, 
1 

10. Nonfuel 
minerals 

pert (affiliated previous studies) 
with the Depart· 
ments or Energy 
and the Interior) 

Professor Mal· IOU methodology 
enbaum (Univer· 
sity of Pennsyl· 
vania) 

11, Environment Multiple sources No explicit quantlta· 
coordinated by tive model 
Study starr 

;'. 

duce· them have frequently been criticizetl by 
Congressional committees and others as subject 
to influences not purely analytical in origin. Each 
agency has its own responsibilities and interests, 

1972 

representation dimension 

The world in to 
:ndependent re· 
gions 

The industrial 
and developing 
economies and 
selected ecosys
tems, on an in
terrelated basis. 

1985 
2000 

(discontinuously 
calculated) 

Generally 
2000 

(inrormally 
extrapolated) 

No consistent 
selection or 

cases 

its own constituencies, and its own pet projects. 
Oft-::n, an agency finds it helpful to use advanced 
.malytic techniques (and associated projections) 
as weapons in the adversary process of initia~ng, 
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justifying, and defending its programs. As a re
sult there have been many occasions in which the 
ele~ents (and associated projections) of the gov
ernment's global model have been used in support 
vi (or i11 opposition to) highly controversial pro. 
grams, and the credibility of the ~rojections has 
become a subject for debate. This has been es
pecially true in rf"rP.nt times, as both the issues 
and the advr.;aced anaiyt:"' procedures used for 
examining t11e issues haw; bt•.:ome increasingly 
~mplex ?.11d, in :: sense, incc:mprehensible to 
many nonexperts. 

Under these conditions, government agencies 
have occasionally been accused of falsifying the 
data on which their projections are based or of 
adding "fudge factors" to equations to produce 
desired results. While these accusations are rel
atively infrequent, agencies have often been ac
cused of carefully tailoring the assumptions 
underlying their analyses so as to ensure that de
sired results are attained in a way that is analyt
ically defensible. To the ext7nt that Hi~:;: 
circumstances occur, they contnbute to the m
consistencies previously presented. 

Interpreting the Projections 
The preceding analysis has identified inconsist

encies, incompatibilities, and other problef'fls, 
which must inevitably raise questions regarding 
the validity of the projections presented in Part 
I, Chapters 2-13. Some of these problematic is
sues are discussed below. 

Validity of the Basic Findings 
Before discussing the implications of the prob

lems identified in the preceding section of this 
chapter, it is important to point out that the pro
jections presented in Part I nevertheless represent 
the most consistent set of projections ever devel
oped making use of the set of elements that con
stitute the government's global model. No 
alternati\le governmental projections currently 
available provide a more logically coherent foun
dation for the govemmenf s longer-term plan
ning. This is, of course, because the Global 2000 
Study represents the first occasion in which even 
an effort (regardless of its deficiencies) has been 
made to apply-collectively and consistently-the 
global longer-term methodologies routinely used 
by th~ government to project trends rega~ding 
population, namral resources, and the enVJron
ment. 

With this ~ mind, it may be helpful for the 
reader to rovie9; some of the most basic findings 
of Part J. Oiliy the anost fundamental adjustments 

to the elements of the government's global model 
would change the basic thrust of the following 
findings. 

Population. Total world population growth 
rates will not decline significantly by the year 
2000. Instead, roughly twice as many additional 
new people will be added to the world's popula
tion over the 1975-2000 period (on a net basis) 
as were added over the 1950-1975 period. A very 
large proportion of this population growth will 
occur in the LDCs, particularly in South Asia, 
Africa, and Latin Amr.rica. 

GNP. Per capita GNP Increases about 55 per
cent worldwide, but increases only marginally in 
several LDCs. The problems leading to the de
cline in the growth of per capita GNP :wm become 
more intense over the 1985-2000 period. 

Climate. ·Should any climate change occur, its 
most adverse effects (largely involving changes in 
average temperature, precipitation pattern~, and 
weather variability) are likely to be felt m the 
temperate regions, where most of the world's 
major food-exporting nations are iocated. 

Food. Global per capita food consumption will 
not increase significantly, despite major increase& 
in real food prices and in agricultura! inve~tment. 
Declines in per capita food consumpt10n will occur 
in many of the poorest LDCs, with the mos~ rapid 
declines occurring over the 1985-2000 penod. 

Resource Prices. The real prices of food, fish, 
lumber, water, and ener.gy will increase. signifi
cantly, with the steepest mcreases occurnng over 
the 1985-2000 period.• 

·The Environment. Major strains will be placed 
on ecological systems throughout the world and, 
as a result, the goods and services that have here
tofore been provided by the environment c:1n !10 
longer be simply taken for granted. The s1gmfi
cant deterioration in terrestrial, aquatic, and at
mospheric environments prc,jected to occur around 
the world will inevitably imp&ct adversely on ag
ricultural productivity. human morbidity and 
mortality, overar economic development, and 
perhaps even on climate-among other factors. 
These strains are likely to be felt most strongly 
in the LDCs toward the end of the century, though 
there is much current evidence of their existence. 

• This particular fi11ding raises several impo~ant. economic 
questions. If the real prices of these commod111es increase as 
projected, for what corresponding com1:11odities will real prices 
decrease? If no compensating real·pncc decreases are pr~ 
jected, what do these "real" price increases mean theoi·~u
cally-or even semantically? Unfortunately, even attempting 
to develop answers to these difficult questions would have 
exceeded the time and resource constraints of the study. 
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In short, increasingly severe stresses will be felt 
on a global basis toward the end of the century. 
These stresses will be most severe in the world's 
poorest nations, but the industrialized countries 
will also feel their effects. 

It is the conclusion of the staff of the Global 
2000 Study and many of the Study's advisers that 
these basic findings are o,ualitatively correct, even 
taking into account the many current deficiencies 
of the gov1~rnment's glo'oal model. There are three 
major reR:;ons for holding this view: 
1. They represent no radical departures, for the 
most part, from projections published over many 
years by their respective sources. 
2. They are supported collaterally, for the most 
part, by alternative projections developed by nu
merous organizaiions with similar sets of sectoral 
concerns. 
3. They are supported (in terms of many of their 
most basic thrusts) b) 7mjections developed using 
a set of less complel\ :;ut more highly integrated 
global models.• 

If anything, the severity of the effects of these 
basic trends may be understated, due to the very 
limited feedback between the elements of the gov
ernment's global model. This view is largely cor
roborated by projections developed using more 
highly integrated models. 

It is also the conclusion of the staff of the Global 
2000 Study and many of the Study's advisers-in 
view of the preceding analysis in the government's 
global model-that it is impossible to assign a high 
probability to any of the specific numeric projec· 
tions presented in the preceding chapters. 

Biases Due to Inconsistent Variable Values 
The complex patterns of bias caused by the in

consistent variable values used by different ele
ments of the government's global model make 
adjustment extremely diffic·dt. In particular, a 
chicken-and-egg problem is encountered in at
tempting to make simple quantitative adjustments 
to any single set of projections developed by a 
single elem~nt of the model. 

For example, the assumptions about GNP that 
were made in order to develcp the population 
projections are contradicted by the GNP·projec
tions. Specifically, the population projections 
were based on the assumption that significant re
ductions in fertility will occur because of improved 
social and economic conditions throughout the 
world. But the projections of per capita GNP do 
not show significant improvements in economic 

• These nongovernmental projections arc described, analyzed, 
and compared in considerable detail in Part m of this volume. 

conditions in many parts of the world, especially 
those with the most rapidly growing populations.• 

Similarly, the assumptions about population 
that were made in order to develop the GNP pro
jections are contradicted by the population pro
jections. Specifically, the GNP projections were 
adjusted downward for the 1985-2000 period be
cause of an assumption that population growth 
rates will have declined by that time. But the pop
ulation projections show the world population 
growth rate continuing at an essentially constant 
1.8 percent per year. 

If one begins by adjusting the GNP projections 
(to resolve the obvious inconsistency regarding 
population), then they are adjusted upward (to 
take into account the lack of decline in population 
rates). Potentially, this mal~es the GNP projec
tio11s consistent with the population projections 
(le11ving the population projections unchanged). 

If, on the other hand, one begins by adjusting 
the population projections (to resolve the ohvious 
inconsistency regarding GNP), then they are ad
justed upward (to take into account the lack of 
improvement in social and economic conditions). 
If the per capita GNP figures are then recalcu
lated, social and economic conditions are seen to 
be even worse than before and another upward 
adjustment to the population figures is required, 
and so on until a limit perhaps is reached (greatly 
increasing the population projections). Con
versely, if the second step is to readjust the GNP 
projections, a balance may then be struck making 
the population projections consistent with the 
GNP projections (by significantly increasing both 
the population and GNP projections). 

Does one begin, then, by assuming the GNP 
projections to be correct and adjusting the pop
ulation projections, or vice vera (or something 
in between)? Where is the lever and where is the 
fulcrum? 

These problems are compounded as more ele· 
ments and relationships are taken into consider
atioD-5uch as the following: 

• For example, the food projections show that in 
cenain regions of the world (notably North 
Africa and the Middle East) there will be some 
declines in food per capita (even using the ap
parently too low population projections). This 
finding reinforces the finding of the per capita 

• It should be noted, however, that thcs-: per capita GNP 
projections do not take into account possible shifts in patterns 
of distribution that could either increase or decrease the per 
capita incomes of different economic groups within a given 
population, c:vcn assuming a fixed level of overall per capita 
GNP. 
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GNP projections that social and economic con· 
ditions will not improve throughout the world. 

• The food projections also assume that there will 
be no constraints on water development for ag· 
riculture. But this is contradicted bv the water, 
forestry, and environmental projections, imply
ing that a downward adjustment should be made 
to the food projections. This in turn would lead 
to a downward adjustment to the per capita food 
projections. 

• The food projections also assume that land de
terioration from intensive use will not occur. 
But this is contradicted by the environmental 
projections,• implying the need for further 
downward adjustments to the food projections 
and per capita food projections. 

• Downward adjustments to the per ~pita food 
projections would necessitate increases ~Q the 
populatfo!l projections, lowering further the per 
capita food projections and requiring yet an
other round of adjustments. 

• Higher population projections would in turn 
probably increase the ~everity of water prob
lems (due to more pressures from fuelwood de
mand and increased deforestation) and the rate 
of land deterioration (due to more intensive 
fanning practices), further lowering the food 
projections and the per capita food projections. 
Thus, the adjustment process would have to 
continue until a limit was reached (if ever). 

Again, if one wanted to adjust the food, GNP, 
or population projections for consistency (as op· 
posed to attempting to actually adjust and rerun 
the elements themselves on some more inte8rated 
basis), where is one to begin-or end? Where is 
the lever and where is the fulcrum? 

• Because the environmental projections show that the com· 
bined environmental impacts or all other projections have the 
potential to alter almost all the other projections in generally 
adverse ways, there is some justificati'ln for concluding that 
the Global 2000 Study's projections are by and large "opti· 
mistically" biased and in need or .1 "pessimistic" correction. 
But before projections can be meaningrully described as op
tinlistic or pessimistic, the values b;i which they arc being 
judged must be made clear. For whom, where, and at what 
time are projections optimistic or pessimistic? Are projections 
of extensive firewood combustion optimistic or pessimistic for 
those who need heat now? Are the same projections optimistic 
or pessimistic for their children, or for plant breeders needing 
genetic resources? Projections and models are not value free, 
and hence relative optimism or pessimism is very much in the 
eye or the beholder. The perspectives and values of an Amer· 
icao farmer and an improverished citizen from an LDC in 
evaluating the prospect of future food price increases by the 
year 2000 might be very different, so that it is not necessarily 
helpful to attempt to characterize the projections as biased 
favorably or unfavorably without careful qualifications. 

Strengthening the Present Foundation 
While few concrete, quantitative steps can be 

taken to adjust the projections presented in Chap
ters 2-13 in order to improve their reliability (for 
reasons just discussed), several options exist for 
improving the current form of the government's 
global modd itself, so that subsequent projections 
will become significantly more reliable. In view 
of the fact that billions of dollars in federal funds 
are currently expended based on decisions using 
projections developed by the various agencies, it 
should not be difficult to develop c0:;t justifica
tions for appropriate improvements. Several mi
nor improvements to the government's global 
model have already been made in the course of 
executing the present Study, and further minor 
improvements are possible in the near future if 
a moderate commitment of the necessary re· 
sources is made. But it should also be recognized 
that major improvements will require (1) a new 
institutional commitment to the development of 
long-term, global analytic procedures throughout 
the government, and (2) a much greater invest
ment in time and resources than was available to 
the Global 2000 Study. 

Need for an Ongoing Institutional Mechanism 
The numerous problems currently associated 

with the government's global model are primarily 
symptoms of a deeper, more fundamental prob
lem. The dubious assumptions, omissions, incon· 
sistencies, and incompatibilities are only technical 
manifestations of a severe institutional problem: 
The executive branch of the government currently 
has no ongoing institutional entity with the explicit 
responsibility and authority necessary for resulv
ing such technical and philosophical problems. In 
the absence of such an entity, it is difficult to 
imagine how the government's capabilities for 
longer-term analysis and planning can improve 
significantly. 

The Study's agency experts are generally aware 
of the limitations iu the present elements of the 
government's global model. With few exceptions, 
the agencies are planning to develop new com
putational procedures that will eventually replace 
those used now. But unless some coordination is 
provided, there is little reason to think that the 
new procedures will be any more compatible, con
sistent, or interactive than the present ones. A 
priority task, therefore, is to survey the devel· 
opment plans related to long-term, global analysis 
of all of the relevant agencies-with the objective 
of coordinating the modification of existing sec
toral elements (or, where appropriate, the devel-
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opment of new sectoral elements) and of 
coordinating the specific needs of the agencies. 

Discussions with the Study's agency experts al
ready indicate that several additional analyses are 
needed if the completed Global 2000 Study is to 
be of maximum benefit to the agencies. Finding 
answers to the following questions deserves the 
highest priority: 
1. What are the strategic and economic implica

tions of the trends now foreseen? 
2. What policy changes might be pursued to alter 

the trends m a desirable manner? 
3. What technologies might contribute most sig

nificantly to the evolution of a more desirable 
future? 

Fortunately, the Study has already provided a 
basis for initiating an increased level of inter
agency cooperation and coordination on data ex
change and model formulation. 

Potential Technical Improvements 
The extent to which relatively modest incre

mental modifications of the government's existing 
models could permit more synergistic interaction 
and feedback than was achieved in the Global 
2000 Study i!I clearly an important area for early 
investigation. Simple modifications (e.g., devel
oping projections in which all elements use the 
Study's population and GNP projections) would 
be relatively inexpensive and could be made rel
atively rapidly. Similarly, somewhat more con
sistent prnjections could be achieved simply through 
the imposition of a somewhat more extensive 
amount of coordination and arbitration. In many 
instances the agencies' choices of different data 
sources and different simplifying assumptions may 
be inadvertent. The pressure of short-term tP>sks 
often requires the agencies' modeling experts to 
make expeditious simplifications, which are rarely 
reviewed in depth and which are difficult to revise 
once made. Other discrepancies may reflect real 
differences of opinion among the agencies re
sponsible. But whether inadvertent or substan
tive, these discrepancies should be amenable to 
resolution through interagency negotiation and 
arbitration-if a suitable institutional mechanism 
could be held responsible for identifying the dis
crepancies and encouraging the negotiation and 
arbitration. 

Iterative adjustments might further improve the 
projections. For '.!Xample, the results of all the 
Global 2000 Study's 1irojections could be used as 
the basis for a new set of assumptions in the ex
isting models for the development of new GNP 
and population projections. These new GNP and 

population projections could then be used to de
velop new resource and environmental projec
tions. If this cycle were repeated one or more 
times, it might provide a stronger degree of tem
poral and intersectoral interaction and consist
ency. But such cycles could only be executed on 
a block-recursive basis-that is, a full set of pro
jections would have to be obtained from one ele
ment before making projections for another 
element that required the former element's pro
jections. At best, the procedure is likely to be 
clumsy, time-consuming, and expensive, and there 
is no assurance that closure (or even mo~ erate 
convergence) would be possible. Even if a major 
attempt had been made to resolve many of the 
more obvious inconsistencies and incompatibili
ties among the elements, major structural incon
sistencies would remain, making convergences 
and the verification of convergences problematic. 

As Chapters 15-23 demonstrate, the present 
elements of the government's global model are 
sufficiently dissimilar that incremental improve
ments of the kinds discussed above would be of 
only limited utility. Put simply, there is no pos
sibility thnt the present sectoral elements of the 
government's global model could be used on a 
fully integrated, simultaneous, and interactive 
basis. Severe structural and computational differ
ences among the elements preclude their being 
operated in this manner. Furthermore, to achieve 
even a modest degrne of consistent, simultaneo11s 
interlinkage would require such extensive modi
fications of the present eleanents that the creation 
of an entirely new family of elements might well 
be more cost-effective. 

It is doubtful, however, th&t the government 
will find it convenient anytime soon to work with 
a single large computer model of the world. In 
fact, attempting to develop and maintain a single 
all-purpose model might not be well advised, even 
in the long run. On the one hand, the departments 
and agencies have individual and unique projec
tion needs that could not be satisfied easily with 
a single large global model. On the other hand, 
one model is not likely to ever be capable of pro
viding the diverse perspective~. on issues essential 
to the sound formulation of r,olicy. A more plur
alistic approach would t.herefore appear to be both 
desirable and necessary. 

Such a pluralistic approadi could incorporate 
several of the following princ1 pies: 

• All major development :ind use of analytic pro
cedures 1dat~d to lone .. term global projecting 
iii a government :.!g~ncy would continue to be 
undertaken by the agency or under its sponsor-
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ship-using funds and personnel allocated spe
cifically for this purpose. 

• A major effort would be made to encourage 
much mor~ extensive development and use of 
existing and new long-term global models. 

• A major effort would also be made to ensure 
that governmentwide protocols were estab· 
lished and enforced regarding documentation 
standards, access, reproducibility, and compar
isons with standard series projections, together 
with other steps to facilitate public understand· 
ing of the elements of the government's global 
model and derived projections. 

lneorporatlog Broader Perspectlvr.s 
Several important steps could be taken to en

sure that a broader range of perspectives is drawn 
upon than is currently the case in developing and 
making use of the government's global model. For 
example: 

1. A coordinating body to improve understand
ing of models. At present, information related to 
the Study projections and their underlying meth· 
odologies is not easily examined by even the pol
icymakE.rs and memberJ of Congress, let alone 
the private sector and general public. The basic 
documentation on the elements of the govern
ment's global model is incomplete and of mixed 
quality and is only now being made available to 
the public as the third volume of the Global 2000 
Study. If the government's computer-based tools 
and models are to achieve their potential for ben
efiting policy analysis, ways must be found to fa. 
cilitate understanding of the assumptions on 
which they are based. One or more coordinating 
bodies might give attention to this problem, rep· 
resenting both the perspectives of analytic exper
tise and social, political, and economic experience. 

2. Increased interaction with the private sector, 
educational institutions, other national efforts, and 
international agencies. Since all models are sim
plifications of reality, one basic purpose of a 
model is to provide a basis for its own improve
ment. An importan( part of any process for im· 
proving the sectors of the government's global 
mode! is increased interaction with individuals 
and organizations that could help to improve the 
government models. 1l1e private sector·has much 
data and much familiarity with particular eco· 
nomic sectors. Therefore, an organized private 
sector review of the assumptions and structures 
of the government's longer-term models could 
both improve the models and reduce the number 
of unanticipated changes in government poli:;y. 

Modeling in educational institutions needs to be 
encouraged to provide both new techniques and 
diversity of perspectives ;n the available models. 
Since other nations and international agencies 
face similar analytical problems, more extensive 
and penetrl".ting interaction among professionals 
would be helpful in extending techniques and in
formation around the world. 

3. A more useful and internally consistent ca
pability for longer-range analysis and planning. 
This must start with an improved exchange of in
formation. At present, even the agency experts 
responsible for the development, use, and main
tenance of the individual sectoral elements of the 
government's global model have little knowledr,e 
of the assumptions, methodologies, and requh t· 
ments of the other sectoral elements. The third 
volume of the Global 2000 Study will provide a 
reference manual on the various sectoral models, 
but much more is needed. Opportunity should be 
provided not only for the a,lencies' modeling ex
perts, but also for experts from congressional 
staffs, the private sector, ed1•.cational institutions, 
and the general public to learn about these models 
and to gain experience in their use. Increased un
derstanding and ideas for improvements are sure 
to result from such information exchanges. 

4. Improved documentation of the elements of 
the government's global model. Better documen
tation is badly needed. The third volume of the 
Global 2000 Study provides an initial attempt to 
draw the pieces together, but the basic reference 
documents should be available from a single 
source. Furthermore, the quality of the docu
mentation-especially regarding descriptions of 
assumptions underlying the projections-needs to 
be improved. Impartial validation should also oc
cur. 

Summary Descriptions of the 11 
Elements 

Each of the 11 elements of the government's 
global model is described h'tre in terms of nine 
topics of particular relevance to the analysis pre
sented earlier in this cha~ter. 

Source of the designated projections 
Explicit linkages to other elements of the 

government's global model 
Critical policy and technology assumptions 
Analytic methodology used to develop the 

projections 
Brief description of the methodology 
First major use of the methodology 
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Geographic representation within the meth
odology 

Temporal representation within the meth
odology 

Cases analyzed for the Global 2000 Study 
using the methodology 

The 11 elements are described in the order in 
which they appear in Table 14-1. Much of the 
material presented below is encapsulated in Ta· 
bles 14-2 and 14-3. 

1. Population Element 
Source. At the suggestion of the Agency for 

International Development (AID) of the U.S. 
Department of State, two independently devel· 
oped sets of population projections were~ prepared 
for the Study. The Bureau of the Census of the 
U.S. Department of Commerce developed the 
projections that were subsequently usP.d in pre
paring the Study's energy and food projections 
and its per capita GNP projections. The Com
munity and Family Study Center at the University 
of Chicago developed alternative projections, 
which highlight the potential impact of family 
planning programs on population size and struc
ture. 

Explicit Linkages to Other Elements of the Gov
ernment's Global Mor!Pl. ·(he Census and Chicago 
population projections were not developed taking 
imo explicit account any of the Study's other pro
jectiuns. However, the Census projections were 
subsequently used in devel0ping the Study's food 
and cner3y projections (and the deri;,·.:-d energy
residm•I and environmental-impact projections). 

Cr;,ical Policy and Technology Assumptions. 
With regard ~o policy, ttll population cases as
sumed that c.'.most all countrie~ tha1 do not already 
do so will make family planning services available 
to an appreciable portion off.he population during 
the 1975-2000 period, and that countries with 
family planning programs now in operation will 
extend coverage, particularly in rmal areas. This 
meant, for example, that in the Census projec
tions for Bangladesh (in tht~ medium-growth case; 
over the 1975-2000 period) fertility rates were 
exogenously projected to declii1e 40 percent, as 
discussed in Chapter 15. 

With regard to technology, no major break· 
throughs or setbacks affecting fertility or mortality 
rates (e.g., regarding birth control devices or 
medical discoveries) were assumed. 

Analytic Methodology. Both the Census and 
Chicago projections make use of the cohort-com· 
ponent methodology. The name of this method· 
ology refers to the fact that each "cohort" of a 

given population (each group of males or females 
born in the same year) is treated separately and 
explicitly with respect to each major demographic 
"component" (mortality, fertility, and net migra
tion). Each set of projections was prepared using 
somewhat different versions of a FORTRAN 
computer progra'll of about 1,000 lines (including 
extensive comments). 
·vChicago's exogenous fertility projections also 
make use of iJn additional, explicit quantitative 
methodology. Given a population's 1975 fertility 
rate and the "strength" in 1975 of its family plan· 
ning programs, Chicago's computer-based meth
odology projects future fertility rates, relying 
entirely on explicitly defined assumptions regard
ing the future development and efficacy of family 
planning programs; no other factors are consid· 
ered in making these projections. 

Brief Description. The cohort-component 
methodology projects population size and struc
ture based on exogenous projections of mm1ality, 
fertility, and net migration rates. 

Only demographic variables are considered in 
developing the population projections. No ex· 
plicit mathematical relationships are used at any 
point that involve nondemographic factors-such 
as the size and distribution of per capita income; 
requiremen~s for food, housing, schools, jobs, or 
medical facilities; likely welfare expenditures; ed
ucational opportunities; work roles and oppor
tunities for women or men; m the influence of 
environmental factors on health. Internal migra
tion (for example, between rural and urban areas 
or between social classe~) is not represented, nor 
are differential growth rates for separate ethnic, 
racial, or religim~:; groutis. 

First Major Use. A!though the cohort-compo
nent methodology, jeveloped in the 1930s, has 
been used extensively by demographers for dec
ades, it was not until the late 1960s that the Bu
reau of the Census began making major use of it 
to develop international population projections, 
at the request of AID. At that time, AID asked 
Census to develop a model that would avoid what 
appeared to be biases contained in U.N. popu· 
lation estimates and projections, and subse
quently to perform various polky analyses. 

Several ye1us iacer, in August 1977, AID asked 
the University of Chicago to develop a new pro
jection methodology and unJerilike pmjections 
which would take more explicit account of the 
likely future impact of family planning programs 
(which AID was encouraging) on population size 
and structure. The Chicago population projec
tions presented in the Study, developed in re
sponse to this request, emphasize the potential 
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efficacy of AID's programs. Thus, the Chicago 
high, medium, and low world population projec· 
tions for the year 2000 are 3 to 12 percent lower 
than the Census projectionJ. 

Geographic Representation. The cohort-com· 
ponent methodology can be used to develop pro· 
jections for any appropriately defined population. 
Separate projections were prepared for 23 coun
tries and subregions for the Global 2000 Study, 
at the request of the Study's central staff. These 
23 areas include collectively all the world's pop
ulation; moreover, the 12 less developed countries 
for which individual projections were made rep· 
resent 75 percent of the current total population 
of the LDCs. 

In the case of the Global 2000 Study, projec
tions for each of the 23 countries or subregions 
were made independently of each other, and 
summed as appropriate. Migration between coun
tries or subregions was assumed to be zero, for 
analytic reasons explained in Chapter 15. 

Temporal Representation. Projections of a given 
population's size and structure were made dynam· 
ically-on a year by year, sequential basis. These 
projections were based on exogenous projections 
of mortality and fertility. For the Global 2000 
Study, projections were presented in Chapter 2 
for each :5-year interval of the 1975-2000 period. 

Cases Analyzed. Three sets of projections were 
developed by both Census and Chicago: a high· 
growth, a medium-growth, and a low-growth case. 
In general, Census and Chicago used different 
estimates of current population sizes and struc
tures and different mortality and fertility projec
tions. Within both the Census and Chicago 
projections, variations among the high-growth, 
medium-growth, and low-growth cases were based 
entirely on different fertility rate projections (and 
in the Census projections, in the case of China, 
on different estim' tes of actual population size in 
1975). Mortality assumptions and the zero net 
migration assumption did not vary within either 
the Census set of projections or within the Chi
cago set of projections. 

2. Gross National Product Element 
Source. No U.S. agency is responsible for de

veloping a consistent set of long-term GNP pro
jections for all the world's netions. Therefore, on 
the recommendation of the U.S. Agency for In
ternational Developm1mt of the U.S. Department 
of State, the G1obal 2000 Study turned to the of· 
fice within the World Bank Group responsible for 
estimating consistent GNP projections for the 
Western industrialized nations and less developed 

countries through 1985. •On the recommendatior 
of Bank siaff members, the Global 2000 Stud) 
supplemei1ted the Bank's projections with GNF 
growth rates to the year 2000 developed for the 
19'/7 Workshop on Alternative Energy Strategies 
(WAES), sponsored by the Massachusetts Insti· 
tute of Technology. 

The W AES group had first developed its own 
projections for the Western industrialized na
tions, and then-with the assistance of World 
Bank staff members-<feveloped a consistent set 
of LDC projections using World Bank analytic 
tools. The World Bank and W AES projections 
were subsequently supplemented for the Global 
2000 Study with projections for the centrally 
planned economies (CPEs), developed by the 
U.S. Central Intelligence Agency. Unfortunately, 
the GNP projections for the CPEs presented in 
this volume are considered unrealistically low by 
the CIA, when viewed together with the Study's 
other GNP projections (due to statistical differ
ences discussed briefly in Chapter 3). However, 
it should be noted that the CPE growth rates used 
by the World Bank in developing the LDC growth 
rates for the W AES Study are much higher than 
those reported in this volume. 

Explicit Linkages to Other Elements of the Gov
ernment's Global Model. The GNP projections 
were not developed taking into explicit account 
any of the Study's other projections, except that 
the per capita GNP projections were subsequently 
calculated using the Study's population projec
tions (developed by the Bureau of the Census). 
However, the GNP projections were subse· 
quently used in developing the Study's food and 
energy projections and the derived energy-resid· 
ual and environmental-impact projections. 

Critical Policy arid Technology Assumptions. 
No majc.r policy changes were assumed. With re· 
gard to technology, however, all the GNP pro· 
jections for the LDCs assumed that the productivity 
of capital in almost all of the LDCs will incr ....... .;e 
significantly over the 1975-85 period. This meant, 
for example, that in the other-South-Asia LDC 
group, a given investment could be thought of as 
producing 60 percent more incremental GNP in 
1985 than in 1977 (in constant dollars), as dis· 
cussed in Chapter 16. 

Analytic Methodology. Most of th~ GNP pro· 
jections (those for the LDCs) were developed 
making use of a dynamic, block-recursive com
puter model known as SIMLINK (SIMulated 
trade LINKages). The model contains over 200 

•The World Bank Group is an international organization af
filiated with the United Nations. 



econometric structural equations and is written in 
approximately 1,500 lines of FORTRAN. 

Brief Description. SIMLINK simulates world 
trade between the industrialized nations and the 
LDCs. Its purpose is to aggregate and adjust, as 
approp1iate, the economic growth projections de
veloped for individual LDC nations by World 
Bank analysts, so as to take account explicitly and 
consistently of likely limitations in the worldwide 
availability of foreign trade earnings and foreign 
investment capital. If these adjustments were not 
made, projections made by both the individual 
LDCs and World Bank 1malysts would sum to 
implausible levels of wor:d trade and foreign in
vestment. 

Trade between industrialized nations or be
tween LDCs is not explicitly represented in SIM
LINK, nor is primary commodity trade between 
the LDCs and the CPEs. Current debt levels and 
growth trends in these levels are also not explicitly 
accounted for. 

No explicit account is taken by SIMLINK of 
future population sizes and structures or of po
tential environmental impacts. Resources are rep
resented primarily on the basis of historic cost
price relationships and past trends in growth of 
production. 

First Major Use. An early version of SIMV" 1K 
began to be applied in 1974. One of the first ap
plications examined the potential direct effect of 
recent and potential changes in the international 
price of oil on LDC economic growth rates (which 
are of crucial financial importance to the World 
Bank). The model supported the Bank's view that 
the direct impact of changes in the price of oil on 
LDC economic growth would be minor. How
ever, the model also showed that changes in the 
growth rates of the industrialized nations, which 
might also be affected by changes in the price of 
oil, would have major direct impact on LDC eco
nomic growth. 

Geographic Representation. SIMLINK treats 
thP- Western industrialized and socialist nations 
exogenously as four aggregates, each with its own 
GNP growth rate and elasticity of demand for 
LDC exports of manufactured goods. The LDCs 
are selectively represented by six aggregates: In
dia, other-South-Asia countries, low-income Af
rica, lower-middle-income countries, middle
income-countries, and upper-middle-income 
countries. Each aggregate is treated at the same 
level of detail. SIMLINK simulates trade between 
each of the six LDC aggregates and (1) the West
ern industrialized nations and (2) the CPEs. Trade 
among the six LDC aggregates is ntJt simulated, 

nor is trade between the industrialized nations and 
the CPEs. 

Several simplifying assumptions were made in 
developing the SIMLINK model. Within each of 
the six LDC aggr~gates, geographically and so
cioeconomically diverse LDCs-!;uch as (1) Ar· 
gentina, Jamaica, and Yugoslavia, or (2) Bolivia, 
Thailand, and Morocco--are treated as if they 
were single entities because they have roughly the 
same lev::ls of per capita income. Many LDCs are 
not included in the model. For example, the 
OPEC income-surplus nations were not explicitly 
represented in the version of SIMLINK used for 
the WAES Study. However, those LDCs that are 
specifically included are said by Bank analysts to 
represent most of the population and national in· 
come of the LDCs. 

Temporal Representation. Projections of world 
trade directly affecting the LDCs are based on 
exogenous projections of (1) Western industrial 
and CPE growth rates, trade volumes, and prices 
for many major commodities and (2) inflation 
rates for all years to bl.! covered by the projection. 
After these exogenous projections are completed, 
SIMLINK projects LDC economic grnwth rates 
sequentially, year by year. 

Bank analysts note that SIMLINK was not con
structed to make projection~ beyond 1985, 
that they have little confidence in using it to de· 
velop longer-term projections, and that they have 
recently replaced it with a more comprehensive 
system of models. For the WAES Study, SIM· 
LINK projections were developed for the 1975-
90 period and extrapolated judgmentally to 2000. 

Cases Analyzed. High, medium, and low GNP 
projections were used in the Globai 2000 Study. 
The high and medium pmjections derive largely 
from figures developed for the W AES Study. The 
high-growth case generally projects a continua
tion of 1960-72 growth patterns, whereas the low
growth case projects a continuation of the patterns 
characteristic of the 1973-75 period-just suffi
ciently above that period's population growth to 
allow an advance in real global GNP per capita. 
The third (medium-growth) set of projections was 
developed by averaging the growth rates used in 
the high and low projections. 

3. Climate Element 
Source. The Global 2000 Study's climate pro

jections were developed by the Central lntelli-
- gence Agency (CIA), based on an interagency 

research project on climate conducted by the Na
tional Defense University (NDU), with partici
pation by the U.S. Department of Defense, the 
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U.S. Department of Agriculture, and the Na
tional Oceanic and Atmospheric Administration 
of the U.S. Department of Commerce. The first 
of the NDU project's four tasks-to define and 
estimate the likelihood of changes in climate dur
ing the next 25 years and to construct climate 
scenarios for the year 2000-was completed in 
February 1978, and the results were published in 
the National Defense University report entitled 
Climate Change to the Year 2000. • The remaining 
three tasks of the NDU project included (1) es
timating the likely effects of possible climatic 
changes on selected crops in specific countries, 
(2) evaluating the domestic and international im
plications of these specific climate-crop cases, and 
(3) transmitting the research results to individuals 
and organizations concerned with the conse
quences of climatic changes in fields other than 
agriculture. 

Explicit Linkages to Other Elements of the Gov
ernment's Global Model. The climate cases were 
not developed taking into direct account any of 
the Study's other projections, nor were they used 
in developing any of those projections, since, as 
it turned out, none of the other elements used to 
develop the Study's other projections was capable 
of directly taking into account any climatic vari
ation from patterns established ove1 the past 2-3 
decades. 

Critical Policy and Techn\Jlogy Assumptions. 
With regard to both policy and technology, delib
erate human efforts to modify climate were ex
cluded from the analysis. 

Analytic Methodology. A special survey meth
odology devised hy the Institute for the Future 
(hereafter referred to as the NDU methodology) 
was used to gather, weigh, and consolidate the 
views of numerous experts on climate. The pur
pose of the NDU project was not to forecast cli
mate change or reach a consensus on how climate 
will change, but rather to synthesize reasonable, 
coherent, and consistent possibilities for world 
climate to the end of the century, and to put plau
sible bounds on the Hkclihood of each of these 
rossibilities occurring. 

Brief Description. The CIA developed three 
simplified cases for the Global 2000 Study, based 
primariiy on the more complex and highly qual
ified findings of the NDU report. The approach 

• nese clim.ttc "projections" arc actually scenarios (in the 
sense of bcin~ internally consistent statements of possible fu· 
tun: developments), rather than "projections" (in the sense 
of being foreseeable consequences of present ~rends). In order 
to facilitate comparisons with the other clement descriptions 
in this chapter, they will henceforth be refencd to as "cases" 
in this discussion. 

used in developing the NDU report was to seek 
and weigh a wide range of expert opinion. This 
synthesized survey approach seemed likely to 
yield the most meaningful results obtainable, in 
view of the fact that there is currently no single 
well-accepted quantitative model of the causal 
forces thought to determine climate. 

In the first of the NDU project's four tasks, e 
questionnaire defining five future climate possi
bilities was prepared and completed by a diverse 
group of climatological experts. The emphasis of 
the project was placed primarily on assesskng 
probabilities related to (1) average global tem
perature, (2) average latitudinal temperature, (3) 
carbon dioxide and turbidity (including particu
lates), (4) precipitation change, (5) precipitation 
variability, (6) midlatitude drought, (7) Asian 
monsoons, (8) Sahel drought, and (9) the length 
of the growing season. 

Individual responses were weighted by each 
participant's expertise, as evaluated by self and 
peers, and responses to this questionnaire were 
then used to calculate complex topographical 
probability functions associated with each speci
fied case. 

First Major Use. The NDU methodology was 
first developed and used in connection with this 
particular NDU study in the mid-1970s, although 
it is related to Delphi-survey techniques devel
oped over the past two decades. 

Geographic Representation. The NDU study 
developed separate probability functions primar· 
ily with regard to each of eight regions (polar, 
higher midlatitude, lower midlatitude, and sub
tropical regions in both Northern and Southern 
Hemispheres). Geographic causal linkages be
tween the phenomi;na occurring in these regions 
were informally assessed on an individual, un
documented basis by each of the participants in 
the study. 

Temporal Representation. Probability functions 
were assessed for three time periods: 1977-80, 
1981-90, and 1991-2000. Temporal causal link· 
ages between the phenomena occurring in these 
time periods were informally assessed on an in· 
dividual, undocumented basis by each of the par
ticipants. 

Cases Analyzed. The three climate cases de
veloped for the Global 2000 Study represent sim
plifications of three of the five NDU cases, 
namely, they approximate the three more mod
erate cases projected by the report as most prob
able. However, it should be kept in mind that in 
excluding the more extreme, large-scale changes, 
the Global 2000 Study has omitted consideration 
of climatological developments that could have an 
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extremely pronounced el.feet en the Study's other 
projections. 

The following three world-climate cases were 
developed for the 1975-2000 period. They differ 
primarily with regard to assumed future global 
temperature and precipitation patterns. 

Case 

No change 

Wanning 

C.ooling 

Temperature 

Similar to 1941-70 
period (i.e .. less 
variability lhan over 
the past 100-200 
years). 

Global 
temperatures 
increase by 1° c. 
with only slight 
warming in the 
tropics. 

Global 
temperatures 
decrease by 0.5° c. 
with only slight 
cooling in the 
tropics. 

4. Technology Element 

Pm:ipiratio" 

Similar to 1941-70 
period (i.e .. less 
severe drought in 
the Sahel and less 
monsoon failure in 
India than recently 
experienced). 

t~nnual 
precipitation 
increases 5- to 
percent and 
becomes less 
variable; probabilily 
or U.S. drought 
increases. 

Precipitation 
amounts decline 
and variability 
increases; 
probabilily or U.S. 
drought increases. 

Source. This section brings together under one 
heading (as a major element of the government's 
global model) the disparate methods used by the 
other elements of the government's global model 
to project rates of technological innovation, de
ployment, and impact. The fact is that no gov
ernment agency has unique responsibility for 
projecting future rates of technological change for 
use in other official projections and forecasts. As 
a result, each agency develops its own technolog
ical projections and forecasts on a virtually in
dependent basis. 

This practice was also followed in developing 
the Global 2000 Study's projections. The Study's 
assumptions concerning future rates of techno
logical change were determined independently by 
the various agencies for their individual contri
butions to the Study. 

Explicit Linkages to Other Elements of the Gov
ernment's Global Model. No explicit linkages 
were made between any of the other 10 clements 
of the government's global model with respect to 
technology. Those elements from which projec
tions were developed using projections developed 
by other elements, however, could be thought of 
as incorporating implicitly the technology as-

sumptions of those other elements (often incon· 
sistently). 

Critical Policy and Technology Assumptions. 
No explicit, consistent policy assumptions were 
made with regard to technological innovation, 
deployment, or impact. However, some repre
sentative critical technological assumptions are 
cited below, under "Cases Analyzed." In general, 
technological progress is assumed, potential set
backs are not considered, and adverse side effects 
are not considered. 

Analytic Methodology. Over the years, govern
ment agencies have developed a wide variety of 
diverse methodologies for projecting (often im
plicitly) technological assumptions. These tech· 
nological projections are then incorporated in 
projections and forecasts of other variables of in· 
terest. In some cases, these technological projec· 
tions are mad~ in advance of making use of the 
methodologies which comprise the other elements 
of the government's global model; in other cases, 
they are calculated concurrently with other cal
culations made using the methodology. The actual 
technique:; used by the various elements to project 
technological innovation, deployment, and im
pact are so idiosyncratic that a more explicit over· 
all description (such as that provided in Chapter 
23) is not feasible here. 

Brief Description. Most technologies were pro
jected to yield increasing benefits over time at 
exponential rates corresponding to recent histor
ical experience. In some cases, the deployment 
of existing technology was projected to occur at 
rates faster than recent historical experience (e.g., 
in the population projections and energy-residual 
projections). The potential adverse and dysfunc
tional consequences of technological innovation 
and deployment were aimost never explicitly con
sidered, except in the environmental projections. 

First Major Use. The agencies' overall projec
tion methodologies generally have unique ways 
of incorporating the underlying technology as
sumptions. Therefore, the first major use of the 
diverse methodologies for technological projec
tions tended to coincide with the first major use 
of the overall projection methodologies of which 
they are a part. Little or no consistency was im
posed regarding the rate at whicn technological 
advance is projected in various fields (e.g., in re
sponse to allocations of federal research budgets), 
and the Global 2000 Study represents the first 
time the government's various approaches to 
longer-term, global technological projection have 
even been cursorily examined on a collective basis 
in an official executive branch report. 
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Geographic Representation. Most projections 
assumed that all regions of the world will be cul
turally and physically capable of accepting tech
nological change to approximately the same extent 
and at appwximately the same rates. 

Temporal Representation. No systematic at
tempt was made by the Study to assure the use 
of consistent assumptions regarding likely future 
rP.~es of technological innovation, deployment, 
and impact collectively in the Study's projections. 
Therefore, it is unlikely that the temporal rep
resentation of technological change among the 
various elements is to any degree consistent, al· 
though the inexplicit character of the way tech· 
nology is represented in many elements of the 
govemment's global model makes this virtually 
impossible to assess. 

Coses Analyzed. No consistent, systematic pro
jections of technology per se were made for the 
Study, but diverse technologic;.d assumptions were 
incorporated in all of the other projections de· 
veloped for the Study. Some key examples are 
provided below: 

• All the population projections assumed that al
most all countries that do not already do so will 
make family planning technologies and services 
available to an appreciable portion of the pop
ulation during the 1975-2000 period, and com~
tries with family planning programs now in 
operation will extend coverage, particularly in 
rural areas. This meant, for example, that in the 
Census projections for Bangladesh (in the me
dium-growth case), fertility rates were exoge· 
nously projected to decline 40 percent over the 
1975-2000 period, as discussed in Chapter 15. 

• Almost all the GNP projections for the LDCs 
assumed that the productivity of capital in the 
LDCs will increase significantly over the 1975-
85 period. This meant, for example, that in the 
other-South-Asia LDC group, a given invest
ment could be thought of as producing 60 per
cent more incremental GNP in 1985 than in 1977 
(in constant dollars). as discussed in Chapter 
16. 

• All the food projections assumed that the wide
spread deployment of fertilizer and other yield· 
augmenting inputs (together with other factors) 
will lead to further increased yields comparable 
to the increases cx~rienced over the past two 
decades (the period of the Green Revolution). 
This meant, for example, th;;t annual LDC grain 
production was projected to increase 125 per
cent over the 1975-2000 period (in the medium 
case), as discussed in Chapter 5. 

• All the energy projections assumed the wide· 
spread deployment of light-water nuclear elecu 
tric power plants. This meant, for example, that 
electrical generation from nuclear and hydro
power sources was projected to increase about 
200 percent over the 1975-90 period (in the 
medh.1m case). as dii:.cussed in Chapter 5. 

• All the energy-residual projections (i.e., pro· 
jections of residuals such as pollutants or waste 
heat from energy conversion processes) as· 
sumec implicitly that majQr public and private 
investment will be made in pollution abatement 
technologies so that by 1985 all energy facilities 
in all countries will have met or have been re
trofitted to meet 1978 U.S. new source per
formance standards for various emissions, as 
discussed in Chapter 10. 

5. Food Element 
Source. The Study's food projections were de

veloped by the U.S. Department of Agriculture's 
Economics, Statistics, and Cooperatives Service. 

Explicit Li11kages to Other Elements of the Gov
ernment's Global Model. The projections are 
based on the Study's population projections (de· 
veloped by the Bureau of the Census) and GNP 
projections. In addition, t'1e Study's rising-en· 
ergy-price projections were used in developing the 
two food cases (which assume increasing petro
leum prices) and the Study's associated environ
mental projections. However, no Study projections 
(other than population, GNP, and energy) were 
directly used in developing the Study's food pro
jections (i.e., no use was made of the Study's 
projections involving climate, fisheries, forestry, 
water, energy residuals, fueJ minerals, nonfuel 
minerals, or the environment). 

Critical Policy and Technology Assumptions. 
With regard to policy, the projections all assumed 
that major public and private investment in ag· 
ricultural land development will be made. With 
regard to technology, they assumed that wide
spread deployment and use of fertilizer and other 
yield-augmenting inputs (together with other fac
tors) will lead to further increased yields com
parable to the increases experienced over the past 
two decades (the period of the Green Revolu· 
tion). This meant, for example, that annual LDC 
grain production (in the medium case, over the 
1975-2000 period) was projected to increase 125 
percent. 

Analytic Methodology. A computer-based static
equilibrium model known as the GOL (Grain, 
Oilseed, Livestock) model was the primary tool 
used in developing the food projections. The 
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GOL model consists or approximately 930 econ
ometric equations, which ~re solved simuaane
ously. 

Three additional procedures were used to make 
projections or arable area. total food production 
and consumption, and fertilizer use. They were 
developed since the fall of 1977 :specifically for 
the Study, and were based on the application of 
comparatively simple computational procedures 
to some of the results of the GOL calculations. 
These additional calculations were made without 
the use of a computer-based model. 

Brief Descriptio11. The GOL model projects 
world production, consumption, and :rade quan
tities and prices in grains, oilseeds, &nd livestock 
products based on exogenous projections of pop
ulation, GNP, growth in crop yields due to the 
deployment of more efficient yield-enhancing 
technology, and other variables. The model's 
structure is most de.tailed for grain; other food 
products are represented in less detail. Collec
tively, the relationships incorporated in the model 
are said to represent approximately 70-80 percent 
ortotal world food production, consumption, and 
trade. No environmental considerations (other 
than land scarcity and weather) are explicitly rep
resented in the model. Similarly the public and 
5()(.ial costs associated with <leveloping and main
taining the productive capacity required by 2000 
are not explicitly represented in the model. 

First Major Use. Along with other analyses, the 
model was initially used in 1974 to generate pro
jections supporting the U.S. position paper for 
the Rome Food Conference sponsored by the 
Food and Agriculture Organization. The model's 
initial projections showed that over the next dec
ade the world could produce enough grain (at real 
prices above the relatively low prices of the l&te 
1960s) to meet the demands of (1) a largely cereal 
diet in the developing world and (2) a moderately 
rising grain-feed meat diet (based in part on grain
fc(\livestock) in the industrial nations. The U.S. 
position paper rrepared for the conference made 
use of these projections to support policy views 
favoring, in general, the limiting of government 
intervention in domestic and world food markets, 
and questioning, in particular, the need for an 
extensive international system of government
owned food reserves. 

Geographic Representation. A total of 28 closely 
interrelated regions are represented at varying 
levels of detail. The 28 regions consist of 8 regions 
of Western industrial nations, 3 regions of cen
trally planned economies, and 17 regions of less 
developed countries (LDCs). All regions have 
crop equations, but not all regions have full live-

stock sectors. The centrally planned regions are 
repre<.:ented solely by collapsed international trade 
equations (that is, area yield and production pro
jections are generaied by "satellite" models, 
while consumption is calculated as production 
plus or minus trade). 

Temporal Representation. The GOL model is 
a static equilibrium model. It is described as static 
in that it does not dynamically develop projections 
on a year by year basis. Instead, its projections 
are derived from estimated values for an initial 
base period, directly adjusted to correspond to 
anticipated equilibrium conditions in a final year, 
without calculating successive values for the in
tervening years. This process of one-step pro
jecting is based on the assumption that the world's 
grain-oilseed-livestock production and trade sys· 
tern was in rough equilibrium (supply equaled 
demand at the reported market price) in the baSl' 
period and that the solution calculated for any 
single future year will also be in rough equilib· 
rium. The GOL model is thus extremely limited 
in its capacity to simulate the many important 
aspects of agricultural market behavior that are 
in a state of dynamic disequilibrium over periods 
exceeding one year. 

GOL projections for 1985 and 2000 were de
veloped for the Global 2000 Study starting with 
1969-71 (average) base-Jin~ conditions (adjusted 
somewhat using data through 1976) and project
ing to 1985 and 2000. 

Cases Analyzed. Four projections of world food 
production, consumption, and trade were devel
oped for the Study, based on different assump
tions for population growth, GNP growth, weather, 
and the real price of petroleum. The four food 
cases• are summarized below: 

Rtal·Prirt 
Popu/alion GNP of 

Casts Growth Growth Wtathtr Pttro/tu111 

Medium Medium Medium Same as lut Constant ($13/ 
three decades bbl .. 1978 

dollan) 
Optimbtic Low High More ravorable Constant (5131 

than last three bbl.. 1978 
decades. dollan) 

Penimlstlc High Low Less ravorable Increasing (S 
than last three percent per year 
decades in real terms. 

19h6-20IKJ) 
Rising energy Medium Medium Same as last Increasing (5 
price three decades percent per year 

in real terms. 
1980-2000) 

•The "cases" are referred to as "alternatives" and "sct:narios" 
in Chapters 6 and 18. Alternative I of Chapter 6 embodies 
both the medium and the rising-energy·price cases; Alternative 
II is the optimistic case; Alternative III is tl!e pessimistic case. 
In these cases, the changes in assumptions regarding weather 
(a term used to refer to relatively short-term variations within 
historic norms) are not considered equivalent to changes in 
assumptions regarding climate (a term used to refer to fun· 
damental long-term change). 
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6. Fisheries, Forestry, Water l:~ement 
Source. Because of their methodological simi

larities, the fisheries, forestry, and water projec
tions are described together here as if they were 
one element in the government's global model. 
111e fisheries projections were developed by the 
National Oceanic and Atmospheric Administra
tion of the U.S. Department of Commerce and 
by outside consultants. The forestry projections 
w~re de~eloped by the Central Intelligence Agency, 
with assistance from the Department of Agricul
ture and the Department ot State (and its Agency 
for International Development). The water pro
jections were developed by the Department of the 
Interior, with assistance from the CIA and outside 
consultants. 

Explicit Linkages to Other Elements of tile Gov
ernment's Global Model. The fisheries, forestry, 
~nd w~ter projections were not developed taking 
~nto. duect account any of the Study's other pro
Jecttons or each other, nor were they used in de· 
veloping any of the Study's other projections, 
except the environmental impact projections. 

Critical Policy and Tichnology Assumptions. 
With regard to policy, the fisheries projections 
assume, on a worldwide basis, good management 
of fisheries and protection of the marine environ· 
ment; the forestry projections assume some policy 
changes throughout the world regarding current 
deforestation practices; the water projections' 
policy assumptions are unknown. With regard to 
~echn~logy, the fisheries projections assume the 
mvent1on of methods for harvesting nontradi· 
tional species; the forestry projections assume the 
invention of both less wasteful production tech· 
niques and methods for exploiting nontraditional 
specie~; the water projections' technology as
sumptions are unknown. 

Analytic Methodology. Descriptive and judg
mental analyses (rather than elaborate mathe
matical models) were used in developing the 
fisheries, forestry, and water projections. 

Brief Description. The fisheries production 
(supply) projections were based on empirical evi
dence and ecological theory. The fisheries con
sumption (demand) projections were based on 
broadly generalized assumptions about the rela
tionships between population, income growth, 
and income elasticities of demand for marine 
products. Together, these projections suggest that 
future fish consumption will be constrained by 
production and price. 

The forestry projections were based on a review 
of the literature of forest economics and ecology, 
combined with informed judgment. ln cases where 

sources were in conflict (for example, when eco
logical and anthropological projections c:ame to 
different conclusions regarding the sustainability 
of slash-and-burn agriculture), the source with the 
stronger empirical evidence was preferred. 

Two sets of projections of water availability 
were presented by the Department of the Interior 
and the CIA: (1) the lower projection ofincreases 
in the "consumption" (withdrawal) of"watercon
trolled by man" over the 1975-2000 period was 
developed by C. A. Doxiadis; (2) the higher pro
jection of global water requirements by the year 
20fi0 was developed hy Russian hydrologist G. P. 
Kalinin. The projections were apparently not cho
sen by the Department of the Interior fo1 their 
excellence, but because other global water pro
jections could not be found or developed. 

First Major Use. The fisheries and forestry pro
jections were developed specifically for the Global 
2000 Study. In the case of the water projections, 
the Doxiadis pr,. jcctions were originally pub
lished in the reri'i \. "Water for Peace," prepared 
for the Internatioa:=i Conference on Water for 
Peace held in Washington, lJ.C., in 1967. The 
Kalinin projections were originally published in 
UNESCO's Impact of Science in Society, April
June 1969. 

Geographic Representation. Projections involv
ing fisheries, forestry, and water resources are 
severely complicated by the fact that the bound· 
aries of the political jurisdictions responsible for 
gathering information on th~m and for managing 
them do ni:A t.:oincide with the natural boundaries 
of the ecofogicid systems involved. These com
plications are greatest in the case of the fisheries 
projections, which had to be made largely on the 
basis of species rather than geographic region. In 
the case of the forestry projections, the supply, 
demand, and price of forest products were con
sidered separately for each of the major forest 
regions of the world. A separall.~ section was de
voted to the problem1> of the humid tropics. 

In the Study's water projections, the point is 
made that there is no such thing as a global water 
econom~' in the same sense as, for example, a 
global economy for minerals and fuels. Since the 
cost of transporting water tends to be high when 
large distances are involved, water problems tend 
to be local or regional, rather than glob::d. 

Temporal Representation. The fisheries, for
estry, and water projections are either based on 
straight-line (linear) or exponential (nonlinear) 
extrapolations of past trends. 

Cases Analyzed. Only a single medium case was 
evaluated for the fisheries and forestry projec-
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tions; both a lower and a higher set of water pro· 
jectioos were prt".sented. The specific assumptions 
behind these cases (to the extent they are known) 
are reported in Chapters 7, 8, and 9. 

7. Energy Element 
· Source. The Study's energy projections were 

developed by the Energy Information Adminis
tration of the U.S. Depa1~ment of Energy. 

Explicit Linkages to Other Elements of the Gov
ernment's Global Model. The Study's population 
projections (developed by the Bureau of the Cen
sus) and GNP projections were used in developing 
the energy projections. None of the Study's other 
projections were used, but the energy projections 
were used in developing the Study's food, energy 
residuals, and environmental projections (but not 
in developing the climate, fisheries, forestry, 
water, fuel minerals, or nonfuel minerals projec
tions). 

Critical Policy and Technology Assumptions. 
With regard to policy, all the energy projections 
assumed the implementation of more effective 
en1~rgy conservation policies within the member 
countries of the Organization for Economic Co
operation and Development (OECD). With re
gard to technology, all the energy projections 
assumed the widespread deployment of light
water nuclear electric power plants. This meant 
that electrical generation from nuclear and hy
dropower sources was projected (in the medium 
case, over the 1975-2000 period) to increase more 
than 200 percent, as discussed in Chapter 5. 

Analytic Methodology. The energy projections 
were made with a computer-based static-equilib
rium model known as the International Energy 
Evaluation System (IEES). IEES is a family of 
complex supply, demand, and production models, 
integrated by means of a large linear-program
ming-matrix representation of approximately 2,-
000 rows and 6,(V.K) columns. The data quantifying 
world energy supply and demand, and production 
and transportation costs necessary for these in
tegrating calculations, are supplied by six IEES 
submodels. These submodels have been as&,m
bled independently of one another, and are ex\:· 
cuted sequentially, drawing on their own outside 
data sources. 

Brief Descr!ption. The IEES model projects 
world energy production, constJmption, and trade, 
based on exogenous projections of population, 
GNP, trends in the international price of petro
leum, and other variables. The model emphasizes 
the fossil fuel sector by providing elaborate detail 
for petroleum (and related fuels) and coal while 

incorporating significantly less detail for nuclear 
energy, solar energy, energy conservation pro
grams, firewood, and emerging technologies. For 
example, solar energy is not explicitly represented 
and can be included in the projections only by an 
exogenous assumption of a given solar contribu
tion to electrical generation or to conservation. 
Supply of nuclear facilities is determined largely 
outside of the model by exogenous projections 
and assumptions. 

The IEES system c ~ models is structured around 
a single large integrating linear-programming ma
trix representation. According to the model's the
ory, the world energy market operates as a free 
market whose equilibrium minimizes the total cost 
of meeting the world's energy demands at a spe
cific, assumed price of oil.* Demand and supply 
are balanced through a price mechanism that ad
justs marginal costs of supply and demand to 
equal values through i!erative adjustments. The 
Organization of Petroleum Exporting Countries 
(OPEC) is assumed to provide as much oil as 
might be wanted (up to its maximum production 
capacity), independent of the price of oil assumed 
for the model run. 

There are several important assumptions im
plicit in the operation of the IEES price mecha
nism. In each year projected, energy production 
outside of OPEC is assumed to respond within 
limits to prevailing energy prices, with little or no 
time lag. Oil production outside of OFEC gen
erally does not meet demand, and IEES achieves 
supply-demand balance by assuming OPEC meets 
the residual demand (which m some runs exceeds 
the OPEC maximum product.ion capacity) at 
whatever oil price prevails in the year in question. 
The energy production alternatives are assumed 
to be selected solely on the basis of meeting pro
jected demand at the lowest possible global cost. 
In general, only gross energy production figures 
are presented; net energy production figures (i.e., 
gross energy production less the energy consumed 
in obtaining the gross energy production) are not 
calculated. Forms of energy supply which are not 
generally traded internationally (except hydro
power and geothermal energy) are not repre
sented in the model. 

• In the analyses performed for l11e Global 2000 Study, the 
OPEC oil price scenario (constant at ~13 per barrel in 1975 
dollars until 1980, then increasing at S po:<:ent per year) was 
assumed. However, the Department of Ener3y dlX's have an 
Oil Market Simulator (OMS) model with which the Depart· 
ment makes medium tenn forecasts of OPEC oil prices. OMS 
is calibrated to ILES and in forecasting runs annually equili· 
brated oil supply with the oil demand proj.:rtPd hy !LES. 
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Since. OPEC currently provides such a signifi
cant share of the oil used by the U.S. and other 
nations, the IEES model's ass'.'.mptions about 
OPEC are of critical importance. IEES assumes 
(in all cases analyzed for this Study} that OPEC 
will provide as much oil as can be consumed in
dependent of the exogenously projected price. 
However, if projected OPEC production exceeds 
OPEC capacity, an oil price increase is implied. 

Generally, IEES is used to study the world bal
ance of energy supply and consumption for spe
cifically assumed oil prices-given essentially 
exogenous supply estimates for all. energy_ sources. 
lnterfuel trade-offs in consumption :mo conser
vation are the key results calculated. 

The social or environmental effects of the en
ergy sector are not evaluated by TEES, nor is re
source depletion explicitly represented in the 
model. While gross national product is included 
as one of the major determinants of energy de
mand IEES implicitly assumes that GNP growth 
is ind;pendent of energy availability and price. 

First Major Use. IEES is based on the same 
analytic structure as the Project Independence 
Evaluation System (PIES), the initial computer
based model developed to ana!yi'! U.S. energy
policy options following the 19'/3-74 oil em
bargo.• IEES makes international projections 
that are consistent with the PIES domestic pro
jections. Thus, IEES is essentially a copy of the 
PIES structure (a few deviation~ were necessary} 
using international data. The first major pub!ic 
analysis performed by IEES was released for dis
tribution in 1978 (and previnusly circulated in 
1977 in a form intended for limited distribution). 
It supports the view that petroleum demand is 
likely to exceed the production capacity of the 
OPEC nations in the mid-1980s, assuming real 
petroleum prices do not increase significantly 
above 1975 (real) prices in the near future. 

Geographic Representation. IEES simulates ~ 
modem competitive energy market that de~ls pn
marily in fossil fuels. Four groups of countries are 
represented in the model at varying levels of de
tail: member countries of OECD, the OPEC 
countries, the CPEs, and the less developed coun
tries. The OECD countries, which consume 80 
percent of the world's oil production and are gen
erally the world's most industrialized nations, are 
treated most extensively in the demand submodel 

• PIES was originally used to analyze ways of achieving Pres· 
ldent Nixon's goal of energy independence for the United 
States by 1980. While the results showed that such a goal was 
unachievable by 1980, the model suggested that the goal could 
be attained by 1985, if the Administration's proposed energy 
policies were adopted. 

analyses, although all of the submodels produce 
data for every part of the world. In contrast, the 
energy economies of the LDCs are not treated in 
detail and in fact contain significant omissions. 
For example, the large proportion of LDC energy · 
economies based on firewood and other biofuels 
is not represented. 

Temporal Representation. Although some of its 
submodels exhibit dynamic behavior, IEES is es
sentially a static-equilibrium model. Like the 
GOL model used to develop the Study's food pro
jections, IEES is "static" in that it does not dy
namically develop its projections year by year 
with developments in one year influencing op
portunities and difficulties in succeeding years. 
The IEES projections are made in a one-step 
process that starts in a base year (e.g., 1975) and 
progresses directly to the final year (e.g., 1990) 
under the assumption that the international en
ergy system is in eq~dlibrium and optimally effi· 
cient during the intervening years. 

The time-dependent characteristics of the IEES 
projections derive entirely from exogenous pro
jections used as driving inputs to the IEES model. 
In the main part of the IEES system, variables 
change over time only in direct response to 
changes in exogenously projected variables. 

The model's static equilibrium projections for 
a gh·en year are internally independen: of its p~o
jections for all other years :md may well be m
consisten t with projections for uther years. 
However, the demand submode( (which serves as 
the basis for the initial df.mand estimates) is an 
annual dynamic model which imposes some in
tertemporal consistency. The model develops its 
projections for a given year based on exogenously 
projected economic and resource conditions for 
that one year only, without explicitly considering 
developments that might be anticipated beyond 
the year in question. The model therefore op,;r
ates as if the planners' goals were to optimize ~:>r 
just that year, without any further planning for 
successive years. One exception is that demand 
data can be (and are) exogenously adjusted to 
reflect energy conservation measures expected to 
be implemented by the OECD countries. 

Projections for the Study were made for 1985 
and 1990, but not for 2000. IEES was not con
structed to project beyond 1990, and at this time 
Department of Energy analysts have little confi
dence in using it to develop longer-term projec
tions or in extrapolating such projections 
judgmentaUy. 

Cases Analyzed. Four projections of world en
ergy production, consumption, and trade were 
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developed for the Study. These projections were 
primarily based on different assumptions regard-
ing population growth, GNP growth, and the real 
price of p:troleum, as summarized below•: 

Popula· 
ti on GNP Rtal Prict of 

Cast Growth Growth Pttroltum 
Medium Medium Medium Constant ($13/bbl., 

1978 dollars) 
High High Low Constant ($13/bbl., 

1978 dollars) 
Low Low High Constant ($13/bbl., 

1978 dollars) 
Rising Medium Medium Increasing (5% per 

energy year in real terms, 
price 1980-90) 

8. Energy Residuals Element 
Source. The projections of energy residuals 

w1,re developed by the Brookhaven Nz~tional Lab
oratory, under contract to the Department of 
Energy's Office of Technology Impacts. 

Explicit Linkages to Other Elements of the Gov
ernl!'en!'s Global Model. Like the ~tudy's energy 
~ro1ect1ons, .the st~dy's energy residuals projec
tions are denved (via the energy p ·ojections) from 
the Study's population and GN.ll projections. 
However, they neither influenced any of the 
Study's other projections (other than the envi
ronmental projections) nor were they influenced 
by any of the Study's other projections (i.e., cli
mate, food, fisheries, forestry, water, fuel min
erals, or nonfuel minerals projections). 

Critical Policy and Technology Assumptions. 
With regard to policy and technology, all the en
ergy residuals projections (i.e., projections of re
siduals such as pollutants or waste heat from 
energy conversion processes) assumed implicitly 
that major public and private investment will be 
made in pollution abatement technologies so that 
by 1985 all energy conversion facilities throughout 
the world will have been retrofitted to meet the 
1978 U.S. new source e;nission standards for car
bon monoxide, sulfur dioxide, oxides of nitrogen 
and particulates. 

Analytic Methodology. The energy residuals 
projections were developed using a highly sim
plified version of a computer-based network 
model or accounting tool known as the Energy 
System~ Network Simulator (ESNS). ESNS is cur
rently capable of calculating the emissions of 435 
energy-conversion processes, using 69 e:<0ge
nously de.rived coeff!cients !o transform energy 
consumption figures mto estimates of residuals. 

• 'lbc: "cues" ue referred to u "scenarios" in Chaplen 10 
and20. 

Brief Description. The simplified version of 
ESNS used in the Study makes repeated use of 
the following equation, summed across end-use 
(se~oral) categories and across fuel-type cate
gones: 

Total regional residuals generated (by emissions type) 
111 Total regional energy conversion (by fuel type) 

x residuals generated (by emission type) per unit 
of energy conversion. 

The mttional (i.e., U.S.) ESNS model was mod· 
ifie~ for use in this Study by adapting it to accept 
(as mput) the results of the International Energy 
Evaluation System (IEES)-the model used to 
develop the Study's energy projections. The ad
apta.tion was difficult since (1) the international 
version could not be developed without making 
assumptions abot~t emissions control standards on 
a worldwide basis, (2) the output from the IEES 
model (particularly the estimates of fuel con
sumption by end uses for the LDCs the OPEC . ' regions, and the centrally planned economies) 
were too aggregated for use in the ESNS model 
and (3) the IEES projections for the Global 2000 
Study do not include a base case-such as 1975-
to which residuals in later years can be compared. 

The adapted ESNS model is therefore severely 
limited by the capability of IEES and the result
ing model is best thought of as the IEES-ESNS 
model. An especially critical limitation to the 
v.alue of the IEES-ESNS analysis is the assump
tion that by 1985 all countries will have met the 
U.S. new source performance standards discllssed 
above. 

First Major Use. ESNS itself was first developed 
in 1975 to assist the U.S. Energy Research and 
Development Agency (a prede~essor agency of 
the U.S. Department of Energy) in analyzing the 
residuals implicit in the energy developmental 
programs it was advocating. The present Study 
marks the first time the ESNS model has been 
used to make long-term global projections. 
Geograp~ic .Represe~tation. The geographic 

~epresentat1on m ESNS 1s necessarily the same as 
!n the IEES energy projections-that is, the world 
1s r~presented as four major regions or groups of 
nations: OECD Countries (also represented sep
arately)'. the OPEC countries, the c·.'ntrally planned 
economies, and the LDCs. 

Temp~ral. Represent~tion. The temporal rep
resentation 1s necessarily the same as in the case 
of the energy projections-Le., projections were 
developed for 1985 and 1990 and not for previous 
or subsequent years. 

Cases Analyzed. The three case.s analyzed are 
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necessarily the same as those analyzed in the en
ergy projections-the low, medium, and high 
cases-except that the fourth (rising-energy-price) 
tase was not analyzed. 

9. Fuel Minerals Element 
Source. The Study's estimates of fuel minerals 

reserves and resources were developed from a 
variety of sources since no one federal agency has 
exclusive responsibility for producing such esti
mates. These sources included the U.S. Geolog
ical Survey (USGS) of the Department of the 
Interior, the Department of Energy (DOE), and 
some private organizations, most notably the 
World Energy Conference (WEC). A consistent 
set of estimates was compiled, compared, and in
terpreted for the Study by a government expert 
who had worked with both DOE and Department 
of the Interior's Bureau of Mines. 

Explicit Linkages to Other Elements of the Gov
ernment's Giobal Model. The fuel minerals pro
jections were not derived from any of the Study's 
.other projections-including the Study's energy 
projections-nor were they used in developing 
any of the Study's additional projections other 
than the environmental projections. 

Critical Policy and Technology Assumptions. 
With regard to poEcy, the U.S. oil and gas re
source and reserve estimates assume a continua
tion of 1974 energy prices. With regard to 
technology, the U.S. oil and gas resource and re
serve estimates assume a continuation of price
cost relationships and technological trends gen
erally prevailing in years prior to 1974. 

Analytic Methodology. The methods used to 
derive fuel resource and reserve estimates vary, 
to some extent, with the organization that gath
ered the estimates. In general, the organizations 
cited above made use of secondary rather than 
primary sources of information-that is, they 
queried corporations and other organizations and 
totaled these various estimates, or they adap~ed 
estimates that other organizations had derived 
pr~viously from similar sources. 

Brief Description. While field surveys and ex
plorations are the best primary source of infor
mation, it has been necessary in this Study to rely 
primarily on secondary or tertiary sources. For 
example, the resource figures for solid fuels used 
in this Study are ba;ed on WEC estimates. The 
WEC sends questionnaires to the participating 
countries, requesting information on reserves, re
sources, maximum depth of deposit, minimum 
seam thickness, and other critical factors. In many 
cases, methods of estimating reserves and re-

sources differ significantly from country to coun
try. As a result, it has not been possible to 
describe a consistent systematic methodological 
approach, even for individual fuel minerals. 

First Major Use. The USGS, in addition to re
viewing other sources of information, has been 
doing its own field geological research for decades 
to support its U.S. resource and resert'e estimates. 
However, in 1974, the USGS reported new oil 
and gas estimates based on new techniques, which 
are discussed briefly in Chapter 21. Thr. uew ail 
and gas estimates are significantly tower titan pre
vious estimates, so the present USGS estimates 
may be thought of as dating from 1974. WEC 
started using its survey techniques to estimate re
serves and resources prior to World War II and 
has publish~d estimates periodically ever since. 
DOE develops its own estimates of U.S. coal re· 
serves using techniquP.s developed by its various 
predea;ssor agencies. For oil and natural gas re
serve figures, DOE relies largdy on estimates 
made by the U.S. Geological Survey, updated by 
DOE's own survey's and augmented for the most 
current months by data published by the Ameri
can Petroleum Institute and the American Gas 
Association, trade associations of the oil and gas 
industries. 

Geographic Representation. No consistent pat· 
tern of geographic representation has been fol· 
lowed in developing the fuel minerals projections. 

Temporal Representation. Both resource and 
reserve estimates are dynamic concepts. Explo
ration shifts resources from the undi~covered cat-. 
egory to the identified category. Economic and 
technological developments move resources be
tween the economic and subeconomic categories. 
Reserves are those resources that are identified 
as economic and have not yet been depleted. 

The Global 2000 Study's resource and reserve 
estimates do not have a dynamic perspective. The 
estimates presented are based on a static concept; 
they are applicable to a particular year but have 
no other time dimension. lP general, they are 
based on the assumption tli. , 1here will be a con
tinuation of current price-cost relationships and 
technological trends, although the U.S. oil and 
gas resource and reserve estimates (derived from 
USGS Circular 725) assume a continuation of 
1974 prices and of generally prevailing pre-1974 
price-cost relationships and technological trends. 

Cases Analyzed. Only one set of estimates was 
developed for the Study, but in many instances 
the probabilities associated with different meas· 
ures of statistical variance have also been indi
cated. 
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10. Nonfuel Minerals Element 
Source. The Sturly's ncnfuel mineral-consump

tion projections w,ere assembled by the Study's 
central staff, with assistance: from the U.S. De
partment of the Interior's Bureau of Mines and 
outside consultants. Since the Bureau does not 
have and could not produce the disaggregated in
ternational pro1ections needed for this Study, the 
Study's projections were based in large part (at 
the suggestion of the Bureau) on projections de
veloped in 1972 by Wilfred Malenbaum for the 
National Commission on Materials Policy and 
were supplemented by projections prepared in 
1977 by Malenbaum for the National Science 
Foundation. Malenbaum's projections cover 12 
minerals and materials, said to account for 80-90 
percent of the value of the total world mineral 
production. Consumption projections for an ad
ditional 75 minerals and materials have also been 
developed by the Bureau of Mines, making use 
of Malenbaum's analysis. 

To facilitate review and comparison with the 
other trends presented in this Study, only a rep
resentative subset of these consumption projec
tions is presented in Chapter 12. This subset 
consists of 10 minerals and materials projected by 
Malenbaum and 9 additional minerals projected 
by the Bureau of Mines. 

Explicit price projections are not available from 
either the Department of the Interior or from 
Malenbaum's published analyses. 

Explicit Linkages to Other Elements of the Gov
ernment's Global Model. The nonfuel minerals 
projections were not derived from any of the 
Studf s other projections, nor were they used in 
developing any of the Study's additional projec
tions (other than the environmental impact pro
jections). 

Critical Policy and Technology Assumptions. 
With regard to policy, no significant changes are 
assumed. With regard to technology, the projec
t!ons assume increasingly less intensive mineral 
use in hi:;:~ly industrialized countries and increas
ingly more intensive mineral use in the LDCs. 

Analytic Methodology. Both the 1972and1977 
Malenbaum projections were developed using a 
methodology known as the Intensity of Use (IOU) 
analysis. This methodolo~y utilizes simple arith
metic procedure~ based on the relative intensity 
with which a given commodity is projected to be 
consumed per unit of per capita gross domestic 
product (GDP). This relative intensity of use is 
referred to as the material's IOU statistic. A rel
ati\'ely high IOU statistic indicates that a rela· 
tively large quantity of a given commodity is 

projected to be consumed per unit of per capita 
GDP. , 

Brief Description. In the 1977 ~.falenbaum Re· 
port (which was the report relied upon primarily 
by the Study) consumption projections for 12 
minerals and materials were developed independ· 
ently of each 01her, using the IOU methodology. 
They were based on exogenous projections of 
GDP and population, in combination with an ex-

, trapolation of historic relationships between min
eral consumption and per capita GDP (developed 
according to IOU theory). 

IOU theory assumes that as less developed 
~~ntries !ndustrialize, ~hey use inc.reasing quan
tities of mmerals per umt of per capita GDP; con
versely, it assumes that as industrial countries 
move toward postindustrial status, they use de
creasing quantities of minerals per unit of per cap· 
ita GDP. Maltnbaum's use of IOU methodology 
also assumes explicitly that long-term growth in 
minerals and materials consumption will not be 
governed by supply limitations--whether due to 
depletion, environmental constraints, price in· 
creases, or other factors. In particular, it assumes 
explkitly that future consumption of minerals and 
materials will be largely independent of price, 
though Malenba•Jm notes that-to the vague and 
imprecise degree that prices are considered-they 
are projected to decline. 

First Major Use. The IOU methodology is said 
to have been developed by the International Iron 
and Steel Institute in 1972 and tends to produce 
lower consumption projections than other meth· 
odologies (since it assumes that increasing eco· 
nomic growth in the industrial countries requires 
increasingly less consumption of minerals and 
materials per unit of per capita economic growth). 
Malenbaum's studies based on this particular 
methodology were used by the National Com
mission on Materials Policy to demonstrate the 
feasibility of striking a balance between the na· 
tional need to produce goods on the one hand and 
to protect the environment on the other. 

Geographic Representation. In the Malenbaum 
mineral-consumption projections the world is di· 
vided into 10 countries or groups of countries, 
treated independently and at th•! same level of 
detail. The Bureau of Mine's projections are dis· 
aggregated geographically into on~y two parts: the 
United States and the rest of the world. 

Temporal Representation. The IOU method· 
ology involves no endogenous dynamic calcula· 
dons. Projections for any given year are based 
entirely on exogenous population and GDP pro· 
je<tions and IOU assumptions. The exogenous 
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population and GDP assumptions must be aggre
gated in the same way as the data used to project 
future trends in the IOU statistics and must be 
consistent with the historical data used to develop 
the IOU relationships. The 1977 Malenbaum Re
port presented historical estimates for the 1971-
75 period and earlier, and projections for 1985 
and 2000. 

Cases Analyzed. For a variety of reasons it was 
not possible to obtain nonfuel minerals projec
tions specifically for the Global 2000 Study. As 
a result it was necessa:y to rely entirely on pre
viously published projections-namely, the 1977 
Malenbaum Report-which presents only one set 
of consumption projections: the medium one. 
This set of projections is based on Malenbaum's 
population and GDP projections, which differ in 
complex ways from those of this Study (see Chap
ter 22). 

The Burf:au of Mines' projections for an ad
ditional 75 minerals and materials are made for 
three cases: a probable, high, and low case. How
ever, the Bureau's assumptions are not suffi
ciently explicit or documented to determine exactly 
how these assumptions relate to those of the 
Study, and so only the Bureau's probable case 
projections have been presented in Chapter 12. 

11. Environment Element 
Source. The environmental projections were 

prepared by the Study's central staff, with assist
ance from the Environmental Protection Agency, 
the Agency for International Development of the 
U.S. Department of State, the Council on Envi
ronmental Quality, and outside consultants. In 
particular, the Council on Environmental Quality 
and the Environmental Protection Agency con
ducted extensive reviews of the drafts of Chapter 
13. On the basis of the first of these reviews, the 
Study's central staff rewrote the environmental 
chapter over a period of about six months. The 
primary contributions to the final draft came from 
several persons: Gerald 0. Barney, Study Direc
tor; Jennifer Robinson, & member of the Study's 
central staff; Peter Freeman, a free-lance envi
ronmental and development consultant; Jeffrey 
Maclure, a member of the Study's central staff; 
Allan Matthews, a retired foreign service officer; 
Bruce Ross, an ecologist on the staff of the Cen
tral Intelligence Agency; Thomas Lovejoy of the 
World Wildlife Fund, Washington, D.C.; Paul 
Lehr, a Washington-area writer specializing in 
climatological issues; and Richard Hennemuth, 
Assistant Director of the Northeast Marine Fish· 
eries Laboratory, National Oceanic and Atmos-

pheric Administration, Woods Hole, 
Massachusetts. 

Explicit Linkages to Other Elem,•nts of the Gov
emment's Global Model. The Stndy's environ
mental projections were based primarily on the 
medium cases of all of the Study's other projec
tions. Although they were directly used by none 
of the Study's other projections, a serious attempt 
was made to assess how feedback from the com
bined influence of all of the environmental im
pacts would feed back to influence the population, 
GNP, and resource projections. The basic con· 
clusion of this analysis was that feedback from the 
environmental projections would have signifi· 
cantly altered the population, GNP, and resource 
projections if it had been possible to include this 
feedback explicitly. 

Critical Policy and Technology Assumptions. 
With regard to policy and technology, no major 
changes were assumed other than those implicitly 
carried forward from the other study pro jectioo;; 
from which the environmental impact projections 
were derived. 

Brief Description. The origina! plan of the Study 
called for each participating agency to analyze the 
environmental implications :>fits own projections. 
It was assumed that in responding to the require· 
ments of the National Environmental Policy Act, 
each of the agencies would have developed a ca
pacity to analyze the environmental implications 
of its trend projections. As it turned out, most do 
now have some capacity for environmental anal· 
ysis, but only rarely is the capability available for 
examining the environmental implications of long· 
range global projections. As a result, tile envi
ronmental analyses that came appended to the 
agencies' projections, with some exceptions, were 
minimal or nonexistent. Confronted with this sit· 
uation, the Study's central staff was forced to 
strengthen the contributions that had been made 
and to prepare environmental analyses in those 
cases where none had been contributed. A num
ber of consultants assisted to accelerate the work, 
but the extended environmental analysis unavoid
ably delayed the Study. Along the way it became 
clear that the government presently has only a 
very limited analytical capacity for integrated, 
long-term projeci.ions of global environmental 
trends. 

Analytic Methodology. The environmental pro· 
jections were made using the descriptive, deduc
tive, and inductive methods of scholarly and 
scientific research. Whenever possible, the envi
ronmental analyses emphasized the qualititative 
and quantitative aspects of the ability of the en-
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.vironment to support human life and to provide 
goods and services. Particular attention was given 
to situations in which the goods and services pro
vided by healthy environmental systems are 
threatened for large portions of the world's pop
ulation or over large geographical areas. Special 
attention was given to situations where wide
spread or irreversible damage to the environmen
tal systems now threatens to occur. Uncertainties 
were unavoidable in the environmental analysis 
because thel'e are still many gaps in scientific 
knowledge and data in this field. 

The environmental projections or analyses were 
made from two different perspectives. One per
spective started with each of the other (nonen
vironmental) projections reported in the Study 
and analyzed the implications of that projection 
for the environment. This perspective hi analo
gous to that involved in the preparation of the 
environmental impact statements required by the 
National Environmental Policy Act. The other 
perspective started with the overall environmental 
impacts of all the projected trends and analyzed 
the feedback implications of all these environ
mental impacts collectively on each of the other 
(nonenvironmental) projections. The government 
does not routinely perform analysis from this sec
ond (feedback) perspective, but parts of the an
nual Environmental Quality reports of the Council 
on E1~vironmental Quality arc analogous in in
tent. 

First Major Use. The environmental analyses 
were necessarily developed specifically for this 

Study; however, they are based on techniques that 
have been in widespread use for decades. 

Geographic Representation. Like the fisheries, 
forestry, and water projections, the environmen· 
tal projections are complicated by the fact that 
the boundaries of the political jurisdictions re
sponsible for management and data collection do 
not coincide with the natural boundaries of eco
logical systems. Whenever possible, the environ
mental analysis is presented in terms of 
geographical subdivisions that correspond to the 
areas of particular ecological systems (e.g., a river 
basin or watershed). In many cases, data limita
tions made it necessary to use national subdivi
sions in discussing specific examples of problems, 
when ecological boundaries would have been 
more appropriate. 

Temporal Representation. In most cases envi
ronmental impacts are projected to the year 2000. 
They are developed generally from straight-line 
(linear) and from exponential (nonlinear) extrap
olations of past trends, and from inference from 
ecological theory. 

Cases Analyzed. As previously noted, the en· 
vironmental projections were based primarily on 
the medium r.ases of the Study's other projections. 
Although they themselves were not used in de
veloping any of the Study's other projections, a 
special analysis was subsequently prepared dis· 
cussing many of the ianplications of the environ
mental projections with regard to the other 
(nonenvironmental) projections of the Study. 
This special analysis is presented as part of Chap
ter 13. 



15 Population 

Census Projections 
The Burenu of the Census (in the U.S. Depart

ment of Commerce) collects and publishes esti
mates and projections of worldwide population 
gro~h tre~ds ~d demographic parameters, in 
addition to its major task of gathering material on 
tit:: people and economy of '.'ie United States. 
Responsibility for developing these estimates and 
projections rests with the International Demo
~l?h_ic Data C~nter in the Bureau's Population 
Div1s10n and with the Bureau's Foreign Demo
graphic Analysis Division. 

The Bureau of the Census's international de
mographic program was initiated in 1954 but did 
not receive any major impetus until the late 1960s 
when improved statistical support was required by 
the State Department's Agency for International 
Development (AID). Previously, AID relied on 
official U. N. projections, publish.:d every five 
rears, which were sometimes influenced by the 
mterests of member states and were not consid
ered sufficiently timely or flexible to meet the 
policy analysis needs of the Agency. Thus, in 
response to the requirements of AID and other 
federal agencies, the Bureau of the Census estab
lished and maintains a comprehensive set of 
population and related social and economic statis
tics for. all nations of the world, with particular 
emphasis o!l the less developed countries (LDCs). 

Fully reliable mortality and fertility statistics for 
most of these nations are not available from 
conventional sources, such as the official birth 
;llld death ~gisters maintained by most LDCs. 
Therefore, ~n developing population projections 
(w~1ch require these statistics), the Bureau must 
estimate past mortality and fertility rates and 
assess other demographic cor.ditions from incom
plete data, making adjustments where appropriate 
after evaluating all data for possible errors. Only 
efier such adjustments are made are the data 
suitable as a base for making projections. As a 
result, past demographic estimates (as well as 
~uture projections) are based on the professional 
Judgment of the Bureau and may differ signifi
cantly from estimates made by other professional 
organizations. 
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Estimates of past population growth rates (de
rived from estimates of past mortality and fertility 
rates and past population structures) illustrate 
those differences. For example, the Census Bu
reau estimates that the population of the less 
developed world was increasing at an annual rate 
of ~.25 percent in 1975, compared to the U.N. 
estimate ?f 2.34. percent, a figure 4 percent 
greater. Smee estimates of underlying .uortality 
and f ~rtility rates are nearly the same for the two 
agenc!es for 1975, this difference in the growth 
rates 1s presumably due to the different estimates 
~f the population age structure . .:: ')ther organii.a
tlons show much wider differen .. s in their esti
mates of past growth rates in the less developed 
warld. For example, AID estimates a 1975 growth 
ratt: of ! .88 percent and the Environmental Fund, 
2.55 percent. 1 

Projections of the future are even more diver
gent than estimates of the past. Some experts at the 
1978 annual meeting of the American Association 
for the Advancement of Science, for example, 
sugge~ted !h~t by the year 2000, the world may 
c.ontain a bdhon fewer ~ople than shown in projec
tions by the U .~. agencies and other organiz.ations. 
Other experts disagree, pointing to recent increasing 
birth rates in countries as diverse as Taiwan and th., 
United States. y 

Many federal agencies, including the Depart
ments of Agriculture, Energy, and the Interior 
often rely on international population estimate~ 
and projections developed by organiz.ations other 
than the Bureau of the Census-for example, the 
U .N. Population Division or the World Bank
apparently because the U .N. and World Bank 
estimate~ and projections are more widely known. 
Rarely, if ever, have these federal agencies criti
cally compared the Census prcjt".Ctions with those 
developed by other institutions. Other federal 
agencies, particularly AID, make more extensive 
use. of t!te C~nsus estimates and projections, in 
c~ru~nction with those developed by other orga
ruµtions. 

•conversely, the U.N. projects that the LDC population 
growth rate over the 1995-2000 period will be 4 percent lower 
1han in the medium growth Census Bureau projections. 
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Chicago Projections 
At the suggestion of AID's Office of Population, 

for comparative purposes, an alternate set of 
population projections was provided to the Global 
2000 Study by the University of Chicago's Com
munity and Family Study Center. These projecM 
tions (hereafter referred to as the Chicago projec
tions) utilize a methodology that emphasizes the 
potential impact on population size of national 
efforts to provide family planning services. The 
projections are currently being used by AID to 
develop projections of the following critical social 
statistics related to population for selected coun
tries: (1) size of the school-age population, labor 
force, and elderly population; (2) requirements for 
food, housing, schools, jobs, and medical facili
ties; and (3) trends in urbani:zation. 

Both the Census and Chicago projections have 
been presented in Chapter 2. The high-, medium-, 
and low-growth Chicago projections of total popula
tion in the year 2000 are, respectively, 12, 7, and 3 
percent lower than the Census projections. Thes~ 
differences reflect Chicago's lower baseyear esti
mates of population size and ferti~ity an~ ~hic~go's 
assumption that means of regulating fert1hty will be 
available throughout the world on an organized 
basis by the year 2000. 

Because of the need to focus the Global 2000 
Study on a limited number of scenarios and 
because the Census projections were made by a 
federal agency, only the Census projections have 
been used in developing the food and energy 
projections of the Study, which required exoge
nous population projections. Other projection 
methodologies used by the Study (which in many 
cases also required exogenous population projec
tions) made use of various other, independently 
developed, projections. 

Key Analytic Methodology 
Both the Census and Chicago projections are 

based on the cohort-component method of popu
lation projection developed by the Scripps Foun
dation in the early 1930s. This method, now the 
standard procedure for projecting population 
throughout the wnrld, uses exogenous estimates 
of initial population size, disaggregated by age and 
sex, and exogenous age- and sex-specific projec
tions of mortality, fertility, and net migration 
trends in order to produce age- and sex-specific 
projections of population size on a year by year 
basis. The name "cohort-component" refers. to 
the fact that each "cohort" of total population 
(i.e., each group of males or females born ~ ~ 
same year) is treated separately and expbc1tly 

with respect to each major demographic "compo
nent" (mortality, fertility, and net migration). 

Standard statistical procedures were applied to 
develop both the Census and Chicago exogenous 
estimates of initial population and future mortality 
rates. Similar procedures were followed in devel
oping the Census exogenous estimates of future 
fertility rates. But the Chicago exogenous esti
mates of future fertility rates were based on the 
application of a more complex quantitative meth
odology, which relied on different basic assump
tions regarding the principal factors that influence 
fertility rates. Both the Census and Chicago 
projections assume that no migration will occur 
between any countries of the world during the 
period 1975-2000. 

The Chicago methodology for projecting fertility 
trends was first developed at the University's 
Community and Family Study Center in August 
1977, and is still being refined. The preliminary 
estimates dealt with the speed with which family 
planning programs are likely to be adopted by the 
various nations of the world and probable efficacy 
of these programs. These estimates were reviewed 
by a panel of demographic experts in September 
1977. The panel members were critical of many 
aspects of the study and, in general, felt that the 
efficacy of family planning programs was greatly 
overstated. This criticism was supported by addi
tional quantitative analyses already in progress at 
Chicago. 

Adjustments reducing the estimated effects of 
family planning programs on crude birth rates by 
approximately 50 percent were therefore made by 
the Chicago group, and an extensive set of 
population projections for various countries and 
regions vf the world was prepared for the Global 
2000 Study in October 1977, which were roughly 
10-20 percent lower than the Census projections. 
A fmal set of projections for all countries of the 
world was provided to the Global 2000 project in 
February 1978. They included a revision of re
gional projecti~ns, for v:hich only rough es~-' 
tions were available earlier. These are the projec
tions, roughly 5-10 percent higher than Chicag~'s 
previous projections, which are presented m 
Chapter 2. 

Both sets of projections were developed with 
the aid of computer programs written in FOR
TRAN and run on IBM 370/1&! computers. The 
Census cohort-component program consists of 
approximately 1,100 lines of programming instruc
tions, including extensive comments and sup
ported by a program for estimating projected life 
tables of approximately 200 lines and a program 
for estimating projected age-specific fertility rates 
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of approximately 15 lines.• The Chicago cohort
component program consists of approximately 800 
lines of programming instructions, including com
ments. In addition, the Chicago fertility method
ology utilizes a separate 30..linc FORTRAN pro
gram to calculate total fertility rates and a 15-line 
FORTRAN program to transform the total fertility 
rates into age-specific fertility. 

Basic Principles 
The cohort-component methodology is focused 

almost entirely on the following basic demo-
8faphic equation: 
Net population change = births - deaths:!: net migration. 

In order for this relationship to hold, it must refer 
to a fixed territory, and there must be no measure
ment error in any of the components. Regional 
and total world population projections are ob
tained by simply summing the relevant country 
and subregion projections, assumed independent 
of each other. Additions to a population within a 
given area are made when a birth occurs or a 
migrant arrives; conversely, population numbers 
are decreased through death or emigration. 

Factors that determine the rates at which these 
events occur are peripheral to the methodology 
and their influence is almost always exogenously 
estimated. Explicit projections of mortality, fertil
ity, and net migration are required by the cohort
component methodology. However, the factors 
that underlie these projections are usually not 
explicitly specified. Not only are they not pre
cisely quantified, but often they are not even 
precisely identified. The Chicago fertility projec
tions constitute a rare exception to this rule. 
Moreover, with regard to net migration, any 
balancing of projected flows of immigrants and 
emigrants between different populu.tions must be 
performed exogenously if country arid subregion 
projections are to be consistent with each other. 
Consistency was obtained in the case of the 
Global 2000 Study by assuming zero net migra
tion. 

Under the cohort-component methodology, 
population projections are developed exclusively 
on the basis of (1) an initial estimated population 
structure for a given base year, in terms of the 
various population cohorts by sex, and (2) a set of 
exogenous projections of mortality, fertility, and 

• Estimation of base-year demographic parameters by the 
Bureau of the Census is also accomplished making use of 
the computer programs presented in the Bureau's Computer 
Programs for Demographic: Analysis, by E. Arriasa, P. 
Anderson, and L. Heligman, (Washington, GPO, 1976). 

net migration rates for each year covered by the 
projection, specified for each of the various popu
lation cohorts. A cohort of population (or, more 
properly, a birth cohort) is the total number of 
males or females within a population born in the 
same year and therefore of the same age, though 
cohorts can also be specified for periods 1Jther 
than a year. For example, a 5-year cohort would 
refer to the group of males or females within a 
population born during the same 5-year period. 

Projections are developed sequentially on a 
year by year basis, starting with a base-year 
estimate of the population structure of the region 
or country. Each cohort is projected to age a year 
according to its exogenously estimated mortality 
rate (expressed in terms of a survival ratio) and 
any exogenously estimated net migration (which 
may be expressed eithe1· in terms of a rate or an 
absolute number). Births are calculated by multi
plying each fem ale cohort in the fertile ages by its 
exogenously estimated fertility rate for that year 
(expressed in terms of annual births per thousand 
women of a given age group). These calculations 
produce a new population structure, which differs 
from the original base-year structure and is used 
as the new base year for calculating the subse
quent year's population structure. 

Because mortality, fertility, and net migration 
rates are exogenously estimated for all years 
covered by the projection in advance of any 
calculations to project overall population structure 
for those years, the cohort-component methodol
ogy implicitly assumes that age-specific mortality, 
fertility, and net migration rates are not directly 
related to overall population structure. For exam
ple, although the total number of births projected 
for a given year is dependent on the number and 
age composition of fertile women just projected 
for the preceding year, the fertility rates them
selves are independent of other population statis
tics. This means, in effect, that the probability of 
a woman having a child in a given year is assumed 
to be independent of the ratio of men to women 
or the ratio of dependents to persons of working 
age. 

The cohort-component methodology also im
plicitly assumes that exogenously estimated mor
tality, fertility, and net migration rates are not 
directly related to the impact of future population 
size and stmcture on the allocal :on of economic 
resources or the development of: ocial policy. For 
example, although exogenous pr<'Jcctions of mor
tality rates are implicitly based on projected trenr.".s 
in economic growth and the modernization of 
social programs, they are not explicitly based on 
precise, quantitative relationships involving any of 
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the following variables: per capita income; re
quirements for food, housing, schools, jobs, or 
medical facilities; likely welfare expenditures (ex
plicitly taking into account a country's projected 
investment and foreign exchange requirements); 
the influence of environmental factors; and poten
tial fundamental economic, social, or political 
change. 

Most demographers making use of the cohort
component methodology agree that many of these 
relationships are important detenninants of popu
lation structure. However, they also point out that 
there is no general agreement among demogra
phers as to what kind of influence each of these 
factors has on mortality, fertility, and net migra
tion. Agreement is also lacking on how such 
influences should best be represented quantita
tively in tenns of equation structures and on the 
values that should be given to coefficients and 
exponents within pa11icular equations. 

Some demographers emphasize the importance 
of a country's cultural context, social norms, and 
general economic situation in detennining fertility 
levels and trends. Many of these argue that high 
fertility rates can be projected to decline only if 
other major social changes are concurrently pro
jected. These might include the achievement of a 
large per capita increase in national income, a 
more equitable distribution of national income, a 
widely available good health care system, in
creases in the number and scope of opportunities 
for women, improved opportunities for educating 
children, and the attainment of means-other than 
large families-of guaranteeing security in old age. 

Other demographers emphasize the importance 
of facilitating the direct regulation of fertility itself 
through the practice of contraception, sterilization, 
or abortion. Many assert that changing socioeco
nomic contexts can have little influence in reduc
ing high fertility rates if information and technolo
gies related to fertility regulation are not widely 
available. They also point out that projecting the 
implementation of effective national programs to 
make them available implicitly assumes that the 
other improvements in socioeconomic conditions 
will be occurring at the same time. 

Still other demographers question whether mak
ing available infonnation and technologies related 
to regulating fertility is likely to have much 
influence in producing significant fertility rate 
reductions in many countries with strong pro
natal'.st traditions. Some point out that higher per 
capita incomes appear to be associated with 
higher fertility rates in many LDC populations. 

Demographers also point out that there is little 
general agreement among economists and social 

scientists as to the influence of population size 
and structure on the economic and sociologic 
variables that might, in tum, influence population 
size and structure. Some ecc. .. omists assert that 
high population growth creates pressures on lim
ited natural resources, reduces private and public 
capital formation, and results in additions to 
capital resources being used to maintain, rather 
than increase, the stock of capital per worker. 
Others point to positive effects, such as econo
mies of scale and specialization, the possible ~pur 
to favorable motivation caused by increased de
pendency, a.id the more favorable attitudes, ca
pacities, and motivations of younger-compared 
with older-populations. 

Thus, rather than pick a set of explicit relation
ships that might not be readily defensible on an 
individual basis, Census Bureau demo3raphers 
prefer to state that levels and trends in mortality, 
for example, are related to many factors, including 
the quantity and quality of food and housing, the 
degree of various economic pressures, the availa
bility of medical knowledge, personnel, and sup
plies, and the extent of public health programs. 
They project levels and trends in mortality exoge
nously as summary statistics with no specific 
accounting for the individual influence of each of 
these factors and indicate that it may often be 
inappropriate to revise these exogenous projec
tions to take into account different assumptions 
regarding any one variable (for example, food 
availability). According to the Census demogra
phers, given the large number of factors that 
detennine mortality, different reasonable assump
tions regarding food availability could all be con
sistent with previously projected mortality as
sumptions. 

For similar reasons, both the Census and Chi
cago projections for the Global 2000 Study assume 
that net migration between countries after 1975 
will be zero. This assumption in part reflects a 
decision to simplify the projections and meet the 
deadlines set by the project. The cohort-compo-, 
nent methodology requires that the careful balanc
ing of flows of immigrants and emigrants between 
separate populations be performed exogenously
a laborious process that the methodology does not 
facilit~~e. Moreover, statistical material related to 
past international migration is largely incomplete 
and unreliable so that simple trend extrapolation 
is difficult and of limited usefulness. 

However, the zero net migration assumption 
also reflects the fact that there is only limited 
agreement among economists or social scientists 
as to what causal factors (in what equations with 
what coefficient or variable valuesJ are, or are 
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likely to be, the main dete1minants of international 
migration trends under various circumstances. As 
it happens, the zero net-migration assumption has 
been approximately valid for most nations of the 
world in the past but has been clearly invalid for 
several-of which the United States is one of the 
most conspicuous. The assumption of zero 'let 
migration for the period 1975-2000 is thus based 
more on lack of time, resources, data, and theory 
than on a belief that this component will actually 
remain zero. Projecting major international migra
tions, of course, could have h'ld a significant 
impact on many of the other projections devel
oped for the Global 200..1 Study. But projecting the 
magnitude and direction of such migrations, as in 
the case of projei:ting the dimensions and direction 
of climatological change, would have been some
what arbitrary an1d extremely uncertain. 

Many der.~ographers feel that hlghly uncertain 
relationshlps should not be specified explicitly in 
developing population projections. The methodol· 
ogy, they feel, should either treat such relation
shlps implicitly in developing exogenous mortality,. 
fertility, and net migration projections, or it should 
disregard them altogether. The Chicago fertility 
projection methodology represents "'' exception 
to this rule. It makes comparat.ively daring as
sumptions regarding the widespread adoption and 
efficacy of family planning programs, expressing 
these assumptions in explicit, quantitative tenns, 
and it uses the fertility projections thus obtained 
as exogenous inputs for making population projec
tions. 

The Chlcago fertility projection methodology is 
based on five major assumptions: 

I. Two major factors in dete1mining the future 
course of a nation's fertility are the date at which 
it sponsors a national program to distribute fertil· 
ity regulation ervices and the level of effort at 
whlch it implements that program. 

2. Countries with no family planning progr~1s 
now may be expected to begin at least we.'! 
{;artial) programs within the very near future, anu 
nations with weak or moderate family planning 
programs may be expected to strengthen them 
substantially. By the end of the century, every 
nation on earth is expected to have at least some 
kind of a substantial public or private planning 
effort. 

3. Steady but not necessarily spectacular prog
ress may also be expected in other areas of 
economic and social development (i.e., efforts to 
reduce infant mortality, promote adult literacy, 
raise the standard of living, and promote commu
nity development will continue at about present 

rates). In other words, rapid fertility decline does 
not result solely from economic development or 
family planning progress but from both at once. 

4. The projected rate of fertttity decline will be . 
directly proportional to the amount of family 
planning effort and the quality of those efforts. 
which, in tum, encompasses some variation to be 
found across continents, cultures, religious 
groups, and levels of economic activity. 

5. The pace of decline off ertility will be that of 
a reverse S curve. When birth rates are high and 
family planning programs are still gaining social 
acceptance, the pace will be slow. As birth rates 
fall to lower levels, the rate of decline will 
accelerate to a maximum when the crude birth 
rate is between 20 and 38 binhs per thousand 
members of the total population. In thls interval, 
the pace may be very rapid. When the crude birth 
rate reaches the lower 20s, complete saturation of 
contraception will have been approached. Non
adopters at thi!°) point will likely be young people 
starting families and a few reactionary late adop
ters. Fertility decline will continue, but at a 
decelerating rate until it reaches a replacement or 
near-replacement level. 

These assumptions are explicitly quantified in a 
set of tables that present projected declines in 
total fertility rates over the 1975-2000 period as a 
function of the 1975 estimated values for (I) the 
total fertility rate and (2) the level of effectiveness 
of family planning programs withln a given coun
try or region. Only one set of tables is used to 
project fertility declines for all regions and coun
tries fc.,r a given scenario; each of the three Global 
2000 Study scenarios has its own set of tables. 
Only declines can be projected; no events or 
trends projected to occur after 1975 affect the 
fertility projections, which are solely a function of 
the two 1975 statistics noted above. The differtnt 
sets of tables used to create the different scenarios 
embody different assumptions regarding the pace 
at which family planning programs might be 
adopted or strengthened and the projected effi· 
ciencies of the program. The tables were devel
oped by the Chicago staff on the basis of statistical 
analyses of selected countries and critical review 
by other demographers. 

Many demographers have suggested that the 
Chicago fertility projection methodology overem
phasizes the influf'ncc cf family planning programs 
on fertility rates, but few have FOposed alterna
tive methodolof)es to account for the influence of 
these programs i1• combinatkm with other factors. 
In fact, most demographers, though they argue 
that the causality is more complex, agree with 
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assumptions I and 2 above regarding the wide
spread adoption of family planning programs by 
the year 2000 and the subsequent decline in 
fertility, though they argue that the causality is 
more complex. For example, the Census fertility 
projections · were based 011 the following set of 
assumptions, which resembles the fertility as
sumptions used in preparing the U. N. population 
projections: 

I. The less developed countries will continue to 
make moderate progress in social and economic 
development during the 1975-2000 period. 

2. Fertility rates will decline as LDCs undergo 
social and economic development. In the long 
run, fertility rates will decline more or less contin
uously, though some temporary plateaus may be 
encountered. 

3. Almost all countries that do not already do 
so will make family planning services available to 
an appreciable portion of the population during 
the 1975-2000 period, and countries with family 
planning programs now in operation will extend 
coverage, particularly in rural areas. 

4. Knowledge and methods of limiting family 
size will become better known and will be better 
used among populations that wish to reduce 
fertility, and expansi :>n of th(;se practices will 
expedite the process of fertility decline. In coun
tries where rapid social and economic progress 
and strong desires for smaller families coincide, 
fertility decline will be very rapid. 

Both the Census and Chicago assumptions 
(regarding projected fertility declines) may suggest 
to some that these fertility declines will be accom
panied by equally rapid, concomitant declines in 
population growth rates in most countries. While 
declining growth rates are projected for some 
countries, it should be noted that although fertility 
rates declined in most regions of the world over 
the 1960-75 period, total world population grew at 
almost exactly the same rate during 1970-74 as 
during 1960-70 (J.9 percent per year), as shown in 
Figure 15-1. It is not surprising, then, that al
though the Study assumes declining fertility rates 
for most countries over the 1975-2000 period, 
world population growth is projected to continue 
at a constant rate (1.8 percent per year) over most 
of this period (1975-95) in the Census medium
gl'Owth projections. This assumes that in Bangla
desh, for example, fertility rates will decline 
roughly 40 percent over the 1975-2GOO period; it 
also assumes, in contrast, that fertility rates will 
increase 20 percent in the United States and IO 
percent in Western Europe over the same period. 

·eoth the Census and Chicago projections prem
ised their· exogenous projections of declining 
worldwide f ertilitv rates on a continuation of 
recent trends of improvement i.n economic and 
social welfare. Yet the GNP projections for the 
Global 2000 Study show rates generally below 
recent historic experience. For some very poor 
countries, per capita GNP and per capita food 
consumption growth rates are in fact projected to 
be negative for the latter period. 

Moreover, the fertility and mortality projections 
also assume that, although moderate progress will 
be made in improving means of both death and 
birth control, no major technical breakthroughs 
will occur. This is not considered unreasonable in 
view of the fact that breakthroughs, the major 
determinant of the decline in fertility and mortality 
will be the extent of diffusion of existing technol
ogies throughout the population, especially in 
rural areas. A further as:i.i.!mption implicit in both 
sets of population projections is that the extent 
and rate of diffusion of existing technologies will 
be greatly influenced by the abilities of govern
ments to diffuse such technologies through family 
planning and public health programs. 

As a result, although improvements in birth 
control technology-for example, an oral contra
ceptive with fewer side effects, a pill that could 
be taken less frequently, a male pill, or reversible 
sterililation-may occur, as well as improvements 
in mortality--reduction technology, such as simple, 
easily applied, effective means for controlling 
gastroenteritis or eliminating schistosomiasis-it is 
unclear whether these technological advances will 
have an important effect on fertility and mortality 
levels by the year 2000. Accordingly, they are not 
represented in the projections. 

It has also been implicitly assumed that there 
will be no technological regression (for example, 
no further accumulation of evidence of harmful 
side effects of birth control pills or of sterilization 
or no major loss of effective means of controlling 
smallpox). Technological breakthroughs or regres
sions would only move the projections slightly 
closer to the low or high series considered likely 
to form the upper and lower population limits, 
according to the demographers who prepared the 
projections for the year 2000. 

Basic Components 
In terms of the requirements of the Global 2000 

Study, the cohor•.-component methodology pro
duces explicit est!mates of future population 
growth based on exogenous estimates of mortal
ity, fertility, and net migration (although the pro-

/ 
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j<w.;tions developed for the Global 2000 project 
assume zero net migration). The Chicago projec
tions are based on a more explicit fertility fore
casting methodology, devised from exogenous 
estimates of the rate of implementation and likely 
efficacy of family planning programs. Neith~r 
methodology takes explicit account of economic 
growth, resource requiremt:.ats and availabilities, 
or environmental impacts. However, both 
methodologies assume tl"tat recen\ trends related 
to these factors will continue without major ad
justment or disruption. 

Specifically, the cohort-component methodol
ogy used in developing both sets of projections is 
executed by a dynamic computer-based model 
performing calcuidtions on a year by year basis. 
Population projections are developed independ
ently for individual countries er r~gions. The 
Census and Chicago projections prepared for the 
Global 2000 Study were developed separately for 
the 23 countries and subregions listed in Table 
lS-1. The selection of the countries and subreg
io·ns was made by the staff of the Global 2000 
Study. 

The 12 LDCs for which separate projections 
were made represent about 75 percent of the 
current total population of the less developed 
regions. A geographic perspective on the method
ology underlying these projections is provided in 
one of the colored maps Ufd to illustrate the 
discusdon in Chapter 14. Projections were pre
pared for each of the 25 years in the 1975-2000 
period, and are summarized in Chapter 2. Each 
projection reports the total population by age and 
sex. Age is specified in terms of 5-year cohorts. 

A high-growth, a medium-growth, and a low
growth projection were developed for each geo
graphic entity, representing the highest, the me
dium, and the lowest population counts that could 
reasonably be expected in future years, given 
present trends and knowledi:;e. Actual population 
growth is e;.;pected to follow a path close to the 
medium projection. · 

The three projections originate from single base
year estimates of population age structure, mortal- . 
ity, and fertility, although the Census and Chicago 
projections in many cases use significantly differ
ent estimates as well as different base years. 
Generally, 1975 was used in both sets of projec
tions, when reasonably fum estimates of popula
tion size and fertility and mortality levels could be 
established for that year. Otherwise, an earlier 
b&se year W&s selected. The Census projection's 
treatment of the People'~ .{epublic of China is the 
most prominent example of a case where the 
selection of an earlier base year was of major 

TABLE lS-1 

Regtons, Subregions, and Countries for Which 
Population Projections Were Developed 

Region 

Africa 

Asia and Oceania 

Latin America 

U.S.S.R. and Eastern 
Europe 

Northern America, Western 
Europe, Japan, Australia 
and New Zealand 

Subregions and 
Countries~ 

Egypt 
Nigeria 
Remainder of Africa 
People's Republic of China 
India 
Indonesia 
Bangladesh 
Pakistan 
Philippines 
Thailand 
South Korea 
Remainder of Asia and 

Oceania (excluding 
A11stra/fa and New 
Zealand) 

Brazil 
Mexico 
Temperate South America 
Remainder of Latin 

America 
u.s.s.R. 
Eastern E11ropr h including 

Albania and Yugoslavia 
U.S. and Canada, including 
. Greenland, Bermuda, St. 

Pierre, and Miquelon 
Western Europe• 
Ja;Jan 
Australia 
New Zealand 

•Countries i.1 ltlllics are "more developed." All others are ''less developed." 
• Eastern Europe lncludn Bulgaria. Cuchos/ovak/a, Grrman Drmorrallr 
Rrpuh//r, HunJlary, Poland, and Romania. 
'Western Europe indudes Channrl Islands, !Jrnmarl. Farror Islands. Fin· 
land. Irr/and, luland, /sir of Man, Nor"'a)'. SM·rdrn, Un/ltd Kingdom. 
Andorra, Gllbra/1ar. Grttct, Italy, Malta, Poflugal, San Marino. Spain. 
Austria. Brig/um. Franrt, Ftdtral Rtpubllc of Gtrmony, l/trh1tnstrln. Lux· 
tmbourg, Monaco, Nt1l1trlands. and s ... t1trrla11d. 

significance in shaping the three Census projec
tions. The most recent year for which reliable 
data was available for China was 1953. Hence, for 
1975, three estimates of China's population have 
been projected by the Bureau of the Census from 
the 1953 base year, whereas the Chicago projec
tions use the same projection of Chinese popula
tion growth from 1953 to 1975. 

The high, medium, and low Census projections 
for each country and subregion use the same 
exogenous set of mortality projections. (China is 
the single exception to this rule, because of the 
great uncertainty associated with all Chinese de
mographic data.) Each Census projection also 
uses the same exogenous set of migration projec
tions-namely, that net migration after 1975 be-

I• l 
·' (' ' ;;, \ 
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tween all countries will be zero.* Only the exoge
nous fertility projections are varied to produce the 
three population projections for each region ard 
country. 

The Chicago projections were developed in 
much the same way. They also assume zero net 
migration, but generally use different base-year 
estimates and different mortality and fertility pro
jections. For the purposes of the Chicago fertility 
projections, each country covered was further 
identified as having a strong, moderate, weak, or 
no family planning effort, based on World Bank 
assessments. 

As previously noted, much of the data underly
ing both projections is neither of good quality nor 
very timely. Theoretically, annual data on popu
lation growth or natural increase can be obtained 
from national vital registration systems or ongoing 
continuous surveys, but in practice n~ither of 
these two data collection systems is prevaient in 
the LDCs. Of 52 LDCs in a recent Census Bureau 
Study,2 only eight currently have vital registration 
syst.!ms for birth and death data that are at least 
90 percent complete. With the exception of Sri 
Lanka, all of these countries are in Latin America 
(Chile, Costa Rica, Guatemala, Guyana, Jamaica, 
Panama, and Uruguay). An additional five coun
tries (Egypt, Tunisia, El Salvador, Nicaragua, and 
the East Bank of Jordan) have registration of 
births (but not deaths) with an estimated com
pleteness of as least 90 percent. Six countries 
have ongoing continuous surveys, of which three 
(Lesotho, India, and Brazil) are currently collect
ing data that may be used to estimate growth rates 
or rates of natural increase on an annual b:tsis. 

In the absence of reliable data from vital 
registration systems and continuous surveys, 
countries must rely on censuses and ad hoc 
surveys for estimating levels and trends in popu
lation growth. By using the censuses conducted 
during the 1956-76 period, intercensal growth 
rates can be derived for 35 of the 52 countries 
reviewed. Egypt, Tunisia, the Republic of South 
Korea, and the Philippines each conducted more 
than two censuses during this period; therefore at 
least two intercensal growth rates can be com
puted for each of these countries. 

Most of the countries reviewed have conducted 
at least one census or survey that collected data 
on both births and deaths; therefore they have 
estimates of population growth for at least one 

*For three countries in the Census proje,:tions (Mexico, the 
Philippines, and South Korea), migration through 1975 was 
projected in developing 1975 base year estimates utilizint, 
earlier demographic data. 

point in time. Only four countries &,f've conducted 
two or more such censuses, am. 10 have con
ducted two or more surveys that collected such 
data. Thus, it is possible to obtain estimates of 
the trend in population growth for only a few of 
the 52 countries. Trends in the fertility component 
can be estimated for an additional 18 countries 
that collected data on births from two censuses, 
and for 15 countries that collected data on births 
from two or more surveys. None of these data 
collections, however, provides annual estimates of 
the level or trend in population growth or the 
components of change. 

Existing vital registration systems afford the 
greatest potential for supplying regular and timely 
estimates of change; however, the ti.me lag be
tween collection and availability of data is often 
several years (for census data it is sometimes as 
great as six years, for survey data, generally only 
one to two years). While censuses and surveys 
may be taken at regular intervals, they cannot 
provide annual estimates of population growth. 
With the exception of those few countries which 
have reliable vital registration data, demographers 
are only now receiving enough information to 
measure population changes that occurred in the 
late 1960s and early 1970s. 

Basic Procedures 

Endogenous Population Siz:e Projections 

The following steps are followed by the Census 
Bureau's cohort-component program in develop
ing population projections for a given country or 
region: 

J. Begin by feading in the exogenous base-year 
estimates of the number of males and females in 
each 5-year cohort of the population (for example, 
the number of males aged 20-24). 

2. Disaggregate these base-year estimates so 
that they are specified in terms of each single-year 
cohort of the population (for example, the number 
of males aged 20). This disaggregation is accom
plished using an interpolation function that gert::r
ates a smooth convex curve relating decreasing 
cohort size to increasing cohort age. 

3. Then read in the exogenous mortality, fertil
ity, and net migration, and fertility statistics esti
mated to be applicable to the base-year population 
during the base year. Mortality and net migration 
statistics are specified for each 5-year cohort of 
males and females, while fertility statistics are 
specified for each 5-year cohort of fertile females 
(for example, births per thousand females aged 
J5-J9). 
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4. Disaggregate these mortality and net migra
tion statistics so that they are specified in tenns of 
each single-year cohort of the population. The 
mortality statistics are disaggregated using an 
interpolation function that generates a smooth 
convex curve relating decreasing survival ratios to 
increasing cohort age. The net migration statistics 
are disag.~regated using an interpolation function 
that generates a skewed normal pattern with 
increasing cohort age, reflecting the assumption 
that most migration occurs in the working-age 
cohorts. The fertility statistics do not need to be 
disaggregated as annual births can be estimated 
by . simply applying the annual average fertility 
rate for a 5-year cohort to the number in the 
cohort. 

5. Read in the mortality, fertility, and net 
migration statistics projected as applicable to a 
somewhat changed population during a future 
year. As before, mortality and net migration 
statistics are specified for each 5-year cohort of 
males and females, while fertility statistics are 
specified for each 5-year cohort of females in the 
fertile ages. 

6. Disaggregate the new mortality, fertility, and 
net migration statistics so that they are specified 
in terms of each single-year cohort of the popula
tion using the same disaggregation procedures 
described in step 4. 

7. Calculate mortality statistics for the interven
ing years, using simple linear extrapolation. 

8. Calculate net migration statistics for the 
intervening years, using simple linear extrapola
tion. 

9. Calculate fertility statistics for the intervening 
years, using simple linear extrapolation. 

10. Calculate successively, for each year for 
which mortality, fertility; and net migration statis
tics have been projected, the number of males and 
females in each single-year cohort of the popula
tion, according to the foPowing sequence: 

(a) add in half the year's net migration, which 
may be positive or negative; (b) survive the 
population forward a year according to pro
jected survival ratios; (c:) add in the other half 
of the year's net migration; (d) deten11ine the 
number of new births by taking the projected 
number of females in each fertile cohort during 
the year, averaging the number before ami after 
the migration and survival calcul&Hons are 
made, and multiplying by the appropriate fertil
ity rate; (e) detcnnine the number of surviving 
newborn infants at the end of the year, using 
the relevant projected survival ratio. 

11. Use as the new base-year estimate the 
number of males and females in each single-year 
cohort of the population, as most recently pro
je-:ted, and repeat steps 5 through 11 until popu
lation figures have been calculated for all the 
years for which a projection is desired. 

A similar sequence of steps is followed by the 
Chicago cohort-component program. 

Population Size: Egyptian Example 
/11 much of the rest of this chapter, Egypt has 

been used as an example to delineate similarities 
a11d differe11cs between the Census and Chicago 
uses of the cohort-compo11e11t methodology. Dif
ferences in these examples poillf up, among other 
things, the extellt to which pr.ojecting population 
statistics is a11 art mther than an exact science. 

Growth in the size of the Egyptian population 
as projected by the Census use of the cohort
component methodology is presented in Figure 
15-2. As can be seen, Egyptian population grew 
at an average annual rate of 2.4 percent during the 
1950-75 pr.riod :me ;;; projected to grow at almost 
the same rate (2.3 ± 0.4 percent), during the 
1975-2000 period. 

The same example from the Chicago projections 
(Fig. 15-3) shows a significantly lower annual 
growth rate for Egypt during the 1975-2000 period 
(1.8 ± 0.1 percent) than either past experience or 
the Census projections indicate. Both the Census 
and Chicago projections estimate that in the year 
2000, Egyptian population will constitute 1.0 per
cent of world population. 

The projections diffc::r because they are derived 
from different base-year estimates of Egyptian 
population size in 1975 and make use of different 
exogenous projections of mortality and fertility 
rates. The Census 1975 population size estimate is 
lower than the Chicago estimate and the Census 
mortality rate projections are lower, but the Cen
sus fertility rate projections are higher, producing 
generally higher population size projections for 
Egypt in the year 2000. Both projections assume 
that no net migration will occur, no new technol
ogies related to fertility or mortality rates will be 
developed, and recent trends in economic grc-:.-::1 
and modemi:zation will continue. 

The difference between the two estimates of 
Egyptian population size on July 1, 1975, arises 
because the Chicago projections are based on 
World Bz11k estimates of the 1975 population. In 
contrast, the Census projections are based on the 
preliminary count of the November 1976 Egyptian 
census (adjusted backward to July 1, 1975, based 
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Figure 15-2. Egyptian population growth, 1950-2000, Census projections. Figures for 1950-75 arc from World Populal{on 
1975: Recent Demographic Estimatts for th' Countries and Regions of the World, Bureau of the Census, 1976. Estimates were 
updated for the Global 2000 Study, resulting in a discontinuity at 1975 in the 1950-75 population time series. A revised, 
consistent 1950-75 time series is being prepared in conjunction with the Bureau's World Population: 1977, to be published in 
1978. 

on registered births and deaths, with births ad
justed for 2 percent underregistration and deaths 
adjusted for 4 percent underregistration). Since 
only a preliminary census total was available, the 
census was not adjusted for coverage error. Be
cause no age distribution from the 1975 census 
was available, the age distribution for 1975 from 
the U .N. medium variant projections was also 
accepted as the base-ye~· age distribution for the 
Bureau of Census projections as well as for the 
Chicago projections. 

Exogenous Mortality Rates 

Both the Census and Chicago projections make 
use of the same two-step procedure in developing 
exogenous projections of mortality. First, target 
life expectancies at birth are projected at 5-year 
intervals over the period for which the forecast is 
to be made. Then, these figures are translated into 
survival· ratios over the 5-year period for each 5-
year cohort of the popuhtion (for example, males 
aged 20-24). 
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Flpre 15-3. Egyptian population growth, 1950-2000, Chicago projections. 
Figures for 1950-70 arc from World Bank Atlas, 1976. 

Target life expectancies at birth for each coun- pher. For example. where trends in mortality 
try are dev~toped in one of two ways. For some change can be detected. they are judgmentally 
c~untries. a tar8et life expectancy at birth is extrapolated. Where projections of life expectancy 
chosen for the yt~ar 2000. with life expectancies in the year 7,000 are made by the country con-
for the interveninlt years obtained by assuming a cemed and judged reliable, thos~ projections are 
reasonable pattern of change in mortality. For used. In fact, consideration is always given to 
other countries, the pattern and degree of change national projections and those made by interna-
in mortaHty from year to year is projected, with tional organizations and to analyses of mortality 
the ev~ntual life expectancy in the year 2000 trends that have occurred in similar countries in 
iulUng out of this process. the same region that have already experienced 

The choice of method depends on the nah.:re of that portion of the mortality transition relevant to 
available data and the judgment of the demogra- the countrie~ :mder consi11eration. 
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The Chicago mortaJity projections are derived 
in part from U .N. studies of trends in mortaJity 
decline and projections of future declines in mor
tality, assuming that national and international 
efforts to provide health and medical care to the 
population continue. They are also derived from 
World Bank adjustments to the U.N. projections, 
which are based on the observation that in recent 
years declines in mortality have not been as great 
as those anticipated by the United Nations in 
certain countries, especially LDCs. In most cases, 
these revisions have been reviewed by the United 
Nations, and future U.N. projections are expected 
to reflect the slower progress in mortality reduc
tion encountered in recent years. In developing its 
projections, Chicago accepted the World Bank 
adjustments of U.N .. mortality projections without 
further change. The Census Bureau, in developing 
its projections, used the World Bank adjustments 
as points of departure for further adjustments or 
as points of reference for independently developed 
projections. 

Mortality Rates: Egyptian Example 

In the case of Egypt, for example, the Census 
and Chicago projections are based on slightly 
different P.xogenous estimates of life expectancies 
at birth in 1975 and on slightly different exogenous 
estimates of increase in life expectancies at birth 
to the year 2000. These differenres are based on 
the different professional judgments of demogra
phers at the Bureau of the Census and at the 
World Bank (the Bank's mortality vrojections are 
used by Chicago). These exogenous projections 
are considered by their authors to be roughly 
consistent with the comparable past experience of 
other representative LDCs that have moved 
through levels of economic and social develop
ment that the Census and Chicago projections 
assume will be iipplicable to Egypt in the future 
(in contrast to the lower economic growth projec
tions presented in Chapter 2). 

In general, projections of future life expectan
cies at birth are judgmental and are often extrap
olated directly on graph paper by a hand-drawn 
curve or line, as shown in Figure 15-4, based on 
the results of the analysis previously discussed. 
They are not based on any explicitly defined 
quantitative relationships involving factors other 
than life expectancies or increases in life expect
ancy. It should be noted, incidentally, that when 
life expectancies at birth are projected for subse
quent use by the cohort-component methodology, 
they are projected separately for males and fe
males and are not averaged for summary presen
tation as they are in Figure 15-4. 

Usually, life expectancies at birth are projected 
to rise more or less continuously, and related 
crude death rates are similarly projected to decline 
more or less continuously. Thus, although Egyp
tian crude death rates appeared to reach a plateau 
in the early 1970s, as shown in Table 15-2, future 
plateaus of this sort are not generally anticipated 
in either set of projections for any country or 
region. 

Once target life expectancies for males and 
females at birth are projected for a given region or 
country, they are translated into survival ratios 
for 5-year male and female cohorts of all ages 
using four sets of Coale-Demeny regional model 
life tables3 labeled West, East, North, and South. 
Each set contains 24 tables, calculated for males 
and females separately, with equal spacing of the 
values of life expecta11cy at birth for females, 
ranging from 20 !'P.ars (level I) to 77.5 years (level 
24). The mortaJity levels in the male tables differ 
from those in the female tables with which they 
are paired, reflecting the typical relationship be
tween male and female mortality in particular 
populations. 

These tables are used to translate life expectan
cir::s at birth to survival ratios for the variously 
~ed cohorts. Although in some cases the Census 
Bureau used these survival ratios without altera
tion, for most of the individual projections pre
pared for the Global 2000 Study, the pattern of 
change in survival ratios (as life expectancy 
changes) implied by the Coale-Demeny tables is 
used to· adjust the empirical life tables available 
for the base date. The East tables are based 
m.unly on Central European experience, whereas 
the North and South tables wi.•re derived from life 
tabtes of Scandinavian and South European coun
tries, respectively. The West tables, on the other 
hand, 'U"e representative of a broad residual group, 
including Canada, the United States, Ar Aralia, 
New Zealand, South Africa, Israel, Japan, and 

TABLE 15-2 

Egyptian Crude Death Rates, 1950-75 

Death Rate 
per 

Thousand 

19SO-S4 
19SS-S9 
1960-64 
196.5-69 
1970-74 
1972 
1973 
1974 
197S 

21.6 
19.9 
18.0 
IS.8 
13.7 
13.2 
13.8 
13.0 
12.2 
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Figure 15-4, Projected Egyptian life expectancies, 1950-2000, medium growth case. Figures for 1950-65 arc from V. G. 
Valaorgs, Population Analysis of Egypt, 1950-70 (with Special Reference to Mortality), Cairo Demographic Centre 
Occasional Paper No. 1, Cairo, 1972, Tables 18-21. 

Taiwan, as well as a number of countries from 
Western Europe. 

The differences in the age and sex patterns of 
mortality in the four regional models are slight in 
some respects. pronounced in others, and vary in 
character with levels of mortality. Thus, no simple 
rules can summarize the extent to which the use 
of one set instead of another will affect the 
outcome in any particular application. 

Thus, in the case of Egypt, the Census and 
Chicago projections are based on slightly different 
disaggregations of slightly different life expectan
cies at birth. The Census projections are disaggre
gations developed from the North model life 
tables (corresponding to Scandinavian experience 

of the early and mid-20th century), whereas the 
Chicago projections developed from the South 
tables (corresponding to South European experi
ence of the early and mid-Wth century). Infant 
mortality levels arc higher in the South than in the 
North tables. These differences, based on the 
differing professional judgments of demographers 
at the Bureau of the Census and the World Bank. 
are summarized in Table 15-3. 

Exogenous Fertility Rates: Census 

As already noted, the Census and Chicago 
projections are based on exogenous fertility pro-
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TABLE 15-3 

Age-Specific Egyptian Mortality Estimates, 1975 
(Probablllty 11/ s11nfral hetll'een 5-yeur cohorts) 

Males Females 
5-Year Cohorts 

Census Chicugo Census Chicago 

0-4 to .5-9 .9.HJO .92858 .97729 .93971 
.5-9 to W-14 .97991 .98542 .98968 .98601 
W-14 to 15-19 .98338 .98751 .98999 .98720 
15-19 to 20-24 .97709 .98119 .98509 .98270 
20-24 to 25-29 .97242 .97729 .98207 .97937 
25-29 to 30-34 .97085 .97588 .981!0 .97751 
30-34 to 35-39 .96797 .97278 .97922 .97554 
3.5-39 to 40-44 .96255 .96700 .97558 .97252 
40-44 to 45-49 QS437 .95770 .%955 .96831 
45-49 to 50-54 .94.:.: .94345 .95843 .95955 
50-54 to 55-59 .92249 .92133 .94288 .94390 
5.5-59 to 60-64 .89358 .88682 .911!55 .91506 
60-64 to 6.5-69 .84662 .83434 .87763 .86544 
6.5-69 to 70-74 .77613 .75282 .81600 .78531 
70-74 IQ 75-79 .67664 .63614 .72546 .66586 
The"." .• Iler .42108 .42065 .46330 .44643 

~ections developed very differently. However, as 
m the case of mortality projections, both make 
use of a two-step procedure in developing exoge
nous prruections of fertility. First, total fertility 
rates are projected over the period for which the 
forecast is to be made (at 5-year intervals in the 
case of the Census projections and yearly in the 
case of the Chicago projections). These total 
fertility rates are then disaggregated into age
specific fertility rates for each 5-year cohort of 
famales in the fertile ages (for example, females 
aged 15-19). 

In the case of the Census projections, no 
!11athemati~al model of fertility change was used 
m developmg the total fertility rate projections. 
Instead, the projections were made on a judgmen
tal basis by demographers who have worked with 
the demographic and related socioeconomic data 
for the individual countries for a number of years. 
For the less developed countries for which indi
vidual projections were made, the demographer 
set the target fertility levels and paths of fertility 
decline by taking into consideration the following 
major factors: 

• Current levels and recent trends in fertility; 
• Recent fertility trends in countries with similar 

cultural, social, an.d economic conditions and 
prospects; 

• Curr~nt levels and .recent trends in socioeco
nomic development; 

• Current status and pa.st perfonnance of family 
planning and publir.: health programs; 

• Government polk~ on population matters; 

• Expressed desired family size in the population· 
and ' 

• Fertility assumptions made by international 
agencies such as the U.N. and the World Bank. 

In determining the assumed range of total 
fertility rate levels in the year 2000, the guideline 
followed was: the higher the level of fertility at 
the base date and the greater the uncertainty 
about current fertility levels and trends, the wider 
the range. 

Three assumptions about future trends in total 
fertility rates were made for each country or 
subregion, generally by setting the most likely 
rate, in the judgment of the Bureau of the Census, 
for the year 2000. This served as the assumed 
total fertility rate level for the Census Bureau's 
medium series. Assumed levels and trajectories 
for the year 2000 were also selected for the high 
and low series. 

Virtually every industrialized country has made 
its own official national projections, and the 
assumptions in these projections were used with . . . ' m some mstances, shght modification. The popu-
lations of Eastern and Western Europe were 
11rojected on the basis of the 1975 populations as 
s~own in the U.N. medium series, adjusted 
shghtly by the U.S. Bureau of the Census to take 
into account later fertility data. Trends in total 
fertilitl' (as well as mortality) rates for 1975 to 
2~ were borrowed from the U.N. projections, 
which were based on national projections made 
by the individual countries. 

After the Census analysts developed their as
sumptions on fertility levels and paths, the as
sumptions for all countries and regions were 
compared for general consistency and reviewed 
within t!•e Bureau. Next, the individual country 
and regional base data and fertility assumptions 
wer~. disc.ussed with a group of demographers 
fam1har with less developed countries, drawn from 
universities, federal agencies, an international 
ag~ncy, and a research institute. Appropriate 
adjustments were then made by the Bureau. 

In general, therefore, Census projections of 
future total fertility rates are judgmental-as are 
Census and Chicago mortality projections-and 
are al~o often extrapolated directly onto graph 
paper m hand-drawn curves, based on the results 
of the analysis previously discussed. 

Exogenous Fel1ility Rates: Chicago 

In contrast, the Chicago projections of total 
fertility rates are based on an explicit quantitative 
methodology, whose underlying philosophy has 
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already been described. It is based primarily on 
Table 15-4 which relates declines in crude birth 
rates of a ~gion or country to its current birth 
rate and the strength of its current family planning 
programs. The extreme right-hand ("None") col
umn of the table gives the estimated annual 
decline in the crude birth rate expected on the 
basis of modernization alone. with no special 
efforts at providing family planning information 
and services. The &.."'ticipated downward trend is 
almost linear, with a one-point decline in the 
crude birth rate every four or five years (shown in 
the table as a decline of .20 or .25 per year). 
Under this set of conditions, it would require 
about 135 years for a population to make the 
d~mographic transition from a crude birth rate of 
45 :o the replacement level of about 15 per 
thousand, which is applicable to m.:ny nations. 

The "Strong" column of Table l.:.'-4 gives the 
annual decline in the crude birth rate that may be 
expected in the presence of a strc:1g, sustained, 
well-fmanced, well-organized, and well-admin.is
tered family planning program reaching the entire 
urban and rural population. Under these condi
tions. it is estimated that the annual rates of 
decline are two to four times those that would 
occur in the absence of a progmm-an accelera
tion able to bring about a complete demographic 
transition from a crude birth rate of 45 to one of 
15 in about 38 years, or about one-fourth the time 
required in the absence of a family planning 
program. . . 

The table was based m part on two regression 
equations developed to measure a nation's fertility 
change as affected by its current fertility level ~d 
family planning program status. The first equation 
determined the total fertility rate (fFR) of a region 
or country in 1975 (fFR7J as a function of its 
TFR in 1968 (f~. its crude birth rate in 1975 
(CBR), the strength of its family planning program 

TABLE IS-4 

Aawned Annual Declines in Crude Birth Rate, a 

Chicago Projections 

Crude Birth Strength of Family Planning Efforl 
Rale Slrong Moderale Weak None 

4S and over .40 .333 .2S .20 
40-44 .60 .so .30 .20 
35-39 .80 .667 .40 .25 
30-34 l.00 .1S .so .25 
25-29 1.00 .667 .40 .2s 
·20-24 .20 .so • 30 .20 
. IS-19 .60 .333 .2S .20 

13-14 .40 .2S .IS • l.S 

• Uud lndlm:tly In all 1hree arowth ca1es, u eaplalned In the text. 

in 1975 (FP), and its per capita GNP in 1975, as 
follows: 
TFRn= 1741.255 + 0.559 (TFRes) 

119.274 (CBR 2:40)• 
+ 301.053 (30 sCBR s39) 
- 587.635 (strong FP)• - 86.43l(median FP) 
+ 0.028 (per capita GNP). 

In order to compare empirically the annual 
crude birth rate change observed with what was 
projected, an equation to convert TFR decline 
into CBR decline was used:" 

CBR = 0.007 (TFR) + .2453 

The results indicated that the rnnounts of de
cline initially projected (approximately twice tJ. · 
rates of decline used in the final projections ,. ':& 

presented in Table 15-4) were too optimistic. 
About one-half the projected decline was observed 
in the data and because additional uncertainty was 
implicit in the estimating procedures. simple 
rounded values, about twice the originally esti
mated values, were inserted in the original version 
of Table 1~. 

Because TFR is the unit of measure usually 
employed in the population projection proced~re, 
and in order to escape several methodological 
difficulties pertaining to age composition, sex 
ratios, and interaction between fertility and mor
tality, this table was then translated into another 
table which related declines in total fertility rates 
in a ~egion or country to its current total fertility 
rate and the strength of its current family planning 
program. The following slightly different regres
sion relationship was used, based on estimating 
total fertility rates as a function of crude birth
rates:5 

TFR = 137.94 (COR) + 106.16t 

This basic TFR table was then transcribed into 
sets of tables to facilitate the projection uf a region 
or country's total fertility rates, based solely on 
its total fertility rate and the strength of its family 
planning program in 1975 (each country was 
classified as Strong, Moderate, Weak, or None, 
according to the level of its family planning eff~rt). 
Three sets of tables were developed for high, 
medium, and low fertility projections. (The me
dium growth set of tables is presented in Table 
15-5.) The three sets of tables were based on the 
foil owing assumptions: 

"These variables assume a value of I if the condition within 
the parenlheses is applicable, 0 if it is not . 
t According to Chicago demographers, a transposilion of 
1he earlier equa1ion expressing CBR as a function of TFR 
cannot be used here, given lhe separale error terms. 
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TABLElS-5 
.• 

Projected Annual Declines In Total F~rtlitty Rates, Chicago Projedlon~ Medium GroWth Case 

Family Total 
Planning Fertility 1976-80 Program·.· Rate 
in 1975 · in J97S 

Strong 2: 624S SS.JS 
SSS6-6244 S2.76 
4866-SSSS J J0.3S 
4J76-486S J37.94 
34S7-417S 137.94 
2797-3486 I to.3S 
2107-2796 S2.76 
1899-2106 SS.IS 

Moderate.· i!:624S 4S.S2 
SSS6-6244 68.97 
4866-SS~S 92.42 
4176-486S 103.46 
34S7-417S 92.42 
2797-3486 68.97 
2107-2796 4S.S2 
1899. 2106 34.49 

Weak i!: 624S 34.49 
SSS6-6244 41.38 
4866-SSSS SS.IS 
4176-4865 68.97 
34S7-417S SS.18 
2797-3486 41.38 
2107-2796 34.49 
1899-2016 20.69 

None i!: 6245 21.S9 
SSS6-6244 21.S9 
4866-SSSS 34.49 
4176-4865 34.49 
3487-417S 34.49 
:..797-3486 27.S9 
2107-2796 27.S9 
1899-2016 20.69 

High fertility projections assumed that each 
country would follow the schedule of changes 
indicated for its status by Table 15-4. 

Medium fertility projections (deemed most 
likely to take place) assumed that, in addition to 
the schedule of fertility declines shown in Table 
I 5-4, the nations would strengthen their family 
planning programs as follows: 

• Nations with no programs will remain in that 
status until 1980, then trend toward a weak 
program by 1985, a moderate one by 1990, and 
a strong program by 2000. 

• Nations with weak programs will remain in that 
status until 1980, then trend toward a moderate 
program by 1990, and a strong one by 2000. 

• Nations with moderate programs will trend 
toward a strong program by 1990 and remain in 
that status until 2000. 

• Nations with strong programs will remain in 
that status through 2000. 

. : ·~ ! 

J9Sl-8S J !)86.,:.90 J99J-9S J996-2000 
' 

Same as 1976-80 

48.2S Sl.04 SS.IS SS.JS 
73;11 77.2S 82.76 S2.76 
97.94 J03.46 I I0.3S I I0.3S 

114.49 12S.S3 137.94 137.94 
107.S9 J22.77 137.94 137.94 
82.76 96.56 I I0.3S l to.3S 
S7.93 70.3S 111.76 82.76 
41.3S 48.2S SS.IS SS.IS 
3S.62 42.76 4S.S2 Sl.04 
49.66 59.31 68.97 75.S7 
67.S9 80.00 92.42 100.70 
80.00 91.04 103.46 120.00 
67.S9 80.00 92.42 114.49 
49.66 S9.31 68.97 89.66 
3S.62 42.76 4S.S2 64.S3 
24.83 2S.97 34.49 44.14 
31.73 34.49 45.52 Sl.04 
34.49 41.3S 68.97 75.S7 
4S.52 Sl.IS 92.42 102.08 
52.42 68.97 103.46 120.01 
4S.S2 SS.IS 92.42 114.49 
34.49 41.3S 68.97 89.66 
31.73 34.49 4S.S2 7S.63 
20.69 20.69 34.49 44.14 

Low fertility projections (deemed less likely but 
possible) assumed that strengthening of family 
planning programs would take place as follows: 

• Nations with no present programs will trend 
toward a weak program by 1985, a moderate 
one by 19'JO, a strong program by IW5. 

• Nations with weak programs will trend toward 
a moderate program by 1985, toward a strong 
one by IW5, and will remain in that status until 
2000. 

• Nations with moderate programs will trend 
toward a strong program by 1980 and will 
remain in that status Ui~til 2000. 

• Nations with strong programs will remain in 
that status throu~ 2000, but the efficacy of 
their programs will improve from the present 
38-year transition time to half that amount (19 
years), equiva!ent to doubling the coefficients in 
Table 15-4, for the strong program. 
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If carried out without special adjustments, some 
of these assumptions (especially those used for 
the low projections) would r \~duce absurdly low 
birth rates. It is therefore ass .1ned that when birth 
rates approach repl~ceme11r levels (considered 
roughly equivalent to a crucie birth rate of 14 or a 
total fertility rate of 2.1), there is no strong 
resistance to further fertility decline, and the birth 
rates are allowed to sink to a minimum level and 
remain at this level for the rest of the century. 
These minimum levels per 1,000 females in the 
fertile-age gruups are: 

High-projection TFR = 2000 (CBR of about 14) 
Medium-projection TFR= 1900 (CBR of about 13.5) 

Low-projection TFR= 1800 (CBR of about 13) 

Thus, the medium and low projections p.~rmit 
fertility levels in a few countries to fall somewhat 
below projected replacement levels in the year 
2000. The nations of Western Europe and North 
America are already below these levels. The 
projections assumed that they will remain in this 
state for 10 years and will then trend linearly 
toward replacement by the year 2000; for medium 
and low projections, the rates trend linearly to
ward 1900 and 1800 respectively. As these coun
tries reach a stage of absolute zero growth, it is 
expected that systems of subsidies and other 
inducements will be launched to encourage fertil
ity in order to prevent declines in population size. 

Fertility Rates: Egyptian Example 

Not unexpectedly, the use of different total 
fertility rate projection procedures by the Census 
and Chicago demographers led to somewhat dif
ferent total fertility rate projections for most 
countries and subregions. for example, in the 
case of Egypt, the Chicago fertility projections are 
30 oercent lower than the Census projections, as 
sho.wn in Figure 15-5. 

ln the Census Egyptian fertility projections, the 
estimated 1975 fertility rate of 5.8 was assumed to 
have declined by the year 2000 to 4.6 in the high 
series, to 3.6 in the medium series, and to 2.6 in 
the low series. In the medium series, the rate for 
the year 2000 was based on the ideal family size 
in Alexandria in the mid-l 960s and in Cairo in 
1970, adjusted downward lO percent to allow for 
infertility and for an expected decline in the 
desired family size as the actual level of fertility 
declines. The 3.6 figure is also the same as that 
for 19'15-2000 in the U.N. medium variant projec
tions. The total fertility rate for the year 2000 in 
the high and low series was assumed to be plus or 
minus one child from the rate for the medium 
series. A large range between the high and low 

series was chosen because of the great uncertainty 
in future h1ility trends in Egypt. 

The Ceusus Egyptian fertility projections also 
take into account the large fertility decline that 
took place in Egypt since the mid-1960s, but that 
ended afJruptly in 1972. Fertility has been rising 
sharply ever since. Although all three series 
assumed this fertiHty rise will abate, they differ as 
to the time it will take to return to 1972 levels. 
The high series assumes it will take 16 years, the 
medium series 8 years, and the low series 4 years. 
With this constraint, TFRs for the intermediate 
years were obtained by graphic interpolation be
tween the 1975 and 2000 levels on the assumption 
that fertility will change according to a logistic or 
S-curve pattern. 

The Chicago fertility projections for Egypt were 
developed according to Chicago's unique fertility 
projection methodology, described above, which 
would produce identical projections for any regio"1 
or country with a 1975 total fertility rate estimated 
at 5.2 and a current family planning program of 
"moderate" strength. 

In assessing thest fe11ility projections for Egypt, 
two apparently cou11~ervailing phenomena not 
necessarily unique to .t:3ypt need to be pointed 
out. First, in Egypt in l:.'75, higher household 
expenditure levels were apparendy correlated with 
larger numbers 1 • children per household, as 
shown in 'fable 15-6. Second, although the Egyp-

TABLE 15-6 

Egyptian Personal Expenditure Distributions, 
1974-75 

(Egyptian po11nds) 
Rural Urban 

Expendi· Per- Expendi· Per· 
House· sons sons 

hold tu res per tures per 
Expendi· per House· 

per House· 
tu re Person hold Person hold 

0-50 28.7 1.3 33.0 1.1 
50-75 32.1 1.9 45.8 1.4 
75-100 29.2 3.0 38.9 2.2 

100-150 34.3 3.7 43.9 2.9 
150-200 38.5 4.5 46.8 3.7 
200-250 42.7 5.3 48.4 4.6 
250-300 45.9 6.0 S7.6 4.8 
300-350 49.3 6.6 64.0 5.1 
350-400 55.4 6.7 64.9 5.8 
400-500 61.5 7.1 72.3 S.9 
500-600 69.9 7.7 87.6 6.3 
600-800 81.4 8.5 IOS.4 6.5 
800-1000 98.0 9.0 147. I 6.0 

1000-1400 149.8 8.0 168.0 6.8 
1400-2000 150.8 10.6 261.9 6.7 
2000- 418.7 9.2 3S8.6 6.9 

Average 63.0 6.0 99.8 5.6 
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Flp11 IS-5. Projected Egyptian total fertility rates, 1950-2000, medium growth case. Figures for 1950-66 arc from A. R. 
Omran, ed., Population Problems and Prospects: Egypt, Chapel Hill, N.C.: Carolina Population Center, 1971, Table 4. Figures 
arc unadjusted rcgis•er data. Real fertility rate declines may be masked by increasingly complete registration during the 1950-
66 period. 

tian Govemment has promoted family planning 
programs for several years, few expert observers 
with experience in Egypt believe that these pro
grams have yet had much impact on Egyptian 
fertility levels. These factors raise questions as to 
the extent to which higher per capita incomes and 
a continuation or intensification of family planning 
programs are likely to lead to lower fertility rates. 

Just as the Census and Chicago mortality pro
jections used different procedures for disaggregat
ing a summary statistic (life expectancy at birth) 
into age-specific statistics (survival ratios for 5-
year cohor'S), so too the Census and Chicago 
fertility projections used different procedures for 
disaggregating total fertility rates into age-specific 
fertility rntes. As a result, significant differences 
may be observed in Table 15-7 regarding Census 
and Chicago estimates related to the fertility of 
younger. as compared to older, Egyptian women. 

In the Census Egyptian fertility projections, the 
age pattern of fertility in 1975 was based on the 
age pattern of fertility in 1973, the latest year for 
which such data arc available. For the Egyptian 
low series i11 the year 2000 the age pattern of 
fertility was assumed to be that of Cyprus in 1975. 
Cyprus was selected because its current age
specific fertility rates (ASFR) are known and 
because it currently has a total fertility rate very 
close to the low series target rate for Egypt for 
the year 2000 and is in the same region as Egypt. 
Cyprus is also part Mosle.n and therefore was al
so considered a reasonable proxy for Egypt in the 
year 2000 for purposes of disaggregating fertility 
rates. All other ASFRs. including the medium and 
high series patterns in the year 2000, were linearly 
interpolated between the 1975 ASFRs and year 
:.?000 low ASFRs, on the assumption that ASFRs 
were linearly related to total fertility rates. 
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TABLE 15-7 

Estimated Age-Specific Egyptian Fertility Rates, 
1975 

( Blrtli:s ptr tlw11:sanJ ftmalt:rl 

Age Group 

15-19 
20-24 
25-29 
30-34 
35-39 
40-44 
45-49. 

Census 

27.1 
192.6 
293.3 
263.6 
230.3 
105.9 
S0.8 

Chicago 

88.6 
240.4 
259.9 
218.S 
148.2 
72.0 
14.3 

Total frrtility Rau• 

S.8 S.2 

• Per womall'. lhe IOlal fenility rale in a given year basically represents ti>' 
average number or children each woman would have over htr lifetime. anumina 
the qe.speclfk ftrtBily rates for lhal year applied 10 her Jirclimc. II is five timn 
Ille sum or the 111e-specific fcnili1y ratu. divided by 1.000. 

In the Chicago fertility projections, the World 
Bank's age-specific disaggregation patterns were 
used. These show relatively higher fertility rates 
in younger females and lower rates in older 
females. 

Migration: Egyptian Example 
As previously noted, both the Census and 

Chicago projections assume zero net migration for 
all countries and subregions. In the case of Egypt 
(anC. many other countries) this is a serious 
simplification, since Egyptian migration levels are 
high and have a major impact on the nation's 
economy. 

In the preliminary 1976 Egyptian census, over 
1.4 million Egyptians were estimated to be tem
porarily residing abroad, with over 20 percent 
estimated to be working in neighboring oil-export
ing countries (representing anywhere from 2.5 to 
10 percent of the total Egyptian labor force). This 
migration has two m!\ior effects on the Egyptian 
economy in the opinion of some analysts: ( 1) a 
positive contribution is made to the balance of 
payments through foreign exchange remittances, 
but (2) since migration is selective and since it 
tends to remove from the domestic labor force 
some of the best elements across the full range of 
professions and skills, a heavy cost is incurred. 

Because of this simplification, neither the Cen
sus nor Chicago projections are able to provide 
any indication regarding the implications of a 
continuation or change in these migratory 
trends. 

REFERENCES 
I. For a comparison of Census Bureau estimates with those 

of other organizations, sec R. Kramer and S. Baum, 
"Comparison of Recent Estimates of the World Popula· 
tion Growth," paper to be presented at the 1978 meetings 
or the Population Association or America. 

2. J. Spitler and N. Frank, "The Feasibility of Measuring 
Population Growth in Developing Countries," Bureau of 
the Census, 1977 (mimeo). 

3. A. Coale ;md P. Demcny, Regional Model Lift Tables 
and St11ble Pop11/111io11s, Princeton: Princeton University 
Press, 1966. 

4. Donald J. Bogue, /Jemo~mphic' Teclrnit111e.~ of Fertility 
A1111lysis, Family Planning Research and Evaluation Man· 
ual No. 2, Chicago: Community and Family Study 
Center, 1971. 

S. Ibid., p. 16. 



16 Gross National Product 

The Agency for International Development 
(AID) in the Department of State is responsible 
for administering most of the U.S. Government's 
foreign assistance activities and economic assist
ance programs. In carrying out this responsibility, 
the Agency must analyze the probable future 
economic growth of countries throughout the 
world. Because of recent budget cuts, AiD relies 
almost entirel)1 on data and projections developed 
by other, largely international agencies. For infor
mation on world GNP (gross national product), 
the Agency depends largely on the World Bank. 

The World Bank Group, an international coop
erative organization associated with the United 
Nations, consists of three institutions: the Inter
national Bank for Reconstruction and Develop
ment (IBRD), the International Development As
sociation (IDA), and the International Finance 
Corporation (!FC). The common objective of 
these institutions is to help raise standards of 
living in Jess develored countries (LDCs) by 
channeling financial resources from industrial· 
ized countries to the developing world. 

The Bank's projections of the likely future 
economic growth of its LDC member countries, 
summarized in its annual Prospects for Develop
ing Countries, are developed in the Comparative 
Analysis and Projections Division of the Bank's 
Economic Analysis and Projections Department. 
Ordinarily, these projections would not meet the 
needs of the Global 2000 Study because they do 
not extend beyond 1985, are not disaggregated by 
individual countries, and do not project economic 
growth in tenns of GNP. Instead, projections are 
presented for three regional groups of industrial
ized countries and for six groups of less developed 
countries (representing about 87 percent of the 
population and national income of all LDCs). 
These p;ojections are made in terms of GDP 
(gross domestic product) rather than GNP, but the 
difference is minor. GDP represents the total 
value of the net outputs of all units of production 
physically located within a country. GNP repre
sents the total value of the flow of goods and 
services becoming available to the citizens and 
enterprises associated with a country, without 
regard to whether the income sources or recipients 
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are physically located within or outside of that 
country. In most less developed countries, GDP 
and GNP differ by only a few percent and grow at 
about the same rate. Therefore, presenting GNP 
growth rates as equivalent to GDP growth rates 
for LDCs is a reasonable procedure. Industrialized 
GNP growth rates were projected directly and 
therefore did not require conversion from GDP. 

Fortunately, GNP projections to the year 2000 
on a country by country basis that are roughly 
consistent with official World Bank projections 
have recently been published. Although these 
projections have not been officially endorsed by 
the Bank, they were prepared with the assistance 
of members of its staff and were accepted for use 
by a blue-ribbon panel of international energy 
experts. In early 1976, the MIT-sponsored Work
shop on Alternative Energy Strategies (W AES) 
asked members of the Bank's Develo:.J1nent Policy 
Staff for assistance in making GNP projections of 
likely economic growth to the year 2000 for all 
LDCs, and a report milking such projections was 
published in 1977."' 

Two sets of GNP growth projections for the 
LDCs were developed for the WAES study: a 
high-growth and a low-growth scenario for 1976-
85 and 1985-2000. The high-growth case, in gen
eral, projects a continuation of 1960-72 growth 
patterns, whereas the low-growth case projects a 
continuation of the pattern characteristic of the 
1973-75 period and just sufficiently above that 
period's population growth to allow an advance in 
real global GNP per capita. In both r"""'.nos, all 
GNP growth rates were reduced by roughly 10-30 
percent for the period 1985-2000 by WAES ana
lysts to take into account the future impact of 
declir\ng population growth rates on GNP growth. 

Because the two WAES projections cover vir
tually all countries outside of communist areas on 
a country by country basis and extend to the year 
2000, they serve as the source for the high and 
low GNP figures presented in Chapter 3 of this 
volume. A third set of medium-growth projections 
was developed for Global 2000 Study by averaging 

* Eneri:y: Gloh'11 Prospe<'t:;, 1985..JOOO. New York: Mc
Graw-Hill, 1977. 
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th.e growth rate used in the high and low p:-ojec
tions. lt should be noted that the W AES high
growth case corresponds approximately to World 
Bank midlevel projections•. for the 1976-85 period. 

Projections for GNP growth in communist 
areas were provided to the Global 2000 Study 
by. CIA regional economic specialists. t 

Key Analytic Methodology 
The CIA pro_izctions for the various Soviet bloc 

. countries and th•· People's Republic of China were 
developed using a combination of professional 
judgment and basic econometric techniques, in· 
eluding simple trend extrapolations and prodnc
tion-function calculations.:j: 

The W AES projections for the indui-trialized 
countries were developed on an indei)endent, 
country by country basis by panels of experts 
assembled by WAES. The panels' projections 
were based on the use of available econometric 
models, official government forecasts, and the 
judgment of government experts.§ They preceded 
the development of the GNP projections for 
LDCs. Official World Bank projections for the 
industrialized countries are developed in much the 
same way but tend to be higher because they give 
more weight to official national forecasts. 

The GNP projections for the LDCs in the 
Wi\ES study, which complemented those made 
earlier for the industralized countries. were devel
oped by the World Bank staff in much the same 
way as official global World Bank projections-as 
part of a three-step process: (I) Projections were 

• As contained in "Pr.ispects for Developing Co11atries 
1977-85," World Bank Staff Study, Sept. 1976. 

t Some confusion resulted rrom this process because the 
b;ue-year ( 1975) figures used CIY the CIA and the World 
Bank were derived using different conversion methodolo
gies. The net result is that the low-growth rate of l.5 
percent for China and 1976 G!llP figure for the U.S.S.R. are 
regarded by the CIA as being mo low. It should be noted, 
however, that the World Bank model used for the WAES 
study to develop the 'GNP projections for the LDCs as
sumed .a f. percent growth rat!' for the socialist bloc for all 
growth cases, which significantly exceeds current CIA 
estimate~. 

* The methodology currently used by tile CIA to make 
Soviet economic projections. which is rt'presentative of the 
methodologie:: underlying the other CiA projections, is 
briefly described in So1·it! Economic Problems und Pros· 
pects. ;oint Economic Committee, Aug. 8, 1977, pp. l9-30. 

I These are descril.>ed in some detail in Workshop on 
Alternative Energy Strategies, Energy Suppl}·Demand In· 
tegratlons to the Year 2()[J(): Global and National Studies, 
Cambridge, Mass: MIT Press, 1977. 

developed by analysts on an independent, country 
by country basis, relying on a combination of 
professional j•1dgment and the use of specialized 
country or regional models. (2) Using a computer
based model, the various country projections were 
aggregated and adjusted on a globally ':onsistent 
basis to reflect probable economic growth con
straints due to likely limitations in the availability 
of foreign trade earnings and foreign investment 
capital. (3) The projections were further judgmen
tally adjusted by Bank and W AES analysts. 

World Bank projections for individual counlries, 
generally based only on the completion of step 
one, reflect Bank's optimistic but realistic assess
ment of growth rates that could be achieved under 
optimal circumstances (including high economic 
growth rates for the Western industrialized na
tions). Thus, they are not necessarily forecasts. 
However, in preparing global reports that aggre
gate individual LDCs into groups. the Bank staff 
has in the past completed steps two and three in 
order to ensure that the aggregate projections are 
realistk in view of expected total LDC export 
earnings and the expected availability of foreign 
investment capital. It is thus assumed that not all 
LDCs could experience optirr.;d circumstances 
simultaneously. For the W AES study. following 
completion of these three steps, these aggregate 
projections were then disaggregated for individual 
LDCs, extended to the year ~1000. and further 
adjusted to reflect the views of the WAES staff 
regarding the impact of energy shortages and 
unspecified declines in population growth rates. 

Step two has been performed in the past for the 
World Bank and for the WAES s~mly with the 
assistance of a World Bank econometric model 
known as SIMLINK {SIMulatec.1 trade LINK 
ages).• This model performs the calculations 
which, on an explicit quantitative basis, adjust 
initial economic growth rates to correspond to the 
projected availability of foreign trade eamings and 
foreign investment capital, taking into account the 
growth rates of the industrialize<l countries and 
the LDCs simultaneously. It was during this step 
that the lower W AES GNP projections iur the 
industrialized countries were substituted for the 
higher World Bank projections. 

Development of the SIMLINK model was be
gun by the World Bank m early 1974 in order to 
analyze trade linkages and growth prospects for 

•Described officially in Tlte S/MLINK fofodel of Tmde and 
Growth for tlie Developing World, World Bank Staff Work
ing Paper-No. 22i>, October 1975 and aho in Norman L. 
Hicks et al., "A Model of Trade and Growth for the 
Developing World," European Economic Re1•iew 7, 1976. 
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LDCs under alternative scenarios of development 
and inflation in the industrialized world. By the 
end of April 1974, a working version of SIM LINK 
was available and was used as the basis for the 
first annual issue of Prospects for the Developing 
Countries. One of the first analyses to be pro
duced by SIMLINK was the effect on LDC 
economic growth rates of potential changes in the 
international price of oil. The model supported the 
view that the direct impact of changes in the price 
of oil on LDC growth would be minor. However, 
the same analysis also indicated t•at the impact of 
changes in the growth rates of the industrialized 
nations on LDC growth would be r,.iajor. Subse
quently, the WAES study examined in greater 
detail the extent to which the economic growth 
rates of the industrialized nations might be signifi
cantly reduced by changes in the international 
price of oil. The WAES study established that 
such impacts could be significant, in which case 
~he indirect impact of changes in the international 
price of oil on LDC growth would be major. 

Since its development. SIMLINK has under
gone a series of m<tior enhancements and has 
been adapted to meet changing economic percep
tions and World Bank needs. Version V (1975-76) 
served as the basis for the WAES study. Version 
VI (1976-77), the most recent version. was utilized 
by the Bank's Development Policy Staff until mid-
1977 and thus. indirectly. by AID and other 
federal agencies. For this reason, and because the 
SIMLINK V runs supporting the WAES study 
are no longer available, a set of three SIMLINK 
runs based on Version VI was developed by the 
World Bank staff for the Global 2000 Study as the 
basis for this methodological discussion. These 
runs correspond to the high, medium, and low 
GNP growth scenarios and do not incorporate the 
subsequent judgmental adjustments customarily 
performed by Bank and WAES analysts (step 3). 

At the time of its development, SIMLINK was 
neither considered nor intended to represent a 
theoretical breakthrough in econometric modeling. 
It combined several existing modeling techniques 
in a comprehensive syste111 intended to furnish 
information for policy decisions on a timely basis. 
Comprehensive in nature, the model was simple 
enough to be calculated quickly. 

Previous modeling efforts involving LDCs con
sisted largely of parallel, but often unconnected, 
work along three broad lines: country models that 
concentmted on one country and assumed the rest 
of the world as exogenously given; commodity 
models that examined market equilibrium condi
tions for a single commodity; and world trade 

models that used a static share-relationship to 
balance world exports and imports. Another effort 
had been made to combine large econometric 
models and world trade relationships (Project 
LINK), but it had not proven useful for studies of 
the less developed world, since most of the 
models were short-term forecasting models of the 
industrialized world without the dynamics of the 
commodity markets :md without adequate LDC 
models. In addition, the LINK system was con
sidered by the World Bank staff to be too 
unwieldy to provide timely analyses of policy 
alternatives. 

SIMLINK was developed by a team of eight 
professionals with expertise in economics and 
econometrics. It has always been a part-time 
prQiect for those involved with it, so that the 
cumulative re~otJrces invested in it to date are 
equivalent to roughly three years of one person's 
full-time effort. Major enhancements since 1974 
have included the development of more detailed 
commodity specifications, more meaningful coun
try aggregations, and improved trade dynamics. It 
contains over 200 econometric structural equa
tions, not counting definitional equations and 
identities. It is written in approximately 1,500 lines 
of FORTRAN, including extensive comments and 
is run on the Bank's Burroughs 7700 computer. 

Before developing SIMLINK. World Bank 
economists generally used simple calculations and 
judgment in adjusting regional economic growth 
projections to be consistent with the likely availa· 
bility of foreign investment capital anJ foreign 
exchange earnings. While SIMLINK has allowed 
the Bank to make these adjustments on a more 
explicit, consistent, and sophisticated basis. many 
members of its Development Policy Staff have 
become uncomfortable with SIMLINK's simplic
ity reh~tive to econometric models used for otrer 
purposes and have been developing larger. more 
detailed and sophisticated regional and global 
econometric models to take the place of SIM
LINK. These new model!> are expected eventually 
to be more capable structurally of simulating LDC 
internal investment processes. reciprocal trade 
linkages between LDCs and the industrialized 
countries, technological change, res0ur~c deple
tion, and structural change within LDC econom
ies. In particular, the new models are expected to 
produce acceptable results for a wider range of 
variation in economic indicators and structure 
than is possible with SIMLINK. No m::\ior en· 
hancements to SIMLINK are currently r-ianned. 

While it is clear that the SIMLINK approdch 
has many limitations, it must be emphasized that 
SIMLINK was not explicitly designed for the 
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purposes to which Global 2000 has put it. Accord
ing to World Bank analysts, if more time had 
been available for the completion of the Global 
2000 Study, most, if not all of the model's major 
shortcomings could in fact be remedied. In any 
event, they note, imperfect a~ it is, SIMLINK is 
vastly superior to any model or system that could 
have been used for World Bank purposes. How
ever, they feel that should the Global 2000 analy
sis be continued somewhere in the U.S. govern
ment, it is clear that a high priority must be given 
to the development of a much more sophisticated 
and suitable global economic model. 

Basic Principles 
The purpose of SIMLINK is to aggregate and 

adjust, as appropriate, the economic growth pro
jections developed for individual LOCs by World 
Bank analysts, so as to take explicit account on :\ 
consistent basis of likely limitations in the world· 
wide availability of foreign trade earnings and 
foreign investment capital. If individual Bank 
projections were aggregated without these adjust
ments, total world tmde and foreign investment 
would exceed plausible levels. 

Those 1975-85 projections were adjusted (gen
erally downward) for the W AES study to reflect 
judgmental estimates by World Bank and W AES 
analysts of the likely impact of additijonal factors 
(particularly changes in energy prices and availa
bilities) on real GNP growth (Table 16-1). SIM
LIN K projections for most LDCs were roughly 
5 percent lower than the Bank's initial individual 

projections and roughly IO percent higher than the 
1975-85 judgmental fmal projections Ul>ed by tht 
W AES study and the Global 2000 Study. 

In order to perform its calculations, SIMLINK 
requires exogenous projections of four major sets 
of variables, which must be separately specified 
for each year being projected. Projections of these 
sets of variables were developed by va:ious World 
Bank country and commodity specialists, largely 
on an independi:.nt basis, and then aggregated as 
appropriate for SIMLINK. They are the major 
sets of variables changed in creating new scena
rios and include the following: 

• P.~al economic growth rates for the Western 
industrializt:d nations (aggregated into three 
groups). 

• Real prices for the 25 primary commodities and 
commodity groups exported by the LDCs. 

• Four separate inflation indices. 
• Estimates of the maximum potential gap be

tween export earnings and import expenditures, 
on current account, which the LOCs (aggre
gated into six groups) are likely to be able to 
sustain. These estimates act as a surrogate for 
estimates of likely foreign capital flows into the 
LDCs. 

Other exogenous projections are also required 
by SIMLINK but are almost never varied in 
creating different SIMLINK scenarios. For ex
ample, for each LDC group, SIMLINK requires 
exogenous projections of the proportional mix of 
exported primary commodities and other goods 

TABLE 16-1 

Projected Average Annual Real GNP Growth, by Adjustment Steps, 
Medium Growth Case, 1975-85 

(Percent} 

Step I Step 2 Step 3 SIMLINK SIMLINK 

Individual Judgmental vs. vs. 

Countries" SIMLINK" Final• Individual Judgmental 
Countries Final 

Western industrialized nations 4.1 4.1 4.0 o.o 0.1 
Socialist nations 6.0 6.0 3.0C o.o 3.0 
LDC Groups•: 

India 3.1 3.6 3.6 o.s o.o 
Other South Asian countries 4.9 4.9 3.6 o.o 1.3 
Low-income Africa 4.8 4.6 3.6 -0.2 1.0 
Lower-middle income 6.4 S.8 S.4 -0.6 0.2 
Middle income s.o 4.9 S.6 -0.6 0.6 
Upper-middle income s.s S.I 4.4 -0.4 -0.6 

• Calculated uslns Hllmates or 197' levels or economic activity, which dlft'er l'rom tho1e pre1ented In Chapler 3. Analyste at the World Bank, which developed bolb 
Kll or 197, ettimalH (Usllll dtlfcrent metbodoloaical u1umpliot11), retommenclcd that the Olobal 2IXXI Sludy make UIC or them in this way. 
• A1 pre1111nted In the WAES 11udy and In Chlplcr 3 ortN1 volume. 
•The WAES study did not publllb this fl&ure, which summarius the projections ror the u.s.s.R. and l!utem Ewope presented In 1h11 s111dy. 
•con1tlt11Cnt countries 11e ldentilled subiequcntly In the dlscu11lon, under the heldlns "Buie Components." 
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and services for each year being projected; as a 
result, the proportional mix of exports for each 
LDC group can be and is specified to change over 
time, aJthough the specifications themselves, once 
made, are rarely changed. In contrast, the propor
tional mix of imports for each LDC group is not 
exogenously specified but is incorporated in the 
model's structure in the form of linear equations 
whose constants and coefficients do not change. 

Other examples of variables requiring exoge
nous projections that are rarely changed include: 
economic growth mtes of the socialist nations; 
elasticities of demand for manufactured goods 
from the LDCs (as a single aggregate) with respect 
to economic groWth rates in the Western indus
trialized and socialist nations (four aggregates)•; 
and proportional compound growth mtes in ex
ports of man1Jfactured goods for each of the six 
groups of LDCs. A single set of demand elastici
ties with respect to LDC exports of manufactured 
goods is used for all years being projected. The 
proportional compound growth rates in exports of 
manufactured goods for each group of LDCs are 
sepan1tely specified for each year being projected. 

SIMLINK then calculates: 

• Wurld tmde volumes for the various primary 
commodities. 

• Export earnings (in dollars) associated with 
these trade volumes adjusted for inflation and 
terms of tmde. 

• Allocations of these export earnings to each of 
the six groups of LDCs. 

• Total balances available to pay for imports into 
each LDC group (export earnings plus the 
maximum potential gap between export earnings 
and import expenditures, a surrogate for foreign 
capital flows into the LDCs). 

• Real growth rates for each of the six groups of 
LDCs, based on their capacity to pay for 
imports from export earnings and foreign capital 
flows. 

The relative efficiency of SIM LINK is achieved 
through simplic:'y. LDC economic growth rates 
are projected solely as a function of internal 
investment rates, capital flows from the industrial
ized nations, and tmde with the Western indus
trialized :11.d socialist nations (as projected by 
SIMLINK, based on differential inflation rates, 
industrialized economic growth rates, and exoge
nous price projections). Trade between LDCs is 

•According to Bank analysts, these elasticilies have proved 
to be one of the weaker parts of SIMLINK. Final results 
. tum O'Jt to be extremely sensitive to the assumptions made 
here. 

excluded.• LDC economic growth rates have no 
impact on the growth rates of the industriaJized 
nations, which, in tum, are not projected to have 
any impact in the ability of the industriaJized 
nations to invest in the LDCs. 

Commodity price projections are exogenously 
estimated and generally updated by Bank analysts 
every six months. These projections are consistent 
with the Bank's current projections of economic 
growth rates in the industriaJized nations. How
ever, in developing i>~parate high, medium, and 
low growth scenariat•, a single set of exogenous 
commodity price projections is used. The prices 
are thus independent of changes in the Study's 
specification of economic growth rates in the 
industrialjzed nations, as well as independent of 
trade volumes and LDC economic growth rates 
calculated by the model. 

Each LDC group contains countries with per 
capita incomes falling into certain predesignated 
ranges. Thus, countries as diverse as Bolivia, 
Thailand, and Morocco-or Argentina, Jamaica, 
and Yugoslavia-:-are grouped together on the 
assumption that they behave economically in 
structurally equivalent ways, despite their obvious 
sociopolitical mtd geographic differences. Earlier 
versions of SIMLINK had far more homogeneous 
regional and income groups. The present country 
groups were subsequently created by Bank ana
lysts to ensure that SIMLINK would not appear 
to be analyzing country-specific policies. 

SIMLINK is alsa premised on the common 
assumption used in short-term econometric 
models that no major structural changes will occur 
within the groups or the international economic 
order during the period for which it generates 
projections. It cannot be used to produce mean
ingful results based on exogenous inputs that 
assume that such changes will take place, and it 
cannot project such changes endogenously. Indi
vidual country models developed by World Bank 
analysts may, to some extent, incorporate as
sumptions regarding structural change, which are 
in tum reflected in the exogenous assumptions 
used by SIMLINK. But except for these adjust
ments, SIMLINK implicitly assumes, for exam
ple, either (I) that significant resource or environ
mental contraints will not be encountered, major 
technological change will not take place, the 
LDCs will not succeed in raising the relative 
prii;es of primary commodities through cartelii.a
tion, the industrialized nations will not implement 

•Bank analysts note that any existing trade between LDCs 
is implicit in the model's parameters. which cover the 
behavior of the past. 
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increasingly protectionist policies, rising LDC 
debt levels will not significantly impede LDC 
economic grciwth, and major military. political, or 
cultural change will not occur; or (2) that such 
events will have no net imp&ct on present patterns 
of economic behavior and he·nce may be disre· 
garded. 

The model thus implicitly also assumes (I) that 
the existing economic system and associatec' fi
nancial institutions and facilities are fundamentally 
sound, (2) that the industrial nations and the 
LDCs have a reciprocal interest in maintaining 
and developing the existing system, and (3) that 
this reciprocal interest is based on the unavoidable 
dependence of the poor on the prosperity of the 
rich. 

These assumptions may seem to imply that 
recent demands of the LDCs for a "new economic 
order" will not be met; SIMLINK, however, was 
not designed to analyze this issue. Such a new 
economic order would involve major changes in 
the structure of world industry, a new interna
tional division of labor, and a dramatic shift in the 
relative influence of the Western world on the 
international economic system. As set forth in the 
1975 Declaration and Plan of Action on Industrial 
Development Issues,* these various demands are 
given concrete form in a single goal: by the year 
2000, LDCs should account for at least 25 percent 
of the world's industrial production. 

SIMLINK is structurally incapable of simulat
ing the major changes implied by this 25 percent 
goal. tin fact, according to the GNP projections 
developed for the Global 2000 Study using SIM· 
LINK (see Chapter 3), several LDCs are likely to 
experience negligible per capita economic growth 
and possible decreases in per capita consumption 
over the 1985-2000 period. This would be in 
contrast to recent historic trends, as well as to 
LDC expectations and might produce severe so
ciul and political tensions, which are also not 
represented in the model. 

Because of many of these structural limitations, 
World Bank analysts are reluctant to use SIM
LINK to make projections beyond 1985. While 
the Bank's new regional and global models have 
been designed to take into account many more 
near-term structural variations than SIMLINK. 

•Al the meeling of the U.N. Organization for Industrial 
Development at Lima in 1975. 

tBank analysis disagree: in their view, such changes could 
be built into SIMLINK foirly easily. They explain that these 
adjustments have not been made to SIMLINK because a 
new system capable of looking into such issues is now being 
designed and implemented, as previously mentioned. 

the Bank still lacks a formal analytic methodology 
for projecting future GNP growth of LDCs be· 
yond 1985. SIMUNK was extended through the 
1985-90 period for the WAES study, but simple 
GNP trend el<trapolations. judgmentally adjusted 
downward. were used to provide projections for 
the remaining 1990-2000 period. This procedure 
was felt to be sounder and less misleading than 
attempting to run this medium-term model well 
beyond the time span it was designed to simulate. 
Judgmental analysis was also used to extend the 
results of the adjusted formal modeling analysis to 
countries not explicitly included in the country 
groups represent~d in the model. 

Basic Components 
In terms of the objectives of the Global 2000 

Study, SIMLINK has been u~ed to provide the 
economic growth projections required to develop 
the Study's food and energy projections, and the 
same projections have been used as a point of 
reference in discussing economic growth issues in 
relation to population. resource, and environmen
tal trends to the year 2000. SIMLINK itself docs 
not take explicit account of population growth, 
resource depiction, or environmental impacts. 
However. some of these factors are taken into 
account prior to running the model (in developing 
some of the exogenous projections required for 
SIMLINK) and after running the model (in judg
mentally adjusting SIM LINK 's calculations). The 
assumptions made regarding these factors in many 
cases are not explicit and, because they involve 
the Bank's politically sensitive individual country 
models, were not made available to the Global 
2000 Study by the Bank. SIMLINK docs, how
ever, take explicit account of a range of projected 
commodity prices and volumes in international 
trade. These were made available by the Bank 
and will be discussed later. 

Although global SIMLINK-developed World 
Bank projections are a primary source of GNP 
projections used by AID and other federal agen
cies, alternative growth projections have also been 
used by these agencies. AID. for example, tends 
to rely more on the Bank's individual country 
analyses than on the Bank's aggregate global 
analyses developed using SIMLINK. The Depart
ment of Agriculture's Economics, Statistics, and 
Cooperatives Service uses projections made by 
the Food and Agriculture Organization (FAO). 
The Energy Information Administration of the 
Department of Energy uses projections made by 
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the U .N. and the Organization for Economic 
Cooperation and Development (OECD). The Bu
reau of Mines relies on international economic 
projections developed by Wilfred Malenbaum, as 
described in Chapter 22. The FAO, U.N., and 
OECD projections tend to be higher than those of 
WAES or the World Bank; Bureau of Mines 
projections tenj to be lower. 

In terms of internal structure, SIMLINK is 
essentially a block recursive model representing 
three groups of industrialized nations. the socialist 
bloc, and six representative groups of LDCs. It 
covers trade in 25 primary commodities, projected 
roughly 10 years into the future. "Block recur
sive" refers to the fact that each major component 
of the model is solved for all years projected 
before the next major component is solved. This 
means, for ex~mple, that :..oc commodity export 
projections are calculated for all years to be 
simulated in one subprogram block, based on 
unadjusted LDC growth projections (which are 
adjusted later in a separate subprogrnm block). 

This computational approach reflects the as
sumption that LDC commodity export levels are 
essentially independent of LDC economic growth. 
Although many of SIMLINK's commodity sub
models are specified in part as functions of 
economic growth rates in the Western industrial
izecl nations (excluding the socialist bloc), changes 
in these rates have only very limited effect in 
changing LDC commodity export levels. The 
constant dollar value of LDC exports of primary 
commodities varies by less than JO percent. This 
is because commodity price levels are exoge
nously specified, and the specification is not 
varied with changes in the exogenous specification 
of the economic growth rates of the industrialized 
nations. However, changes in economic growth 
rates of the Western industrialized and socialist 
nations have a major effect in changing levels for 
LDC exports of manufactured goods and services. 
The constant dollar value of these exports varies 
by more than 30 percent. 

Within SIMLINK, the Western industrialized 
nations are grouped geographically into North 
America, Western Europe, and Japan-Oceania. A 
socialist country group is also represented but 
interacts with other components of the model to a 
lesser extent than the Western industrialized na
tions. An OPEC importing market for LDCs has 
been represented in the model for certain special
ized World Bank analyses but not for the W AES 
analysis. 

The six representative groups of less developed 
countries have been defined differently in the 

various versions of SIM LINK.• In SIMLINK VI, 
grouped primarily by per capita income, they are: 

I. India. 

2. Other Solllh Asian Countries: Bangladesh, 
Pakistan, Sri Lanka. 

3. Low-income Africtt: Ethiopia, Kenya, Mada
gascar, Tanzania. 

4. Lower-middle income: Bolivia, Cameroon, 
Egypt, Ghana, Ivory Coast, Liberia, Morocco, 
the Philippines, Senegal, Sudan, Thailand. 

5. Middle income: Brazil, Chile. Colombia, 
Guatemala, Korea, Malaysia, Mexico, Peru, 
Syria, Tunisia, Turkey, Zambia. 

6. Upper-middle income: Argentina, Jamaica, 
Yugoslavia. 

The less developed OPEC countries art: not 
represented. A geographic perspective on the 
methodology underlying these projections is pro
vided in one of the cGlored maps used to illustrate 
the discussion in Chapter 14. 

The 25 primary export commodities and com
modity groups represented in SlMLINK were 
chosen because each accounts for more than 3 
percent of the total export earnings for each LDC 
group (or, ma few cases. for particular countries). 
These include: 11 commodities or commodity 
groups involving food exports: 9 involving non
food agriculturnl i:xports: and 5 involving minerals 
and metal exports. Eleven endogenous submodels 
containing from 3 to 25 equations r.re incorporated 
within SIMLINK for projecting export volumes 
(or total production) of beef, cocoa, coffee, cop
per, fats and oils (including coconut oil, copra, 
groundnuts, groundnut oil, and palm oil), iron ore, 
rice, rubber, sugar. tea, and tin. 

Ten commodities are proje1.:ted using simple 
compound growth formulas (generally derived 
from the results of the World Bank's independ
ently run commodity models). These include: 
cotton, jute, maize. petroleum, timber, tobacco, 
wheat, miscellaneous food exports, miscellaneous 
nonfood agricultural exports, and miscellaneous 
minernl and metal exports. 

•The discussion that follows is based on the current version 
of SIMLINK, Version VI. The tables are based on SIM· 
LINK VI. run under the same exogenous assumptions that 
the WAES study used to run Sl'iLINK V. Complete 
documentation and runs associated with lhe original WAES 
stud) and SIMLINK V are nol presently available, and in 
any event would not represent the current meth(!dology 
u~cd (indirectly) by AID and other federal qencles In 
projecting GNP. 
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All commodity price forecasts are exogenous 
and are not changed for the high-. medium-. and 
low-growth ca~s. For this reason, the endoge
nously projected commodity quantities are also 
very similar for all three cases. regardless of 
changes to the GNP growth rates of industrialized 
countries. Tmde volumes of other LDC exports 
to the industrialized nations (i.e., manufactured 
goods and services). however, do change signifi
cantly. 

World Bank estimates of potential GDP growth 
and foreign capital needs for individual LDCs are 
politically sensitive and therefore confidential. It 
would not be unusual. however. for an LDC 
member of the World Bank to forecast its official 
average annual economic growth rate at 10 per
cent, for World Bank country experts to project it 
more realistically at a maximum of. for example. 
7 percer under optimal cin.:umstances. and for 
aggregate forecasts to be between 5 and 6 percent. 
More common is the relatively poor country, 
whose plan calls for 6 percent, where Bank 
analysts are likely to project 4.5 percent, and 
where aggregate forecasts would decrease it to 3 
percent. 

In many cases, these internal Bank projections 
are based on detailed econometric models main
tained by the Bank. though the results of those 
models are subject to extensive heuristic adjust
ments before being used by SIMLINK. In other 
cases, they are developed using less formal pro
cedures. The exogenous rnmmodity prices are 
generally also derived from detailed econometric 
models for individual commodities and, like all of 
the exogenous inputs, are subject to judgmental 
adjustment before being entered into SIMLINK. 

SIMLINK internal coefficients and exogenous 
inputs are derived from data covering the period 
1960-75. collected by the World Bank or the 
United Nations. In genernl, most available eco
nomic data on LDCs art! at least two years old, 
although more current data are available on LDC 
debt balances and regarding overall economic 
activity within the Western industrialized coun
tries. The quality of most LDC data is not good, 
as economic definitions vary across countries and 
across time. Sampling and repo11ing error is great, 
and data are generally collected only on an annual 
basis. Because of changes in the basic economic 
structure of most LDCs, data preceding 1960 in 
general have no validity for projections. so that 
no more than 10-15 annual observations arc 
genernlly available. Moreover, in many LDCs an 
industry sector consists of one or two principal 
companies, so that data changes over time are 

likely to reflect microeconomic rather than ma
croeconomic determinants. 

Basic Procedures 
The sequential operation of the SIMLINK 

model is shown in Figure 16-1. 
The exogenous GNP growth assumptions for 

the Western industrialized nations and the socialist 
nations used in the Global 2000 Study medium
growth projections (as run on SIMLINK VI) are 
summarized in Table 16-2. In this analysis, the 
North American economic growth rate is pro
jected to be high relative to that of the past 20 
years. while economic growth in Western Europe 
and Japan-Ocear.ia is quite low relative to the 
same period. Because North America's elasticity 
of demand for LDC manufactured goods with 
respect to North America's GNP growth is pro
jected within SIMLINK, at 3.5, to be more than 
twice that of Western Europe, at 1.7, or Japan
Oceania, at 1.5. these differences should not be 
thought of as balancing each other. 

Based on economic experience of the past 2-3 
years, World Bank analysts suggested (after the 
Global 2000 Study was well underway) adjusting 
the GNP growth rates of the Western industrial
ized nations somewhat uoward. This would have 
led to corresponding upward adjustments to pro
jected growth rates under SIMLINK (due to 
increased LDC export purchases by the Western 
industrialized nations). CIA experts, on the other 
hand, suggested that lower average annual growth 
rates would be more likely over the next decade 
for both the Western industrialized nations and 

TABLE 16-2 

Historical and l'rojected Average Annual Real 
GNP Growth for the Western lndustrlalll.ed and 

Socialist Nations 

t P1•r<·1•11tJ 

Hislorical Projected" 

Country Group 1955- 1961- 1971- 1977- 1980-
60 70 75 80 85 

North America 3.2 4.2 2.4 4.4 4.0 
Western Europe 4.9 4.7 2.5 3.7 3.7 
Japan-Oceania 7.3 9.5 5.() 4.9 4.9 

Total Western 
industrialized 4.1 4.9 2.7 4.2 4.0 

Socialist countriesh 6.0 6.0 

Nt>U: Actual rates used in lhe SIMLINK model are specified for eac:h year 
being projeclcd and change more aradu.illy than 111¢ avcraae amual ratu 
specified in the !able. 
• Medium.growth ca.ct. 
• Hi.iorical rnlcs are not readily available on a comparable basis. 



GROSS NATIONAL PRODUCT S29 

Figure 16-1. Sequential operation or the SIMLJNK model. 

the LDCs. • Beca11se these recommended adjust
ments were not consistent. and because the focus 
of the Global 2000 Study was not directed toward 
GNP analysis, the original W AES prqiections 
were not adjusted for purposes of the Stud~·. 

The degree of sensitivity of LDC economic 
growth rates in SIMLINK to changes in assump
tions regarding Western industrialized growth 
rates is shown in Table 16-3. These changes arise 

• The CIA also felt that the Study's GNP growth rate 
figures for the People's Republic or China 11nd for a few 
other socialist countries were understated, 11s previously 
noted. 

from the model's key assumed linkage between 
LDC economic growth and LDC foreign trade 
earnings, based entirely on trade with the Western 
industrialized and socialist nations. SIMLINK is 
incapable of projecting the implications of the 
alternative internal LDC developmental strategies 
that are based on factors other than the economic 
growth rates of the Western industrialized and 
soci~l!st nations. As previously noted. these 
growth rates affect only export volumes and not 
export prices or capital flows. 

In its first major pmgramming block, SIMLINK 
calculates world trade volumes for a wide range 
of primary commodities for all years to be pro-
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TABLE 16-3 
Projected Average Annual Real GNP Growth for 

the High, Medium, and Low Growth Cases, 
1977-85 
(Percent) 

Med. Med. 
Hiah Med. Low vs. vs. 

Hiah Low 
(I) (2) (3) (2)-(1) (2)-(3) 

We stem 
industrialized 
countries 4.8 4.1• 3.3 -0.7 0.8 

Socialist countries 6.p 6.0" 6.0 o.o o.o 
LDC Groups 

India 4.3 3.8 3.4 -0.5 0.4 
Other South 

Asian 
countries 5.8 5.0 4.0 -0.8 1.0 

Low-income Af· 
rica 5.3 4.8 4.5 -0.5 0.3 

Lower-middle 
income 7.6 5.6 4.5 -2.0 1.1 

Middle income 8.3 6.4 4.8 -1.9 1.6 
Upper-middle 

income 5.8 4.5 3.4 -1.3 I. I 
• Tbne naurc1 arc con1btent with the riadr« in Table lf>-1 that w~re calculate.d 
ror 197S-15 to correspond to the presentation or GNP projection• made in 
Chapter 3. Because SIMUNK, Version VI, projections arc not actwilly mack! 
for 1975 &!Id 1976 (because hi1torical estlmlln were available), thoae years arc 
omitted In this Wile and the several lablu that follow. 

jected, based in many cas'!s on exogenous projec
tions of Western industrfalized economic growth, 
on elasticities of demand with respect to these 
growth rates, on exogenous price forecasts, and 
on other variables. However, in other cases, 
commodity trade volume projections are inde
pendent of changes in any exogenous variable. 
For example, projections of the production of 
several significant commodities involve only basic 
compound growth fonnulas with the following 
structure. 
Quantity,= Quantity,_ 1 (l+ compound interest rate) 

Thus, trade volumes in many minerals and metals 
(namely, bauxite, lead, phosphate rock, silver, 
and zinc) are collectively projected to increase at 
an average annual rate of 6.3 percent, regardless 
of variations in price or in economic growth rates 
projected for the industrialized nations or the 
LDCs. Similarly, timber trade vo!umes are com
pounded at 4.1 percent annually. petroleum at 2.8 
percent, wheat at 2.5 percent, and cotton I. 7 
percent, regardless of changes in any variables. 

While these projections are often merely sum
mary representations of more complex interac
tions simulated on the Bank's commodities 
models (which are confidential) in advance of 
running SIMLINK, they are markedly different 

from many of the growth trends in trade for th€ 
same commodities reflected in the Global 200C 
Study's other federal agency projections. For 
example, average annual growth rates in world 
consumption of aluminum, lead, phosphate rock, 
silver, and zinc for the 1973-85 period are pro
jected at only 4.4, 3.6, 4.4, 2.1, and 3.4 percent, 
respectively, for the Global 2000 Study, all of 
which are significantly below the 6.3 percent 
average used in SIMLINK. Crude oil export 
volumes are projected to increase roughly 4 per
cent each year for the 1976-8.5 period (significantly 
above SIMLINK's 2.8 percent annual growth rate 
for the 1977-85 period), and wheat exports are 
projected to increase 4.1 percent each year for the 
1970-85 period (also significantly above SIM
LINK's 2.5 percent for 1977-85). Since most 
LDCs tend to be net exporters of minerals and 
metals and net importers of food and fuel, these 
volume growth adjustments, if made in the SIM
LINK model, might significantly lower the proj
ected foreign exchange earnings of the LDCs, 
thereby lowering their projected economic growth 
rates. 

The exogenous SIMLINK price projections are 
also significantly different from other price projec
tions used by the Global 2000 Study. SIM
LINK's mineral and metal prices are higher; 
SIMLINK's food and fuel prices are lower. If 
adjustments were also made to the exogenous 
commodity price projections used in SIMLINK 
so that they corresponded to the project's other 
projections, the projected foreicpi exchange earn
ings and resulting growth rates for the LDCs 
would be lowered still further. For exrunple, the 
SIMLINK projections are based on the exoge
nous assumption that real prices for copper and 
tin will increase by roughly 5.2 and 2.5 percent 
per year (in constant dollars) respectively, during 
the 1975-85 period. 

In contrast. the projections developed for the 
Global 2000 Study regarding the same metals 
assumed that their real prices will remain constant 
or decline over the same period. Conversely. the 
SIMLINK projections are based on the exoge
nous assumption that petroleum prices will remain 
constant in real tenns,"' while the projections 
developed for the Global 2000 project assumed an 
increase in real prices of 5 percent per year 
beginning in 1980. The SIMLINK projections are 
alf"' based on the assumption that projected wheat 
µrices will decrease by roughly 0.6 percent per 

• Bank 11nalysts point out that this assumption was made 
because the Bank did not wish to appear lo take a position 
with regard ro the likelihood of potential change~ 1n petro
leum prices, it was not necessarily intended as a forecast. 
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year (in constant dollars, calculated using a 5-year 
base period), whereas the projections prepared for 
the Global 2000 project assumed an increase of 
roughly 2.1 percent per year during the 197.0-85 
period. 

In its 11ext major programming block, after 
calculating world trade volumes for the major 
primary commodities and commodity groups. 
SIM LINK calculates the demand of the industrial
ized nations and the socialist bloc for LDC 
manufactured goods and services. These calcula
tions are based on exogenous, historically derived 
estimates of the income elasticities of demand of 
each group of industrialized nations for manufac
tured LDC goods; they are in tum used with 
adjustments to calculate demand for all LDC 
exports other than primary commodity exports 
and are th:: same for all three growth cases. These 
assumed elasticities. in conjunction with the pro
jected economic growth rates, imply that the 
Western industrialized and socialist nations will, 
compared to 1975, almost double their imports of 
LDC manufactured goods by 1980 and almost 
·triple those imports by 1985, as shown in Table 
16-4. What this would imply for the year 2000 is 
an open question. Projected growth in export 
volumes of manufactured goods for each LDC 
group is shown in Table 16-5. 

A complex set of additional calculations. which 
interact as part of the same programming block, is 
then used to project growth rates for other LDC 
exports, which are individually allocated to each 
group of LDCs and adjusted to reflect terms of 
trade. Growth rate projections for each of the 
various classes of LDC exports for all three 
scenarios as calculated by SIMLINK. m . shown 
in Table 16-6. Projected growth in export l:!amings 

for each of the six LDC groups for the medium 
growth case are shown in Table 16-7. Export 
growth projections for each of the various classes 
of LDC exports for a representative LDC group 
(the lower-middle income group for the medium 
growth case) are presented Table 16-8. 

In its final block of programming, SIMLINK 
iteratively on a year by year basis (I) calculates 
the level of imports necessary to sustain a given 
level of GDP growth. (2) compares this figure with 
endogenously projected available export earnings, 
plus an allowable gap (exogenously specified) 
between import and export earnings (reflecting the 
extent to which projectt';d. foreign investment cap
ital will be permitted to be used to offset the gap), 
and (3) adjusts the initially given level of GDP 
growth as necessary and returns to step I until a 
stable solution is reached within the acceptable 
range of the gap. 

In a strict economic sense, the "allowable gap" 
just referred to represents an estimate of projected 
"excess" demand rather than of the projected 
availability of foreign capital. Nevertheless, 
World Bank analysts believe these estimates are 
roughly consistent with projected flows of offi
cial and private capital for the industrialized 
nations. This might seem to imply that such 
capital flows are assumed by SIMLINK never 
to be higher or lower for any LDC group than 
the LDC group's gap on current account be
tween import expenditures and export earnings. 
However. bank analysts note that many of 
the other parameters used in SIMLINK are 
derived from histnrical experience or individual 
country models which, in many cases, may 
have incorporated other capital flow assump
tior.s. Representative projections for the 

TABLE 16-4 

Projected Demand for LDC Exports of Manufactured Goods 
(Percent) 

Average Annual Economic Average Annual Growth in Index of Imports of LDC w • Demand for LDC Manufactured Goods•·" Country Group Elasticity8 Oro th Manufactured Goods 6 

1m-Bo 1986-8S 1977-80 1986-8S 191S 1980 198S 

North America 3.S 4.4 4.0 IS.4 14.0} 
Western Europe 1.7 3.7 3.7 6.3 6.3 1.000 l.71S 2.848 

. Japan-Oceania l.S 4.9 4.9 7.4 7.4 
Socialist l.S 6.0 6.0 9.0 9.0 

• Elastlcily 1or demand ror LDC uports or manuractu..-d aood•) with rnpect 10 economic arowth. Thia clatlicily 11 projected not 10 chanee over the lm-8$ period 
IJld remain• unchanscd ror the hlah. medium, and low 1rowth casea. 
• Medium powth cue. 
• SIMUNK maltu uae or an aarcpte indu rather 1han rcalonal lndicu. Thi• lndu I• derived rrom the rcalonal elullcities and a:rowth rates prcaented In thla table, 
tlvoup complex calculaUon• lnvolvlna. In :.JJltlon. other LDC uporl• and terms or trade. Thus, acconllna 10 Bank 1naly1t1, It would be mislcadina to present In tit.ls 
rablc the chaqcs In rcaJonal tharu of total demand ror LDC eapor11 or manul'acturcd 1ood1 Implied by Just these rcalonal elasllclllu and a:rowth rates, .tnce 111Cb 
calculatlont "'1! not made by SIMUNK. 
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TABLE 16-S TABLE 16-7 

Projected Average Annual Growth of Export of 
LDC Manufactured Goods, by LDC Group,• 

Medium Growth Case 
(Percent) 

LDC Group 1975-80 1980-85 . 

India 6.3 7.1 . 
Other Sodh Asia 6.2 7.0 
Low-income Africa 5.4 1.5 · 
Lower-middle income 13.6 10.S 
Middle income 12.7 11.3 
Upper-middle income 7.2 5.4 
• As meuurcd In constant dollan, lncludlna ~1111 to reflect lhe elfec11 ol 
prqjected terms or lradc. 

lower-middle income group are presented in Table 
16-9. 

Crucial to this sequence of calculations is the 
iterative computation of LDC import expendi
tures, as shown in Table 16-10. 

The n?lationships expressed in Equations 1-6 in 
Table 16-10 ·vere separately estimated for each 
LDC group, based on historic data from the 1965-
75 period, using least-squares linear regression 
techniques. They are based on the assumption 
that the ratio of incremental units of each kind of 
import per incremental unit of GNP is fixed. This 
necessarily means that the mix of incremental 
imports of capital goods, intennediate goods, fuel, 
services, food, and consumer goods (as measured 
in constant 1975 dollars) is assumed to remain 
constant for each group of LDCs as industrializa
tion progresses. The various equations shown in 

Table 16-6 

Projected Average Annual Growth of AU LOC 
Exports, by Type of Export• 

(Percent) 

197.5-80 1980-85 

High Med. Low High Med. Low 

Food 2.3 2.3 2.3 3.4 3.3 3.3 
Nonfood 

agricultural 2.2 2.0 2.1 2.3 2.1 2.0 
Minerals and 

metals 4.4 3.9 4.0 4.5 4.2 4.0 
Petroleum and 

fuels 2.8 2.8 2.8 2.8 2.8 2.8 
Manufactured 

goods 12.6 11.4 10.l 12.5. J0;7 8.8 
Services 9.6 8.5 7.4 9.6 8.1 6.4 
Total Primary 

Commodities" 2.9 2.7 2.7 3.5 3.3 3.2 

• AiUusted to refltct the elfe1:t1 ol prqlected tenn1 ol tnldll. 
"Includes food, llOllfDOd lllficultunt, and mlnel'lll and mctll1. 

Avefa&e Annual Growth of .\U LOC Exports, by 
· .U>C Group,• Medium Growth Case 

Average 
Annual 

LDC Group 1977 1980 1985 GroW'.:i in 
Ean.ings 
1977-85 

billions of constant 1975 dollars percent 
India 5,979 6,625 8,970 5.2 
South Asia 2,417 2,8S6 3,744 S.6 
Low-income 

Africa 2,923 2,899 3,S08 2.3 
Low-middle 

income 18,358 21,600 29,683 6.2 
Middle income 49,8!'6 58,317 89,167 1.5 
Upper-middle 

income 13,009 15,S76 21;338 6.4 
• Atljusttd for proj('cteJ tcm.t or trade. 

Table 16-10 can, in fact, be collapsed into the 
following single linear equation: 

Total required imports = 872.4 + (.2824 x GDP). 

While SIMLINK thus assumes that each of 
each LDC group's import components will be a 
constant linear function of each LDC group's 
GDP, SIMLINK, as previously noted, does not 
assume that each of each LDC group's export 
components will be a constant linear function of 
each LDC group's GNP. The imptJrt component 
assumptions thus appear to imply a static internal 
economic structure within each LDC, whereas the 
export component assumptions appear to imply 
internal dynamic change. 

Especially critical wirh the sequence of LDC 
import calculations shown in Table 16-10 is the 
calculation of required gross investment associ
ated with a given level of total GDP. Although it 
is expressed in SIMLINK as a constant linear 
function of total GDP, a variable incremental 
capital output ratio (as if investment were ex
pressed in this model as a function of incremental 
GDP) can be inferred from the model's results.* 
Such an incremental capital ratio provides a 
measure of the implied assumptions regarding 
changes in the productivity of investment capital. 
Specifically, the ratio indicates the units of. new 
investment capital associated with one umt of 

• World Bank analysts note that lhe investment relation
ships in SIMLJNK for the 1965-75 period were generally 
estimated using distributed lag formulations. However, 
these formulalions were transformed into constant linear 
functions for insertion into SIMLINK, Version VJ. Prior 
venlons of SIMLINK incorporaled distributed lag formula· 
tions directly, but they were found to be somewhat unslable 
for projections beyond 1980 and so were taken out. 
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TABLE16-8 
·W 

Projected Exjlorts for ~DC Lower-Middle Income Group, by Type of Export,. Medium Gro"tfth Case 

Type of Export 

Food· 
· Nonfood Agricultural 

Minerals and Metals 
Petroleum and Fuels 
Manufactures 
Services 

TOTAL 

1977 

27 
16 
16 
5 

14 
22 

100 

Proportional Mix 

1980 1985 

percent 
26 24 
JS 13 
17 16 
6 6 

16 19 
22 22 

102h 100 

• Does no1 lndude aclju1tment1 to renecl lhe elrects or projected terms or lrade. 
• Doe~ not sum to 100 due 10 roundlq. 

Value• Avt:rage 
A1mual 

Growth in 
1977 1980 ;.~·"t5 Value• 

1977-85 

bl/lions of constant 1975 dpllats percent 
5.0 S.6 7.1 4.5 
2.9 ).2 3.9 3.8 
·2.9 3.7 4.8 6.S 

.9 1.3 1.8 9.1 
2.6 3.5 5.6 JO.I 
4.0 4.8 6.5 6.3 

18.4 21.6 29.7 6.2 

TABLE 16-9 

S~ILINK Calculations tor the Low-Middle Income LDC Group, Medium Growth Case, 1977-85 
( Millimrs of Cmutmrt 1975 U.S. dollllr.~J 

Allowable 
Gap Terms 

Between of Required Required 
Jmpolls Unadjusted Trude Adjusted Import Gross Gross Gross Gross 

and Export Adjust· Export Expendi- Domestic Domestic Invest- Domestic 
Exports" Earnings" men1•· Earnings'1 lures" Product• Income~ ment 11 Savings• 

1977 4,325 18,304 54 18,358 22,683 77,6981 77,751 17.749) 13,424 
1978 4,806 19,524 -634 18,890 23.696 82,338 81,704 19,002 14,196 
1979 4,734 21,075 -1.125 19,950 24,684 85,831 84.706 19,899 15,164 
1980 4,509 22,863 -1,263 21,600 26,109 90,882 89,619 21.195 16,686 

.1981 4,572 24,621 J,522 23,099 27,671 96.418 94,896 22,615 18,044 
i982 4,763 26.171 -1,693 24,478 29.241 IOl,973 100,280 24,041 19,278 
1983 4,842 28,039 -1,965 26,074 30,915 107,900 105,935 25,561 20,720 
1984 4,923 29,844 -2,195 27,649 32,572 113,767 111,573 27,067 22,144 
1985 4,805 32,087 -2.404 29,683 34,488 120,547 118,144 28,806 24,002 

A veragc annual 
growth 

1977-80 .. % 7.7% 5.6% 4.8% 5.4'/f 4.9% 6.1% 7.5% 
1980-85 1.3% 7.0% 13.7% 6.6"Ai 5.7% 5.8% 5.7% 6.3'tf, 7.5% 
• l!xoaenously specined. Allhough the allowable gap 1echnlcally represenl• an e•lima1e or projec!ed "excess" demand ralhcr than or the projected availability of 
forelan capital Dow•. World Ba11k unaly•I• believe ii is toughly comis1en1 wilh projected nows of official and private capital from the industrialized nation•. 
• Calculoted by SIMLINK, u'ing exogenous price projections and endogenous lrade models. 
'Calculated by SIMLINK. applying dill'erenl inflation indite• lo different componcni. of LDC imports and exports. 
•Calculated by SJMLINK. by odding lerms or trade uclju\lment• ID unadjusted export earning\, 
•Calculated by SIMLINK, In cortjunction wi1h calculating gross dom .. tlc produce. and i'ICluding adju.iments for projected terms of trade. A GDP srowth rale la 
determined which equates Important upendilures to adjusted export earnings plus the allowable gap between impons and uport1 (repre1entln9 foref&n lnvestmenl 
nows). 
I Calculated by SIM LINK, as pa11 of !lie pro.:ess or cakulaling import expenditure•. 
•Calculated by SIMLINK. l>y adding term\ o~lrade adju,lment lo GDP. 
•Calculated by SIMI.INK. u•ing a formula in the following form: Required K"'" invc,tmenl =a cllns1an1 • a coefficient x ODP. Part oflhis investmenl I• anumed 
lo come from forcisn oourccs, as represented by lhe allowal>le gap be1wccn imports and ekports, 
'Calculated by SJMLINK. by sublracling foreign in•••lmcnl (as rcpre•enlcd by !he allowable gap between impo111 and exporto) from required aron lnvc•lmenl. 
I E•o~nously specified for 1'177. 

additional GDP. In the case of the lower-middle 
income group, it falls slightly (from 4.6 to 4.3) 
between the periods lfJ'l7-79 and 1983-85, indicat· 
ins that a given investment can be thought of as 
producing about 7 percent more incremental GDP 
in 1985 than in 1977 (in constant dollars). For the 
other LDC groups, it is projected to decline 

anywhere from roughly 5 to 40 percent over the 
same period, indicating that major increases in the 
productivity of investment capital are assumed for 
all LDC groups. For example, the GNP projec
tions assume that. in the case of the other South 
Asian LDC group (with an incremental capital 
output ratio declining from roughly 2.9 to 1.8), a 
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TABLE :<-JO· 

Representative LDC Import Cakulatlons, • Lower-Middle Income Group, Medium Growth Case 

Eq1wtlcm I: Required Gross Investment = a constant + (a coefficient) + (gross domestic product) 
1977 Estimate 17,749'' -2,122.09 .25656 77.S98b 
1985 Targetedc 30,575 -2.122.09 .25656 127,446 
l98S Probable 28,805 -2,122.09 .25656 120.J47 

Eq1wtlcm 2: Imports of Capital Goods = a constant + (a coefficient) + (required gross im·e!itment) 
1977 Estimate 5,423 186.6 .2960 17,749 
1985 Targeted• 9,140 186.6 .2960 30,595 
1985 Probable 7,911 186.6 .2960 28,805 

Eq1wtit111 J: Imports of Intermediate Goods = a constant + (a coefficient) + (gross domestic product) 
1977 Eslimate 5,654 -2.170.3 .1007 77.698 
1985 Targeted• 10,664 -2.170.3 .1007 127.446 
1985 Probable 9,969 -2,170.3 .1007 120.547 

Et111t1tlun 4: Imports of Fuel = a constant + (a coefficienl) + (gross domestic prorlnct) 
1977 Estimate 2,561 129.2 .0313 77.698 
1985 Targe1ed• 4.118 129.2 .0313 127,446 
1985 Probable 3,902 129.2 .0313 120.547 

Eq1wtion j: Imports of Services = a constant + (a coefficient) + (gross domestic product) 
1977 Estimate 3,967 703.7 .042 77,698 
1985 Targeted• 6,056 703.7 .042 127,446 
1985 Probable S,767 703.7 .042 120,547 

Equation 6: Imports of Food and Consumer 
Goods = a constant + (a coefficient) + (sum of2-4, above) 
1977 Estimate S,171 3039.3 .1563 13,638 
i98S Targeted• 6,793 3039.3 .1563 24,019 
198S Probable 6,S69 3039.3 .1563 22,584 

Equt1tion 7: Total Required Imports = sum of 2-6, above 
1977 Estimate 22,776 22,776 
198S Targeted• 36.868' = 36,868 
1985 Probable 34.920 :;.'\,920 

• Dou not ll'IC:lude aitiustmenu to rencct the effect of projected terms of trade 
• Exoaenouily nlimatcd; not calculated by SIML:NK. 
• Tiie "llrpted" fi&ures represent lhe calculation• that would be .nadc if there were no limit lo the Hien! to which lmpon expenditures could uceed e•pon eamlr.p. 

given investment can be thought of as producing 
about 60 percent more incremental GDP in 1985 
than in 1977 (in constant dollars).t 

It was previously pointed out that one major 
component of gross investment, namely foreign 
inves:ment, was exogenously estimated for each 
LDC group in terms of an allowable gap, on 
current account, between export expenditures and 
import earnings. In the case of the lower-middle 
income LDC group, as can be seen in Table 16-9, 

t World Bank analysts note that the uncertainties surround· 
ina future incremental capital output ratios are compounded 
by the fact that ror several middle-income LDCs, technolog· 
lcal change is likely to affect productivity of investment 
capital in ways not readily deducible from historical experi· 
ence. To this extent, projections of future incremental 
capital output ratios must necessarily incorporate .dgnificant 
subjective judgment. 

this gap repre'ients roughly 20 percent of annual 
gross investment and accumulates over the I 977-
85 period to about 35 percent of 1985 GDP. The 
other major component of g!'oss investment, gross 
domestic savings. is calculatt:d as a residual figure, 
as can also be seen in Table 16-9. Its calculation 
as a residual is a necessary ~'1nsequence of the 
structur';! of the moder which considers foreign 
e;<dumge, rather than savings, capital, or labor. 
as ~he binding constraint limiting growth in the 
developing world. While Bank analysts view this 
as a serious simplification, since the model is 
being used to develop projections for a period 
during which deteriorating terms of trade and 
suboptimal export volume growth are generally 
projected to squeeze foreign exchange earnings, 
thr onsider it to be acceptable in the context of 
the lypes of analysis for which the model was 
designed. 

\

I}; 
t I 

~ 



17 Climate 

Several government agencies have existing re
search programs on climate (National Oceanic and 
Atmospheric Administration. National Aeronau
tics and Space Administration, National Science 
Foundation); others fund or conduct special obs,.r
vation and analysis programs or maintain a sub
stantial level of research because their operations 
are affected by variations in climate (Department 
of Defense, Department of the Interior, Energy 
Research and Development Administration). An
other group of federal agencies are user or policy 
agencies with interests or concerns for climate 
and climatic fluctuations but little or no climate 
research effort (Department of Agriculture, De
partment of Health, Ec1.ucation, and Welfare, 
Department of State, Department of Transporta
tion, Environmental Protection Agency). 

There was, therefore, no logical place to tum 
for climate predictions for the Global 2000 Study. 
Moreover, it soon became clear that th..,.e is a 
great deal of disagreement among climatologists 
about what changes are likely in global climate 
and even about how to predict such changes. 

One attempt to quantify the likelihood of signif
icant changes on the basis of the opinions of 
leading climatologists is being made in an interde
partmental research project conducted by the 
Research Directorate of the National Defense 
University (NDU) in Washington, D.C. The study 
is sponsored jointly by the Department of De
fense, the Department of Agriculture, and the 
National Oceanic and Atmospheric Administra
tion. Technical assistanr.e i~ provided by the 
Institute for the Future, Menlo Park, California. 
The project is guided by an Advisory Group 
drawn from a cross section of government and 
civilian agencies and institutions. The major objec
tives of the NDU study are embodied in four 
tasks: 

Task I: To define and estimate the likelihood of 
changes in climate during the next 25 years, and 
to construct climate scenarios for the year 2000. 

Task II: To estimate the likely effects of 
possible climatic changes on selected crops in 
specific countries, and to develop a methodology 
for combining crop responses and ~lifnate proba
bilities into climate/crop scenarios for the year 
2000. . 

S3S 

Task Ill: To evaluate the domestic and inter
national policy implications of the climate/crop 
scenarios, and to identify climatic variables of key 
importance in the choice of policy options. 

Task W: To transfer the climate/crop research 
results and generaliztd climate response method
ology to individuals ai, • organizations concerned 
with the consequences of climatic changes in 
fields other than agriculture, and to identify areas 
of research that might refine or extend the findings 
of the first three tasks. 

In Febrnary 1978 work on the first task was 
completed, and the results were published as a 
report, Climate Clumge to the Year 2000. The 
climate scenarios developed in the NDU study 
have already been described in Chapter 4. The 
methodology used, as described in the NDU 
report, is as follows. 

Key Analytic Methodology 
The study is based on the perceptions of future 

climate made by a panel of 24 experts from the 
United States and six other countries. Panelists 
were selected both for their competence 'in clima
tology and for their diversity of views. Each 
panelist was asked to respom.i ~" a set of questions 
about climatic factors, including ~·ariability, over 
the next 25 years, to assign probabilities to 
specific climate changes, and to give the rationale 
for their answers. Individual responses were 
weighted by each p:"nelist's expertise as rated by 
himself and his peers. 

This was a first attempt io have a group of 
experts address a common set of questions and 
express their Judgments of climate changes in 
terms of quanlltative probabilities, rather than on 
a "what if" basis, The responses were aggregated 
into five possible scenarios, which indicate some 
broad measure of the likelihood of climate change 
over the next 25 years. 

Basic Principles and Components 
Atmospheric models, actuarial experience, and 

existing theories of climate are inadequate to meet 
the needs of policymakers for information about 
future climate. For the present, there is no choice 
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but to rely on expert judgments-subj~tive and 
contradictory though they may be-about future 
world c~imate · and its effects on agriculture and 
other sectors of the economy. 

The surv'ey method (described in more detail in 
Chapter 4) was chosen as the best means of 
quantifying such judgments. Its purpose is noi: to 
forecast climate change nor to reach a consensus 
ou the issue of how climate will change by the 
year 2000, l:;ut to portray reasonable, coherent, 
. · ld consistent possibilities for world climate at 
.he end of the century and to put plausible bounds 
on the likelihood of the occurrence of these 
possibilities. 

The questionnaire to which the panelists re
·,;ponded dealt with 10 climatic v;.~:ables or geo
graphic regions of interest: 

1. Average global temperature change 
2. Average latitudinal temperature change 
3. Carbon dioxide and turbicity 
4. Precipitation change 
5. Precipitation variability 
6. Midlatitude drought and persistence of 

drought 
7. Outlook for 1977 crop year 
8. Asian monsoons 
9. Sahel drought 

10. Length of growing season 
Each of the 10 involved three elements: probabi
listic (or equivalent) forecasts uf a· particular 
climatic variable; rea..;.:>ns for quantitative esti
mates; and self and peer expertise rating. 

Basic Pro{:edures 
Most respondents, as w~ll as some of the 

invited panelists who decline~ to particirate, 
voiced sorne degree of apprehension or concern 
about the questionnaire and the use (and possible 
abuse) of the information derived from their 
responses. These · 7!cems centered on the follow
ing is&ues: 

• The lack of su:Jicient actuarial experience, 
comprehensive H1eories, or adequate models to 
support the quantitative estimates given in the 
questions; 

• The possible suppression of the full range of 
uncertainty accompanying responses; and 

• The risk of being r.n unwitting party to "science 
by consensus." 

the NDU project team gave considerable attention 
to the foregoing conr.:ems in analyzing the data 
and aggregating the range of views-and the 
expressed qualifir;ations-provided by the re
spondents. 

The following comments by panelists reflect 
these concerns: 
To the best of my knowledge, there exist, in 
geueraJ, no t~chniques for making climate fore
casts th<\t have demonstrated skill in the sem:e 
that the forecasts are better than a forecast of the 
long-term average statistics. Knowledge of even 
tlte long-term average statistics (means, variances, 
extremes, conditional probabilities, etc.) would be 
most useful for some purposes, but even this data 
is not readily available . 
I think that the strongest message to come from 
your i1uestionnaire will be that we lack the basis 
for predicting even the rrossest aspects of climate. 
We posses.; no skill for forecasting beyond a short 
period, ou, · than that which probabilities based 
on a frequency distribution can provide. Only a 
deteriorati'-'n of climate wiU ftre the imagination of 
the experts. Prophets become known for their 
prophecies of doom. A prophecy of status quo or 
1R1provement would not be interesting. 
There is a good deal of gues.;work involved, due 
to uncertainties about feedback mechanisms, the 
importance of aerosols, the general circulation in 
the atmosphere and oceans, and many other 
factors. 
I feel that one of the most important outcomes of 
your study could be a clear statement of our 
present ignorance. That in itself shoald clearly 
mdicate the need for continger.cy plans. 

Self and Peer Ratings 

An interesting and useful feature of the ques
tionnaire was the concept of self and peer ratings. 
The following is an excerpt of the instructions 
provided at the und of each ·?~estion and designed 
to assess the re~pondents' expertise: 

Using the self-ranking definitions provided in the 
instructions. please indicate your level of substan
tive expertise on this major question. 

5 - 4 - 3 - 2 - I 
Again using the self-ranking guide, please identify 
those t ther respondents whc rn you would rate as 
"expert (5)" or "quite familiac (4)" ;n their 
answer to this particular question. 

The categories from 5 to I (expert, quite 
familiar, familiar, casually acquaintel:. and unfa
miliar) were carefully defined in the questionnaire. 
Table 17-1 shows a sample of the degree of 
correlation between self a,1tl peer ratings for ftve 
respondents on Question I. The general agreement 
between self and peer ratings is fairly evident by 
a scan of the two right-hand :;olumns in the table. 
A detailed analysis of tht· correlation between self 
ratings and the mean Qf peer ratings shows it to 
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TABLE 17-1 

Correlation Between Self and Peer Ratinp 
(Examples from Quesdoo I) 

Frequency of Peer Ratings 

Self Quite 
Respondent Rating Expert Familiar 

A Epert 10 3 
B· Expert 4 3 
c Quite familiar 3 
D Quite famil:ar 2 
E Familiar 

have a value of 0.52 at a significance level of 
G.007. This is considered a fairly high correlation. 

A simple averaging of self and peer ratings for 
{each respondent on each question, rour.dec.l t-1 ihe 
_nearest i11teger value, provided a wdghting that 
. was subsequently used in aggregating responses. 
The particular .,.-eighting scale that was used is 
shown in TahlP. 17-2. Levels of expertise falling 
below "familiar" ("casually acquainte1" and "un
familiar") were not used in the processing. Of the 
three levels shown in Table 17-2, the "expert" 
category was weighted twke as heavily as the 
"quite familiar" category and the "quite familiar" 
was weighted twice as heavily as "familiar." In 
effect, this reflects the largely empirical and intui
tive notion that~ expert's opinion is worth about 
twice as much as one who is "quite familiar," 
which in tum is worth twice as much as an 
individua! who is ranked as "familiar" :ith a 
topic. 

Processl11g of Responses 
The general schema for processing the informa

tit.>n from the questionnaires was as follows: 

• Tabulate each respondent's probability density 
function with respect to change about a partic
ular variable at a given time, or derive the 
probability density function from graphfoal in
f onnatior: ruuvided by the respondent. 

• Multiply each probability density function by 
the ap',)ropriate expertise weight (as described 
earlier). 

• Add the weighted density functions of respond
ents. 

• Divide the weig~:,~d and aggr;gated density 
functions by the t\.11m of expertise weights to 
normalize the group responSf'. 

• Combine the panel's responses on each climatic 
variable into a set of scenarios spanning the 
range of uncertainty or range of crnditions 
described by the re:;pondents. 

Question I, dealing with possible changes in 

global mean temperature (used here as equivalent 
to annual mean temperature between O" and 80" 
north latitude), was a pivotal question because 
perceptions of global mean temperature greatly 
influence perceptions with respect to the climate 
variables treated in subsequent questions. The 
question is based on Figure 17-1 a plot of 
historical changes in annual mean temperature 
during the past century. Each responrlent was 
asked to provide three estimates of the future 
course of possible changes in global temperature 
to the year 2000. The first estimate was to be a 
temperature path to the year 2000 such that there 
was only 1 cha.nee in 10 that the actual path could 
be even lower. The second estimate was to be a 
path with an even chance that temperature could 
be either tower or higher; and the third was a path 
based on 1 chanc:! in 10 that it could be even 
higher . 

Figure 17-2 shows a sample response to Ques
tion I by a single respondent. Each of the three 
estimates could be drawn in any functional form 
desired. Percentiles of 10, 50, or 90 car. be read 
off for any year between the "present" (the end 
of the plot ir. •.::ig. 17-1) and the year 2000. 

The proces.•ing of responses will be illustrated 
using '£he answers to this question by a single 
respondent. Figure 17-3 is a plot of 1the informa
tion shown in Figure 17-·2 for th~ year 2000, 
converted to a cumulative yrobability function, in 
which the ends of the function have been ex
tended beyond the 90th percentile and below the 
10th perc ::ntile in a linear approximation. For 
example, the respondent has indicated a 10 per
cent ·chruice that the temperature will change by 
0.04° C or less, a 50 percent chance that it will 
change by 0.2° C or less, and a 90 percent chance 
that it will change by 0.47° C or less. (These 
temperat~re changes are in relation to the zero 
reference base period, 1880-84, as shown in Fig. 
17-1.) Similar values can, of course, be obtained 
for any other year from Figure 17-2. 

The next step is to convert the cumulative 
probability function into an equivalent density 
function by takir.:, tlte first derivative of the plot 
in Figure 17-3. Since;; the plot consists of two 
straightline segments, we have basically two de-

TAP.i.E 17-2 

Conwnlon of Expertise Ranking to Weighted 
Scale 

Expertise 

Expert 
Qultn familiar 
Familiar 

Weight ---
4 
.? 
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Flaure 17-1. Global temperatures; historical record of changes In annual mean temperature during the past century for the 
latitude band 0°-80°N. The period 1880-84 is the zero reference base. (Mltchtll, National Octanlc and Atm0$plrtric 
Administration} 

0.4'7 C0 (.9) 

Flpre 17·2. Sample: response to Qucatlon I; actual example of a single response 
to the Instruction•. The period 1880-84 ls the zero reference base. 
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Figure 17-3. Cumulative probability function for Question I. The period 1880-84 is the zero reference: base. 

grees of freedom, or two levels in the density 
function, which is shown in Figure 17-4. The area 
under the curve intercepted by any particular 
temperature range is equal to the probability of 
occurrence of that particular temperature range, 
and the total area under the curv~ in Figure 17-4 
is unity. 

Figure 17-5 shows unweighted density functions 
from each of two respondents. The two functions 
are next weighted by the appropriate expertise 
weights, added, and then divided by the sum of 
the weights to obtain the combined and normal
ized density function for the two respondents. 
Again, the area under the curve of this combined 
and normalized ~ensity function, shown in Figure 
17-6 is equal to unity. 

The procedure outlined abovt: was repeated for 
the responses "f each of the other panelists. 
Figure 17-7 is , 1lot of the aggregated normalized 
responses of ~.ie full panel for the year 2000. An 
analogous procedure yields probability density 
functions of mean global temperature change for 
·?-:1 years 1975, 1980, and 1990. The information 
contained in the probability density functions is 
shown in Figure 17-8 as extensions to the curve 
in Figure 17-1. The extensions on the curve show 
the 10th, 50th, and 90th percentiles for each year 
from the "present" to the year 2000. Intermediate 
percentiles are also plotted. Thus, Figure 17-8 is 

a summary of the aggregated responses of the 
panelists with respect to global temperature. 

In aggregating the responses by the method of 
weighted averages, it has been assumed that the 
respondents are drawing from the same general 
information base and, therefore, that their infor
mation is highly dependent. In such cases of 
information dependence among respondents, it is 
customary to use the method of weighted averages 
to aggregate responses. All responses are used 
and weighted by the respondents' expertise as 
perceived by themselves and their peers. The 
shape and range of the aggregated curves are not 
acutely sensitive to the weighting system used. 
The method is "conservative" in the sense that 
the derived probability curves tend to be broad 
and to overstate uncertainty as a result of the 
additive treatment of the individual subjective 
probabilities. Had the responses been based on 
independent information, a multiplicative treat
ment of the individual probabilities would have 
been more appropriate, and the derived probabil
ity curves would have shown less dispersion. 

Climate Scenarios 

A convenient procedure for dealing with a range 
of uncertainty when it is not possible to construct 
quantitative models is through the use of scena-
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F1pre 17-4. Equivalent dcl!dy function for Question I. The period 1880-84 ia the zero rcrcrcncc bue. 

,·';>'.i~~;~)~~·;~f4. 
l1pre 17·5. Addlna two demity functiona lor Question I. The period 1811o-&4 11 the zero rcfuencc bue. 
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Flpre 174. Normalized density function for two respondents to Question I. The period 1880-84 is the zero reference baae. 

rios, which may be considered plausible se
quences of events or trends. Scenarios describe 
interconnections-perhaps even causal processes-
and highlight, where possible, decision points. In 
a sense, a sc\::lario is a possible "slice of futur~ 
history." 

Comtructlng Scenarios 

ln the present instance, since responses on 
global temperature are pivotal in setting the stag-.:: 
for other climate variables, the plot in Figure 17-7 
can be used as a basis for dividing the perceived 
temperature range into a number of categories. 
These C'ltegories then become the bases for con
structing scenarios. The number of categories (and 
scenarios) is, in a sense, arbitrary a ;d can be 
three or five or even a larger number, if desirable. 
Table 17-3 ~hows the perceived temperature range 
divided into five categories. They range from !i:.rge 
global cooling to large global wanning. Associated 
with each temperature range is a probability of 
occurrence where, in fact, the tempe~dture ranges 
were selected to make these probability ranges 
symmetrical. 

In order to process infonnation with respect to 
other climate variables, it is useful to group 
respondents with respect to these five temperature 

TABLE 17-3 

Deftnitlon of Temperature Categories 

Change in Mean North· 
em Hemisphere Temper· 

Temperaturt: ature from Present• hy 
Category the Year 2000 Probability 

~~~~~~~~~ ·~~~~~~_;,_ 

Large cooling 0.3°C to I .2°C colder 0.10 
Moderate cooling 0.05°C to 0.3°C colder 0.25 
Same as last 30 0.05' ~ colder to 0.25°C 

years wm oer 0.30 
Moderate warming 0.25°.: to 0.6°C warmer 0.25 
Large warming 0.6°C to I .8°C warmer 0.10 

•"Present" 1empera1ure Is delin-.d ""lhe end point on lhe araph in l'lavre 17, 
the average tem~cratutC Cor lhe S.year !X'riod ending in 1969. 

ranges, according to where the bulk of each 
respondent's probability density function lies. Ta
ble 17-4 is a matrix showing each of the five 
temperature categ01ies arrayed as rows and the 19 
respondents in five groups arrayed as columns of 
the matrix. Note in the table that the bulk of each 
group's probability density functions lies along the 
diagonal element of the 5x5 matrix (one responJ
ent at each end, three and four at the intennediate 
ranges, and IO in the middle range). 

The results of the infonnation collected under 
Task I have been embodied in a set of five 
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Maure 17-7. Probability of mean Northern Hemisphcrt temperature change by the :t'8r 2000 u determined by the panel of 
climatic experts. Scale A is based on the period 1880-84 as the zero refcrerice base· (sec Fig. 17·1). Scale B i1 ba;ed on the 
perioo 1965-69 as the zero reference base (see the end point on Fig. l·I). 

scenarios described in Chapter 4 of this volume.* 
The scenarios are labeled in accordance with the 
global temperature categories in Table 17-3. 0.1e 
purpose is to provide an integrated summary of 
perceptions of climatologists on climate change 
and variability to the year 7"ll0. An equally 
important purpose is tc j:>rovide a point of 
departure for structuring questions in Task II and 
to trace the impact of such possible climatic 
changes on food production and on the choice of 
policy op~i1)ns. 

The procedure for creating scenarios corre
sponding to the five global temperature categories 
is as follows: 

•The responses to Question VII, "Outlook for 1977 Crop 
Year," are not included in the scenarios. 

• Each responde11t h. rirs• assigned to a global 
temperature c~ egory, :.ls described in Table 
17-4. 

• Responses within each temperature cateRory 
are combined for all other climatic varihbles 
(except for precipitation and precipitation vati
ability, where all responses were availablet). 

• Responses are integrat~d into a narrative, sup
porter' by summary tables. 

The processing steps for Questions II through 
X are identical to those for Question I except that, 
of course, in these other instances, density func-

tfor questions on precipitation and precipitation variability 
onl)•, information was obtained from each respondent based 
on conditional assumptions with respect to global tempera· 
ture. 
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Flpre i7-8. Probability of mean Northern Hemisphere temperature change to the year 2000 as 
det.:rmincd by the panel of climatic experts. The period 1880-84 is the zero reference base. 

TABLE 17-4 

·. Percentage of Grouped Probability Densities 
Lying In Each Temperature Category 

Temperature 
Number of Respondents 

Categories 3 10 4 

Large cooling 99 12 2 
Moderate cooling I 68 24 10 
Same as last 30 years 20 52 31 
Moderate warming 22 44 20 
Large warming 15 80 

lions or equivalents are provided directly by the 
respondents and need not be derived through the 
use of cumulative probability. 

The se~_,..:nce of steps is illustrated by using 
Question VI, which concerns midlatitude drought. 
Table 17-5 illustrates how responses for one of 
the time periods (i.e., 1991 to the year 2000) were 
weighted and aggregated in the Moderate Warm
ing scenario. The process outlined for Question 
VI is repeated for each of the other questions. 

TABLE 17-S 

Frequency of Drought In U.S. In 1991-2000 

Respondents 
. Assigned to 

Moderate lnfre-
Warming Expertise Frequent Average quent 

A 
B 
c 

Weighted average 

Nature of Scenarios 

3 
3 
5 

0.2.S 
0.60 
0.60 
0 . .54 

o . .so 
0.20 
0.20 
0.2.S 

0.2.S 
0.20 
0.20 
0.21 

Each scenario seeks to describe average cli
matic conditions as they might exist in a period of 
years around 2000 AD. The conditions do nof refer 
specifically to that year; its climate is likely to 
differ from the scenario projection to an extent 
con_ '.stent with normal year to year climate varia
bility. Some indication of the course of climate 
changes between the present time and the end of 
i.he century is also given in the narrative and in 
the tables appended to each scenario. 
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Each scenario is assigned a "probability of 
scenario... This probability is a derived value 
based on the panelists' probabilistic temperature 
forecasts and a weighting scheme to take into 
account each respondent's expertise as rated by 
himself and his peers. Therefore, it reflects the 
range of judgments expressed by the climate panel 
and the strengths of their beliefs, as well as their 
level of expertise.* 

This probability should not be construed as the 
likelihood that the total scenario will actually 
materialize in the futu1 • The correct interpreta
tion of the "probability Jf scenario" involves the 
following considerations: 

The "probability" i~ essentially a measure of the 
confidence, exi .ressed collectively by the climate 
pane), that the global temperature change be
tween circa 1970 and circa 2000 will lie in the 
range indicated by the scenario. This measure of 
confidence bears an unknown relationship to the 
probability that the scenario wiU actually occur. 
It was assumed that the global temperature change 
indicated by the scenarios has a negligible proba
bility of being greater than + l.8° C (the upper 
limit of Large Warming) or less than -1.2° C (the 
lower limit of Large Cooling). ln this respect, the 
five scenarios, taken together, are considered to 
bracket all realistic outcomes-i.e., the probabili
ties of the five scenarios sum to unity. 
Details are given in each scenario which elaborate 
on the scenario in respects other than stipulated 
global temperature change. These are considered 
by the climate panel to be reasonable inferences 
about future climatic developments that are con
sistent with the globaJ temperature change. These 
details by no means exclude other possible devel
opments. Hence, they are not necessarily to be 
construed, individuaJly or in combination, as hav-

•A "probability" of 0.25, for example, does not mean that 
there was universal agreement that the scenario in question 
would occur with probability 0.25. Nor does it mean that 25 
percent of the panelists "voted" for that particular temper
ature change lo the exclusion of other changes. Roughly 
speaking, the "probability 0.25" is an amalgam of the 
proportion of panelists who gave some credence to that 
particular temperature change, the strength of their individ
ual "beliefs" in the change (their individual probabilities of 
occurrence) and their individual expertise. 

ing a probability as high as that indicated for the 
scenario as a who1e. Conditional probability inf or
mation, given in the tables included with each 
scenario, can be combined with the overall prob
ability of the scenario to assess the absolute level 
of confidence to be placed in future events speci
fied in the scenarios. For example, one , an find 
the overall "probability" of a specified event 
(e.g., "frequem" drought in the U.S. for the 
period 1991-2000) by first calculating for each 
scenario the product of the "probability" of the 
scenario and the conditionaJ probability of the 
event for that scenario, and then summing the 
products for all five scenarios. 

Validation 
In June 1977, the project Advisory Group 

recommended that an ad hoc panel review early 
drafts of the five scenarios for internal and mutual 
consistency. Accordingly, project staff met in July 
with six climatologists at the National Center for 
Atmospheric Research at Boulder, Colorado. The 
reviewers paid particular attention to the large and 
moderate wnrming and cooling scenarios, i.e., 
those constructed from the smaller data bases. 
The details and the conditional probabilities of 
these end scenarios, therefore, reflect the judg
ments of more people than the limited number of 
panelists who responded to the questionnaires 
along the lines of these scenarios. The review 
process, which essentially strengthened the data 
bases of the end scenarios, resulted in significant 
changes to only one of them, the Large Global 
Cooling scenario. 

Documentation 
The NDU study is .1esctibed in detail in its 

report on the results of Task I, Climate Change 
to tire Year 2000. from which the above descrip
tion of the methodology used in analyzir.g re
sponses to the questionnaire was taken. The NDU 
report also includes the questions used, a discus
sion of the scenaiios and climatic probabilities, 
and a summary of the number of responses and 
average expe11ise ratings for each of the ques
tions. 

, J) 
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The Foreign Demand and Competition Division 
of the Department of AgricuJture's Economics, 
Statistics, and Cooperatives Service is responsible 
for preparing the federal government's projections 
of long-term food supply and demand throughout 
the world, in order to assist in the formulation and 
execution of U.S. agricultural and trade policy. 

Key Analytic Methodology 
Department of Agriculture projections of long

term world food production, consumption. and 
trade are made with the assistance of a computer
based static equilibrium model known as GOL 
(because it deals with the world's grain, oilseed, 
and livestock economy). Although the GOL 
model is viewed by the Department as merely one 
mathematical model among several available for 
analyzing future agricultural prospects, it is tl'e 
only Departmental model capable of analyzing 
broad issues regarding world food prospects in 
relatively detailed commodity and regional terms. 
For the purposes of the Global 2000 Study, three 
additional submodels were used by the Depart
ment to provide projections of arable area, total 
food production and consumption, and fertilizer 
use."' 

The GOL Model 
The present GOL model, developed in 1974 by 

a team of economists and requiring the equivalent 
of about seven years of full-time effort, was one 

•The various Department of Agric11lture projections pre
pared for the Global 2000 Study are not necessarily the 
same as the projections published by the Department for 
specific food products or regions, which are often developed 
utilizing different assumptions and incorporating output 
from other, more detailed ntOdels. However, because the 
parameters used in the GOL model are based in large part 
on the outputs of those other model,. adjusted judgmentally 
by commodit~ and regional specialists within the Depart· 
mcnt, the GOL projections are considered by Deportment 
analysts to be essentially consistent with projections devel· 
oped using other Departmental models. Because the addi· 
tional projections developed using the three submodels were 
dr 1ived directly from the GOL model's projections, and 
especially because they were !lubsequently reviewed and 
adjusted (as appropriate) by Department experts, they are 
also considered by the Department to be essentially consist· 
ent with other Departmental projeclions. 

of the first static equilibrium model'> to take into 
account the broad range of feed-livestock relation
ships at the regional and world' level. It was 
specifically designed to link the grain-oriented 
food economies of the developing regions with the 
livestock-oriented food economies of the indus
trialized regions in a more complete and consistent 
manner than had been done in the past.t 

In the fall of 1974, an early draft of 1985 
regional projec:ions produced by the GOL model 
was made av?.;lable to the World Food Confer
ence in Rome. Fonnal publication of the projec
tions followed in December. These projections 
showed that over the next decade, the world 
could produce enough grain, oilseed, and livestock 
products at reasonable prices to supply the largely 
cereal diet of the developing world and meet a 
moderately rising feed demand in the industrial
ized nations. They were used (in conjunction with 
other projections .rnd analyses) by the Secretary 
of Agriculture t support his views favoring the 
limiting of v.ovemme!"lt intervention in the domes
tic and world food markets and questioning the 
need for an extensive system of international 
reserves.; 

tThe Department's Economics. S1a1istics, and Cooperatives 
Service has prepared extensive. official documentation of 
the GOL model under the litle. Altematfre F11t11rcs for 
World Food i11 1985 l y Anlhony Rojko. et al. Volume l, 
entitled World GOL Model A1111lytic Report. was published 
in April 1978 as Foreign Agricullural Economic Report 
Numbt;r 146. Volume 2. entilled World GOL Model Supply· 
Distril>11ti1111 11nd Relitted Tables. and Volume 3. entitled 
Warld GOL Model Structure and Et11wr 1~11s. were pub· 
lisl. ,(,, respecti'i\\ly. in May and June. 1978. a11d give.n 
rep,.>11 numbers t4tt and I.St: Volume 4, the final volume. as 
expected to be published in the fall of 1978 und:-r the title. 
Wortl GOL M11d1•I Us1•rs M11111111I. 

tThe U. N. Food and Agriculture Organization (FAOl con· 
tinues 10 express concern (e.g .. in a recent press release 
issued by the FAO in conjunction with its 1977 Biennial 
Conference}. that the world food situation remains fragile. 
und that there are no grounds for complacency. According . 
to the Conference, world food production appeared to have 
risen by only l.S percent during 1977, or by less than the 
population growth of nearly 2 perce~t. The Co.nferencc was 
especially concerned that progress ID production had ~en 
slowest in Africa and, in general. in the poorest developing 
regions. where food needs are the greatest. The Conference 
noted that this had Wid~ned the gap not only between the 
industrialiud and cleveloping countries but also between the 
better and worse-off developing countries. 
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Since then, the region-specific models that pro
vide parameter estimates used by the GOL model 
and the GOL model itself have been significantly 
enhanced, and the GOL model has been used to 
examine a broad range of issues for various 
federal agencies. For example. the model has 
been used to analyze the potential impact on 
international food trade of various U.S. agricul
tural parity pricing policies and to analyze the 
potential impact of alternative assistance programs 
for the U.S. Agency for International Develop
ment. 

In its present form •. \,~ GOL model consists of 
930 econometric equations (embodying economic. 
physical. and policy variables). which are solved 
simultaneously. A matrix generator facilitates data 
input and a report writer presents results. The 
equations are specified and solved using the MPS-
3 programming language. and all programs are 
executed on an IBM 370/168 computer. The 
program produces approximately 30 tables con
taining basic data on supply and distribution. 
prices. per capita production and consumption. 
and growth rates. as well as special summary 
tables. 

Plans to incorporate major improvements into 
the model are currently undc,· review. A second
generation model has been planned, and some 
sections are currently under development (e.g .. 
market studies of the British, Iranian, and Vene
zuelan economies). Areas targeted for improve
ment over the next 3-4 years include: 

• Expanding coverage of the world's agricultural 
economy (e.g., livestock specifications are ab
breviated for many developing countries; water, 
fertilizer, pesticidi:, and herbicide are treated 
exogenously; products such as tropical fruit and 
vegetables, starc~ie~. fish for human consump
tion, ;;.nd certain other products arc completely 
omitted in the first-generation model). 

• Endogcnizing to a greater extent measures of 
macroeconomic feedback (e.g., the potential 
impact of changes in foreign exchange positions 
on commodity trade and economic growth, 
which are now treated exogenously). 

•Building in recursive, dynamic behavior (e.g., 
because this is a static equilibrium model, 
output is liit:ited to measunng net long-tenn 
adjustments; the model can say little about the 
year to year adjustments needed to reach the 
solutions calculated for 1985 or 2000). 

The Three Submodels 
The three submodels (related to arable area, 

tott... food production and consumption, and ferti· 
lizer use) were deveioped in late 19n for use in 

the Global 2000 Study. They were not pro
grammed for automater:I execution. Because they 
were developed rapidly (in approximately three 
weeks) to meet specific needs. there are no 
present plans to refine or extend their use, al
though alternative approaches to projecting the 
same variables are under consideration by the 
Department of Agriculture. 

The arable area submode! was based on equa
tions for each of 27 regions with reliable historical 
data. These equations define total arable rn·ea as a 
function of GOL and non-GOL product prices, 
trend growth in the extent of arable art~a. and 
estimates of maximum potential arable area. The 
arable area equations were solved independently 
of each other, using projections developed by the 
GOL model. 

The total food production and consumption 
submode! wa'i based on region-specific. supply 
and demand equations for products not covered 
in the GOL mo · ~1. These equations defined the 
production and nsumption of non·GOL prod
ucts in terms of historical relationships between 
GOL and non-GOL products. The production 
levels calculated for non-GOL products (using the 
non-GOL supply equations) were checked against 
the production levels implied by the residual 
arable area for non·GOL crops (calculated as the 
difference between total amble area and arable 
area used for GOL crops) times trend growth in 
non·GOL product yields. The consumption levels 
calculated for non-GOL products (using the non
GOL demand equations) were checked against 
historic income and price relationships and chang
ing taste, and in all cases were found to be within 
one standard error of the trends in the historic 
data. Each set of region-specific, supply and 
demand equations was solved ind~pcndcntly of 
the other sets using projections developed by the 
GOLmodel 

The fertilizer use submode! was bliSed on re
gion-specific equations defining fertilizer use in 
relation to total f o<X.I production and on combined 
time-series and cross.:;ectional input-output i-ela· 
tionships. These were also solved independently 
of each other using projections from both the 
GOL model and the total food production sub
mode!. 

B~ic Principles 

The GOL Model 
As previously noted, the purpose of the GOL 

model is to gene1 ate projections of world produc
tion, consumption, trade, and prices of grain, 

,-) 
I • 

1· 



FOOD AND AGRICULTURE 547 

oilseed, and livestock products to 1985 and 2000. 
The model's emphasis is on capturing the interac
tion of the predo;ninantly cereal economies of the 
developing world with the livestock economies of 
the industrialized world as they compete for the 
world's agricultural resourcet The calculations of 
the three submodels that expand this analysis to 
consider arable area usage, total food production 
and consumption, and fertilizer use are made 
subsequent to executing the GOL model and thus 
do not influence its calculations. 

The GOL model's main strength lies in its 
scope, coupled with its level of commodity, re
gional, and price detail. For example, the model 
includes variables that simulate competition for 
resources across the crop sector and competition 
among consumers for different crops for food and 
feed use. It incorporates physical input-output 
rates in its feed and livestock sector and crop 
sectors. It differentiates in its regional detail 
between producing and consuming regions as wdl 
as between regions at different economic growth 
and income levels. However, because the GOL 
model draws heavily on earlier models that fo
cused more exclusively on grain, the model tends 
to emphasize grains, while livestock products 
receive less coverage. 

One of the GOL model's main weaknesses is 
that it is a static equilibrium model. Changes over 
time in such dynamic factors a~. population and 
income growth are calculated exogenously in 
advance of running the mocfot and are thus not 
influenced by the calculati0ns of the model. More
over, the model's static equilibrium projections 
for a given year are ir.Je~ndent of its projections 
for any other ye~r and may be inconsistent with 
those projections. In addition. static equilibrium 
models are incapable. by their very nature, of 
capturing aspects of market behavior that are 
fundamentally in a state of dynamic disequilib
rium. 

The 930 equations in the GOL model reUect not 
only physical variables and economic behavioral 
patterns, but also reflect institutional settings, 
policy constraiflts, and changes in consumption 
preferences. Th~ model's region-specific equations 
may be tho!.<~ht of as constituting 28 interacl!ve 
regional submodels of widely varying size and 
complexity ranging from as few as 40 to over 100 
equations. Economic activity between regions is 
related by explicitly incorporating internalional 
trade quanti:Y and piice variables, which m1 •'it be 
consistent for each commodity, and by requuing 
world production and consumption volumes for 
each commodity to balance. For the Global 2000 
Study, stock adjustments were assumed to equal 

zero for all commodities, i.e., world grain reserves 
do not increase to keep pace with changes in 
world population. 

A wide range and large number of assumptions 
are incorporated into the 28 interactive regional 
submodels. These assumptions are clearly distinct 
from conclusions based on the GOL model's 
calculations. Some of the most critical or repre
sentative assumptions are cited below: 

•No major wars, natural disasters, or changes in 
the existing international economic system are 
assumed to occur (other than petroleum price 
increases). This is because such changes could 
only be arbitrarily projected and would com
pletely overshadow the historical relationshi.1?5 
on which the GOL model is based. Whtie 
optimistic and pessimistic weather assumptions 
are included in the Global 2000 Study's high and 
low projections, no climatic change is projected, 
r. "'r is large-scale land degradation assumed to 
occur due to environmental or human factors 
other than urbaniza~ion. 

•Technology-measured in terms of growth in 
yields, and ultimately dependent largely on the 
producer prices generated under a particular
scenario--1s assumed to continue to evolve at 
rates comparable to the rapicl growth Clf the last 
two decades; it is assumed that the mdustrial
ized nations and, to a lesser extent, the less 
developed countries, will take advantage of 
technology-depending on the incentives sup
plied by changes in factor-and-product prices. 

• Aspects of the international food system related 
to food processing, distribution. and merchan
dising (which would also be affected by changes 
in factor and product prices) are not explicitly 
represented in the model. 

• The countries of Western Europe are assumed 
to continue to maintain somewhat protectionist 
agricultural and trade policies aimed at greal\'r 
self-sufficiency. It is also assumed that price 
policies of other Western European countries 
will result in price levels similar to those in the 
European Economic Community. 

•The level of U.S. trade with the U.S.S.R .• the 
People's Republic of China, and Eastern Europe 
is assumed to be uffected more by political than 
economic factors in the long run. Though no 
specifk long-range multicommodity trade agree
ments have been assumed between the United 
States and the centrally planned countries, the 
levels of trade projected are in line with the 
quantities outlined in recent bilateral agree
ments. 

•Each region's import or export prices are as
sumed to be related to the re';ion's demand or 
supply price through generally constant margins. 
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EQUATION l(A): As estimated prior lo use in GOL model 

Dependent variable Terms and variables treated as independent of each other 
Total srain area under cultivation = 22,766.S + 12S (years since 1970) + IS.34 (wheat supply price) 

EQUATION 1(8): As used in GOL model 

Endogenous variables, treated as independent Exogenous expressions 
Total grain area under cultivation - IS.34 (wheat supply price) = 22, 766.S + I 2S (years since 1970) 

EQUATION l(C): As subsequently presented in this chapter 

Exogenous expressions 
Total grain area under cultivation"" 22,766.S + 12S (years since 1970) + JS.34 (wt:eat supply price) 

It should also be recognized that the reports 
produced by the GOL model are reviewed by the 
Department's commodity and country specialists 
to ensure that the model's calculations correspond 
to their professional judgment regarding the future 
prospects of world grain, oilseed, and livestock 
trade. 111 m; ny cases, this means that coefficients 
ultimatelv used within the GOL model are based 
on the j1idgme111 of co1111try and commodity cma
lysts as well as 011 statistical cmalysis. 

The 930 equations of the GOL model are solved 
simultaneously after they have been coded in 
matrix fonn. Prior to being coded, each equation's 
structure and coefficients are separately esti
mated, using standa: · statistical techniques with 
subsequent ·eview by commodity and country 
analysts. In many cases this review leads to 
reevaluation and adjustment of the original equa
tions by Departmt nt analysts prior to running the 
GOL model as a unit. A simple representative 
equation thus estimated (for the low-income North 
Africa and Middle East region) has the structure 
and coefficients of Equation l(A). 

In preparing such an equation for simultaneous 
solution with thl: other GOL equations, it is 
rewritten so that the endogenous variables (those 
solved simultaneously within the model) are all on 
the left-hand side 01 the equation and the exoge
nous variabies (thl'Se whic~ are prQ.iected prior to 
running the model) are all on the right-hand side=. 
Thus, Equation l(A) would be rewritten as Equa
tion l(B). 

When all equations are tPus transposed, the 
left-hand side contains 930 expressions with 930 
variables whose values must be detennined. The 
equations can then be thought of as having the 
fonn 

AX=D 
where A is a square matrix of all the coethcients 
(exogenously estimated) of the endogenous varia· 
bJes, Xis a vector of all the endogenous variables 
(to be solved by the model), and D is a vector of 

expressions of exogenous variables and associated 
coefficients and exponents. 

For ease of computation, a standardized com
puter programming package, developed to execute 
linear programming calculations, is used to solve 
this set of relationships. First, the vector of 
expressions, D, on the right-hand 1ide of the 
equation is solved using exogenously projected 
values for the ex9genous variables, collapsing 
them into a vector of values, S. Then Xis solved 
ar.cording to the following formula, using linear 
programming algorithms to obtain the unique 
solution to the familiar problem of solving /1 

equations for n unknowns: 

X=A 1S 

Matrix A and vector X, the endogenous (simul
.:aneous) part of the model, must express only 
linear relations~ips, since linear programming al
gorithms are used to solve the 930 equations. 
However, in many cases, linear fonnulations tend 
to misrepresent real-world relationships, either 
understating or overstating them. For example, at 
high price levels, lint'lar equations tend to generate 
exaggerated price responses. Th&, nonlinear re
lationships must be and have been simulated by 
.--;estimating coefficients 1.mt.! , c=running the model 
with modified coefficients in cases of initially 
extremely high or low prices. Such adjustments 
have been made, for example, to represent the 
different impacts of very high food prices due to 
rising energy prices and the impact of support 
price and acreage restrictions in the U.S. at very 
low prices. 

The exogenous expression vector D is iiUl 

limited to expressing only linear relationships, 
since it is solved using exogenously projected 
variable values prior to making use of the linear 
programming algorithms. The fonn of each of the 
various expressions in vector D depends o .. the 
assumptions made with respect to the kind of 
impact expected from too exog~nous variables, 
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and may include, for example, exponential rela· 
t:.ons:,ips to express compound growth rates. 

P.hhaugh an objective function is technk Jly 
speci!i~.:l in the case of the GOL model,• the 
moc.i~I solves for the uni<]ue solution for its 930 
equations. Hence. no minimization or maximiza
tion takes place. Thf' 'odel also docs not cur
rently have a transportation matrix. A transporta
tion matrix could theoretically be added. but there 
are no current plans to do so. 

To simplify further discussion of the model, its 
matrix-related characteristics will henceforth be 
disregarded. and equations will be shown in the 
form of Equation l(C). even though all endoge
nous variables are in fact solved simultaneously. 
Thus, endogenous variables which appear on the 
right-hand side of the equals sign for the purposes of 
discussion, should be understood to be no more 
computat',onally "independent," as mathematir.al 
conventi1 m might otherwise suggest, than those ap
pearing on the left-hand side. 

The GOL model includes supply. demand, and 
trade sectors for most commodities. Within the 
crop supply sector, the key endogenous variable 
is total harvested area, defined as a function of 
the prices for the region's most important crops. 
trend growth, constmining potential amble area 
maxima, and historical and physical data on the 
share of GOL crops in the arable area total. 
Individual GOL crops compete for total area 
based on historic shares. physical limitations on 
land allocation among crops, and projected rela
tive prices. Production is detennined from total 
harvested area and an endogenous yield projection 
based on absolute and relative prices, levels of 
input usage, and trP.nd growth included to accrnnt 
for wider adaptation of existing technology. 

Grain supply equations for a region typically 
have been constructed in tl,e following form: 

Total area = f (wheat and oth;.;r crop prices; trend 
growth in arnhlc area, subject to physical con· 
straints defining maximum amble area). 

Wheat area = f (total area; price of wheat and 
other food crops competing for arable area). 

Wheat production = f (wheat area; base wheat 
yields; changes in wheal yields due to changes 
in wheat prices; other product prices; changes 
in input usage; trend growth). 

Dem•md for grain for direct use of foo<l by 
people is u function of grain prices, other food 

•ordinarily. a linear programming model would include 
such a function. lo allow the progrnm lo find a solution 
which would maximize or minimize the value of a specified 
variable. For exJmple, a linear program might be used to 
determine the best way to utilize a farm's resources in .:rder 
to maximize ··s profits. 

product prices, income, and population. The price 
elasticities allow variance in both total food de
mand for grain and the relative shares of individ
ual grains. Demands for meats and dairy products 
are modeled similarly. Com:umer preferences are 
reflected in th~ product's own price and cross
price elasticities and income elasticities. Equations 
in this sector typically have been constructed in 
the following form: 

Demand for wheal for use as food = f (price of wheat, 
corn. rice: per capita income: population: changes in 
taste). 

Demand for beef= ftprice of beef, pork. and poultry: per 
capita in~ome: population; changes in ta~tel 

The sector !hat represents livestock production 
and demand for grain used as food for livestock is 
more complex. Meat production is a function of 
meat prices. feed prices, and productivity. The 
incvrporation of individual meat prices allows 
competition between the meats. Grd.in and oilseed 
feed prices influence the cost of producing meats. 
Equations in this sector have typically been con· 
structed in the followi11g form: 

Beef production = f (price of beef, po pk. corn, 
and oilseed meal; changes in producth ,. y). 

Feed demand is a function of appropriate grain 
prices, oilseed prices, meat prices, and livestock 
production. Crop prices allow competition be
tween feeds. The coefficients for livestock prod
ucts are largely physical input-output rates-that 
relate the tons of grain fed to produce a ton of 
livestock product. Livestock product prices are 
usrd to adjust feed demand, essentially modifying 
the feeding rate, which forms a second set of 
relations between crop prices and livestock prices. 
Equations in this sector have typically been con
structed in the fol.owing fo~: 

Demand for oil meal for use as r~.ed = f (production and 
price of b~ef. pork, poulfry. eggs, al1'd milk: price of 
corn and meal). 

Supply and demand prices for crops and meats 
are usually related through .:onstant margins. As 
previously noted, however, pric.! margins fluc
tuate in the few selected regions where historical 
data indicate that margins widen or narrow as 
price levels change. 

The Three Submodels 

The three submodels - arable area, total food 
(production and consumption), and total fertilizer 
use - were extremely simple, but they can be 
described only approximately because the Depart
ment was unwilling or unable to provide documen-

[·J 
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talion. The descri1Jtions that fellow are based 
largely on oral responses to questions about the 
submodels. 

The submodels have a few common character
istics. They were all specified seperately for each 
region in the GOL model for which reliable 
historical data were available. The submodels 
were all executed after the GOL model aad were 
dependent on the GOL model in various ways. 
The function of the submodels and their various 
assumptions must be described separately. 

The arable area submode! supplements (he 
GOL model by providing projections of arable 
area. The availability of arable land depends on 
many trends, incluCJing urbanization and land 
reclamation. It is assumed in this submode! th.it 
there is a finite amount of land that is potentially 
arable, and projections are not allowed to exceed 
this constraint. Up to this constraint, arnble area 
is projected to increase on the basis of time trends 
and an index of GOL food prices (intended to 
reflect economic incentives). It is assumed that 
there will be no large-scale loss or degradation of 
arable land due to mismanagement or environmen-
tal deterioration. · 

The total food submode! augments the GOL 
projections (of grains, oilseeds and livestock) to 
arrive at total food projections. The procedures 
involved were extremely simple. Growth in total 
food was in most cases projected as a function of 
growth in the GOL commodities (grain, oilseeds 
and livestock) based on historic trends. Their 
relationship was almost always assumed to be 
constant over time and linear. Sugars, starches, 
tropical products and other livestock were taken 
into account, as appropriate. in the various re
gions. Fish catches for human consu"nption were 
not explicitly taken into account for any region 
(except Japan), but were included in the analysis 
of a miscellaneous category. This miscellaneous 
category was assumed to provide the same per
centage of the food supply in the future as in the 
past. This in turn means that (for all regions 
except Japan) the fraction of food needs met by 
fish consumption will be constant, unless substi
tuted by another food in the miscellaneous cate
gory (e.g., bananas. goats, camels. etc.). Sin~e 
food consumption is projected to grow dramati
cally in all regions, it follows tha, (in the absence 
of major shifts to mher foods in the miscellaneous 
category) there will be dramatic growth in the 
global fish catch. Such growth in fish catc:h 
contradicts the Global 2000 Study's fisheries pro· 
jections. 

The fertilizer use ~Jo model supplements the 
GOL model by providing projections of total 

fe11ilizer use. The projections are highly aggre
gated. The relative amounts of nitrogen, phospho
rous anct potassium are not given. The aggregate 
projections are based on regional time-series and 
cross-sectional relationships involving yields per 
hectare and growth in crop production. The rela· 
tionship between fertilizer use and crop produc
tion levels is generally assumed to be linear, but 
the coefficients are adjusted by Departmental 
analysts (depending on the length of the prqjection 
being developed) to reflect assumptions of de
creasing return to scale. Decreasing returns to 
scale are thus specified indirectly (as a function of 
time) rather than directly (as a function of fertilizer 
use). 

Basic Components 
ln tenns of the Global 2000 Study's objectives, 

the GOL model and derivative submodels use 
population and income growth rates to project 
worldwide food production, consumption, and 
trade. Little account 1s taken of environmental 
factors, except to the extent that they are implic
itly projected to influence the costs of production. 

Specifically. the GOL model is a formal econo
metric model which includes 11 principal com· 
modities-wheat, rice, coarse grains, oilmeal, soy
beans, beef and veal, pork, poultry, milk, butter, 
and cheese. A more detailed listing is pres~nted in 
Table 18-1. 

TABLE 18-1 

Food Commodities Specifted in the GOL Model 

TOTAL WHEAT 
Wheal for human demand 
Wheat for livestock feed 

TOTAi. RICE 
Rice for humar. demand 
Rice for livestock feed 

ToTAt. COARSE G11.\1Ns <including corn. barley. rye. oats. 
smghum. millet. and mixed grains) 

Coarse grains for human demand 
Coarse grains for livestock feed 

ToTAt. OILSEEDS (meal equivalent. including principally 
soybeans but also collon seed, linseed, rap:seed, 
fisi1meal. sunflower meal. groundnuts. and copra) 

Oilseeds for human foods 
Oilseeds for livestock feed 

TOT AL MEA, 
Beef (including veal) 
Pork 
Poultry 
Mutton (including lamb) 

TOTAi. MILK ANO DAIRY PRODUCTS 

Fluid Milk 
Buller 
Cheese 
Eggs 



. Regions•. 

United States 
·Canada 

Western Europe 
European Community . 

Euro Six 
Euro Three 

Other Western Europe 

Japan 
Oceania 
South Africa 

Eastern Europe . 

Soviet Union 
China · 

Middle America 

South America 
Argentina 
Braz.ii 
Venezuela 
Olhcr South America 

North Africa Middle East 
North Africa Middle East-high 

Income 
North Africa Middle East-low 

income 
Other Africa 

East Africa 
Central Africa 

S)uth Asia 
India 
Other South Asia 

Southeast Asia 
Thailand 
Other Southeast Asia 

East Asia 
Indonesia 
Other East Asla-hfah income 
Other East Asia-low income" 

Rest of World 

'...doo AND AGRICULTURE 

TABLE18-2 

GOL Model Regions 

INDUSTRIALIZED COUNTRIES 
United States 
Canada 

· '· SSI: 

Countries 

Belgium, Luxembourg, Netherlands, France, Germany, Italy 
Denmark, Ireland, United Kingdom 
Austria, Finland, Greece, Jcel.~nd, Malta, Norw11y, Portugal, Spain, Sw~den, 
Switzerland 
Japan 
Australia, New Zealand 
Republic of South Africa, Botswana, Lesotho, Namibia; Swaziland 

CENTRALLY PLANNED COUNTRIES . . . ~~: .. 
Albania, Bulgaria, Czechoslovakia, East Germany. Hungary; Poland, Romania. 
Yugoslavia · 
Soviet Union 
China 

LESS DEVELOPED COUNTRIES 
Mexico, Bahamas. Bermuda, Costa Rica, Dominican Republic, El Salvador. 
Guatemala, Haiti, Honduras, Belize, Jamaica, Nicaragua, Panama, Trinidad and 
Tobago, other Caribbean isles 

Argentina 
Brazil 
Venezuela . 
Bolivia. Chile, Colombia. Ecuador, French Guiana, Guyana. Paraguay, Peru. 
Surinam, Uruguay 

Algeria, Bahrain. Cyprus, Iran, Iraq, Israel, Kuwait, Libya, Oman, Qatar, Saudi 
Arabia. United Arab Emirates 
Egypt, Jordan, Lebanon. Morocco. Sudan. Syria. Tunisia. Turkey. Yemen 
(Sana), Yi:men (Aden) 

Kenya, Madagascar. Malawi. Mozambique. Rhodesia. Tanzania.Uganda, Zambia 
Angola, Burundi. Cameroon, Central African Empire, Chad, Congo, Benin. 
Ethiopia, Afars and lssas. Gabon, Gambia, Ghana, Guinea, t:quatorial Guinea, 
Ivory Cl'1lst, Liberia, Mali, Mauritania. Mauriiaus, Niger, Nigeria. Reunion, 
Rwanda, Senegal. Sierra Leone. Somnlia. T\jgo. Upper Volta, Zaire 

India 
Afghanistan, Bangladesh, Bhutan, Nepal, Pakistan. Sri Lanka. 

Thailand 
Burma, Cambodia, Laos 

Indonesia 
Hon(! Kong, Singapore, South Korea, T11iwan. Brunel 
Malaysia, Philippines 
Norlh Korea, Vietnam, Mongolia, Cuba. Pacific Islands, Papua·New Guinea• 

Within the GOL model, 28 regions a.re repre· 
sented-8 regions of industrialized (noncommu
nist) countries, 3 regions of centrally planned 
countries. and 17 regions of less developed coun
tries (LDCs). Table 1~2 lists the countries in
cluded under each of the 28 regions. A geographic 
perspective on the methodology underlying these 

projections is provided in one of the colored maps 
used to illustrate the discussion on the Govern
ment's Global Model in Chapter 14. 

The GOL model relationships are said by De
partment analysts to involve approximately 70-80 
percent of total world food productio·P. and con
sumption, and an even larger share of ;rade. All 
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regions have some crop equations, but not all 
regions have livestock equations. The centrally 
planned regions have collapsed international trade 
equations only; production levels are determined 
exogenously. with consumption based on the 
interaction of th-; production and trade projec
tions. These relationships are summarized in Ta
ble 18-3. 

Basic Procedures 
While there is no simple way to illustrate all the 

complex interactions involved conceptually in 
solving a square matrix of 930 equations simulta
neously or in solving the many derivative submod
e! equations, some representative equations that 
focus on a particular food product in a particular 
region can suggest the nature of many of these 
interactions. For the purpose of illustration, this 
section will briefly review the equations pertaining 
to wheat in the low-income North Africa and 
Middle East region, as projected in the medium
growth, rising-energy-price scenario. 

The GOL Model 
The three GOL equations and associated calcu

lations directly related to domestic wheat produc
tion are presented in Table 18-4. As can be seen 
in the table, roughly 80 percent of the increase in 
"grain area under cultivation" between 1970 and 
1985 is due to an exogenous time trend estimate 
involving a ju.dgmentally adjusted coefficient. 
Since roughly 45 percent of the increase in "wheat 
are: 1 under cultivation" over tlte same period is 
du! to increases in "grain area u.ider cultivation" 
and roughly 45 percent due to anothel' exogenous 
time trend, about 80 percent of the increase in 
"wheat area under cultivation" can be 3ttributed 
to the influence of exogenous time trends and 
judgmental adjustments.* Similar reasoning shows 
that about 85 per..:ent of the projected increase in 
"domestic wheat production" over the 1970-85 
period is attributable to similar exogenous influ
ences (roughly 90 percent for the 1985-2000 pe
riod). 

This means that 85-90 percent of the increase 
in wheat production included in the model's 
projections is essentially an exogenous input to 
the model-a premise rather than a conclusion of 
the modeling exercise. Other "projections" of the 
model aJso incorporate significant, directly exoge-

•Departmental analysts note tuat these exogenous trends 
and adjustments are estimated on the basis of the Depart· 
mcnt's analysis of regional arable area potcnlial and regional 
cropping panems, developed prior to running the GOL 
model. 

nous component:::. These are largely baiied on the 
judgment of Department analysts regar-Jing future 
prospects for world grain, oilseec, and livestock 
products. However, since the endogenous variables 
are mutually interdependent, this analysis is 
suggestive only. In the case of wheat production 
in the low-income North Africa and Middle East 
region, the factors contributing to the exogenous 
variable projections, a" determined by Departmen
tal analysis,. are noted in Table 18-4. The impor
tance of exogenous area and production variables 
varies widely by region, depending on the extent 
to which the agricultural secto; is commP.rcialized 
und on the extent to which resource availability 
-i.e., constrained arable .:.rea iri low income 
North Africa and the Middle E.ast-limit the 
impact of market factors on future growth. 

The equation and associated calculations that 
project domestic wheat consumption are pre
sented in Table 18-5. Again. changes in the 
exogenous variables account for over 90 percent 
of the increase in production between 1985 and 
2000 for this region.* Given the importance of 
these exogenous projections, it should be noted in 
passing that while the GOL model's population 
figures were adju.:;::;-d to be consistent with the 
population projections provid!!d by the Bureau of 
the Census, the adjustment was not exact (Table 
18-6). Other minor discrepancies between the 
GOL exogenous projections and other Global 
2000 Study projections are also to be found in the 
per capita GNP growth rate projections. 

The equations used to estimate price relation
ships for the low-income North Africa and Midclle 
East region are presented in Table 18-7. As can 
be seen, these relationships are not projected to 
change over the 1970-2000 period. The apparently 
anomalous phenomenon of a demand price sub
stantially below a supply price is explained by 
Department analysts as due to historic food sub
sidy programs in several of the largest countries 
of the region. Egypt, a major wheat consumer, 
imports wheat concessionally and disposes of it 
domestically at subsidized prices. Turkey, the 
major producer in the region, provides its farmers 
with a substantial subsidy for wheat production. 
The negative margin between the region's supply 
and demand prices points up one of the many 
problems inherent in breitking the world down 
into multicountry regions. Regional projections 
are highly aggregated and consequently should be 
seen as broad parameters rather than precise 

•Departmenlal analysts point out that this region is not one 
of the detailed GOL regions and that market interaction is 
more important in most other regions 



TABLE 18-3 

Variables Used in the GOL Model 

Total Grain TobJMQl -_ - Tobi Dlllry Prodac:u 
Coane Oilseed Beef Beef Mauon : 

Wbeal Rice Grain Mal Cub Products Park - Poaltry 41..mnb - MiDr; Cbcae -Eal 
IndustrialiUd countries· : 

United Sbtes DFPA D PA DFPA FPA DP DP DP DP D D·S - DS ·P 
Canada DFPA D DFPA FPA DP DP DP DS ri s P· 
Euro Six DFPA D PA DFPA FPA DP DP DP DP_ DS DS p 
Euro 11lrec DFPA D PA DFPA FPA DP DP DP DP DS - DS p 
Other Western Europe DFPA D PA DFPA FPA DP DP DP DP DS DS 
Japan D PA DFPA DFPA DFPA DP DP DP DP _DS Ds· _p 
Australia/New Zealand DFPA D PA DFPA FPA .DP_ DP - DP --. D DS DS p 
South Africa D PA 1) DFPA FS DP DP --P- DP ----_ ns 

a•·· Less developed countries -- DP- o-
Middle AmP.rica DFPA D PA DFPA FPA DP c 
Argentina D PA D PA DFPA FPA ·DP - DP DP > 
Brazil D PA D PA Df ·::-'A FPA ·op op- z 
Venezuela D PA D PA DFPA FPA c 
Other SouL11 America D PA D PA DFPA FPA ~ 
High-income North Africa and Middle East D PA D PA DFPA F "' Low-income North Africa and Middle East D PA D PA DFPA n 
East Africa D PA D PA DFPA c: 
Central Airica D s D s D s T ~-

c: 
India D PA D PA DFPA FPA "' Other South Asia D PA D PA D PA t!J 

Thailand D D PA DFPA 
Other Southeast Asia D D PA DFS 
Indonesia D D PA D PA D PA 
High-income East Asia D PA D PA DFPA FPA 
Low-income East Asia D D PA DFPA s 

Centrally planned countries 
Eastern Europe ·T T T T T T 
Soviet Union T T T T T 
China T T T T· T. __ 

Rest of world T i: T T_ -".'!:-.,.. 

D • Demand, tOb1 or nnnfeed p - Production S •Supply 
F -- Derived demand ror rcc.s A •Area T • Foreip tr.de, nd 

U.-u._ ...., 

~ 
~ 



TABLE18-4 

Repre9e11tative Supply Equations: Wheat, Low-Income North Africa and Middle' East (Medium-Growth, Rising 
Energy Price Case) · · · 

FunctJonal form 

Exogenous expressions 
Total grain area 
under cultivation = 22,766.5 + (coefficient•) (years si:'lcc 1970) +.15.34 (wh~ sup~ly priec) 

Variablnalues In 1970 
"·· " 

23,965.0 0 0 

Variable mues projected for 1985 
26,292.4. 125 15 

Variable YBlues projected for 2000 

·28,475.6 110 30 144.52 

, . . . FunctJonal form 
. Exogenous. expressions 

Wheat area un.: .. · .... = .. · .. - 1257.5. 3·. + 81. <.years. siilc. e .1. 97. O) + .549 J total grain. ar:a } + 25.26 • · · 11 11 · · • · 1 · · • ) · dercultivation · l underculuvat1on (Wbeatsupplypr,ice> '""'' ~ .. (coarse~n.SUJ>P,}'pn,C:C · 

13,155~~ .. ~ 

15~970.1 

18;911.2 

Domestic wheat 
produetion 

13,815.0 

0 

15 

: 

30 

Vtiiable .aha In 1970 

23,965.0 

Variable Y&lues projected for 1985 

26,292.4 

Variable values projected for 2000 

28,475.6 

FunctJonal fonn 

Exogenous expressions 

"'78.13. ·64~61 
; .. 

101:50 . 82~63 

144;52;· 1212.Ht .,. 

J 
coefficient llyearsl · · · 1wheat areal 1 ·wheatf + f~r in.crea. se since + 1.05 ·. u!lde~ · + 17.68 su~ply 
m yields" 1970 · cu!t1vat1on pnce 

Variable Y&lues In 1970 
0 ]" . 0 0 13,155.0 78.13 



Variable Yalaes projected for 1!115. -

21.309.1 0 )l!l 27S IS IS,970.1 IOI.SO 

Variable Y811KS projected for 2000 

38.840.9 -.01 pa 700 30 18.911.2 14'.S2 

•Thi• coelT'iciem provide• for trend gro,,.1h in arable a,,,. ... The coelT'icicnt was cstimalcd on lhe 
basis or multiple tqre1o•ion analy.cs defining cbanaes in ..rea as a function of lime as weU as 
investment and changes in real food product prices and input costs. TIM: codr!Cient ~lines 
beyond 1985 to 2000 due to provision for ab'!Olutc con•traints on arable area. 

inc-.ina energy prices arc thus a .. umcd to be 1....i ~ tnalcd as) nealililile for lhl• func:tion 
ror this rellion. 

• Thi• indu 1' ordinarily u'cd t>y the Oepanment of Agricultur.: to e•lduatc polieie• involving 
accelerated llfOWlh in renilizer ""'I"· According to Oepanment of Agriculture analy•h. the 
downward lidju•lmcnt or thi• index for the year 2000 projection " due lo the need to inten>ify 
the effect. of declining return• to •<:ale: for fenilizcr U•cr. Ho,.-cver. for other regions. a wmilar 
llllju,tmem i• made to rcllcc! rising energy price•. No •uch adju.tment was made for 1hi, 
repon. since its 1tgricultural method• arc not considered to be energy intemive. TIM: clfects Of 

• Thi• <:oclT'tcient combine:• the efl'ech on yicld or I II trend powth and 121 technolo&ial srowth
Tbc efl'cct of the.c two fact°"" inlluencing yield i:- funher combined with the efl'ect of cba~ 
in area. to calculate change• in production. In 1985. the 275.000.ton aMual inc;.,,...., h bawd on 
a 10 kilogr .. m per hectare trend increa.c in yield•. plu• the equivalent of 16S.OOO '""'of annual 
incrci.-c in production due to trend increase in yield• on ba.c and c•pandcd llfC.ll. The 
re•pcctive figure- lo 2000 arc 20 kilogr...,,, per hectare and 410.000 !OR\ of annll.lll incnea..., due 
10 area change. 

TABLE18-S 

Representative Demand Equations: Wheat, Lcw·lncome North Africa and Middle East 
(Medlum-Orowtb, Rising Energy Price Case) · 

Functional form 
Exogenous expressions 

~"::"' ~- .... 07 + ''·"' ~ + .oslcfN~;·~+ t~l~ n (5)_.,_., 
Variable values In 1970 

1.9.111.0 o o r 
Variable Yalucs projected for 1!115 

29.5911.0 .0330 .023S ]11 

Variable values projected for 2000 

42.696.2 .0429 .0229 F 

• AU Wbeil -= ia tllis reaion is -mm tO be used dlrecdy - food lbr humans lllld -
u food for liw:sloclr.. 
• Aftn!IC --1 s-tll rale since 1970. The rclalioasbip oftbr:se per capita GNP srowtb ra1e 

l wheat ! l case gain ! . l rice ! de~and + 31.31 de~ + 23.72 ~ 
pnce pnce pnce 

64.17 63.15 12S.OO 

87.S4 82.63 198.21 

130.S6 128.10 274.88 

8 
0 
> z 
0 
> 
0 
:Ill' 
t=5 
c: 
~· 
c: 
~ 
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TABLEIB-6 

Compariloia of Averaae Annual Projected Population Growth Rates, Medium Series 

197.5-85 1975-2000 
Reglon/Counlry • Agri· Census Dif· Agri- Census Dif· 

culture 11 Bureau c ference culture 11 Bureau• ference 

Industrialized countries 0.69 0.!19 -.12 O.S2 0.6J -.II 
United States 0.70 0.1S 0 o.ss 0.60 ··.OS 
Weslem Europe O.JJ O.J8 0 0.4J O.J8 +.OS 
Japan 0.87 0.76 +.01 O.S9 0.70 -.II 

Centrally planned countries 1.25 1.17 0 1.21 t.22 -.01 
Eastem Europe 0.68 0.6S 0 O.S1 0.62 -.OS 
u.s.s.R. 0.92 0.89 +.01 0.68 0.78 -.10 
People's Republic of China 1.41 I.JI 1·.01 1.42 1.41 +.01 

Developing countries 2.49 2.49 +.01 2.37 2.41 -.04 
Lalin America 2.87 2.84 +.04 2.61 2.69 -.08 
Africa and Mia 2.40 2.J9 +.10 2.JO 2.JJ -.OJ 

World 1.78 1.78 +.01 1.77 1.76 +.01 

• Cateaoiln 11tt thosc oflhe Dcpanmcnt or Aplculturr1. Comparabl• Ccnsu• Bureau C1tc11>ri<'1 arc: 
A1tr/<11/t11" ('t111111 ll11rtull 

lndu11rialiud countriu • Unittd Stain. CanadM, Au1tralia. New Zealand, Japill. Wuiem Europe 
Centrally planned counlriu • U.S.S.R .. E&ll•m Europe, Pcopk'1 Republic or China 
Dc••lopins counlrin • Dcvclopina counlriH. ucludir., People'• Republic of China 
Afric• and A1ia (Nol'lh Africa/Middle Ea11. olht'r de· 

•clopina African coun1riu. South A1ia. Southeatl 
Asia. East A1lal • Africa and A1ia. ucluJins People's Republic or China 

• A1 summarized by Ocpanmcnl or Aplcultm a.aaly111 for th11 cbap(er; not pclfectlY con1l1tcnt v.lth Table 6-I, alto prepared by lllC Depar1mt111. 
• A• 1ummatiud, on a comparable ba1l1, by Ccn1111 811tC1111 lllllym. 

TABLE 18-7 

Representative Wheat Trade and Price Equations: Low-Income North Africa and Mlddle East 
(Medium-Growth, QI.sing Energy Price Case) 

Functional form: Wheat imports = Domestic •v!l;.:-t consumption - Domestic wheat production 
1970 SJ78.0 19771.0 IJ81S.O 
1985 8289.9 29599.0 21J09.I 
2000 4138.J 42969.2 J88J0.9 

Functional form: Wheal supply price = IJ.96 + 
1970 78.IJ 
1985 IOl.S 
2000 1402 

Functional form: Wheat demand price - 1.27 + 
1970 64.17 
1985 87.54 
2000 IJO.S6 

projections to be broken down !nto individual 
country totals. · 

No single equation or subset of equations in the 
model sets the international trade price of wheat. 
The trade price is detennined by the solution of 
the model's multiple wheat production and con
sumption equations. However, the export prices 
of the major surplus producers and the import 
prices in the deficit regions of the world are linked 

Wheat demand price 
64.17 
87.54 

130.56 
Wheat trade price 

62.90 
86.27 

129.29 

to allow the use of a major trading country's price 
as a world price proxy. Thus, the U.S. price 
serves as a proxy for the world market wheat 
price, while Thai export prices and Australian
New Zealand export prices play the same proxy 
roles for rice and livestock products, respectively. 

The continuing projected role of the United 
States as the world's largest exporter of wheat 
can be seen in Table 18-8, which shows the U.S. 
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TABLE18-8 

ProJeded Net Exporten of Wheat (Medium-Growth, Rising Energy Price Case)11 
(Million metrit· tam J 

Average Annual Growth 
1970 1985 2000 Percent 

Exports % Exports % Exports % 1970-BS 1985-2000 Share Share Share 

United States 17,881 39 48,838 SB SB,226 S1 7 I 
Australla·New Zeala~d 8,300 18 12,16S 1.5 16.084 16 3 2 
Argentina 1,640 4 6,410 8 13,974 14 IO 5 
Canad A 11,7.SO 26 IS,288 18 7.311 7 2 -I 
South Africa 60 839 I 4,108 4 19 II 
u.s.s.R. 4,799 II 127 1.99.S .. -22 20 .:, 

India 166 
Euro Six 1,170 3 

Total 45,600 IOJh 83.667 100 101.862 JOO 4 

'TbelO flaure1 arc rcpmentatlve of Ille lowe11 level of diuanaatlon within tllc OOL model and arc cited 10 illumlna1c thi! OOL mclhodoloay. Wlllle Department 
analy111 m mt.onably conlldcnl of tllc OOL model'• computations •I the hlaber levels of aarc111ion prcs.en!ed in Chlplu 6, they would prerer that thi!IO more 
dluatePled project!on1 ftO( be cited u Olob'll 2000 Study projections. 
•Dots not sum to 100 due to r:>undlna. 

share of international wheat exports growing from 
39 percent in 1970 to 57 percent in the year 2000. 
This growth is based on a 109 percent increase in 
total U.S. wheat production between 1970 and 
2000. Argentina's total wheat production is pro
jected to increase even more-222 percent-over 
the same period, and South Africa's total wheat 
production is projected to increase 406 percent.• 

These projected increases in total wheat pro
duction lie behind the projected 123 percent 
increase in world wheat exports which is associ
ated with the projected 106 percent increase in the 
real trade price of wheat over the 1970-2000 
period. Similar increases are also projet:ted for 
some countries that are not net exporters. For 
example, total wheat production in East Africa is 
projected to grow 128 percent• and in Brazil, 277 
percent.* 

The Three Submodels 

The arable area submodel's functional variables 
and variable values for the same case and the 
same region are shown in Table 18-9. Because of 

• Departrecnt analysts Jl').int out that because or interannual 
'Jvariation in food production levels, the selection or 1970 as 
:a base year for the purpose or discussion (because it was 
used originally to calibrate the GOL model) may be some· 
what misleading, since 1970 tended to be a year or relatively 
low food production levels. For example. the U.S. share or 
world wheat exports was roughly 4.S percent in 1973-7S. 
Similarly, the 109 percent increase in U.S. wheat production 
to the year 2000, using 1970 as a base, represents only a 4S 
percent increase in production over the levels or the l973-
7S period. This lihould be remembered in evaluating all 
1970-2000 comparisons. 

the rapidity with which the submode! was devel
oped, Department of Agriculture analysts were 
reluctant to provide the exact form of the function 
for publication. But they noted that the function 
assumed a 0.05 price elasticity with respect to 
area (that is, a I percent increase in real returns 
to frumers after costs) was projected to generate a 
0.05 percent increase in arable area-area in 
crops as well as area in less intensive uages, 
including pasture - in the absence of binding 
constraints. They also noted that positive time 
trends generally represented improvements in land 
and crop technologies as well as investment in 
reclamation, development of improved soil man
agement practices, and other improvements. Neg
ative time trends, in contrast, incorporated varia
bles such as urbanization, which work to contract 
rather than expand arable area over time. 

The projet:tions for this region are not, in fact, 
calculated by this function but instead represent 
binding constraints affecting the maximum arable 
area assumed to be available. The maximum 
arable area is assumed to decline by 3 percent 
over the 1971-2000 period, from 94 million to 91 
million hectares. This decline reflects increased 
urbar.:zation and its claim on land in a region with 
a number of countries with severe area problems. 
Because the total grain area under cultivation is 
projected to grow by 19 percent, from 24.0 to 28.5 
million hectares over the same period-and since 
only part of the increase can be expected to be in 
the form of multiple cropping-the projections 
imply the gradual switch of pasture and other low 
intensity land uses toward more intensive crop 
cultivation. Although the Global 2000 Study's 
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TABLE18-9 

Arable Area Submodel, Low-Income North Africa and Mkldle East 
Mtdi11m·Gn111•th, Rising En<'rgy Pr/rt' Cust' 

Functional form: 
1970 

Arable Area = f 
91.5 million hrctares" 
92.5 million hectares" 

(GOL aggregate food price index," years since 1971-75) 

1985 
. . . 100.0 0 

2000 91.0 million hectares•· 
112.12 12 
129.27 27 

:-'n lnaa of pain, oilKed, and llve1tocli. producer prlce1, welabted by q11&111lliH produced from Ille OOL model rcwl11. 
Tiie mufmwn polcmlal area for lhll rtalon WU ClOSCnoutl)' Hllmaled for 1970 to be 94.0 million bectartt, but Ille poltnli.ll WU llOl ICllChed In 1970. 

'81.-.Jy c1tlmated maximum potential area for 1h11 rtalon for Ille year 1pecltled. Cakulallon1 developed 1ulna Ille fllnctlon on tlle rfchl·band llde of Ille equalloft 
exceeded tbl1 vlllle and Ha ruult tllc mulmum poecnllal area wu uled Instead. 

TABLE 18-10 

Total Food Submodel, Low-Income North Africa and Middle East 
Mtdium-Orowth, Rising Entrgy Prlct Cast 

Funcrional Form: 
1970 
1985 
2000 

:'unctional Form: 
1970 
1985 
2000 

• Wclahled caloric indu. 

Total food production index 11 
• 

102 
146 
253 

Total food consumption index H • 

102 
167 
276 

• Rclation1hlp Hlimaicd bucd on hlllorlc data. 

coefficient 11 x 
1.02001 
1.02001 
1.02001 

coefficient 11 x 
1.02001 
1.02001 
l.02001 

GOL food production lndexr 
100 
144 
248 

GOL food consumption indexd 
100 
164 
271 

•A Cl1oric lndu ol sraJn, oillllid, and llvntock produetioll, wtlallted by quanUtlH produced from GOL model mul11. 
•A Cl1oric Index. ol pain, oiltftd, lllld llvtlloct c0111umption, wtlallttd by quntltlc1 produced trom OOL model rtaul11. 

TABLE 18-11 

FertUlzer Submodel, Low-Income North Africa and Middle East 

Mtdium-Orowth, Rising Energy Pritt Case 

Functional form: 
1971-75 
1985 
2000 

Fertilizer Usage" 
1,950 
4,250 
8,750 

= coefficient" 
0.13 
0.17 
0.24 

x weighted caloric value of crop productsr 
15,000 
25,175 
35,875 

• In tbouund1 of nutrient tons. . 
•Eslirnated. bucd on the historic rel11ionship for lhc ttgion combined wilh cross-sectional rclaiionshlps lnvolvin1 the physkal response or crops to lncn11lqly 
lntcn&e reniizcr asipli<:ation, The inc"'""' in the coelricient represents !he effect or declinit11 returns to scale. 
•Caloric: value ol crop production calculated uslna the rn111t1 oftbe total rood production tubmodel (ucludlna llvestoct production). · 

environment&! analysis indicates that additional 
large-scale land degradation is occurring for rea
sons other than urbanization, this was not taken 
into account in the submode!. 

The total food submodel's functional fonn and 
variables for the same case and region with regard 
~o total food production are shown in Table 18-
10. As can be seen from the first half of the table, 
GOL food production is projected to increase an 
average 2.5 percent per year during the 1970-1985 
period and to increase to an average 3.7 percent 
per year during the 1985-2000 period. During the 
same periods, total food production is expected to 
increase :_lt roughly the same rates, suggesting 

increased multiple cropping and increased cultiva
tion of land previously used for pasture. Total 
f md consumption •~~ projected to increase even 
faster, using a function similer to that for total 

· food production, as may be seen in the second 
hi::lf of Table 18-10. 

The fertilizer use submodel's functional fomi 
anJ variables for the same case and region are 
s110wn in Table 18-11. Fertilizer use (for food 
~rap;;;) for this region is piOjected to increase at 
about 5 percent per y~ar throughout the 1970-
2000 period. 

Summaries of the key OOL model and submo
de! projections for this region are presented in 
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TABLE 18-12 

:Summary Supply Statistics: Low-Income North Africa and Middle East• 
Utdl11m-Growth, Rising Entrgy Prict Cast 

Averaae Annual Percent Growth 

1970 1985 2000 1970-8' 1985-2000 

PoPULATION AND PER CAPITA ONP 
Population (mllliom) 116.5 16'.I 229.8 2.4 2.2 
Per Capita GNP 11 (constant 1970 dollars) 188 306 663 3.3 5.3 

ARABLE AREA 
Total arable area (million htctarts) 91.5 92.5 91.0 0.1 -0.1 
Total grain area under cultivation• 

(million htctarts) 24.0 26.3 28.5 0.6 0.5 
Wheat area under cultivation (ml/lion 

htctarts) 13.2 16.0 18.9 1.3 I. I 
Rice area under cultivation (million 

htctarts) 0.6 0.8 1.0 1.9 1.5 
Coarse grains area under cultivation 

(million htctarts) 10.3 9.5 8.6 -0.5 -0.7 

FERTI.LIZER Use AND YIELDS 
Fertilizer use for food crops (million 

nutritnt tons) 2.0 4.3 8.8 5.2 4.9 
Total grain yield• (tons ptr htctart) 1.2 . 1.6 2.3 1.9 2.4 
Wheat yield (tons ptr ir.tcta:-t) I. I 1.3 2;1 I, I 3.2 
Rice yield (tons ptr htctart) 3.4 3.5 3.6 oj 0.2 
Coarse grain yield (tons ptr htctart) 1.3 1.9 2.6 2.6 2.1 

PRODUCTION ,-1· 

Total food production (1970 = 100) 100 144 248 2.5 3,7 
GOL. food production ( 1970 = 100) 100 144 248 2.5 3;7 
Total grain i;roduction• (million mttrlc 

tons) 29.0 41.9 64.7 2.5 2.9 
Wheat production (million mttrlc tons) 13;8 21.3 38.8 2.9 4.1 
Rice production (million mttric tons) 1.9 2.7 3 .• 5 2.4 1.1': 
Coarse grain production (million mttrlc 

tons) 13.3 17;9 22.4 2.0 :: I.~ 

PERCENT OF WORLD SUPPLY 
Percent of world total grain production• 2.7 4.2 4.7 
Percent of world wheat production 4.3 8.2 11.6 
Percent of world rice production 0.9 1.4 1.2 
Percent of world coars~ grain production 2.4 3.3 2.9 

•These filurc• are represcntatlve of the lowe•t level nf dluasreptlon within tbtJ OOL model and are tberefore cited I? Wumirllle tlle OOL metbodololY. WlllJc 
Department analysts are reasonabiy confident of the GOL mcde1'1 ~omputallons at tbe blsber levela of aarcpllon prcsemed In Cllapeer 6, Ibey would pnlcr Illa! 
tllese more dluaregated pro.it ction• not be cited u Glohl :zo:;o Study projectlona. 
•ne relation•hlp of the,. eu1genou1 growth rate aasumpllona (a1 reported in tbe OOL model output) to those developed for tbe Global 2000 Study (see Cllapeer 3) II 
problematical and could not be re•dily rcaolved by Dcpartmeat analysts. 
'TQlal sraln include• wheat, rice, and coarse sratn• but excludes pulses. A1 shown in Table 11-3, there are no equallon1 In tbe OOL model Illa! represent pulsea, 
meat, or meat and dairy products en a dlsaagregated basis for tbl1 reslon. 

;fables 18-12 and 18-13. Since GOL meat projec
tions are generally not computed for indivicl.ual 
LDC regions (but for LDCs as an aggregate, 
insir.00), they are summarized separately in Table 
18-14. Over the 1970-2000 period, the percentage 

of total grain consumption (including pulses) used 
for livestock food in the LDCs is relatively 
constant at roughly 10 percent, whereas it grows 
from roughly 70 percent to roughly 80 percent in 
the industrialized nations over the same period. 
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TABLE 18-13 

Summary Demand and Trade StatisUcs: Low-Income North Africa and Mkldle East" 
(Mt'di11m·Grtill'th, Rising E11t'r10· Prie'e C"se) 

Average Annual Percent 
Growth 

1970 1985 2000 1970-85 1985-2000 

POPULATION AND PER CAPITA GNP 
Population (millions) 116.5 165.1 229.8 2.4 2.2 
Per Capita GNPb (constant J970 dollars) 188 306: 663 3.3 5.3 

CONSUMPTION 
Total food consumption (1970 =JOO) 100 164 271 3.4 3.4 
GOL food consump\ion (1970 = JOO) 100 164 271 3.4 3.4 
Total grain con~umption•· (mi/lion metric 

tons) 35.3 52.8 11.5 2.7 2.6 
Wheal food u~age (mi/lion metric tons) 19.8 29.6 43.0 2.7 2.5 
Rice food usage f111ilfio11 metric to/ISJ l.5 2.2 3.7 2.6 3.5 
Coarse grains food usage I 111illim1 metric 

tonsJ 9.4 14.3 21.2 2:8 2.7 
Coarse grains feed usage (million metric 

tons) 4.6 6.7 9.6 2.5 2.4 

NET TRADE 
Total grain imports .. (million metric tons) 5.3 ll.O 12.8 5.0 1.0 
Wheat imports(mil/ion metric tons) 5.4 8.3 4.1 2.9 -4.6 
Rice imports (million metric tons) -0.4 -0.4 0:2' o.o 
Coarse grains imparts (million metric 

tons) 0.3 3.2 8.5 17.1 6.7 

REAL l'RJCES 
Wheat trade price (wnstanl 1970 dollars 

per metric fon) 62.90 86.27 129.29 2.l 2.7 
Rice trade price (constant 1970 do/tars 

per metric ton) 204.21 280.85 2.1 
Coarse grain trade price (consta111 /970 

dollars per metric to/IJ 80.03 125.50 3.0 

•Tbue flaurcs arc rcpruentativc or the fowut level or disagnaa•lon wilhln rhe OOL model and are cited lo Illuminate the OOL metbodolo1y. While Depanment 
analysis arc rcuonably conlldcnl or Ille OOL model's computation• al the hlshcr levels or aureplion presented In Cbapcer 6, they would prefer that the&e more 
di•au~plcd projccllon• not be ciled II! Global 2000 Study projections. 
• Tiie rclatlon•bip or these uogcnou• growth rate auumplions (ai reported in the GOL model oulput) to lbo•c developed for the Global 2000 Study (He Chapccr 3) is 
problcmalical and could not be readily rc•olved by Department analyst•. 
•Total i;rain includu "'heat, rice. and coane 1raini but c.clud01 pul•H. As shown In T•ble 11-J, !here are no cquallons In the OOL model Iha! re1nscnt pul1t1, 
meal, or meal and dairy products on a di•aqregatcd bHSi• for !bit realon. 
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TABLEIB-14 

Summary Meat Statistics: Less Developed Countries and lndustrlalbed Natlons11 

(Mtdlum-Orowth, Rising Entrgy Prlct Cast) 

561 

Average Annual Percent Growth 

1970 1985 2000 1970-85 1985-2000 

MEAT PRODUCTION (million mttrlc tons) 
Less developed countrit:. 6.S 10.S 19.6 3.2 4.2 
Industrialized nations 46.6 63.1 75.2 2.0 1.2 

MEAT CONSUMPTION (million mtlric tons} 
Less developed countries S.6 9.3 16.1 3.4 3.7 
Industrialized nations 47.3 63.2 77.1 2.0 1.3 

P!R CAPITA MEAT CONSUMPTION" (kilograms} 
Less developed countries 3.2 3.7 4.6 1.0 l.S 
Industrialized nations 67.6 82.9 94.3 1.4 0.9 

PER CAPITA ORAIN CONSUMPTION FOR Fooor (kilograms} 
Less developed countries ISS.9 181.7 188.6 1.0 0.2 
Industrialized nations 172.S 170.2 163.4 -0.1 -0.3 

PER CAPITA ORAIN CONSUMPTION FOR FEEDr (kilograms} 
Less developed countries 17.0 19.4 23.8 0.9 1.4 
Industrialized nations 362.0 440.1 SBS.6 1.3 1.9 
•At shown In Table 11-J, there ;,ire llO equations In Ibo OOL model that represent meal 111pply and demand for Ibo ctnlnlly pla11ned counlries. However, meat 
prod111:u are dlsaarcptcd within the OOL modtl l'or lbe leu developed countriu and Industrialized natlclls, also•• sliown In Table 11-3. 
•Nol perl'ectly consistent wltb Tables 6-6 and M, chle to cllterepancics l!lllcd In l'oocnole b of Table 11-6. 
'Total snln lnclude1 wheal, rice, and coane snlns but excludes pulset. At abown In Table 11-J, there are no cqu:ulonl In Ibo OOL model lbat represent pulMt, 
meat, or meal and dalry produe11 on a dlsaarcplcd bub l'or this repon. 



19 Renewable Resources 

There is at present no adequate, fonnaJ and 
precise means of projecting world trends for 
renewable resource:;. :such as water, forestry, fish
eries, soil, and the environment. In some cases 
(fishe1ies and forestry), agency experts have hu
mored the staff of the Global 2000 Study by 
developing world forecasts of renewable resources 
to the year 2000, but with one exception,* none 
has presented the Study with a forecast based on 
an explicit mathematical model. In fact, all were 
convinced that in their areas of expertise descrip
tive and judgmental analyses were more accurate, 
objective, and illuminating than projections based 
on mathematical models, given the present state 
of the art. 

Description and judgmental analyses are some· 
times depreciated as "unscientific." However, it 
is just as possible to be scientific without being 
mathematicai as it is to be mathematical without 
being scientific. Indeed, applying mathematical 
techniques (e.g., regression analysis) prior to the 
development of an adequate conceptual theory or 
hypothesis leads to pseudo-scientific reasoning
and often to precise but incorrect conclusions. 
1berefore, the renewable resource projections 
should not be considered less credible or less 
scientific because they are not mathematical. In 
fact, it might be more appropriate to respect the 
analysts for applying tools appropriate to present 
limitations of knowledge in the areas in which 
they are working. 

This chapter will discuss the methods by which 
the renewable resource projections in this volume 
were made. All such forecasts were derived from 
verbal models, and each description of the method 
used will be preceded by a few generalizations as 
to why verbal models were preferable and why 
good quantitative forecasts could not be mad~ for 
that particular resource. 

What do water, forestry, fisheries, soil, and the 
environment have in common that make them 
difficult to forecast? For one thing, in the United 
States all have historically been considered "free 

*The Brookhaven National Laboratory developed the math· 
ematical model of the the energy sector's impacts on the 
environment described at the end of this chapter. 

goods." No agents keep track of free goods, and 
the incentive for the systematic monitoring of 
renewable resources, particularly on a world level, 
has been almost nonexistent. Thus finn concepts 
and data bases for making forecasts are Jacking. As 
free goods in our economic system, renewable re
sources have been the dependent variables of 
commodities with higher priorities. The fate of 
forest lands is apt to be determined by agricultural 
or grazing needs; water, as it flows from one use to 
another, becomes laden with wastes; estuaries are 
wiped out in the ~ourse of urbanization. All these 
circumstances baffle attempts at measurement, 
thwart record keeping, and make precision dif
ficult, so that the exact future of things tends to 
become "anybody's guess." 

In the last decade, local scarcities have wrought 
a few changes in the free goods mentality. The 
inclination to keep track of water, forest, fish, and 
soil resources has grown stronger. New technolo
gies have made the keeping of accounts easier. 
Satellite photography has proved useful in gather
ing global data, and computer-based data process
ing has expedited the storing, sorting, and digest
ing of information. The primary bottleneck to 
effective analysis at this moment is insufficient 
institutional recognition of ecological concepts and 
the absence of stable analytic institutions and 
coordination of efforts. Work is bei11g done at 
universities scattered throughout the country and 
in various depattmcnts of government, and con
cepts have been developed, but there is oft~n no 
consensus-and in some cases, no communica
tion-among experts working on the same re
source problem. Where there is consensus, the 
means for implementing findings about effective 
resource management are often lacking. 

S63 

A second trait of renewable resources that 
thwarts projection is the tendency for one re
source problem to become inextricably inter
twined with another. Consequently, problems are 
diffi-zult to examine in isolation. Hydrologic re
gin~·.;,S and soil problems arc greatly influenced by 
watershed management, which often is a forestry 
matter. Forestry, in turn, is influenced by at
tempts to extend agricultural production and by 
institutional questions, such as what cutting prac-
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tices are permitted and how much grazing is 
permissable in forest lands. Where wood is used 
as a fuel, the prices and availabilities of alternative 
fuels is also critical in predicting the future of 
forestry. _ . 

Lastly, renewable resources are difficult to 
forecast because their dynamics frequently include 
circumstances where cause and effect are widely 
separated, in time, space, or in both. Trees 
planted now will not become harvestable timber 
until after the year 2000. Gradual increases in 
intensity of exploitation of soil systems may have 
no noticeable effect until a severe drought sets in. 
Toxins can be carried through the food chain for 
long periods of time until they become sufficiently 
concentrated in the higher predators and cause 
severe damage. In such situations, it is often not 
quite clear what is happening until after it has 
happened, and the chances of subtle changes in 
renewable resource systems being overlooked are 
high. 

Water 
The institutional history of water projections is 

an interesting contrast to those of other resources. 
The U.S. Geologkal Survey has taken an interest 
in predicting water supply since the time of 
Theodore Roosevelt, and national assessments 
have taken place on a regular basis since the 
1950s. The net experience of these years of 
forecasting has turned the Survey somewhat 
against attempting to make forecasts of a general 
nature over broad regions, using simple quantita
tive measures. ThP,y have found local inquiries 
and "problem identification" approaches more 
useful. The reason, as described in an early draft 
of the water forecast for the Global 2000 Study, is 
that: 

Thc.:re is really no such thing as a global water 
economy in the same sense as for example, 
minerals and fuels. A surplus in one place is of 
little use elsewhere. Cost limits the transport of 
water. Water problems are usually local, rather 
than global. 

Thus, while in other areas there has been mount· 
ing pressure in the government to keep national 
inventories-and global inventories where there is 
reason to-the trend Ill water forecasting has been 
one of increasing emphru_;is on problem-specific 
studies. Nevertheless, the Water Resources Divi
sion of the U.S. Geological Survey provided the 
Global 2000 Study with some global water fore
casts, describing haw they were constructed and 
adding commentary for the purpose of identifying 
the problems involved. 

Water is a fluid substance in more ways than 
one. On the supply side, it slips through all 
attempts to achieve a uniform definition of "sup
ply." Does one inventory surface water? Ground
water? What about multiple usage? How does one 
take into account water that would be available if 
the transportation system were adequate? A dif
ferent answer to any of the above questions could 
halve or double "water supply." 

On the demand side, it is difficult to hold "'ater 
to fixed relationships. Where water has been 
con~idered a "free good," the pattern of water 
utili.iation is the product of complex forces of 
cultural and technological evolution. The amounts 
of water required for ~1pecific industrial processes 
often vary by a factor of two or more, without 
significant cost savings associated with the more 
water-intensive process. Per capita consumption 
in national cross sections does not closely follow 
per capita incomes. In short, there is very little to 
hang onto 5n making predictions; water use pat
terns are highly variable and could assume forms 
quite different from those we observe today 
should water scarcity become a problem. 

Given this nebulousness, the methodology of 
global water forecasts is quite arbitrary, and the 
forecasts themselves not especially meaningful
which is why Chapter 9, "Water Projections," 
confined itself largely to descriptions of the nature 
of water as a resource and explanations of why 
meaningful forecasts are not possible. The two 
forecasts of global water demand for the year 2000 
were chosen not for their excellence but because 
other global water forecasts could not be found. 
The two estimates differ by more than "fl order of 
magnitude, and the assumptions on .vhich they 
were based are not publicly documented. 

The water forecast chapter concludes with a 
statement to the effect that local water shortage 
problems will be much more common by 2000 
thi? n they are now, but that quantitative forecasts 
on a global basis are simply not possible. 

F'Wleries 
No U.S. government agency is vested with the 

responsibility to make long-term global forecasts 
of the fish catch, but the Global 2000 Study turned 
to the one agency capable of producing such 
forecasts: the National Marine Fisheries Service 
of the Commerce Department's National Oceanic 
and Atmospheric Administration. It was decided 
that, given the present state of the art of fisheries 
modeling, a verbal description of the operational 
~haracteristics of marine resource behavior com
bined with inferences drawn from historical data 
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·on the fish catch would betti~r serve the Study's 
purposes than output from ~ fonnal model. Thus, 
the fisheries forecasts (Chapter 7) are based on 
empirical evidem;c and on ecological reasons why 
certain outcomes ca;1 or cannot be expected. 

Ecological analysi:-. can provide statements 
about poteutial 3Upply bu·· not about demand. In 
the marine resources foret.::ist, statements of de
mand were synopsized froni FAO sources and 
from the work of Frederick W. Bell and his 
colleagues at the National Marine Fisheries Serv
ice. Both demand forecasts were based on as
sumptions about population and income growth 
and income elasticities of demands for marine 
products. The Bell analysis also took into account 
supply constraints and the pressure on prices 
generated by inelastic supplies. 

The concepts, precepts, and methodologfos of 
ecology and economics are fundamentaJy differ
ent and stand at odds with one another. This 
disagreement appears clearly in the fisheries re
source forecast. The ecologically derivea supply 
estimates state that it will be reasonable to expect 
a global catch of around 60 million metiic 'ons in 
the year 2000-if environmental degradatioll does 
not reduce the basic productivity of the oceans. 
The economically derived FAO projection states 
that demand for marine harvests in 1985 will have 
reached 106.5 million metric tons with the impli
cation that H will probably increase thereafter. 
The economic estimate by Bell projects that 
demand in the year 2000 will have reached 83.5 
million metric tons. It is left to the reader to 
reconcile the difference between supply and de
mand forecasts. 

Forestry 
No U.S. government agency keeps records or 

does analysis of forestry on a worldwide basis. 
The Global 2000 Study turned to the CIA's 
Environmental and Resources Center for assist
ance. The projections provided hy the Center 
were based on a review of the literature of fore~t 
economics and ecology, combined with inforr:ed 
judgment. Where sources were in conflict-as, for 
example, when ecologic and anthropologic fore
casts came to different conclusions about sustain
a::;2::~ of slash-and-bum agriculture-the source 
with the stronger empirical evidence was pre
ferred. 

The focus uf the projections presented in Chap
l~r 8 is the anticipated supply and demand for 
forest products and the costs incurred in supplying 
them. These- variables were considered separately 
for each of the major forest regions of the world. 

A separate section is devoted to the problems of 
the humid tropics. 

TI1e strongest structural concept developed was 
the distinction between forest usage patterns in 
the industriali1.ed countries and in the less devel
oped c~untrie~;. The fonner countries have sub
stantially more wood per capita and use their 
forest resources primarily in forest products indus-
1o.ries, whit~ the latter, with less wood per capita, 
use a large portion of their wood as fuel. Tile two 
patterns are expected to lead to very different 
consequences by 2000. No fonnal mathematical 
structure was developed. 

Environment 
As the Global 2000 Study was originally de

signed, each agency forecast was to include an 
analysis of the environmental ramifications of its 
projections. As forecasts were received, the Study 
team began to realize that the original design was 
unrealistic. While most agencies have some capac
ity to do environmental analyses, that c2pability 
can selrlom he adapted to making long-tenn fore
casts on a global basis. The analyses of environ
mental implications appended to most of the 
forecasts were minimal or nonexistent. As a result 
it was necessary for the Global 2000 Staff to 
contract out part of the environmental analysis 
and undertake part of this work itself. On the 
basis of recommendations made by the staffs of 
the Environmental Protection Age.icy and the 
Council on Environmental Quality, the water-en
vironment forecast was contracted to Threshhold, 
Inc., a Washington, D.C., environmental consult
ing company; the marine-environment section was 
contracted to the Marine Laboratory at Duke 
University and to George Woodwell at Woods 
Hole Marine Biological L1boratory; and the sec
tion on habitat loss and flpecies extinction was 
produced by the World Wildlife Fund, Washing
ton. D.C. 

The energy-environment forecast was alone in 
proceeding more or ~e-ss according to the original 
plan. The Department of EneJ:BY contracted to 
have Brookhaven National Laboratory prepare an 
analysis of the environmental implications of the 
energy projections. This was interpreted by the 
Global 2000 Study Staff after receiving comments 
and criticisms from analysts at the Environmental 
Protection Agency. 

The energy.environment forecast was based on 
a computer analysis of the energy use figures 
forecast by the energy model. The methodology, 
focus, and structure of that model is described 
below. Other sections of the environmental fore-
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casts were made using the normal, jcdgmental 
techniques of scholarly research. 

Environment was defined for this study as 
"e,t"Jity to support life ... and emphasis was placed 
or& qualitative and quantitative aspects of the 
ability to support human life and to stabilize and 
sustain environmental systems. Particular atten
tion was given to situations where large portions 
llf the wortd•s population or surface areas would 
be affected, or where widespread irreversible 
damage might be incurred by changes affecting 
the environment. 

Environmental forecasts followed the basic 
structure of the other forecasts. For each main 
forecast, an environmental forecast was made. 
Both the ways in which the environment might be 
expected to be influenced, ai.;cording to the fore
cast, and the ways in which environmental 
changes might influence the forecast were dis
cussed. Where there was a clear overlapping of 
subject matter. as with agriculture, forestry, and 
water, the subject matter was apportioned aceord
ing to the analyst's best judgment. 

Energy-Environment Model 
The Energy Systems Network Simulator 

(ESNS) was developed at Brookhaven National 
Laboratory in 1974. The model is designed to 
permit highly detailed analyses of the environmen
tal impacts of energy flows in the U.S. energy 
system. It feeds on data from the Brookhaven 
Energy Data Base and other data bases. 

Through a process of aggregation of disaggre
gated categories, simplification of mathemat
ical structure, and replication of the simplified 
structure for various regions, the U.S. ESNS 
model has been adapted to interface with the 
International Energy Evaluation System (IEES) 
described in Chapters 10 and 20. 

The adaptation was not made without difficulty. 
The International version required assumptions 
about emissions control standards on a worldwide 
basis. Without estimates of pollution control 
measures to be taken in other regions of the 
world, the Brookhaven analysts assumed that 
U.S. regulatory practices would be adopted on a 
global basis. While a few countries may adopt 
more stringent regulatory policies than the U.S., 
most will probably apply lower st.i\r:dards. Thus 
the model tends to understate emissions. 

The output from the IEES model, in particular 
the estimates for fuel ~onsumption by end uses 
for the LDCs, the OPf.~ regions, and the cen
trally planned econr,,nies, were far too a~regated 
for use in the ESNS model. The required degree 
of disaggregation for the LDCs and OPEC coun-

tries was developed using estimates for end-use 
distribution of fuel types trom the WAES (Work
shop <Jn Alternative Energy Strategies) study.• 
The VI AES sce.narios used in both these cases for 
IEES low, medium, and high rates of growth 
were, for ~985: 

low 
medium 

high 

and for 1990: 

WAES scenruio D 
Weighted average of high 

and low 
WAES scenario C 

iow W AES scenario D7 
medium and high Scaled trom 1985 fagures in 

proportion to total fuel 
use 

Estimates for the centrally planned economies 
were based on the estimates for Eastern Europe 
and China presented in the 1977 A111111al Review 
of Energy. t 

Finally, the IEES estimates included neither 
base-case figures nor estimates for years after 
1990, which limited the Brookhaven analysis to 
projections for 1985 and 1990. 

lYlechanlcs of the ESNS Model 

Mechanically, the IEES adaptation of the 
ESNS model i!' simply an accounting device that 
calculates annual emissions inventories. Basic1dly, 
it entails no more than repeated use of ~he 
following formula and summations across end-use 
(sectoral) categories and across fuel-type cate
gories: 

1"otal regional energy end use (by fuel type) 
x Emissions generated (by emission type) per 
unit ofenergy end use (by fuel type) 

== Total regional emissions generated (by 
emission type). 

Mathematically. the operations are carried out 
using matrix algebra; thus the multiplier, multipli
cand, a.'1d product in the :-tbove formula are all 
tabular block.3 of numbers (matrices) when the 
actual operations are carried out. Sample values 
for one of the 187* matrix multiplications per
formed by the model matrices are shown in the 
accompanying example. 

Identical calculations were performed for each 
of the 17 regions considered in the model. Similar 

•Energy: Global Prospects 1985-2000, New York: McGraw· 
Hill, 1977. 
tJack M. Hollander, ed., Annual Review of Energy, vol. 2, 
Palo Alto, Calif., 1977. 
iEleven emissions categories are estimated for each of 17 
regions. 
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~pie Calculation Performed by the F.SNS Model· 

Fuel Use, Canada, 1985 (10'5 Btu per year) 
Household 

'Electric··· Synthetic Indus· Trans- and 
Utilities Fuels trial portation Com'mer· 

cial 

Coal -o.55 -0.11 ·0:·14 · .. 
.. 

0 0.01 
Oil •' ·'"".0.11 0 0.65 . 2.55 1.34 
Oas 
Electric 
Nuclear 
Hydro-seothennal 

Electric utilities 
Synthetic fuels 
Industrial 
Transportation 
Household and commercial 
Raw materials 
Energy sectors 

-0.06 · .. 0.11 0.82· 0 0.74 
1.48 o· . 0.64. 0 0.66 
0. 0 o· 0 0 

.0 0 ... 0 o· 0 
.•,' 

MULTIPLIED BY 

. s~lfm Dioxide (in short tons) per 1 OU Btu of· Fuel~ 
' ' :·' . , ' 

Coal Oil ·Oas·· Electric 

202.0 320.0 ... 0.293 o .. 
31.7 0 0 0 

603.0 393.0 0.291 0 
0 15.0 0 0 

. 1;240.0 113.0 . 0.276 0 
603.0 393.0 0.291 0 
603.0 393.0 0.291 0 

EQUALS 

Raw 
Materials 

0. 
0.44 

.o 
0 
0 
0 

Nuclear 

.o 
0 
0 
0 
0 
0 
0 

Sulfur Dioxide Generation (in UP short ~ns) per Year, Canada, 1985 

Coal Oil Oas Electric · Nuclear 

Electric utilities 78.78 35.20. O.Ol8 0 0 
Synthetic fuels 3.80 0 0 0 0 
Industrial 84.42 235.8 0.230 0 0 
Transportation 0 41.4 0 0 ·. 0 
Household and commercial 12.40 136.7 0.209 0 . :0 
Raw materials 0. 169.0. 0 o· .. 0 
Energy sector 0 220.1 · 0.(16 o· 0 

• '11llt Ame lllllrlx Is used ror all rqlon1, all yean. 

Tritium emissions 

Energy 
Sector 

0 
0.55 
0.40 
0.18 
0 
0 

Hydro-
Oco-

thermal 

0 
o. 

~ ·. 0 
0 
0 
0 
0 

-Hydro-
. OeO. .· 
thermal 

0 
0 
0 
0 
0 
0 
0 

calculations were pelfonned for each ,of the fol
lowing 11 classes of environmental effects: · . · · 

Carbon dioxide 
Population exposure to ionizing radiation 
Solid high-level (nuclear) wastes 
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Carbon monoxide 
Sulfur dioxide 
Oxides of nitrogen 
Hydrocarbon emissions 
Particulate emi~sions 
Land use as:,ociated with fuel combustion· 

(e.g., powerplants) · ·· 
Solid waste 

Given the uncertain nature of the IEES outputs, 
these calculations are only first approximations. 
As the model's structure is static and linear, the 
quality of outcomes are totally dependent on the 
quality of the input and the emissions coefficients. 
The model's structure will shed no insight into the 
dynamics of the question being asked. Much of 
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the data used for fuel-specific end-use estimates 
of energy consumption for the centrally planned 
economies has had to be !;uessed at or inferred. 
The reliability of the IEES inputs used to drive 
the model is not above question (as described in 
Chapter 20). 

And it is almost certain that the emissions 
estimates for many regions-because they antici
pate the adoption of U.S. ne:.w-souree emission· 
standards-are too low. 

The ESNS results produced for the Global 2000 
Study are little more than a demonstration of how 
global emissions inventories could be developed if 
time, money, and data were made available to 
undertake the calculations. Beyond this, the 
model does provide a first-cut approximation of 
environmental effects of the energy se~tor. For all 
its arbitrary assumptions, this estimate may be 
more realistic than the intuitive guesses that most 
experts would make without a mathematical cal-· 
culating device. 

" 



20 ,"Energy 

The Energy lnfonnation Administration of the 
U.S. Department of Energy has lead responsibility 
within the federal government for collecting and 
disseminating energy information and performing 
energy forecasting. The agency produces short-. 
mid-, and long-range forecasts both of individual 
fuels and of integrated multifuel, multisector bal
ances. The international forecasts, which make 
use of both domestic and international work done 
by several divisions of the agency, are the respon
sibility of the International Analysis Division. 

The International Analysis Division in the Of
fice of Integrative Analysis of the Energy Infor
maticn Administration produces forecasts of inter
national energy statistics for use within the 
Department of Energy. To reflect the range of 
uncertainty in basic assumptions, the forecasts are 
usually made in multiple sets, each based on 
different policy or scenario assumptions. As in 
most forecasting exercises, the Division feels 
more confident of its methods in performing 
relative impact anatyses than in making single 
point estimates. Analyses are focused on the 
industrial.:zed countries and are done in less detail 
for the entire world. The only documented set of 
forecasts produced by the Division to date are 
those contained in World Energy Prospects, a 
report pr~pared in what was then the Federal 
Energy Administration (FEA) and released for 
limited official use in mid-1977. 

To make its forecasts for the Global 2000 Study, 
the International Analysis Division recalculated all 
data dependent on population or GNP as inputs 
(this is much of the demand 5ector data), using 
the Global 2000 forecasts for these variables. 
Since the demand sector forecast is based on an 
econometric analysis of past behavioral response 
to relative fuel prices and GNP. the Division did 
not think it appropriate to extend the forecasts 
beyond 15 years and chose to stop at 1990. Since 
the Energy Information Administration is cur
rently developing a long-nm forecasting capability, 
it was unwilling to reproduce any other single 
forecast as an official government projection. 
Instead, the division surveyed competing views 
on the international energy market in the year 
2000 (see Chapter 10). 

Key Analytic Methodology · 
All of the international quantitative forecasts 

provided by the Energy lnfonnation Administra
tion are based on the International Energy Evalu
ation System (IEES). IEES is a mathematical 
representation of the world energy market and is 
therefore only a partial equilibrium model. The 
heart of IEES is a linear programming matrix that 
combines large amounts of international energy 
market data to make the final forecasts. The linear 
programming model approximates the workings of 
a competitive economic market. Supplying the 
data to the matrix are six IEES "submodels," 
which may themselves be forecasting computer 
mode~s maintained by the International Analvsis 
Division or may be simply procedures for obbun
ing and adapting data from outside sources. The 
six submodels are named for the type of data they 
yield for use in the linear programming matrix: 
demand; supply; transportation; electric utilities; 
refining; and miscellaneous conversions. 

The methods used to produce the input data to 
the linear program vary with the submode!. Each 
of the six subm1 Kleis relies on considerable outside 
data; even the submodels that consist primarily of 
computer models require input data from outside 
the International Analysis Division. How (and 
how much) each submode! processes its input 
data to produce data for the linear program varies, 
however. The demand submode! produces original 
econometric forecasts on the basis of i:ertain 
economic and demographic input data. The elec
tric utilities submode! uses computer programs to 
c.onvert international industrial statistics into esti
mates of regional electric production capacities. 
technologies, and costs. The supply, transporta
tion, refining, and miscellaneous conversions sub
models simply collect data from outside sources, 
fur the most part. making adjustments where 
necessary. 

The creation of the IEES model was part of the 
federal government's response to the exporters' 
oil embargo of 1973-74. The embargo aroused 
concern within the U.S. over the nation's exten
sive reliance on imports for its energy supply. 
That winter, President Nixon expressed the i.>1ten-

S69 
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tion of the government to help make the country 
energy independent by the year 1980. Activities to 
this end were designated "Project Independence." 
The Federal Energy Administration was created 
in May of 1974 to handle many of the govern
ment's energy-related activities. Within it, several 
divisions as a group were to handle all energy 
data management and forecasting. Of these, the 
Supply and Integration Division was responsible 
for combining the information ccmpiled by the 
other divisions to evaluate both the ability of tlte 
nation to attain its Project Indr;pendence goal and 
the impact of alternative policies and scenarios on 
this ability. 

To this end, it organized the quantitative data 
produced by the various divisions into a single 
body according to an accounting framework, 
which it developed, called the Project Independ
ence Evaluation System (PIES). The staff of the 
Supply and Integration Division, consisting pri
marily of economists and operations researchers, 
developed PIES into a single linear programming 
model of the U.S. national energy system that 
draws on the data banks and quantitative forecast
ing procedures developed by the other divisions 
for its input data. 

Meanwhile the FEA International Division, re
sponsible for the same types of estimates and 
forecasts on a worldwide basis, began develop
ment of a parallel model called the International 
Energy Evaluation System, which has been briefly 
described above. lEES is, in effect, an adaptation 
of PIES. The International Division staff, also 
primarily economists and operations researchers, 
reproduced the PIES methods and structure al
most exactly for the sake of consistency. Data 
limitations required a few deviations. The model
ing capability behind PIES and IEES has survived 
several reorganiz.ations of the federal energy agen
cies. The maintenance and running of PIES is 
now the responsibility of the Office of Analytic 
Methods within the Energy Information Adminis
tration, and, as already mentioned, updating and 
running IEES is the function of the International 
Analysis Division (IAD). 

To make the energy forecasts for the Global 
2000 project, JAD carried through the standard 
IEES analysis with the project's forecasts of 
population and GNP. The Global 2000 forecasts 
replaced the population and GNP estimates IAD 
usually relies on. Otherwise the special run of 
IEES used the input data IAD has compiled for 
its standard runs of IEES. 

When all of the necessary data of the six types 
have been supplied, the IEES linear program 
matrix contains approximately 2,000 rows and 
6,000 columns. It is solved by the WHIZAPD 

linear programming package on an IBM 370/168 
computer. Solving the matrix itself takes about 30 
minutes of computer (CPU*) time, but arranging 
the large volume of input data for the run and 
printing out the results in an unde1 standable 
format takes another hour of computer (CPU) 
time. The model is principally written in 
GAMMA, a matrix generation code, while the 
econometric demand submode! utilizes TSP. t 

Basic Principles 
IEES forecasts international energy market var

iables by mathematically representing the world 
energy system as a competitive market. Demand 
and supply are assumed to equilibrate through the 
price mechanism. In addition, the IEES organizes 
the energy flows that equilibrate supply and 
demand so that the total cost of the processes that 
convert primary fuels to dehvered consumable 
energy products-transportation, refining, conver
sion, and electrical generation-is minimized, un
der the assumption that this is approximately how 
a real competitive market operates. The data 
quantifying world energy supply, demand, and the 
costs necessary for these calculations are supplied 
by the six IEES submodels, which act largely 
independently of one another and draw on their 
own outside data so•irces. The data are arranged 
into a single linear programming matrix, which is 
solved to meet the world's final energy demands 
at the minimum cost. If supply and demand do 
not balance in the solution, the matrix is rerun 
iteratively with adjustments in the input data until 
the two are nearly equal. 

The final forecasts made by IEES consist of an 
"energy balance" for each separate world region. 
This is a table that includes the quantities of each 
primary fossil fuel the region will produce and the 
quantities of each final energy product it will 
commme. Prices are also determined by the IEES 
but, to an extent, these are not forecasts unless 
some constraint is placed on OPEC production. 
The demand and supply quantities are forecasted 
initially from an exogenously assumed set of 
prices. These prices are adjusted in the process of 
equilibrating supply and demand, and the adjusted 
prices are output by IEES. Thus the price fore· 
casts are partially dependent on the assumption of 
price used as input in the IEES analysis. 

Like PIES, IEES is meant to simulate a modem 
competitive energy market that deals primarily in 
fossil fuels. Member countries of the Organization 
for Economic Cooperation and Development 
(OECD), which consume 80 percent of the 

•Computer processir.g unit. t Time series processor. 
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world's oil production and are generally the 
world's most industrialized nations, are treated 
most extensively in the submode! analyses, though 
the submodels produce data for every part of the 
world. (The different treatment IEES gives to 
various regions of the world is depicted graphi
cally in the color map section in the map entitkd 
"Energy Projections: International Energy Evalu
ation System Methodology.") Petroleum, natural 
gas, and coal are the only fuels explicitly modeled 
in IEES. Estimates of electrical capacity from 
nuclear, hydro, and .geothermal power made by 
outside sources are entered into the calculations 
for any one year as constants. The model does 
not forecast their growth, but by making multiple 
runs with different nuclear and hydro capacity 
assumptions IEES can evaluate the impact of 
different growth patterns of these energy sources. 
Because the so-called soft energy sources-wood, 
solar and wind-are not traded internationally, 
they are not explicitly represented in IEES; nor 
are they ordinarily the subject of impact analyses 
made with IEES. 

Actual market perturbations are included in 
IEES wherever possible. There are two ways in 
which the actions of the OPEC countries are 
represented. In any one run it is assumed either 
(I) that OPEC sets its oil production at a definite 
amount and takes whatever price for oil prevails, 
or (2) that OPEC sets a price on all of its oil and 
sells as much at that price as is needed. In the 
first case, IEES assumes that the world buys all 
of the OPEC oil, then resorts to other sources for 
the rest of its needs. The market sets oil price. In 
the second case, the OPEC oil price is automati
cally assumeu to be the price for all oil in the 
world. To meet demand, the world buys as much 
OPEC oil as it needs to supplement other produc
tion. In neither type of run is OPEC assumed to 
have any direct control over the natural gas or 
coal markets. U.S. price controls are represented 
extensively. There is also some average pricing of 
natural gas and electricity throughout the world. 
In the case of electricity, the cost of electrical 
generation in IEES depends on the marginal cost 
of its fuel inputs, but the price of electricity 
depends on the average cost of generation. Price 
controls in foreign countries arc also included. but 
less comprehensively than those in the U.S. 
because information on them is less complete. 

The assumptions of supply-demand equilibrium 
and cost minimization are what justifies calling 
IEES a model of a "competitive" energy market. 
As explained later, the IEES linear orogramming 

·matrix is solved several times m. ·•pply and 
demand are equal (or, technically, ui. the sum 
of consumers' and producers' surplu ... is maxi-

mized). In each solution, including the final one 
used as the basis for the forecasts, the linear 
program selects the fuel sources, transportation 
routes, and processing procedures that make the 
total world cost of all of these things together an 
absolute minimum. This formulation follows clas
sical micro-economic theory in that demand and 
supply quantities at the point in time under 
analysis are assumed to balance exactly, and the 
human actors involved are assumed to act so as 
to minimize cost (they are implicitly assumed not 
only to want to keep energy-related costs at a 
minimum, but to actually have the knowledge, 
ability, and motivation to do so). The IEES 
formulation differs from classical economics in 
that individuals or firms are not necessarily as
sumed to be minimizing their own costs or maxi
mizing profits. All choices of production, transpor
tation, and conversion are made and coordinated 
around the world to minimize the total global cost 
of these activities. The profits and costs of individ
ual persons or firms are not explicitly modeled. 

Issues not directly related to the international 
market for fossil fuels arc generally neglected by 
IEES. It does not include political factors or 
evaluate the social or environmental effects of the 
energy industry. Nor is resource depletion mod
eled. Gross national product (GNP), is included 
as one of the major determinants of energy 
demand, but within IEES no energy market 
variables influence it in turn; GNP is implicitly 
treated as independent of the energy market. 
IEES does include energy conservation, which is 
represented as a reduction in energy demand. 

The six submodcls that supply data to the linear 
program operate largely independently. Each 
works under its own set of assumptions about 
how the sector it moP.els operates. Data are not 
typically passed between the submodels while 
they are making forecasts that will go into the 
integmting linear program. 

The demand submodel yields one forecast of 
quantity demanded for each final fuel product and 
each region. For each OECD region except the 
U.S., it also produces one estimate of the price 
elasticity of demand for each final fuel product; 
these elasticities are not entered into the linear 
programming matrix but are used later in the 
equilibration of supply and demand. The data are 
all forecasted for the year under analysis. If the 
nm of the linear program is to produce forecasts 
for 1985, the demand data must pertain to 1985 
also. The methods used to obtain the demand 
forecasts differ significantly between regions and 
fuels, with by far the more extensive analysis 
devoted to the OECD countries and the major 
fuels. The energy demand quantities of noncom-



572 THE GOVERNMENT'S GLOBAL MODEL 

munist. non-OECD regions are simply assumed to 
be a constant fraction of GNP; the modelers 
estimate this ratio from historical consumption 
and GNP data. For the U.S. and the communist 
regions. the IAD staff collects forecasts of net 
imports from outside sources. These are inter
preted as the amounts of energy fuels the regions 
will export or import; their demand is not explic
itly modeled. No demand elasticities are calcu
lated for the U.S. or the non-OECD countries; 
these regions are assumed to consume a quantity 
of energy that is fixed relative to price. 

The non-U .S. OECD demand data come from 
an iterative econometric forecasting model. The 
model itself forecasts only demand quantities, but 
by varying the price inputs to the model and 
comparing the resulting quantity forecasts, the 
model is used to estimate price elasticities, too. 
The quantities of major fuels demanded by impor
tant economic sectors (iron and steel, other man
ufacturing, residential/commercial) are forecasted 
by "budget" equations, the most sophisticated 
type used in the demand model. In the budget 
formulation, regions determine first how many 
British thermal units (Btu) of fuel per capita they 
want to buy based on an energy price index, on 
gross domestic product (GDP) per capita, and on 
last year's BTU per capita fuel budget. Then they 
decide what fraction of the total budget to devote 
to each fuel, based on individual fuel prices and 
last year's purchase of the fuel. The budget 
formulation allows for product substitution by 
consumers. For l::ss important fuels and other 
sectors, quantity demanded is generJ.lly forecasted 
by a single equation in which demand is a function 
of time or GDP, and substitution is not modeled. 

Because it uses the lagged variables mentioned 
above (last year's BTU budget, last year's fuel 
purchase), !he demand model must forecast itera
tively from a base year. The base year forecasts 
are made with historical data. For the Global 2000 
Study run, 1975 price, GDP, and population data 
were used to make 1976 demand forecasts. From 
these 1976 forecasts the model made 1977 fore
casts, and from these. 1978 forecasts, and so on 
out to 1990. The demand forecasts are driven 
largely by th~ input forecasts of price, GDP, am.I 
population. These data all come from outside 
sources, including nongovemment computer fore
casting models and from experts both inside and 
outside the federal government working from 
judgment. None of the input data sources refer 
routinely to the IAD econometric demand model 
or to the data of the other IEES submodels in 
making their forecasts. The U.S. demand quan
tities are taken from the outpu~ of PIES. 

The econometric model captures behavioral 
response to prices but not policy-mandated con
servation strategies. Conservation per se is repre
sented by exogenous adjustments of the demand 
data to reflect e:itimates of the savings in energy 
fuels resulting from specific OECD policies. 

The supply data passed to the IEES linear 
program also consist of a quantity for each region 
and each primary energy product and of a price 
elasticity for some regions and each primary 
product, but the method of their derivation is 
generally simpler. The U.S. and communist region 
quantities, like demand, are taken from forecasts 
of net import positions. But for all other regions, 
outside experts are asked for estimates of 197S 
regional energy production. With historical well
head prices, these establish a single point on each 
supply curve. The elasticities of supply for these 
regions are assumptions of the IAD; for most 
energy types and regions, the elasticity is assumed 
to be 0. 1 when forecasts are made for 198S and 
0.26 when forecasts are made for 1990. 

The transportation costs are actual current costs 
as reported by outside sources. They must be 
adjusted slightly because the IEES doei. not 
represent every major port in the world; instead, 
each region has one location, called a centroid, to 
and from which all fuels are assumed to be 
shipped. Real transportation costs are assumed 
constant regardless of how far in the future the 
forecasts are made. 

The electric utilities submode! includes a com
puter prognim to conve11 outside plant data into 
estimates of regional generation capacities and 
costs. Nuclear and hydro capacities are then 
added; they are not variable. These data are given 
to the linear program, which then interprets them 
as a description of the limitations on the consump
tion of electricity: The data tell the program that 
getting more electricity from an oi!buming plant 
means taking more oil; total consumption within a 
region cannot exceed total plant capacity; and so 
on. Included in these data arc limits on the 
permissit •le rates of retirement of generation ca
pacity; £enerally, plants cannot be removed at a 
rate faster than 3 percent per year. There is no 
limit on the creation of new productive capacity 
in the data. The absolute amount of productive 
capacity that can be removed and created in one 
run thus varies with the time period of the 
forecasts. The utilities data do not vary from 
IEES run to IEES run otherwise. Hence average 
electrical generation costs vary in real terms only 
as the mix of new and old plants varies. 

The refining and miscellaneous conversions 
data are similar to the utilities data. They describe 



BNEROY 573 

the processes by which raw fuels are converted to 
various refined, derivative, and synthetic fuels. 
No upper bound is put on refining capacities, but 
the miscellaneous conversions data include limits 
on the volume of conversions the LP (linear 
program) matrix can select to achieve its lowest 
cost solution, to make sure it does not become 
unreasonably high. In a nm of the IEES to make 
forecasts for 1985, miscellaneous conversions are 
allowed to be no more than twice their historical 
1975 level; for forecasts of later years, the conver
sions are given a higher limit. All other data in the 
submodels, including cosis and technology speci
fications, remain the same for each IEES run. 

When the final LP matrix is filled with the data 
from each of the submodels and solved for the 
first time, supply and demand probably will not 
match. S1.~pply and demand quantities are deter
mined by the exogenously estimated future prices. 
The chances that the quantities so derived will 
match exactly after the LP matrix works out the 
details of transportation and conversions are slim. 
So prices are adjusted and demand and supply 
quantities are recalculated with the new prices 
and the supply and demand elasticities. The 
demand model is not rerun with the new prices to 
get the new demand quantities; presumably the 
elasticities derived from it are a stJfficiently accu
rate representation of its response to price 
changes. The LP matrix is then resolved with the 
new supply and demand i.JUantities replacing the 
old. This process is repeated until supply and 
demand in the solved matrix are acceptably close. 

Basic Components 
The focus of the IEES model makes it ex

tremely useful to the Global 2000 Study in some 
international energy issues, especially those deal
ing with the developed world, but less so in other 
issues. The IEES forecasts are for international 
fossil fuel production and trade, and to that extent 
are most valuable for assessing the future market 
energy position of industrialized regions. The 
implications of the forecasts for nonenergy global 
sectors, such as environment and agriculture, 
must be made judgmentally. The level of detail 
contained within the model varies; it is genen.illy 
finer for the OECD countries and the economi
cally more important fuels. The detail of the 
output (the forecasts) is roughly the same for all 
regions of the world and all energy forms repre
sented in the IEES. 

To describe the variables used in the IEES, it is 
most convenient to group them by submode!. 
Though the submodcls need be run in no particu-

lar order, it is easiest to catalogue the variables of 
the IEBS by going through the submodels as 
energy fuels actually flow through the market: 
from supply to transportation, through the various 
conversions, to demand. 

The supply submode! yields one quantity-the 
estimated quantity that will be supplied in the 
forecast year-for each of 33 world regions and 
the primary energy fuels the region produces, as 
listed in Tables 20-1 and 20-2. In addition, an 
estimate of the price elasticity of supply to pertain 
t.;) all fuels and regions is made by the IAD supply 
staff. Where there is evidence that the elasticity 
for a particular fuel and a particular region is 
m:ely to be quite different from this world esti· 
mate, a separate estimate is made. All of the data 
produced by the submodel are thus judgmental 
estimates either from outside agencies or the IAD. 

The trnnsportation submode! yields one vector 
of descriptive data for each ordered pair of the 
world's 33 regions nnd each of some 13 modes of 
transportation that apply to the region pair. For 
example, for any two regions in Europe there arc. 
two vectors: 011e corresponding to rail and one to 
barge transport. Each vector consists of one code 
number for each of the two regions, one for the 
mode of transport, and an estimate of the unit 
cost of shipping fuel by that mode from the 
"centroid" of the originating region to that of the 
terminatirig region. Each mode of transport is 
available in t.he model to ship only certain fuel 

TABLE 20-1 

The 33 IEES Regions, Grouped Acl'Ordlng 
to Energy Position Classlflcadon 

OECD Reaion: 
U.S. East Coast 
U.S. Gulf Coast 
U.S. West Coa\t 
Puerto Rico/V1rain Islands 
Canada 
Japan 
Australia/N"!W Zealnnd 
Scandinavia 

OPEC Reaion: 
Venezuela/Ecuador 
Libya/Alaeria 
Niaeria/Gabon 

LDC Oil Exporters Reaion: 
Bolivia/Peru 
Egypt/Syria/Bah1ain 

Other Reaions: 
Latin America 
Africa 
Mexico 
Asia 

United Kinadom/lreland 
Benelux/Denmark 
West Oennany 
France 
Australia/Switzerland 
Spain/J\ntuaal 
Italy 
Greccerrurkey 

Indonesia 
Iran 
Persian Gulf-Arab 

Anaola/Conaotzaire 
Asian Exporters 

Sino-Soviet 
Sumed Pipeline 
Caribbean 

(pl( 



574 THE GOVERNMENT'S GLOBAL MODEL 

TABLE20-2 

The 59 Primary Fuel Types In the 
JEF.S Supply Submodel 

Fuel Type 
Applicable 
Region• 

CRUDE.OIL 
Arab OPEC and OAPEC Crudes: 

Algeria 
ESYpl/Syria/Bahrain 
Iraq 
Kuwait 
Libya 
Qatar/United Arab Emirates 
Saudi Arabia light 
Saudi Arabia heavy 

Non-Arab OPEC Crudes: 
Ecuador 
Indonesia 
Iran light 
~ran heavy 
Nigeria/Gabon 
Venezuela 

Other Export Crudes: 
Angola/Congo/Zaire 
Bolivia/Peru 
Canada 
China 
Mexico 
Norway 
Russia 
South Asia mix 
Trinidad 
United Kingdom 

Nonexport Crudes: 
Australia 
Tar Sands 
Japan 
Denmark 
West Germany 
France 
Austria 
Spain 
Italy 
Turkey 

U.S. Domestic Crudes: 
Alaska North Slope 
Alaska South 
Pacific offshore 
Wyoming mix 
Shale oil 
Louisiana onshore 
Louisiana offshore 
T..!~as Gulf Coast 
East Texas mix 
West Texas mix 
Padd II, indigenous 
Oklahoma mix 
Padd I. indigenous 
Heavy crude, V 
Heavy crude, IV 
Heavy crude, Ill 
Heavy crude, II 
NPR-1 
Synthetic crude 

Libya/ Algeria 
Egypl/Syria/Bahrai 
Persian Gulf-Arab 
Persian Gulf-Arab 
Libya/ Algeria 
Persian Gulf-Arab 
Persian Gulf-Arab 
Persian Gulf-Arab 

Venezuela/Ecuador 
Indonesia 
Iran 
Iran 
Nigeria/Gabon 
Vtnezuela/Ecuador 

Angola/Congo/Zaire 
Bolivia/Peru 
Canada 
Sino-Soviet 
Mexico 
Scandinavia 
Sino-Soviet 
Asian Exporters 
Caribbean 
United Kingdom/Ireland 

Australia/New Zenland 
Variousb 
Japan 
Benelux/Denmark 
West Germany 
France 
Austria/Switzerland 
Spain/Portugal 
Italy 
Greecerrurkey 

U.S. West Coast 
U.S. West Coast 
U.S. West Coast 
U.S. Gulf Coast 
U .s. Gulf Coast 
U.S. Gulf Coast 
U.S. Gulf Coast 
U.S. Gulf Coast 
U.S. Gulf Coast 
U.S. Gulf Coast 
U.S. Gulf Coast 
U.S. Gulf Coast 
U.S. East Coast 
U.S. West Coast 
U.S. Gulf Coast 
U.S. GulfCoasl 
U.S. Gulf Coast 
U.S. West Coasl 
U.S. Gulf Coast 

Fuel Type 

San Joaquin Valley 
Los Angeles Basin 

Melallurgical coal 
Steam coal 
Lignite 

Applicable 
Region• 

U.S. West Coast 
U.S. WestCoast 

COAL 
Variousb 
Variousb 
Variousb 

Natural gas 
NATURAL GAS 

Variousb 
•"Applicable Re1lo11" is lhe IEES resion from which the lbel type Is 1uppUcd. 
• "V11loo1" lndic:atcs that the fuel la supplied from more lhan one reslon within 
the IEES. 

types; the 13 modes and the fuels they can be 
used to ship are listed in Table 20-3. Because no 
limit on shipping capacity is assumed in most 
cases, the vectors include no capacity entry. The 
input data to the transportation submodcl are 
themselves estimates of transportation costs of 
different modes between ports; the IAD staff 
adjusts them to account for the difference in 
distance between the routes for which they were 
made and the hypothetical centroid to centroid 
routes used in IEES. 

The refining submode) produces data vectors 
distinguished according to 43 types of crude oil 
refined, 8 regions, 6 final product types. and JO 
markets. The 43 crude oil types are a subset of 
those listed in Table 20-2. The eight regions are 
the regions that actually do significant refining, 
includb1g some OECD regions and some others. 
The six product types modeled are liquid gas, 
gasoline, jet fuel, distillate fuel, residual oil, and 
"other refined products." The vector for any one 
type of refining within a region includes data on 
the technology used (quantities output per unit 
input), the productive capacity forecasted to exist, 
and the costs of building and operating plants. No 

TABLE20-3 

· 111e 13 IEF.S Transport Modes and the 
Fuels Carried 

Mode 

Medium tanker 
Medium lrdnship 
U.S. tanker 
Large tanke1 
VLCC (supertanker) 
Product tanker 
Crude pipeline 
Product pipeline 
Bulk carrier 
Liquid natural gas carrier 
Gas pipeline 
Rail 
Barge 

Fuel 

Crude oil 
Crude oil 
Crude oil 
Crude oil 
Crude oil 
Refined products 
Crude oil 
Refined products 
Coal 
Natural gas 
Natural gas 
Coal 
Coal 
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limit on the creation of new capacity is included, 
so it can increase in any IEES run to meet 
refining demand, albeit at a cost. The data neces
sary to r:onstruct the refinery data vectors are, as 
in the case of transportation, the same types of 
data actually in the vectors: they require for the 
most part only compilation and adjustment to be 
ready for use in IEES. 

The miscellaneous conversions submode! pro
duces a data vector for each OECD region and 
conversion process contained within the region. 
The four conversion processes treated are metal
lurgical coal to coke, lignite to briquettes, liquid 
oil fuels and coal to synthetic gases, and coke to 
blast furnace gas. Each vector includes data that 
quantifies the technology used within the region 
in the process (physical input-output ratios) and 
the estimated 1975 productive capacity. In addi
tion, an upper limit on increases in productive 
capacity is supplied in lieu of any other restric
tions on new capacity construction; costs of the 
plants or production arc not included in the data. 
The input data to the miscellaneous conversions 
submode! are international statistics from outside 
sources; they are collected and adjusted for use in 
the IEES linear program. 

The electric utilities submode! produces a vec
tor for each OECD region and fossil fuel plant 
type found within the region. The generation plant 
types are riesidual oil, crude oil, distillate, hard 
coal, lignite, blast furnace gas, and natural gas. 
Each vector includes data on generation effi
ciency, capacity, and cost. A maximum capacity 
retirement amount, usually corresponding to a 3 
percent per year retirement of total plant capacity, 
is also includt~d. No limit on increases in electrical 
generation capacity is made. In addition, estimates 
of nuclear and hydro generation capacity are 
produced. No variations in these capacities are 
allowed. The data sets corresponding to one 
generation type are also assigned a load type or 
load types. Nuclear plants are always base load 
plants; distillate plants are always pr.:ak i0ad; 
hydro and existing oil a'ld coal plants can be base, 
intermediate, or peak, depending on cost con
siderations in the running of the linecir program; 
new oil and coal plants can be base or interme
diate. 

One set of three numbers-one for base load, 
m1e for intermediate load, and one for peak-am 
also produced! to tell what percentage of each 
region's total generation capacity must come from 
each load type:. The data for the electrical utilities 
submode! comes from various outside sources and 
consists primarily of powerplant statistics for the 
OECD countlies. They are adapted for IEES 

linear program use by a separate computer pro
gram. 

The demand submode! produces one demand 
quantity forecast and demand elasticity for each 
non-U .S. OECD region and final energy product, 
and one demand quantity for each product for all 
other regions. The final energy products included 
in the demand forecasts used in the IEES linear 
progrclffi are listed in Table 20-4. The input data 
required to produce these differ widely from 
region to region. The U.S. demand quantities are 
output of a run of PIES that uses price and GNP 
inputs consistent with those used in the I EES run. 
The U.S. demand quantities require no other data 
collection by the IAD, but ultimately depend on 
all of the input data to PIES. The other OECD 
regions' data are estimated econometrically for 
the major fuels from energy prices, population, 
GNP, and historical demand quantities. For other 
fuels the input data are usually time or GNP. 
Demand for non-OECD regions is generally taken 
directly from outside sources with adjustments 
made as necessary. Because refining, miscella
neous conversions, and electrical generation are 
not modeled for non-OECD regions, the demands 
for such converted products from these regions 
are changed to their plimary fuel equivalents. 

Baliic Procedures 

A run of the IEES begins with the collection of 
the input data to the six submodels. Much of this 
actually remains the same from run to run and so 
need not be redone for each; data already com
piled can be used. These data must then be 
adjusted for use in the linear programming matrix. 
Agai11, much of this does not change between 
runs and so can draw on past work. Lastly, the 
linear program is run iteratively until a world 
energy market solution with demand and supply 
nearly equal is reached. By virtue of the way the 

TABLE 20-4 

Final Energy Products in the IEE:S 
Linear Program 

Petroleum Products: 

Coal: 

Natural Gas 
Electricity 

Residual oil 
Gasoline 
Distillate 
Liquid propane gas 
Jet fuel 

Hard coal 
Lignite 

1i1 
( ' I lpi. 
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linear programming problem is set up, the energy 
flows between supply and demand that the IEES 
relies on to equilibrate the two are the flows that 
minimize the costs of transportation and conver
sion. The entire process is depicted diagrammati
cally in Figure 20-1. 

The demand data for the U.S. are taken from 
the PIES output. In the case of the IEES runs 
made for the Global 2000 Study, the PIES runs 
from which demand data were taken were done 
with standard PIES assumptions, except that the 
U.S. GNP forecasts and fuel price forecasts 
provided by the Global 2000 project were used in 
place of the standard PIES data for those varia
bles. The OECO demand data are estimated from 
GNP, population, and price forecasts. The GNP 
and population forecasts for the Global 2000 runs 
were those supplied by the Study, as listed in 
Chapter 3 of this volume. For large countries, 
IEES nonnally uses GNP forecasts taken from 
ORI (Data Resources, Incorporated) econometric 
projection service. ORI is a Bo~ton-based firm 
that provides economic data and forecasts to a 
broad business and research clientele. The GNP 
forecasts for the remaining OECD regions are 
taken from official OECD publications. The pop
ulation forecasts are nonnally taken from United 
Nations estimates. The price forecasts are typi
cally an assumption rather than something esti
mated from detailed background information. The 
Global 2000 Study runs of the IEES incorporated 
two different oil price assumptions. The first had 
OPEC holding the world oil price constant at $13 
per barrel indefinitely. The ),econd assumed that 
world oil prices would start at $13, then rise at a 
rate of 5 percent annually beginning in 1981. In 
both cases, as is customary in IEES runs, the 
prices of non-oil fossil fuels were assumed to start 
at about present levels and then to vary according 
to market forces, as represented in the linear 
program. 

The communist region demand data are taken 
from forecasts made by the International Affairs 
Office of the Department of Energy, (or some
times from CIA forecasts). of the regions' net 
import positions. If a region is cited by these 
sources as being a net importer of a fuel, its 
imports are entered into the IEES as its demand 
for fuel on the world market. Demand quantities 
for the noncommunist non-OECD regions are 
calculated from the GDP forecasts by assuming 
that energy demand is a constant fraction of GDP. 
Because refining, conversions, and electrical gen
eration are not modeled for the non-OECO coun
tries, their demands must be expressed as de
mands for primary fuels, not final products. Once 

all demand data are in hand, the demand quan
tities are reduced by standard percentages to 
reflect the effects of conservation. To establish 
these percentages, the IAO commissioned a study 
by the private consulting firm Resource Planning 
Associates. 

The supply quantity estimates for oil and natu
ral gas are taken from the Department's Office of 
International Affairs and from the International 
Coal Federation for coal. The estimates apply to 
1975 and so must be adjusted to give an initial 
supply quantity for the forecast year with which 
the linear program can begin its iterations. This is 
done with price elasticities (assumed for almost all 
fuels and regions to be 0. t for a forecast year of 
1985 and 0.26 for 1990) and with forecasted prices. 
The prices are the ones used in econometric 
demand forecasting, with estimated average trans
portation and refinery costs subtracted. This is 
meant to yield "wellhead" primary fuel prices 
that correspond to the final product prices used in 
the demand submode!. 

Transportation costs are taken mostly from the . 
rates published by the Association of Ship Brokers 
and Agents. Like the costs for electric utilities, 
refining, and miscellaneous conversions, they are 
assumed to be constant in real terms in the future 
and so need not be recalculated for separate IEES 
runs. The data from these four submodels, as well 
as the supply data, were nearly identical in all 
runs made for the Global 2000 Study. 

The plant data necessary for the electric utilities 
submode! comes primarily from publications of 
the European Economic Community. These are 
entered into a computer model that compiles them 
into IEES regional data, and adds data describing 
load types and load type distributions. 

The refining data come primarily from two 
major sources. The capital expenditure and yield 
(input-output) data are taken from the RPMS* oil 
industry computer model developed by Bonner 
and Moore of Houston. Capacity and operating 
cost data are from the Oil and Gas Journal. 
These are adjusted for use in the IEES linear 
program. 

Miscellaneous conversion data for fuel gas, 
blast furnace gas, etc., come from 1975 OECO 
statistics. Costs for the processes are assumed to 
be at U.S. values when data from outside sources 
lire not available. 

Once it contains all necessary data, the IEES 
linear program is solved. However, in the solution 
demand and supply may not match. This is not 
something that can be foreseen because of the 

• Refinery Petrochemical Modeling System. 
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complications of transportation and conversion 
processes that lie between primary fuel production 
and final product sale. So prices are adjusted in a 
fashion that is expected to bring the two quantities 
closer together. Supply and demand quantities for 
the OECD regions are then recalculated from the 
old quantities, new prices, and price elasticities. 

The PIES and the econometric demand model, 
which originally produced the OECD demand 
data, are not rerun to get the new demand 
quantities. The IEES linear program is resolved 
with the new demand and supply quantities. The 
process of estimating new quantities and resolving 

the linear program is repeated until supply and 
demand are acceptably close. 

Documentation and Validation 
The Department of Energy has engaged a 

private fimt to completely document the Interna
tional Energy Evaluation System. The docu
mentation was published in 1978 in two vol
umes. 

The econometric demand model estimates have 
been compared to actual historical data with 
generally satisfactory results. 



21 Fuel Minerals 

No one federal agency has exclusive responsi
bility for producing estimates of world fuel mineral 
reserves and resources. Parts -1f this task have 
been handled in the past by the Bureau of Mines 
and the United States Geological Survey (both in 
the Department of the Interior) and by the Depart
ment of Energy. In addition, some private organi
zations, most notably the World Energy Confer
ence, publish estimates widely regarded as 
authoritativ~. The Geological Survey estimates the 
resourcet• of the United States. The Department 
of Energy is responsible for U.S. reserve ~s(· 
mates. The World Energy Conference periodically 
estimates both world reserves and world re
sources.• 

Estimates of the energy production potential 
from renewabie sources, such as solar radiatiun, 
tides, and waterways, are not as frequently made 
by established a;;:e~.cies or organizations, and so 
must be gathered from diverse sources. 

To compile, compare, and interrret the data 
from all of the above sources, the Global 2000 
Study engaged Walter G. Dupree (formerly in the 
Department of Energy and presently with the 
Bureau of Mines) as an independent expert. 

Key Analytic Methodology 
The methods used to derive fuel resource and 

reserve estimates differed to some extent, depend
ing on the organization that gathered the esti
mates. Actual field estimates come from a combi
nation of sample drilling and expert judgment. 
However, the organizations cited here did not 
generally do this geologic research themselves. 
Rather, they surveyed corporations and other 
organizations to obtain size estimates of vruious 
mineral deposits and totaled them, or adapted the 
estimates that other organizations had derived in 
this manner. 

An exception is the United States Geological 
Survey, which, in addition to conducting surveys, 
has been doing its own original geological research 

• The estimates of resources snd reserves •1sed in the 
nonfuel minerdls analysis appear in various official publica
tions, as referenced in Chapter 22 ("Minerals and Mate· 
rials"). 

to make U.S. resource estimates for decades. 
Since before World War II, the World Energy 
Conference (WEC) has done world resource and 
reserve estimation by survey and published com
plete sets of estimates periodically. The Congres
sional Research Service in the Library of Con
gress commissioned a similar set of resource and 
reserve estimates, which were released in 1977, 
because no recent WEC figures were available at 
the time, although new ones have since been 
published. The estimates were commissioned after 
the Congressional Research Service had received 
a request for a set of such estimates from the 
House Subcommittee on Energy and Power and 
the Senate Committee on Energy and Natural 
Resources. When the Department of Energy 
(DOE) was fonned out of various other federal 
agencies, it inherited the U.S. reserve estimate 
responsibilities of those agencies. OOE makes its 
own estimates of U.S. coal reserves. For oil and 
natural gas reserve figures. it relies largely on 
estimates made by the American Petroleum Insti
tute and the American Gas Association. 

Basic Principles 
Though mineral resources and reserves are 

physical quantities that c:m, theoretically, be 
measured at any point in time, there is no one 
slandard and infallible method of measuring them. 
Because the organizations providing resource and 
reserve estimates i~, Chapter 11 do not completely 
coordinate their c•:,ta, assumptions, and proce
dures, they have obtained different results. Fur
thennore, refinements in procedure over time may 
result in significant revision of previous estimates, 
as, for example, when the Geological Survey in 
1975 reduced its estimate of U.S. oil resources by 
over one-half (in the publication cited in "Docu
mentat:on and Validity," below). Nonetheless, 
some general description of the geological testing 
methods and other techniques on which the esti
mates presented in Chapter 11 are based is 
possible. 

Oil and Gas. The primary oil and gas resource 
numbers used were complied by M. King Hubbert 
for the Congressional Research Service. As Hub
bert pointed out, potential oil-bearing regions may 
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be classified according to their degree of explora
tion into three groups: 

I . ~:~tlns in a mature state of exploration. For 
these regions. reasonable estimates of ultimately 
recoverable oil can be made by use of the 
statistics on the quantity of drilling and the 
corresponding oil dfac::.weries per well or per foot. 
This is basic:;ify the mac1(;~rialytical approach, 
which modeh empirical reiaticnships in aggre
gateu disc~very or production data. 

2. Regions in an early stage of exploration. For 
these regions. estimates of ultimately recoverable 
oil can be based on early successes or failures in 
drilling. Early successes imply significant quan
tities of oil (or gas) and vice versa. 

3. Virgin undrilled territories. According to 
Hubbert, the only basis for judgment as to re
sources is geological analogy. If the virgin area is 
found by geological and geophysical surveys to be 
very similar to a productive mature area, then the 
virgin area is expected to yield comparable quan
tities of oil and gas per unit of area or volume. 
This is basically the microanalytic approach, 
whkh models structural relationships in the explo
ration process. 

Solid Fuels. The resource figures for solid fuels 
used in this study are based on World Energy 
Conference estimates. The WEC sends questiun
naires to the participating countries, requesting 
information on reserves, resources, maximum 
depth of deposit, minimum seam thickness, and 
the like. How each country estimates its reserves 
and resources will differ-and in some instances 
the resulting differences in data may be significant; 
hence. it is impossible to describe the methodol
ogy used. It should be pointed out, however, that 
the geology of coal is relatively simple and uni
fonn over wide areas, and most coal deposits are 
closer to the surface than oil or gas. Thus, data 
or1 solid fuels are, in general, based on more 
accurate geological data than oil and are less 
subject to revision. 

U runiwn. The resource figures for uranium 
used in this study are also based on WEC 
estimates. As with solid fuels, questionnaires are 
sent to the participating countries, and the returns 
tabulated. Differences in methodology make gen
eralizations difficult. 

Hydro, Geothermal, and Solar Power. Proce
dures for estimating the energy potential of thesr 
power sourc-:-s are less well established, and 
resource and reserve estimates tend to be less 
certain than thos'! made for fuel minerals. In 
general, estir:?!.!.~es of potential are derived from 
spot measurements o·i the relevant variables, such 
as streamflow for hydropower, tide volume for 

tidal power, subsurface temperature for geother
mal power, and solar insolation for solar power. 
Discussions of these power sources in this study 
take their estimates of potential from other publi
cations, which base their estimates on such spot 
measurements. 

Basic Components 
Chapter 11. ..Fuel Minerals Projections," fo

cuses on world resources and reserves of fuel 
minerals and on power potential estimates of the 
renewable energy sources competing with them. 
Fine regional disaggregations of the data. which 
are not consistently available, were generally not 
presented. Consideration of energy production, 
consumption. and trade was left to the energy 
analysis in Chapter 10. 

Basic Procedures 
Aside from general geological considerations, 

the relevant assumptions for the estimation of the 
reserves of a mineral are the current product price 
and extraction technology within the industry. 
Assessing these items is left primarily to the 
geologist making the estimates. Resource esti
mation theoretically depends on assumptions of 
potential future prices and technology. The U.S. 
oil and gas estimates (made by the U.S. Geologi· 
cal Survey) assume a continuation of price-cost 
relationships and technological trends generally 
prevailing in recent years prior to 1974. Price-cost 
relationships and production since 1974 were not 
taken into account, nor was an explicit assumption 
about future prices made. The price and technol
ogy assumptions underlying the world resource 
estimates have not been made explicit by their 
various authors. 

Documentation and Validation 
The U.S. Geolo0";al Survey discusses its re

source estimation methods in USGS Circular 725, 
Geological Estimates of Undiscovered Recovera
ble Oil and Gas Resources i11 the United States, 
published in 1975. The World Energy Conference 
outlines its data collection methods in W EC 
Activities in the Field of Surveying World Energy 
Resources, published in M. Grenon, ed., First 
I/ASA Conference on Energy Resources, Inter
national Institute for Applied Systems Analysis, 
Laxenburg, Austria. 

The Bureau of Mines. USGS. OOE, and the 
WEC have made no fonnal tests of the reliability 
of their respective resource and reserve estimation 
methods. 



· 22 · Nonfuel Minerals 

The Bureau of Mines of the U.S. Department 
of the Interior is responsible for helping to ensure 
the continued strength of the domestic minerals 
and materials economy and the maintenance of an 
adequate minerals and materials base. In carrying 
out thi!s responsibility, the Bureau develops fore
casts of future trends in the supply and demand of 
minerals and materials on a global basis for the 
purpose of idcntif ying changes that might a"fect 
the national interest. These forecasts, published in 
the Secretary of the Interior's annual report to 
Congress, assist the Secretary in carrying out his 
responsibilities under the Strategic and Critical 
Materials Stock Piling Act, which directs him to 
investigate the pr01!uction and utilization of min
erals and material5 

Projectioils of future consumption, referred to 
by the Bureau as demand forecasts, are published 
every 5 years in detail in the Bureau's Mineral 
Facts and Problems and in summary fom1 in its 
Mineral Trends and Forecasts. The last complete 
set of these forecasts was published in 1975. 
Recent forecasts for selected minerals and mate
rials are published in an interim report series 
entitled Mineral Commodity Profiles. 

The official Bureau forecasts provide high, low, 
and most probable projections of mineraJs and 
materials consumption for 1985 and 2000 in (J} the 
United States and (2) the rest of the world as a 
whole. The latter forecasts are based in large part 
on a study prepared in November 1972 for the 
U.S. Commission on Materials Policy by Profes
sor Wilfred Malenbaum of the University of 
Pennsylvania's Wharton School of Finance and 
Commerce.* 

This study (known as the 1972 Malenbaum 
Report) divided the world into 10 regions and 
projected tren:.is in overall economic growth, rop
ulation gr.owth, and growth in primary consump
tion of j 1 mir.erals and materials for each region. 

•"Materials Requirements in the United States and Abroad 
in the Year 2000," National Commission on Materials 
Policy, Mar. 1973 (the original report was submitted Nov. 
30, 1972). Tha Bureau of Mines' use of this report is briefly 
discussed in the Introduction to the Bureau's Mineral Facts 
and Problems, 1975 edition (p. 21, as preprinted in the 
Bureau's Bulletin 667). 
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It presented a single set, rather than a range, of 
forecasts. In October 1977 Malenbaum updated 
his 1972 study at the request of the National 
Science Foundation,• dropping some of his origi· 
nal commodities and adding others. 

Current Bureau of Mines forecasts are loosely 
based on the 1972 Malenbaum Report, judgmen
tally adjusted and extrapolated by members of the 
Bureau staff, using basic arithmetical procedures. 
Members of the Bureau staff expect that future 
official Bureau projections will be based on the 
1977 MaJenbaum Report. Therefore, on the rec
ommendation of Bureau ritaff members, the Global 
2000 Study projections in Chapter 12 substitute 
1the latest Malenbaum figures in place of current 
Bureau figures where this !:, feasibl:.t 

A comparison of the projections in the 1972 
Malenbaum Report, used in current Bureau of 
Mines publications, with those in the 1977 Malen· 
baum Report is presented in Table 22-1. The table 
shows that the 1977 MaJenbaum projections are 
significantly lower than earlier projections made 
by Malenbaum or the Bureau of Mines for a few 
commodities (aluminum, cobalt, copper, and 
nickel) and significantly higher for a few others 
(manganese, tin, and tungsten).t 

Key Analytic Methodology 
Prior to 1968, the Bureau of Mines did not 

make long-range projections of minerals and ma
terials consumption, either for the U.S. or on a 
global basis. In 1968, using 1966 data, the Bureau 
began making projections internally, relying on 
the judgment of Bureau analysts and simple rule-

• "World Demand for Raw Malerials in 1985 and 2000," 
Philadelphia, Oct. 1977. 
t Malenbaum's lalest projections cover 12 minerals and 
materials; JO of these 12 are considered in Chapter 12. 
*An extensive comparison between the methods used by 
M.denbaum in making regional forecasts and the methods 
used by the Bureau in making "rest of the world" forecasts, 
with respect to projecting copper and aluminum consump
tion, is contained in a paper presented to the Eighth World 
Mining Congress in Lima, Peru, by the Bureau's Sheldon 
Wimpfen and Alvin Knoerr, entilled "World Resources vs. 
Copper and Aluminum Demand to the Year 2000," Nov. 
1974. . 
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TABLE22-1 

World Consumption of 14 Minerals and Materials In the Year ~ 

Percent 
Percent Change 
Change Malenbaum '77 

Bureau of Malenbaum '77 vs. 
Malenba11m Mines Malenbaum vs. Bureau of 

'72 Current '77 Malenbaum '72 Mines 

(thousands of metric tons) 
Primary aluminum 46,761 54,lfiOb 36,516 -22 -33 
Chrome ore 17,6()1)1 16,018 -9 
Cobalt 72 58 -19 
Refined c:oppe1 19,693 22,Jl3d 16,839 -14 -24 
Fluorspar 15,870 14,797 
Iron ore 1,086,000 1,025,000 919,000 -15 -:-10 
Manganese 41,77()e 48,060 ·••JS 
Nickel 1,546 1,314 .:.1r 
Platinum group (thousand troy ounces) 13,113' 14,030 1· 
Cr.ide steel 1,332,6..."0 1,279 ,OOl)I 1,315,000 -I 3 
Sulfur 100,424 112,000" 
Tin 3521 393 12 
Tungsten 7C)J 93 18 
Zinc 13,448 11,2()()11 12,022 -II 7 
•To facililale comparisons, all Bureau or Mines data (with one uccpllon) have been converted to metric Iona: I 1hol1 ton • 0.9072 metric tons; I lone IOn • 1.016 
metric tons. The 1l1'11e ucep1lon Is the platinum aroup data, which Is spec;llcd In thouunds of troy ouncea. 
• Includes only primary (not nonmetallic) aluminum. 
•This fllUJl' conv:rts 1he B11roau of Mines fiaunt for con1alned chromium metal In ore to units ot ore as spcdllcd In lhe Malenbaum Report, u•umlna an averaae 
srade of chrome ore to be 27 .4 r;icn:~!'I chromium. 
• Bureau of Mines data excludes old copper, when:u refined copper In the Malenbaum Reports lncludca secondary old copper. Themore, bucd on the lnld.lllollll 
l'llllo between refined copper and old copper, and the Malenbaum data, the Bureau of Mines forecasts have been lncreastd by 2' percenl lo bt 'ompan.ble .ith 
B!lfAu of Mines forecasts (i.e .. 17,693 " 1.25 a 22,113 lhousand metric tons). 
• Tbe Malenbaum data mu•I be for manganese ore rather than manp.nese. To be comparable IO Malenbaum data, !he Bure1111 of Mines dala on rontalncd mupaese 
bu been converted to mel ric l<>ns <>f manganese ore. averagin11 48 percent manasncse: (20,049 mciric tons of contained Mn)I0.48 .. 41,770, which 11 comparable to the 
Malenbaum llgun:. 
' Data Includes secondary metal. 
• Data includes iron and •tt•I foundry products and steel mill products. 
• Customarily 1ipCCiflcd In long tO'l1; ~onverted here to metric tons. 
• Includes only primary tin, converted frilm long tons to metric tons. 
•Includes only primary 1una11en, converted from 1,000 pounds to nietric tons. 
"Includes only primary iln·•· 

of-thumb relationships. These relationships were 
based on leading U.S. economic in}icators and 
historic patterns of global minerals and materials 
production and consumption. Presented in the 
1970 edition of Mineral Ft1cts and Problems (and 
summarized in the 1970 rdition of Mineral Trends 
and Forecasts). they included price as well as 
consumption projections. Supply was assumed to 
equal demand at the prices specified. 

The methodological procedures on which these 
initial 1970 projections were based were severely 
criticized, particularly those used in developing 
price projections. As a result, different procedures 
were followed in the 1975 edition of Mineral Facts 
and Problems. For U.S. consumption forecasts, 
reliance was placed on the use of leading U.S. 
economic indicators in elaborate linear regression 
equations. For consumption forecasts for the rest 
of the world (treated as an aggregate), reliance 
was placed on making use of trends in world 
economic growth, population growth, and growth 
in consumption of selected minerals and mate-

ria~s. as projected in the 1972 Malenbaum Report; 
however, arithmetic relationships were estimated 
using procedures less complex than those used to 
project U.S. consumption. No explicit price pro
jections were used in making forecasts either for 
U.S. consumption or consumption in the rest of 
the world, and no ptice forecasts were published. 

Both the 1972 Malenbaum Report and its 1977 
revision are based on a methodology known as 
intensity-of-use (IOU) analysis."' This methodol
ogy produces lower projections of growth in 
global minerals and materials consumption by the 
year 2000 than the simple trend extrapolations 
used _previously by the Bureau of Mines. It also 
tends to produce lower projections for U.S. min
eral consumption than most other methodologies, 
as they have been used to date by groups outside 

*The development and several applications or the IOU 
methodology are brieny discussed in D. B. Brooks and P. 
W. Andrews, "Mineral Resources, Economic: Growth, and 
World Population," Selene~. July 5, 1974, p. 13. 
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the Bureau (for example, the input-output tech
niques used by Resources for the Future in its 
1972 report to the U.S. Commission on Population 
Growth and the American Futuret}. 

Although the Bureau has made extensive use of 
the 1972 Malenbaum Report in revising its own 
projections and plans to make future use of the 
1977 Malenbaum Report, the Bureau did not 
commission either r:::port. The earlier report was 
prepared for the U.S. National Commission on 
Materials Policy, which was responsible for ex
amining the feasibility of striking a balance be
tween the national need to produce goods on the 
one hand and to protect the environment on the 
other. The Malenbaum projections helped the 
Commission demonstrate the feasibility of striking 
such a balanct, since IOU analysis assumes that 
increasing economic growth in the industrialized 
nations requires increasingly less intensive con
sumption of minerals and materials iw,r unit of 
economic growth. The long-term environmental 
implications of the other major assumption of IOU 
analysis-that increasing economic growth in the 
less developed countries (LDCs) requires increas
ingly moae intensive consumption of minerals and 
materials per unit of economic growth-were not 
examined by the Commission. The environmental 
impacts of such increasingly intensive use c..f 
minerals and materi!\ls by the LDCs could rapidly 
escalate in the period beyond the year 2000, if 
recent rates of LDC economic growth are sus
tained into that period. 

Evems surrounding the 1973 oil embargo called 
forth energy analyses that differ significantly some 
of the projections contained in the 1972 Male11· 
baum Report. For example, according to that 
report, U.S. energy consumption in the year 2000 
was projected to reach levels almost three times 
as great as those of the 1%6-69 period, including 
a doubling of U.S. natural gas consumption. 
Japan's energy consumption was projected to 
increase by a factor of six over the same period. 
Most subsequent energy studies project much 
lower rates of growth for energy consumption, 
based on considerations involving limited supplies, 
increasing prices, and strategic and balance-of
payment positions. These factors are not explicitly 
taken into account in Malenbaum 's m-.::thodology, 
although the basic principles of IOU analysis 
could be adapted to methodologies that do take 
those factors into account. It was against the 

t Leon Fischman and Hans H. Landsberg, "Adequacy of 
Nonfuel Minerals anrl Forest Resources," in Commission 
on Population Growth and the American Future, Popule1t{on 
Resoun:es and the Env{ro11ment, Washington, 1972. 

background of the changes taking place in the 
energy sector and the intensifying debate regard
ing potential limits to economic growth that the 
National Science Foundation asked Malenbaum 
to revise his original report. 

The 1977 Malenbaum Report did not re-examine 
the fonner projections regai ding solid fuels, liquid 
fuels, natural gas, and other energy sources, but it 
did re-evaluate projections regarding the consump
tion of aluminum, copper, iron, steel, and zinc. 
All were revised downward, as shown in Table 
22-1, using the same procedures that were used in 
the 1972 Report. As Malenbaum pointec:i out in 
his revised report, these lower projections were in 
no way ba!ied on the arguments advanced by the 
limits-to-growth proponents, since both the 1972 
and 1977 Reports assume that the commodities 
whose consumption is being forecast will essen
tially be inexhaustible and available at current real 
prices throughout the period of the forecast. 
Instead, the revised repc·1~ reflects lower exoge
nous projections of economic growth rates in both 
the industriruized nations and LDCs and lower 
exogenous projections of the intensity with which 
minerals and materials are likely to be used by 
nations in both categories. 

The exogenous economic and population 
growth rntes used in the 1977 Malcnbaum Report 
differ from those provided to the Global 2000 
Study. The Global 2000 Study's economic growth 
rates are significar.tly higher for Africa, Asia, and 
Latin America and significantly lower for Eastern 
Europe, Japan, and the U.S.S.R., as shown in 
Table 22-2 .. The economic growth rates used in 
these two studies are not strictly comparable, 
however, since they are applied to different his
toric base estimates, with somewhat different 
proportionalities (see Table 22-3}. lbe population 
projections also differ, but the differences appear 
to be less significant (Table 22-4). 

The 1977 Malenbaum Report cites the following 
sources for historical gross domestic product 
(GDP) data: United Nations, Stv!istical Yearbook 
(annual}; U.N., Yearbook of :Vational Account 
Statistics (annual}; Intematio•1al Bank for Recon
struction and Development. World Bank Atlas, 
1975. The 1977 Malenbaur.1 Report, in addition, 
cites the following source!! for historical popula
tion data: U.N., Demowaplric Yearbook, various 
issues (1948-1974); U.N., P11pulation by Sex and 
Age for Regions and Cou-itries, 1950-2000 as 
Assessed in 1973: Mediur;i Variant (1976}; U.N., 
World Population Prosp'!cls as Assessed in 1968 
( l 9i3}. Chaptei 111 of t?1e J 977 Malenbaum Report 
explains in some detail how "the projected growth 
rates reflect the judgment of the principal investi-
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TABLE22..,l 

Average Annual Economic Growth to the Year' 
2000 

(Ptrctnt) 

Malen· Malen- Global Global 
baum baum 2000 2000 
'72 'Tl Study Study 

Minus 
GDP GDP GNP Malen· 
1970.. 1975- 1975- baum 
2000 2000 2000 •77• 

Africa 3.4 3.4 4.9 J • .5 
Asia 3 • .5 3.2 4.8 1.6 
China" 4.2 3.3 3.7 .4 
Eastern Europe 3 • .5 3 • .5 2.9 -.6 
Japan .5.0 4.1 3 • .5 -.6 
Latin America 3.7 3.6 .5.0 1.4 
u.s.~ 3.8 3.2 3 • .5 .3 
u.s.s.R. 4.0 3.4 2.9 - • .5 
Western Europe 3 • .5 3.2 3 • .5 .3 
Other industrial· 

ized nations 3.7 3.3 3 • .5 .2 
World 3.8 3.3 3.6 .3 

• Not a precise com~. due 10 dlll'erelll base yan, i... )'Cit cstlaWH. 
and IUllsllct mcuurl1111 ~ powtb. 
• lncludlna Monaolla. Noitb KOR&, and Noitb Vietnam. 
• lncludlq Puct1o Rko and other ovenc.u U.S. Islands. 

TABLE~ 

Bale' Year National Income 
(Billions of dollars) 

Global 
Malen· Malen· 2000 

baum '72 baum '77 Study 

GDP'' % GDP'' % GNPC % 

Africa 6.5 2 71 2 128 2 
Asia 236 6 201 .5 348 6 
China" 137 4 144 4 301 .5 
Eastern Europe 195 5 227 6 330 5 
Japan 240 7 258 7 495 8 
Latin America 202 6 200 .5 319 5 
u.s: 1,025 28 1,122 28 1,516 25 
u.s.s.R. 510 14 617 16 666 11 
Western Europe 900 25 936 24 1,634 27 
Other industrial· 

ized nations lb-~ 4 183 .5 288 .5 
World 3,670 1011 3,960 1021 6,025 99' 
• 1970 f1,111re1 in 1971 dollan. 
•An averasc of 11111-1s riaun1 In 11171 dollan. 
• 1975 fla11re1, In 1975 dollan. 
• lacludl111 M0111olia, Nonb Korea, and NOlth Vlclnam. 
• la.:ludlnt Puerto lllco and otbcr ovenc.u U.S. lslaadl. 
• Doea not 111111 10 100, due to roundl111-

gator, with full regard to other restarch and 
appraisals available on the current scene with 
respect to world economic development." 

TABLE22-4 

RepreaentaUve Populatk>n Projections 
tMll/ions) 

Malenbaum Malenbaum Global 2000 
'72 '77 Study 

1971 2000 1971-7.5 2000 1975 woo 
U.S. 210 300 214 281 216 248 
u.s.s.R. 24.5 37.5 250 336 254 309 
Japan 105 140 108 133 112 133 
All other 

nations 3,224 5,61.5 3,276 5,608 3,.508 .5,661 
World 3,784 6,430 3,848 6,358 4,090 6,351 

The methodology and assumptions underlying 
the Global 2000 Study's GNP projections are 
presented in Chapter 16, which notes, regarding 
the LDCs, that in most cases, GNP and GDP are 
virtually equivalent and, therefore, used inter
changeably by the Global ~000 Study. The meth
odology and assumptions uuderlying the Study's 
population projections &."-e presented in Chapter 
15. 

The Global 2000 staff investigated the feasibility 
of recalculating the minerals and materials con· 
sumption forecasts of the 1977 Malenbaum Report 
on the basis of the Study's economic growth and 
population projections. Because Malenbaum's his· 
torical GDP data are not consistent with the GNP 
figures obtained by the Global 2000 Study from 
the World Bank Atlas of 1976, because the IOU 
methodology requires consistent figures, and be
cause the differences could not be reconciled in 
the time available for the Global 2000 Study, a 
new set of consumption projections for minerals 
and materials, consistent with the project's eco
nomic growth and population projections, c:ould 
not be developed. 

Basic Principles 

The purpose of intensity-of-use analysis is to 
project the consumption ,,f a given mineral or 
material within a given rc:gion in a given year. The 
analysis considers only primary use and disregards 
subsequent shipments of processed or manufac· 
tured minerals or materials to other regions. 
Hence, Japan, for example, is represented as 
having exceptionally high consumption levels, 
since Japanese exports are disregarded. 

Total world consumption of a given mineral or 
material is calculated as the sum of the consump
tion levels for that commodity projected for each 
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region. Calculations regarding future consumption 
levels are independent of similar calculations in
volving that region's consumption of any other 
mineral, material, or commodity, and independent 
of any other region's consumption levels of any 
commodity. They are also independent of any 
explicit considerations regarding potential changes 
in supply levels, prices, or strategic or balance-of. 
payment positions. 

According to the principles of IOU analysis, 
consumption of a given mineral or material within 
a given year can be reliably calculated on the 
basis of just three components: 

• An exo~nous projection of the level of overall 
economic activity (GDP) within a given region 
in a given year. 

• An exogenous projection of the total population 
within the same region in the same year. 

• An "IOU table" showing the quantity of a 
given mineral or material likely to be consumed 
within that region per unit of that region's total 
GDP (a ratio known as the commodity's inten
sity of use) at various levels of regional per 
capita GDP. 

A relatively high IOU statistic for a particular 
commodity (in a given region at a given level of 
per capita GDP) indicates that a rdatively large 
quantity of that commodity is projected to be 
corisumed per unit of total GDP (in that region at 
that level of per capita GDP). According to IOU 
theory, LDCs that are industrializing require in
creasing amounts of minerals and maierials per 
unit of total GDP as their economies expand and 
per capita incomes grow (!hat is, their IOU 
statistic increases as a function of increasing per 
capita GDP). However. industrialized nations that 
are moving towarc, r..-0stindustrial service econom
ies require decreasing amounts of minerals and 
materials per unit of total GDP as their economies 
~xpand and per capita incomes grow (that is. their 
IOU statistic decreases as a function of increasing 
per capita GDP). Thus, mineml and metal con
sumption levels within a region whose economy is 
moving from industrialization to postindustrializa
tion are projected using IOU statistics at various 
levels of per capita GDP that form the invened 
U-shaped curve shown in Figure 22-1. 

Mathematically, the computations used to pro
ject worldwide consumption of a given mineral or 
material in a given year, according to IOU analy
sis, can be summarized by the following three 
equations, where m represents a particular mate
rial, r represents a particular region, and y repre
sents a particular year: 

tlpre 22-1. lntenaity·of·usc curve of a nation whose economy 
ia movina from an industrializing economy to a 
post·industrializatlon service economy. 

IOU ... ,11= fmr(GDPrJ1/population,,,) 
Consumption111, 11 ::::: GDP,11 x IOU,,.r11 

Worldwide consumption ... u= ~ consumptionmr11 

According to the 1977 Malenbaum Repo11. the 
IOU statistic has several noteworthy aspects: 

First, it is readily available over past years, 
given [reliable] statistics on a nation's use of [the 
commodity in question]. 

Second. the very concept of an input and 
output relationship has a technological dimension. 
It must reflect changes in use and efficiency of 
inputs to yield outputs. with account taken of 
changes in techniques (for input or output) and 
changes ·in market relationships associated with 
supply, demand, and public policy bearing on 
inputs and outputs. 

Third, and of particular interest, the historical 
evidence on intensity of use suggests there arc 
patterns of behavior of the measure. And these 
patterns be identified with underlying theory and 
empirical time observation. Indeed, it is this 
systematic behavior of the measure that indicates 
its !JOtential usefulness in demand analysis for raw 
materials. 

However, the 1977 Malenbaum Report also 
points out that application of IOU unalysis is still 
preliminmy and that "there remain further and 
additional tasks to pursue, particularly with re· 
spect to the specific causes of differences in 
intensity-of-use measures over time and among 
regions." 

The actual estimation of IOU statistics to be 
associated with future levels of per capita GDP 
(for various commodities within various regions) 
is based on historic data but is highly 
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judgmental.• Historic IOUs are plotted as a func
tion of per capita GDP for each region and 
commodity. and apparent trends are extrapolated 
more or less linearly. Accc,rding to the 1977 
Malenbaum Report, these extrapolations reflect 
"consistent judgments, conditioned by a vast 
assembly of pertinent data (and published and 
other expert opinion), the economic rationale of 
past peiformance, and theories of economic equi
librium change and growth." 

It is relatively simple to make new consumption 
projections for minemls and materials for regions 
for which IOU relationships have already been 
defined, based on new GDP and population pro
jections, which must be consistent with the his
toric GDP and Population data used to develop 
the IOU tables. Considembly more effort and 
sophistication are needed to make new projections 
that reGuire the formulation of new IOU tables. A 
representative IOU table from the i977 report 
(showing the IOU relationships for refined copper 
for JO regions) is reproduced graphically in Figure 
22-2. 

The somewhat different curves for each mineral 
or material in each region are explained by the 
unique economic characteristics of each region, 
influenced by three economic determinants pecu
liar to each mineral and material. The three 
determinants cited by Malenbaum are: 

1. Demand forces. These change the composi
tion of GDP. In rich lands, the tendency toward 
relative expansion of the services component of 
GDP will persist, perhaps increase; materials use 
per unit of GDP will on the whole tend to decline. 
In poor lands, modernization will continue and 
with it the creation of a higher proportion of total 
output in industrial sectors. Both considerations 
suggest the· persistence of a relationship in which 
IOU first increases .-1jt,h per capita income-per
haps rapidly-and s ..oner or later decline with per 
capita income-perhaps slowly. 

2. Technological progress. This plays an impor
tant role in intensity of use, serving to lower it. 
On the whole, throughout the world we can 
e,q.~ci continuation of a trend where the net effect 

•Malenbaum cites a wide range of sources for his historical 
data regarding minerals and materials consumption: Metal 
Bulletin Limited, Metal Bulletin Handbooks ( 1909-76); 
National Commission on Materials Policy; Overseas Geo· 
logical Surveys, Mineral Resources Div .. Swtistiet1l S11m· 
mary of tl1e Mineral /11d11stry: Productiot1, Exports, and 
Import.~. (1934-71); and the following annuals: Metalgesells· 
chafl Aktiengesellschaft, Metal Sttllistics; United Nations, 
The Steel Market; United Nations, World Trade Annual 
and Its Supplement (1971-74); U.S. Bureau of Mines, 
Minerals Yearbooks (1934-74). 

is that smaller inputs of material accomplish 
essentially what larger inputs did earlier-more 
efficient fuel utiliz.ation, development in alloys, 
precision designing, and the like, as the U.S. 
experience has demonstrated. 

3. Substitution. The substitution of one material 
for another and of synthetic for natural materials 
will continue to characterize economic growth. 
These forces will proceed as technology, demand, 
and supply bear upon relative market prices and 
public policy. These are probably universal forces, 
although special circumstances (relative impor
tance of domestic production, for example) may 
govern the timing if not the direction of the shift 
pattern in some parts of the world. In the past, 
this substitution process contributed to marked 
downward movements in IOU in some materials 
and to decisive upward movements in others. 
Broadly speaking, these trends are projected to 
continue, although at more moderate rates. 

One fundamental premise underlies the way the 
1977 Malenbaum Report takes these determinants 
into consideration, namely: 

The growth of nations has an internal dynamic. 
That is, long-term growth is not governed by 
supply limitations of any specific input materials 
nor is it limited by any inelasticity of total output 
imposed by supply or demand of materials. This 
assumption [has] made it possible to prQject 
national and world economic growth in one part of 
the research effort without regard to the material 
needs appmised in the other part of the study. 

The t:xistence and independence of this internal 
dynamic, as described by Malenbaum, is thus 
cleariy identified as a premise rather than a 
conclusion of Malenl:iaum's study. The theory of 
IOU analysis also assumes that (1) the countries 
comprising a region for which each IOU function 
is developed have historically had comparable 
economies with respect to the mineral or material 
for which the function is developed, (2) the same 
countries have also had comparable per capita 
GDP levels and wilt maintain roughly identical 
growth rates during the forecast period, and (3) 
their various commodity consumption rates can 
be projected independently of each other, without 
explicitly accounting for interregional competition 
or commodity substitution. 

In addition Malenbaum assumes that environ
mental constraints will not limit the future availa
bility of minerals and materials. Thus, the 1977 
Malenbaum Report observes: 

The fact that the ~resent [projections] represent a 
15 percent reduction [from the projections made 
in the 1972 Malenbaum R~port] must be attributed 
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to a judgment on man's aspirations for progress 
and the skills he employs to that end; the fact 
cannot be attributed to the weight of imminent 
materials resource exhaustion or of environmental 
deterioration. 

However, the report also notes that expectations 
of basic materials scarcities have "undoubtedly 
encouraged man and society to cope with shortage 
through more intensive materials use." 

Malenbaum's analysis also disregards sociopol
itical factors that might influence future consump
tion levels. Thus, factors involving producer con
trol (for example, potential carteliz.ation arising 
from the irregular global distribution of resources 
among countries) or producer impotence (for 
example, potential civil disruption arising from 
resistance to increasing levels of pollution associ
ated with increasing extraction activities or from 
resistance to uncompensated boom-bust cycles) 
are ignored, as are any potential changes in the 
•ntemational economic or political order. Eco
nomic cycles are also disregarded (including their 
destabilizing impa-.:ts on demand and prices). 

Malenbaum 's analysis furthermore assumes that 
future consumption of minerals and materials is 
independent of price, except to the very limited 
extent that price changes are implicitly considered 
in extrapolating historic IOU relationships. To the 
degree they are, they are projected to decline ir.t 
real terms. The J 977 Malcnbaum Report projects 
"a gradual weakening of demand forces relative 
to supply forces" and concludes, therefore, that 
"the long term tendency, 1985 and 2000, may thus 
be for lower materials prices relative to prices of 
the final products in which they are used." 

This price prediction is a judgmental interpreta
tion of the results of the IOU analysis contained 
in the 1977 Report rather than a direct IOU 
calculation, since the IOU methodology does not 
project prices, demand curves, or supply curves. 
The price prediction is based instead on compar
ing past growth rates in minerals and materials 
consumption (5-IO percent per year) with pro
jected growth rates in minerals and materials 
consumption (3-4 percent per year) and inferring 
a reduction in demand pressure relative to supply, 
calculating these rates as the sum of non-U .S. 
demand and U.S. net imports. 

This price projection directly contradicts the 
price projectil>ns for minerals and materials that 
were u~d in projecting worldwide GNP growth 
rates for the Global 2000 Study. These assumed, 
for example, that average prices for copper and 
tin will increase by roughly 5.2 and 2.5 percent 
per year, respectively, in constant dollars, during 
the 1975-1985 period. However, this difference 

may be explained in part because the GNP 
projections also assumed higher annual growth 
rates in world trade in most minerals and materials 
than the 1977 Malenbaum Report. For example, 
trade in bauxite, phosphate, silver, and zinc was 
collectively projected to increase at 6.3 percent 
per year over the 1975-1985 period, whereas the 
1977 Malenbaum Report projects average annual 
world consumption of primary aluminum to in
crease at 4.2 percent and of zinc at 3.3 percent 
over the same period. 

One of Malenbaum's two most basic IOU 
assumptions-that as LDCs progressively indus
trialize, they require increasing amounts of min
erals and materials per unit of total GDP-seems 
to be inconsistent with an assumption underlying 
the Department of Energy's projections for the 
Global 2000 Study. The Study's energy methodol
ogy assumed that LDC energy imports (measured 
in Btu's) would be a fixed percentage of GDP. 

Historical IOU statistics for the LDCs generally 
seem to support Malenbaum's position-at least 
in the case of Africa (Table 22-5). However, past 
African IOU statistics for cobalt and tin represent 
important exceptions to this rule since they did 
not increase steadily over time. Moreover, Mal
enbaum appears to violate his own rule in project
ing African IOU statistics for nickel and tin since 
the IOU statistics for these metals are projected 
to decline rather than increase. He explains this 
anomaly in the case of tin but not in the case of 
nickel. 

The other basic IOU assumption-that as indus
trialized nations progressively develop postindus
trial service economies, they require decreasing 
amounts of minerals and materials per unit of total 
GDP--is contradicted by the Global 2000 Study's 
GNP projections. The GNP methodology assumed 
that, in general, LDC mineral and metal export 
volumes to the industrialized nations would in
crease faster than economic growth in the indus
tralized nations. 

Historical IOU statistics for the industrialized 
nations do not offer the same degree of support 
for Malenbaum 's position, at least not, for example, 
in the case of U.S. refined copper consumption. 
Table 22-6 presents U.S. refined copper IOU 
statistics on both an average and incremental basis 
(incremental IOU can be defined as incremental 
mineral consumption divided by incremental GDP 
growth-i .e., the amount of additional mineral con
sumption associated with an additional unit of GDP 
growth). While average IOU values have generally 
declined, supporting Malenbaum's position, incre
mental IOU values have not exhibited a continuous 
pattern cf decline. Thus, at least in the case of U.S. 
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TABLE.22-S 

lnl.mlity of Use Statistics: Africa (excluding South Mrica), 1951...2000 
(units ptr billion dollars GDP. in constant 1971 dollars; 

19.51-.5.5 1961-6.5 1971-7.5 1985 2000 

Primary aluminum {metric tons) 36.7 163.2 .41.59.2 600.0 900.0 
Chrome ore (metric tons) 346.0 416.0 .. 186.0 7.50.0 800.0 
Cobalt (metric tons)• 13.3 12.0 9.9 10 • .5 11.0 
Refined copper (metric tons) 217.8 266.7 2~1.4 3.50.0 400.0 
Iron ore (thousand metric tons) 46.4 .57.9 .53.2 70.0 80.0 
Manganese (thousand metric tons) 3.8 4.9 6.7 7 • .5 8 • .5 
Nickel (thousand metric tons)h 3.9 16.0 49.4 .5.5.0 .50.0 
Platinum aroup (troy ounces) 11.0 9.5.0 5J4.0 600.0 72.5.0 
Crude steel (thousand metric tons) 49.3 .57.6 68.9 7.5.0 8.5.0 
Tin (metric tons)" 46.6 64.2. 21.6 60.0 .5.5.0 
Tungsten (metric tons) 2.3 1.7 9.6 10.0 10.2 
Zinc (metric tons) 22.9 122.0 I 327 • .5 3.50.0 400.0 
1 Hllloric ,.ncm contradicU IOU tbc«J; eatntpOlltlon auppona IOU tbc«J, 
• Hlllork: !*lem aupporta IOU tlleor)'; 11tnpolalkia comnidlcls IOU theory. Olla lnchldea SouUI Mric:a. 
• Hllloric pattern b amblpaw; eatrapolalloa c1111lrldk:t1 IOU lbc«J; 1971-7-' llpl-e l11elllallve. 

refined copperconswnption, the general decline in 
average IOU values since 1936 can be accounted for 
arilhmetically as due solely to the high-IOU com
position of the U.S. industrial base prior lo 1936, 
since the average value always incol-porates this 
dominating component. It clearly does not decline 
arithmetically because of a consistent, continuing 
trend of lower and lower IOU increments to that 
base. 

though gains in technological efraciency can signif
icantly reduce mineral consumption (as industrial
ization progresses). the increasing use of technology 
by an industrialized society (in more and more 
areas of human activity from which it was previ
ously excluded) at some point more than compen
sates for gains in technological efficiency. Under 
these circumstances, the average IOU statistic for 
an industrialized nation might well begin to in
crease (in the absence of supply constraints or 

This naturally raises questions regarding the price restraints). But, of course, this is merely a 
extent to which continuing declines in average._ speculation neither confirmed nor denied by MrJ
IOU values for the industrialized nations can be --enbaum's analysis, since Malenbaum did not pro-
projected indefinitely into the future with any vide· extensive analytic support for the basi1; 
confidence. It may well be, for example, that even premises of his methodology. 

TABLE22-6 

Intensity of Use Statistics: United States, Refined Copper, 1934-75 

Aveniae Values• 1934-38 19.51-.56 19.56-61 1961-6.5 1966-70 1971-7.5 

. Refined copper consumption" .581.38 1298.12 · 12.58.64 1681.26 1891.06 1886.08 
GDP' 213.3% .5.57.108 640.160 773.222 942.137 1122.094 
Intensity of used 2724.0 2330.1 1966.l 2174.4 2006.8 1680.9 

Incremental Values' 1936-.53 19.53-.58 19.58-63 1963-68 1968-73 

Refined copper consumption" 716.74 -39.48 422.62 209.80 -4.98 
GDP" 343.712 83.0.52 133.062 169.09.5 179.777 
Intensity of used 208.5.3 -47.5.4 3176.6 1240.7 -27.7 
• flaw'e1 are 1peclftcd with tho wne pm;llllon u In the 1977 Mtlcnbaum Report. 
• Mlllion1 or metric ton•. 
• Blllima of 1971 conll&!ll dollan. 
"Metric; Iona per bllliocta or 1971 con11A1lll dollln. 
•The 19lf>--'3 lncreme11191 value, tor example, equals tbe dlft'erence between the 1951-$6 avcnae \lllue and the 19)$-38 •Yerll' value. 
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Although the IOU methodology assumes that 
the intensity and rate of consumption of various 
minerals and materials within a region wiU change 
over time (in respons~ to changes in the region's 
rates of GDP and population growth), it does not 
assume that these intensities and rates will change 
in the same way for all minerals and materials. 
This may be seen, for cxampk, in the prnjections 
developed for Africa, which are presented in 
Table 22-7. In these projections the avcmge annual 
economic growth rate for Africa declines during 
the 1975-2000 period to only 70 percent of the 
rate during the 1951-1975 period. Also during the 
1975-2000 period, the averngc annual population 
growth rate declines to 90 percent of the rate 
during the 1951-1975 period. Associated with 
these decreases is a wide range of changes in 
consumption growth rates for minerals and mate· 
rials. Some new rates are over 80 percent below 
previous rates (aluminum and platinum); one is 
over 500 percent higher than previous rates (tin, 

which is clearly an exception). In all cases, as 
shown in the same table, the African share of 
wortd mineral and material consumption is pro
jected to change very littJe. 

Buie Components 
In terms of the requirements of the Global 2000 

Study, IOU analysis produces explicit estimates 
of future resource consumption related to minerals 
and materials, based on exogenous estimates of 
economic and population growth. As already 
stated, resources are generally assumed to be 
inexhaustible and available at constant real prices. 
No explicit account is taken of environmental 
factors. 

Specifically, IOU analysis is an uncomplicated 
arithmetic procedure for using IOU tables (which 
estimate the intensity with which minerals or 

TABLE22-7 

Mhlerals and Materials Consumption: Af.-lcs, (excluding South Africa), 1951-2000 

Average Annual Growth Share r''World Total 
!percent) (prrcent) 

19Sl-7S 197S-8S 198.5-2000 19S3• 197311 1985 2000 

Commodities: r :-' ,:-, 

Primary aluminum 20.s. 4.0 6.2 .3 .3 .4 
Chrome ore 8.8 4.2 3.7 .3 .7 .8 .9 
Cobalt 3.6 3.9 3.7 3.8 3.0 " 3.1. 3.4 
Refined copper 6.7 4.9 4.3 • 2 .3 .3· . ,4 
Iron ore 6.0 6.2 3.8 .8 ,9· 1.3 ' 1 • .5 
Manganese 8.2 4.4 ' 4.2 I.I 2.4 2.7 3,1 
Nickel' 19.8' 4.3 2.7 - .,7 .8 .8 
Platinum group 27.4 4.3 4.7 .7 ;7 ' .9 
Crude steel 6.9 ' 4.0 4.3 .6 -.8· ,9' ... 
Tin 1.2" 12.9" 7.0 .8 :r 2.3 2;5 
Tungsten 12.8 3.8 3.4 .3 1.7 ' 1.8' 2.0 
Zinc 20.4 3.6 4.3 ''.; ~o .4 .5 ;6 

Economic Growth: 
Malenbaum '77 (GDP) .5.1 3.5 3.3 1.6 1,8 ' 1.8 1.8 
Global 2000 Study 

(GNP) 5.5 4.6 2.1• 2.4 2.9 
Popu!ation Growth: 

Malenbaum '77 2.4 2.7 2.2 8.4 9.2 10.0 10.7 
Global 2000 Stud)' 2.9 ' ·2.9 - 9.1" 10.2 12.0 

• An ave.-.· of 19ll-ll fi&ure1. 
• An averqe of 1911-7' f11urc1. 
' include1 South Afri~a. 
• Malenbaum IY.>les 1ha1 1he 1911-7$ fi&ure for Ila II IClll8llw • 
• 191l. 

\g ').~ 
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materials will be c:onsumed within a given country 
or region relathie to per capita GDP levels) to 
translate exoger1ous GDP and population projec
tions into minerals anJ materials consumption 
projections. Sue h tables could be developed for 
any mincml or material with re5pect to any given 
country N 1c:;ion. However, the only IOU tables 
currently considered to be timely and useful by 
members of the Bureau of Mines sta.tf are those 
contained in the 1977 Malenbaum Report. That 
report contains IOU tables for the following I2 
minerals and materials, which are said in the 
report to account collectively for 80-90 percent of 
the value of total world mineral production: 

aluminum copper nickel tin 
chrome iron platinum tungsten 
cobalt manganese steel zinc 

Each IOU table presents separate IOU curves for 
each of the following 10 countries or groups of 
countries, as did the IOU tables contained in the 
19n Malenooum Report: 

• Africa (except South Africa) 
• Asia (except Israel, Japan, China, and the 

countries listed with China below) 
• China, Mongolia, North Korea, and North Viet

nam 
• Eastern Europe (Soviet bloc countries plus 

Albania and Yugoslavia) 
• Japan 
• Latin America· 
• United States (including Puerto Rico and other 

overseas U.S. islands) · 
• U.S.S.R. 
• Western Europe (that is, Western European 

members of the Organization for Economic 
Cooperation and Development) 

• Other industrialized nations (Australia, Canada, 
Israe:I, New Zealand, and South Africa) 

A geographical perspecti\''" ":1 the methodology 
underlying these projections is provided in one of 
the C'i.tlored maps used to illustrate the discussion 
in Chapter ,14 on the Government's Global Model. 

Basic Procedures 
Given an existing table of IOU relationships, 

th" following sequence of steps is followed in 
executing an IOU analysis based on new, exoge
nous GDP and population projections: 

1. Obtain an existing IOU table that relates the 
fJUantity (per unit of regional GDP) of a mineral or 
material likely to be consumed within that region 
to the per capita GDP of the region. 

2. Obtain, for the year in which the projection 
is to be made, exogenous regional (a) GDP and 
(b) population projections and calculate regional 
per capita GDP for that year. These exogenous 
projections must be consistent with the historical 
GDP and population data used i11 developing the 
IOU table. 

3. Determine from the IOU table ttK: appropri
ate IOU value (expressed in terms of commodity 
units per unit of total GDP) for the regional per 
capita GDP level just calculated, interpolating or 
extrapolating as necessary. 

4. Multiply this IOU value by the exogenously 
estimated total regional GDP for that year, in 
order to calculate the estimated regional mineral 
or material consumption for the year for which 
the projection is being developed. 

An example of how the 1977 Malenbaum Re
port projected African copper consumption for the 
year 2000 is provided below: 

I. Refer to the IOU table for copper in Figure 
22--2. 

2. Assume an annual African GDP growth rate 
of 3.4 percent and an annual African population 
growth rate of 2.4 percent for 1975-2000. This 
yields a total African GDP in the year 2000 of 
$178 billion (denominated in constant 1971 dollars) 
and an African population of 680 million in the 
year 2000. Per capita GDP is thus $262."' 

3. From Figure 22-2, assuming an African per 
capita GDP of $262, it can be determined that the 
appropriate IOU value for this per capita GDP 
level is approximately 400 metric tons per billion 
dolla,rs of GDP.t 

4. Multiply the exogenously estimated total 
African GDP level ($178 billion) by the converted 
IOU value (400 metric tons per $1 billion of GDP) 

•The actual calculation in the 1977 Malenbaum Report 
estimated that average annual African GDP was $71 billion 
during the period 1971-75: economic growth at 3.4 percent 
per year was then calculated for 27.5 years; the same 
calculation was made with respect to population. Roughly 
comparable calculations using lhe Global 2000 project's 
medium projections would forecast an African GNP level of 
$427 billion in conslant 1975 dollars, a populalion level of 
497 million, and a resultingpercapitu GNPof$859 by lhe year 
2000. 
t II would be misleading lo apply the Global 2000 Study's 
per capita GNP projections to the churl in the figure. since, 
as previously no1ed, the hisloricul figures used in developing 
the chart could nol be made consistent-in the time avail· 
able-with the GNP figures used by the Global 2000 project. 
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in order to obtain estimated African refined cop
per consumption in the year 2000 (71 thousand 
metric tons).• 

In the absence of an existing table of IOU 
relationships. there are apparently no explicit rules 
to follow in developing new IOU tables. other than 
to begin by plotting historical experience and then 
to use judgment in proceeding. In the case of the 
copper IOU table shown in Figure 22-2, several 
factors are cited in the 1977 Male11baum Report as 
influencing the way the historical relationships 
have been extrapolated for the various 
industrialized nations and LDC'i. These factors do 
not explain. however. why the extrapolated IOU 
curves are linear. why they have the particular 
slopes shown, or why particular variations exist 
among the industrialized nations or among the 
LDCs. The primary explanatory factors cited in the 
1977 Malenbaum Report are: 

Mostly, copper use has been affected by the 
substitution potential of other metals, notably 
aluminum, for use in producer durables, construc
tion, motor vehicles and especially in electrical 
transmission .... For the most part, these dis
placements are irreversible in a given installation. 

Prices of aluminum and plastics have been 
adversely affected by energy and especially petro
leum costs. . . . For these and perhaps other 
reasons not yet clear, copper use seems to have 
stabilized. 

[Projected] declines [in the IOU of copper] in 
rich lands are moderate. 

There is as yet little evidence of rapid shifts 
away from copper that [would] impede the grow
ing [IOU of copper] of poor lands. 

The explicit application of IOU theory in devel
oping IOU tables is even less clear in the case of 
some other metals and materials. For example, in 
the case of the steel IOU table presented in the 
1977 Malenbaum R~port, the projected IOU rela
tionships depart sharply from historical experiem:e 
in many cases, as shown in Figure 22-3. 

As in the case of copper, several factor:; have 
been cited to explain the way the historical IOU 
relationships for steel have been extrapolated for 
the various industrialized nations and LDCs. 
However, these factors do not explain why an 
abruptly lowered IOU relationships (with rising 
per capita GDP) as estimated for China. Nor do 

• This represents 0.4 percent of world copper consumption 
in the year 2000, as compared to 0.3 percent in 1973-but a 
76 percent increase in African per- capita copper consump
tion over the period 1973-2000 (lo 0.1 kg per person, as 
compared to 0.3 kg per person as a world average in the 
year 2000). 

they explain why sudden somewhat less abrupt 
downturns were estimated for the U.S.S.R., and 
.. Other Industrialized Nations," in sharp contrast 
to historical experience in those regions. As in the 
case of copper, they also do not explain why the 
extrapolated IOU curves are linear, why they 
have the particular slopes shown, or why particu
lar variations exist among the industrialized na
tions or among the LDCs. The explanatory factors 
cited in the 1977 Malenbaum Report are: 

Substitution and displacement forces have ... 
had an important [role in reducing the IOU of 
steel in developed nations], probably from the 
early 1950s. On the one side there was continuous 
technical innovation from mining ( omeration 
and beneficiation of iron ore) thro processing 
(basic oxygen converters, electric-arc furrnces) 
and final goods production (alloying, light Slee!). 
On the other side, there are inroads from substi
tute materials, notably concrete, plastics and par
ticularly aluminum. 

These technological forces are expected to be 
present but with less weight in the poor-nation 
world than in today's rich lands. While open 
hearth processes have become of much smaller 
importance everywhere and while hydro power 
and low capital costs encourage electric-arc and 
direct reduction processes in some poor nations, 
the prospect of parallel applk:ation of new meth· 
ods remain much smaller over the next de1;ade 
and generation. Alternative products are less com
petitive, steel scrap is less available, iron ore is 
often mined direr.tly: such considerations weigh in 
favor of a lower technological horizon in many 
poor nations over the years to 1985 and 2000. 
[IOU relationships are] thus projected at higher 
levels in these years. 

The mo!"! difficult case for the application of 
IOU theory is in the development of IOU tables 
for aluminum. Aluminum is the one major com
modity whose historical IOU relationships do not 
exhibit the inverted-U pattern found for other 
minerals and materials. However, in accordance 
with IOU theory, the extmpolated IOU relation
ships for aluminum in the 1977 Malenbaum Report 
have been estimaled to exhibit significantly lower 
slopes than historical experience alone would 
suggest (see Figure 22--4). 

As in the cases of copper and steel, several 
factors are cited to explain the way the historical 
IOU relationships for alumim•m have been extrap
olated for the various industriaiized iiations and 
LDCs. However, there is no explicit quantitative 
accounting of the exte.it to which the higher 
energy prices mentioned (though how much higher 
is unspecified) are expected to affect aluminum 
prices. Nor is there a quantitutive accounting of 
the extent to which higher aluminum prices are 
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expected to moderate consumption levels, either 
through abstinence, improved efficiency of use, or 
substitution of other materials. An explicit quanti
tative accounting is also missing with regard to 
the extent to which decreasing IOU values for 
copper and steel in the industrialized nations are 
more properly explained by aluminum substitution 
(which could account for the increasing IOU 
values for aluminum in the industrialized nations) 
rather than by the transition of industrialized 
nations to postindustrial service economies (which 
is a basic premise of IOU theory). These more 
general assumptions are not discussed in detail in 
the 1 m Malenbaum Report, although the follow
ing points, among others, are made: 

There remains an impressive and still widening 
technical scope for further displacement by alu
minum of iron ore, nickel, tin, ar.J zinc in metal 
production, and of steel and copper metal goods 

.•. [especially with regard to] the expanding role 
of aluminum in transmission. Construction and 
transportation equipment (automobiles particu
larly) and an expanding array of consumer goods 
have become greater users of aluminum in most 
parts of the world. 

The rapid growth in [the intensity of use of 
aluminum] in poor lands combines a high income 
effect as the economies develop (or at least 
industrialize), supplemented by what is generally 
a positive substitution effect. [However,] ... 
there is as yet little evidence of rapid shifts away 
from copper [in the less developed nations]. . .. 
The copper prospect and especially the uncertain 
price prospect for aluminum over the next dec
ades of energy shortage arc consistent with [the 
extrapolation]. 

For the rich world negative income effects are 
more than offset by substitution. It is hard to 
visualize a turning point for [the IOU of 
aluminum]. 



23 Technology 

No government agency is uniquely responsible 
for developing consistent assumptions regarding 
future rates of technological change for use in 
official forecasts. The Office of Science and Tech
nology Policy and the Office of Technology As· 
sessment are responsible for advising the Presi
dent and the Congress, respectively, on particular 
aspects of technology and for assessing probable 
social and economic impacts. No federal agency 
routinely assists other agencies in preparing con
sistent assumptions about future rates for techno
logical change to be used in official quantitative 
projections. As a result, the agencies contributing 
to the present study made their own assumptions 
~egarding rates of technological change, as neces
sary, when they developed their projections. 

While each agency has made technological 
assumptions over the years in forecasting other 
variables of interest, there is no well-delineated 
history of technological forecasting,. nor is any 
well-established methodology in widespread use. 
Several methodologies, of course, are in use by 
federal agencies for projecting rates of technologi
cal change, based on rates of public and private 
expenditure for research and development, past 
rates of technological change, and other factors, 
but because such projections do not make use of 
a consistent set of assumptions, their methodolo
gies cannot be used collectively to evaluate the 
relative impact of different levels of public and 
private investment in research and development. 

Key Analytic MethodologifS 
Four basic methods of determining the direc

tions and rates of the development and adoption 
of technology were used by the agencies contrib
uting to the Global 2000 Study: implicit and 
explicit endogenous calculations and implicit and 
explicit exogenous calculations. 

Implicit Endogenous Calculations 
Almost all Global 2000 Study projections are 

based to a considerable extent on historic relation
ships (e.g., in the form of regression equations), 
which implicity incorporate historic rates of tech-
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nological change. In projecting the future based 
on a continuation of these historic relationships, 
the agencies implicitly assume that technological 
change will continue to contribute to the correla
tion of variables in the future as it has in the past. 

Four explicit quantitative methodologies used in 
developing the Global 2000 Study projections 
make particularly extensive use of historic rela
tionships: the SIMUNK (SIMulated trade LINK· 
ages) model in the GNP projecti.ons; the IEES 
(International Energy Evaluation System) model 
in the energy projections; the GOL (grain, oilseed, 
livestock) model in the food and agricultural 
projections; and the regression equations used by 
the Bureau of Mines in the nonfuel minerals 
projections. The proiection of historic rates of 
technological change is also implicit in the less 
systematic procedures, for example, those used to 
develop the environmental projections. 

An example of how a more systematically 
specified model makes implicit endogenous calcu
lations of rates of technological change is provided 
by the way the GNP projections incorporate 
assumptions regarding the productivity of new 
capital investment-assumptions that implicitly 
incorporate factors related to technological 
change. Within SIMLINK, the model ueed to 
develop the GNP projections, linear equations are 
used to relate new gross investment to total GDP 
for each LDC group. A variabk incremental 
capital output ratio (as if new investment were 
related to incremental GDP instead of total GDP) 
can be inferred from the model's results. Such an 
incremental capital output ratio prr.vides a meas· 
ure of the implied assumptions regarding changes 
in the productivity of investment capital associ
ated with one unit of additional GDP. These 
changes are due to many factors, including, im
plicidy, projected rates of technological changes. 

For almost all LDC groups, the incremental 
capital output ratio is pr(·· ded to decline any
where from roughly 5 to 41..i percent over the 1977-
85 period, indicating major increases in the pro
ductivity of investment capital. For example, the 
GNP projections assume that, in the case of the 
"Other South Asian LDC" group (with an ir -~. 
mental capital output ratio declining from roug .. iy 
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4.1 to 2.5). a piven investment can be thought of 
as producing 6!1 r .' rcent mm-e incremental GDP in 
1985 than in 19'/ i (in constant dollars). 

Explicit Endoge11ous Calculations 
Some projections make use of explicitly speci

fied cost factors, in conjunction with explicitly 
specified maximum market penetration rates. The 
IEES energy model, in particular, makes exten
sive use of endogenous calculations involving the 
development and deployment of various energy 
technologies not currently in widespread use. For 
example. with the IEES model, the deployment 
rate for technologies capable of producing syn
thetic gas from coal is explicitly modeled endoge
nously. 

First, a maximum level of deployment is spe 1-

fied exogenously for each year for which a 
projection is developed. For 1985, this maximum 
level is twice the 1975 production level and, for 
1990. three times the 1975 production level in the 
~ase of coal and gasification technologies. 

Then the model calculates endogenously the 
economic competitiveness of this synthetic gas in 
relation to alternative fuels in each region repre
sented in the model. 

Those electrical generation plants represented 
in the model that can bum synthetic gas can also 
use natural gas and sometimes other fuels. The 
mode! projects them to use the fuel that adds the 
least cost to the global energy production system. 
Th.is is only rarely coal-derived gas because of the 
efficiency losses and extra transportation involved 
in the process. Demand for the gas from other 
sectors cannot always be satisfied with other 
fuels, but it is likely to be small, though growing. 
As a result, the deployment of synthetic gas 
technologies rarely reaches the maximum levels 
specified. 

Implicit Exogenous Calculations 
All the methodologies used in developing the 

Globai 2000 Study projections make extensive use 
of judgmental adjustments to infonnation entered 
into the model. Often these adjustments implicitly 
incorporate rrojections of future rates of techno
logical change. For example, the population pro
jections inc'lrporate i11put data (mortality and 
fertility assumptions) based on demogmphers' ex
pectations regarding the development and deploy
ment of medical and birth control technologies. 
These assumptions are then reflected numerically 
in the model's calculation procedures. 

In the case of the Census Bureau's population 
projections, for example, these projected fertility 

rates are based on the assumption that the LDCs 
will continue to make modemte progress in social 
and economic development during the 1975-2000 
period. As the LDCs progress in social and 
economic development, the fertility level is ex
pected to decline more or less continuously but 
with some tempomry plateaus. This decline is due 
to many factors, including the increasingly wide
spread deployment of birth control technologies, 
as methods of family limitation become better 
known and are accepted by couples wishing to 
reduce their fertility. 

As a result of these implicit assumptions involv
ing the rates at which technological change is 
adopted over the 1975-2000 period, fertility mtes 
in Bangladesh are projected to decline 39 percent. 
In Mexico, the projected decline is 37 percent 
over the same period and in the People's Republic 
of China, 38 percent. Projected fertility declines 
are generally even greater in the case of the 
pmjectiom made by the Community and Family 
Study Center of the University of Chicago. 

Explicit Exogen~:is CalcuJaUons 
A few projections make use of exogenous time

trend variables to capture explicitly the impact of 
technological change. Coefficients for these varia
bles are generally derived from the statistical 
measurement of historical data, although they are 
also subject to major judgmental adjustment. The 
GOL model, in particular, makes extensive use of 
th.is approach to explicitly modeling technological 
change in making the food projections. 

Unexplained variations in historic yields from 
those implied by the modet's regression equations 
are assumed to be attributable to technological 
change regarding both the development and de
ployment of the technologies. These historically 
derived rates then serve as th;! basis for projecting 
future change. To project future technological 
change, analysts enter coefficients for time-de
pendent variables into the model's yield equa
tions. Major adjustments to the historically re
gressed coefficients are made by expert analysts 
to ensure that the model produces results that 
they consider reasonable. 

In the case of wheat production in low-income 
North Africa and the Middle Bast, for example, a 
coefficient is applied to a lime-trend variable to 
project growth in wheat production due to the 
combined influence of trend growth and techno
logical 3rowth. Over 50 percent of the growth in 
wheat production in this region over the 1970-85 
period is due to this factor, and an even larger 
percentage over the 1985-2000 period. 

/ :-;7 
\0 
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Basic Principles 
Although many different methods are used by 

the agencies in developing their technological 
assumptions, a few generalizations can be made 
about philosophical approach. 

In general, the agencies assume a continuation 
of past technological trends with no surprise 
developments. For example. the rapid rates of 
change associated with the Green Revolution of 
the 1960s are projected to continue unabated to 
the year 2000. None of the projections assumes 
that any technologies not now conceived will be 
available and in widespread use by 2000. All the 
projections assume that currently acceptable tech
nologies will continue to be acceptable in 2000 
(e.g .• birth control pills will not be found to cause 
cancer, nor will insects develop further immunities 
to pesticides). 

The many factors that directly innuence the 
rate at which technological change and its con
comitant effr.:cts take place are usually not given 
explicit considemtion. For example. the various 

. resource. environmental. economic. social. and 
institutional conditions necessary for the develop
ment and widespread deployment of major tech
nological change are rnrely explicitly analyzed. 
Instead, the projections simply assume. implicitly. 
that these conditions will not represent a future 
barrier to a continuation of past rates of change. 
Similarly. the resource. environmental, economic, 
and social consequences of developing and de
ploying emerging technologies are also rarely 
explicitly analyzed. However. most projections 
implicitly assume that the impact of technological 
change on whatever variables are represented in 
the projection models will be similar to such 
impacts in the past. 

Bask Components 
The procedures used to choose the indicators 

and variables representing technological change 
are not consistent. In the case of the more explicit 
quantitative methodologies. the pmcedures cho
sen tend to focus on variables of traditional 
interest rather than on variables likely to be of 
concern in the future. For example. in developing 
the food projections. the technological variables 
chosen primarily focus on yield per acre (and do 
not address technological indicators related to the 
energy and water required per unit of production). 
In contmst. the nonquantitative proje:tions were 
able to take into account more recently proposed 
measures of technological progress. 

The geographic focus of the technological pro
jections varies with the particular projection. Most 
of the mathematical projections (energy. food, 
population. GNP. and nonfuel minerals) adjust 
their measures of technological progress for each 
geographic region considered. However. the 
model used in the Global 2000 Study to muk.: 
global projections of the residuals and pollutants 
associated with en~rgy conversion processes as
sumes the complete adoption of U.S. new-source 
emission-standards uniformly throughout the 
world by 1985. 

Documentation and Validation 
No published documentation of the methods 

used by the agencies to project rates of technolog
ical change is currently available. No fonnal 
validity tests of the technological projections have 
been made by the agencies. 
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24 Introduction 

The Global 2000 Study utilizes the following 
standard institutional means of problem-solving. A 
policymaker needing iI'iormation gives a questior, 
to an analyst (referred to as the primary analyst). 
The question is. either ton large for the primary 
analyst to answer J)l!rsonally, r,r else the analyst 
feels that it would be polit\c to involve other 
analysts in whose jurisdictions parts of the ques
tion fall. The question is therefore divided into 
subquestions tailored to fit th!! h· 'ceaucrntic frame
work. These are handed over to secondary ana
lysts in various bureaus whose fields are appropri
ate to the subquestions. Some ground rules are 
set forth to avoid inconsistencies. If the primary 
analyst is worried about consistency, he may 
provide opportunities and incentives for the sec
ondary analysts to receive input from each other's 
analyses. However, the secondary analysts are 
not likely to be enthusiastic about incorporating 
inputs from other secondary analysts into their 
own analyses, so the gain in consistency is often 
minimal. 

When the secondary analysts have completed 
their work, they deliver their results to the pri
mary analyst, who then pieces together the re
sponses to subquestions. In the process, he will 
have to edit out much of what has been said, fill 
in things that have not been said, and stretch 
meanings here and there so as to bring the 
subanalyses into a cogent whole. 

This approach works reasonably well for nor
mal, short-term problem-solving and gives the 
overbusy policymaker a reasonably concise anal
ysis based· on a broad spectrum of information. 
However, it has two serious shortcomings for 
long-term analysis. 

First, over the long term, the relationships 
between subquestions become increasingly impor
tant to the whole quest.ion. For example, the 
linkage between energy questions and economic 
questions is critically important to agriculture, 
(because of increased input prices and, if econ
omies are adversely affected, reduced demand for 
agri•:ultural products) and environment (inflation 
in the commercial system causes the world's poor 
rural communities to lean more heavily on their 
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natural environment for fulfillment of basic needs, 
resulting in increased grazing and firewood gath· 
ering and more overall pressure on the land). 
Environmental degradation caused by economic 
and population pressures have serious conse
quences for agriculture and water availability. 
Food shortages and environmental degradation 
have significant effects on human health, and thus 
on population dynamics. By the year 2000 this 
crisscrossing of influences may have put the globe 
into a state quite differer.t from that predicted by 
the separate answers to subquestions on popula
tion, GNP, energy, agriculture, water, and envi
ronment. After 2000, the effect will be even more 
profound. 

Second, piecemeal bureaucratic ..,alysis tends 
to understate difficult bu~ critical questions-such 
as technological change, attitude shifts, and insti
tutional change-that do not fall into someone's 
tidy jurisdiction but affect the outcomes of all 
secondary analyses. The primary analyst tries to 
fill in the gaps as best he can but seldom has time 
to do a thorough job and is likely to understate 
the importance of the intangibles. In the long
term, these factors will be critical. If in the next 
decade the nations of the world make a commit
ment to decentralized renewable energy supply 
systems, we or our descendents will live in quite 
a different world 20 or 100 years hence. Which 
way the energy system goes will be determined 
by public opinion and technological and institu
tional factors that the Global 2000 Study has not 
been able, for the reasons given above, to incor
porate into its analysis in a consistent and inte
grated fashion. 

One way of circumventing these shortcomings 
is to supplement the piecemeal, subquestion anal
yses with an integrated analysis, performed by a 
single analytic group using appropriate inputs from 
related analytic groups. There are obvious dangers 
in this approach. If used as a primary mode of 
analysis, it would concentrate political power by 
giving the integrated analysis group a direct line 
to the policymaker, while making it only margin
ally answerable to outside analyses. However, the 
need for integrated analysis in long-term planning 
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does justify the experimental use of such an 
approach. It may err due to deficiencies in ana
lytic methodology or to the analysts' personal 
biases. But the system of divided analysis is 
almost certain to err due to its neglect of system 
linkages. Moreover, it too will be subject to the 
biases of the primary analyst's personal judgment. 

The next five chapters ·.vill be devoted to long
tenn glob~! models that iook at the world on an 
integrated basis. The m'.1dels represent a variety 
of analytic approad1es for making integrated fore
casts and serve as case studies to highlight some 
of the problems encountered in managing inte
grated foreca~ting groups. The case study analyses 
will be followed by cross-section analyses of what 
the models reveal about trends in population, 
resources, and the environment to the year 2000. 
The discussion will be prefaced by a review of 
ecological concepts, because ecology is the sci
ence that deals with the relationships among 
populations, resources, and environments. (It is 
assumed that most readers are already familiar 
with the economic concepts introduced into the 
discussion.) Some of the ecological concepts will 
be manifested in the models to be analyzed. 
Others will be conspicuous by their absence, and 
their absence should be considered as a significant 
deficiency in the integrated models. 

Carrying Capacity 
If a population requires resources in proportion 

to its numbers, and if resources are limited, then 
the population cannot grow beyond the size estab
lished by the resource limit. Economists ref er to 
this "carrying capacity" as Malthusian logic; 
biologists think of it as commonsense. Population 
biologists have developed the concept in many 
directions and subjected it to empirical and exper
imental testing. The basic theory has been ex
tended to include cases with more than one 
resource, with different sorts of resources, and 
more than one population--competition models 
and predator-prey models being common in
stances of multiple population fo!lns. 

In simplified tenns, the insights shed on the 
question of population, resources, and environ
ment by the Cdrrying capacity conceN are as 
follows. 

First, three basic patterns of population growth 
can evolve in populations operating within the 
confines of a fmite carrying capacity: stabilization 
at or below the carrying capacity; oscillation 
around or below capacity; and overshooting the 
capacity. which is followed by extinction or 

incomplete recovery. Stabiliz.ation is likely when 
the resource is self-renewing and the population is 
kept in check by predation, parasitism, or species 
behaviors that limit reproduction, such as territo
riality. Oscillation results when the dynamics of 
interdependent populations-particularly predator
prey systems-put them out of phase with one 
another. When predators overexploit their prey, 
they bring on the demise of their own populations 
and create an opportunity for the prey to recover 
its numbers and restart the cycle. Human interfer
ence commonly disrupts the checks and balances 
that control such interdependent populations. Prey 
whose predators have been eliminated by man 
commonly increase to the point where they be
come pests in managed ecosystems (e.g., erup
tions of insect populations in agricultural crops) or 
to the point where they overexploit the environ
ment that supports them and starve in great 
numbers (e.g., grazing mammals when large car
nivores are extenninated). In the latter situation, 
oscillations are converted to overshoot and col
lapse. The overshoot mode will also be observed 
when a population depends fJn a resource that 
cannot be replenished-as in lhe bloom and bust 
of a test-tube yeast culture. 

Second, many populations are limited by multi
ple resource constraints. For plants, light, water, 
and a number of soil nutrients are limiting. Often 
one resource is much more limiting than another 
(in desert environments it is usually wat•!r). The 
availability of this most limiting resource will 
detennine the system's carrying capacity. Should 
the most limiting resources become suddenly 
available, as when phosphorus is made available 
to fresh water algae cultures, the population will 
grow until it encounters some other resource 
limitation. In the process, it may seriously disrupt 
other populations that share its local environ
ment-as happens in the case of an algal bloom 
produced by phosphorus infusion into a phospho
rus-limited fresh water system. 

Simple mathematical models of population dy
namics based on carrying capacity concepts have 
been around since the 1920s. These are as familiar 
to the ecologist as supply-demand curves are to 
the economist. Many ecologists will put human 
population into a carrying capacity model just as 
readily as they will any other specie and, at least 
in conversation, many will express the opinion 
that we are in danger of exceeding the global 
carrying capacity for our species. 

Carrying capacity concepts will show up in all 
models discussed in the next five chapters, except 
the U.N. world model, and will be responsible for 
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virtually all of the pessimistic outcomes generated 
by the model set. In two cases-the Latin Ameri
can world model and MOIRA (model of interna
tional relations in agriculture)--carrying capacity 
will be reduced to a curve showing diminishing 
returns to investment and labor in the agricultural 
sector. World 2 and World 3 and the Mesarovic
Pestel world model have much more complex 
formulatiom: of the concept, including interuepen
dent populations (human and machine), multi1,le 
constraints (particularly the World 2 and 3 
models), and the function of interregional trade in 
allowing regions to extend their local carrying 
capacities (Mesarovic-Pestel only). 

Stability and Diversity 
In ecology the relationshi1> between stability 

and diversity tends to generate a philosophical 
argument-one that can go in many directions 
dependin& on how one defines stability and diver
sity. Both terms are elusive, but there is some 
consensus among ecologists that genetic simplifi
cation, either through reduction of the number of 
species in a community or through reduction of 
the genetic diversity of a population, is prone to 
make the community less stable. Extended, this 
line of reasoning leads to some of the prevalent 
ecological nightmares. It gives theoretical credibil
ity to the fear of a crop plasue decimating the 
genetically simplified stands of high-yielding vari
ety grains that support an incre~sing fraction of 
the world's population, as well as to the fear that 
a virulent, drug-resistent disease will develop and 
take heavy tolls in human lives. On a less 
dramatic level, the stability-diversity relationship 
suggests that the difficulty of controlling insects 
and other crop pests is likely to increase as 
cultivation practices become more intensive, ex
tensive, and standardized throughout the world. 
Thus the reduction of crop losses anticipated in 
many analyses, including the Latin American 
world model and MOIRA may never mature. 

The potential effects of simplification of biolog
ical systems on long-term interrelationships be
tween population, resources, and environment 
have been excluded from all global models under 
consideration and are either extremely rare or 
completely absent in regional models as weU. The 
barrier to inclusion appears to be representational, 
combined with absence of data. The absence of 
operational definitions and precise conceptualiza
tion of how the system is influenced by genetic 

simplification make it impossible to build a credi
ble model of the effects of biological simplifica
tion. Thus quantitative models take no account of 
the problem. Rather, biological simplification man· 
ifests itself as an ill-defmed fear, which makes the 
matter hard to deal with in a rational fashion. 

Ecological Buffering 
Closely related to the concept of stability and 

diversity is the notion of ecological buffering
basically a notion that living growing things, as 
well as dead organic matter, cushion the interface 
between the air and the geologic surface of the 
earth. Plants hold soil in place and protect it from 
the impact of falling rain. Soil absorbs rain and 
prevents it from running off in a great flood. 
Living things bind up nutrients, which will reduce 
the environment's carrying capacity if they are 
not present in sufficient quantities and prevent 
them from being leached out by rain or frc;,m 
seeping down and forming a hard pan below the 
upper layers of soil surface. In general, the 
buffering role of biological matter is thought to be 
more critical in warmer climates where c~emical 
reactions and decomposition of organic matter 
(i.e., reduction of the sponge-like nature of soil to 
pure clay, silt, or sand) are more rapid. 

While the particulars are complex, as a general 
rule simplification of an ecological system tends 
to reduce its capacity as an ecological buffer. 
Thus, overgrazing, overcutting of timber. and 
various forms of overcultivatio;i play havoc with 
ecological systems and greatly reduce their ability 
to support life. 

In principle, the maintenance and destruction of 
ecological buffers is fairly straightforward and 
could be easily modeled. In practice, however, 
modelers experience great difficulty in doing this. 
The way an ecological buffering system works is 
often site-specific. For any given location there 
are often critical points beyond which a system 
cannot be simplified without extensive and possi
bly irreversible damage. The location of critical 
points varies according to factors of climate and 
geography. A region of steep slopes in the humid 
tropics is apt to be much more susceptible to 
damage via disruption of its buffers than a temper
ate-zone flatland region. Thus it is difficult to 
come up with a global or large-region representa
tion of the ecological buffering t>roblem. Of the 
models to be exP~ined, only Wcrld 3 attempts to 
capture the dynamics of ecologic.ti buffering. 
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Man has skyrocketed from a defensive position, 
largely subordinated to Nature's alternatives, to 
a new and dominant one. From it, he not only 
can and does influence everything else in the 
world but, voluntarily or unwittingly, can and 
indeed does determine the alternatives of his 
own future-and ultimately must choose his 
options for it. In other wonJs, his novel power 
condition practically compels him to take up 
new regulatory functions that willy-nilly he has 
had to discharge with respect to the world's 
mixed natural-human systems. Having pene
trated a number of the erstwhile mysteries and 
being able to sway events massively, he is now 
vested with unprecedented, tremendous respon
sibilities and thrown i1110 the new role of moder
ator of life on the planet-including his own life. 

The above words 1 were written by Aurelio 
Peccei, who commissioned the models known as 
Worlds 2 and 3. Fe describes his own state of 
mind previous to the time at which he commis
siuned those models as "perplexed and worried 
by the orderless, torrential character of this pre
cipitous human progress." Perceiving the world's 
problems as highly interconnected and global in 
nature, he was convinced that something funda
mental should be done before it was too late. 2 

Though he found no difficulty finding people to 
agree with him that there was a problem, he found 
it difficult to translate that agreement into action. 
In order to push ahead to actual programs, he 
founded the Club of Rome, a loose association of 
businessmen, intellectuals, and nonelected govern
ment officials from many countries. The Club was 
conceived not as u debating society but as an 
action-oriented organization with two main objec
tives: (I) "to promote and disseminate a more 
secure in-depth understanding of mankind's pre
dicament'' and {2) "to stimulate the adoption of 
new attitudes, policies and institutions capable of 
redressing the present situation." 3 

Jay Forrester, the developer of the system 
dynamics method of computer simulation, was 
invited to a Club of Rome meeting in June 1970. 
He pointed out some of the interactions he saw 
among problems of interest to Peccei-problems 

such as rapid population growth, resource deple
tion, pollution, and hunger-and explained how 
the system dynamics method could help sort out 
and clarify these problems. To demonstrate, he 
constructed during the following month a small 
model called World I, linking five basic 
variables-population, capital, resources, pollu
tion, and food. He presented World I to the Club, 
one of whose members, Eduard Pestel, subse
quently arranged for the Volkswagen Foundation 
to fund elaboration of the model. Forrester com
pleted and published World 2, 4 a more polished 
version of the first simple model, and simultane
ously assembled an internationaJ team of research
ers under the direction of Dennis Meadows to 
make a still more detailed and carefully quantified 
version. This final version, caJled World 3, took a 
year to construct and was the basis for the book 
The limit.~ to Growth. s 

Peccei and other members of the Club of Rome 
looked on computer simulation models World 2 
and World 3 as means to their ends. It was hoped 
that by making the human predicament quantita
tive and clear, the models would wake people up 
and set them to looking for solutions. As Peccei 
put it, "We wanted to start a world-wide debate 
as soon as possible.'' 6 

Modelers have motives as often as model 
commissioners, and Forrester probably had an 
interest in promoting the system dynamics meth
odology, which he strongly believes is a useful 
tool for understanding complex, interrelated prob
lems of the sort that concerned the Club of Rome. 

The members of the Meadows team, which 
produced The limits to Growth, probably had 
less well-defined aspirations. They were relatively 
your.g {average age below 30) and for the most 
part at the start of their careers. Meadows and his 
wife had just returned from a year in Asia, during 
which they had become concerned about prob
lems of development and the environment, and 
were eager to explore the causes and possible 
cures of such problems. Most of the team mem
bers were formally trained in science, engineering 
or system dynamics, rather than the social sci
ences. 
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The Models and Their Lbnitatlons 
Worlds 2 and 3 are models of the long-tenn 

relationships between population, resources, and 
environment. They outline the general patterns of 
causation by which these three factors interact 
and feed back on one another. Worlds 2 and 3 are 
the only models considered in the Global 2000 
Study that include the study's three maim focal 
variables on an equal footing. The other models 
considered either omit environmental factors or 
give them only cursory treatment. Two of the 
models-the U.N. world model and MOIRA 
(model of international relations in agriculture)
include population t'nly as an exogenous variable, 
and two-the Latin American world model and 
MOIRA-take no account of the der,letion of 
mineral resources and fossil fuels. 

Worlds 2 and 3 do have limitations, despite the 
appr.:>priateness of their focus. They are general, 
strategy-oriented models and make no attempt to 
develop specific, detailed analyses. They familiar
ize one with basic tendencies in population-re
source-environment systems but do not speak to 
the problems of specific regions. As stated in The 
Limits of Growth: 

We can say very little at this point about the 
practical, day-by-day steps that might be taken to 
reach a desirable, sustainable state of global 
equilibrium. Neither the world model nor our own 
thoughts have been developed in sufficient detail 
to understand all the implications of the transition 
from growth to equilibrium. Before any part of the 
world's society embarks deliberately on such a 
transition, there must be much more discussion, 
more extensive analysis, and many new ideas 
contributed by many different people. If we have 
stimulated each reader of this book to begin 
pondering how such a transition might be citrried 
out, we have accomplished our immediate .~.· :<1l. 7 

Further problems with the World models m
clude (1) the fact that they are based on a series 
of controversial assumptions, including the inabil
ity of ter.hnology to alleviate natural limits to 
growth and thus cannot be employed without 
generating debate; (2) their focus on metal re
sources and inattention to fossil fuels; (3) omission 
of social factors, such as income distribution and 
the international order, which may pose limiting 
problems well before actual physical limits are 
encountered; (4) weakness of data base and aggre
gation of items with dissimilar behavior in the 
pollution sector; and (5) failure to allow for 
qualitative changes in the nature of economic 
growth that could make it less demanding on 
limiting resources. 

The breadth of focus and coherent conceptual 
development of the World models ensure their 
utility for clarifying the nature of long-tenn global 
problems. However, their limitations render 
them unsuitable as primary tools of analysis or 
as tools for detailed analysis of global problems 
and their solutions. 

Method 
World 2 and World 3 are both system dynamics 

models. System dynamics is a fonn of simulation 
modeling that incorporates ~ well-articulated phi
losophy, precepts about how models should be 
constructed, and a set of symbolic representa
tional tools (including the DYNAMO computer 
language and various diagrammatic fonnats used 
in model fonnulation and description), all of which 
embody the system dynamics methodology. Jay 
Forrester was the primary developc.r of the system 
dynamics meth<"/ology. The team that con
"~ructed World 3 was made up of people who had 
studied under Forrester at MIT. Both models can 
therefore be considered pure system dynamics 
models, and their methodological bases can best 
be described by quoting extracts from the system 
dynamics literature. The following description has 
been extracted from a paper written by Nathaniel 
Mass, a senior member of the MIT System 
Dynamics Group, and Richard Day, Chainnan of' 
the Department of Economics at the University of 
Southern California. 

A system dynamics model is, most fundamen
tally, a theory of how change occurs in a social or 
economic system. The means for describing the 
process of change is a set of simultaneous first
or<ler differential or integral equations. Underlying 
this representation is the assumption that change 
in social systems occurs through the process of 
integration. The fonn of system dynamics 1.1odels 
thus differs intrinsically from that of simultan,'!ous
equation models which describe equilibrium rather 
than intertemporal relationships, and in which 
change in internal system variables can only occur 
as a result of change in exogenous variables. 

System dynamics assumes that all variables in 
a system can be subdivided into two fundamental 
categories: levels and rates. This dichotomy cor
responds closely to the distinction between stocks 
and flows in economics or the distinction between 
balance-sheet and income-statement variables in 
accounting. Level variables describe the state of 
the system r.t any point in t1111e. In contrast, rate 
variables ate instantaneotis rates of flow which 
alter the system levels. 



WORLDS 2 AND 3 609 

Characteristics of the rate-equation structure of 
a system dynamics model include: 

(a) Rate equations are fonnulated on the basis of 
observation of the underlying real-life decision 
processes. All infonnation inputs to a rate equa
tion are infonnation sources actually available to 
the decision-maker and employed in decision-

. making. Rate equations should not be based on 
a .theory of equilibrium or optimal economic 
behavior. 
(b) In a well-fonnulated model, parameters will 
each have clear and independent real-life mean
ing .... A typical parameter might represent 
"The average· length of time orders for capital 
equipment are planned and negotiated internally 
before an actual order is placed with suppliers." 
Parameters should have operational significance 
to actors in the real system, not just abstract 
statistical meaning. Parameters should never be 
inserted just to i.:01Tect units of measure or to 
increase equation fit with data. 
(c) Proper rate-equation fonnulations should ir.
corporate all influences on the corresponding 
real-life action, including intangible or non-meas
ured variables. Non-measured variables or vari
ables for which little data exist should be for
mulated and incorporated into the model in as 
reasonable a way as possible, given data limita
tions. Simulation experiments should then be 
perfonned at a later stage to assess the sensitiv
ity of model behavior and policy outcomes to 
the exact measurement and specification of in
tangible or non-measured influences. Such sim
ulation expeiiments can guide further data-col
lection and parameter-specitic!l.tion efforts. 
(d) Rate-equation formulations should be robust 
and not break down at extreme conditions or 
outside the range of observed system behavior. 
Such robustness of rate equations is important 
because it can seldom be presumed a priori that 
future behavior or behavior resulting from appli
cation of a new policy will fall only within the 
range of past behavior. 8 

The rate-level structure of system dynamics 
models has important consequences. For one 
thing, it makes them effective toob for represen
tation of dynamic feedback proct:sses. System 
dynamicists are almost unique among social sci
ence modelers because they routinely ana?yze the 
behavior of their models in terms of positive and 
negative feedback loops.* For another, it makes 

• Positive feedback loops arc self-reinforcing behavioral 
trends, such as "vicious circles" or "snowball effects," 
where increases in a stock result in increases in the volume 
of a now that increases that stock. Growth in population 
lcadin11 to increases in the number of births per i:nit time is 
a familiar example. Positive feedback results either in 
exponential growth or exponential decline. Negative feed-

them well suited for representation of problems 
where time phasing of cumulative events has 
important ramifications for system behavior, as, 
for example, in the delayed effects of toxins on 
biological systems. 

The emphasis on inclusion of nonmeasured 
variables, on operational (as opposed to abstract 
or statistical) meaning, and on robustness under 
extreme conditions often make system dynamics 
models seem strange, if not heretical, to conven
tional analysts who base their models on ex.isling 
theory and rel; on statistical validation as a test 
of empirical truth. The same constellation of 
attributes, however, tends to make system dynam
ics models attractive to nonacademic audiences 
by freeing them from the artificiality of abstract 
theory and imbuing them with the realism that 
comes of including familiar terminology and proc
esses that interact in a recognized fashion. 

An essential part of using operational variables 
and constructing models that will not break down 
under extreme conditions or oui<>ide the range of 
observed system behavior is the use of nonlinear 
functional relationships. It is common in any 
functional relationship for extreme conditions to 
lead to increasing or diminishing returns. Hence 
the gut feeling that one cannot, in many situations, 
"push things too far" without facing a change in 
the way th~ system responds. System dynamicists 
freely transpose descriptive information of such 
situations into nonlinear functional relationships. 
For example, upon being told by a person familiar 
with a system that past a certain point not much 
happens when you increase this or that input, the 
modeler will be likely to draw a curve of diminish
ing returns that levels off around the point indi
cated. The system dynamicist's tools make this 
sort of representation simple to incorporate, thus 
encouraging its use. As all mathematician's know 
the inclusion of nonlinearities tends to make 
systems on equations intuitively unpredictable. 
Thus, when system dynamics models are made 
to operate in extreme value regions for critical 
parameters-or when their own structural tend
encies drive them into extreme regions over the 
course of time-they often manifest unfamiliar 
modes of behavior. From this arises the "coun-

back is equilibrating or goal-seeking behavior, in which 
changes in a varioblc that move it away from the value at 
which it finds cquilib1ium will stimulate forces that drive 
the variable back toward its equilibrium value. A negative 
feedback loop can also be called a control mechanism. A 
thermostat is a classic example of a negative feedback 
system. However, negative feedback will be found.control
ling many things that stay in balance and arc not completely 
inert. · 
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terintuitive behavior" that system dynamicists 
see as one of the most insight-generating contri
butions of their models- :he place where com
puter analysis. at least theoretically, can surpass 
the analyzing power of the human brain. 

Structure 
World 3 is a structural analog of World 2, with 

a higher degree of detail and further substantiated 
through parameterization and structural justifica
tions taken from scholarly literature. Increase in 
detail leads to an increase in size. World 2 
contains around 40 equations and 5 levels while 
World 3 contains closer to 150 equations and 21 
state variables.• Table 25-J shows the lines along 
which World 2 has been expanded to arrive at 
World 3. 

A fuU description of either model's structure 
would be impractical to include here. Those 
seeking such a description should refer to the 
modeler's own documentation of their work. 9 The 
present analysis entails some conceptual distortion 
by describing the two models as representations 
of ecological carrying capacity. 

As carrying capacity models, Worlds 2 and 3 
can be seen as systems including two populations, 
both of which have carrying capacities partially 
determined by the other population and partially 

TABLE 25-1 

A Comparison of Levels in World 2 and World 3 

World 2 

Population 

Natural resources 
Capital investment 

Fraction of capital 
investment in asriculture 

Pollution 

World 3 

Ages 0...14 
IS-44 
4.5-64 
65+ 

S delays• 
Nonrenewable resources 
Industrial capital 
Service capital 
7 delays 
Arable land 
Potentially arable land 
Urban-industrial land 
Land fertility 
2 delays 
Persistant pollution 
7 delays 

"A dllaf ii a ~manly used alruclural unit in system dynamics mode 'I that 
- lo delay the etrects or ~hanau happenina In the S)'lltm. Struct nil)', 
cltlays are lcnls. A llftl)c delay may be made of one, 1wo, three, or more 
levels. 

•Technical definitional problems for "equation" and "state 
variable" make it impossible to assign exact numbers 
without careful stipulation of terms. 

determined by environmental factors of othe 
sorts. The two populations, human population an 
machine population (called in the models capiu 
investment or industrial and seivice capital) ar 
by nature tied into positive feedback loops an1 
thus inclined to expotential growth. Increases i! 
population lead to increases in the number o 
births per year, which leads to further growth o 
population. Increases in machines lead to in 
creases in output, which produces more funds fo 
investment and thus more machines. Both growtl 
trends will tend to be exponential. 

The basic relationship between human am 
machine populations might be tenned symbiotic 
There are functional relationships in the model: 
whereby increases i:1 population tend to increas~ 
the growth of the industrial infrastmcture anc 
whereby growth industrial infrastructure tends tc 
hasten population growth mtes. Structural obser· 
vations could lead a modeler to deduce that thf 
relationship between capital growth and popula· 
tion growth is quite strong (increased industrial 
capacity can greatly extend the canying capacit) 
for human beings), while the relationship between 
population growth and industrial growth is rela· 
tively weak (increase in human population does 
not greatly increase the carrying capacity for 
machines). Obseivation of model behavior will 
coflfinn these deductions: In model runs industrial 
growth tends to continue even when population 
growth has equilibrated, while collapses of the 
industrial structure result in similarly large col· 
lapses of population. 

The apparent symbiosis is not strnightforward. 
In some ways, machine and human populations 
are antipathetic fend retard one another's growth. 
The machine population generates pollution, 
which can raist' death rates for the population of 
human beings. lf human population increases out 
of proportion to its food supply, investment be· 
comes diverted from the industrial to agriculturnl 
use, which in effect reduces the rnte at which 
industrial capital grows. 

Beyond the system of mutual constraints arid 
stimuli and between the human and machine 
populations are a set of constraints created by 
natural systems. Primary among these are the 
limitation on agricultural production created by 
the limited resources of arable and potentially 
arable land anu the limitations brought about by a 
finite supply of nonrenewable naturnl resources. 
In both cases, tht~se are modeled not as absolute 
limits but as situations wherein the costs of 
resource development increase expotentially as 
the total available supply begins to be exhausted. 
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As modeled, a further difficulty is embedded in 
the structure of the agricultural sector. ll~ carrying 
capacity is erodable. Overly intensive uue of ag
ricultural resources leads to a decline in soil fertility 
and to decreased agricllitural production. Declines 
in agricultural production will stimulate increased 
investment in the agricultural c:~ctor and further 
intensification of agricultural productfon. These, in 
turn, will hasten the decline in soil ferrnity. Uttless 
strong forces counteract these trends, tiidr net ef
fect will be an exronential decline in agricultural 
production and massive starvation of the human 
population for which the agricultural production 
h,as established a carrying capacity. 

Worlds 2 and 3 wso tend to be structurally 
unstable and prone to collapse because the man
machine symbiosis pennits and encourages both 
populations to grow beyond the natural limits of 
land and natural resources. The inertia inherent in 
the levels representing human and machine popu
lations (neither human population nor stocks of 
machinery will respond quickly to changes in their 
outside environment) prevents them from re
sponding quickly when they approach their re
spective natural limits. Thus both are inclined to 
overshoot their carrying capacities. This over
shoot, in conjunction with the overshoot resulting 
from erosion of agiicultural carrying capacity, is 
responsible for the crash in hum?n population and 
industrial infrastructure that makes the World 
models so startling and so sobering in their 
prognostications. 

Conclusions 
The conclusions the modelers themselves draw 

from their models are perhaps best stated in their 
own words from Dynamics of Growth in a Finite 
World, the technical report on World 3: 

The dominant behavior mode of World 3 is 
caused by three basic assumptions about the 
population-capital system: 
1. The prevailing social value system strongly 

favors the growth of population and capital. 
Therefore, these quantities tend to grow unless 
severely pressed by physical limitations. Their 
growth is exponential because of the inherent 
positive feedback nature of industrial produc
tion and human reproduction. 

2. Feedback signals about the negative conse
quences of growth are generated by the envi
ronmental systems that supf'(lrt t10pulation and 
capital. These signals Lake the tonn of pres
sures against growth, .uch as dimii1ishing re
turns to investment in agricultural inputs, tbe 
buildup of harmful pollutants, increased devel
opment costs for new land, increased resource 

costs, aud less food per capita. The negative 
feedback signals become stronger as population 
and capital grow toward environmental limits. 

3. Delays in the negative feedback signals arise 
for two reasons. First, some delays, such as 
those inherent in population aging, pollution 
transfers, and land fertility regeneration, are 
inescapable consequences of physical or bio
logical laws. Second, some delays are caused 
by the time intervals necessary for society to 
perceive new environmental situations and to 
adjust its values, institutions, and technologies 
in response. 

A system that posses these three characteris
tics-rapid growth, environmental limits, and 
feedback delays-is inherently unstable. Because 
the rapid growth persists while the feedback 
signals that oppose it are delayed, the physical 
system can temporarily expand well beyond its 
ultimately sustainable limits. During this period of 
overshoot, the short-tenn efforts required to main
tain the excess population and capital are espe
cially likely to erode or deplete the resource base. 
The environmental carrying capacity may be so 
diminished tlt~i. it can support only a much smaller 
popu!~tion and lower material standard of living 
than woulc have been possible before the over
shoot. Tile result is an uncontrollable decline to 
lower levels of population and capital. 

With this understanding of the system charac
teristics that lead to instability, it becomes rela
tively easy to evaluate alternative policies for 
increasing stability m:J bringir..g about a sustaina
ble equilibrium. For example: 
1. Short-term technologies designed to mask the 

initial signals of impending limits and to pro
mote further growth will not be effective in the 
long term. Rather, they will disguise the need 
for social value change, lengthen the system's 
response delays, and increase the probability, 
the speed, and the magnitude of the eventual 
overshoot and collapse. 

2. Policies that combat the erosion of the earth's 
resource base will certainly reduce the severity 
of decline after an overshoot. However, so 
long as growth is still emphasized and feedback 
delays persist, resource conservation will not 
in itself prevent overshoot. Furthennore, the 
overstressed system may not be able to afford 
the costs of conservation during a period of 
overshoot. 

3. Social value changes that reduce the forces 
causing growth, institutional innovations that 
raise the rate of technological or social adapta
tion, and long-tenn forecasting methods that 
shorten feedback delays may be very effective 
in reducing system instability. 

4. A judicious combination of policies designed to 
prevent the erosion of resources, foresee the 
effects of approaching limits, and bring a 

I 

I 
I 

~,) 
~\ 
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deliberate end to material and demographic 
growth can circumvent the overshoot mode 
altogether and lead to a sustainable equilib
rium. 

Although these conclusions set?m to be s~ple 
and self-evident, most econom1~ an~. poht1cal 
decisions made today are based amplic1tly on a 
world view very different from the one presen~ed 
here. The dominant contemporary model contains 
the assumptions that physical growth can a.nd 
should continue; that technology and the pnce 
system can eliminate scarcities with little delay; 
that the resource base can be expanded but never 
reduced; that the solution of short-term problems 
will yield desirabl~ lo!lg-term results; and. t.hat 
population and CllJ?ltal, if they must e':er stabilize, 
will do so automatically, and at an optamal level. 10 

The conclusions reached by readers of The 
limits to Growth vary with the sophistication of 
the reader. People who have not previously been 
confronted with the set of problems the World 
models deal with often react emotionally and find 
the work depressing. The following comment is 
typical: "Basically !he prediction is that mankind 
has perhaps 40 or 50 years left .... The human 
race will be wiped out-mostly or completely-by 
the year 2100." 11 People to whom the problem of 
limits is not a novelty tend to react less emotion
aJly. Others have such readymade. def~nses 
against the limits argument as the followmg: Yes, 
but they do not include technology." "You r.:an 
rig a model to say anything you want." Or "I 
don •t believe their numbers are correct." Others 
are favorably predisposed to the concept that 
material growth must cease and so are inspired to 
work for global equilibrium. 

Worlds 2 and 3 are probably among the most 
tested computer models ever developed. Not only 
have they been extensively tested by the modelers 
themselves, they have also been subjected to 
extensive testing by the models' critics, by sym· 
pathetic academics, and by students at vanous 
universities. There are two principal reasons why 
the World models have undergone so much test
ing: (l) They are highly visible and present a 
challenge to users who attempt to get the system 
to produce different outcomes, and (2) they are 
easily tested by anyone having ac~ess to the 
appropriate computer hardware. Therr computer 
programs are published and are sufficiently short 
that they can be transferred without difficulty onto 
any system with a DYNAMO compiler. Once on 
the system, they are easy to test, for DYNAMO 
was written in a way that delil:>erately encourages 
testing. 

People testing the models have come to differ
ing conclusions about the way the models func· 
tion. Forrester and members of the Meadows 
team are generally impressed by how robust the 
models' behaviors are. They find that the over
shoot and collapse behavior persists in the face of 
many measures that seem certain to eradicate it. 
Strong measures to curb population and resource 
growth and extensive industrial growth are the 
only measures that they found effective in averting 
the famed collapse mode. On the other hand, after 
testing the model's sensitivity to parameter 
changes, a team of investigators from the ~cie~ce 
Policy Research Institute at Suss~x Umvers1tr 
concluded: "The model appears to oe very sensi
tive to input parameters which hr.ve a widt: mar~ 
of error and in fact it would appear that accordmg 
to World 3, high rate of growth is just as likely as 
a catastrophic collapse." 12 For the most part, the 
Sussex group's parameter changes were based on 
the expectation that technological change would 
constantly extend global limits over tu.:le and that 
the main constraining factor would be the rate at 
which technology could progress. In particul~, 
they found that flattening the cost curves (which 
relate costs of resource extraction and cost of 
agricultural development of new land t? .the re
spective fractions of these factors remammg un
developed or unusl!d) makes continued economic 
growth much less of a problem than it was shown 
to be in the Forrester and Meadows studies. The 
reader who would like tl} assess for himself the 
relative merits of these two arguments is ref erred 
to Chapter 9 of Models of Doom 13 and to Chapter 
7 of Dynamics of Growth in a Finite World. 14 

Statements are sometimes made to the effect 
that The Limits to Growth has been disproven 
and that errors have been found in the World 
models. In fairness to the World modelers, it must 
be said that there probably isn't a social system 
model in existence that could not be disproven by 
critics who change the model's assumptions or 
attack its data base. Had the other models de
scribed in the following chapters been subjected 
to the extensive testing lavished on th.:. World 
models. there is little question but that they, too, 
would have been "disproven" or found in error. 

Documentation 
World 2 and World 3 are clearly and thoroughly 

documented. The equations on which they are 
based have all been published, and it is possible 
for anyone with access to a DYNAMO compiler 
to reproduce the results without difficulty. The 
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equations have also been explained in two of the 
works cited below. u And. of course. the popular 
and readable Limits to Growth has reached an 
impressive number of readers-about 4 million 
copies having been printed to date, in over 20 
languages. 18 

The fame achieved by Worlds 2 and 3 probably 
owes as much to the clear and provocative style 
of their documentation as to the attention-com
manrt!ng descriptors applied to the documents 
themselves: "MIT Study" and "Report of the 
Club of Rome." 
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The World 2 and 3 models constructed by Jay 
Forrester and the Meadows grou,, were prime 
targets for critics. They were highly publicized 
and documented in such a way that their assump
tions were fairly clear, and it was obvious that 
their approach contradicted many established 
techniques of problem analysis, particularly those 
used by economists. But none of the features of 
the World 2 and 3 models that came under fire 
was so widely attacked as the fact that the 
modelers aggregated all nations of the globe into a 
single operative unit. This disturbed the modelers' 
sponsors as well as the critics. In the words of 
Aurelio Peccei and Alexander King, founders of 
the Club of Rome: 

One of the deliberate limitations of the previous 
[Forrester and Meadows] research was its adop
tion of worldwide aggregations. This was a matter 
of choice, prompted by the objtetive of complet
ing the proJect rapidly, providing at the same time 
an initiaJ overall perspective of the trend and 
constraints inherent in the dynamics of the total 
system. We knew, of course, that the heterogeny 
of the world, with its innumerable cultural and 
environmental differences, varying 1evels of devel
opment and uneven distribution of natural re
sources, means th,. consequences of growth in 
different places is likewise heterogeneous. Thus 
the average curves and trends, as outlined in tie 
first report, could not be adopted as a guide fo 
detailed policy decisions in any particular country. 

We appreciated therefore the urgent need to 
follow up this initial global model with disaggre
gated studies that could lead to a deeper under
standing of the wide range of world, re~onal and 
national prospects and to their being ,.~~pied with 
the practical business of politics. And, conse
quently, we supported the Mesarovic-Pestel Study 
which aims to do just this. 1 

The data base for Worlds 2 a.id 3 has also 
drawn severe criticism. Critics have used such 
acljectives as "unscientific" and "dubious" to 
describe the empirical base on which the models 
rest. Mihajlo Mesarovic and Eduard Pestel have 
made a deliberate attempt to gain approbation 
from the skeptical segment of the intellectual 
community and to disassociate their work from 

that of Forrester and Meadows. In introducing 
their models, Mesarovic and Pestel stress that 
their model is scientific and based on real num
bers. 2 

Despite the modelers' attempts to set them
selves apart from previous world-modeling efforts, 
the Mesarovic-Pestel world model was inspired by 
much the same set of motives as World 2 and 
World 3. Once again, there was an attempt to 
consider problems on a global scale, to make 
sense out of the bewildering interconnections of 
things that either are currently going wrong or 
might do so soon, and to seek means of directing 
the global system toward ends for the betterment 
of mankind. 

Mihajlo Mesarovic and Eduard Pestel were 
both systems analysts. As original members of the 
Club of Rome; they watched the World 2 and 3 
models develop and apparently concluded that 
they could imi,mve on those models. They sug
gested as much, got support from the Club of 
Rome, and secured fmancial sponsorship from the 
Volkswagen Foundation, which also sponsored 
the World 3 project. Work on the Mesarovic
Pestel model (also known as the world integrated 
model, or WIM) was begun in Hannover, Ger
many, and later transferred to Case Western 
Reserve University in Cleveland, Ohio. 

Method 
In system dynamics, there is unity between the 

modelers' world view and the mathematical con
structs used to build the models. Forrester and 
Meadows see the world as a mechanism-not a 
clockwork mechanism, but a closed, state-deter
mined system, full of nonlinearities, too complex 
for the human mind to follow. The Mesarovic
Pestel world model does not incorporate quite the 
same literal translation of world view into mathe
matical methodology. ln~tead, the modelers' 
world view-which they term "hierarchical sys
tems 1'beory"-determines their conceptualization 
of the world system, and mathematical and com
puter-sdence techniqu~s are used eclectically to 
capture the essence of their conceptualization. 

615 
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Both the modelers' world view and their math
ematical methods are of interest, the f onner for 
its influence on the model's overcll conceptuali· 
zation, the latter because they detennine what 
happens when the model is run through the 
computer. 

The World View 
The modelers' world view is discussed at 

length-though not in a fashion that will convey a 
clear understanding of hierarchical systems the
ory·-iii th~ popularization of their work, Mankind 
at the Turning Point. Basically they envision the 
world as stratified into multiple planes, each of 
which operates with a degree of autonomy. These 
strata, as the modelers call them, are hierarchi· 
~ly arranged, as in Figure 26-1. At the top is the 
individual stratum; below it, in descending order, 
are the group, the demographic-economic, the 
technological, and the environmental (ecological 
and geophysical) strata. The documentation does 
not infonn us how or why these strata are distinct, 
nor does it explain their onJering. 

In practice the strata are not equally repre
sented in the model. The demographic-economic 
stratum and the environment stratum (apparently 
a meld of the geophysical stratum and the ecolog· 

· .. :. 

Flpre 26-1. The live interrelated planes into which the 
world is stratified in the Mesarovic-Pestel world model. 

. l 

ical stratum) have been represented in the most 
explicit tenns and take up the bulk of the model's 
content. The modelers have attempted to allow 
for the group stratum-that is, political and insti· 
tutional factors-by making the model interactive 
and turning over to the model user the function of 
estimating social group behavior. It is unclear how 
the technology stratum has been included, al· 
though technological influences are implicit in 
many places in the demographic-economic-model. 

Here, a note on the question of "counter
intuitive behavior" is in order. As mentioned in 
the methodological description of Worlds 2 and 3 

·in Chapter 25, Jay Forrester and most other 
system dynamicists propound the notion that 
complex systems are often internally structured in 
such a way that the human mind is incapable of 
correctly sensing how they behave. That is, com· 
plex systems-which in Forrester's world view 
means higher-order nonlinear systems-behave in 
counterintuitive ways. The hypothesized counter· 
intuitive behavior of social systems is not a trivial 
or an esoteric point; on it rests the basic justifica
tion for system simulation modeling-the claim 
that computer simulation can pull us through the 
complex logical sequences that baffle or trick our 
intuitive perceptions. 

Like Forrester, Mesarovic and Pestel see social 
systems as structured in ways beyond the ken of 
unaided human intuition. However, they offer a 
different explanation of how such systems exceed 
our powers of intuitive understanding. The prob
lem, as they see it, arises out of the hierarchical 
construction of these systems. In nonnal times 
different hierarchical strata behave almost inde
pendently of one another. However, some condi· 
tions can cause the separate strata to become 
highly interactive. These conditions, the modelers 
tell us, are what we commonly call "crises"; in 
such crises the system can adopt modes of 
behavior so different from those of nonnal expe
rience that they surpass our intuition. 3 Mesarovic 
and Pestel's message appears to be thH the model 
they have produced can assist us in fa1homing the 
behavior of both present and future crises. 

If we try to place the Mesarovic-Pestel strata 
among familiar concepts, we find they follow 
systt:m cJeavages that others have followed be· 
fore. The "environment stratum" seems to corre
spond to the natural "carrying capacity." The 
economic and demographic substrata, although 
combined in a single stratum, coincide with the 
human and machine populations that coexist in 
Worlds 2 and 3 in a blend of symbiosis and 
antipathy. And Mesarovic and Pestel have found 
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the technological and group (social) strata as hard 
to specify as have other modelers. 

Another world-view notion stressed by the 
modelers is that of organic versus undifferentiated 
growth. Organic growth they see as internally 
regulated, integrated, controlled, and sustainable. 
Undifferentiated growth they see as uncontrolled, 
unsustainable, and dangerous. Several times in 
Mankind at the Turning Poillt, they emphasize 
the desirability of moving toward an organic fonn 
of growth for the global system. To illustrate their 
point, they use as an example of organic growth 
the leveling off of the growth processes of an oak 
tree4-a disturbing analogy when one reflects that 
senescence and death are characteristic of all 
organisms and that a leveling off of organic growth 
is followed by decline and death. The analogy is 
not too important, however, since it is not at all 
clear how-or if-it influences the model structure 
or shapes its conceptual development. 

The MathematlcaR Methodology 
Mathematically, as opposed to conceptually, 

the Mesarovic-Pestel model is somewhat like a 
system dynamics model in which state variables 
are replaced by matrices of state variables, and 
the nece5sary equipment is added to describe 
interaction between the elements into which the 
single variables have been disaggregated. (For 
instance, one· can think of the model as having 
been regionalized through first building a single 
regional model structure and then replicating it 10 
or 12 times, using parameter differences and 
perhaps computer subroutines to make the indi
\oidual regional model confonn to characteristics 
of the world's region.) Thereafter it was necessary 
to link the regions in a trade network. This 
required more thinking, more equations, and more 
data. 

The same sort of disaggregation process that 
took place to develop regionalized representation 
has taken place in many other places in the 
model. Populations are broken into 85 separate 
age groups. Energy resources are categorized into 
five types. Where data pennit, regional economics 
have been disaggregated by sector, each sector 
having its own capital stock. And so forth. 

The net effect (in both senses of the word 
.. net") is hard to follow. There are probably very 
few people in the world who understand the 
model well enough to look at an output and say 
that a given pattern of model behavior was caused 
by such and such a feature of the model's 
structure. And because the model's complexity 
seems to be growing rather than shrinking, the 

number of people who so understand this model 
will probably remain small. The model contains 
feedback loops, but the infonnation streams that 
control these loops flow through multiple cris
crossing channels. Following these can become 
quite confusing. And yet if one cannot follow 
them, it is difficult to say whether model behavior 
is a faithful representation of world processes or a 
result of some fluke in the way the model was 
hooked up. 

In short, the Mesarovic·-Pestel model is a disag
gregated dynamic feedb;:ck model. The structure 
is quite complex. Its complexity requires that one 
either put in weeks-or months--0f effort to 
understand the structure or else accept it without 
question and trust that the modelers have faith
fully represented the way the world works. 

Relevance 
There is no question of the Mesarovic-Pestel 

model's basic relevance for studying Jong-tenn 
interactions, at least between population and re
sources. In many ways it seems to come closer 
than any existing model to the detailed, integrated, 
policy-oriented planning model that projects like 
tt.e Global 2000 Study are seeking. It moves 
1.oward uniting the equivalents of the models used 
in making the projections presented in Part II of 
this volume. That is, it comes close to being 
GOL, SIMLINK, IEES, and a demographic 
model a!I rolled into one. It speaks to the trading 
between the grain-rich and the oil-rich, as well as 
to the starvation of those who have neither grain 
nor oil. 

From the environmentalist's point of view, the 
mooel leaves much to be desired. It either ex
cludes, or treats in a very superficial manner, 
forests, fisheries, and resources of soil, water, and 
air. It makes little attempt to trace the ecological 
destruction that can be expected as margir .i land 
and mineral resources are brought in to use. It 
apparently does not even consider th'! increasing 
costs of their extraction and development. Thus, 
it fails to represent what might be called the 
world's growth pains. 

Many of the things the modelers excluded could 
be put into the model, at least in principle, but not 
without making the model much larger, more 
complex, and less easy to understand. As it is, 
the model's size already poses enollgh problems 
that the modelers sometimes find it impractical to 
run the full system intact. Instead, they drive it in 
two segments, the one driving the other (hence no 
feedback) in some cases making off-line adjust
ments to compensate for the feedback linkages 
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that are severed when running the model in 
pieces. 

In fairness to the modelers, it should be noted 
that the problems created by complexity are 
inherent in putting dynamic feedback into a de
tailed model. Any modeler attempting to build a 
mathematical structure incorporating similar de
grees of detail and interdependence of variables 
would find himself faced with the same problems 
in operating, comprehending, and explaining his 
mode!. It is to the modelers' c ::lit that they are 
presently doing what they C• to simplify the 
model's structure and make it more readily com
prehensible to conventional analysts. Whether 
they wilt succeed remains to be seen. 

The many ecological features that one might 
want to include would present great difficulties. 
They extend across ecosystems whose boundaries 
do not conform to the political-regional boundaries 
defined in the model. Problems peculiar to arid 
regions, rainforests, tundra, or combelts are be
yond the model's powers because its regionaliza
tion scheme aggregates across major ~r:ological 
zones. Similarly, problems like the firewood crisis 
of the Third World would be difficult to represent 
because the model makes no separate account of 
the social classes that glean their fiu~I from the 
natural environment. 

Here again, the modelers cannot be blamed. 
The world in which they operate is not dominated 
by concepts of ecological or social class structure. 
Its data are aggregated in political categories, not 
by income groups or in ecologically meaningful 
units. The questions critics have most frequently 
asked the modelers have probably not been 
strongly oriented toward ecology or social equity. 
Under the circumstances one would have to be 
personally dedicated in an obstinate way to social 
equity or environmentalism to persist with repre
sentations that would speak to questions such as 
the fate of poor farmers, the firewood crisis, or 
destruction of agricultural lands through inade
quate environmental management. 

There are other environmental questions, how
ever, that the model could be adapted to address. 
These include calculation of an10unts of pollutants 
generated, land disturbance through mining, and 
effects of climatic change. Presumably, these 
questions would be incorporated into the model if 
an interested client were found to support the 
necessary work. 

Structure 
Like World 2 and World 3, the Mesarovic

Pestel world model can be seen as a carrying 

capacity world model with populations of men 
and machines. However, World 2 and 3 included 
one population of men and one or two populations 
of machines. By contrast, the Mesarovic-Pestel 
model includes a dozen or so geographically 
differentiated human population groups (the exact 
number varies in different versions of the model), 
each divided into 85 age categories. It also in
cludes about half a dozen categories of machines, 
two sources of agricultural capital, capital for 
producing fish, mineral extracting capital, and so 
on. Most of these are geographically differentiated 
and some are disaggregated again into usage 
categories. For example, in each region five 
varieties of energy capital are recognized and as 
many as 19 varieties of industrial capital. 

Correspondingly, the model's carrying capacity 
is much more complex than that of World 2 or 
World 3. Its most binding resources appear to be 
oil (petroleum), the availability of oil substitutes, 
and agricultural land. The model allows for the 
market to make adjustments between use of one 
source of energy and another and to allow for 
transfer of energy and agricultural products be
tween regions. Thus one region's carrying capac
ity can, if it had something to trade, be extended 
beyond the bounds imposed by its own resource 
base. 

Though more complex, the carrying capacity 
constraints in the Mesarovic-Pestel model are less 
diverse than those in World 3, and probably less 
potent as well. Pollution, in the model, does not 
decrease agricultural productivity, intensive culti
vation does not erode agricultural potential when 
unmatched by investment for land maintenance, 
energy seems to be more se1iously constrained by 
the speed at which new reserves can be developed 
than by absolute scarcity, and shortages of natural 
resources other than energy cannot feed back into 
the economic sector in a way that alters growth 
patterns. Moreover, the man-machine symbiosis 
appears to be more strongly represented in the 
Mesarovic-Pestel model. Labor and machinery 
are figured as complementary inputs in economic 
production (i.e., as described below, a Cobb
Douglas production function is used). However, 
Mesarovic and Pestel have added one new way in 
which biological limits can constrain human-eco
nomic sysWms-one that becomes pernicious in 
less developed countries. High rates of starvation 
reduce !he capital-output ratio. Where agricultural 
production is inadequate and there is little to 
trade, therefore, an increase in population will 
precipitate reduction of industrial output-to the 
detriment of investment and capital accumulation. 
Thus the model can IJe expected to be sensitive 
when it comes to striking a balance between 
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population, industrialism, and agriculturalism (and 
some of the sensitivity may be a reflection of the 
real world situation). 

Carrying capacity concepts, however, are not 
the terms in which the model has usually been 
viewed. More commonly, it is looked at through 
the economist's eyes. From that point of view, 
the model is a collection of regional models. Each 
represents economic production using a Cobb
Douglas production function.* The capital for use 
in the Cobb-Douglas function is generated endog
enously through investment processes. The popu
lation that provides labor is also generated endog
enously. Labor force participation is a function of 
population age structure. In the regions for which 
they could be pwtiuc("d, input-output tables have 
been used to allow a 1.10re detailed representation 
of economic production. This detail aUows greater 
precision in estimating resource usage patterns. 
For example, the models are made more complete 
by breaking gross regional products into such 
groupings as more energy-intensive, more labor
inventive, less labor-intensive, etc. 

Broadly put, agricultural investment in the 
model comes as a spin-off of economic growth
with the rate of investment regulated by the price 
of agricultural products. Investment in agriculture, 
through encouraging land development and foster
ing mechanized and fertilizer-intensive practices, 
increases agricultural output and food per capita. 
So in the long run, agricultural supply is a function 
of capital investment as constrained by land 
resources. 

Demand for agricultural products is a function 
of income per capita. The balance between supply 
and demand for agricultural products determines 
price, which in tum can induce or discourage 
investment in agriculture. 

Energy production and resource production, 
like economic output in general, are driven by 
accumulations of capital stock. Here again, invest
ment is partially controlled by price-the higher 
the resource price, the greater the investment in 
resource capital. And again the price is deter
mined by the forces of supply and demand. 
Demand for energy in resources i.> a function of 
economic output. 

In both the agricultural and resource structures, 
capital accumulation and the dispersion of unused 
resource supplies eventually put the system up 
against natural constraints. In the agricultural 
system, investment eventually brings the system 

(. In its standard form, 
Output = labor" x capital'·• x factor'". 

a, the lime factor, and r are statistically estimated constants. 
The time factor is often equated with technological advance. 

to a state in which the results of further invest
ment are subject to rapidly diminishing returns. 
This stifles further agricultural growth. In the 
energy and resource submodels, production uses 
up reserves. While reserves may be replenished 
by further resource discoveries, a time comes 
when there are no more undiscovered reserves to 
be developed. Actually, as formulated, undiscov
ered reserves will never be totally exhausted, for 
the model is structured in such a way that the 
resource discovery rate is proportional to the 
fraction of the original total of stock of reserves 
remaining undiscovered. Thus discoveries will 
approach zero as all of the undiscovered reserves 
come to be discovered. 

Falling off of the discovery rate means that 
reserves are not replenished and supply shortfalls 
drive up price. Because the model accounts for 
substitution between fuel types governed by 
cross-price elasticities, when resource depletion 
causes escalation of energy prices. the price 
mechanism will cause the system to shift to the 
use of sources of energy other than the one that 
was depleted. Shortfalls in energy supply also 
curtail economic growth, so that in the event of 
<4n energy shortage, the capital ratio of the model 
60es up. Higher capital output ratios obviously 
reduce output. 

Much of what has just been described is miti
gated by international trade. In most cases, supply 
and demand shortfalls and excesses stimulate 
international trade. Goods will then flow from 
region to region, as constrained by trade-policy 
baniers and limitations of balances of payments. 
Adjustments are added as appropriate to compen
sate for the cost of transport and to allow for 
regional differences in price. 

In addition to being viewed in carrying capacity 
terms and in economic terms, the model structure 
can be viewed as a computational sequence, as in 
Figure 26-2. The sequence might be expected, 
perhaps, to follow the hierarchical order. How
ever, this does not seem to be the case. 

Conclusions 
It is hard to summarize the conclusions to be 

drawn from the Mesarovic-Pestel world model. 
The modelers have reported their conclusions in 
many places, but the styles of reporting, if not the 
conclusions themselves, vary greatly, depending 
on the uses to which they are put. 

In Mankind al the Turning Poilll, it's very 
difficult to tell which conclusions were built into 
the model and which were drawn from it. Many 
of the concepts stressed in that book appear to be 
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a priori conclusions. For example, in the itali
ciz.ed* portion of the Prologue to the book, the 
authors conclude: "It is this pattern of unbal-

• The passages in italics here and in whac follows were 
Italicized in the original. 

anced and undifferentiated growth which is at the 
heart of the most 11rge111 problem facing human
ity-and a path which leads to its sol11tio11 is that 
of organic grol\'lh." 5 ••• "The analyses in this 
book extend over a period of 50 years. If, during 
this coming half century a viable world emerges, 
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an organic growth pattern will have been es:rib
/ished for mankind to follow thereqfter. If a viabi'e 
system does not develop, projections for the 
decade thereqfter may be academic." 6 

Then in the Epilogue, they draw such conclu
sions as "Underlying these limits 'crises' is a gap 
between man and nature which is widening at an 
alarming rate. To bridge that gap man has to 
develop a new attitude to nature based on har
monious relationships rather than conquests." 7 

The Epilogue continues: 
Mankind cannot wait for a change to occur 
spontaneously and fortuitously. Rather, man must 
initiate on his own changes of necessary but 
tolerable magnitude in time to avert intolerable 
and massive and externally generated change. A 
strategy for such change can be evolved only in 
the spirit of truly global croperation, shaped in 
free partnership by the world's diverse regional 
communities and guided by a rational master plan 
for lon~·tem1 organic growth. All our computer 
simulations have shown quite clearly that this is 
the only sensible and feasible approach to avoid 
major regional and ultimate global catastrophe, 
and that the time that can be wasted before 
developing such a global world system is running 
out. Clearly the only alternatives are division and 
conflict, hate and destruction. 8 

Unfortunately, only a little of the computer 
output used to generate these conclusions is 
shown in the book, and that little is not identified 
in a manner that allows the reader to determine 
which sections of the model were involved in 
generating the output. 

Elsewhere, the modelers are more prosaic and 
literal-minded in reporting conclusions about their 
model. In a document prepared for the U.S. 
Association of the Club of Rome Systems Re
search Center in June 1977, they report conclu
sions such as: 
Historical Scenario [Fig. 26-3] indicates two dis
turbing eventualities in the world food situation: 
(a) severalfold increase in world food prices (in 
real tenns) that would most certainly drive domes
tic food prices unbearably high. (b) A strong 
possibility of periods of food shortages in various 
regions of the world which would lead to starva
tion on a disastrous scale." 
Scenario Two isolationist [Fig. 26-4]: Domestic 
tbod prices could be kept down by restricting food 
exports. Consequences of such an Isolationist 
Scenario would be truly disastrous. Additional 
tens of millions could starve (under favorable but 
feasible conditions of food supply) because of 
failure of USA to produce or export food. 10 

The modelers have used the model to test a large 
number of policies, and the list of conclusions 

goes on and on. The model is versatile, and the 
conclusion list could be extended almost indefi
nitely, as long as the modelers were funded for 
research. 

Like the conclusions extracted from Mankind 
at the Turning Point, those above are not sup
ported by clear references to the model fonn used 
to generate them. The problem seems to be one 
of mon~y and priority. Adequate specification 
would be an expensive and time-consuming proc
ess, and the number of people that would read the 
specifications would be very small. 

Presumably the exact specifications used to 
produce all publisher.I model output are on file 
somewhere, so that it would be possible for a 
highly motivated person with appropriate status to 
examine them to see · ·1hat has been assumed in 
the process of reaching the conclusions. And it is 
always possible to ask the modelers, personally, 
what was assumed. But neither arrangement per
mits the sort of active Pf ~r review necessary to 
guarantee quality in scientific work, much less to 
open it to public scrutiny. 

The matter of making assumptions available for 
examination is politically as well as intellectually 
critical. There are a multitude of ways that a 
model like the Mesarovic-Pestel world model can, 
deliberately or accidentally, be rigged to produce 
an outcome. It isn't, for example, pointed out in 
the available documentation that the version of 
the model used in making runs for the U.S. 
Association for the Club of Rome assumed that 
raw materials for nucleur power were available in 
unlimited quantities, or that its use posed any 
significant problems. Yet these assumptions must 
have influenced the energy self-sufficiency, fast
nuclear scenario presented in Fig.,re 26-5. It could 
lead to politically serious misconceptions if this 
run were interpreted without an understanding of 
the assumptions behind it. And it is entirely 
conceivab}e that a half dozen equally controversial 
assumptions exist, unidentified, in the model's 
computer program. 

The modelers have also begun to put them
selves in direct competition with other futurists by 
using their models to test scenarios and assump
tions made by others. In a Systems Research 
Center paper of September 1977, prepared for the 
U.S. Association for the Club of Rome, the 
modelers reported testing scenarios from Herman 
Kahn's book, The Next Two Hundred Years. 
They found the Hudson lnstitute's conclusions 
full of errors. For example: 

It is impossible to design any energy program in 
Western Europe or Japan wflich could, over a 
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Flpre 16-3. Historical·pattcm no-change scenario, 1975-2020. 
(Cast Wtsttrn Rtstrvt University, Systtms Rtstarch Ctnttr) 

te11-yet1r period. reduce energy denumd mid i11-
cre(1se production of energy from t1011-petroleum 
sources suj]iciemly to compemwte for the lo.ss of 
tire PerJ·im1 Gulf by 1987. Tiu.> H11d.vo11 report 
statemem regt1rdi11g tire ease of adju.wnent to a 
quick disappeam11ce of oil re.-;en•es is therefore 
erroneous. 11 

Scenarios of MIT's Workshop on Alternative 
Energy Strategies were similarly tested and docu
mented in a Systems Research Center paper in 
November 1977. 12 

Testing and Validation 
That the Mesarovic-Pestel world model has 

been extensively used for policy testing has al-

ready been made apparent. In addition to policy 
testing, the modelers state that their model has 
undergone appropriate historical validation. How
ever, the available model documentation presents 
little or no evidence of the model's validity. 
Neither statistical test results nor evidence of the 
model's ability to replicate historical patterns of 
behavior are presented in the ordinary documen
tation. 

This is not to say that the model has not 
undergone validity testing. Gholamreza Mirzak
hani, h graduate student, working under Mesa
rovic at Case Western Reserve University, de
voted his M.S. thesis to historical validation of the 
economic and trade model. 13 Mean errors and 
standard deviations for percentages of forecast 

! 
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error for model forecasts vs. historical data were 
calculated for key model parameters. A few fairly 
high (10-30 percent) rates of mean error were 
identified. The greatest difficulties seemed to arise 
in predicting investment imports, exports, and, in 
some regions, values-added in sectors 2 and 4 
(unfortunately, nut identified in the text). Aside 

lfrom these troublesome areas, most mean errors 
·were under 10 percent, and many were under 5. 
In graphical output of actual versus predicted, the 
two fit into each other, hand in glove, at some 

·times, while at others the divergence was signifi
cant and thi! model seemed to show an entirely 
different sort of behavior than the historical trend 
(Figs. 26-6 and 26-7). 

If there are subjects on which the model makes 
significant errors in replicating historical trends, it 

is important that these be shown. Otherwise 
intelligent criticism of the model is blocked. Dis
plays of the model's empirical strengths and 
weaknesses have not been a priority item in the 
modeler's tight schedules and budgets. Thus the 
public is left to judge the model without display of 
its validity. 

Documentation 
Documenting the Mesarovic-Pestel world model 

in a thorough fashion would be a Herculean, not 
to say an unrewarding, task. Much of the material 
that would be needed, such as descriptions of 
how the various parameters were constructed 
from the flimsy data sources available would be 
tedious, both to read and to write. The Jocumen-
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tation task is further complicated by the fact that 
the model has not attained a finalized form. 
Things written about the model today may be 
inaccurate tomorrow and outright misleading two 
years from now. Worse still, no one has b' ~11 
willing to pay the cost involved in careful, thor
ough, organized documentation. 

Existing doi:umentation includes numerous 
short papers, S'Jch as scenario analyses and model 
summaries, geared to presentation to specific 
audiences; a fairly complete, though somewhat 

out of date, description of model equations 14; and 
manuals designed for various users at various 
times. 

The Mesarovic-Pestel world model is hard to 
keep track of. It is not a single entity but an 
evolving stream of integrating concepts. As with 
most large models, neither the pressures nor the 
incentives exist to document this stream in a 
fashion to make it easy of access and understand
able to anyone other than those involved in the 
model-building process. 
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27 · · MOIRA: Mode[of International Relations. 
· in 'Agriculture 

In 1972 Aurelio Peccei and the Club of Rome, 
upon the recommendation of Jan Tinbergen, com-

. missioned a team headed by Hans Linnemann at 
the Free University of Amsterdam to conduct a 
study of the effect on the global food system of a 
doubling of world population. The resulting model 
applies mature analyt!c techniques to the age-old 
problem of the world's poor and the world'<: 
hungry. The modelers were motivated by the 
sentiment that human suffering is morally \\'rong 
and by a desire to minimize world hunger. Their 
forthcoming study, which incorporates thr; model, 
opens with a quote from Mahatma Gandhi: 

To the poor man God dare not appear except in 
the form of bread and the promise of work. 

Persons harboring such sentiments in the early 
1970s could only have been distressed by the 
bleak outlook for the future. The bad harvests of 
'72 and '73 intensified the forebodings of famines 
emanating from the Club of Rome models and 
broadcast in such popular works as Famine 1975 
and The Populatiou Bomb. The modelers observe 
in their study: "The historical record suggests that 
hunger and malnutrition have remained with us 
throughout the decades, affecting more and more 
people as time passes." The observation is fol
lowed by questions: Why is it so? Is it true that 
the world is dangerously close to the limits of its 
capacity to produce fooo? Or is it a problem of 
distribution? Are there ways open to the poorer 
nations to improve their food situation in u stable, 
self-sufficient way? 1 

These are tht> quesf ons that are addressed by 
the Linnemann team's MOIRA (model of interna
tional rel&.tions in agriculture). In the motlelers' 
words, "It attempts, firstly, to describe the world 
situation in terms of its underlying causal 
factors ... [and secondly] to provide considered 
judgMents regarding the policy measures that may 
redirect future developments toward improve
ments of the world food situation, with special 
emphasis on international policy measures.'• 2 

MOIRA was supported by the government of 
the Netherlands through the Dutch university 
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system. As of 1973, more copies of the Club of 
Rome's Limits to Growth had been sold in Dutch 
than in any other language, 3 and the s110nsorship 
of the MOIRA project seems to have originated 
from the genuine interest of the Dutch people and 
government in the fate of the world and its people. 
The project, which started early in 1973, was not 
lavishly endowed. Funds and manpower were 
tight, and the work progressed slowly. The study 
w.11s substantially completed by the end of 1976, 
but due to manpower problems was not scheduled 
to appear before 1978. 

Method 
If all the computers in the world were to break 

down, MOIRA, of all the models rviewed in the 
Global 2000 Study, is probably the only one that 
would remain a useful analytic tool. The modelers 
them~elves call it an algorithmic model. The fabric 
of the model is a series of int.:rconnected, com
monly nonlinear mathematical relationships, sta
tistically estimated from such data as the modelers 
could find. Documentation of the modelers' work 
is interspersed with analytk:al approaches not 
found in other Global 20i'O Stm1y models, such as 
taking partial derivatives of no1:tinear functions. 
Many of the functions used come straight out of 
economic theory. Standard graphic~! techniques 
used in ~conomics, such as supply amt demand 
curves and figures relat.ing profit curves i(\ cost 
curves are used freely to elucidate the text. 

The computer is used in the model as a device 
to pennit disaggregation and itemtion of functional 
relationships that were postulated before the com
puter era. Insiead of the one- or two-nation 
models developed in pre-computer \!conomics, 106 
nations or groups of nations are considered. 
Within each of these (except for the three cen
trally planned econom!es), 12 income-occupation 
classes are considered. Thus, when the classical 
relationship-consumptio11 as a function of in
come-is modeled, i.~stead of being used once, 
twice, or three times a& it might be in a manual 
model, it is replicated more than 1,200 times. As 
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the modelers put it, the model is also 0 disaggre
gated in time." It is solved by yearly increments 
so that in a SO-year simulation, these 1,200 curve~ 
will expand into solutions of about 60,000 equa
tions-obviously not a task to be undertaken 
manually. 

In modeling, there seems to be a trade-off 
between amount of detail and degree of closure. 
Analysts who attempt to close highly detailed 
models and to forgo exogenous variables usually 
wind up in rather large messe.. In this trade-off, 
the Linnemann group has OJJteli f.:ir detail. They 
make it quite clear that their modi:! is meant as a 
partial model-a model of the agricultural sector. 
Crit:cal variables such as growth of nonagricul
tural gross domestic product, population growth, 
end the pric: of fertilizer are left as exogenous 
variables. The values input for those variables are 
critical factors in determining model behavior. 
Thus the model outcome can be looked at as an 
exploration of what the agricultural sector of the 
world might do in the event the world economy 
took this or that hypothetical tum. The modele~· 
discussion of methodology places a premium on 
detail. Its tone implies that they would have built 
a more detailed model wrere it not for the con
straints placed on them by the lack of data. One 
senses, however, from the effort they have takc.1 
to overcome the data constraint in the case of 
income distribution, al> contrasted to the ease with 
which they h:we aggregated all agricultural output 
into units of vegetable protein, despite the exist
ence of voluminous fine-grained data on individual 
crops, that the modelers are much more discrimi
nating in their use of disaggregation than the 
methodological description implies. The implicit 
message is: Disam,rregate if it's important to your 
focal problem; if not, don't bother. 

Some attempt nt statistical verification seems to 
have been made for almost every equation in the 
model. In this procf!ss, cross-sectional data has 
consistently been used. 

A strong attempt has been made to :tvoid 
extensive use of monetary units and to incorporate 
use of physical units wh~rever possible. Yield 
functions are based on analysis of photosynthetic 
relationships. Food consumptiou is measured in 
unit-; of vegetable protein. 

In sum, MOIRA is an attempt to link together 
. all the pieces of the global agricultural scene, 

using old-fashioned tried and true methods. The 
modelers make no pretense of discovering any
thing counterintuitive or of developing a ~.~w 
methodology for looking at the world. Rather they 
have set for themseives the more humble (and 

perhaps more realistic) goal of setting the books 
straight on the subject of global agriculture. 

Relevance 
Taken at face value MOIRA appears irrelevant 

for purposes of the Global 2000 Study. Certainly 
it is not the ideal model of long-term relationships 
between population resources and environment. 
Population is exogenous; resources by and large 
are omitted; and the model says nothing directly 
about environment. Problems such as erosion, 
desertification, salinization, and pollution are com
pletely excluded. But despite these omissions, the 
model is far from irrelevant. It is based on what 
appears to he the most careful analysis of global 
agriclutural ~rutying capacity ever to have been 
conducted. The modelers began their project by 
developing-from up-to-date 1974 UNESCO/FAQ 
soil maps-a detailed estimate of how much 
biomass growth the nations of the world could 
support and of the capital costs that would be 
required to develop lands for cultivation. As may 
be recalled from the discussion of the World 2 
and 3 models in Chapter 29, agricultural capacity 
and the cost at which it can be extended is critical 
in evaluation of probable world futures; the anal
yses on which previous studies had depended for 
their estimates were highly coqjectural. * 

The estimates of potential biomass production 
and fand development costs produced by the 
MOIRA study are, admittedly, necessarily rough. 
For estimating potential biomass production, a 
formula for photosynthetic potential was used, 
with appropriate modifications to account for 
regional differences in soil quality, climate, avail
ability of irrigation, and similar factors. The data 
for m?..king such approximations is rough, not to 
mer.don scarce. Much of the eart~'s land surface 
has not been subjected to careful soil surveys. 
!"lumerous assumptions must be made in specify
mg how much land can be irrigated. The quanti
tative relationship between photosynthetic poten
tial and potential to produce foodstuffs that human 
beings can consume can only be guessed at. 
Furthermore, as the modelers themr.;;;ives state, 
"The ecological implications of such a massive 
expansion of agricultural production remain rather 
uncertain.'' 4 No attempt has been made to take 
into account the t;~ological problems associated 
with monocultures or the problems of maintaining 

•A study of this type was conducted in conjunction with the 
GOL (grains, oilseeds, livestock) model described in Chap
ter 18. Similarities and differences between MOIRA and 
OOL arc pointed out in the Not~ at the end of this chapter, 
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agricultural production in ecologically frail envi
ronments. 

Nonetheless, the estimates produced are based 
on the best available data, using consistent tech
niques, and could be replicated and altered sys
tematically if one disagreed with the assumptions 
on which they are based. 

The model could also prove highly useful in 
that conclusions could be drawn from it by 
inference. A geographical biologist, operating from 
data the model generates on intensities of cultiva
tion, could probably construct a fairly graphic 
image of where and when environmental problems 
such as desertification, erosion, and other symp
toms of overexploitation of land resources, can be 
expected to break out. 

Structure 
MOIRA, according to its modelers, 

is a model of international relations in the field of 
food and agriculture which is developed as a 
linkage of national models. It describes the food 
sector of individual countries, and links these 
sectors by means of an equilibrium model of 
international trade in food. At the national level, 
two sectors are distinguished: agriculture and 
nonagriculture; the rate of development of the 
latter sector is (largely) exogenous. The conflict of 
interest between the agriculture and nonagricul
ture population is explicitly taken into account. 
The agricultural production decision is described 
for the agricultural sector [of a nation] as a whole; 
the food consumption decision is modeled for 
twelve income classes per couni1y, six classes for 
each sector. Average food consumption per in
come class is compared with a country-specific 
food consumption nonn, from which the extent of 
hunger and malnutrition follows. At the irttema
tional level, the role of policies in developed 
countries receives special attention. s 

The production function, which is repeated for 
each nation in the model, is based on the assump
tion that the agricultural sector as a whole will 
operate in a manner that mIDCimizes its expected 
income. However, actual income may deviate 
from expected income through unanticipated 
changes in crop prices or abnonnal weather. 

Sectoral income maximization, of course, is a 
mathematically convenient assumption, for the 
calculus is quite effecth·e in detennining maxima. 
In real-world tenns, however, income maximiza
tion is a strong and optir.1istic assumption. Implic
itly it assumes that (I) producers have perfect 
knowledge of the situation-baning possible mis
calculations about the weather and prices; (2) that 

producers are free, willing, and able to act on the 
basis of their perfect infonnation-that is, no 
institutional barriers cause fanners to fall into 
economically inopportune modes of behavior, and 
the agricultural sector does not feel the effective 
influence of sociru values in conflict with profit· 
maximizing tactics (e.g., preference for leisure 
over profit, taste and/or religious sanctions oper
ating against the most profitable cropping pattern); 
and (3) that i:tdividuals will operate in a way that 
maximizes sectoral (not individual) profits, ,fospite 
the fact that the two are frequently in conflict. 

Putting aside the question of whether sectoral 
profit maximization is a realistic assumption, the 
next question is: How is sectoral optimum calcu
lated? Maximum expected profits occur when the 
difference between production costs and income 
(price x output) is greatest. The costs tallied in 
the model are fertilizer costs and capital costs. 
Prices of both are exogenous in the model. The 
quantities used are determined via the optimiza
tion procedure and take into account a yield 
response function, to be described shortly. Labor 
and land are considered fixed means of produc
tion. Rents and agricultural wages, therefore, are 
not counted as costs but are considered part of 
fann sector income. 

Expected income is the product of expected 
producer price and sectoral output minus produc
tion costs. Expected producer price is the average 
of the prices actually received over the last two 
years. Production costs are not assumed to de
crease due to disembodied technical progress. 
Output is a nonlinear function of capital employed 
(CE), labor employed (LE), avallable land (A), 
and four coefficients-one (Y ASY) indicating the 
region's maximum photosynthetic potential and 
three (a, fJ, y) de~ribing the shape of the curve 
by which it will approach that potential with the 
application of proper inputs.* Because labor and 
land are considered fixed inputs, capital is the 
only factor that the producers may vary in quest 
of maximum incomes. (Fertilizer usage is deter
mined in the model as a dependent function of 

'The equations used arc: 

where Y = yields, Z = yield response factor, a, 13, and ')' 
are coefficients, A = land available, CE = capital employed, 
LB = labor employed, and Y ASY .. maximum photosyn. 
thetic potential (national average). 
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yield; by varying capital, one automatically varies 
fertilizer usage.) 

Coefficient values for the function have been 
statistically estimated, but the desired data was 
not always available and some rather sketchy 
proxies had to be used. For example, data on 
tractors had to be used to represent capital 
emptoyed. 6 

Output, as determined by the producer's pro
duction function is further modified by weather. 
The modifications made are based on the assump
tion that future weather patterns are likely to 
resemble those of the past. The assumption is 
implemented by the use of exogenous data inputs 
that impose--0n the production functions-varia
bilities in yield that replicate historically observed 
(mostly weather-induced) annual variations in 
yield. 

In the usual fashion of market models, MOIRA, 
after calculating supply, balances it against de
mand. But the modelers are not so naive as to do 
this directly. They recognize that there is often a 
great difference between agricultural crop prod
ucts-the output that their model calculates-and 
the real-world demand for food. For one thing, 
;nuch of the vegetal output of many regions is 
used to feed livestock. For another, the amount 
of economic activity that food-processing sectors 
in developed economies put into food processing 
is comparable to the economic activity taking 
place on the farm. Thus, they model demand in 
two stages: demand for vegetal protein, and 
demand for processing. Both are functions of real 
income per capita. Since real income is a function 
of food and nonfood prices, demand (itself a 
function of real income) is partially a function of 
food prices. Food-processing demand functions 
have been estimated separately for agricultural 
and nonagricultural populations in 103 nations. 
Protein demands are modeled, in addition, for 
each of the six income groups in agricultural and 
nonagricultural populations, which leaves the 
model with over l,000 food demand equations. 

In the formulations used, consumption demand 
is static, processing demand is dynamic. Con
sumption, measured in units of vegetable protein, 
is de·:.;"'t'flined by the real income at the time for 
which ~t is to be estimated. The extent to which 
food is processed is constrained by the speed at 
which food processing can grow. Thus, the 
amount of processing per unit of food consumed 
in one year is a function of the amount of 
processing per unit of food in the previous year, 
plus the amount of additional processing brought 
on by demand changes associated with changes in 

incomes. Increases in the degree of processin!l 
along with the forces of supply and demand create 
changes in food price. Increases in food price feed 
back to lower real income and thus decrease food 
demand. Quadratic el.}uations are used to relate 
consumption of food to income in au the functions 
described above. 

Supply and demand for vegetal protein confront 
each other through the following model mecha
nism. The six ar~cultural income groups in each 
country remove from the total amount they have 
produced the amounts their incomes imply they 
should consume. The remaining product is placed 
on the market. National markets buffer them
selves from the international markets by tariffs or 
price subsidies, which are determined in the 
model by a combination of a set of structural 
constants and variables indicating per capita in
come in the agricultural sector, the share of 
agriculture, and GDP. However, the buffering is 
incomplete, partly because imported food is priced 
at world prices and partly because the modelers 
have allowed for a "seepage" effect that tends to 
drive domestic prices toward world prices. The 
world market balances the sum of surplus produc
tion figures from all nations against the sum of 
unfdled demand figures. The balance determines 
world market price, which in turn influences 
domestic prices. All this has been accomplished 
through simultaneous equations. Thus, it cannot 
be said that on~ factor feeds back upon another, 
rather that all are simultaneously determined and 
interrelated. 

Price information, in tum, becomes an input 
into the producer's production decision, which, in 
tum determines supply. This entails genuine dy
namic feedback, as production decisions are made 
on the basis of the previous year's prices. 

The product market is augmented by a labor
migration mechanism that responds to the differ
ence between agricultural and nonagricultural in
comes. In effect, this mechanism, in the way that 
it links the agricultural labor supply in one year to 
the agricultural labor supply in the next year 
completes a negative feedback loop. If agricultural 
labor becomes too scarce, it affects a decrease in 
agricultural production and thus an increase in 
crop prices. Increased prices will generate higher 
agricultural incomes, and these will tend to de
crease the outflow of labor from agriculture and 
so tend to stabilize the agricultural labor force and 
keep agricultural incomes on par with other in
comes. However, in the fashion in which the 
model is normally run-with exogenously intro
duced income growth of 4 percent in the devel· 
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oped world and 7 percent in the less developed 
nations-the loop would need to be very powerful 
to achieve the equilibrium it seeks. The loop is 
strongest when the return on labor inputs is quite 
bigh-i.e., in labor-scarce agricultural sectors. 
Therefore, it will come closest to achieving bal
ance between agricultural and nonagricultural in
comes and to stopping outflow of labor from the 
agricultural sector in less populated and less 
intensely fanned regions of the world. 

The modelers' schematic of the main variables 
in their model is shown in Figure 27-1. Superim
posed upon their diagram is this study's own 
sweeping generalization of the causal flows im
plicit in the struclure. 

What modes of operation does the structure fall 
into? When the model is run, demand is regularly 
pushed upward by population growth and by 
increases in income (both exogenously generated). 
Rising demand leads to rising prices, which stim
ulate added supply; however, due to the costs 
associated with added supply, supply increases 
more slowly than demand. Because the model 
talces income distribution into account, the rise in 
prices is reflected across a spread of people, some 
of whom can-and many who cannot-purchase 
food at the going market price. This situation 
results in many people .. demanding" less food 
than they actually need. In more meaningful 
terms, high food prices relative to people's in
comes, result in people going hungry. The model 
tallies up the total amount by which demam Is fall 
short of needs and thus arrives at an index of the 
magnitude of hunger in separate nations and in the 
world at large. 

Testing and Validation 
Much of MOIRA is constructed around statisti

cally estimated parameters. These are often pre
sented in the text, along with parameters such as 
R 2 and t statistics that give some indication of 
statistical validity, but they are scattered through
out the text-at least in the draft available for this 
Study-and not systematically set forth in any 
one place. Therefore, anyone attempting to assess 
the model as a whole for its statistical validity 
would find himself confronted with a painstaking 
task. In the case of estimates for mr,ximum 
agricultural potential, which was calculated more 
or less deductively through theoretical models of 
photosynthetic potential rather than inductively 
through observed data, validation takes place 
through presentation of crop yield statistics from 
various regions showing that the yield calculated 
on a theoretical basis is reasonable on the basis of 

observed facts. The following passage is repre
sentative: "Simpson (1967) reports a maximum 
yield of wheat in northwestern United States of 
14.5 tons per hectare, for which we cruculated 15 
to 18 tons of ~:ain equivalent." 7 In the draft 
reviewed for this Study, the model is not validated 
through comparison of model outputs to historical 
behavior. That is, there are no assurances of the 
model's ability to replicate historical behavior 
other than the fact that it has been calibrated for 
critical variables using 1965-72 time series data. 

No information has been available on the total 
extent to which the model has been tested. In the 
available documentation, two sorts of testing are 
reported. First, there is testing of model sensitivity 
to assitmed exogenous changes-specifical\y, to 
different rates of income growth in the nonagricul
tural population and varying rates of population 
growth, as well as alteration of income distribu
tion. 8 Secondly, there is testing with a normative 
intent-specifically, looking for policy measures 
that would be appropriate to alleviating world 
hunger problems. Policies tested in these simula
tions include reductions of food consumption in 
the rich countries, food aid on a large scale, 
market stabilization, trade liberalization, and 
world foud market price policies. 

The modelers' presentation of these sensitivity 
and policy tests is admirably clearheaded on two 
points where many modelers go astray in inter
preting their model results. First, precision is not 
confused with accuracy. Indeed, the modelers 
vehemently warn their readers: 

In view of the imperfections of MOIRA as a 
model of the real world, the numerical results 
should not be talcen too literally. The seemingly 
hard nt!!"lbers and their variations over time may 
be interpreted only as indicating tendencies that 
will manifest themselves in the world food situa
tion under specific assumptions-and the reader 
will notice that many ad-hoc assumptions had to 
be made. 9 

Second, verbal descriptions of moael results 
show acute consciousness of the extent to which 
model behavior is a function of model structure. 
The common tendency of confusing the model 
with the real world is refreshingly absent. For 
example, in discussing why, in a particular simu
lation, hig.h prices do not stimulate greater produc
tion increases in Latia America, the modelers give 
as their reason: "Under the assumptions of the 
standard run ... the Latin American production 
growth rate comes close to the upper limit of 
production growth of four percent per annum built 
into MOIRA. This constraint ... prevents addi-
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tional effects from further increases to production 
growth."10 

In some cases, analytic mathematical tech
niques, have also been used to test model sensitiv
ity. Specifically, partial derivatives of some of the 
model's functions have been taken in order to ~ 
derive information on multiplier effects. This work 
is done sporadically throughout the chapters de
scribing model sf.ructure and is not presented 
systematically in a fashion that allows the reader 
to make easy comparisons or draw systematic 
conclusions. 

Assumptions and Conclusions 
When tran~posed onto the real world, MOIRA 

assumes that the world possesses the following 
attributes: 

• Agriculture operates independently of the rest 
of the world except for the outside influences of 
nonagricultural GDP growth and population 
growth. In particular, debts, surpluses, and 
trade imbalances resulting from oil imports .and 
exports do not influence agriculture; no ecoiog
ical problems are encountered other than those 
already reflected in historical yield res1>0nse 
statistics; and no radical shift in agricultural 
technology takes place. 

• World prices for food are established on a 
competitive equilibrium ba<i.is. Natic.nal prices 
are modified by tariff policy but alsn reflect the 
world market price. 

• Food consumption is a function of price and 
income. Implicitly, if the poor get richer, they 
will repeat the pattern of increasing consump
tion of meat observed in the currently wealthy 
nations. Further, the rich will continue to prefer 
meat to vegetable protein. 

• The schedult. of technical relationships, i.e., the 
constant production parameters assumed by the 
modelers, is correct and will remain unchanged 
until the year 2010, or whichever year the model 
is run to. 

• The agricultural sector as a whole operates in a 
way that maximizes expected sectoral profits. 

MOIRA has been tested in two ways, resulting 
in two types of conclusions. Sensitivity tests lead 
to conclusions about the behavior of the agricul
tural sector under different patterns of nonagricul
tural income growth, population growth, and in
come distribution. Policy tests lead to conclusions 
about the ways in which various instruments of 
policy tend to influence agricultural prices and 
production and, more importantly, the alleviation 
of world hunger. 

The standard run, to which all other runs are 
compared, assumes a .. relatively high" rate of 

growth for nonagricultural GDP. This run shows 
somewhat more than a doubling of food produc
tion by the year 2000 and an increase in average 
food consumption per capita from 50 kg consum
able protein in 1975 to 68 kg in 2000. However, as 
the modelers emphasize, these seemingly advan
tageous outcomes are coupled with a marked 
incre:::ise in the number of people suffering from 
hunger (defined as eating less than two-thirds of 
the biological requirement for protein). The num
ber of hungry people in the world will have 
increased from 350 million in 1975 to 740 million 
in 2000 and to I 160 million in 2010. Likewise, 
,..ver the 1975-2000 period the total food deficit, 
measured in protein required but not consumed, 
will have increased from 2.9 billion to 6.2 billion 
kilograms. The above trends are accompanied by 
a substantial increase in the role of North America 
as a food exporter and a decrease in agricultural 
self-sufficiency in most other regions. 11 

Sensitivity tests were conducted by alternately 
reducing the rates of nonagricultural GDP growth 
and population growth by half. Under slower 
nonagricultural income growth, the quantities of 
food demanded, and hence food prices, rose more 
slowly. Amid many other ramifications this scen
ario resulted, on the average, in 35 percent more 
hunger than did the standard run. 12 Halving 
population growth rates while holding GDP 
growth to its previously assumed rate resulted in 
substantially lower food prices than in the stand
ard run, and hence to relative depression in the 
agricultural, as opposed to the nonagricultural, 
sector. However, it did reduce hunger. In this 
scenario, the average amount of hunger over the 
1975-2010 period was around 30 percent lower 
than in the standard run. 

Another sensitivity test was conducted by grad
ually reducing income inequality in the nonagricul
tural sector in such a way that income inequality 
was reduced by about half over the 1975-2010 
period. This change greatly increased demand for 
food. Thus it increased prices, stimulated produc· 
tion in regions with significant reserve agricultural 
production capacity, and increased the need for 
food imports in regions such as South Asia where 
the costs of increasing production would be ex
tremely high. In this scenario in the years after 
1990 (by which time incomes had undergone 
considerable leveling), world hunger was reduced 
to less than half what it was in the standard run. 13 

In the policy tests, four basic policy measures 
were tried and evaluated for their success in 
alleviating world hunger. 14 These included two 
measures intended to ac.hieve a redistribution of 
available food in the world: 
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• A reduction of food consumption by the rich 
countries; 

• Food purchases by an internationaJ food aid 
organization (financed by the rich countries) 
that would distribute this food to the underfed 
population groups. 

TIJe other two measures were intr nded to stimu
late food production in the less developed coun
tries: 

• Regulation of the world food market in order to 
stabilize intemationaJ prices (the price ~et 
pursued on the world market was a pohcy 
variable whose influence had been tested); 

• The effect that liberalization of intemationaJ 
trade would have on developments in the world 
food situation. 

Based on the findings of the individual policy 
tests, combinations of policy measures were de
vised to find the package that would best help the 
world food supply over the simulation period. 

To make a long story short, it was found that 
both reduction of food consumption by the rich 
countries and liberalization of internatio11al trade 
would result in lowered food prices, decreases in 
incentives to agricultural production, and in· 
creases in total world hunger. On the other hand, 
it was found that food aid, at a level rc4uiring 
about O.S percent of the rich nations' GNPs, could 
completely eliminate hunger, provided the food 
was purchased at prevailing market prices and 
then given away. 1 s It was also concluded that 
maintaining high and stable agricultural market 
prices could stimulate production in the poor 
countries to an extent that would reduce, but not 
eliminate, world hunger. Logically, high food 
prices tended to reduce agricultural poverty but to 
increase hunger in nonagricultural sectors. 

The policy package the modelers find most 
effective includes three policy elements--price 
stabilization, food aid, and price level policy. It is 
clear from the documentation that the modelers 
are sensitive to the fact that they are contradicting 
widely accepted notions by concluding that food 
aid will not depress agricultural prices but that 
trade liberalization will. They conclude a lengthy 
discussion of the operative effects of food aid with 
the following qualifying remarks: 

As long as the rich countries are able and willing 
to provide the funds needed for buying food for 
aid purposes and provided that these transactions 
do not constitute a large part of the total world 
market transactions, there is little possibility of 
conflict between the objective of a stable and 
relatively high world market food price on one 

hnnd and international food aid (actually given to 
people under the food norm only) on the other. 16 

Documentation 
MOIRA has undergone two bouts of docum~n· 

tation. The first occurred during the preparation 
of a paper to be presented at a September 1975 
symposium on the models sponsored jointly by 
the United Nations Environment Programme and 
the International Institute for Applied Systems 
AnaJysis. 17 Thereafter, documentation on MOIRA 
was expanded and revised and should appear in 
book form sometime in 1978. The MOIRA study 
has faced an additional problem: In order to be 
accessible to more than the relatively small num
ber of people who read Dutch, it has had to be 
translated out of the language in which it was 
written. 

The MOIRA manuscript made available to the 
GlobaJ 2000 Study is in various stages of prepara
tion, ranging from first to third drafts. For the 
most part, it comprises factual reporting of the 
model's contents, assumptions, and outputs. At· 
tempts to interpret, dramatize, or construct a 
MOIRA philosphy are relegated to the Introduc
tion in the manuscript but may eventually be 
incorporated into the final chapter. The bulk of 
the work is oriented toward the specia1ist. Never· 
theless, it includes considerable elementary eco
nomic theory with which most readers will already 
be familiar. 

Although the text provides a good basic under· 
standing of the model's operation, it is far from 
adequate for the purpose of reconstructing the 
model and testing its output. For that, one would 
presumably have to secure computer programs 
from the modelers, and it is uncertain whether the 
programs so obtained would be documented in 
such a way as to make them usable to anyone 
other than their creators. At least in manuscript 
form, the model documentation is not well ar· 
ranged for users' convenience. For example, there 
is no complete listing of equations and variable 
definitions, and the reader must leaf back through 
pages of text to find the definitions for variables 
whose meanings he has forgotten. 

Note: MOIRA bears a strong structural re
semblance to the GOL (grains, oilseed, lives
tock) model described in Chapter 19. The most 
significant difference between the two models is 
in what they have disaggregated. GOL has dis
aggregated crops, whereas MOIRA has mea
sured all agricultural output in terms of vegetal 
proteins. MOIRA has disaggregated consumers 
mto 12 income groups, whereas GOL aggregates 
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all consumers into a single income class. In ef
fect, MOIRA is more concerned with human wel
fare, and GOL with the specifics of agricultural 
trade. MOIRA also differs from GOL in that it 
considers more geog~·aphical units-106 to be 
exact. 

Aside from these differences. the two models 
are alike in that both are world models disaggre
gated into multiple geographical regions. Both are 

agricultural sector models. Both began from esti
mates of maximum production potential for the 
geographical units they encompassed. Both lean 
heavily on traditional economic theories for their 
formulations. and both see the world as being 
controlled through market supplies, demands, and 
prices. Likewise. both consider nonagricultural 
mcome growth and population growth as exoge
nous variables. 
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28 The Latin American World Model 

One of the most perturbing questions that came 
out of the work of Donella and Dennis Meadows 
and Jay W. Forrester was this: "What will happen 
to the 900r people and the poor nations of the 
globe if natural constraints put the brakes on 
economic growth?" The Meadows group was 
clearly troubled by· this problem. In the final 
chapter of The Limits to Growth, they say that 
equilibrium may not be so bad for the poor. "It is 
possible in the steady state economy that new 
freedoms might also arise-universal and unlim
ited education, leisure for creativity and inventive
ness, and, most important of all, the freedom from 
hunger and poverty enjoyed by such a small 
fraction of the world's peor-•le today." 1 The Mes
arovic-Pestel world model leaves less hope for the 
poor. In it, rich and poor nations are grouped 
separately. Using this representation and the 
model's structural assumptions, there appears to 
be no realistic means of preventing massive star
vation in South Asia. 

The Latin American world model had its origin 
in the refusal of many third world persons to 
accept scenarios that suggest that the very growth 
they hoped might save them from their poverty is 
about to be curbed by natural limits. Basically, 
the model says that Forrester, Meadows, and 
Mesarovic-Pestel were asking the wrong ques
tions. The focal questions in the eyes of the: 
persons who created the Latin American world 
model is not "What will happen when the struc
tures in place in the world have advanced in time 
by 20 or 100 years?" but rather "How can the 
resources of the world be used most eff~ctively to 
improve the lots of all people?" 

The model assumes that a well-run, ideal, 
human-oriented society will be wise enough in its 
management of resourc~s not to be constrained 
by natural limits. In the modelers' views, the 
ecological and resource problems that the world 
presently faces are not inherent in the process of 
fulfilling the needs of a growing population but are 
the result of western materialism. In the modelers' 
words: 

The major problems facing society are not physi
cal but sociopolitical. These problems are based 
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on the uneven distribution of power, both between 
nations and within nations. The result is oppres
sion and alienation, largely founded on exploita
tion. The deterioration of the physical environ
ment is not the inevitable consequence of human 
progress, but the result of social organization 
based largely on destructive values. 2 

The origin of the Latin American world model 
is described in the Preface to the documentation 
of that work: 

The idea of building this model emerged at a 
meeting sponsored by the Club of Rome and the 
lnstituto Universitario de Pesquisas de Rio de 
Janeiro in Rio de Janeiro in 1970. The meeting 
had been held to analyze and discuss "Model 
World Ill," which had been built by a group 
directed by Dennis L. Meadows at the Massachu
setts Institute of Technology. Out of that meeting 
came the decision by the Latin Americans present 
to commit the Foundaci6n Bariloche in Argen:ina 
to building a model based on the points of view 
expressed during the debate. 

A committee composed of Carlos A. Mallmann, 
Jorge Sabato, Enrique Oteiza, Amilcar 0. Her
rera, Helio Jaguaribe, and Osvaldo Sunkel was 
established to outline the general aims of the 
project and to effect its implementation. The first 
four members of the committee then produced a 
document stating the hypotheses and variables to 
be used in the model by the end of 1971. At a 
later meeting attended by all committee members 
and some specialists, the general features of the 
model to be built were established. 

Thus, the type of society-egalitarian, fully 
participatory, nonconsuming-, the concer.t of 
basic needs and its central role in the mode , the 
m:e of a production function with substitution 
b-.:tween capital and labour, the criteria with which 
the problems of natural resources, energy, and 
pollution would be treated, and the division of the 
world into regions, were defined. 3 

Method 
In modeling, it is desirable that the methods 

match the purpose. It is appropriate that the Latin 
American world model, which attempts to chart 
an effective route by which to work for fulfillment 
of basic human needs, should use different meth-
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ods than its predecessors, which were investiga
tions of a behavioml tendencies inherent in the 
current world order. The Latin American model 
uses optimal control techniques, that is, it is a 
mathematical device that seeks the "best" way of 
advancing toward a goal-in this case the exten
sion of life expectancy. 

Conceptually, optimization is a simple method
ology. In the Latin American world model, it is 
quite complex. The mathematics that the modelers 
have ••sed to describe the world's opemting mech
anisms render the task of locating the optimum 
solution next to impossible. The normal mode of 
solving an optimizativn problem involves setting 
up analytic equations for a surf ace map of possible 
solutions and using a computer to trace the slopes 
and ridges of this map to find its highest or lowest 
point. However, the modelers have formulated 
their representation of the world in a way that is 
neither differentiable nor even expressible in ana
lytic terms. They have conceived of a surface on 
which one cannot always find <> 1Jpes. Moreover, 
the surface, which contains witnin its specifica
tions a linear optimization routine, cannot be 
mapped using a set of analytic equations. 

Indeed. the modelers have come dangerously 
close to defining a prob:em that they themselves 
cannot solve. In order to calculate a solution the 
modelers have had to reformulate the problem in 
different terms, and there is reason to believe that 
their redefinition of the problem altered its solu
tion. Even after making simplifications, the mod
elers found it necessary to use sophisticated and 
esoteric mathematical techniques to work the 
calculations. 

Optimal control techniques have been used to 
parameterize the model as well as to solve it. 
Instead of using regression techniques, such as 
ordinary least squares, the modelers postulated a 
set of functional relationships between several 
variables, plugged into the scatten~d data available 
to them (for example, data from 1960 and 1970 
censuses), and devised an optimization routine to 
find the set of parameter values that would 
er,iablish the closest fit when the im;;uded varia
bles were estimated simultaneously. This tech
nique has the advaqtage over standard econome
tric techniques of requiring less data and is not so 
susceptible to incorrect estimations due to inac
cumte data. It also avoids some of the statistical 
difficulties encountered in estimating relationships 
of highly interrelated systems of variables by 
examining one functional relationship at a time. 

On the other hand, the technique has a disad
vantage: If the functional relationship postulated 
in making the estimation is incorrect, the method 

may lead one astray. For example, if a Cobb 
Douglass production function is assumed, the 
method may give reasoneble estimates for the 
labor, capital, and technological coefficients from 
only a few data points-assuming the system 
posse~:ses the sort of substitutability and the 
complementarity of labor and capital assumed by 
a Cobb Douglass function. Or, if fertility and life 
expectancy are hypothesized to be an inte• -~lated 
function of several economic and social indicators, 
the method can estimate paramt.'ters that will 
establish excellent statistical fits through whatever 
data points are available for the hypothesized 
indicators. However, if real world demographic 
change does not follow the hypothetical rules used 
for making the estimation, this procedure will not 
generate reliable forecasts. 

In summary, the Latin American group has 
used optimal control technique as its leading 
methodology. They have used optimiz.ation both 
in seeking a normative optimal sulution and in 
seeking to optimize the statistical fittings of their 
pammeters. The technique is well suited to the 
problem. Optimization is appropriate to a norma
tive model, and optimal fitting techniques are 
appropriate to the sparse data situations that are 
frequently encountered in dealing with Third 
World problems. These advantages are not with
out cost. The mathematics involved are fairly 
esoteric. It would require at least a couple of 
courses of graduate-level mathematics to under
stand compktely the model's mathematical rou
tine. At a minimum, understanding requires a bit 
of control theory and some topology. The techni
cal side of the model may well escape criticism 
for the reason that critics cannot comprehend the 
mathematics used in the model. 

Relevance 
The most important way in which the Latin 

American world model is relevant to the question 
of poprlation, resources, and environment is the 
spirit in which it was conceived, namely, that th-.! 
world should seek to manage its resources and 
environment in a way that will fulfill the basic 
needs of all its people and that the model should 
be directed toward achieving that end. 

Whereas the other models considered in this 
study all ask the question "Whither are the 
mechanisms of tht. world economy carrying us?" 
the Latin American world model asks the more 
positive question "What is the most effective way 
of getting where we want to go?" Instead of 
examining the forces that seem most likely to 
bring about massive economic deprivation and 
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starvation, the Latin American world model ex
plores procedurec; that would optimrze the well
tcing of the world's poor. 

The model is also of interest because it sets 
forth and parameterizes an explicit and fairly 
detailed hypothesis on the forces that govern 
fertility, mortality, and life expectancy. The pos
tulation of this hypothesis is important because 
the absence of a dependable theory of demo
graphic change is one of the rnajor bottlenecks to 
accurate forecasts of population, resources, and 
environment. If the Latin American group's hy
pothesis holds, it will mark a great advance in 
global modeling-but unfortunately, the only ap
parent way of testing the hypothesis will be to 
follow global demographic variables for another 
decade or two to see if the model's behavior is 
reproduced. 

Aside from the spirit in which the Latin Ameri
can world model was constructed and the theory 
behind its demographic sector, the model is almost 
the antithesis of what the Global 2000 Study is 
seeking. Rather than dealing with the problems of 
resources and environment, the modelers began 
with an assumption of no problems-particularly 
no serious resource problems. Their analysis 
much resembles that presented by Herman Kahn 
in Tire Next 20u Year,\'. 

Some elementary physical constraints have 
been introduced into the agricultural sector. Land 
development costs approach a limiting value as all 
of the arahle land becomes cultivated.* Yield 
response to agricultural inputs levels off at a given 
ma,.imum output level. Otherwise potential phys
ical problems are excluded or played down. The 
costs of erosion control and soil maintenance are 
included in the costing functions for the agricul
tural sector, but since their payment is automatic, 
the model excludes any ">Ossibility of soil loss or 
deterioration. Energy . .;sources, minerals. pollu
tion, ecological destabilization, deforestation, de
sertification, and other biological or physical re
source problems in the present world situation are 
not considered in the model's formulation. 

This exclusion is unfortunate. It would be quite 
desirable if a model concemcd with the normative, 
human needs like the Latin American world 
model were combined with a realistic representa
tion of some of today's critical and pressing 
resource and environmental problems. 

•There is some question on this point. The conventions 
used for mathematical operators in the model documentation 
are not defined in the te11.1, and the land development cost 
equations are therefore not clearly defined. 

Structure 

The general structural features of the Latin 
American world model have been introduced 
indirectly in the preceding text. The model's basic 
construct is an optimization problem in which life 
expectancy at birth is optimized. The control 
variables, whose allocations are altered in finding 
the formula that maximizes life expectancy, are 
labor and capital. These two inputs are divided 
between five economic production sectors, each 
of which Jirectly or indirectly influences the life 
expectancy. Three of the sectors are associated 
with basic human needs: food. hol!sing, and 
education. The remaining two are capital goods, 
which are required for economic growth, and 
other goods and services, which have only minor 
and indirect effects on the system's behavior. 
Production, consumption, and demographic func
tions are considered sepamtely for four regions: 
the industrialized countries, Latin America, Af
rica, and Asia. 

The basic production function used for all 
sectors and in all regions is the Cobb Douglass 
production function, written in a fashion that 
assumes automatic growth through technological 
progress. On a sector by sector basis, the assumed 
annual rates of technology-induced growth are as 
follows: capital goods, 1.5 percent; food, 1 per
cer1c; housing, I percent; education, 0.5 percent; 
other goods and services, I percen! 

Because the controls in the model are used to 
maximize life expectancy at birth, the mechanisms 
by which capital and labor allocations impact 
upon life expectancy (in other words, the mecha
nisms of the demographic sector) are critical to 
the way the model behaves. 

The web of causal influences assumed in the 
model's demographic structure is shown in Figure 
28-t. This seemingly complex formulation repre
sents one straightforward hypothesis. In the mo
delers' words: "The only truly adequate way of 
controlling population growth is by improving 
basic living conditions." 4 

The way that this hypothesis works itself into 
the model's structure can be seen in the figure by 
examining the variahles that affect birth rates and 
life expectancy. Pronounced among these are 
levels of basic needs satisfaction-food, housing, 
and education. Increases in any of these variables 
will increase life expectancy and/or decrease birth 
rates. Factors relating to employment conditions 
have also been taken into consideration. The 
higher the percentage of the population in agricul· 
lure, the lower the life expectancy; the more 
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labor in secondary sectors, the greater life expect
ancy at birth. 

These flows of influence are compounded in 
that incn~ases in birth rate lead to increases in life 
expectancy; and increases in life expectancy de
crease the birth rate. Furthermore, decreases in 
the birth rate (through slowing population growth) 
eventually lead to increases in per capita availabil
ity of the output of the basic need sectors. Thus, 
they lead to further decreases of birth rates in 
stabilization of population with higher life expect
ancy. 

In sum, investment in any of the basic need 
sectors and shifts toward industrialized production 
leads to higher life expectancy with lower birth 
rates. The mathematical problem of the model is 
calculation of the distribution of resources among 
the sectors that works most effectively toward 
that end. However, direct allocations to fulfill 
needs are not the only variables in the equation. 
There is also the need Jnd the possibility of 
allocating labor and capital to the capital goods 
sector, where they will increase the capital avail
able for production in all sectors. Thus capital, 
too, competes for resources in the mode; ;. allo
cation decision. 

Clearly, the manner in which the model allo
cates resources will be greatly influenced by the 
shapes and slopes of the curves relating life 
expectancy to each of the variables influencing it. 
For example, if all were linear functions, it would 
always be most effective to allocate resources to 
the variable whose effect on life expectancy had 
the steepest slope. But this approach would be 
ridiculous, for it would allow life expectancy to be 
extended ind~finitely so long as there were more 
resourc.~s to be invested. The system of equations 
that the models have used 11 is shown below: 

LE = - 0.052492531 E 2•561r1255 + 0.054749165 
£1.&807114 - 0.006852093 B1·K8221>1$ - 0.096324172 
AGt.11110021 + 55.153412. 

B = - 0.39895642.J0- 12 TK3 •725411 - 0.16189216 
PS 1.1:1111111 - 0.17435076 £ 0.ff.'11!319 + 366.18269 
LE-0.11~12 - 0.6226:!63 I H R0.JM1153 + 29.0057. 

where 
LE 
E 

B 

AG 
TK 
PS 

=Life expectancy at birth 
=Enrollment, defined as 

100 x (Matriculated children 6-18 vears old)! 
(Total population 6-18 years old). 

=Birth rate defined as number uf live births per 
1,000 inhabitants 

=Percentage of the labor force in agriculture 
==Total caloric intake per person per day 
= Percentag~ of the labor force in the secondal)' 

sector 

HR =Housing rate defined as 100 x {Number of 
houses)/(Total population). 

The notable thing about the above equation set 
is its use of exponentials, which provides that 
each factor's contribution of life expectancy or 
birth rates witi be subjec~ to diminishing returns. 
This creates a conJitior. where the efficacies of 
different allocalion patterns will shift in rather 
complex fashion as the model works through 
simulated time, as well as making it impossible, 
unrler the most ideal conditions, for life expect· 
ancy to extend much b~ ·1ond 70 years. 

The operations of the allocation procedure are 
some,vhat more complicated. In many 1Ji3.ces the 
model is constrained so as to permit only so much 
increase in output of a sector in a given time 
period. The constraint situation is further compli· 
cated by the fact that the program allows the 
model to violate some of its constraint in the 
process of finding optimal solutions. 

In the course of simulated time, resource allo
cation will shift back and forth between sectors as 
one or another sector shows higher returns per 
unit of labor or capital added to its produ1.:tion 
processes. The model's parameterization will de
termine the relative imporcanc.c ot labor and 
capital to its five economic ~e~to.rs as well as to 
the situations in which each sector becomes a 
priority area for allocation !'If IP.bar and capital. 
The modelers state that "the results of the run
nings of the Model show th'.lt education is one of 
the most important factors on ::temographic evn
lution and particularly on life expectancy." 6 From 
this, we infer that the estimated model parameter· 
ization has given great weight to education as a 
factor influencing life expectancy. 

Though the education sector may be the most 
important sector of the model in terms of its 
operation, the food and agriculture sector is gen
erally considered more important by observers. It 
is by far the 1TI'Jdet's most complicated sector. It 
contains three subsectors: agriculture, livestock, 
and fisheries. Of these, agriculture is the most 
important and the most complex, containing 
within itself an optimization routine that allocates 
resources available to agriculture between land 
development and production of agricultural input. 
It also contains mechanisms to account for the 
process of new land brought into cultivation 
through investments in land development. The 
land development mechanisms include what 
amounts to an assumption of diminishing return to 
investment as more land is brought into cultiva
tion. The cost of land development is an S shaped 
curve between $1,200 and $6,000 per hectare as 
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the fraction of arable land under cultivation ranges 
from zero 10 one.* 

The alternative use for agricultural capital, how
ever, is also subject to diminishing returns. Addi
tional funds spent on agricultural input lead to 
increasing input per hectare, but incremental yield 
responses, after increasing exponentially, tum to 
zero past a given level. Beyond that level, fu:-ther 
invesi:nent in agricultural inputs will be nonopti
mal, and the incentive to invest further will be nil. 
As both land development and investment in 
agricultural input are subject to diminishing re
turns, there will be si.i1tes in the model's behavior 
where agricultural investment yields no significant 
returns. When Uris happens, the r,ptimizing mech
anism will find it profitable to put its money 
elsewhere-in the livestock or fishery sector, or 
away from the food sector eutirely. 

Two optimistic assumptions are included in the 
formulations of the agricultural sector. First, th': 
model assumes that the cost of fertilizer wm 
remain constant over the optimization period. 
Second, it assumes that food processing losses in 
the developing regions will automatically decrease 
every year through the optimization procedure 
until they reach the rates found in developed 
regions. 

The fisheries and livestock svbsectors are rela
tively simple. Both allow for investment in pro
duction to increase yields up to a maximum 
carrying capacity figure. The livestock sector also 
allows for some of the inedible waste portions of 
the agriculture sector to be used for livestock 
fodder. It also allow:i for excess agricultural 
products to be used as f ec:.::! for livestock after the 
dietary needs of the human p.;pulation have been 
met. Food wastes and foods are then transformeG 
into measures of meat consumption, using a 
biological conversion efficiency ratio. 

Note, in pas ·'1· that the maximum potential 
fish catch used in ~he model, one taken from FAO 
(Food and Agricu!.ture Orsanization.) data, is con
siderably higher rhan the maximum cat<;h figure 
presented in Chapter 7 (120 million mf:tric tons 
per year, as opposed to 60 millio!I). It is also of 
interest that the model does not ac<:ount for 
problems that might arise from overgrazing. 

The housing and. education sectors are straight
forward and similar. The "'i:Jsts of new housing 
and education both begin to rise when basic needs 

*This seems lo be whin the documentation means, but it is 
difficult to see how it works. If the S curve is used and 
costs do le·vel at $6,000 per hectare, it would seem to be 
possible in the mooel for more than 100 percent of the total 
arable land to be brought into cultivation. 

are fulfilled. The building of new houses is defined 
in the model as urbanization. Education is defined 
as providing schooling to the 6-18 age group. 
Higher education is not included in the education 
sector but is assumed under the category of other 
goods and services. 

The structure of the capital sector and the 
sector producing other goods and services is not 
discussed in the documentation. It is, however, 
stated in the documentation of model output that, 
in the standard run, the percentag~ of GNP 
allocated to other goods and services is con
strained so that it cannot fall below 45 percent of 
total production or increase with respect to the 
1970 level ".,til basic needs have been satisfied. 7 

In the same text passage, it is stated that the 
maximum rate of investment, i.e., allo~ation to 
tb~ capital sector. is fixed at 25 percent. These 
constraints would seem to have been imposed to 
prevent the model from allocating all funds away 
from other goods and services (which contribute 
very little in the model to increasing tif e expect
ancy) and to prevent the model from allocating 
unrealistically large sums of investment in capital 
(which drive '"conomic growth through the Cobb 
Douglass production function). For want of other 
information, one assumes that the model uses a 
standard Cobb Douglass production function in 
the capital Si~ctor and the sector produdng other 
goods and st>rvices. 

The model also includes a simplistic interna
tional trade sector. The modelers' fundamental 
assumptions used for international trade in the 
model are as follows: 

(a) As the da1a for 1960 are not complete, il is 
assumed that the global level of trade of each 
block for that year is proportional to its total 
GNP, taking 1970 as the base year. The 
volume of trade for each sector in 1960, as 
well as for the years after 1970, is assumed to 
be proportional to its contribution to the total 
GNP, taking also 1970 as the base year. 

(b) ·,he disequilibrium in the balance of payments 
of the regions is gradually reduced, until 
equilibrium is reached in 20 years from the 
time of implementation of the policies pro
posed (1980). 

Although, as already stated, the model is an 
optimization model, in practice it has two modes 
of operation. Over the historical period. the mod
elers use it as a simulation model, running it at 
the outset of a run without use of the optimization 
routine and substituting the assumption of con
formance to of observed trends for the assumption 
of optimalizing behavior over the first 20 or so 
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years of the model run. This is done essentially as 
a check on model accuracy. 

Briefly, the model's most important st~ctural 
features from the prospective of population re
sources and !nvironment are: (1) The model 
envisions a society that allocates its capital and 
labor in such a · vay as to maximize life expect
ancy; (2) life ex~ctancy is a f~nction of satisf~~
tion of basic needs and various other social 
indicat('lrs; (3) econ:>mic output is a function of 
complementary inputs of labor and capital and of 
(exponentia.lly increasing) growth induced by tech
nological advance by sector; and (4) agricultural 
yief!.1 and investments in land development are 
subject to dimirishing returns. 

Other resources &re assumed available in unlim
ited quantities and at constant cost: (5) Forms of 
environmental maintenance such as forest man
agement, soil conservation, and pollution abate
ment, are automatic and not subject to misman
agement (soil maintenance has 1>.11 attached cost; 
other forms of environmental maintenance are 
implicitly free); (6) technological. improvei;nents 
contribute, at no cost, to economic production at 
a rate of 0.5-1.5 percent growth per year, with the 
magnitude of the contributio~ ~arying with t~e 
economic sector; and (7) w1thm an economic 
region, income is divided with complete equality. 

Testing 
How does one test the validity of a normative 

model? One can conceptionally test it by observ
ing the assumptions implicit in its structure and 
passing judgment on those assumptions. One can 
also perform a sort of experfontial testing by 
running the model under varied assumptions to 
see if it behaves reasonably. 

To some extent, the modelers have circum
vented "'liting difficulties by creating a model that 
can run both in a n')rmative, optimizing mode and 
in a mode that supposedly simulates past system 
behavio1'. They routinely run the model from 1960 
to 1980 using the history-simulating modt before 
they perform ,1he optimiz.ation run. As the model 
has been calir"· .~ed using 19':~70 data, it would 
be seriously amiss if it failed to reproduce ob
served behavior over that time period, .;o the 
1960-70 run does not conscitute a meaningful test. 
The 1960-70 simulation seems to be mainly a 
safety check to establish that nothin~ in the model 
has gotten into disorder through accidental 
changes of the compuler program or through other 
mishaps t~1;>\ bedevil computer modelers. On the 
other hand. the 1970-78 phases of historical simu-

lation, being outside the calibration period, do 
constitute a meaningful test of the model's ability 
to operate accurately in the historical simulation 
mode. 

Since the basic operational structure of the 
model is altered as the model shifts from historical 
simulation to optimization mode, it is not totwly 
clear how the model's ability to predict in simula
tion mode attests to the validity of its fmdings 
when operating in optimiz.ation mode. 

The model is run from 1960 to 2060 in most of 
the runs. Even if the same mode of model 
operation were to be applied throug~.o~~ this 
period, it is not clear how well an ab1hty to 
predict 8 years in th~ future can serve as a basis 
for judgment .,f ability to predict 90 years in the 
future, especially when the model does not con
sidt:r energy problems and limitations, ecological 
viability, or other problems encountered in main
taining economic growth within our fixed natural 
resource space. 

Though there are difficult questions as to how 
to valid.bte a normative model, there is no diffi
culty abo;1t its use for p:>licy testing. The Latin 
American world model haJ been so used for at 
least four tests. Three of ti~~ tei;ts shown in the 
available documentation include (1) a standard 
run, (2) a technologicru sfa&nation run (in which 
the technological growth, instead of increasing 
economic productio:i by a steady 0.5, 1.0, or 1.5 
perc<»nt per year,• diminishes to zero betweeri the 
year.; 1980 and 2000-and stays at zero there
after1, and (3) a run in which industrialized 
countries transfer capital (aid) to Asia and Africa 
beginning at a rate of 0.2 percent of GNP in 1980 
and increasing thereafter at a rate of 0.2 percent 
per year until a rate of capital transfer of 2 percent 
of GNP is achieved. The model has also been 
restructured in order to make one additional 
policy test (4) namely, the effect of income 
distribution on economic growth. In this reformu
lation, the model was run separately for 15 
regions, e?;.:. of which had its popul::.tion disaggre
gated into six income groups. In these runs, basic 
needs were assumed to have been satisfied when 
the iucome l::vel Ji the poorest group reached the 
level that woulo allow satisfaction of basic needs. 
The parameter used as an indicator of t:1e 
satisfaction of basic needs is the GNP per capita 
at which basic needs were met in the standard 
run." Findings from these four p.Jlicy tests will be 
described below. 

• Diffel'Cnt rates apply for different sectors. 
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Conclusions 
The ~tandard run of the model for the industrial

il.ed countries is shown in Figure 28-2. Runs for 
Latin America closely resemble those of African 
countries. The findings in these simulations corre
spond to surprise-free projections similar to those 
given in Hetman Kahn's T!1e Ne.ti. 200 Yea~s. 
GNP growth is steady, basic matenal wellbemg 
rises to a level at which all basic needs are 
satisfied, and the economy steadily moves toward 
producing more economic friUs (other goods and 
services). Once basic needs are satisfied, popula
tion growth rates begin to stabilize, leaving. mo~ 
of everything for everyone. The only thing !d 
these runs that does not look like something th~t 
Kahn's Hudson Institute might have forecast 1s 

I I I I I I 

the very high rate of investment needed in Latin 
America and Africa to maintain the rates of 
growth shown. Both regions move rapidly towru:d 
the maximum investment rate that the model will 
allow. once it begins using the optimization mode, 
and stays at that rate (25 percent per year) 
throughout the entire simulation. 

However, in Asia, as can be seen from Figure 
28-3, even optimal resource allocation does not 
allow sustained improvement of human welfare. 
The modelers describe the run: 

The problem in Asia arises h1 the food sector. By 
2010, all available land is being cultivated. There
after, economic effort in the sector is devoted to 
increasing livestock and fisheries. fhis, howe~er, 
is not enough to feed the growmg population 

(0.04) 

Ngure 28-2. Latin American world 
model standard simulation for devel· 
oped countries. (Catastrophe or 
New Society? p. 84) 

Key: 
1 (5) Percent GNP allocated to 

sector 5 
2 (8) Birth rate 
3 (4) Percent GNP to other goods 

and services 
4 (U) Urbanization 
5 (A) Population growth rate 
6 (M) Enrollment 
7 (V) Houses per family 
8 (C) Totul calories per capita 
9 (E) Life expectancy 

10 ($) GNP per capita 
11 (P) Total population 
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(47.IU) 
• 

1960 1970 1980 1990 2000 2010 2020 2030 

Figure 28-J. Latin American world model standard simu
lation for Asia. (Catastrophe or New Society? p. 92) 

Key: 
I ( ~ Population growth rate 
2 (V) Houses per family 
3 (.5) Percentage of GNP allocated to Sector .5 
4 (8) Birth rate 
.5 (4) Percentage of GNP to other goods and services 
6 (C) Total calorics per capita 
7 (M) Enrollment 
8 (U) Urbanization 
9 ($) GNP per capita in 1960 dollars 

10 (E) Life expectancy 
11 (P) Total population 

adequately, and consumption drOtJS rapidly to 
below the minimum needed for survival. 

The rapid increase in the cost of producing 
food, due to the development of new land for 
agriculture, wkes resources from the rest of the 
economy, r, :! ;ing backwardness and also hinder
ing the s· ~=dction of the other ba:iic needs. In 
summary, the delay in reaching adequate levels of 
well-being leads to a sustained high population 
~~rowth rate, and a vicious circle develops: in
creased population and the increased cost of 
producing food make it more and more difficult to 
satisfy basic needs. 9 

In short, the economy of Asia collapses in a 
fashion reminiscent of the way the world economy 
collapses in the food-system constrained runs of 
Worlds 2 and 3 and in the way in which South 

Asia's economy typically collapses in the Mesa
rovic-Pestel world model. In testimony to the 
strong effect education has on life expectancy (the 
variable optimized in the model), school enroll
ment stays high throughout the run (98 percent). 
Housing improves steadily but quite slowly 
throughout the run until about the year 2040, at 
which time the run is tenninated. A severe decline 
in food per capita begins in the year 2008. 
Meanwhile, due to the sustained high investment 
rate of 25 percent, economic growth continues. 
The last 20 years of the optimization run for Asia 
are not shown: "The runs were stopped at the 
year 2040 because after that da<e the indicators 
(particularly life expectancy) ceased to have any 
meaning." 10 Also, the modelers state, "The life 
expectancy function is meaningful only when food 
intake is adequate to keep a person alive and to 
allow levels of physical activity that currently 
exists in the poorer societies." Apparently, food 
consumptior. drops in the model to levels that one 
would expect to create rising death rates, at which 
point the model, which lacks mechanisms by 
which starvation can increase mortality, starts to 
behave in a very unrealistic fashion. 

The results of simulations showing stagnation of 
technological progress are disastrous for every 
place except the industrialized countries. In Latin 
America "the basic needs can be satisfied though 
only over a longer period than in the standard 
run, particularly in the cases of food and 
housing." 11 However, "in Africa, as in Asia, the 
minimum objectives cannot be achieved if tech
nological progress stops; the economic system 
finally collapses. . . . Of the basic needs, only 
food reaches the target level, and then only for a 
brief period." 12 In a technological stagnation 
simulation for Africa, for instance, investment in 
capital formation falls off and GNP per capita 
actually declines rather than grows exponentially 
as it did in the collapse of the standard run for 
Asia. Population increases relentlessly. AU of the 
basic needs sectors, including education, begin a 
nose dive somewhere between 1990 and 2020. 
Life expectancy peaks arou11d 2015 and declines 
thereafter. 

The tests considering capital tmnsfer from the 
industrialized countries to Asia and Africa have 
the following results: The industrialized countries 
grow fast.er because they maintain higher invest
ment rates. They end with markedly higher per 
capita income than in the standard run-$14,250 
as opposed to $9,670 (in U.S. dollars). This aid 
doesn't have much impact on human welfare in 
Asia and Africa. While it leads to higher GNP 
growth (an infusion of capital obviously will), it 
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has very little effect on infant mortality or life 
expectancy and not a great deal of influence on 
the amount of time needed for fulfillment of basic 
needs. The unstated implication is that capital 
transfer will have a negligible effect on the biggest 
upcoming human welfare problem in the world
food shortages in Asia. 

The tests on income distribution show that 
egalitarian distribution leads to much more rapid 
fulfillment of basic needs. ("As can be seen, in 
the under-developed countries. the GNP per cap· 
ita needed to satisfy the basic needs in egalitarian 
conditions is s&mething between 3 to 5 times less 
than that required if current income distribution 
structures are maintained." 13

) 

nae conclusions the modelers draw from the 
modeling exercise are somewhat different from 
those in ihe above description. Here, we quote 
the modeler.:' conclusions in full: 

The results of the model ... demonstrate that, 
if the J>Olicies proposed here are applied, all of 
humti 11ty could attain an adequate standard of 
living within a period '.• little longer than one 
generation. The satisfaction of the most essential 
physical and cultural needs, which has been one 
of the centrd.l objectives of man from his begin
nings, could be fulfilled for most of the countries 
of the Third World toward the end of the century, 
or in the first years of the next. 

The only problem of physical limitation that 
arises, and which is of a local nature, is the 
exhaustion of the supply of cultivatable land in 
Asia in the middle of the next century. However, 
the large reserves of cultivatable land in other 
regions could easily cover this deficit. Since the 
effects of this limitation would only begin to be 
felt in 80 years, Asia has enough time to look for 
its own solutions to the problem, such as increas
ing the yield of crops, which has been assumed to 
be well below the theoretically possible levels; 
producing food from nonconventional sources; the 
application of an effective family planning policy 
that would enable the population to achieve a 
balance within a shorter period than pr.:dicted by 
the model; etc. 

The model also shows that it is possible to 
control population growth to the point of equilib
rium by raising the general standard of living, 
particularly with relation to basic needs. This 
equilibrium could be achieved on a global scale 
well before the earth's capacity to produce food
the only foreseeahle physical limitation within the 
time horizon of the model-is fully exploited even 
if food production continues to be based on 
currently available technology. 

The obstacles that currently stand in foe way of 
the harmonious development of humanity are not 
physical or economic in the strict sense, but 
essentially sociopolitical. In effect, the growth 

rates with which the desired objectives are 
achieved are, as was seen in the previous chapter, 
those considered nonnal in the current economic 
situation. The goals are therefore achieved not by 
very high economic growth, but by a reduction in 
nonessential consumption; increased investment; 
the elimination of socioeconomic and political 
barriers, which currently hinder the rational use 
of lar:d, both for food production and for urban 
planning; the egalitarian distribution of basic 
goods and services; and, in developing countries, 
the implementation of an active pohcy to eliminate 
deficit;; in international trade. 

The growth rates necessary k ii\:hieve these 
objectives, and which can be easily attained 
without imposing intolerable social sacrifice, con
trast with those required to satisfy, in approxi· 
mately the same period of time, the basic needs 
within the current income structure, or the same 
socioeconomic organization. These economic 
growth rates, which for developing countrie~. vary 
between 10 and nearly 12 percent, are in fact 
impossible to attain, for the reasons set out in the 
previous section. To prupose this type of "solu
tion," therefore, is only to propose a preservation 
of the current status quo and to misunderstand the 
true causes of the cnsis that currently affects the 
world. 

One of the most interesting results of the riodel 
is the light it sheds on the ~ff ect that possible 
international aid, in particular the transfer of 
resources from the industrialized countries to the 
poor countries, would have. Even if a gn dter 
level of international aid than that advised by the 
United Nations is implemented, it may contribute 
to raise the level of well-being at the time of 
transfer, but in no way decisively. What has been 
seen with regard to income distribution clearly 
demonstrates that international aid, in the cond1· 
tions currently prevailing in most developing 
countries, would only contribute to increasing 
spending by privileged sectors, and would have 
little or no effect on the living conditions of the 
majority of the population. The effect of the 
transfer of capital is only significant for the general 
well-being if there are conditions of social equality 
similar to those proposed in the model. 

International solidarity can take forms other 
than the net transfer of resources from rich ·io 
poor countri~i.. The model shows the recove1y 
that developing countries can achieve in economic 
growth precisely at the decisive stage of attaining 
the satisfaction of basic needs, through the elimi
nation of a negative balance of payments. The 
developed countries can help to bring forward the 
attainment of' this objective by fixing fair prices 
for the products of underdeveloped countries to 
r~place present prices that, rather than represent
ing a just distribution between the factors of 
production of the two production sectors into 
which the world is divided. are the consequence 
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of an unequal distribution of economic, political, 
and military power. Moreover, with a reduction in 
their growth rates, as proposed in the model, the 
rich countries could contribute to relieving the 
pressure on available resources, helping the poor 
countries indirectly in this way. 

... It was shown that in the year 2060 (al 
which the computer runs were terminated) there 
would still be inequalities, expressed in economic 
indicators, between the levels of well-being in the 
1eveloped and poor countries, particularly with 
respect to Asia. To evaluate correctly the signifi
cance of this remaining gap, it should be barne in 
mind that the results of the model over such a 
!ong period of time could change considerably 
with relatively small fluctuations in some of the 
variables used; a moderate increase in the rate of 
technological progre!ls, for example, coald easily, 
close the gap. 

Lastly the model shows, within the obvious 
limitations of this type of work, that the fate of 
man does not depend, in the last instance, on 
insurmountable physical barriers but on social and 
political factors that man must modify. Their 
solution is not at all easy, because to change the 
organiz.ation and values of society, as history has 
shown, is much more difficult than overcoming 
physical limitations. To attempt the task, how
ever, is the only way open to an improved 
humanity. 

It could possibly be said that this proposal is 
utopian, and that it would be more realistic to 
propose solutions that involve less radical modifi
cations to the sociopolitical structure of the world. 
Those wb0 ~old this position should be remi.1ded 
of the w"rds of John Stuart Mill more than a 
century ago: 

"For a nrettl evil, t1 small n•medy doe.\· not 
produce <1 small result: it simply dm•s 1101 
produce tmy results at all." 14 

Documentation 
The available documentation on the Latin 

Amer:can world model is quite good. There exists 
both the nontechnical Ctltastrophe or New Soci
ety? A Latin American World Model 2 and the 

1977 technical Hmtdhcmk of tlte lt1ti11 America11 
Model, Jistributed on a limited scale by 
UESCO. ~The former publication does not pre
sent model equations but does a very respectable 
job of conveying conceptually how the model 
works, a.Ii well as presenting model output and 
numerous theoretical arguments supporting posi
tions taken in the model. Descriptions of complex 
mathematical models are inevitably confusing. 
However, this book is written in such a way that, 
for a non-tech11ically oriented reader, it almost 
always h'!:ps to clarify the model without confus
ing th:.: issues. 

The modelers arc humanistic socialists, and 
their values are quite apparent throughout the 
documentation. Otlen one senses that they are 
interpreting thi!;g:j through the bias of their value 
system. However, these biases are 'iufficiently 
overt and clearly stated so that a reader who does 
not share the modelers' values can easily reinter
pret their normative statements. 

The technical handbook is appropriate for math
ematicians, computer programmers, and mathe
matical economists. It describes some (not all) of 
the model equations and goes a long way toward 
documenting the model's data base and presenting 
references for its conceptual premises-except for 
occasional problems with undefined equations and 
poorly identified symbols. It has an orderly df· 
rangement of subjects and a consistency of usages 
that spares the reader many of the frustrations 
frequently associated with large sets of equati0i1s. 
The computer program is published along with the 
model documentation and is well annotated. Ap
parently, it would allow a person desiring to do so 
lo transfer the model lo another system and use it 
without outside : clp from the modelers. This, 
however, is a subjt c~ive impression. 

Documt:nlation describing an application of the 
model to Brazil and a criticism of it by the Science 
Policy Research Unit at the University of Sussex 
have also been prepared for UNESCO and distrib
uted on a limited scale. 15 
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29 U.N. World Model 

The conclusions drawn from the World 2 and 
World 3 models and the Mesarovic-Pestel world 
model were obviously unpalatable to poor nations 
of the world operating under the hope that growth 
would eventualJ•· extricate them from their 
poverty. Likewise·, the notion that resources for 
growth were beginning to run out was unsettling 
to those U.N. agencies involved in formulation 
strategies for improving the condition of the 
world's poor. 

The U.N. world model can be considered a 
manifestation of this discomfort. In late 1972, in 
coajunction with the International Development 
Strategy adopted by the General Assembly of the 
U.N. in 1970, Wassily Leontief was asked to 
construct a model of the world economy to assess 
whether physical limitations to economic growth 
would pose a significant obstacle to the economic 
targets set forth in the Strategy. Funding for the 
project was provided by the Netherlands. The 
work :1 ... d an auspicious beginning: Leontief was 
awarded a Nobel Prize in econon:ics in 1973. In 
his acceptance speech, he described the structural 
concepts on which the model was to be con
structed. 1 The task of transforming the basic 
structure into a working model was undertaken by 
Anne Carter, Pet~r Petri, and others at Brandei!i 
University. Joseph J. Stem of Harvard sen·.::d as 
coordinator fo; the project. 

Method 
The U.N. world model sets forth an input

output view of the world economy. The basic 
elements of this view are: 

1. We cannot predict the future of the world 
economy. However, we can rule out of our 
expectations future scenarios that are internally 
inconsistent and thus impossible. 

2. To rule out internally inconsistent expecta
tions we need to construct a model that guaran
tees internal consistency. This we can do by 
visualizing the world as a system of interdepen
dent proccsSt~s in which 
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Each process, be it the manufacture of steet the 
education of youth or the running of a family 
household, generates certain out~ut and abscrbs a 
specific combination of input. Direct interdepend
ence between two processes arises whenever the 
output of one becomes an input of the other: 
Coal, the outpui: of the coal mining industry, is an 
input of the electric power generating sector. The 
chemical industry uses coal not only directly as a 
raw material but also indirectly in the form of 
electrical power. A network of such length com
plicates the system of elements which depend 
upon each other directly, indirectly, or both. 2 

3. If it is the world we want to model, we can 
enhance the above visualization by dividing the 
world into regions and representing, separately, 
flows within a region and flows between regions. 

Mathematically, the stru-;:ture that has been 
used to represent the above visualization is quite 
simple, albeit immense. It is one vast system of 
simultaneous linear equations with more un
knowns than equations. This system is solved 
using exogenously specified values for key varia
bles to make the number of equations equal to the 
number of unknowns. To obtain a glimpse of the 
systems unfolding over time, the exogenous vari
ables as well as some of equations' coefficients 
<ire projected forward-in this case by 5-year 
increments to the year 2000-and the system is 
solved again. The system provides latitude a3 to 
which variables are to be treated as endogenous 
and which as exogenous in any given simulation. 

Probably the most demanding part of construct
ing such a model is gatheri:ig the data and filling 
in where data don't exist. If one counts time
updates for structural cc :iftr:~nts, the model's 
number of coefficien. is in tXC" ss of 10,000. A 
large portio.1 of thest were ad<.)ted from other 
data bases. Many of them, most importantly thP. 
input-output ratios (technical coefficients) for 
some of the world's less developed regions, have 
had to be estimated by meuns of c1oss-section 
inferences from known data for other regions. 
Statistical techniques have been used extensively 
to work over data and to ensure that data from 
one s1.:mrce are consistent with data from another. 
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Many of the coefficients going into the model 
are based on the informed judgment of others. 
For example, estimates for input-output coeffi
cients for future years have been borrowed from 
the works of many technological forecasters. 

Although in some ways highly empirical, the 
method also requires a gocd deal of judgment. 
Many important decisions about how to employ 
statistics-for example, deciding how to forecast 
trade matrices for the People's Republic of 
China-involve a large amount of subjective judg
ment. Likewise, construction of scenarios is suffi
ciently dependent on a "feel" for what is impor
tant in the real world and for the model's 
capabilities that it is more of an art than a science. 

Relevance 
The U.N. world model can speak to the follow·· 

ing sorts of questions: For a given scenario of 
population growth and GNP growth with a speci
fied standard of pollution abatement, how much 
of what mineral resources would have been used 
by 1980, 19PS, 1990, or the year 2000? How much 
pollutant of various sorts would have been gener
ated by those same years? The model also tells us 
what to expect in the way of changing sectoral 
compositions of output for growing economies; it 
tells us the magnitudes of anticipated trade flows 
under a set of simplifying assumptions about the 
mechanisms governing international trade. The 
model's strongest claim is that it will give consist
ent forecasts. That is, it will not allow one to 
forecast the growth of one segment of the econ· 
omy without taking account of the demands that 
that segment places on other sectors of the 
economy. Nor will it allow users to forecast the 
imports and exports of a given region without 
making sure that these are balanced against the 
imports and exports of other regions-that is, for 
each product, global imports equal global exports 
for all regions. It also can go into questions of 
economic development in great detail-detail that 
brings attention to the explicit structural details of 
economic development. In a sense, the model 
prepares a sort of global and national-economic 
shopping list for all of the elements that will be 
required for the world to grow. 

Su1. · exercises are quite relevant to planning 
for long-term interrelationships between popula· 
tion resources and environment. There is great 
need for internal consistency in our forecasting. 
And it is important that we do look at things on a 
matter-of-fact, item by item basis in concrete real 
terms. Unless someone keeps careful and detailed 

accounts, it is difficult to avoid double counting 
and omissions. 

But the model does not answer all th~ relevant 
questions. When asked about the model's treat
ment of the environment, Anne Carter replied 
frankly that it was quite superficial. 3 She made no 
pretense that the tallying of pollutants and mineral 
and fossil fuel resources by the model provides 
adequate indices of the state of the environment 
The model does not speak to the way ecological 
systems will be affected by the development that 
it forecasts. It does not keep track of the states of 
forests, grasslands, bodies of water, soil, and 
other natural systems. It c;rnnot address the 
firewood crisis. 

Carter was of the opinion that the model could 
be made much more relevant for some of these 
purposes by distinguishing between urban and 
rural economies. This, she indicated, would result 
in better inferences about stresses on land pro
duced by intensive agriculture and other land uses 
as well as a better means of attacking problems, 
such as concentration of pollutants, that are 
primarily urban affairs. 

Structure 
The model consists of 15 regional models, 

which taken together represent the whole world. 
In structure, these 15 submodels are identical. 
Each has 175 equations and 229 variables. The 15 
regional submodels are linked interface through 
world trade equations. In t~e following text the 
structure of the regional subuiodels is described 
first, then the manner in whic!; they are linked. 
The entire world system of equations is solved 
simultaneously, however, so no causal sequence 
should be inferred from any of the descriptions. 

Each regional model (Fig. 29-1) can be thought 
of as a device that first calcul·:tes the economy's 
entire demand for the products of each of 40 
economic sectors (total demand) and then, from 
total demand, estimates resource usage, pollution 
generated, labor employed, and capital employed. 
ln fact, it is more complicated than that, for 
pollution generates abatement activities, which in 
tum add to total demand. Likcwiso;:, capital re
quirements genemte investments, and this too 
adds to total demand. 

Total demands for the products of each sector 
are calculated in the normal fashion of summing 
up the national income accounts. First, the final 
demands are calculated by adding up consump
tion, government spending, and investment. To 
final demands are ~dd<:d those demands generated 
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in the process of F · ig final demands (intennedi
ate demands) and the net of export demands 
minus import demands. (The input-output matrix 
is used to calculate the intennediate demand from 
the final demand.) 

The model pennits two fundameutalJy different 
ways of looking at income determination. One can 
specify, exogenoui;ly, target rates of GNP growth 
for the model's various regions and let the model 
calculate consumption endogenous!y as the resid
ual of what would be left over after the indicated 
investments, government expenditures, etc., took 
place. Alternatively, one can specify specific de
velopmental constrairits (limits on balance-of-pay
ment deficits, available savings, or labor force) 
and have the model determine what rates of 
economic growth would be possible within the 
specified constraint;:.. 

The model computes the inves·,:-nent rates that 
will be required, either to create the industrial 
capacity needed for target GNP growth rates or to 
allow the growth f<.tes determined by the specified 
development constraints. Investment is divided 
into the following categories: plant, equipment, 
irrigation, and land. The amount invested in each 
category is determined by a set of technical 
coefficients that relate investment needs to final 
demand for all cf the model's sectors. 

Imports and exports, the remaining categories 
contributing (or deducting) from final demand, 
comprise the bridge that connects regional econ
omies to the world trade model. The modelers 
have kept their representations of imports and 
exports simple, almost artificially so, in order to 
render the complex problem of international trade 
as transparent as possible and to allow for chang
ing of assumptions at a later date. Most regional 
imports are determined via import-dependence 
ratios, which are exogenously varitd over time, 
relating imports required to output produced on a 
sector by sector basis. "Import requirements are 
then summed across regions and the resulting 
world demands are allocated to the regions as 
exports. The allocations arc accomplished by 
export-sh~re coefficients specific to each traded 
commodity. These regional export shares are 
presently projected with regression studies based 
on historical and cross section data." In the case 
f'f manufactured imports, dependency ratios are 
.;onstant and estimated by regression analysis. For 
exhaustible resource commodities such as min
erals, "importing regions are assigned output 
levels consistent with the amount of regional 
resource reserve still available, and imports are 
used to fill all the remaining unsatisfied demands.'' 4 

Thus depletion of mineral reserves induces I 
creased importing of minerals and increased intc 
national trading in minerals. 

Minerals, pollutants, and agricultural produc 
are treated in real terms. Mruiufactured goods ru 
services are treated in price l.!nns. The use 
physical units, as opposed to monetary units, hi 
advantages for the modeler. It permits utilizatic 
of physical data, such as mineral reserve es1 
mates, while at the same time letting the model4 
take advantage of physical realities, such as tt 
laws of preservation of matter and biological fac1 
about nutritional needs. Moving in the directio 
of these a.1vantages, the modelers have departe 
from the r.urely monetary flows found in moi 
input-output models and have substituted a mixe 
accounting system, using both real and physicE 
units. 

Prices are generated in a separate model. Basi 
cally the price of sectoral output is equated t< 
sectoral production costs. Production cost: 
change with changing interindustry structure (in 
put-output structures). These take into considera 
tion such ma•ters as changes in production effi· 
ciencies, inr '. substitution (e.g., plastics for wooc 
and me~als), anrl higher input requirement fo1 
production of mineral resources as resourt:e re· 
serves become depleted. For some simulations, 
resource prices are projected outside the model 
and set exogenously. Consistent prices for all 
other sectors are then computed. 

Exogenous forecasts of technological change in 
each of the regions are also fed into the main 
model. These rbrecasts were made using cross
section studies of the relationship between per 
c2.pita income and interindustry structure to derive 
e~.timates of how interindustry flows would change 
l!S regions undergo economic growth. Technologi
cal forecasts were superimposed on t;1ese. Numer
c us assumptions are unavoidably put into these 
technological forecasts, including controversial is
sues such as assumptions about the extent to 
whi..:h nuclear power will substitute for conven
tior:al energy sou or::s. The huge number of the 
assu111ptions made in estimating time trends for 
input-output matrices makes for confusion when it 
comes to considering the model as whole. Thert' 
are so many assumptions that one is hard put to 
evaluate the reasonableness of the total picture. 
Thotigh the modelers tell us they have been 
moderate in their choice of assumptions and have 
consistently utilized what seems to be the best 
guess of accepted experts, it would still seem 
desirnble to have an easy way of checking the 
a..1sumptions used. 
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Testing 
The U.N. world model needs a lot of parameter 

testing and could be utilized for a wide range of 
policy testing. The modelers' limited time and 
limited budgets have barely allowed them to 
scratch the surface of the testing that could and 
should be done. The model contains a huge 
number of somewhat arbitrary parameters. One 
would have a lot more confidence in the model if 
it had been detennined through testing that these 
parameters were not unduly sensitive. It would 
also be useful to have identified which parameters 
are sensitive in order to ascertain areas of greatest 
uncertainty. This knowledge would serve as a 
basis for detennining priorities for further data 
collection and research. That is, it is rr;uch more 
important that a careful job be done researching 
parameters to which the model is sensitive than 
researching things that don't. much matter. 

The policy tests for which the model has been 
used have generally conformed to the interests of 
organizations commissioning use of the model. In 
real tenns, this means that the model has been 
used to: ( 1) test economic and-to the extent that 
the model can show environmental i1appenings
environmental consequences of the growth targets 
established by the International Development 
Strategy; (2) examine the ramifications of resotrrce 
conservation strategies for the Canadian govern
ment's Economic Council of Canada; {j) investi
gate for the U.S. Department of Comn1erce the 
consequences of energy conservation on global 
economic development; and (4) examine a few 
scenarios that the modelers themselves felt were 
useful and meaningful. The results of the Canadian 
study have yet to be publicly documented; results 
of the other three tests follow. 

The dl."umented work done for the U.N. oper
ates around eight policy scenarios.5 As prescribed 
by the International Development Strategy, most 
of these are based on exogenously given forecasts 
of population growth and growth of income per 
capita. The three population and income growth 
alternatives considered are shown in Table 29-1. 
The base case, or standard forecast, denoted UN/ 
8 in the table, is the case with medium population 
growth and higl, gross domestic product (GDP) 
per capita gru.vth in developing regions and mod
erate growth in developed regions. Further tests 
were conducted by altering this base case by 
changing as!'.umptions, e.g., by assuming more 
optimistic ~stimates of n:source endowments, as 
well as increased foreign aid, constraints on bal
ance- _,f-payment deficits, and fas~er agricultural 
investment in the low-income Asian countries. In 

one final scenario, investment, instead of being 
driven by targeted GDP growth, was presumed to 
follow past trends, and GDP growth was gener
ated endogenously according to severa! con
straints: apparently realistic balance of payments, 
the labor available, and the monies available for 
investment after consumption had spent its share. 
The constraints used varied from region to region. 
(This last test, by the way, produces dim eco
nomic prospects for the developing world, and is 
downplayed in the U.N. documentation.) 

In the process of working out the above p(l:icy 
scenarios, the modelers found that the minimum 
targets for growth set by the International De•11el
opment Strategy, if implemented, would barely 
suffice to keep the gap between rich and poor 
nations from growing, much less to narrow the 
gap. Accordingly, the growth rate per capita 
income in less developed countries (LDCs) was 
adjusted upward in such a way that the income 
gap between LDCs and industrialized countries 
would just about hi ''e its proportionate size by 
the year 2000. Cor .. .;tent with the objective of 
evening out income levels, growth rates across 
the board were adjusted so as to be inversely 
related to present income per capita. The richer 
regions were assumed to grow slowly, the poorer 
regions to grow most mpicii:v. The growth rate for 
the basic scenarios used in the model are shown 
in Table 29-2. 

In the work conducted for the U.S. Department 
of Commerce, the modelers compared a business
as-usual constrained growth run with one in which 
all regions of the world adopt the highest reason
able curtailment of fossil fuel consumption over 
till next 20 years. Their conservatior. maximum 
w~ adopted from the most extreme of the energy 
conservation scenarios prepared by Cavendish 
Laboratorie5 of Cambridge University for the 
Wdftd Energy Conference of October 1977. They 
assumed that energy conservation would be ac-

TABLE 29-1 

Alternative Assumptions Concerning Income 
Targets and Future Population Growth 

Population Growth 
Per Capita GDP 

Targets 

Developed Developing Developed Developing 

UN/8 
UN/A-I 
UN/A-2 

Regions Regions Regions Regions 

medium 
low 
high 

medium 
low 
high 

high 
low 
low 

high 
high 
high 

.\ourn•: W11nlly Leontldel ·1 .. Thi· f1111"'' 11/1h1• Wllf/1/ f."1·111111111.1-. New York: 
Okrord, IY77, p. 26. 
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TABLE29-2 

Growth Rates and Income Gap Under the 
AMwnptlons of Basic Scenarios X and C 

In the United Nations Model 

Less 
Indus- Devel· 

trialized oped 
Scenario Countries Countries 

Perfc<nt 
Growth rttlC' 

Gross product x 4.0 7.2 
c 3.6 6.9 

Population x 0.7 2.3 
c 0.6 2.0 

G.rosJ product x 3.3 4.9 
per capita c 3.0 4.9 

lDC.l'=r/00 
l11tw11e R"P in t/1r yc•1ir 2000 

Gross product x 769 100 
per capita c 71.S 100 

~"'"'"" Wanlly uontlchl 111,. Tltr F111111ttlftllr Wtirlil 1:.·1·111111nt,1'. New York: 
Odord, 1977, p. 31. 

complished by substituting labor and capital for 
energy.6 · · 

Conclusions 
The tesl.s described above tend to the conclu

sion that economic prospects for the LI>Cs are 
not in general optimistic. For such countries to 
meet the targeted growth rates, investment ratios 
of unprecedented magnitude would have to be 
maintained, and consumption for private use kept 
at very low levels. For example, if target growth 
rates were kept up in the year 2000, none of the 
developing regions would have a level of personal 
consumption in excess of 63 percent of income, 
and none would have a level of private investment 
of less than 20 percent. It was also found that in 
order to meet food requirements in a standard 
scenario, agricultural production in the year 2000 
would have to be increased to about four times 
present figures. In many places, higher mtes of 
increase were called for. In low-income Latin 
America and :'lw-income Asia, it was founJ that 
agricultural O ·.itput would h;ive to increas'.! by 
more than 500 percent; in an arid and tropical 
Africa and centrally planned Asia, increa;,es of 
400 to 500 percent were indicated; in the Middle 
East, the output showed that a 950 percent 
increase in agricultural output would be required 
to keep economic growth patterns on target. In 
currently high-inc~me regions, most of the indi
cated agricultural growth rates were below 200 
percent. 7 

The findings on minerals were more optimistic. 
In general, it was found that mineral resource 
limitations would not prove to be a binding 
constraint on economic growth by the year 2000. 
With the exception of lead and zinc, the model 
did not show the world running out of any 
minerals by 2000. 

In view of that the fact that the model produces 
use estimates for nine critical geologic resources-
copper, bauxite, nickel, zinc, lead, iron, crude 
petroleum, natural gas, and coal-the forecast that 
only lead and zinc are in danger of being used up 
by 2000 is significant, although it becomes some
what less significant if one considers that World 
3, which has generally been called a pessimistic 
model, indicates that in the aggregate 70 percent 
of our minern.1 resources will remain in the year 
2000. In that model shortages do not become 
critical until around 2020. 8 

Furthermore, it is not immediately clear what is 
behind the conclusion that resources are ample 
enough to last to 2000. It is known that the model 
does assume to some unspecified extent that 
nuclear power and gasified coal will be used to 
substitute for petroleum by 2000, also that the 
model assumes active recycling of minern.ls. 9 The 
.. no running out" finding can, thus, only be 
interpreted to mean that we can avoid running out 
through appropriate technical solution. The mod
elers also conclu<le that the resources that will 
be available to us will probably Le at a higher 
cost. Price, however, as described earlier, is not 
determined within the main model. This conclu
sion, therefore, must stem from either our off-line 
analysis or from a supplementary model. 

Leontiefs analysis of the model concludes that 
"although pollution is a great problem for human
ity, it is a technologically manageable problem" 
and that the economic cost of keeping pollution 
within manageable limits is not unbearab:~. 10 

Model output implied that if fairly stringent abate
ment standards were to be applied to all the 
pollutants now regulated in the United States, 
abatement costs would come to about 1.4-J .9 
percent of gross product. Under less stringent 
standards-nnd in the model it was assumed that 
less stringent standards would be applied in coun
tries with lower income per capita than the U.S.
the total cost of abatement activities would come 
to about 0.5-0.9 percent of gross product. 

In the energy conservation tests conducted for 
the Department of Commerce, the following tend
encies were noted: In the developed regions, 
which were modeled as having labor-constmined 
growth rn.te!i, energy conservat~on's greatest effect 
was to reduce balance-of-payment deficits. In the 
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LDCs, where GDP growth was constrained by 
balance-of-payment deficits, energy conservation, 
in reducing balance of payment deficits, lessened 
the main constraint to economic growth and 
thereby resulted in increased GDP growth as well. 
In all regions, the capital requirements for energy 
conservation caused the energy conservation 
scenario to require more savings, and thus less 
consumption. The required change in savings 
rates was large enough to imply the need for an 
appreciable change in distribution of money be
tween savings and consumption-an increase in 
savings of about 17 to 23 percent. 11 

In policy tests of the modelers' own design, the 
modelers constructed scenarios to compare the 
economic consequences for LDCs of adopting 
standard patterns of development instead of pol
lution-intensive export strategy. The purpose of 
the test was to ascertain whether LDCs would be 
dimming their prospects for economic growth if 
they avoided becoming specialized host!I for the 
dirtier industries, which, presumably, industrial
ized nations might like to exclude from within 
their boundaries. From these tests, the modelers 
concluded that 

the pollution-intensive approach is found to be 
more expensive in terms of capital, and requires 
more input. This upprnach would also imply 
sizable shifts in the outp11t mix of the developing 
economy and might creak non-negligible environ
mental repercu~. ions .... In sum, several eco
.1omic criteria mi1igate in favor of the conventional 
~.nd against the pollution-intensive strategy-pro-
1·ided, and this is qui;c important-that a choice 
1~xists at all. 12 

Other conclusions emanating from the model 
study centered on consequences of accelerated 
development in the less developed countries. Most 
important among these were: (I) Accelerated 

development would probably require faster growth 
of heavy industry than of other industrial sectors; 
(2) high income-elasticities of demand for imports 
would likely create severe balance-of-payment 
problems for LDCs under accelerated develop
ment stmtegies; and (3) "to insure accelerated 
development general conditions are necessary: 
first, far-reaching internal changes of a social, 
political and institutional character in the devel
oping countries, and second, significant changes 
in the world economic order. :\ccc!ernted devel
opment leading to a substan:ial reduction of the 
income gap between the <ieveloping and the 
developed countries can only be achieved through 
a combination of both these conditions." 13 

Documentation 
The publicly available documentation of the 

U.N. world model is adequate to give an informed 
reader a good basic understanding of the model's 
structure and how it operates. However, to gain 
an understandi:ig of its particulars, how it is 
parameterized, where data came from, and what 
sorts of statistical measures arc to be associated 
with which estimated pammeters, one would al
most have to personally discuss the question with 
the modelers themselves. Anne Carter informed 
the Global 2000 Study staff that the modelers htlve 
kept careful records and that technical documen
tation is being supplied to the United Nations. 
Res.>urces arc not available for documenting the 
work for a wider audience. Furthermore, the 
modelers view their work in current form as 
incomplete and would like it to undergo consider
able further testing, refinement, and development 
before preparing detailed documentation for public 
circulatfon. 14 
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30 Introduction to Model Comparisons 

The Global 2000 Study seeks answers to two 
questions: What are probable trends for global 
population. resources. and environment to the 
year 2000? and How does the complex institu· 
tional structure of the U.S. federal government 
derive its expectations about these matters? The 
latter question is examined to assess the projec
tion capabilities of agencies of the executive 
branch, to describe their strengths and weak
nesses. and to examine alternative methodologies 
that might overcome weaknes·.;es that are found 
to exist. 

The methodological question has been pursued 
in this volume as follows: First, the implications of 
projection by means of a collection of separately 
developed and operated models have been dis
cussed .in Chapter 14. That discussion emphasized 
the distorting effect of making fragmentary projec
tions of a highly integrated world. Second. specific 
projection tools developed and utilized in federal 
agencies-or elsewhere in cases such as GNP 
projections-have been described in Chapters IS 
through 23. Third. in Chapters 2S through 29. five 
case studies of nongovernment global models that 
are more integrated than the government's model 
have been discussed. 

The following chapter brings together loose 
ends in the discussion of modeling methodology 
through two exercises. First, a comparison will be 
made of the five nongovernment integrated 
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models. This comparison will stress the ways that 
models• conceptual and mathematical structures 
affect their findings and conclusions and the ways 
that institutional factors affect model conceptuali· 
zation. A model's idea content i~ at least coequal 
with its parameteri1ation in shaping the model's 
projections. The text is deliberdtely weighted to 
show that there is more to modeling than the 
.. garbage in, garbage out" clich~ implies. In fact, 
if this clicht has an appropriate application, it is 
to characterize models having static. linear struc
tures without endogenous feedback. 

Finally, an attempt will be made to answer the 
question "How would the conclusions of the 
Government's Global Model be different if the 
model were more integrated?" A conceptually 
attrac. tive experimental approach has been used to 
tackle this question. Two of the integrated models 
previously described (the World 3 and the World 
Integrated Model) were selected on the basis of 
their availability for the experiment and were 
restructured by breaking tl1e internal feedback 
loops so that they bore some resemblance to the 
Government's Global Model, as described in 
Chapter 14. Comparison of the output from the 
original integrated versions of the models with the 
results from the less integrated modified versions 
was then used as a basis for determining how 
government projections would differ if the govern
ment's model were more integrated. 



31 The Comparisons 

Comparison of Integrated Global Models 
Global modeling is not yet on solid footing. 

Most of the funding for the world models de
scribed in this volume has come from private 
sources. None of the models is linked to the 
governmental decision-making process in a stable 
fashion. The Mesarovic-Pestel world model and 
the U .N. world model have been used as analysis 
tools by government decision-making bodies, but 
as marginal information inputs only, not as pri
mary tools of analysis. The absence of regular 
clients is a serious constraint to the further 
development of global models. A fairly large 
port:ou of the human capital developed for the 
constm:tion c.f global models is currently devoted 
to the search for funding to permit further devel
opment of existing models. Some global modelers 
have moved on to greener pastures. 

The difficulties encountered in adapting global 
modeling to the political structure appear to be 
inherent in the institutional structure of the politi
cal decision-making proce&s. The only people 
empowered to deal with global problems on an 
integrated basis are highly placed and generally 
lack the time required to learn how to utilize 
inputs from global models. No agency has a 
sufficiently broad mandate to justify commission
ing and supporting a model with a broad i:lter
agency focus. Existent interagency bodies are 
already swamped with information and con
strained in their actions by political necessities. 

Integrated modeling, if it is to make a positive 
contribution to government, must build a style of 
operation that (I) simplifies information flows 
(i.e., results iri iighter work inflows through in
boxes, fewer meetings and telephone calls, and 
more concise and compact discussion of the 
issues) and (2) receives the cooperation and polit
ical support of the agendes whose independent 
jurisdictions operate together in the model. 

Structure 
Integrated global models tend to expand into 

several broad questions the traditional question of 
economics: How ·&re scarce resources allocated 
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among alternative uses? These questions are: 
Where will resource demands come from? How 
will they evolve over time? How will the growth 
of demand interface with changes in the economic 
structures and natural re~urce stocks required to 
create supply? 

The two basic forms of growing needs that 
show up in intei:',rated models are basic human 
needs associated wi:h pc9ulation growth and 
economic needs associatt.d with growth and main
tenance of economic sys\~rr.s. This expansion of 
the model domain has marked effects on the 
results of analysis. The effects in terms of popu
lation and resources will be observed below, and 
the general failure of even the expanded approach 
to adequately incorporate environment will be 
discussed. 

Population and Basic Human Needs 
When population dynamics are introduced into 

models of the global system, physical needs as 
well as eccnomic demands compete for recogni
tion. If population's needs are not met, people 
die, migrate, or alter their basic patterns of 
economic behavior so that their needs can be 
filled (e.g., by substitution of one type of goods 
for another or by alteration of the system of 
production). In other words, it becomes necessary 
to observe system adjustment processes other 
than that of the price mechanism. 

The real-world linkages between need fulfill
ment and population behavior are tenuous. Mod
elers approach them in vari.Jus ways. In MOIRA 
(Model of International Relations in Agriculture), 
unfulfilled tuud needs are counted, and relative 
welfare between rural and urban locations is used 
as a drive me~hanism for the model's migration 
function. In the World 2 and 3 models and the 
Mesarovic-Pestel model, the extent of fulfillment 
of economic and fooc: needs effects birth and 
death rates. In some versions of the Mesarovic
Pestel model, nonfulfillment of needs results in 
reduction of economic production. Need fulfill
ment is the heart of the Latin American world 
model, and attention to human needs is the motive 
for the model's adoption of an allocation mecha-
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nism in which capital and labor are allocated in 
the fashion that maximizes life expectancy at 
birth. No feedback from need fulfillment to eco-
nomic performance is included in the U.N. world 
model; instead, apparent problem areas are iden
·tified off-line and taken to !~<licate places where 
the model is unrealk!!~. 

Resources and Economic Needs 
Many resource inputs, including land, water, 

minerals, energy, and renewable biological re
soutces are important in the global system. Any 
of tbese could be locally, if not globally, limiting. 
How binding the limits posed by such resources 
become, depends on what substitutions are made, 
how successfully limits are overcome by technol
ogy and how well growth is channeled into 
patterns that do not <:ontlict with resource limits. 

Only one of the models in our study set does 
not include endogenous natural resource limits-
the U.N. world model. (It does, however, include 
labor and capital constraints in some of its modes 
of operation, and the capital constraint could 
become an implicit natural resource constraint if 
the exogenous resource pricing function makes 
minerals and energy very expensive.) All of the 
other models include a land const1 aint-in each 
case, a function formulatec so as to make the 
costs of expanding agricultural production rise as 
the system exhausts its supply of unused arable 
land. In all of the models examined, this constraint 
can potentially become a dominant feature of 
system structure by constricting the expanse of 
agricultur ! and thus creating food deficits. The 
models <.xhibit great difference in their formula
tions of where the land constraint manifests itself. 
In the World 2 and 3 models, it is E:ncountered as 
a global aggregate, and the land's productive 
capacity has two dimensions capable of constrain
ing food production: soil fertility and land under 
cultivation. Because the other models considered 
here use geographically disaggregated land con
straints that recognize only land availability (i.e., 
they disregard soil fertility), which puts the World 
2 and 3 models in the paradoxical position of 
using, simultaneously, the most complex, least 
detailed formulation of the land constraint. 

MOIRA, in comparison, is highly detailed and 
conceptually simple. It includes 106 separate agri
c.:ultural production functions. In each, the invest
ment in land within a given geopolitical region 
leads to increased food production, subject to 
diminishing returns. Trade, ti'rough a market 
formu1 .'-n, moves food from areas with less 
heavily utilized land resources to areas with tight 
land constraints. Simular formulations with re-

gional representations of land constraints inter
linked hy trade are use<l for the Latin American 
world model and for the Mesarovic-Pestel mr.del. 
None of the other models attempts MOIRA's 
amount of detail, however, and the Latin Ameri
can model de-emphasizes the role of trade. The 
land resource constraint indirectly affects the 
model's nonagricultural economy in ooth the 
World 2 and 3 models and the Mesarovic-Pestel 
model. When the demand for food is high and 
returns on inve!>tment low, the models divert 
significant amounts of capital away from other 
economic sectors and invest it in agriculture. This 
often cramps economic growth out~ide the a~ri
cultural sector. In the Mesarovic-Pestel model, 
this is particularly apt to occur in the South Asian 
regional model. 

Mesarovic-Pestel, the World 2 and 3 models, 
and the U.N. world model, all include mineral 
and/or energy resources. In the U.N. model, the 
representation is little more than an accounting 
device that tabulates resources used. The World 
models and the Mesarovic-Pestel model us'! for
mulations wherein depletir.n of reserves slows 
production, raises prices, and dampens the basic 
processes of economic growth. The Mesarovic
Pestel model include!> ~ultiple energy and re
soun.:e categories o.nd makes substitution among 
ener:~Y sources explicit by permitting the relative 
prices of substitutat!e resource groups to govern 
the direction of investment in resource develop
ment-i.e .. investment goes to the energy type 
showing the highest returns on investment. In 
operation, energy deficits in the Mesarovic-Pestel 
model generally come about because investment 
in energy capital has not been rapid enough to 
create supplies rather than because of actual 
resource shortages. In the World 2 and 3 models, 
extraction costs rise as the fraction of reserves 
remaining gets very low. Cost rises feed back to 
slow economic growth. 

The combination of finite, depletable and/or 
erodable resource stocks and exponentially grow
ing economies and populations makes all the 
global models considered here, with the exception 
of the U.N. world model, susceptible to economic 
collapse. The collapse mode's persistence depends 
on how severe the modelers have made the 
resoun.:e constraints on growth. Where the model 
has been parameterized with large amounts of 
undevelo,ed arable land with low development 
costs, then agricultural growth wm proceed unhin
dered to 2000, and perhaps well beyond. Growth 
.nay also proceed unimpaired by ret10urce con
straints where energy and mineral sectors have 
been initinli?.ed as having large reserves, where 
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substitution to an unlimited resource base is 
permitted in model formulations (as in the Mesa
rovic-Pestel model, in which the raw materials for 
nuclear energy are presumed to be available in 
unlimited supply, though at fairly high cost), or 
where technology has been empowered to in
crease production exponentially with no resource 
cost (as in some of the runs conducted by the 
University of Sussex group on World 3). * Where 
:;uch saving assumptions are not bui.lt into global 
models, they almost invariably simulate economic 
collapse. 

Environment 
With the exception of the World 2 and 3 

models, which allow for both land degradation 
and biological destruction caused by pollution, 
none of the models studied accounts for the 
(highly likely) possibility that human manipula
tions of physical systems will influence biological 
systems in ways that affect economic. agricultural, 
or population dynamics. Virtually all of the possi
ble environmental problems discussed in the en
vironmental forecast are thereby ignored. 

The basic way in which information is orga
nized in most models seems to preclude effective 
environmental modeling. To date, the primary 
unit for collecting data is the nation. The focus of 
most data collection is economic or demographic. 
However, increasing quantities of environmental 
data-sometimes in forms that are not aggregated 
by political units-are coming to us through 
environmental monitoring and satellite scanning. 

So Jong as global models are organized around 
the concepts implicit in older data sources, their 
treatment of environmental problems will remain 
superficial. Ecological systems do not conform to 
politicaJ boundaries. Attempting to keep track of 
ecological developments through use of national 
data bases makes only slightly more sense than 
attempting to perceive political relationships by 
arranging nations in alphabetical order-or at
tempting to understand chemical reactions by 
classifying chemicals by color rather than atomic 
structure. 

Before modelers can build meaningful environ
mental models capable of c!eriving realistic fore
casts for environmental problems such as deserti
fication, erosion, water management, forest 
management, and fisheries, it will be necessary 
for them to think of environmental problems in 
terms of aggregatt~s of similarly functioning eco
logical units. In understanding how environmental 

• H. S. D. Cole. ed .. Model.~ <1/ Doom, New York: 
Universe Books. 1973, pp. 117-18. 

problems are likely to unfold, it makes more sense 
to consider groups of similarly behaving systems, 
such as industrial cities, grasslands, rice paddies, 
estuaries, and hDpical rain forests, than to group 
such units according to the national boundaries 
within which they are found. 

Usually the response to the suggestion that 
environmental analysis should proceed through 
aggregation of simi.lar ecological systems is met 
by. 0 Yes, it's a nice idea, but we simply don't 
have the data." But is the absence of data a 
bindil;g constraint? Given good organization, a 
small amount of data can be made to go far. 
Think, for instance, of all that an archeologist 
infers from a few jaw fragments. Or recall the 
labors of the macro-economists in the 1930's when 
National Accounts data were just beginning to be 
collected. There should he a way to weld together 
the fragments of ecological studies, satellite data . . 
env1ro11mental monitoring data, climatological rec~ 
ords, and soil studies currently available into a 
plausible frnmework for study of the global envi
ronment-one that could be used to identify what 
data ought to be collected in the future in order to 
provide better indices of environmental develop
ments. 

It is clear that the real world, with its high 
degree of interconnectedness and strong system 
interlinkages is not going to behave as the inde
pendently developed agency forecasts suggest. It 
is not clear, howevl!r, wherein the differences 
!ietween the real world and the modeled world 
will lie. In order to gain insight into this question, 
the Global 2000 Study has commissioned use of 
the World 3 model (see Chapter 25) and the World 
Integrated Model (the latter day version of the 
Mesarovic·Pestel world model described in Chap· 
ter 26) to examine the effects of cutting system 
linkages on model simulation results. 

The Government's Global Model vs. the 
World 3 Model 

The World 3 model consists of five interactive 
sectors: population, capital, agriculture, nonre
newable resources, and persistent pollution."' In 
the simulations undertaken for the Global 2000 
Study, all linkages between sectors were broken 
and exogenous data inputs were substituted for 
the information that had previously been passed 
between sectors. Thus the model's intersectoral 
linkages were changed from the highly interactive 

• For a full description of the sectors. see Dennis I.. 
Meadows et al., Dymm1ics of Growtli i11 11 Fi11ite WtJrltl. 
Cambrid,"e, Mass.: Wright-Allen Press, 1974. 



664 COMPARISON OF RESULTS 

Figure 31-1. World 3 model sector linkages before linkage breaking. 

Figure 31-2. World 3 model after breaking of sectoral linkages and introduction of exogenous drives. 
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TABLE31-l 
Exogenous Inputs and Asaumptlons In World J 

Slmuladons for the Global 2000 Study 
Input Assumption 

Industrial capital Continued exponential growth at 3.7 per
cent per year. 

Industrial output Same pattern as industrial capital (expo
nential growth at 3.7 percent per year). 

Service output Continuation of historical trend, growth 
at 3.0 percent per year. 

Arabic land Decreasing rate of increase until an equi-
librium fiBUre of 27 billion hectares is 
reached by 2010. • 

Food Growth of output at 2.0 percent per year 
(historic rate). 

Population Exponential growth at historic rate of 1.2 
percent per year, reaching S.3 billion 
by 2000and 17.6 billion by 2100. 

Pollution Level of persistent pollution held con· 
slant at zero value. 

• Tbl1 fl&ure I• unrealiltically blah. but in lhe conlexl in which ii ii used its 
mqnltucle does not appear critical. 

structure shown in Figure 31-J to the exogenously 
programmed structure shown in Figure 3 J-2. The 
exogenous inputs used to drive the nonlinked 
version are specified in Table 31-J. 

As can be seen in Figure 3 J-3. in the open loop 
simulation, several variables are exogenously fed 
into one sect11r of the model at the same time as 
they are endoe,enously calculated in another sec
tor. For example, population is exogenously fed 
into the capital sector while it is endogenously 
calculated in the population sector. If this dual 
appearance of V• uiables is not noted, interpretation 
of the simulation outputs that appear in the 
following page~ will become quite confusing. 

The progress of exogenously driven variables 
over time is shown in Figure 31-3. The modelers 
chose to extend the simulation period until 2100 
because marked difference between the more and 
less integrated model structures does not become 
fully visible until well into the 21st century. 

The arrangement created by the cutting of 
linkages is such that the exogenous inputs used in 
one unlinked sectoral forecast will be endoge
nously calculated in another. For example, the 
population estimates calculated in the population 
sector are different from the population forecasts 
fed into the capital sector. If this dual appearance 
of variables is not noted. interpretation of the 
simulation outputs that appear in the following 
pages will become quite confusing. 

Resuhs 
Population. The results of the staildard inte

grated version of World 3 are shown in Figure 
. 31-4. 

The results of open-loop simulations will be 
compared to these. In the open-loop simulation, 
population was driven by the e.~ogenous data 
inputs for industrial output, service output, food. 
and pollution shown in Table 31-J. Thus driven, 
population was transfonned by the dynamics of 
the population sector from a fast-growing popula
tion with a very high fertility and moderately high 
mortality to a slowly growing population with low 
fertility and low mortality. Population did not 
completely stabilize by 2100; however, it was 
reduced to about 13.5 billion-about 4 billion less 
than the 17 .6 billion calculated for 2100 under the 
assumption of a constant growth rate of 1.2 
percent per year. On the other hand, the resulting 
population was higher by about 8.5 billion than 
that of 2100 in the standard ru11 of World 3. 

The marked differences in output result, of 
course. from model structure. Unlike simulations 
with the fully linked model, the simulation from 
the population sector with exogenous inputs was 
not linked to industrial and agricultural structures 
that collapse in the process of attempting to 
maintain continued exponential growth in a con
text of finite land and mineral resources. Rather, 
it is faced with input asswnptions of continued 
material growth. 

It should be observed that while the differences 
between the closed-loop and open-loop forecasts 
have become acute by 2100, they are not greatly 
noticeable by 2000. (Compare Figs. 31-4 and 31-
5.) This suggests that on the basis of global 
aggregates, the effects of system interlinkages on 
population dynamics will not be tenibly significant 
by 2000. 

Capital. In the open-loop simulation, the capital 
sector was driven by the exogenous inputs for 
population, food, and arable land (Fig. 31-6). In 
addition, the fraction of capital allocated to obtain
ing resources was held constant at 5 percent (the 
rate of investment observed in the World 3 model 
in times when there are no resource shortages). 
and the fraction of industrial output allocated to 
agriculture was held constant at 10 percent (the 
fraction allocated used in World 3 in "nonnal" 
times. when the system is not strriniog against the 
limits of availability of agricultural land). 

Formulated in this fashion, the capital sector 
was freed from the resource constraints that cause 
its decline in the standard version of World 3. 
Decreasing returns or investment and declining 
food a'!ailability per c;,pita do r.ot shift investment 
away from the capital sector to the agricultural 
sector as they do in the standard version, and 
increasing cost for resource extraction do riot cut 
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F1a11re 31~. Exogenous lnpuls lo ditrerenl seclors of lhe World 3 model. 
· K~y to Figur~.f J/..J thrau11h J/-5 

B ... Birth rate 
C • Industrial capital 
0 "" Death rate 
F "" Pood per capita (vegetal equivalenl) in kilograms 

per yea~ 
I = Industrial output per capila in dollars 

L = Arable land in hectares 
0 = Industrial oulput in dollars 
P"' Population (persons) 
R == Fraction of resource remainin1t 
S .. Service output in dollars per year 
X .. Index of persistent pollution (dimensionless) 

• Cakult1cd by addin1 kiloarams or 'tqclable rood conaumed plu1 7 tlmc1 Ille kllop'am1 or animal food consumed (I.e .. If one ea11 I kl or rice and I q or 
beef, OM lw consumed the equivalent or I + 7 q or "CF'lble food). 

NOTE to FIGURES 31-3 through 31-11 
If the page is turned clockwise so that the letters in these figures can be read in their normal position, the numbers 
at the top (above the "1900" axis) give the SCl\le used for the variables plotted in the output. The variables associated 
with each scale are: indicated to the right (in the direction of reading). 

the effective n.tums on investment in the capital 
sector. Thus, industrial output per caoita. instead 
of growing until about 2020 and ther. declining as 
in the standard version of World 3, grows expo
nentially at a rate higher than that observed even 
during the gmwth phase of the standard run. 
(Compare Figs. 31-4 and 31-6.). 

Agriculture. In the agriculture sector, linkages 
from industrial output. po9ulation, and the frac·· 
tion of output allocated to agriculture were cut 
(Fig. 31-7). The first two inputs were replaced by 

the exogenous data inputs described in Table: 31-
1. The last wa.s held constant at 10 percent. With 
intersectoral linkages thus severed. the agricultural 
sector gives a more optimistic forecast than in the 
standard run. Nevertheless, :igriculturnl output 
continues to peak and crash-the diffe:rence being 
that the peak in food per capita is half again as 
high in the unlinked forecast as it is in the 
standard run, and the decline begins around 30 
years later. (Compare Figs. 31-4 and 31-7.) 

Decline occurs in the unlinked forecasts for two 
reasons: 
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· ~ure 31-6. Capital t\4ector with exogenous inputs. 

. . Key w Figure:i.-JJ-6 through JJ~ 
F = Food per capita (vegetal equivalent) in kilograms P "" Population (persons) 

. per year • X = Index of persistent pollution (dimensionless) 
I = Industrial output per cupila in dollars 

• Calculated by addina kilo8J11ms or vcgc11hle food consumed plus 7 times IM klloar11111s or animal rood consumed (i.e .. ir one eah I kl of rice and I kl or 
beef, one has con~umed the equivalent or I + 7 k11 of veaetable rood). 

• Intensification of agricultural production, partic
ularly when it has been forced by dire food 
shortages, leads in the World 3 agricultural 
sector to insufficient rates of investment in soil 
maintenanct! and thus decline of basic soil 
productive capacity. 

• The ag1icultural se..:tor is faced with diminishing 
returns on inputs and exponentially increasing 
costs on land development. Thus, it is unable to 
expand production in pace with an exponentially 
growing population. 

The mechanisms involving soil deterioration are 
not included in the government's agricultural 
model and have been deleted in a further run of 
the unlinked agricultural sector to strengthen the 
analogy between the unlinked Wond 3 model and 
the government forecasts (Fig. 31-8). The result 
was a change in timing and magnitude, though not 

in mode of behavior: Food per capita peaked later 
and at a higher plateau than in the previous 
unlinked run (compare Figs. 31-7 and 3:-8), but it 
still rose to a high level and declined. 

Nonrenewable Resources. In the unlinked ver
sion, the nonrenewable resource sector is driven 
by the exponentially growing population and in
dustrial capital data inputs de~cribed in Table 3 J
I . The linkage from nonrenewable resources to 
industrial production was preserved in this simu
lation (Fig. 31-9) and the performance of industrial 
output per capita has been used as an index of 
system perfonnancc. Two variants of the isolated 
nonrenewable resource sector were simulated: In 
the first, which corresponds to the fonnulation 
used in the World 3 model, the marginal cost of 
resource extraction rises very rapidly a~ the 
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flitune 31-9. Renewable resource sector with exogenous inputs. 
Key to Fi11ures J/JJ thm1111h JI-I I 

I = Industrial output per capita in dollars. R = Fraction or resources remaining 
P = Population (persons) X = Index or persistent pollution (dimensionless) 

fraction of reserves remaining approaches zero. In 
the second, marginal costs were held constant. 

Where increasing marginal costs were included, 
the influence of diminishing resource reserves and 
increasing extraction costs combine with exponen· 
tial population growth to cause a sudden and 
percipitous decline in industrial output per capita. 
Because population grows exponentially without 
checks in the unlinked resource sector. per capita 
growth declines even faster than in the World 3 
standard run. (Contr.ist Figs. 31-4 and 31-9.) The 
assumption of constant marginal costs brenks the 
feedb;tck that causes extraction to halt as n:serves 
are exhausted. The simulation under this assump
tion, then:fore, shows unrestrained exponential 
growth of industrial output per capita, despite the 
fact that resource reserves are not only totally 
exhausted, but actually tum negative (Fig. 31-10). 

Persistent Po/111tio11. The persistent pollution 
sector is driven by input indices of population, 
industrial output, food, arable land, anci agricul· 
tural inp~Jts per hectare (assumed in this exercise 
to grow exponentially). When the growth rates 

shown in Table 31-1 were substituted for endoge
nous inputs from other model sectors, the persist
ent pollution sector was driven, not by forces that 
expanded and collapsed but by a series of expo
nentially growing variables (Fig. 31-l I). Conse
quently, instead of growing and declining as in the 
standard model run, the index of persistent pollu
tion grows exponentially to the point where by 
2030 it is around three times as severe as it was at 
any time in the standard run~ thereafter, it contin-
11es to grow-a growth that would probably poi
son the entire biosphere should it ever come to 
pass. 

Observations 

The sectCli' .lily disassembled version of the 
World 3 model bears sufficient resemblance to the 
government's model that comparing it with the 
integrated version of World 3 may provide insight 
into how the government model might behave if it 
were integrated. However, the analogy is not 
tight. The government's model is regionally disag
gregated. World 3 i" not. The government's model 
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stresses energy, World 3 omits it. The govern
ment's mode! ~rceives many of the mechanisms 
of economic growth in much less straightfoiward 
terms than those shown in World 3. (For example, 
few government analysts would agree to the 
specification that industrial output is simply the 
product of the capital output ratio and the indus
trial capital stock.) The assumed schedule of 
exogenous inputs (Table 31-1) doesn't entirely 
coincide with present official expectations, and 
there are probably some strong but exphdt as
sumptions abo11t technological solutions and re
source substitution in the government's model 
that do not figure in World 3. 

Keeping these differences in mind. however, 
the exercise suggests that the following conse
quences might be expected. were the govern
ment's model to include some linkages such as 
those specified in World 3: 

l. Competition for available capital between 
maintenance and expansion of the agricultural 
sector, development of new energy reserves, and 
investment in service and industrial sectors would 
leacl ~o significant decreases in real GNP growth. 
Barrmg major technological advances, the pres
ence of increasing costs (diminishing returns) for 
investment in minerals extraction and in agricul· 
tural development will increase the amount of 
economic activity needed for each unit of product 
produced, thus causing a sort of resource-cost 
inflation. 

2. The rising food prices and regional food 
shortages projected in the agricultural model 
would be intensified by the fact that agriculture is 
not the only sector wanting capital to cope with 
increasing population demands and diminishing 
returns. Land degradation caused by intense pres
sure on the !~~nd and by pollution would tend to 
make the projectior. of agricultural output more 
gloomy. 

3. Slower GNP and agricultural growth could 
have marked effects on demographic processes. 
Death rates may rise because of starva.Hon. Lack 
of improvement in standards of living may prevent 
people from choosing to have smalk:r families. 

4. Despite these indications of overly optimistic 
projections from the government's models, the 
possible transition into decline will not take place 
for a decade or two after lhe year 2000. 

The Government's Global Model vs. the 
World Integrated Model 

A model can become more integrated, either 
through integration of the mechanisms determin-

ing previously exogenous variables (i.e., closing of 
feedback loops through exogenous variables) or 
through including more of the details of system 
interaction between the variables endogenous 
within a model. Conversely, a model can be made 
ler:s integrated either by cutting internal feedbacks 
and replacing the formerly fed-back information 
with fed-in. exogenous information-as was done 
in the just described exercises using the World 3 
model-or by cutting out internal feedbacks in 
such a way that former variables become con
stants-as was done in the exercises with the 
World Integrated Model. 

The intemal linkages that were severed in the 
less integrated version of the World Integrated 
Model (WIM) include the following: 

• In the no11Tial model version, energy deficits 
arising in the energy sector cause a drop in 
economic productivity in the economic sector. 
In the less integmtcd version. there b no change 
in the economic sector when energy 'iUpplies 
are insufficient (i.e., response is constant). 

• In the no11Tial version, mortality increases when 
available calorics and/or protein arc insufficient. 
particularly in the oldest and youngest age 
categories. In the less integrated version, mor
tality is not influenced by food availability. 

• In the nol1llal version, fertility patterns change 
with changes in income in such a way that, as a 
region's per capita income approaches those of 
modem industrializc<1 countries. so will its pat
tern of fertility. In the less integrated versmn. 
income has no effect on fertility distributions. 

• In the normal version, a region's capacity to 
import is constrained by its balance of pay
ments; thus, developing regions may find them
selves unable to import food or machinery when 
they have accumulated sizable trade deficits. In 
the less integrated version. the ability to import 
is not constrained by the availability of foreign 
exchange. 

Figure 31-12 -;hows how the ti."St three of these 
alterations fit into the model structure. The "nor
mal" version of the model used in these exercises 
was not the most integrated version of the model 
that has been developed. There are versions of 
WIM that inC:ude feedback between starvation 
and economic productivity thus (dotted line in 
Fig.31-12). building into the model the vicious 
cycle wherein destitution reduces a region's ca
pacity to improve its lot. In other versions of 
WIM, environmental degradation may adversely 
effect agricultural production and economic 
growth and increase mortality. Both of these 
channels of influence have been omitted from the 
version of the model used in these exercises due 
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to the difficulty of substantiating them with precise 
quantitative infonnation. 

It should be noted that in m•Jst cases considered 
in this exercise, the omission of a linkage is prima 
~acie, an Clptimi:-:tic act. It is a roseate depiction of 
[he world that a1:1:mmes energy deficits will not 
slow economic growth. food deficits won't cause 
starvation, starvation "on 't harrt economic prog
ress, shortages of foreign exd,ange won't stifle 
growth in the less developed cuuntries, and abuse 
of the environment won't adversely effect agricul
tural pro?ucti.on and human health. The only way 
that ~uttmg lmkages has removed optimism is in 
'J..:venng the tendency of increased income to lead 
to decreased family sizes. Naive though they 
see~, these assumptions are implicit in most 
nonmtegrated global models-including the gov
ernment's. 

For further contrast of results, other versions of 
the "nonnal," more integrated model we1; devel
oped using less optimistic assumptions about (I) 
the growth of fossil fuel supplies, (2) the growth 
of agricultural production, and (3) the amount of 
capital made available to the LDCs by the ii 1dus
trializ.:,:d nations. In the optimistic normal ca;e, it 
was assumed that annual global oil discoveries 
wo~ld grow above the base of the early 1970s 
until the early 1990s and reach a peak approxi
mately 50 percent higher than the annual discov
eries of the early 1970s-an optimistic forecast 
when contras:ed to the forecasts made by the 
Workshop on Alternative Energy Strategies and 
the World Energy Conference, both of which 
projected near stable annual discoveries of oil 
resources. In the pessimistic version (which many 
would still call optimistic) it was assumed that the 
discovery rate would not increase above that of 
the early 1970s. In another pessimistic run, it was 
assumed that agricultural yields would be reduced 
roughly 20 percent on an average by the year 
2000-a change that the modelers considered 
might be anticipated if the world is confronted 
with significant changes in global climate a11d/or 
serious ecological disturoonces. In a t'".ird test, the 
amount of capital transfered from industrialized 
countries to LDCs was reduced to an exte1 ; 
where the LDCs would not accumulate unreason
ably large (over 50 percent of GDP) foreign debts, 
ar: d, m a final test, all three pessimistic hypotheses 
w~:-: .!~'.;·oouced simultaneously. Here, only the 
combmed-problems version of the more ocssimis
tic runs will be considered. It will be reforred to 
as the integrated· pi:ssimistic version. 

ln most of the simulations performed for this 
study, the model was run only to the year 2000. 
As will be evi·-t~nt in the material showing model 

outputs, a 25-year simulation is sufficient to pro· 
duce sizable differences between the more and 
less integrated versions of the model. Difference5 
ure even more significant on a regional basis, for 
s.ome regions arr.: at the present time quite sensi
t1~ely balanced and can be brought into markedly 
diffo~ent states over a relatively short period by 
altfmng the structure of the system pressures that 
central their development. 

Results 

The outcomes of the less integrated version of 
the model were generally comparable to the 
government forecasts prepared for the Global 2000 
Study. In the Study's forecasts, global economic 
p~o?uction had grown to 17.4, 14.7, and 12.4 
tnlhon dollars by the year 2000 in, respectively 
the high, medium, and low forecasts. In the les~ 
integrated WIM, the equivalent figure for 2000 
was 14.8 trillion dollars. In the Global 2000 Study 
population forecasts made hy th~ Bureau of the 
Census high, medium, and low population esti
mates for 2000 were, respectively, 6.8, 6.4, and 
5.9 billion. The less integrated WIM calculated 6.2 
billion for 2000. In the Study's agricultural fore
casts made by the U.S. Department of Agricul
ture, world grain production grows from I 109 
mmt (million metric tons) in the 1969-1971 base 
year to 2,175 mmt in 2000, an increase of 96 
percent. In the less integrated model simulation . . . 
us1~g a some~hat different .scheme for measuring 
gram production, world gram production is calcu
lated to grow from 1,278 mmt in 1975 to 2 647 in 
2000. an increase of 107 percent. In conj~nction 
with these gains in output, the less integrated 
WIM calculates an increase of fertilizer use from 
~8.6 to 227 mmt by the year 2000; correspond
ingly. the Department of Agriculture forecasts 
project an increase from 80 to 199 mmt. The less 
integrated WIM's energy prqjection-with global 
e11ergy consumption in 2000 standing at 94.5 
billion barrels of oil equivalent pei year (about 550 
quadrillion Btu) is consistent with projections 
made by the World Energy Conference and with 
those of the Workshop on Alternative Energy 
Strategies. Comparison with the Global 2000 
Study estimate is not possible as the Department 
of Energy has provided estimates only for the 
years 1985 and 1990. 

More Integrated WIM. The outcomes of simu
lations using the normal, more integrated version 
of the WIM were less sanguine than those of the 
less integrated version. The aggregate global eco
nomic product was 21 percent lower than that of 
the less integrated version: $11.7 billion instead of 
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$14.8 billion. Economic gro~th was fastest in the 
earlier years of the simulation and slowed consid
erable after 1990 when the energy situation began 
to put a serious drag on economic growth. Popu
lation grew to only 5.9 billion in 2000, as con
trasted to 6.2 billion in the less integrated ver
sions. Part of the lower growth was due to 
slarvation (a cumulative total of 158 million star
vation deaths were p~jected by 2000). Another 
part was due to lower fertility rates brought about 
by increasing incomes in those areas where eco
nomic growth surpassed population growth over 
the simulation period. Instead of the 107 percent 
increase in agricultural production projected in the 
less integrated WIM, the integrated version 
showed only an 85 percent increase. This led, 
however, to an increase of less than R5 percent in 
the grain available .for human consu:-i.ption due to 
the fact that global meat production, much of it 

grain-fed, increased by 57 percent over the 25 
year simulation. 

In the te~t in which all three pessimistic as
sumptions were included in the more integrated 
model, outcomes were considembly worse than in 
the optimistk-integrated or less integrated simula
tions. Aggregat~ global incomt: reached only 10.4 
trillion dollars by 'WOO, and cun1ulative starvation 
deaths totaled 291 million people. World grain 
production reached only 2,032 mmt instead of 
2,367 in the optimistic-integrated version and 2,647 
in the less integmted case. The year 2000 world 
grain price reached $415 per metric ton, as op
posed to $245 in the optimistic-integrnted and $240 
in the less integmted version. The three simula
tions can be compared (Figs. 31-13 and 31-14). 

Extc•11sio11 of Time Hori:,011. In World 3 signifi
cant change in the model's mode of behavior does 

------+~..-;.~--1-----1. Less Integrated model 
2. Optlmlstlc•lntegrated v«slon 
3. Pesslmlstlc·lntegrated v«slon 

Figure 31-13. Global population projections for three versions of the World lntcrgrated Model. 



676 COMPARISON OF RESULTS 

not set in until after the year 2000. Mnny demo
graphic changes have much stronger effects in the 
second genemtion than in the first. Growth rates 
on the order of 1-5 percent a year, with doubling 
times of 70 to 14 years-as experienced for the 
population and economic growth rates in most 
long-term models-will lead to significantly differ
ent balances and disturbances of balance after 50 
years than after 25 years. Thus, it can be expected 
that the differences between the pessimistic-inte
grated, optimistic-integrated and less integmted 
versions of the World Integrated Model will 
become much more acute if the model's time 
horizon is extended. 

This proves indeed to be the case. As can be 
seen in Figures 31-13 and 31-14, differences in 
global GNP and population in the year 2000 
appear small by contrast to those of the year 
2025. Moreover. by 2025 it begins to look as 
though the less integrated and optimistic-inte-

1. less integrated model 

grated versions of the model are operating in a 
continued growth mode, while the pessimistic
integrated version appears to have slackened its 
rate of economic growth to the point where per 
capita income will begin to decline. 

Regional Differences. The J2 regions consid· 
ered in the World Integrated Model begin with 
differing initial conditions. which leave them bal
anced in states that vary in their ability to 
withstand stress. Thus, different regions undergo 
different patterns in their internal re<>.djustment to 
system stresses as simulations progress over time. 
For example, regions such as South Asia, where 
large and fast growing human needs are coupled 
with pour endo• ments of economic or natural 
resources required to fill human needs. are likely 
to undergo more stress than regions !::uch as North 
America, which still have untapped resources and 
whose rates of poputation growth are relatively 
slow. Thus, they are more likely to experience 

2. Optimistic·integrated ve"ion 
3. Penlmistic·lntegroted version 

------+--

Figure Jl-14. Global GNP projections for three versions of the Wiirld Integrated Model. 
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declines of previously growing variables and real
locations of economic resources. 

Much of what has been termed ''stress" in the 
preceding paragraph is, in abstract terms, infor
mation passed through the feedback loops that 
integrate the World Integrated Model. It follows, 
then, that differences between the more and less 
integrated versions of the model (i.e., versions 
with more and less feedback) would be greater for 
regions under severe stress and tha~ the more 
stressful pessimistic-integrated version of the 
model would show more signs of basic shifts in 
model balance than would the optimistic-inte
grated version. 

This inference is confinned by model simula-

I. Leu inti.grated model 
2. Optimi$tic•integrated version 
3. Pessimistic•integraled version 

tions. As may be seen for GNP per capita by 
comparing Figures 31-15, 31-16, and 31-17, the 
three model versions behave similarly for North 
America, while producing wide divergence in 
behavior for Latin America and South Asia. In 
the less integrated version. Latin American GNP 
grew faster than did that of North America, 
though differences in population growth rates 
caused incomes in Latin America capita to grow 
more slowly than those in North America. 

The model's behavior does not entirely corre
spond to our reasoned expectations. however. In 
the South Asian region, GNP per capita in 2000 is 
higher in the pessimistic-integrated case than it 
does in thl" optimistic-integrated case. This ap-

r;-1 ....... 11. Ill; Prnirrlinn< nf Nnrlh Am .. rican C.NP ..... """;,,. rnr !hr,, .. vrr<inn< nr !hr WMlrl Jnlt'llrRll'rl Modet 
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I. less integrated model 
2. Optimislic·integrated version 
3. Pessimistic·integrated version 

Figure 31·16. Projections of Latin American GNP per capita for three versions of the World Integrated Model. 
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I 
1. leu inlegroled 'model 

- 2. Optimi1tic·intogroted vernon --------·!------· 
3. Pessiml1!it•lnlegroted version 

4. Penlmilllc·lntegroled version wilhoul &torvation 

Figure 31-17. Projections of South Asian GNP per capita for four versions of the World Integrated Model. 

pears to happen because starvation becomes so 
powerful in reducing population that income per 
capita begins to rise. In the pessimistic-integrated 
WIM. cumulative starvation has reached a value 
that amounts to about 20 percent of the living 
population by the year 2000 (Fig. 31-18). 

(The apparent gain in average income per capitu 
brought about by starvation need not be taken as 
indicative of the way the real system is likely to 
behave. It may well be an aberration of the 
model's structure. Had the linkage by which 
starvation conditions dctrnct from economic pro
ductivity been included into the model's structure, 
it is quite likely that the pessimistic-integrated 
simulation would have ended with far lower 
income per capita in Figure 31-17 than did its 
optimistic counterpart. Herc, clearly. the model's 
conceptual structure is more than the parameteri
zation that shapes its behavioral tendencies.) 

Observations 

What can be inferred from the experimentation 
with the World Integrated Model about the distor-

tion imposed on government forecasts by the lack 
of integration in the methodology by which they 
are produced'? The question is not easily an
swered. Before it can be approached. a decision 
must be made as to how much one is to believe 
the outputs of the World Integrated Model. 
Should one take seriously the differences in timing 
and magnitude in the spurts of growth and reces
sion brought about by diff ercnt formulations of 
the model in Figure 31-11? Should it be taken 
seriously that China and the Middle East are 
relatively unaffected by differences in model for
mulation while Eastern Europe and South Asia 
arc quite sensitive'! Should we believe the esti
mated magnitudes- ior example. should the esti
mates for starvatirin he taken literally'? 

Behind these questions lie other. more impor
tant questions: Do the linkages in the model 
correspond sufficiently well to those in the real 
world to make the model credible'? Are important 
linkages. such as the linkage that causes economic 
deterioration under famine conditions omitted 
even from the more integrated version of the 

I ... ,..-, j 
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fi11ure Jt. 18. Projections of South Asian cumulative ~tamttion as a percentage 
of population for two versions or the Wurld Integrated l\f,1Jel. 

model? Do the specified linkages exaggerate or 
understate the importance of interconnections? 
Will the real world follow the rules writ ten into 
the model's structure when it has to choose 
between agriculture. energy. and other sectors in 
allocating scarce capital resources'! (Investment 
functions are uncertain grount.I in modem econom
ics. No fonnule. has been found that can explain 
observed long·term investment behavior with 
good statistical results.) Will energy ~h~ •ages 
curtail economic production in the fashion •;...: 
model de~cribes'? Will they have more or h:. r 
lasting effects'! More or fewer severe eff l!cts'? Will 
the fuel type substitutions described in the model 
be possible? 

If the questioning becomes too insistent, the 
model-and most other social system models with 
it-retreats behind a thick hedge of debatable 
assumptions. The response to most of the ques· 
tions asked can only be "J don't know." 

Despite the uncertainty surrounding specific 
findings from experiments investigating the effects 
of eliminating linkages in the World Integrated 
Model, a few generalizations can be made: 

I. With a 25-year simulation interval, economic 
growth is more subject to alteration of its simu
lated behavior through addition of linkages than is 

population growth. A value difference of 50 per
cent for regional income (GNP) for 2000 is not 
uncommon among different model structures, 
while differences of 20 percent would be extreme 
for population. This stands to reason. Human 
reproductive patterns are biologically constrained; 
within a culture. they can be expected to change 
over the course of generations. whereas economic 
patterns appear to be relatively vulnerable to 
short-tem1 pe11urbations. 

2. The effects of breaking linkages depent.1 on 
the linkages that are broken. In this exercise. the 
broken linkages involve trade. human birth and 
death rates. and the eff cct of energy shoi1ages on 
economic growth. Consequently. the regions most 
aff ectet.I were those modelet.I as deficient in energy 
supplies. as dependent on foreign trade for eco
nomic development. or as operating at levels of 
income where differences in income can be ex
pected to have relatively large influences on rntes 
of childbearing and mortality. Had another set of 
linkages been broken---for example. had the level 
of investment in agriculture not been responsive 
to the price of food-linkage breaking would have 
had different effects with different geographical 
distributions. 

3. It is "''£'1)' hit as arbitmry to omit linkages-
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and, thereby, implicitly assume thcu they have 110 

effect on system behavior-as it is to i11dude 
linkages of which one is unsure. There are, for 
example, many valid guesses about the effect of 
energy deficits on economic growth. "No effect" 
is one of the least likely outcomes in the set, but 
by defau:t it seems to be the most commonly 
made assumption. While the art of global model
ing is still at a stage where on~ must take the 
output of an integrated model with a great deal of 
skepticism, understanding of system linkages has 
progressed to the state where one must be even 
more skeptical of models that do not consider the 
probable effects of system interactions on long
term system behavior. 

Conclusions 
Exercises cutting feedback within integrated 

world models reveal that the omission of system 
linkages greatly influences the results of forecasts, 
which suggests that the Government's Global 
Model, in that it leaves out important system 
feedbacks. is presenting a distorted picture of the 
probable future. The predictive error incurred by 
omissions of feedback is cumulative over time: in 
most cases it is not highly significant over a 5-
year period but becomes important in a 20..year 

period and may become paramount over a 50..yeur 
span. Error is likely to be greater for regional 
forecasts than for the global aggregate. 

Experiments with both the World 3 and the 
World Integrated Model suggest that omissions of 
linkages has made the government's forecasts 
overly optimistic. The experiments with the World 
Integrated Model suggest that the collective GNP 
forecasts for the year 2000 derived on a noninte
gmted basis for the Global 2000 Study might have 
been 15-20 percent lower if a more integrated 
model specification had been used. For some 
regions the extent of overestimation may have 
been well over 50 percent. 

However, the problem is not a simple question 
of integrated vs. nonintegrated models. The man
ner in which models are integrated is critical. 
Markedly different results could have been de
rived from both the World 3 Model and the World 
Integrated Model if different linkages had been 
included in the original models, or if different 
linkages had been severed in the experiments 
performed with mode! closure. It is therefore 
important that various '>chemes of model integm
tion be used in analyses of global problems and 
that the schemes used are documentert and main
tained in a fashion that makes them available for 
criticism-and improvement. 
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AppendiX A 

Le~ns from the Past* 

. A survey of some of the commissions, studies, and task forces ~f the past. 70 
years whose expe1iences might be helpful to those now attempting to provide 
methods and instro.ctions in support of decision-making for international efforts 

· in population, resources, and the environment. 

Introduction 
A study of the world's population, .na~ural 

resources, and environment, made at this Junc
ture must be viewed in historical perspective. If 
the 'study is to serve as a foundation for the 
nation's longer-tenn planning, as directed by the 
President it must take cognizance of the similar 
major eff~rts that have gone before and. consider 
their strengths and weaknesses. Expenences of 
the past have much to teach us about what 
arrangements will and will not lead to qua~ity 
analysis, decisions, and actions addressed. to lf!l· 
portant long-term !ssues. T~i~ append1_x ~all 
briefly examine studies, comm1ss1ons, and mstatu
tional efforts conducted during this century on 
population, natural resources, environment, and 
related subjects to see what lessons can be learned 
from these experiences that might be applicable 
today. Commissions reviewed in this appendix 
have in common high-level governmental connec
tions and include for the most part presidentially 
appointed or designated groups looking into ~a
tional and international issues concerned with 
population, natural resources, or t~e environ.me.nt. 

There has never been an organized, contmumg 
effort in the federal government to take a holistic 
approach toward consideration of probable 
changes in population, natural resources, and the 
environment. Y ct a number of attempts to tackJe 
parts of the problem have been undertaken during 
the last 70 years. Starting with the second Theo
dore Roosevelt Administration, continuing through 
10 years of FrnnkJin D. Roosevelt's Administra
tion, and during the 25 years from Truma_n to 
Ford, tempornry presidential and congressional 

•As noted in the acknowledgments, this appendix is the 
commissioned work of Roben Cahn and P...&tricia L. Cahn. 
The opinions expressed are those .o!' th~ authors ~nd are n~t 
necessarily endorsed by the pamc1patmg agencies or their 
representatives. 
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committees, commissions, and boards have flow
ered and wilted from time to time. For the most 
part, this futures work covered the nation's natu
ral resources and materials and produced results 
that have proved helpful in some measure. Rarely, 
however did such groups consider global poten
tials and 'problems, and then only superficially. 

Over the years, government has tended to wait 
until crises occur and then has reacted to them
rather than study and analyze issues beforehand. 
On those occasions when groups have addressed 
problems with an eye to the future, a President
and others who initiate such studies-have seldom 
sustained the original level of interest, although 
much valuable data has been developed, alterna
tive choices have been explored, and options have 
been presented in the fonn of recommendations. 
In most cases, suggestions or recommendations 
have been made for the fonnation of an institution 
to carry on the work of looking at future prob
lems but none of the recommendations has led to 
establishing a permanent gronp. Thus decision
makers and the public have never had the benefits 
that would accrue if a long-range study group at a 
high level of government, free from pressures for 
immediate results, had been in existence to offer 
alternatives that might help avert or solve future 
difficulties. 

Historical Perspective, 1908-1967 

The Theodore Roosevelt Administration 
National Conservation Commission ( 1908). 

Even as far back as the first decade of the 20th 
century, when natural resources seemed virtually 
inexhaustible, a few c.onscientious conservation
ists were looking into the future to a time of 
scardHes and shortages. "The Nation is in the 
position of a man, who, bequeathed a fortune, has 
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gone on spending it recklessly, never taking the 
trouble to ask the amount of his inheritance, or 
how long it is likely to last." That picture, 
probably overly grim for its time, was painted at 
the initial meeting in 1908 of the executive com
mittee of the newly appointed National Conserva
tion Commission. The group promptly agreed to 
have a study made to estimate the existing avail
able natural resources, the proportion that had 
already been used or exhausted, the rate of 
increase in their consumption, and the length of 
time these resources would last if the present rate 
of use was to continue. Thus began the first 
national inventory of natural resources. 

President Theodore Roosevelt created the Com
mission as an outgrowth of the May 1908 White 
House Conference on Natural Resources. He 
appointed 49 members, with about equal represen
tation among scientists, industry leaders, and 
public officials, but when the President requested 
funds of Congress to carry out the inventory, the 
Senate voted down the bill. Nevertheless, by 
presidential order Roosevelt directed the heads of 
several bureaus to make investigations as re
quested by the Commission in the areas of min
erals, water resources, forests, and soils. 

The full Commission met on December I, 1908, 
to hear the reports of experts, which were later 
transmitted to the President in three volumes. 
This first inventory of the nation's natural re
sources was "but an approximation to the truth," 
wrote resource expert Charles Richard Van Hise 
in 1911. "But it is an immense advance over 
guesses as the natural wealth of the nation . . . 
[and] furnishes a basis for quantitative and there
fore scientific discussion of the future of our 
resources." The Commission's report was pub
lished as a Senate document in a limited edition. 
(The Commission's recommendation for a popular 
edition had been tumed down by the House 
Committee on Printing.) 

Before leaving office, President Theodore R<lO
sevelt sought to broaden interest in the conserva
tion of resources beyond U.S. boundaries. He 
invited the governors of Canada and Newfound
land and the President of Mexico to ;:ippoint 
Natural Resource Commissioners and send reore
sentatives to a meeting with his National Con-ser
vation Commission. At this firs~ North American 
Conservation Conference, held in Washington, 
D.C., in February 1900, a Declaration of Princi
ples was issued, and the founding of permanent 
conservation commissions in each country was 
recommended. 

In a separate action, President Roosevelt re
quested all the world powers to meet at The 

Hague for the purpose of considering the conser
vation of the natural resources of the entire globe. 
Efforts to institutionalize concern for preservation 
of natural resources faded, however, after William 
Howard Taft became President in March 1900, 
and the international conference was never held. 

The intense congressional opposition accorded 
these effort1) resulted not so much from objections 
to the subject matter as from reaction to what the 
legislators regarded as the President's attempt to 
bypass Congress by appointing too many presi
dential commissions. The opposition prevented 
the National Conservation Commission and its 
inventory of resources from becoming a congres
sionally mandated effort. Gifford Pinchot, whom 
Roosevelt had appointed as head of the National 
Conservation Commission, did keep the Commis
sion alive, but without President Taft's approval 
and at his own expense, and the Commission 
evolved into a kind of private lobby for conserva
tion. 

The Hoover Administration 

President's Research Committee on Social 
Trends (1929). The first organized effort in the 
area of social reporting was made in the autumn 
of 1929, wJ.,en President Herbert Hoover ap
pointed a President's Research Committee on 
Social Trends. The six-member committee, 
chaired by Wesley C. Mitchell, included Charles 
E. Merriam (who, with Mitchell, was to become a 
member of Franklin D. Roosevelt's original three
m&n National Planning Board) and William F. 
Ogburn, who was designated director of research. 
The Committee was called upon "to exan1ine and 
report upon recent social trends in the United 
States with a view to providing such a review as 
might supply a basis for the formulation of large 
national policies looking to the next phase in the 
Nation's development." The Committee issued 
annual reports, under the editorship of Ogburn, 
for five years-until the end of the Hoover 
Administration in 1933. 

Ogburn then published a book, Recent Social 
Trends, comprising a report by the Committee, to 
which a group of papers by experts had been 
added. In a Fo.-eword, dated October 1932, Hoo
ver wrote: "It should serve to help aJI of us to see 
where social stresses are occurring and where 
major efforts should be undertaken to deal with 
them constructively." The Committee claimed 
that the importance of their reports and of the 
book was in the effort to interrelate the disjointed 
factors and elements in the social life of America 
and to view the situation as a whole. 
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Many government organizations and private 
citizens contributed to the study, but the work 
received its major funding from the Rockefeller 
Foundation. The bock did not take up war, peace, 
or foreign policy, nor did it mention the economic 
situation that was developing into the Great 
Depression, and there was no chapter devoted to 
social science research itself. The topics discussed 
were population, utilization of natural wealth, the 
influence of invention and discovery, communica
tion, shifting occupational patterns, the rise of 
metropolitan communities, the status of racial and 
ethnic groups, the family and its functions, the 
activity of women outside the home, childhood 
and youth, the people as consumers, health and 
medical practice, public welfare activities, and 
government and society. 

In a 1969 article. social scientist Daniel Bell. 
harking back to Recrnt Social Trt•1u/s, com
mented on the repcrt's chapter on medicine, 
which dealt with the rise of specialized medical 
practice, the diveigence between n:si:an.:h and 

·general practice, and the consequences of geo-
graphical concentration. If the signposts in that 
chapter had been heeded, he wrote, they "would 
have gone far to avert the present crisis in the 
delivery of health care." Bell also claimed that the 
chapter on metropolitan communities was an 
accurate foreshadowing of postwar suburban 
problems. 

The Franklin D. Roosevelt Administration 
National Planning Board; National Resources 

Board; National Resources Planning Board 1933-
43. For the first 10 years of Franklin D. Roose
velt's Presidency, the availability of natural re
sources to meet future needs for at least six years 
ahead was a primary consideration of the National 
Resources Planning Board and its two predecessor 
organizations. Two special commitments of the 
President-conservation of natural resources and 
government planning to achieve social goals
were linked in Roosevelt's use of this Board. 

The effort started in 1933 when a National 
Planning Board was established under Interior 
Secretary Harold Ickes' Public Works Administra
tion to coordinate the planning of public works 
projects. The President's uncle, Frederick De
lano,• was a Board member along with political 

• Dchsno had been chairman of a privately funded citizens 
study of the Joint Committee 011 Bases of Sound Land 
Policy, which in 1929 issued a 168-page report Wlrat Alu1111 
the Year 2000? This was an economic summary of answers 
to the questions: "Will our land area in the United States 
meet the demands of our future population?" and "How 
arc we to determine the best use of our land resources?" 

scientist Charles Merriam and economist Wesley 
Mitchell. The following year, when Congress by 
joint resolution asked the President for a compre
hensive plan for the development of the nation's 
rivers, Roosevelt sought to make the Planning 
Board a part of the White House and to give it 
the lead role in the river-planning project. Ickes, 
aided by other Cabinet officers, fought the Presi
dent's idea, and a compromise resulted in the so
called National Resources Board, its six Cabinet 
officers under Ickes, as Chairman, outnumbering 
the three members of the former Planning Board. 

In December 1934, the new Board produced an 
extensive report. Its almost 500 pages, the Board 
claimed, "brings together for the first time in our 
history, exhaustive studies uy highly competent 
inquirers of land use, water use, minerals, and 
related public works in their relation to each other 
and to national planning." The report addressed 
it'ielf to such problems as "Maladjustments in 
Land Use and in the Relation of Our Population 
to Land, and Proposed Lines of Action." It also 
included an inventory of water resources, a dis
cussion of policies for their use and control, 
recommendations for a national mineral policy 
and a discussion of its international aspects. 

The December 1934 report to the President 
pointed to the significance of the recommenda
tions from the two technical committees that had 
assisted in preparing the report-one on land-use 
planning and one on water planning. Both com
mittees recommended the need for a pennanent 
planning organizatior.. The report repeated a rec
ommendation of the former Planning Board that a 
permanent national planning agency be estab
lished. In defense of planning, the report stated: 

It is not necessary or desirable that a central 
system of planning actually cover all lines of 
activity or forms of behavior. Such planning 
overreaches itself. Over-centralized planning must 
soon begin to plan its own decentralization, for 
good management is local self-government under 
a central supervision. Thus wise planning provides 
for the encouragement of local and personal 
initiative. 

Bills to institutionalize a national planning 
agency were defeated in Congress during the next 
four years, with opposition coming from antiplan
ners in Congress, from within the Administration 
(notably the Anny Corps of Engineers, the Forest 
Service, the Tennessee Valley Authority, and the 
Bureau of Reclamation), and from a powerful 
lobbying group known as the Rivers and Harbors 
Congress. 
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Finally, in 1939, after Roosevelt had succeeded 
in getting his executive reorganization plan 
through Congress and establishing an Executive 
Office of the President (without the planning 
agency, of which Congress unrelentingly disap
proved), he reconstituted his planning group into 
the National Resources Planning Board and 
placed it in his Executive Office by presidential 
order. Althollgh this action was unpopular with 
Congress, Roosevelt used his personal influence 
to get about $1 million a year appropriated for the 
Board's activities. 

From 1934 to 1939, Delano, Merriam, and 
Mitchell had continued to serve as a planning 
board and as planning advisers to the President. 
As members of the revised National Resources 
Planning Board, the three established a number of 
technical committees and a field organization. By 
1943 the Board had 150 full-time Washington 
employees, 72 field employees, and 35 per diem 
consultants. As its staff proliferated, however, it 
lost much of the influence it had gained as a 
coordinating body and became merely one agency 
among many. It met formally with the President 
more than 50 times, and held many informal 
meetings for discussion of long-range problems. 
Its propoGals, however, did not ordinarily include 
detailed recommendations for implementation, 
and the Board did not strive for action. In 1939, 
when World War II began, the Board shifted its 
priority to postwar planning. After the 1940 elec
tion, President Roosevelt instructed the Board "to 
collect, analyze, and collate all constructive plans 
for significant public and private action in the 
post-defense period insofar as these have to do 
with the natural and human resources of the 
Nation." 

Although Roosevelt had been the Board's chief 
(and sometimes its only) power base, he finally 
became resigned to the fact that it could not be 
pennanently established and in 1943 signed an 
appropriations bill directing that the National 
Resources Planning Board be abolished and that 
its functions not be transferred to any other 
agency. 

During the 10 years of their existence, the 
Board and its predecessors issued numerous re
search publications, including extensive data col
lections and studies of many national problems. 
They conducted statistical and analytical studies 
on subjects such as river basin development and 
frequently aided some federal agencies in getting 
their ideas up to the President. More than 300 
publications reveal how Roosevelt's boards had 
expanded from natural resource studies and plan-

ning into other futures efforts and subjects tha 
had largely been neglected.* 

Part of the Roosevelt boards' poor relatiom 
with Congress derived from the members' belie: 
that as a staff arm of the President they shoulc 
not develop close relationships with Congress. 
The National Resources Planning Board gave littl€ 
encouragement to members of Congress who were 
sympathetic, and its work (some Congressme11 
thought) enhanced the power of the Presidency 
unduly and contributed to loss of power by 
Congress. 

The Truman Administration 

President's Materials Policy Commi~sion (1951 ). 
After the high rate of consumption of natural 
resources, especially minerals, during World War 
II, potential scarcities of industria~ materials 
threatened the nation. Then the Korean War 
caused prices of materials to rise sharply, and the 
fact that the nation':s resources strength was 
indeed limited became increasingly recognized. 
On the recommendation of W. Stuart Symington, 
then chairm...n of the National Security Resources 
Board, President Harry S. Truman created the 
President's Materials Policy Commission in Janu
ary 19.51. He charged the new Commission to 
"make an objective enquiry into all major aspects 
of the problem of assuring an adequate supply of 
production materials for our long-range needs and 
to make recommendations which will assist me in 
formulating a comprehensive policy on such ma
terials." In a letter to Commission Chairman 
William S. Paley (Columbia Broadcasting System 
Boarl.l C:hrunnan), President Truman wrote: "We 
cannot allow shortages of materials to jeopardize 
our national security nor to become a bottleneck 
to our economic expansion." 

When the P1\-;:sident called Mr. Paley and the 
four other members of the blue-ribbon citizen 
Commission to his office late in January 1951, he 
included in his directions the need to make their 
study international in c;cope and to consider the 
needs and resources of friendly nations. The 18-
month study was the most comprehensive of its 

• Significant titles include: Ernnomics of Pl11n11it1>: of Public 
Works: H11man Resources: Trends in Urlnm Gm•ernment; 
R1m1/ Z11ning; Our Cities, Their Role in the N<1tione1I 
Ecmwmy; Technology and Pltmning; Cm1:rumer Incomes; 
Problems uf ti Ch1m1:in1: Pupulatiu11: A Plan for Nell' 
Englund Airports: Urban Planning cmd lt111d Policies; 
Housing Progress e1nd Problem.t; Wur· Time Pl1mning in 
Germany; Rates tmd Rate Str1u·ture; Trnn:sportatiun Coor· 
clinuti?n; Railroe1d Financing: After Defense-Wht11?: The 
Future of Transportation: The Frnme11·01k of an Economy 
of Plenty; and Post-War Problems of the Aircraft Industry. 



LESSONS FROM THE PAST 689 

type ever done. Seven Cabinet departments and 
2S federal agencies or commissions made special 
investigations, loaned personnel, and gave con
sulting help. Research assistance was provided by 
20 universities, as well as by experts from more 
than 40 industries, the International Materials 
Conference, the International Bank for Recon
struction and Development, and the International 
Monetary Fund. 

The resulting 5-volume report, Resources for 
Freedom, published in June 1952, contained some 
far-reaching recommendations, but it did not cre
ate any great public spla.,h, nor did it have an 
immediate effect on national policy. It was, how
ever, the first major study to perceive the re
sources situation as a problem not of absolute 
shortages but of dealing with rising "real costs," 
which would be at least as pernicious than short
ages. In retrospect, it is easy to see that the 
Commission neglected several areas now per
ceived as vital, such as population trends and 
environmental factors relating to the new techno
logical developments that the Commission as
sumed would alleviate many future shortage prob
lems. While the report emphasized the danger of 
increased U.S. dependence on foreign sources of 
raw materials. it saw as the main problem the 
technical ditliculties of obtaining materials from 
less developed countries without first considering 
the trade or political factors that might block 
access to the resources. 

The Commission's inventory of resources, its 
studies, and its projections for the ensuing 25 
years were extremely valuable, and a number of 
its recommendr1tions were prescient. In vrojecting 
materials availability a quarter of a century ahead, 
it proved remarkably accurate in several areas. 
The Commission recommended that the nation 
should have "a comprehensive energy policy and 
program which embraces all the narrower and 
more specific policies and programs relating to 
each type of energy and which welds these pieces 
together into a consistent and mutually supporting 
pattern with unified direction." 

The concluding chapter of the Commission's 
first volume addressed the problem of "Preparing 
for Future Policy." It stated that no single study 
by a temporary group can deal adequately with 
the immensely complicated situation "cutting 
across the entire economy, persisting indefinitely, 
and changing from year to year." 

The report recommended that a single agency
not an operating agency-shQuld survey the total 
pattern of activities in the materials and energy 
field, make periodic reports to industry, the pub
lic, and to the legislative as well as executive 

branches of government and be an advisory body 
located in the Executive Office of the President, 
framing recommendations for long-range policy 
(as much as 25 years ahead). The Commission 
somewhat perfunctorily recommended as a possi
ble solution that the existing National Security 
Resources Board (NSRB) in the Executive Office 
of the Presi1..lent serve this function. The NSRB 
could, if given funds and authority, collect in one 
place the facts, analyses and program plans of 
other agencies on materials and energy problems. 
The Board could also evaluate materials programs 
and policies in all these fields; it could recommend 
appropriate action for the guidance of the Presi
dent, the Congress, and the Executive agencies, 
and report annually to the President on the long
term outlook for materials, with emphasis on 
significant new problems, major changes in out
look, and necessary modifications of policy or 
oroirram. The Palev Commission suMested that to 
the fullest extent consistent with national security. 
the annual reports should be made public. 

The Paley Commission report reached President 
Truman in June 1952. By then the resources 
scarcity issue had lost its political priority and 
failed to arouse public· s concern. Truman took 
the logical step of directing the NSRB to review 
the report and its recommendations and to advise 
him of follow-up actions deemed appropriate. He 
wrote to NSRB Chainnan Jack Gorrie on July 9, 
1952, asking the Security Resources Board to 

initiate a continuing review of materials (including 
energy) policies and programs within the execu
tive branch, along the lines recommended by the 
Commission, and report annually to the President 
on the progress of materials programs and policies 
and the long-term outlook for materials, with 
emphasis on significant new programs. 

The NSRB had been established within the 
Executive Office of the President under the Na
tional Security Act of 1947, and its function was 
to advise the President on the coordination of 
military, industrial, and civilian mobilization. 
Thus, many of its activities were concerned with 
materials. Serving on the Board were the Secre
taries of Agriculture, Commerce, Interior, and 
Labor and the heads of the National Security 
Agency, the Defense Materials Procurement 
Agency, and the Defense Production Administra
tion. 

NSRB Chairman Gorrie submitted his report to 
President Truman in 1953, six weeks before Tru
man left office. It included a recommendation for 
the President to "ask the Congress to provide the 
NSRB with adequate funds to enable the Board 
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to develop policy designed to improve the national 
position with respect to resources affecting the 
Nation's security, and to carry out the directives 
in the President's memorand~m of July 9, 1952." 

Truman left office without taking any action on 
this recommendation. The new Eisenhower 
Administration, committed in the election cam
paign to a lessening of federal intervention and a 
cuttin~ back of government agencies, ignored the 
Commission's recommendations, and NSRB 
eventually faded out of existence. 

Resources for rhe Future (1952). William Paley, 
foreseeing the problem posed by lack of a contin· 
uing body to carry out recommendations of the 
President's Materials Policy Commission, set up 
an office with his own funds to respond to 
questions about the Commission's report, to keep 
some of the statistics up to date, and to keep 
public interest alive. He establbhed his small 
office in 1952 as a nonprofit corporation with the 
name Resources for the Future. 

About this time, a group of conservationists, 
led by former Natic.,;i"'; Park Service Director 
Horace M. Alhright (who was also prominent in 
the mining industry) were trying to interest the 
Ford Foundation in establishing a fund to provide 
fmancial assis:tance to conservation organizations. 
Among Albright's 25 cosponsors was Paley, who 
also served on a Ford Foundation program devel· 
opmenc committee on natural resources. This 
committee recommended establishment of an in
dependent reso11rces center to provi'.Je up-to-CT.ate 
information in conservation and natural r~sources 
and a continuous evaluation of the long-range 
programs of the federal government. The commii
tee also recommended a White House National 
Resources Conference, patterned after Theodore 
Roosevelt's 1908 Conference on Natural Re
sources. 

As a result of these recommendations, the Ford 
Foundation agreed to back th1! conference and to 
set up a research center-for which purpose Paley 
then turned over his nonprofit corporation, Re
sources for the Future. At a December 1952 
meeting in New York, Albright succeeded in 
getting President-Elect Dwight D. Eisenhower to 
agree to sponsor the White House Conference. 
But shortly after inauguration, the President's 
Chief of Staff Sherman Adams sought to kill the 
Conference because, according to AJbright, Ad
ams thought he detected a strong odor of "ex
New Dealers," idealists, and planners on the staff 
and board of directors of Resources for the 
Future. After Albright and Paley persuaded Lewis 
W. Douglas, former director of the Bureau of the 

Budget and a conservative critic of the New Deal 
to serve as Conf<;;:ence chairman, Adams compro 
mised. He agreed that Eisenhower would be tht 
Conference keynote speaker but insisted that tht 
Conference should not be sponsored by the White 
House. The r<..sulting 3-day Mid-Century Confer· 
ence on Resources for the Future drew 1,60C 
participants in December 1953. AJthough it en· 
dorsed no legislative or political proposals, the 
Conference did call attention to the need for 
policy changes and continuing research in re
sources management. 

Resources for the Future carried on some of 
the work of the Paley Commission. AJthough it 
could not directly influence government policy 
.:.rr1~ was not ordinarily international in scope, it 
\.Jntbmed to make long-range projections of the 
national economy based on population, the labor 
force, productivity, and other factors. It then tried 
to predict from these findings the probable re-' 
source requirements, and match them against 
possible supply, with attention to prices. Paley 
continued to serve on the board of directors and 
was partly responsible for the inauguration of a 
major study, published in 196'.-\, Re sources in 
America's Future, 1960-2000. 

The Eisenhower Administration 
Outdoor Recreation Resources Review Com

mission (1958). One of the most successful presi
dential commissions in recent times-in terms of 
getting its major recommendations implemented
was tt1e Outdoor Recreation Resources Review 
Commission, which spanned two administrations. 
Congress passed the Act establishing the Commis
sion in June 1958 after many years of lobbying by 
conservation groups. AJthough the Commission 
was not established by presidential request, Eisen
hower readily signed the law and, after a delay of 
several months, appointed the respected phil<>.n
thropist and conservationist Laurance S. Rocke
feller Chairman. Eight congressm~n and six public 
figures representing widespread interests in out
door recreation rounded out the Commission. 

Although the timing of the Commission's report 
of it3 Rtudy violated one of the basic axioms of 
presic ential commissions (don't start a study in 
one Administration and present the results to a 
new Administration-especially an Adminbtration 
of the other political party), almost everything else 
abot .. the Commission was a perfect example of 
how a presidential commission can operate to 
achieve its ends. The law establishing the Com
mission was carefully drawn so as to involve 
members of Congress who could later sponsor 

I 
·' 
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legislation to carry out the Commission's recom
mendations. The law provided for the appoint
ment of two 111zj~!'!t:v and two minority members 
of both the Senate and House Interior Commit
tees. This provision ensured stability in case of 
changes in c0ngressional assignments. 

The law also provided for an Advisory Council 
composed of the Secreta:k::. ~f federal depart
ments and tii'! heads of ir,dependent ais~11des with 
a direct intere.i! and l'<!sponsibility in rntdoor 
recreation, as weU as 25 citizen members covering 
most interests and geographic areas. 

Chainnan Rockefeller had national stature aud 
an aptitude for working with Congress, the exec
utive branch, and citizer. groups. He attracted a 
bright, capable staff with administrative abilities 
(it included the future Governor of Massachusetts 
and the first head of the National Endowment for 
the Arts). 

The research undertaken by the Commission 
gave a soliu base to its recommendations and was 
valuable as well as newsworthy. The recommen
dations included an institution through which 
Commission goals could be carried out. A foUow
on citizen lobbying and information activity was 
organize(.. by the Commission chairman to stimu
late continuous press and public interest and to 
work for implementation of the recommendations. 

The Act creating the Commission set forth 
three bask: goals. They were to determine: (1) the 
outdoor recreation wants and needs of the Ameri
can people at that time and for the years 1976 and 
2000; (2) the recreation resources of the nation 
available to satisfy those needs-for the same 
three peri!Xls; and (3) policies and prograrnr. that 
would ensure that present and future needs would 
be adequately met. 

The Commission staff, working with f1~deral 
agencies and private groups, devised a system of 
classifying outdoor recreation resources so as to 
provide a common framework and serve as a tool 
in recreation management. Particular types of 
resources and areas would be managed for spe
cific uses such as high density recreation, unique 
natural areas, wilderness, or historic and cultural 
sites. 

Five joint two-day meetings were held by the 
Commission with the Advisory Council, during 
which they made on-site inspections of the various 
types of federal and state recreation areas, includ
ing some where they campe<i out overnight. When 
the Commission adopted ·1 draft of its recommen
dations, they submittd the recommendations to 
the Advisory Council for additions or changes. 

The major items amo~~ ~he 53 recommenda
tions of the Commission were: 

• Establishment of a Bureau of Outdoor Recrea
tion in the Department of the Interior to coordi
nate the recreation activities of the federal 
agencies, to assist state and local governments 
with technical aid, to administer a grants-in-aid 
program for acquisition planning for develop
ment and acquisition of needed areas, and to 
act as a clearinghouse for infonnation. 

• Development of a federal grants-in-aid program 
with initial grants to states of up to 75 percent 
of the total costs for planning and 40-50 percent 
of acquisition costs. 

• Provision of guidelines for managing areas, with 
a common system of classifying recreation 
lands. 

When the Commission report was submitted to 
President Kennedy by Chainnan Rockefeller in 
January 1962, it had the unanimous approval of 
the 15 commissioners. The timing of its release 
was propitious. The popularity of outdoor recrea
tioii · • .,,~s booming. Federal and state land-manage
ment agi!ncies were finding it difficult to cl>pe 
with tb growing numbers of visitors, and Con
gress welcomed help in devising solutions. 

Rockefeller did not leave implementation of the 
recommendations to chance or political whim. 
Wi1!h private funds and the cooperation of the 
otht.=r citizen members of the Commission, he 
immediately established the Citizens Committee 
for the Outdoor Recreation Resources Review 
Commission Report. Two fuU-time coordinators 
were hired, both experienced conservationists fa. 
miliar with congressional procedures. Working 
principally through citizen groups, the organiza
tion concentrated in 1963-64 on acquainting citi
zens with the Commission's report and stimulating 
discussion and resolution of public policy issues 
in the light cf its findings and recommendations. 
A booklet, "Action for Outdoor Recreation for 
Americans,'' was widely circulated and served as 
a follow-up to the report. Leaders of the Senate 
and House Interior Committees who had serve<l 
on the Commission introduc1.J legislation to im
plement its major recommendations. 

Congress createct the Bureau of Outdoor Rec
reation in the Department of the Interior to serve 
as a focal point for outdoor recreation at the 
federal level and as a liaison point for similar state 
and local agencies. A Land and Water Conserva
tion Fund was established by Congress to assist 
states and local governments and federal agencies 
to acquire land for recreation. The fund was 
generously endowed with a share of the income 
from federal offshore oil revenues. In 1964, Con
gress passed the National Wilderness Act, provid-
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ing for a national wilderness system. as recom
mended by the Commission. 

President's Commission on National Goals 
(1960). A year before leaving office, President 
Eisenhower appointed the President's Commis
sion on National Goals "to develop a broad 
outline of coordinated policy and programs to. set 
up a series of goals in various areas of national 
activity." Th~s privately financed activity was 
sponsored b> the American Assembly (Eisen
hower had req•~ested that the effort be nonpartisan 
and have no connection with the government). 
The 10 members of the Commission were all from 
the private sector; Henry M. Wriston served as 
chairman and William P. Bundy as director of the 
Commission's staff. Approximately 100 people 
took part in discussions sponsored by the Com
mission, and 14 individuals submitted essays, 
which were subsequent!:. published in 1960, just 
before Eisenhower left rni'i..:e. 

The publication's two major sections covered 
U.S. domestic goals and the U.S. role in the 
world. There were chapters on education, science, 
the quality of American culture, and technological 
change, but there were no formal recommenda
tions, and no follow-up activity took place. 

The Kennedy Administration 
National Academy of Sciences Committee on 

Natural Resoun:es (1963). At the suggestion of 
Presidential Science Adviser Jerome Weisner, 
President John F. Kennedy announced in a Spe
cial Message on Natural Resources, February 
1961, that he would be asking the National 
Academy of Sciences to undertake 

a thorough and broadly based study and evaluation 
of the present state of research underlying the 
conservation, development, and use of natural 
resources, how they are formed, replenished and 
may be substituted for, and giving particular 
attention to needs for basic research and to projects 
that will provide a better basis for natural resources 
planning and polir.y formulation. 

Sinr.e Detlev W. Bronk, then President of the 
National Academy of Sciences, lacked a back
ground in natural resources, he appointed a Com
mittee on Natural Resources to lead the study. 
The Committee consisted of 13 Academy mem
bers, one of whom also represented government, 
Roger Revelle, then Science Adviser to the Sec
retary of the Interior. Bronk did not appoint a 
Committee chairman but convened the organizing 
sessions himself and gave most of the responsibil
ity for preparing the summary report to Joht1 S. 
Coleman of the Academy staff. 

The Committee held a number of seminars led 
by members of the Committee and each bringing 
together 20 to 30 experts from government, indus
try, and academia to discuss issues to be covered 
in seven reports: Renewable Resources, Water 
Resources, Environmental Resources (never com
pleted), Mineral Resources, Energy Resources, 
Marine Resources, and Social and Economic 
Aspects of Natural Resources. After each semi
nar, the Committee convened for a week to revise 
its papers and discuss preparation of a summary 
document. Although Frank Notestein of the Pop
ulation Council was a Committee member, no 
major population-related studies were undertaken. 
Two of the six completed reports are of special 
interest here. "Energy Resourres" by M. King 
Hubbert, then employed by th~ Shell Develop
ment Company, estimated the nation's crude oil 
reserv1~s at about 175 billion barrels. He predicted 
that production would peak in the late 1960s and 
that thereafter domestic production and reserves 
would decline (an estimate that has proved highly 
accurate). However, Interior's then Assistant 
Chief Geologist Vincent E. McKelvey, had au
thored a study for the U.S. Geological Survey 
which estimated that total domestic oil reserves 
were on the order of 590 billion barrels. McKelvey 
predicted that production would not peak for 
many years and that scarcities would not occur 
for 30 years or so. As a result of this disagree
ment, the committee's 1'U11i11mry report did not 
base its recommendations on Hubbert's projec
tions and did not present the oil-depletion issue in 
a form that made clear the consequences and the 
course of action that should be taken if Hubbert 
was correct. 

Gilbert White's report "Social and Economic 
Aspects of Natural Resources" co isidered the 
worldwide effects of population growth and distri
bution on natural resources and also identified the 
many natural resource areas that required coordi
J"lation between resource development and the 
overall welfare of society. White stressed the need 
to compare demand with supply in both energy 
and mineraJ production, to determine who would 
bear the costs of meeting future energy require
ments. 

The Committee's summary report to the Presi· 
dent made 11 major recommendations, of which 
the last stressed the need for a small central 
natural resources group within the federal govern· 
ment. Such a group should be capable of conduct
ing a continuing overall evaluation of research 
problems related to resources, of bringing to 
public attention evaluations of natural resources 
research needs, and of initiating and supporting 
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1"esearch that falls outside the intH"ests and com
petencies of existing agencies. The group should 
also provide support for in~emational ~ooperation 
in resources research. 

Submitted to the President in November 1962, 
the Academy report was referred to Presidential 
Science Adviser Wiesner. who in tum referred it 
to the President's Science Advisory Council and 
the Federal Council for Science and Technology. 
Whatever interest Wiesner had been able to 
generate at the presidential level at the beginning 
of the project had ~vaporated by the time the 
report was completed. Although the Academy 
was eventually asked to design specific programs 
to implement two of the 11 recommendations, no 
new research programs were undertaken, and no 
continuing instituticn was established. 

In the opinion of John Coleman, who was 
responsible for the summary report, a temporary 
body such as the Academy's Committee on Nat· 
ural Resources had little opportm 1ity t<1 build a 
constituency for its recommendations in Congress 
or among the public. And without supporters in 
positions of power or influence, there was no way 
to implement the findings. The Academy did, 
however, involve more than one hundred experts 
in the course of preparing the reports, and Cole
man suggests that uncounted benefits came from 
the attention given to future research problems by 
these experts. 

'rile Johnson Administration 
National Commission on Technology, Auto

mation, and Economic Progress (1964). In the 
course of its work, the National Commission on 
Technology. Automation, and Economic Progress 
(established by Congress in 1964 with 14 memb.:·rs 
appointed by President Lyndon B. Johnson) con
sidered national goals and a system of social 
reporting. The Commission's report to the Presi
dent early in 1%6 stated that formation of a 
national body of distinguished citi:t:ens represent
ing diverse interests and constituencies and de
voted to a continuing discussion of national goals 
would be valuable. "Such a body would be 
concerned with 'monitoring' social change, fore
casting possible social trends, and suggesting pol
icy alternatives to deal with them," the report 
stated. "Its role would not be to plan the future, 
but to point out what alternatives are achievable 
and at what cost." Five of the Commission 
members insisted on including a footnote express
ing regret that the report _did not explicitly recom
mend establishing such a national body, but 
nothing was done about the matter by the Presi
dent or by Congress. 

Public Land Law Review Commisj·ion (1965). 
Many observers believe that inclusion of powerful 
members of Congress on a commission leads to a 
high rate of implementation, as in the case of the 
Outdoor Recreation Resources Review Commis
sion. Perry R. Hagenstein, who was appointed 
senior staff member of the Public Land Law 
Review Commission in 1965, believes that hav!ng 
members of Congress on a commission is no 
guarantee that legislative proposals may ensue. 

In a paper "Commissions and Public Land 
Policies: Setting the Stage for Change" (presented 
at an April 1977 Denver Conference on the Public 
Land Law Review Commissions), Hagenstein 
wrote: 

Being party to a commission's report does not 
bind a member to support its recommendations. 
Within 48 hours of the release of the [1970] Public 
:..and Law Review Commission report, one of the 
Commission's influential congressional members 
had already denounced the report roundly and 
disassociated himself from some of its major 
recommendations. In addition, members of Con
gress face the realities of change too. Although 
only one of the 13 congressional members of the 
Public Land Law Review Commission failed to 
serve in the Congress following release of the 
Commission's report, six more, including the 
Chairman, had dropped by the wayside in the 
next Congress, the 93rd. Today (seven years later) 
only two members of the PLLRC, the Chairmen 
of the Senate Energy and Natural Resources 
Committee and the House Interior and Insular 
Affairs Committee, remain in Congress. 

Hagenstein notes that the Public Land Law 
Review Commission, although structured along 
the lines of the Outdoor Recreation Resources 
Review Commission, was actually not a presiden
tial commission. Twelve of its members, plus the 
chairman, were chosen by Congress from Con
gress; there were only six presidential appointees. 
Hagenstein added: 

Participation by the Executive Branch in this 
predominately congressional effort was necessary 
to give the Commission credibility with recreation 
and preservation interests and to gain a semblance 
of commitment to its recommendations from the 
Executive Branch itself. Some congressional 
members found it difficult to separate their public 
posture in committee hearings and with constitu
ents from the private deliberations at the Commis
sion meetings. 

Timing and the political atmosp:.ere also played 
a part in hampering follow-up to the Public Land 
Law Review Commission: 

It was conceived during President Kennedy's 
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term, the public members were appointed by 
President Johnson, and it r~ported to President 
Nixon. It had no home in the White House, and 
its recommendations, many \lf which were based 
on criticism of the way in which the laws were 
being administered, did not have the enthusiastic 
support of the public land management agencies. 

Chairman [Wayne] Aspinall stated at various 
times that once the Commission finished its work, 
the next step would be up to the Congress. . .. 
Some three months after the 92nd Congress 
convened and nine months after the Commission's 
report had been filed, H.R. 7211, a bill that put a 
number of the Commission recommendations in a 
cumbersome package, was introduced by Chair· 
man Aspinall. The bill in its entirety had a 
constituency of one, although that one, Aspinall, 
was in a position as Chainnan of the Interior and 
Insular Affairs Committee to make the bill move. 
. . . Power in the Congress accumulates slowly, 
but erodes rapidly, and Aspmall was unable to 
bring H.R. 7211 to a floor vote following his 
defeat in a primary some weeks before the 92nd 
Congress adjourned. Faced with its own problems 
of timing, elections and politics, the Congress is 
not the place to center responsibility for follow
up. 

Toward a Social Report (1967) and Other 
Studies of the Mid-/960s. Johnson's Secretary of 
Health, Education, and Welfare John Gardner 
became interested in social indicators and per· 
suaded the President to assign to his Department 
the task of developing "the necessary social 
statistics and indicators to supplement those pre
pared by the Bureau of Labor Statistics and the 
Council of Economic Advisers. With these yard
sticks we can better measure the distance we have 
come and plan the way ahead." Johnson so 
directed in his Message to Congre5s on Domestic 
Health and Education. 

Under prodding from HEW Under Secretary 
Wilbur J. Cohen, Assistant Secretary for Planning 
William Gorham hired Mancur Olson in 1967 as 
Deputy Assistant Secretary for Social Indicators, 
to lead in preparing a social report. With the help 
of a panel cochaired by social scientist Daniel Bell 
and HEW Assistant Secretary Alice M. Rivlin, 
Olson sought to devise a system of social indica
tors-which he defined as measures of the levei 
of well-being in a society-for measurine the 
social progress or retrogression of the nation. The 
study was scheduled to be completed in mid-1%9, 
but when President Johu:xm announced he would 
not run again and Rich·l.rd M. Nixon was elected, 
Olson rushed the study tc. completion ahead of 
schedule so 1t could be published before Johnson 
Jeft office. The document, "Toward a Social 

Report," was submitted to the President by HEW 
Secretary Wilbur Cohen nine days before Johnson 
left office. 

Three of its seven chapters were titled: "Health 
and Illnese" (Are we becoming healthier?); "Our 
Physical Environment" (Are conditions improv
ing?); and "Public Order and Safety" (What is the 
impact of crime on our lives?) A final chapter 
discussed the need for continuing studies of social 
indicators and how to apply them in formulating 
policy. 

Although no institutional apparatus for policy
making r~sulted from "Toward a Social Report," 
one of the members of the Panel on Soch.l 
Indicators, Daniel Patrick Moynihan, continued to 
advocate social reporting when appointed Coun
selor to President Nixon in 1969. Also, the Census 
Bureau representative to the Social Indicators 
Panel, Julius Shiskin, went on to the Office of 
Management and Budget (OMB), where he 
headed the staff that produced the OMB report 
"Social Indicators of 1973." (An updated version, 
"Social Indicators of 1976," was issued by OMB 
in December 1977.) 

The mid-1%0s saw two other efforts in the 
social area. In 1%7, Senator Walter G. Mondale, 
supported by 10 other senators, introduced "The 
Full Opportunity and Social Accounting Act," 
which proposed a Council of Social Advisers in 
the Executive Office of the President, and the 
publication for transmittal to Congress of an 
annual Social Report by the President, similar to 
the yearly Economic Report of the Council of 
Economic Advisers. The Mondale bill twice 
passed the Sea;ate (in 1970 and 1972), but no 
action was ever taken by the House. 

In the private sector, Daniel Bell organized the 
Comm!ssion on the Year 2000, funded by the 
Carnegie Corporation and run by the American 
Academy of Arts and Sciences. About 30 promi
nent social scientists and other experts concerned 
about preparations for the future and alternative 
policy choices held working sessions for three 
days in 1965 and for two days in J9f::;. During 
1%7 they contributed papers and participated in 
the discussions of eight working ·i>arties. The 
Commission's 350-page report, "Toward the Year 
2000: Work in Progress," was wic'ely distributed 
after publication as the entire Summer 1%7 issue 
of Daedalus, the journal of the American Acad
emy of Arts and Sciences. 

This private-sector commission w:.ide no formal 
recommendations, however. Acr.ording to Bell, 
the Commission avoided issues .:elated to natural 
resources. e::nvironme11t, and iJOpulation because 
there w~re too many variables. Instead, the Com-
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mission tried to identify technological trends in 
terms of a 10..year lead time. Aud they also looked 
at changes in sodal frameworks, such as those in 
a postindustrial s'lCiety. 

The Last Decade 

National Environmental Policy Act of 1969 
Improving the quality of the envimnment has 

been the objective of a number •:>f laws passed by 
Congress and executive orders issued by Presi
dents in the last two decades. Only one law, 
however, served to provide for a long-range, 
holistic approach to decision-making throughout 
the government and established an institution that 
had the potential, on paper at least, for advising 
the Presidi:nt on how to prepare for some of the 
problems of the future. This law, the National 
Environmental Policy Act of 1969, required "en
vironmental impact statements" by the responsi
ble official for all major federal actions "signifi
cantly affecting the quality of the human 
environment." It also provided for establishing in 
the Executive Office of the President a three
member Council on Environmental Quality. 

The legislation was developed by congressional 
committees withom assistance from the Nixon 
White House. While Congress was 1;onsidering 
the legislation, President Nixon had established 
by executive order his own Cabinet-level Enviton
mental Quality Council in May 1969. 

Nixon's Council consisted of the President as 
Chairman, the Vice President (serving as Chair
man in the President's absence), the Secretaries 
of six Departments-Agriculture; Commerce; 
Health, Education, and Welfare; Housing and 
Urban Development; Interior; and Transporta
tion-and the Science Adviser to the President, 
who was named Executive Secretary. The general 
purpose of the Council was to "assist the Presi
dent with respect to environmental quality mat
ters." One of its specific duties was to "review 
the adequacy of existing systems for monitoring 
and predicting environmental changes so as to 
achieve effective coverage and efficient use of 
facilities and other resources." The Cabinet-level 
Council met only a few times and accomplished 
very little. 

Congress ignored White House opposition and 
passed the National Environmental Policy Act in 
December 1969. The Act was signed into law on 
January l, 1970, by the President, who subse
quently dropped his Cabinet-level council and 
appointed three members to the new Council on 
Environmental Quality required by the Act. 

Council on Environmental Quality 
As a declaration of national environmental pol

icy, Section 101 (b) of the 1969 Act provided that: 

it is the continuing responsibility of the Federal 
Government to use all practicable means, consist
ent with other e3sential considerations of national 
policy, to improve and coordinate Federal plans, 
functions, programs, and resources to the end that 
the Nation may--

(l) fulfdl the responsibilities of each generation 
as trustee of t'te environment for succeeding 
generations; 

(2) assure for all Americans safe, healthful, 
productive, and esthetically and culturally pleasing 
surroundings; 

(3) attain the widest range of beneficial uses of 
the environment without degradation, risk to 
health or safety, or other undesirable and unin
tended Cl'nsequences; 

(4) preserve important historic, c:ulturaJ, and 
natural aspects of our national heritage, and 
maintain, wherever possible, an environment 
which supports oiversity and variety of individual 
choice; 

(5) achieve a balance between popula.tion and 
resource use which will permit high l>id!ldards of 
living and a wide sharing of life's amenities; 

(6) enhance the quality of renewable resources 
and approach the maximum attainable recycling 
of depletable resources. 

In preparing environmental impact statements, 
responsible federal officials were required to in
clude: 
• The environmental impact of the proposed ac

tion; 
• Any adverse environmental effects which can

not be avoided should the proposal be imple
mented; 

• Alternatives to the proposed action; 
• The relationship between local short-term uses 

of man's environment and the maintenance and 
enhancement of long-term productivity; 

• Any irreversible and irretrievable commitments 
of resources which would be involved in the 
propo~ed action should it be implemented. 

The Council on Environmental Quality was 
specifically given the duty "to deve~op and rec
ommend to the President national policies to 
foster and promote the improvement of environ
mental quality to meet the conservation, social, 
economic, health, and other requirements and 
goals of the Nation" and also to assist and advise 
the President in the preparation of an annual 
Environmental Quality Report. 

The annual report was to set forth such things 
as 
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• Current and foreseeable trends in the quality, 
management and utilization of such environ· 
ments and the effects of those trends on the 
social, economic, and other requirements of the 
Nation; and 

• The adequacy of available natural resources for 
fulfilling human and economic requirem?.nts of 
the Nation in the light of expected population 
pressures. 

Another section of the National Environmental 
Policy Act required that all agencies of the federal 
government should 

recognize the worldwide and long-range character 
of environmental problems and, where consistent 
with the foreign ·policy of the United States, lend 
appropriate support to initiatives, resolutions, and 
programs designed to maximize international co
operation in anticipating and preventing a decline 
in the quality of the environment. 

While there have been efforts over the past 
seven years to carry out these basic provisions of 
the Act, its implementation has been far less than 
its framers intended. Federal officials have in 
most cases followed the letter of the law's require
ment that they consider the environmental impact 
of major decisions and alternative courses of 
action that might be better for the nation. How
ever, only rarely have officials submitted such 
statements before o decision is made, as the law 
requires. 

While President Nixon did not include the 
Council on Environmental Quality among his 
foremost atlvisers, he relied on it to prepare his 
environmental legislative program. The Council per
formed other useful functions in developing major 
t"''!W studies, reviewing international environmental 
activities, coordinating domestic environmental ac
tivities, and overseeing the environmental impact 
statement process. 

National Goals Research Staff (1969) 
In July 1969, President Nixon established a 

National Goals Research Staff in the White 
House. The impetus came largely from Daniel 
Patrick Moynihan, then counselor to the President 
and head of the newly created Urban Affairs 
Council, operating out of the White House base
ment.* 

•Moynihan had been aiming at such a futures study since 
his first days in office, when he had appointed an Urban 
Affairs Research Committee to develop projections and 
forecasts with a comprehensive, long-range perspective on 

The National Goals Research Staff' consisted of 
a small group of experts, whose primary task was 
to prepare a report annually, at least until 1976, 
setting forth some of the key policy choices facing 
the nation, together with the consequences of 
those choices. The goals group was not a planning 
agency; it was to provide information and analysis 
so that those making decisions "might have a 
better idea of the direction in which events are 
moving, the seeming pace of those movements, 
and alternative directions and speeds that possibly 
could be achieved, were policies to be shifted in 
one direction or another." That statement, by 
Moynihan, prefaced the first report of the Goals 
Research Staff, published on July 4, 1970, under 
the title "Toward Balanced Growth; Quantity 
with Quality." 

Moynihan had conceived of the report as a 
social report, rather than an inventory of natural 
resources or collection of statistics. In the an
nouncement of July 1969, President Nixon said 
the new Goals Staff would for the first time create 
within the White House "a unit specifically 
charged with the long perspective; it promises to 
provide the research tools with which we at last 
can deal with the future in an informed and 
informative way." The President also said the 
Goals Staff would provide for "new mechanisms 
which can enable government to respond to 
emerging needs early enough so that the response 
can be effective." 

The functions of the National Goals Research 
Staff' were to include 

forecasting future developments, and assessing the 
longer-range consequences of present social 
trends; measuring the probable future impact of 
alternative courses of action, including measuring 
the degree to which change in one area would be 
likely to affect another; estimating the actual range 
of social choice-that is, what alternative sets of 
goals might be attainable, in light of the availabil
ity of resources and possible rates of progress; 
developing and monitoring social indicators that 
can reflect the present and future quality of 
American life, and the direction and rate of its 
change; summarizing, integrating, and correlating 
the results of related research activities being 
carried on within the various Federal agencies. 
and by Statt and lncal govemmer.ts and private 
organizations. 

The President announced that the first assign
ment of the new group would be to assemble data 

trends and to study the most probable longer-range conse· 
quences of major policy alternatives, as well as to anticipate 
developments for "an improved assessment of current 
priorities ". .. useful in articulating feasible national goals." 
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·that could help illumine the possible range of 
national goals for the nation's 1976 Bicentennial. 
The public report to be delivered by July 4, 
1970--and annually thereafter- woulC: make pos
sible discussion of key choices and their conse
quences 

while there still is time to make the choices 
effective. . . . Only shortly beyond the 200th 
anniversary lies the year 2000. These dates, to. 
gether, can be targets for our aspirations. Our 
need now is to seize on the future as the key 
dimension in our decisions, and to chart that 
future as consciously as we are accustomed to 
charting the past. 

Even before release of the President's state
ment, a power struggle had arisen within the 
White House over who would direct this goals 
research: Would it be Moynihan as Executive 
Secretary of the Council for Urban Affairs? Or 
would it be Arthur Bums, also a Counselor to the 
President and head of the Office of Program 
Development? Nixon solved the controversy by 
naming his Special Consultant, Leonard Garment, 
director of the National Goals Research Staff. 
Garment found out about his new "job" shortly 
before leaving on a long trip to the Soviet Union 
to set up a cultural exchange program. When he 
returned, he brought in some futures experts, 
including the Hudson Institute's Herman Kahn, 
the Harvard Business School's Raymond Bauer, 
and Brookings Institution's Director Charles 
Schultz, to assist him in setting up the group. 

Garment soon encountered difficulties in imple
menting his task, as funds for the project were 
limited, and it was necessary to borrow some of 
the 10 members of the staff from federal agencies. 
He hired Bauer as senil'r consultant and staff 
report coordinator and appointed Charles Williams 
of the National Science Fo1•·\dation as staff direc
tor. Garment, who modes ,y claimed "my main 
job was to protect the work," had the President's 
ear and was able to maintain Mr. Nixon's support, 
although he had to bypass the normal channels to 
keep the President informed of the Goals Staff's 
activities. 

One of the early ideas was to build a network 
among state, regional, and local planning groups 
in order to obtain ideas about national goals 
through interaction with citizens. This effort was 
discontinued after one public hearing because of 
opposition from the White House staff. The Goals 
Staff, however, was able to bring in consultants in 
various fields. 

Some work was done with the Bureau of the 
Budget's Office of Statistical Policy in developing 

regularly published social statistics using available 
data, but this work was not published in the 1970 
report. No efforts were made to include foreign 
policy issues, as in the Eisenhower Commission 
on National Goals. 

The Goals Staff worked instead on a relatively 
few issues; it tried to define the questions, analyze 
the .. emerging" debates, and examine the alter
native sets of consequences. Garment believes 
that the main strength of the goals work was its 
bringing forward for debate some issues which 
were ahead of their time, such as national growth 
policy, revenue sharing, and technology assess
ment. Civil rights, the Vietnam war, and other 
issues with which the public was already preoc
cupied were entirely ignored. 

Even with the program's shortcomings, the July 
4, 1970, .. Toward Balanced Growth" provided a 
springboard for national debate on a number of 
vital issues. The report concentrated on popula
tion growth and distribution, environment, educa
tion, basic natural science, technology assess
ment, consumerism and economic choice, and 
balanced growth: 

Confronted with the trend toward ever greater 
concentration of a growin~ population in already 
crowded metropolitan regions, should we accept 
the present trend? Or, if not, to what extent 
should the focus of public policy be on encourag
ing . the spread of population into sparsely popu
lated areas, fostering the growth of existing mid
dle-sized cities and towns, or experimenting with 
the developmert of new cities outside of existing 
metropolitan areas? Given the present threat to 
our natural environment, how shouid we balance 
changes in patterns of product.ion and consump
tion with new means of waste disposal or recy
cling-and how should be allocate the costs? 
Should they be borne by producers, by con
sumers, by the general public--0r by what com
bination of these? How can consumer protection 
best be advanced without so interfering with the 
market mechanism as to leave the consumer 
worse off in the long mn? 

The report, published without White House or 
Bureau of the Budget. interference, made some 
bold statements. For instance: 

FHA and VA mortgage insurance, the interstate 
highway system, Federal and State tax policies, 
State and local land use programs, all contributed 
to the massive suburbanization of the last 25 
years. 
Defense contract awards have accelerated the 
population booms in Southern California and 
along the Gulf Coast. 

v11 
1 
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Agricultural research and support programs have 
accelerated depletion of the rural population. 
These policies make individually positive contri· 
butions to society. but their ~ollecttve impact may 
not be desirable from lhe standpoint of distribu
tion of popuiatior. and economic opportunity. 

The discussion in the population section was 
even more bold: 

A considerable number of population experts 
strongly endorse the goal of a zero rate of 
increase-that is, a stationary population-as soon 
as we can achieve it. Tbfa means that in the 
interest of society, all American families should 
have an average of two ,.;hildren. Even many of 
those who do not see th~ problem ar pressing see 
this as a desirable goal. 

This choice implies a significant change in 
public policy. It calls for a deliberate government 
effort to promote the reduction in the growth rate 
until population stability is achieved. It also im
plies that we must not leave the possibility of 
population stability to chance. It means we may 
have to do more than rely upon liberalized abor
tion laws in the States, and upon the distribution 
of free contraceptives to the poor, who are the 
focus of most U.S. family-planning programs. We 
may also have to devise ways of changing individ
ual and social attitudes, governmental policies and 
incentives, and thrnugh these, the motivation of 
young people and adults in all socio-eco1 1mic 
groups. 

Even if the country elects the goal of arresting 
the growth of U.S. population by the end of the 
century, it is not at all clear whether or not the 
Government can bring about a societal consensus 
voluntarily to control the growth of the U.S. 
population within a generation. More active public 
policies might be required than "moral encourage
ment." Changes in tax laws and health insurance 
programs might help. An extreme form of an 
actiYe public policy would be to regulate family 
siz.e by fiat. Some persons have even gone so far 
as lo suggest enforced sterilization when each 
family reaches its maximum allowance. Less dras
tic forms of coercion could be devised. But 
whatever the form, coercion in the regulation of 
family size is likely to be unacceptable to the 
American people." 

Several months before publication of the report, 
Garment and Williams forni.ed an ad hoc commit
tee to evaluate the possibitK:es for setting up an 
institute or organization in the private sector that 
would be the equivalent of the governmental goals 
effort. Williams discovered that the Senior Exec
utive Council of the Conference Board was al
ready conside1ing something along similar lines. 
At a White House meeting chaired by Garment in 
March 1970 and attended by a half dozen private 

sector leaders, the Conference Board's Executive 
Council agreed to study the possibility of putting 
together a Center for National Goals. White 
House officials said that President Nixon would 
announce formation of the institution when he 
issued the first National Goals Report on July 4, 
1970. The private sector representatives did not 
believe that they could gl!t a structure ready in so 
short a time. The timing problem did not develop, 
howeve1 , because no presidential statement was 
issued on July 4. 

In June. a month before the Goals Research 
Staffs report was due to be published, the staff 
found out that its first report would also be its 
last. The President had decided to create a Do
mestic Council under John Ehrlichman, who felt 
the Domestic Council could carry on any addi
tional goals and alternatives work. (In fact, how
ever, it did not perform truly long-range policy 
analysis.) 

The National Goals Research Staff was dis
banded when the July 4, 1970, report was com
pleted. Moynihan had prepared an introductory 
statement for the President to sign, but the 
President decided he should not be so directly 
associated with the 1·eporl, and the Moynihan 
introduction appeared as a "statement of the 
Counselor to the President." The document 
emerged, finally, as a report from the National 
Goals Research Staff to the President. 

The report was published just before the Fourth 
of July, while the P1esident was in California, and 
no presidential statement was issued. Press cov
erage was accordingly light. 

Proposal for a Center for National Goals nnd 
Alternatives (1970) 

With the White House goals mission apparently 
ended, the Senior Executives Council, an advisory 
group to the Conference Board (an indeper.dent 
nonprofit business research organization) never
theless decided to continue its investigation of the 
possibilities for a private sector effort for estab
lishing national goals. The Council is composed of 
36 chief executives, 25 of them from business and 
the rest from universities, foundations, and public 
institutions. They finance their own studies and 
activities and opernte independently of the Confer
ence Board. Board President H. Bruce Palmer 
was interested in the subject, having been one of 
the sponsors for the formation of the Institute for 
the Future. The Senior Executives Council put up 
$60,000 to study the best design for such an 
organization, and the National Endowment for the 
Humanities contributed $9,800 for the study. Wil-
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lis W. Hannan of the Stanford Research Institute 
was selected to do a 4-month analysis, assisted by 
representatives from Arthur D. Little Company, 
the Institute for the Future, the Center for a 
Voluntary Society, the Senior Executives Council, 
and Anthony Wiener of the Hudson Institute, who 
had been a research consultant for the National 
Goals Research Staff. 

In December 1970, the Hannan group submitted 
its report to the steering committee of the Senior 
Executives Council. The report proposed forming 
a Center for National Goals and Alternatives. The 
essential function of the proposed Center would 
be to address four basic issues: (1) how to 
understand the processes of social change, inter
pret the present moment in history, and anticipate 
the consequences of alternative actions; (2) how 
to explore the range of attainable social choices; 
(3) how best to clarify bases for value choices and 
goals selection; and (4) how to identify, evaluate, 
and implement alternative policies and strategies. 
The Center, at le:,st in theory, would be free of 
domination by any power group; it would foster 
an interdisci1Jinary approach and would have a 
permanent staff as well as visiting fellows, schol· 
ars, and interns. Joint involvement of public, 
private, and voluntary sectors would be provided 
through the mechanism of a Forum that would 
give; a broad representational base for steering the 
Center and would ensure objectivity and promote 
credibility. Forum members would select a third 
of the members of the Board of Trustees. The 
estimated budget was $7.5 million for the frrst 
three years, and $5 million per year after that. 
Two-thirds of the budg-:t would be obtained from 
nongovernment sources, one-third from the fed
eral government. 

The Conference Board's Senior Executive's 
Council asked Erik Jonsson of Texas Instruments, 
former Mayor of Dallas and head of Goals for 
Dallas, to assess the viability of the proposal for a 
Center. In answer to questions raised by Jons
son 's assessment, Hannan prepared a paper justi· 
fying the need to discover whether the future 
would be more or less an unbroken extrapolation 
of the past, or whether, after a tumultuous period 
of a few decades, radical societal change would 
be required. 

In the absence of any solid knowledge on which 
the nation could base its choice of a course to 
follow, Hannan felt the Center should formulate 
means with which to examine national goals, 
priorities, and policies in both contexts. In support 
of the need for approaches to meet radical societal 
changes, he presented a table showing how "suc
cesses" of the technological era had resulted in 

problems for the future because they had been 
"too successful," inferring, that we had not pre
pared in advance to cope with the results. For 
instance: 

Prolonging the life span had resulted in overpopu
lation and problems of the aged. 
Weapons for national defense had resulted in the 
hazard of mass destruction through nuclear and 
biological weapons. 
Replacement of manual and routine labor by 
machines had exacerbated unemployment; effi
ciency had resulted in dehumanization of the 
world of work. 
Growth in the power of systematized knowledge 
produced threats to privacy and freedom, and 
erected a knowledge barrier to the underprivi
leged. 
Aftluence had increased per capita environmental 
impact, pollution and energy shortages. 
Satisfaction of basic needs had produced a world· 
wide revolution of rising expectations, rebellion 
against nonmeaningful work, and unrest among 
affluent students. 

Although Jonsson's review of the Harman pro
posal appro• ·ed the technical basis of the proposed 
organization, some members of the Senior Exec
utives Council raised questions, and further study 
was ordered in 1971 under the guidance of Robert 
0. Anderson, chairman of the Board of the 
Atlantic Richfield Company and new head of the 
Senior Executives Council. The proposal was 
accordingly refined to create an Institute for 
National Objectives-A Center for Integrative 
Studies of National Policies, Priorities, and Alter
natives. Its 12- to 30-man Board of Trustees 
would include representatives from the Adminis
tration, Congress, and the National Science Foun
dation, and perhaps one or more governors or 
mayors. Involvement of public, private, and vol
untary sectors would be reinforced through an 
Advisory Council of up to 50 members elected for 
3-year terms, plus about 20 members elected by 
the Advisory Council itself. Business, founda
tions, and labor and voluntary organizations 
would be asked to participate in funding; half the 
initial $10 million would be sought from the 
National Science Foundation, the National Insti
tutes of Health, Congress, and other federal 
sources. 

Robert 0. Anderson and Erik Jonsson pre
sented the proposal for the new Institute to the 
President in January 1972. Nixon agreed that 
something should be done. He felt that :i govern
ment effort would be viewed as political, but if 
the Institute originated as a private organization, 
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he .vould see that government funds were made 
available. He put John Ehrlichman in charge of 
Adminii.tration coopera'.ion for the project. Nixon 
said that the lnstitute's sponsors would have to be 
credible and outside of politics, and that the 
money would have to "'Orne from several pockets. 

Although some members of the Senior Execu
tives Council still expressed reservations, $115,000 
was raised initially. Robert Anderson placed the 
project under Joseph Slater, head of the Aspen 
Institute for Humanistic Studies (Anderson serves 
as board chairman of the Institute), but Slater was 
unable to get the necessary additional funding 
from foundations, and the project, as proposed by 
the Senior Executives Council, was tenninated. 
However, the Aspen Institute developed the con
cept in its own way, proposing an Institute for 
Analysis of Public Choices, free of all federal ties. 
The proposal was submitted to Nelson Rockefeller 
in 1973 and, according to Slater, influenced the 
direction Rockefeller took when he started his 
Commission on Critical Choices for Americans. 
The Aspen Institute is now seeking to tum many 
of its own programs toward developing analysis of 
choices in decision-making. 

Commission on Population Growth and the 
American Future (1970) 

In July 1969 President Nixon sent to Congress 
a historic first population message, recommending 
the establishment by legislation of a blue-ribbon 
commission to examine the growth of the nation's 
population and the impact it will have on the 
American ft!lure. John D. Rockefeller III, who 
ha<l started the Population Council, had been 
urging $tnce the early days of the Eisenhower 
Administration that such a commissk>n be estab
lished. Lyndon Johnson had n~fused to see Rock
efeller in 1964, but b~' 1968, he was ready to yield 
to pressure and established the President's Com
mittee on Population and Family Planning, co
chaired by Rockefeller and HEW Secretary Wil
bur Cohen. 

The Committee established by President John
son was not a full-blown commission. Its report, 
sent to the President at the end of 1968, "Popula
tion and Family Planning: The Transition from 
Concern to Action," suggested the establishment 
of a presidential commission to give the problem 
further study. It recommended that family plan
ning services be extended to every American 
woman unable to afford them. It also recom
mended an increase in the budgets of HEW and 
the Office of Economic Opportunity for the pur
pose of population research. The report was 
released without publicity in January 1969, just 

before Johnson left office. He did not meet with 
the Committee to receive the report, nor make a 
statement on it. 

In early 1969, Rockefeller's pressure for a 
presidential commission was abetted by presiden
tial Counselor Moynihan, who convinced Nixon 
that the time had ·=ome to face the problems of 
population. The President asked in his message to 
Congress that a Cc,mmission be assigned to de
velop population projections and estimate the 
impact of an anticipated JOO million increase in 
U.S. population by the year 2000. For the interim, 
the President called for more research "on birth 
control methods" and for the establishment, as a 
national goal, of "the provision of adequate family 
planning services within the next five years for all 
those who want them but cannot afford them." In 
his message to Congress, Nixon stated: 

One of the most serious challenges to human 
destiny in the last third of this century will be the 
growth of the population. Whether man's re
sponse to that challenge will be a cause for pride 
or for despair in the year 2000 will depend very 
much on what we do today. If we now begin our 
work in an appropriate manner, and if we continue 
to devote a considerable amount of attention and 
energy to this problem, then mankind will be able 
to sunnount this challenge as it has surmounted 
so many during the long march of civilization. 

When the Congress passed a bill in March 1970 
creating the Commission on Population Growth 
and the American Future, President Nixon named 
John D. Rockefeller III chainnan of the 24-mem
ber group, which included four women, two 
college students, three blacks, two senators, and 
two representatives. About 20 full-time profession
als and 10 consultants supervised a 2-year effort 
which resulted in the release of a controversial 
final report in March 1972, plus seven volumes of 
research papers. More than 100 research projects 
were conducted, and more than 100 witnesses 
testified at public hearings in Washington, Los 
Angeles, Little Rock, Chicago, and New York. 
Additional information concerning public attitudes 
was obtained through a special detailed public 
opinion poll. 

The Commission's conclusion was that no sub
stantial benefits would result from continued 
growth of the nation's population: 

The population problem, and the growth ethic 
with which it is intimately connected, reflect 
dee~r external conditions and more fundamental 
pohtical, economic, and philosophical values. 
Consequently, to improve the quality of our 
existence while slowing growth, will require noth
ing less than a basic recasting of American values. 
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The more than 60 Population Commission rec
ommendations included: 

• Creation of an Office of Population Growth and 
Distribution within the Executive Office of the 
President; 

• Establishment, within the National Institutes of 
Health, of a National Institute of Population 
Scien·.:es to provide an adequate institutional 
framework for implementing a greatly expanded 
program of population research; 

• Legislation by Congress establishing a Council 
of Social Advisers, with one of the main func
tions the monitoring of demographic variables; 

• The addition of a mid-decade census of the 
populat!on; apd 

• National planning for a stabilized population. 

These recommendations were overshadowed, 
at least in the publicity given them, by the 
recommendations that states adopt legislation per
mitting minors "to receive contracepti'le and 
prophylactic information and services in appropri
ate settings sensitive to their needs and concerns" 
and "that present state laws restricting abortion 
be liberalized along the lines of the New York 
statute, such abortion to be performed on request 
by duly licensed physicians under conditions of 
medical safety." The Commission also recom
mended that abortion be covered by health insur
ance benefits, and that federal, state, and local 
governments make funds available to support 
abortion in states with liberalized statutes. 

President Nixon was unhappy with the Com
mission report, released in March 1972 at the 
beginning of his re-election campaign, largely 
because of the recommendations on liberalized 
abortion and the furnishing of contraceptives to 
teen-agers (which in 1972 was a bigger issue than 
abortion). The President met only a few minutes 
with Mr. Rockefeller. He perfunctorily received 
the Commission report, but issued a statement 
repudiating it. No word of support was forthcom
ing for the stabilized population concept that he 
had backed in 1969. 

Although all members of the Commission 
showed their support for the report by signing it, 
several members wrote minority statements about 
certain recommendations, especially the one on 
abortion. The Commission debated whether to 
finesse the two controversial issues. since these 
recommendations were not of major demographic 
importance. But Chairman Rockefeller felt it was 
only right that the majority of the Comrr.ission be 
able to state an opinion on all relevant issues. 

"We went ahead, realizing we would get our 
heads cut off,•• said the staff director, Charles 

Westoff. ''But we hadn't quite appreciated how 
much these recommendations were going to dom
inate the response to the report." 

The timing of the report was unfortunate in that 
during the three years since Nixon's population 
message, the public had come to agree on stabiliz
in& population growth, and the goal of the two
child family was al.ready being achieved in the 
statistics. 

No recommendations were made by the Com
mission in the resources and environment areas. 

The Commission staff chose a basis methodol
ogy for its extensive research efforts, which were 
published in six large volumes. The research was 
organized basically around one simple question: 
What difference will it make if the U.S. population 
grows at a two-child per family rate, or if it grows 
at a three-child per family rate? This approach 
was adopted in all research efforts except where it 
was not appropriate, as in migration studies. The 
research documents used U.S. Bureau of the 
Census statistics in its projections, and extensive 
new data on these assumptions was supplied by 
the Bureau of Economic Analysis of the Depart
ment of Commerce. 

Volume Ill, Population, Resources and the 
E11viro11me111, contained extensive research on the 
relative impacts of the two growth scenarios on 
resources and the environment. Chap:ers were 
devoteJ to: the economy; resource requirements 
and pollution levels; energy; outdoor recreation 
and congestion; agriculture, population, and the 
environment; future water need:; and supplies; 
urban scale and environmental quality; and eco
logical perspectives. 

The other volumes covered: Demographic and 
Social Aspects of Population Growth (Vol. I); 
Economi.:: Aspect~· of Population Change (II); 
Governance and Popufotio11: The Government"/ 
lmp/ict1tio11s of Populatiou Change (IV); Popula
tion Distribution mu/ Policy (V); Aspects of Pop
ulation Growth Policy (VI). Research on global 
population and resources was not a part of the 
Commission mandate. 

Despite the lack of White House support, 
Commission members and staff sought ways to 
disseminate to the public the findings of the report 
and the research materials. Chairman Rockefeller 
testified before congressional hearings. A privately 
financed Citizens Committee on Population and 
the American Future, formed after release of the 
report, took the leading role in spreading the 
findings; it tried to create a dialogue on the issues 
and lobbied in Congress for passage of some of 
the recommendations. It also sponsored two large 
conferences. 
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A priv!!•e!y financed film versi~n of the Popu!a
tion Commission report, which had been in prep
aration for more than a year, was issued about six 
months after the Commission made its report and 
received wide distribution. It was shown over the 
National Educational Television network, a num
ber of individual TV stations, and by many 
schools. A set of teaching materials was prepared 
for the classroom use. The film stressed the 
impacts of too much population and did not dwell 
on the Commission's recommendations. 

The deputy director of the Population Commis
sion staff, Robert Parke, felt that the report and 
the research volumes made a strong base for 
future efforts at meeting population growth prob
lems. And he believed the Commission and its 
staff had learned at least one valuable lesson: A 
commission studying a controversial subject 
should not publish its report during a presidential 
campaign. 

National Commission on Materials Polley (1970) 
Congress legislated a new National Commission 

on Materials Policy in the fall of 1970 as a part of 
the Resources Recovery Act. Although the chief 
sponsor of the Commission was a Republican, J. 
Caleb Boggs, of Delaware, the White House did 
not look with favor on the Commission, and 
President Nixon delayed almm;I a year before 
appointing the five public members to join the 
Secretaries of Interior and Commerce. There were 
three Secretaries of Commerce during the term of 
the Commission. Only the first, Maurice Stans, 
attended Commission meetings; the last, Freder
ick Dent, issued a separate statement disagreeing 
with many of the Commission's major recommen
dations. Secretary of the Interior Rogers Morton 
did not personally attend meetings. 

Commission Chairman Jerome Klaft" was head 
of a secondary materials processing company; 
Staff Director James Boyd was a former director 
of the Bureau of Mines and, at the time, head of 
a mining company. A full-time staff of 25 was 
hired. 

The Materials Policy Commission did not at
tempt a materials resources inventory and update 
of the Paley Commission but rather concentrated 
its attention on the policy area and emphasized 
the environmental aspects of resources problems, 
an area which the Paley Commission had ignored. 
The new Commission contracted for a study of 
the estimated demand for IO commodities to the 
year 2000. A report was made on basic mineral 
stocks, reserves, production data, consumption, 
and exports for selected foreign countries, includ-

ing the People's Republic of China, the Soviet 
Union, and the East European countries, none of 
which had been considered by the Paley Commis
sion of 1951. A number of other reports were 
prepared by independent contractors. 

Advisory panels from industry participated by 
submitting information and assistiug with more 
than a dozen meetings and hearings conducted 
around the nation. Federal agencies also supplied 
data and analysis. 

The summary report of the National Materials 
Policy Commission and its special publications 
have proved useful to a number of federal agen
cies and to industry. As with earlier studies, the 
involvement of several hundred public officials 
and industry participants helped to educate a 
sizable cadre in the need for forward-looking 
analyses. 

The major recommendations of the Commis
sion, when it reported to the President and 
Congress in June 1973, were mostly general policy 
directives: 

Strike a balance between the "need to produce 
goods" and the "need to protect the environ
ment" by modifying the materials system so that 
all resources, including environmental, are paid 
for by users. Strive for an equilibrium between 
the supply of materials and the demand for their 
use by increasing primary materials production 
and by conserving materials through accelerated 
waste recycling and greater efficiency-of-use of 
materials. Manage materials policy more eff ec~ 
tively by recognizing the complex interrelation
ships of the materials-energy-environment sys
tem so that laws, executive orders, and 
administrative pmctices reinforce policy and not 
counteract it. 

More specific recommendations of the Commis
sion included creation of a comprehensive Cabi
net-level agency for materials, energy, and the 
environment, and the formation of a joint commit
tee of Congress having legislative jurisdiction 
roughly pamllel to the proposed new agency. 

By the time the Commission report was com
pleted, the Commission's chief sponsor in the 
Senate had been defeated in a bid for re-election, 
and the White House, for its part. showed no 
interest in publicizing the report. 

After release of the report in June 1973, Staff 
Director Boyd set up a small office on his own 
(with some financial help from his company) to 
follow through on the Commission study and to 
try to get some of the recommendations imple
mented. Much of the follow-up was done by 
working with members of Congress, congressional 
staffs, and federal agencies, with Boyd testifying 
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at congressional hearings on the usefulness of the 
report and the need for implementation of some 
of the recommendations. 

Because the report had appeared after passage 
of the Federal Advisory Committee Act, the 
Administration was required by law to at least 
respond to the findings. A task group and subcom
mittee of the President's Domestic Council drafted 
an executive branch response which nl>ted that 
some of the recommendations were simplistic and 
subjective, that some were inappropriately worded 
or did not reflect ongoing activities ii' the execu
tive agencies, and that there was no clear ordering 
of priorities in the report. The White House 
position was that regular program activities of the 
Department of the Interior and the Environmental 
Protection Agency would accomplish most of the 
actions recommended by the Commission, and 
that a separate mechanism to insure their imple
mentation was unnecessary. An Interior Depart
ment spokesman pointed out at a congressional 
hearing that many of the Commission's 177 rec
ommendations were encompassed by nine broader 
recommendations in the Secretary of the Interior's 
June 1973 Second Annual Report under the Min
ing and Minerals Policy Act of 1970. 

A report by the General Accounting Office 
(GAO) entitled "Better Followup System Needed 
to Deal with Recommendations by Study Com
missions in the Federal Government" (RED-76-
33, Dec. 4, 1975), used the Materials Policy 
Commission as one of its four examples. 

GAO criticized the White House response doc
ument for not being specific regarding the nature 
and timing of the action to be taken "and there
fore it cannot be considered an effective vehicle 
for implementing the recommendations." It 
pointed i.o 01'e recommendation in the Commis
sion report calling for "improved utilization and 
conservation of groundwater through early com
pletion of surveys of the Nation's major aquifers, 
using them for planning the optimum management 
of ground and surface supplies, and monitoring 
aquifers from which substantial withdrawals are 
being made." The executive branch response, 
according to GAO, was confined to its concur
rence in painciple and stated that "Interior and 
Agriculture are working toward these ends. In· 
creased activity will be required." 

GAO added that other responses to recommen
dations with which the executive branch ex
pressed concurrence or concurrenc.e in principle 
described the actions to be taken in general 
language such as "current efforts are under way," 
"efforts are being made," or "interested agencies 

are fully involved in the question," but gave no 
further particulars. GAO concluded: 

We believe that the results of the study on a 
national materials policy could have been more 
beneficial if it had been directed to more specific 
problem areas and had specified recommended 
actions. Also, preparation of an executive branch 
response, as required by the Federal Advisory 
Committee Act, is not enough to insure successful 
implementation of a study commission's report. 
Effective machinery for implementation and fol
low through must be established and monitored at 
the highest level in the executive branch. 

One of the Commission members, University of 
Indiana political scientist Lynton K. Caldwell, 
disagreed that this Commission, or any other, 
should try to he too specific or try to dictate 
legislation. "Anyone who has been around Gov
ernment knows that the surest way to kill some
thing is to make it so specitk that no one else can 
ever adopt it as his own," Caldwell has said. 
"People feel inclined to reject specific recommen
dations so they can come up with something that 
reflects exactly what they want to do." 

Some observers felt that the report would have 
been more influential if the Commission's chair
man had been more nationally prominent. The 
general problem of a commission having been 
imposed on the President by legislation without 
his concurrence also worked against its effective
ness. The stated disagreements of Commission 
member Frederick Dent (the Secretary of Com
merce) were detrimental. 

National Growth Policy Reports (1972, 1974, and 
1976) 

Section 703(a) of the 1970 Housing and Urban 
Development Act directed the President, "in or
der to assist in the development of a National 
Urban Growth Policy, to prepare every even
numbered year beginning with 1972 a 'Report on 
Urban Growth.' " The Act called for the report 
to include identification of significant trends and 
developments, a summary of significant problems 
facing the nation as a result of these trends, a 
statement of current and foreseeable needs in the 
areas served by policies, plans, and programs 
designed to carry out an urban growth policy, and 
recommendations for programs and policies for 
carrying out the urban growth p.>licy. 

Members of the Nixon Administration opposed 
this part of the legislation, claiming they were 
working out policy for urban and national growth 
in their own way, chiefly through the Cabinet 
Committee on NationaJ Growth Policy, appointed 
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by President Nixon and chaired by the Secretary 
of Housing and Urban Development (HUD) and 
including the Secretaries of Agriculture, Com
merce, Labor, and Transportation, the Chairman 
of the Council of Economic Advisers, and the 
Director of the Office of Economic Opportunity. 
The Administration ~·h: .. ,1isliked the Act's specific 
provision that the Domt stic Council was to be 
"adequately organized and staffed for the purpose 
[of carrying out the legislative mandate]." 

John Ehrlichmau, as hel.iii of the Domestic 
Council, decided early in 1971 that the biennial 
report should be assigned to the Department of 
Housing and Urban Development. The resulting 
draft report featured a number of new housing 
and urban initiatives that HUD Secretary George 
Romney hoped to institute, with a budget-busting 
price tag. Ehrlichman rejected the report and had 
the Domestic Council revise it completely. The 
report the Presiden~ submitted to Congress in 
February 1972 bore little resemblance to what 
Congress had envisioned. It was called a "Report 
on National Growth." The introductory statement 
explained that the term "national urban growth 
policy" was too narrow. Instead, the report would 
cover national growth policy, "recognizing that 
rural and urban community development are 
inseparably linked." The report also interpreted 
the 1970 Act narrowly, pointing out that the 
statute required only that the report "assist in the 
development" of national policy; it was not re
quired to "enunciate" such policy. 

Most of the 1972 report featured Census Bureau 
statis~ics about population growth and distribu
tion, a recitation of the Nixon Administration's 
achievements in its first two years, and promo
tional descriptions of White House proposals then 
before Congress, including a proposed Depart
ment of Community Development, general and 
special revenue sharing, national land use plan
ning, powerplant siting, and welfare reform. 

Before the 1974 report was prepared, Ehrlich
man sent a detailed questionnaire to the Secre
taries of HUD, Transportation, HEW, and Com
merce. Among the 135 questions were these: 

Is there any reliable estimate of alternative 
futures for the country in the absence of a national 
growth policy? 

Are there growth objectives which can safely 
be said to have widespread or universal support 
which are not being promoted by present Federal 
policy? 

How do we defme the national interest-how 
do we balance the relative weights of economic, 
social, and other considerations? 

To what extent should a national growth policy 
attempt to achieve welfare and social goals? 

The small group at HUD preparing the 1974 
report was never furnished the answers to this 
questionnaire. They were told by the White 
House, only to avoid putting in any new policy 
recommendations. The draft went from HUD to 
the White House late in 1973, but no action was 
taken for almost a year. Then the Domestic 
Council under President Gerald Ford revised the 
draft and submitted it t" Congress under the title 
"Report c.n National Growth and Development." 
It came out early in 1975, almost a year late, and 
contributed little to any analysis of future national 
growth problems or preparations to meet them. 1t 
listed 13 "national goals related to growth" (one 
sentence per goal), and stated that the policymak
ers' task was to understand how and whether 
present and proposed actions would affect these 
goals. This would require "systematic review in 
the course of decision-making of the possible 
effects, not just on the mission goal of each 
decision-maker, but on other national goals as 
well; and improved evaluation of existing activities 
with emphasis on both attainment of the mission 
goal and effects on other goals." 

The report concluded that such evaluation was 
"much ~asier said than done." It then suggested 
develo~ll!g an a~ccd-upon set of guidelines for 
the dec1s10n-making process. It did not, however, 
produce any such guidelines. 

The 1976 report, without measuring up to 
congressional expectations, was a decided im
provement over the two ear!~er reports. HUD 
convened a technical research program and se
lected a 25-member foderal interagency task force 
to help delineat~ growth trends, identify problems 
and present broad policy options. For the first 
time, public participation was permitted through 
seminars on regional growth and development 
held in Washington, D.C., Kansas City, and San 
Fr~nci~co. Also, HUD received funding with 
which it let a number of contracts for preparation 
of technical materials as the basis for public and 
interagency discussion. A draft report was circu
lated for review and comment to 3.5 public-interest 
groups, trade groups, state and local government 
representatives, areawide organizations and Con
gress, and HUD publicized the comments in a 
separate volume. 

The 1976 report was subtitled "'fhe Changing 
Issues for National Growth." While the rt:!lOrt 
identified ongoing problems, it did not offer" cfo·· 
tailed analyses of theb- relation to the future nor 
did it adequately identify the options <!.l'ld alt~ma-
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lives available. The principal recommendations 
for addressing the issues, the report stated, "can 
be found in the Budget Message, the State of the 
Union Message and legislative proposals now 
before the Congress." 

Tae report did, however, make suggestions for 
increased public participation "to provide for 
orderly and direct communication to the President 
and the Congress of a wide range of perceptions 
of national growth issues," and "to increase 
public awareness of future implications of the 
present policies and of the necessity to plan for 
the future." The report also suggested that, be
cause federal assistance for state and local groY1f: 
planning efforts is fragmented and uncoordinated, 
"a designated element of the Executive Branch 
under the auspices of the Dome:.>tic Council 
should accomplish the rationalization of Federal 
planning assistance programs and requirements 
across department and agency lines." 

The first four chapters of the 1S'76 report 
described national trends and the changes that 
were appearing in the national economy and 
society. Another nine chapters examined broad 
policy alternatives in several areas of growth (rnch 
as energy impacts and promises and probler;is of 
alternative energy sources), growth consequences 
of environmental regulations and environmental 
impacts on the location of growth, choices in 
natural resources, transportation policy, housing 
policy, and balanced economic growth. 

The National Forum on Growth Policy, a 
private organization, comprising over 40 organi
zations involved in business, the design profes
sions, public interest matters, public affairs, the 
environment, civil rights, banking, and state and 
local government, sponsored a critique of the 1976 
report, pointing out that the report did "not 
contain recommended national goals, policy or 
programs." It was said that the report lacked a 
"theoretical framework needed to interpret the 
meaning of the analytical information" and that it 
foiled "to clearly articulate its assumptions and 
define its terms." The Forum recommended that 
the 1978 report should evaluate and recommend 
new institutions to improve the process of policy 
development and should focus on revitalization of 
the centnl city, national housing policy, environ
mental quality, and growth policy. 

Hubert Humphrey, as cochairman of the Senate 
Joint Economic Committee's Subcommittee on 
Economic Growth and Stabilization, submitted to 
HUD a detailed critique of the 1976 report, which 
was longer than the report itself. Although he saw 
it as an improvement over the 1972 and 1974 

reports, Senator Humphrey wrote that it had two 
great flaws: 

First, even though it contains considerably 
more information than earlier reports, it does not 
really help us to understand the meaning of the 
information it presents. 

Second, as in the past the report does not 
confront the high priority problem presented by 
the structure of decisionmaking processes that 
impede the formulation of growth and develop
ment policy for the United States. 

Humphrey recommended that the timing of the 
report be changed so that it would be ready for 
each new Congress, that future reports contain 
important researc:h findings and relevant policy 
recommendation.~ presented elsewhere by the 
Administration, th• t the growth report receive 
wider distribution, l:llld that future reports give 
increased attention to the prohlem of improving 
public access to the growth po!icy planning pro
cess. 

"The fundamental issue in growth policy today 
is that the Federal Government, in both its 
legislative and executive branches, is not struc
tured in such a way that it can systematically 
assess long-range policy and program questions or 
estimate long-range impacts of current decisio~s." 
stated Humphrey and Senator Jacob Javits in a 
Joint Economic Committee document that n·
viewed the 1976 report. They added: "There i-; 
growing public concern about the performance of 
Government, in part because of Government 
promising more than it can deliver. We believe 
that this public concern is the result of an aware
ness on the part of the public that the Federal 
Government has failed to develop the capacity to 
make public policy decisions in a rational, in
formed, future-oriented, and coherent way." 

One HUD official involved in the biennial 
reports said that such one-shot studies were highly 
inadequate. An institution vested close to the 
President, he believed, should be created for long
range studies and planning. The institution should 
be in a position to cycle major presidential initia
tives. like the state of the union address and the 
budget, through its members for response and 
policy suggestions. The group should also be in a 
position to consult with state and corporate lead
ers and with members of Congress. 

For the 1978 report, the Democratic Administra
tion recommended a revision of the 1970 Housing 
and Urban Development Act in order to convert the 
biennial urban grow!h report into a national urban 
policy report. This change was made to reflect the 
patterns of population and job movements and the 
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continuing decline of some older established cities 
since .the 1970 Act. 

The President appointed the HUD Secretary in 
March 1977 to head a federal working group that 
would formulate the urban policy and recommen
dations for national government action. Participat
ing agencies included HUD, The Departments of 
Treasury, Labor, Transportation, and Commerce, 
The Environmental Protection Agency, Commu
nity Services Administration, ACTION, and The 
Law Enforcement Assistance Administration. In
volvement of nonfederal groups was extensively 
sought and encompassed the views of state and 
local officials, civil-rights, labor, and corporate 
leaders, public-interest and volunteer groups, busi
nessmen and bµsinesswomen, and private citi
zens. 

The President announced on March 27, 1978, a 
comprehensive urban policy, based on the work
ing group's recommendations and extensive White 
House discussion with many interest groups, 
congressional representatives, and the public. 

The urban policy set forth a framework of 
concern for urban areas with special emphasis on 
remedial actions to help the older, more distressed 
communities as well as preventati\ I! actions to 
avoid hurting them in the future. 

Workshop on Alternative Energy Strategies (1974) 
The Workshop on Alternative Energy Strategies 

(WAES) was a private sector initiative that in
cluded government and business decision-makers 
from 15 countries. It is included here as one of 
two nongovernmental examples of such a group 
because it offers some valuable insights into 
organizing for effectiveness on an international 
scale. 

Over a 3-year period ending in 1977, the Work
shop produced the first energy assessment to the 
year 2000 on a nearly global scale (communist 
countries were not included). The project was led 
by Carroll L. Wilson of the Massachusetts Insti
tute of Technology and ·supported by a number of 
private philanthropic foundations, three corporate 
foundations, and the National Science Founda
tion. 

Wilson had, in recent years, initiated and led a 
number of other studies such as the "Study of 
Critical Environmental Problems" (1969) and 
.. Man's Impact on Climate" (1970). He con
cluded, however, that while these and similar 
studies received recognition in academic circles, 
they were not adequately presented to decision
makers. 

The Workshop on Alternative Energy Strategies 
was born of Wilson's belief that more effective 

mechanisms were needed for the study of criticE 
global problems. He selected energy as the stud: 
topic because he felt the world was movin1 
steadily, and with little apparent concern, to wan 
a new and massive energy crisis. The catalyti1 
ingredient of this new stud!' was its use of people 
who had major standing in their own communitie: 
and who had access to a network of influence ir 
their own country. 

Wilson assembled people who, rather than 
being technical experts in energy, were high-level 
representatives of large energy users or producers 
or government officials having some responsibility 
for energy policy. Participants were from Canada, 
Denmark, Finland, France, Germany, Iran, Italy, 
Japan, Mexico, the Netherlands, Norway, Swe
den, the United Kingdom, the United States, and 
Venezuela. One-third of all the participants were 
from government. 

Each participant was required to choose and 
provide funding for at least one associate who 
could work nearly full-time for the Workshop and 
secure the necessary data and technical expertise 
for his country. Associates met 13 times for 1-2 
week sessions over a period of 28 months. Partic
ipants met seven times, 2-4 days at a time. The 
goals of the study were: 

• To develop a useful method of projecting na
tional supply and demand for energy; 

• To study supply and demand to 1985 and 2000 
for the countries participating in the Workshop, 
which, together, consume most of the world's 
energy; 

• To develop a method for estimating global 
production of oil, gas, coal and nuclear power; 
and 

• To determine whether and when prospective 
global shortages of certain fuels are likely to 
occur and how rapidly they might grow. 

The report, published in a book, Energy: 
Global Prospects 1985-2000, contained conclu
sions but did not make recommendations. 

From the start, the project participants kept in 
mind the need for adequate dissemination of the 
findings. Most members briefed the editorial 
boards of the leading newspapers in their coun
tries in advance of the release of the report. Press 
conferences were held on the same day in the 
capitals of the countries. Wilson testified before 
energy hearings in Congress, and participants 
from several other countries communicated the 
information to their govern,nents or to the piivate 
sector. 
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International lmiltute for Applied Systems 
Anaylsls (1972) 

A unique institution with a holistic approach to 
common problems that cannot be solved by any 
single country ruone is the International Institute 
for Applied Systems Analysis (IIASA). The Insti
tute is situated near Vienna, Austria, and supports 
about 100 research scientists. It is considered 
nongovernmental because its members are scien
tific institutions from the participating nations and 
not the political entitites of the governments 
themselves. It was founded in October 1972 on 
the initiative of the academies of science or 
equivalent institutions in 12 industrial nations, 
both East and West (institutions from five other 
countries have since joined the the institute). The 
Academy of Science of the U.S.S.R. and the U.S. 
National Academy of Sciences (funded through 
the National Science Foundation) contribute the 
largest part of the financial support, and private 
sources such as philanthropic or corporate foun
dations contribute about $1 million a year. 

IIASA 's programs arc classified as either 
"global" (programs that affect and can be re
solved only by the actions of more than one 
nation) and "universal" (those that affect and can 
be resolved by actions of individual nations but 
which all nations share). As the name of the 
Institution indicates, its scientific research and 
study concentrate on applying modem methods of 
analysis to contemporary problems of society, 
using the tools of modem management, such as 
systems theory, operations research, and cyber
netic~ .. Emphasis is placed on attempting to bridge 
the gap between scientists and decision-makers. 
The results of studies are widely communicated 
through publications distributed by member sci
entific institutions, and an effort is made to inform 
the nonexpert of the results of studies of interna
tional problems. 

Two current major global projects are on energy 
systems and on food and agriculture. The energy 
project is concentmting on finding strategies for 
the transition over the next 15 to 50 years from an 
energy economy based on oil, gas, and conven
tional coal to an economy based on the virtually 
inexhaustible resources-solar, nuclear, and 
geothermal-as well as to some extent on new 
sources of coal. Research activiti.es include study
ing systems implications of the exploitation of 
scarce energy resources; energy demand studies, 
such as one that projects global energy demand 
with regard to the development of regions, world 
population growth, and changes in lifestyle; and a 
study of strategies relating the nuclear-risk prob-

lem to decision-making. The final energy project 
report is expected in 1979. 

Although IlASA is composed of scientific rep
resentatives from industrial nations, the food and 
agriculture program is concerned also with a 
number of less developed countries (LDCs) that 
have agricultural economies. The program objec
tives are to evaluate the nature and dimensions of 
the world food situation, to study alternative 
policy actions at the national, regional, and global 
level that may alleviate existing and emerging food 
problems, and to determine how to meet the 
nutritional needs of the growing global population. 

Typical projects include developing a model of 
the dynamic interdependence between migration 
and human settlement patterns and agricultural 
technology, identifying and measuring the envi
ronmental consequences of water use in agricul· 
ture as constraints on agricultural production, and 
modeling the agricultural structure" of some pilot 
LDCs--describing their agricultural policy objec
tives and devising planning models suitable for 
estimating the consequences of alternative na
tional policies. 

National Commission on Supplies and 
Shortages; Advisory Committee on 
National Growth Policy Processes (1975) 

Another Nixon-Ford era initiative in the mate
rials field with a major institutional objective was 
the National Commission on Supplies and Short
ages and its separate Advisory Committee on 
National Growth Policy Processes. These activ
ites, like the 1971-73 National Commission on 
Materials Policy, were conceived by Congress. 
During 1974 Senate Majority Leader Mike Mans
field pushed for legislation that resulted in creation 
of the National Commission on Supplies and 
Shortages. He drew support from other members 
of Congress concerned with the 1973-74 oil crisis 
as well as shortages of other materials in the early 
1970-;. They believed that the shortages were a 
syr:iptom of inadequate prepamtion by ~ovem· 
ment and that existing institutions were . iut doing 
enough to identify and anticipate such shortages. 
They were also concerned that the data on 
materials being collected in various agencies of 
lhe government, were not being systematically 
coordinated and transmitted to the appropriate 
agencies and to Congress. 

However, Senator Mansfield's concern reached 
beyond shortages of materials. As Majority 
Leader, he had become increasingly troubled and 
frustrated over the inability of government to 
identify resource availability problems in a timely 
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fashion and to suggest altern.atives for dealing with 
them. Mansfield fe~t "fl strorti.'dY about this that he 
worked with Reput-' , Jl Senat1: leader Hugh Scott 
to get cooperation from the White House for the 
legislation and to work out an arrangement for 
malting appointments to the Commission in a way 
that would be satisfactory to President Nixon, 
who was not enthusiastic over the new Commis
sion. After a number of meetings, the White 
House agreed to back the bill, which would give 
the President the opportunity to appoint 9 of the 
Commission's 14 members, 4 to be senior officials 
from the executive branch and 5 private citizens 
selected in consultation with the Majority and 
Minority Learlers of the Senate. 

The original idea was for a 6-month study using 
existing data but focusing on institutional changes 
that could aid in examination and anticipation of 
shortages. When the enabling legislation went to 
the floor for passage, however, it provided for a 
one-year study. On the day the bill was to be 
voted on in the Senate, Hubert Humphrey intro
duced an amendment to add a Citizens Advisory 
Committee and expand the lisi of study areas 
beyond materials and into almost all parts of the 
Government. Humphrey's purpose was to de
velop recommendations for establishing a more 
adequate economic policymaking process and 
structure within the executive and legislative 
branches~ 

For years, Humphrey had been interested in 
getting better institutional arrangements for devel
oping economic policies and alternatives to deal 
with future problems. Earlier in 1974, as part of a 
Humphr.:y legislative proposal for a Balanced 
National Growth and Development Act, the Sen
citor bad proposed a National Citizens Council on 
the American Future. 

When Humphrey introduced his amendment to 
the Mansfield bill, the Majority Leader opposed 
the surprise amendment because he thought it 
would unnecessarily burden his bill. But Hum
phrey was insistent, and Mansfield eventually 
agreed to a watered-down version of the amend
ment. Whe.1 the amended bill was approved by 
the Senate, many observers believed the Hum
phrey-proposed Advisory Committee would be 
eliminated in a Senate-House Conference. 

For several v1eeks a good deal of political 
maneuvering took place as presi<lential support 
for the Mansfield bill waned. White House offi
cials felt that another presidential commission was 
unnecessary. Late in September, however, Mans
field used the tactic of offering the entire bill, 
which already had passed the House, in the form 
of an amendment to another bill to change the 

Defense Production Act of 1950. The strategy 
worked, and the Congress approved the Mans
field-proposed National Commission on Supplies 
and Shortages, along with its Advisory Committee 
on National Growth Policy Processes, as part of 
the defense bill. President Ford signed the legisla
tion in September 1974, a few weeks after taking 
office. 

After almost a year's delay, resulting from the 
inability of the White House to come up with 
selections for the five private-sector members, the 
Commission finally got under way in September 
1975. Donald Rice, president of the Rand Corpo
ration (a former assistant director of the Office of 
Management and Budget), became chairman. 

Many of the administration and congressional 
members of the Commission did not personally 
.ittend Commission meetings, which were held 
'every six weeks or so; they sent delegates instead. 
The early Commission meetings were not an
nounced in the Federal Register, although osten
sibly they were open to the public. Later meet
ings, at which decisions were made, were open 
only to Commission members. 

The Commission did not attempt any new data 
collection or make supply-and-demand projections 
into the future. Instead it analyzed available 
information, concluding that "we see little reason 
to fear that the world will run out of natural 
resources during the [next] quarter century.'' 

Nine case studies were prepared that examined 
the causes of shortages in certain materials during 
the 1973-74 period. The Commission's major 
recommendations were for improvement of data 
collection and analysis in specific government 
agencies, with emphasis on line agencies. On the 
subject so important to Senator Mansfield-a new 
institution for policymaking-the Commisr.ion 
wound up recommending the creation within th~ 
Office of Management and Budget of a unit of 20-
30 "sectoral and industry specialists" to monitor 
key materials industries and sectors, to develop a 
framework for analyzing the comprehensive ef
fects of proposed major federal policy actions, 
and to monitor the basic data collection, data 
analysis. and policy analysis activities of the line 
agencies and departments. They also recom
mended adding 10 senior staff positions to to the 
President's Council of Economic Advisers to build 
up sectoral and industry analysis capabilities in 
the materials area. 

The Commission's report, "Government and 
the Nation's Resources," was released the first 
week of 1977. The timing could not have been 
worse. Not only had Senator Mansfield left otfJCe, 
but both of the senators who served on the 
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Commission had been defeated, and one of the 
two House members had left office. The Admin
istration was changing, and the mining industry 
was upset over one of the recommendations 
concerning the U.S. Bureau of Mines. Staff Direc
tor George Eads spent January 1977 working at 
the Council of Economic Advisers, seeking to get 
some of the Commission's ideas implemented. 
The only bright spot was a hearing held by the 
Senate Subcommittee on Science. Technology, 
and Space (of the Commerce Committee). which 
gave some visibility to the report's findings and 
recommendations. 

While the National Commission on Supplies 
and Shortages was making its year-Jong study and 
preparing its report, its Advisory Committee on 
National Growth Policy Processes had been at 
work along separate and sometimes conflicting 
Jines. The Advisory Committee's 19 members all 
came from outside Government and included a 
former Cabinet member and a noted presidential 
historian. Industrialist Arnold A. Saltzman was 
named Alivisory Committee Chairman. The staff 
director, James E. Thornton, had been the author 
of the Humphrey amendment that established the 
Committee, and while working on the Senate 
Agriculture and Forestry Committee, had helped 
Humphrey on his proposal for achieving balanced 
national growth and development. 

The legislation authorizing the Advisory Com
mittee provided a wide-ranging mandate ("to 
develop recommendations as to the establishment 
of a policymaking process and structure within 
the executive and legislative branches of the 
Federal Government as a means to integrate the 
study of supplies and shortages of resources and 
commodities into the total problem of balanced 
national growth and development"). The Advisory 
Committee, however, had a sparse budget that 
supported only a staff director and one assistant, 
and many of the Committee members paid their 
own expenses when attending monthly meetings. 
Members wrote their own papers and worked up 
proposals between meetings. The issue that re
ceived most attention was the attempt to deter
mine how to improve the Jong-range policymaking 
processes of government in both the executive 
and legislative branches. 

In its report to the President and Congress, the 
Advisory Committee urged that the nation become 
not a planned society, but a planning society. 
Adequate and open planning for the future would 
result in less governmental interference. and the 
necessary government intervention would be more 
considered, more timely, and less heavy-handed. 
The report's prime recommendation was for the 

institutionalimtion of the planning process in an 
independent executive branch agency to be cre
ated bv Congress and called the National Growth 
and IA. velopment Commission. The new Commis. 
sion would have the mandate "to examine emerg
ing issues of middle- to long-range growth anrl 
development, and to suggest feasible alternativ-'s 
for the Congress, the President, and the public." 
The Commission would provide an early warning 
system that would identify and examine policy 
issues before they surfaced as crises. It would 
have no executive, legislative, or judicial powers. 
The Advisory Committee recommended that ena
bling legislation to establish the National Growth 
and Development Commission should require the 
President and Congress to respond in some fash
ion to the Commission's reports. The proposed 
Commission would conduct its affairs openly and 
hold public hearings. It would submit an annual 
report to Congress and the President, setting forth 
its proposed research agenda, the status of ongo
ing work, and a summary of the reaction from 
Congress, the President, and the public to pre
vious reports. The new Commission would re
ceive an initial budget authorimtion for eight years 
to ensure its continuity. To balance presidential 
and congressional influence, the chairma.., of the 
Commission would be appointed by the President, 
but the President would be required to consult 
with the congressional leadership before making 
Commission appointments. The Advisory Com
mittee report also suggested that the new Commis
sion consist of nine people, five full-time and four 
part-time (al:owing for participation by those not 
able to acc,~pt full-time appointments). Terms of 
office would run for five years. No member could 
be removed except for cause, and all appoint
ments would require Senate confirmation. 

The Advisory Committee was not unanimous 
on this recommendation. One Committee member 
argued that it would give too much power to "the 
group of wise men," as the Committee members 
informally referred to the members of the pro
posed Commission. 

Another institutional recommendation of the 
Advisory Committee was the creation of a Center 
for Statistical Policy and Analysis to coordinate 
statistical support for the work of the President 
and Congress. The Center would be an independ
ent agency in the executive branch, but outside 
the Executive Office of the President. 

Among recommendations of the Advisory Com
mittee that dealt with Congress was one that 
would require each congressional committee re
port accompanying proposed legislation to include 
an outline of the bill's foreseeable indirect middle-



710 APPENDIX 

to long-range effects, as well as a concise state
ment of the g~neral goals and specific objectives 
of the bill. 

Reflecting one of the major differences of ap
proach between the parent National Commission 
ori Supplies and Shortages and its Advisory Com
mittee, the Commission in its report expressed 
doubts concerning creation of an independent new 
National Growth and Development Commission, 
as recommended by the Advisory Committee. In 
the formal letter to the President and to Congress . 
submitting the Advisory Committee's report, 
Commission Chairman Rice stated that the Com
mission believed that the proposed new institution 
"fails the test of feasibility and that the aims 
sought would be better met by the proposals we 
have made in our own report for improving the 
analytical capabilities of existing agencies and 
departments." The impact of the two groups' 
reports was marred by this disagreement. 

Conclusions 

Some Obsef\vations 

1. For the past iO years the nation's leadership 
has perceived periodically a need for long~term 
analysis of problems relating to natural resources, 
population, or the environment. For the most 
part, these issues have been addressed on an ad 
hoc basis by appointing presidential commissions 
or other temporary groups to study the situation, 
make their reports, and then disband. As a result, 
decision-111akers continue to deal primarily with 
immediate problems, while consideration of how 
to prepare for conditions that might exist 10, 20, 
or 30 years in the future is postponed for lack of 
adequate and systematic information on the op
tions available and on the social, economic, and 
environmental impacts of alternate choices. 

2. Future-oriented commissions or study groups 
have generally studied natural resources problems 
separately from problems related to population 
and the environment. There has been insufficient 
recognition of the interrelation of these three 
issues. Each succeeding year, as the problems 
become more complex and the interrelationships 
more involved, the need for a holistic approach to 
decision-making becomes more urgent. 

3. Most analyses of future problems in popula
tion, natural resources, and the environment have 
been made only on a national basis. President 
Truman recognized the need for assessing global 
implications of natural resources when he in
structed his Materials Policy Commission in 1951 
to make its study of materials policy mternational 

in scope, at least to the extent of considering the 
needs and resources of friendly nations. But while 
the harmful effects of population growth, resource 
consumption, and pollution spread across borders 
and oceans, the international approach to long
range planning for solutions to these problems 
continues to be neglected. 

4. When commissions or other bodies have 
been formed to consider long-term problems in 
population, natural resources, and the environ
ment, their effectiveness has been hampered by 
lack of provisions for following up on their 
recommendations. In several cases the heads of 
commissions felt so strongly about the need for 
ongoing institutions that they set up private orga
nizations on their own to follo•.v up with their 
group's recommendations, which have led to 
some efforts of ongoing analysis. 

5. One recommendation has been made by 
virtually every presidential commission on popu
lation, natuml resources, or the environment: the 
establishment of a permanent body somewhere 
high in the executive branch for performing con
tinuous futures research and analysis. Although 
ideas for location of such a pennanent group have 
varied, proposals have generally indicated that a 
statutorily created institution with access to the 
President could explore potential goals, watch for 
trends, and look at al:ernate possibilities for 
accomplishing stated objectives. 

Lessons from the Past 

The recommendation of President Truman's 
Materials Policy Commission for an advisory body 
in the Executive Office of the President to frame 
recommendations for policy up to 25 years ahead 
went unheeded. The National Goals Research 
Staff was terminated by President Nixon after 
completing only one of its scheduled annual 
reports on goals, and before it could complete its 
work of setting up in the private sector a National 
Center 'or Goals and Alternatives to work with 
the governmental efforts at decision-making for 
the future. The National Materials Policy Com
mission (appointed by President Nixon in 1971), 
recommended creation of a comprehensive Cabi
net-level agency for looking at the future in terms 
of materials, energy, and the environment, but the 
recommendation produced no results. And the 
1976 recommendation of the National Commission 
on Supplies and Shortages' Advisory Committee 
on National Growth Policy Processes, calling for 
a permanent National Growth and Development 
Commission, was submitted in the last few weeks 
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of the outgoing Ford Administration, too late to 
be acted upon. The Advisory Committee had 
urged that a permanent institution for planning 
conduct its affairs openly, hold public hearings, 
and submit an annual report setting forth its 
proposed research agenda, the status of ongoing 
work, and a summary of reactions from Congress 
and the President to previous reports. 

In the one case in which a P:-esident did 
establish-without congressional authorization-a 
mechanism for long-r.u1ge plannin;~ and advice, 
the institution was often at odds with other 
agencies and with the Congress ant' was finally 
legislated out of existence by Congress. This was 
Franklin D. Roosevelt's National Resources Plan
ning Board and its earlier entities. When the 
Board helped to coordinate activities of some 
Cabinet agencies and to get their ideas before the 
President, it had some success. But when it tried 
to establish its own field staff and do its own 
planning, it incurred hostility from regular line 
agencies. Roosevelt's Board also did most of its 
work in secret, which aroused further antagonism. 

On the other hand, in the one case in which 
Congress enacted legislation (the National Envi
ronmental Policy Act of 1969) to establish a 
permanent Council on Environmental Quality to 
advise the President regularly on long-term na
tional environmental policies, the results were 
indecisive and the Council has not yet been used 
to its statutory potential. 

A permanent advisory group could provide 
early warning of problems so that public officials 
and private citizens would have time to prepare 
contingc~cv plans. As demonstrated by the presi
dential commissi1.ms, research and analysis of 
long-term impacts ~:an have a significant educa
tional influence, even if no actions are taken 
immediately as a result of recommendations. Tru
man's Materials Policy Commission and the 1961-
62 National Academy of Sciences Committee on 
Natural Resources brought large numbers of sci
entists and other experts togethei to work on 
future problems and thus formed a cadre of 
individuals who continued to enlighten others. 
The study groups also helped to coordinate re
search efforts among government, universities, 
and industry. An unmeasurable educational factor 
was present in the activity of the Commission on 
Population Growth and the American Future 
(1970-72) through Commission-sponsored semi
nars with experts, public hearings, a film, and 
brochures. The research work directed by the 
Commission also resulted in extensive new knowl
edge and its dissemination through publication of 
its research papers. The same has been true of all 

the other commissions and groups dealing with fu
ture problems. 

ln•10Jvement of the private sector in the activi
ties of a permanent future-oriented high-level 
ad .,iisory group would serve both to educate 
dtizens and build a constituency for carrying out 
recommendations. This was demonstrated by the 
1958 Outdoor Recreation Resources Review Com
mission when it formed an advisory council that 
included 25 citizen leaders representing varied 
citizen organizations. The Commission held joint 
meetings and field trips with the advisory council, 
and Commission recommendations were submit
ted in draft form to the advisory council for 
consideration. A Citizens Committee that was 
formed after completion of the Commission report 
helped obtain support for implementing the rec
ommendations. The seminars and public hearings 
held by the 1970 Commission on Pc 'Ulation 
Growth and the American Future s1... ved an 
educational purpose. And the Commission's Citi
zens Committee, which promoted a film and an 
education program on the Commission's work, 
provided new avenues for dissemination of the 
findings. Public participation in the 1976 National 
Growth and Development report through seminars 
in San Francisco, Kansas City, and Washington, 
provided advisory assistance to the HUD team 
preparing the report. A draft of the report was 
circulated for review and comment to 35 public 
groups and Congress. These activities proved 
helpful to a report which previously had inputs 
only from a few people in the White House 
Domestic Council and the Department of Housing 
and Urban Development. 

The Matter of Timing 

A permanent institution would have much more 
freedom in choosing the moment to present new 
ideas, and thus avoid the timing and politics
related problems that have often hindered activi
ties of temporary presidential commissions. The 
interest of a President or Congress or the public 
proved to be much greater at the time a study is 
started than when it is completed. The Materials 
Policy Commission was appointed by President 
Truman in January 1951. when military involve
ment in Korea had reintroduced fears of shortages 
that were still fresh in the minds of administrators 
and the public following World War II. But when 
the Commission's report went to the President in 
June 1952, the scarcity issue had lost its priority 
and public concern. When President Nixon sent a 
Message to Congress in 1969 asking for creation 
of a commission to study population growth, the 
subject was politically attractive inasmuch as 
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people were concerned about rising birthrates. 
But by the time the Population Commission's 
report was submitted, statistics showed that the 
birthrate in the nation had already declined to a 
stability rate-two children per family-and the 
subject had less political importance. Another 
unfavorable timing factor was that the report was 
sent to the President at the start of his 1972 re· 
election campaign; some of the Commission's 
recommendations raised controversy, causing the 
President to repudiate the Commission's work. 
On the other hand, the release of the report of the 
Outdoor Recreation Resources Review Commis· 
sion came at a time when the popularity of 
outdoor recreation was booming, and Congress 
welcomed help in devising solutions to the prob
lems connected with the growing recreation use of 
public lands, national parks, and national forests. 

Another problem of timing was the frequent long 
delays between the request for a commission and 
its creation, or between the time the law was 
passed and the President appointed the public 
members. Sometimes the period allowed for a 
study was too short, as with the preparation of 
"Toward a Social Report." That study also ran 
into a frequent timing problem: having been 
started by one President, the study is then submit
ted either at the end of his term or to his 
successor. 

For all of these reasons, many observers have 
urged the establishment by law of a permanent 
group in the Executive Office of the President to 
institutionalize the coordination of long-term 
global and holistic considerations of population, 
resources, environment, and their related issues. 



Advisory ·Views: .A Critique· of the Study. 

The. agency experts who prepared the Global 
2000 Study projections were assisted by the coun
sel of two groups of advisers. These advisers, 
whose names and affiliations are given in the 
Preface to this volume, provided the agency 
experts with counsel, insights, and criticisms from 
the perspectives of corporations, foundations, na
tional and international governmental organiza
tions, and the academic community. 

The first group consisted of over one hundred 
informal advisers who received early drafts of 
sections of the Study related to their areas of 
expertise. Throughout the course of the Study. 
they provided a flow of marginal comments, 
correspondence, supporting materials, and direct 
discussions, which greatly enhanced the final 
quality of the Study. 

The second group consisted of seven experts 
with unique experience in analyzing-on a coher
ent, interrelated basis-long-term global trends 
involving population, resources. and the environ
ment. These "outside" experts (so called to 
distinguish them from the agency experts prepar
ing the projections) participated in extended dis
cussions with the agency experts on two occa
sions during the course of the Study. The first 
occurred immediately after the first drafts of the 
projections were developed. This meeting of the 
two groups of experts lasted two days and le<l to 
several key revisions in the initial drafts. The 
second meeting took place after the final projec
tions had been developed. It lasted one day and 
provided many additional interpretative insights. 

The wisdom and expertise that these two 
groups shared with the Global 2000 Study has 
influenced the Study in innumerable ways. Per
haps the single most dramatic instance of this 
influence was the collective decision of the agency 
and outside experts, during their first meeting, to 
include the assump:ion that real petroleum prices 
wilt rise 5 percent annually from 1980 to 2000 as a 
basic component of the Study's most likely pro
jections, wherever feasible. Previously, all of the 

Study's projections had been based on the as
sumption that real petroleum prices would be 
constant throughout the 1975-2000 period. 

Although many of the insights and criticisms of 
these two groups have been previously taken into 
account throughout this report, numerous insights 
and criticisms which they provided could not be 
taken into account because of the particular focus 
of the Study, because of time and resource 
constraints, and because of basic limitations in t~e 
current ability of the government to develop long
term global projections. A summary of a repre
sentative selection of these comments is presented 
in this appendix in the hope that it will provide 
additional perspectives on ways of improving the 
government's foundation for longer-term planning. 

The somewhat diffuse summary that follows 
consolidates the views of many individual advi!:i
ers. It does not necessarily represent a consistent 
set of positions supported by any single person or 
organization associated with the Global 2000 
Study. In fact, many advisers of both groups as 
well as other participants in the Study would 
probably disagree with many of these criticisms. 

Characteristics of the Recent Past 
Mauv advisers were concerned that the Study's 

projections were based to a large extent on the 
extrapolation of trends and relationships charac
teristic of the past two or three decades only. 
They asserted that data pertaining to the past two 
or three decades is often misleading and that quite 
different trends or relationships can be perceived 
when a longer past period is taken into considera
tion. 

With respect to weather, for example, they 
pointed out that the three decades preceding 1970 
were unique in recorded history in three respects: 
(I) There were no major global geophysical pertur
bations; (2) on balance, crop-growing weather 
worldwide was not only remarkably close to 
optimal conditions, but was also remarkably non· 
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variable; and (3) at no time was there a global, as 
opposed to local, depression of crop production 
traceable to a global perturbation. 

Most advisers felt that the Global 2000 Study 
should have used a much longer past period of 
weather history as its basis for projecting the 
potential impacts of weather variability over the 
next 22 years. Many felt that the use of a shorter, 
anomalous period has given the Study's projec
tions an unduly optimistic bias-for instance, with 
regard to the likely impact of weather on future 
crop yields. They speculated that other anomalies 
of the past two to three decades involving varia
bles other than weather may also have distorted 
the projections. 

Many advisers were concerned also that the 
Study tended to project only those characteristics 
of the recent past for which "hard" quantitative 
data were readily available. For example, they 
noted that the GNP projections ignored the major 
segments of LDC economies that were not cash 
economies, that the energy projections ignored 
firewood consumption (a major fuel in the LDCs), 
and that the food, energy, and mineral projections 
igncred water consumption. They felt, in addition, 
that the available hard data was often used in 
ways that implied that it was of higher quality 
than was in fact the case.* 

These advisers asserted that, in general, a more 
extemive attempt should have been made-on a 
best-effort uasis-to project those characteristics 
of the recent past for which hard data were not 
readily available. Specifically, they felt that the 
Study should have first attempted to identify 
important issues related to population, resources, 
and the environment, and only thereafter should 
have proceeded to (I) i{ientify the trends that must 
be projected in order to analyze those issues on a 
balanced basis, and (2) develop projections of 
those trends in the best way possible under the 
constraints of the Study. with explicit notes in
cluded regarding ranges of pott:ntial error. 

Beyond the Y car 2000 
Many advisers were concerned thai~. in general, 

the Study's projections do not exteo.J beyond the 
year 2000. They asserted that some of the most 

•One adviser felt that the population projections were 
particularly unbalanced. He observed that, on the one hand, 
inapproprialely elaborale compulational procedures were 
applied to what are essentially very rough estimales of 
fulure fertilit:!, mortality and migration (taken to be zero) 
rates. while, on the other hand, no ei1plicit relationships 
were used to relate ."OCial, economic, and cullural (as 
opposed lo "demographlc") factors into the projection of 
fertility, mortality and m\;ration rates. 

important trends over the 1978-2000 period are 
not likely to be adequately identified, described, 
or interpreted unless longer-tenn future perspec
tive is taken into account. 

One adviser provided the following examples of 
events in the past that might have been more 
favorably influenced if their longer-tenn implica
tions had been better understood at the time of 
their incidence: 
• The dysfunctional use of new chemical agents pro

duced from lhe bonding of halogens and hydrocar
bons (e.g .. DDT and PCBs). 

• The low nonmarket pricing of natural gas and 
underpricing of oil that caused many industrial 
processes to be unsui1ably fueled and many power
plants 10 be converted from coal 10 these fuels in 
recent decades. 

• The failure to balance the benefits of subsidizing 
family farms at modes! levels against the socioeco
nomic costs of driving the ruml poor into city slums 
and endless welfare problems. 

Another adviser. looking to the longer-term 
future. suggested that the uncritical development 
of energy resources (which she perceives to be 
taking place today) might haVl~ similarly dysfunc
tional consequences in the future-consequences 
might be avoided or ameliorated if they were 
properly perceived and responded to today. In her 
view. the greatest problem is not, as most think, 
how to obtain what we need. but that we will use 
too much of it. Most energy projections for 
developed countries arc far too high-but not 
because we might not actually use that much if it 
were available. The danger is that we wou!d
with disastrous results for the ecosphere and. 
inevitably, for ourselves. Such rapidly rising en
ergy use would also put enonnous pressure on 
other resource<;. 

Still other advisers. also looking to the longer
tenn future, suggested that the most important 
changes currently taking place-changes that are 
likely to produce m•tior unforeseen dysfunctional 
consequences if they are not properly perceived 
and responded to-are socioeconomic and cultural 
rather than biophysical. The pervasive fragmenta
tion they perceive to be taking pbce in Western 
industrialized society has been particularly well 
outlined. according to one observer. by Bertram 
Gross: 
From lhe broader point of view. [there are] many 
forms of fragmentation in the emerging service society: 
-in technology. lhe fmgmentation of knowledge. 
-in macrosystems. the fragmenlation of responsibility 

and accountability, 
-in extended professionalism. the fragmentation of 

social role. skills, and culture. 
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-in extended urbanism. the fmgmentation of commu
nity life. 

To this, [must be added] the fragmentation of the 
family and the individual.* 

Some even suggested that this fragmentation 
ought to be examined in the context of the 
Decline-of-the-West perspective adopted by some 
scholars and statesmen. One adviser quoted 
Andre Malraux: 

We are living al the end of a quite unprecedented 
era. the end of the 1450-1950 cycle. which was a 
model of complete civilization. 1450 marked the. begin
ning of lhe great discoveries. and the conquest of lhe 
world by the Europeans. Within two or three years of 
1950, we had Mao in Peking and Nehru's speech-in 
other words the liberation of China and India. 

We are more or less aware that we live in a world 
that is dying. and we find it very difficult to imagine 
another one. There was also. I suppose. the end of 
Rome, but by the time people became aware of the 
fact it was already well and truly dead. We. on the 
other hand. are actually living out the process.* 

Another adviser commented that projecting 
trends only to the year 2000 reminded him of the 
story about the man falling from a very tall 
building who. when asked how he was doing as 
he passed the 10th floor. responded, "Things are 
great so far!" Many severe supply constraints, 
increases in demand, and socioeconomic and 
ecological changes may well occur shortly after 
2000-and be completely overlooked by the 
Study's projections because the projections do not 
extend beyond 2000. Other severe changes that 
do occur prior to 2000 may also be disregarded 
because, in the absence of a post-2000 perspec
tive, they may not be perceived or their signifi
cance may not be understood. 

Absence of Shocks 

Many advisers were concerned that the focus 
of the Global 2000 Study on projecting foreseeable 
trends necessarily excluded projecting shocks 
whose incidence, severity. and specific impacts 
could only be arbitrarily specified. They asserted 
that assuming a complete absence of such shocks 
was unrealistic and produced an overly optimistic 
assessment of the future. 

One adviser provided the following ta>:onomy 
to suggest the range of potential "surprises" that 
had been excluded from the Study's projections: 

•Bertram M. Gross, "Planning in an Era of Social Revolu
tion", P11hlil' Admini.t1r111io11 Re1•iew, May/June 1971, p. 
281. 

•"Interview with Andre Malraux". Tlie Guardian, Apr. 13, 
1974, p. 14. 

NATURAL SURPRISES 

I. Disasters 
1. Weather 

a. Large scale crop or livestock destruc
tion (e.g., due to frost, drought, flood; 
or snow) 

b. Societal disruption (e.g., due to floods 
or blizzards) 

2. Earthquake 
3. Disease 

a. Crop or livestock epidemic (e.g., com 
blight) 

b. Severe flu or other human diseases 
on the same scale (e.g., Legionnaire's 
disease and similar epidemics) 

II. Other 
I. Resources-unexpected discoveries (e.g., 

huge petrochemical resources on continen
tal margins or in marine basins) 

2. Food-extraordinary growing seasons re
sulting in food surpluses. 

TECHNOLOGICAL SURPRISES 

I. Distribution failures 
I. New York City-type blackout-longer or 

wider area 
2. Water system failure (e.g., Trenton in 

1976) 
3. Gas or oil pipeline failure 
4. Toxic leak-(e.g .• chlorine or ammonia in 

a population center) 
5. Nuclear mishap-generation, transport, or 

waste 
6. Prolonged temperature inversion causing 

serious air pollution incidents 
II. Design or concept failures 

1. Chemicals appearing in unpredicted places 
(e.g .• PCBs) 
Chemicals with long lasting and/or highly 
toxic degradation products 

3. Bridge, building. or dam failure 
Ill. Advances 

1. Solution to clean fusion 
2. Water recycling technology or acceptance 

breakthrough 
3. Tide or ocean thennal power breakthrough 
4. Cancer or heart disease cure 
5. Development of self fertilizing crops 

SoCIAL Su RP RISES 

I. Overthrow of gove111:-..-it:nt 
II. Widespread social disorder 

Ill. Collapse of a socia' system 

In many cases, the Study's advisers believed 
the tnmsient effects of such shocks would be far 



716 APPENDIX 

more severe than their long-tenn impacts. For 
example, many felt that the shock of the 197'.\ 
quadrupling of the international price of oil was 
far more damaging to most countries than the 
anticipated long-tenn impact of the price rise was 
likely to be. 

Many advisers also believed that the projected 
emergence of increasing international and national 
economic iuterdependencies and other trends 
(e.g .• increasing agricultural reliance on monocul
ture production) is likely to increase the severity 
of such shocks when they do occur. For example. 
even simple variations in weather patterns similar 
to those experienced in the past may create 
impacts disregarded in the Study. According to 
one adviser: 

The U.S. economy is increasingly moving in the 
direction of very tight coupling between importing fuel 
and paying for fuel imports by exporting crops. Amer
ica's ability to purchase fuel will thus be increasin~ly 
influenced by its crop-growing weather (which will 
affect U.S. production) and crop-growing weather in 
the countries that import most of America's exported 
crops Cwhich will affect foreign demand for U.S. 
crops). As a result. the American energy supply and 
demand situation will be increasingly sensitive to a 
variety of types of weather perturbation, which collec
tively have a probability dose to onl! of occurring at 
22-year intervals. Other. less expected perturbations 
(e.g .. blights. the discovery of unacceptable side ef
fects associated with fertilizer. herbicide, or pesticide 
use. the politicization of international food production 
or distribution, climatic change. or civil or interna
tional disruption) could have far more severe impacts. 

Many advisers also believed that many current 
U.S. policy alternatives would be likely to have 
different potential impacts in increasing or de
creasing America's future vulnerability to such 
shocks. One adviser thought that this was partic
ularly true with regard to choosing to emphasize 
nuclear or alternative energy sources: 
Once the choice has been made-especially if the 
choice is to put all our eggs in one nuclear basket
future options may be foreclosed. If the first choice 
proves disastrous. it may not be possible to abandon it 
and start over because of resource c:ontmints. includ
ing energy. In contmst. many advantages would accrue 
to a strategy based on a diverse decentralized mix of 
energy sources designed to minimize waste arnt match 
source to end use. Among the advantages would be 
efficiency in the use of energy (reducing environmental 
impacts). probably a lower overall pressure on re· 
sources per unit of energy (because a wider variety 
would be needed for various types of development and 
because of efficiency). and nexibility in the ~nergy 
economy. If one mode proves unsatisfactory, its loss 
could be made up from seveml others without disrupt
ing the entire system. Which direction is chosen will 

have profound effects on the kinds and amounts o 
environmental impact from energy use and mobilize 
tion. on economic systems. on politics (local to inter 
national), and on social values such as personal liberty 

Many advisers were concerned that the Globa 
2000 Study, by ignoring potential shocks, migh1 
encourage policymakers to disregard impacts 011 

system resilience-Le .. a system's ability to with· 
stand different types of potential future shocks
in evaluating alternative policy options. when in 
fact this should be an important evaluative crite
rion. They were also concerned that the Study 
tended to disregard the differential impact of 
shocks (and more gradual change) on smaller 
groups. disaggregated by region, income, race, 
religion, and other factors. 

Potential Discontinuities 

To a large extent. the Global 2000 Study's 
projections were based on exLt:ipolations of past 
trends and relationships. although minor adjust
ments to such trends were incorporated in many 
cases. This was an area of concern to many 
advisers who considered that the future is likely 
to be fundamentally discontinuous with the past 
in significant ways. 

They pointed out. for example. that real energy 
prices have been declining for most of the past 
century. encouraging the use of energy-intensive 
products (e.g .• aluminum. automobiles, high-yield 
varieties of grain), a11d in general facilitating the 
substitution of capital for labor. Real food and 
mineral prices have also genemlly been declining. 
They felt that the reversal of these basic trends 
indicated in the Study's projections was likely to 
severely alter domestic and international socioec
onomic systems so that in the future they would 
behave in ways not al all characteristic of the 
past. 

Many advisers insisted that this is not only 
possible but probable, in view of what they 
perceive to be the following general trends: 
• Approaching exhaustion of the world's inexpensive 

nuid fuel reserves. 
• Approaching limits to the environmental absorptive 

capacity and agricultural productive capacity of the 
planet-which may be prevented only by massive 
capital investment (which is either not likely to be 
made or which is likely to be characterized by 
increasingly high marginal costs). 

• Shifts in international strategic goals from ensuring 
access to markets to ensuring access to raw mate
rials. 

• Shifts in power from com.1ries with large industrial 
resources to countries witb large raw material re
sources. 
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• Shifts in economic goals from stimulated supply and 
demand to stimulated conservation. 

• Shifts in social goals from growth h.> equity. 

Some advisers were particularly concerned that 
the following specific political factors (and policy 
changes which might be associated with them) 
were not taken into account in most of the Study's 
projections: 

• Negotiations over a new international economic 
order, which may affect the availability and price of 
many raw materials. 

• Other North-South disputes (e.g .• those involved in 
the Law of the Sea negotiations), which may make 
international environmental coopcmtion increasingly 
difficult. 

• The new shift in development models toward meet
ing basic human needs. which may lead 10 new 
pressures on available resources. 

• Increasing poverty in the poorest LDCs. which may 
lead to significant political unrest. 

They felt that the Study should have explicitly 
taken such factors into account by making major 
rather than minor adjustments to variables involv
ing the supply and demand for resources, and by 
making major adjustments to all models to reflect 
projected severe environmental impacts. 

Abwnce of Normative Analysis 

All of the Study's projections assumed. in 
general. a continuation of past policies or past 
policy trends (in part because policy changes are 
difficult to project and in part because debate 
regarding projected policy changes can attract 
attention away from underlying problems). Never
theless. many of the Study's advisers noted that 
policies are likely to change in response to chang
ing circumstances. and that not taking such 
change into account produces trend projections 
that are likely to be severely biased. 

They pointed out. moreover. that people ofien 
look ahead and change their current behavior in 
order to achieve their future goals. just as people 
often change their current goals to take into 
account anticipated future c1iCumstan~es. Thus, 
they felt, it may be seriously misleading to project 
the future, as the Study has done, without taking 
into con5ideration that behavior and goals can 
change well in advance of cha~ging circumstan
ces. 

By not explicitly projecting potential changes in 
goals and goal-seeking behavior, the Study missed 
an important opportunity to identify a broad set of 
alternative future scenarios which might well be 
significantly different from those identifiable by 

merely projecting past trends and relationships. 
A1:cording to some advir::rs. many of these scen
arim; might appear to be more desirable than those 
likely to be attained through incremental dccision
making pmctices, which they believed would be 
implicitly encouraged by the Stmly's lack of 
normative analysis. In their view. the Study 
neither (I) presents an array of goals to strive for 
(while demonstrating the feasibility of attaining 
these goals), nor (2) indicates which present policy 
decisions are the most critical in defining the 
future. They viewed these as the two most 
importnnt objectives of future-oriented research 
and considered the Study seriously deficient for 
disregarding them. 

Some advisers argued that lhc absence of 
normative analysis from the S1udy has probably 
led to irrelevance aml bias. One adviser submitted 
the following quote to support his points: 

A few decades ago the view prevailed that demo
graphic "stagnation" was bad: yet today many people 
favor a stable. or nearly stable population. Economic 
stagnation, on the other hand. is still felt to be bad. 
Perhaps in the year 2000. more of us will favor John 
Stuart Mill's "stationary state." not only in the 
demographic sphere but also in much of the economic 
sphere (though not in culture). If this happens, cco
nClmic growth will be smaller than we now project on 
the basis of the current trade-off between more goods 
and more leisure. By the same token. people will care 
less about economic growth. Thus. our predictions 
regarding economic growth will not only be rather 
inaccurate. but they will de!'>\ ribe what. by the year 
2000. will be quite an uninteresting feature.• 

As a result or these and other considerations, 
many advisers regretted that the Study did not 
incorporate normative analyses of the following 
types of issues: 

Political is.rnes-e.g., whether the Western in
dustrialized nations are likely to encourage or 
even permit faster growth of energy use in the 
LDCs while curbing their own growth (or. more 
generally. whether resource competition will lead 
to inlernational conflict). 

Ethical issm•s-e.g., whether investment in pol
lution control in the U.S. (assuming minor health 
br.uefits) is ethically acceptable, given the much 
hig.1er returns in health that the same investment 
might produce in the LDCs. 

Budgetary is.wes-e.g .• whether current U.S. 
budgetary decisions affecting, for example, de-

•Fred Oiarlcs lkle, "Can Social Predictions Be Evaluated'!" 
Daetlal11l, Summer 1967, p. 750. 

..., 
. ~/ -1. t\ 
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fense. energy, food. and welfare programs conflict 
with U.S. iong-term international goals regarding 
population. resources, and the environment. 

Many advisers emphasized, in particular. their 
feeling that problems related to the unequal distri
bution of population and resources are likely to be 
more significant in the future thu11 problems 
related, for example, to potential physical limits 
to growth. But because of the nbsenc1~ in the 
Study of normative analyses of i:.olitical, tthical, 
budgetary, and other issues, they felt that an 
adequate foundation had not been establbhed, in 
the context of the Study. for commenting exten
sively on these distributional problems. 

Many also regretted lr:at the Study's focus (as 
well as time and resource contraints) did not 
permit more penetrating economic analysis--es
pecially one taking potential normative change 
into consideration. One adviser noted, in particu
lar, that 

the assumptions of formal economics are not inexora
ble laws of nature. like the laws of thermodynamics. 
Their truths are, in part, fiction-that is to say, made 
truths. They are true as long as people believe in and 
act in accordance with them; their validity is a function 
of their acceptance. As values change, some of the 
assumptions of formal economics and the behavior of 
economic systems are also likely to change in ways 
that might be anticipated or even guided. 

Many advisers were concerned that the Study, 
by not incorporating normative analysis, might 
encourage policymakers to debate issues only at 
tile instrumental level (i.e .. how best to accom· 
plish well-understood and widely accepted goals) 
without evaluating alternative goals or even as
sessing whether, in many cases, presumed existing 
goals are in fact well understood or widely ac
cepted. 

Hidden Premises 
All the Study's pr~iections were developed 

making use of available data and were structured 
and manipulated according to existing theory, as 
represented in the methodological tools used by 
the various agencies. This was an object of 
concern to several advisers. They asserted that 
various hidden premises. missing variables, and 
inadequate data and methodologies inherent in 
this approach may have create.-"! projections that 
disseminate misconception and ... rror rather than 
knowledge. 

One adviser commented that, for example, 
many of the Study's projections are in effect 
tautologies-premises masquerading as conclu
sions. He felt that, in many cases, the projections 
merely provide a framework for making prejudices 
consistent. In his view: 

Many of the projection tools that will be used to make 
the resource and food projections require GNP projec
tions as inputs. But how can we predict GNP? 
Economic models can do so only by assuming some 
appropriate algorithm and investing future habits with 
current mores. Moreover. such models almost cer
tainly require such inputs as the capital and energy 
requirements for resource exploitation and population 
growth. But where are those data to be found, or 
elucidated? Thus. the Study's projections must remain 
essentially pious hopes in which "high" economic 
growth may be attractive to a politician. but unattrac
tive to an environmentalist. 

Some advisers observed that in many cases even 
this limited form of consistency was not achieved 
within a given set of projections. To paraphrase 
one of their criticisms with regard to the energy 
projections: 

In one instance the assertion is made that the past 
wide availability and low price of petroleum have 
allowed Americims and consumers to substitute energy 
for labor and other inputs on an unprecedented scale. 
Such an assertion is in accord with a conceptual model 
that assumes that low energy prices (relative to the 
cost of labor) stimulate an ,..nergy-for·labor substitu· 
tion, which, by implication. would tend to increase 
unemployment, increase rates of resource depletion. 
pollution, and crime, increase government expendi· 
tures, decrease capital availability for other purposes, 
and decrease the rate of economic growth. In fact, 
every step of that causal pathway can be documented 
in longitudinal and cross-sectional analyses of all 
available data. 

In contrast. in another instance. the assertion is 
made that apart from the very real possibility of a 
supply disruption for political or other reasons. the 
major problem faced by the United States and other 
energy consuming countries is the threat of large 
increases in real energy prices and the associated 
reduction in economic growth and aggmvation of 
unemployment and inflation. In fact. the causal path· 
way postulated here is the opposite to that postulated 
previ1wsly. and there is no support for it in longitudinal 
or cross-sectional analysis of national or international 
data. 

This logical inconsistency raises important misgiv
ings regarding the usefulness of the energy projections. 
The estaMishment of a realistic. consistent conceptual 
model of the relationship between energy prices and 
other economic variables is an absolute prerequisite to 
making any kind of credible projection of energy 
supply or energy demand. 
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Missing Variables 

Many advisers felt that crucial variables and 
variable linkages were omitted from the projec
tions. A small representative sampling is provided 
below: 

The population projections omit health factors. 

Unfortunately. none of the Study's population scen
arios assumes increased mortality mtes, although these 
are a real possibility in poor countries, especially the 
poorest and hungriest. The projections' unanimous 
rises in life expectancy in industrialized nations I also 

.find dubious. Have you noticed the soaring cancer rate 
in the U.S. and Europe'! It is believed that at least 80 
percent of cancers are environmentally induced, and 
exposure of the public to environmental carcinogens 
has increased enonnously in the last few decades. 
Other environmentally related d!seases (particularly 
respiratory ones) arc also increasing in frequen:-:y. 

The ~heries projections omit pollution factors. 

My review draft contains the mther surprising state
ment th'lt "it is probable that the amount of pollution 
will peak in the next 10 years and decline thereafter." 
There is no indication of wl1~rc this surmise comes 
from. I consider this assumption highly unlike!y for 
several reasons: (a) we will remain in an oil economy 
till the year 2000: tmnsportation of oil by tanker will 
increase during this period. with an inevitable increase 
in barrels of oil spilled; (b) as terrestrial sources of 
energy increase. aerial fallout of released pollutants 
will fall predominantly in the sea: (c) the preceding 
point is simply a corollary of the larger point that as 
long as we assume an increase in GNP between now 
and 2000. there will be an increase in the volume of 
toxic material released to the environment and an 
increase in thermal pollution. there being no histarical 
basis for assuming otherwise. These considerations 
imply a lower fish harvest in the decades ahead than 
one based on an assumption that pollution will de
crease. 

No consistent accounting Is made of land, labor, and 
capital deployment. 

A lot of people are talking about growing biomass 
(e.g., grains) specifically to make alcohols, but one 
must keep in mind that this would be in direct 
competition to growing food. If we are assuming all 
available amble land will be used for food production, 
then there won't be any available for energy planta
tions. I suspect that in the competition between food 
and fuel. we will usually be willing to pay more for 
'..:iod. Since the caloric conversion efficiency of grain 
to alcohol fuel is even worse than that of gmin to 
livestock feed. growing grain (or other biomass) in the 
use for fuel mises the same ethical questions regarding 
the needs of the LDC's that feeding our grain to cattle 
for meat raises. 

Similar concerns related to consistent accounting 
(and ethics) are likely to arise with regard to the 
deployment of labor and capital. For example. entry
level labor, at least for the next 20 years, will decline 
in the United States and increase rnpidly in Mexico 
(and in many Caribbean countries). Wages, however, 
are variously estimated al up to 10 times greater in the 
United States than in Mexico. In the foreseeable 
future, at entry-level employment, migrants-legal and 
illegal-could be adding more new workers to the U.S. 
labor force than entry-levc I U.S. citizens. 

In contmst, in the developing world the unskilled 
worker population is growing at an unprecedented 
mtc. By the 1980s, industries relying heavily on a large 
entry-level labor force-for example, fast-frxld chains-
will face a shrinking labor pool. (U.S. high school 
graduating classes are beginning to decline now.) U.S. 
industries, then, must consider at least (I) whether rhis 
type of needed labor will be available where mid whe11 
a new plant is built. and (2) whether some types of 
plants and industries should be located outside the 
United States because of the large pool of available 
entry-level labor. 

Inadequate Data and Methodologies 

Regarding weak data and methodologies, one 
adviser provided three thoughtful quotations con
cerning the limitations and opportunities inherent 
in making projections. They are presented at some 
length at the conclusion of this appendix because 
of the critical insights they provide into the kinds 
of understanding that can realistically be expected 
of a study of this nature. 

Our Information regarding reality is limited. 

Numerical operations with economic data ... im
pose their own requirements. Without knowledge of 
errors, the feeding of economic data into high-speed 
computers is a meaningless operation. The economist 
should not believe that "correct" solutions of many 
linear equations and of other computations, such as 
multiple corrclationi.. nre necessarily meaningful. This 
is true even when oniy two linear equations in two 
unknowns are involved. The following example. which 
could of course be genemlized, shows what enormous 
differences very slight errors of observations ... will 
produce in the solution. 

The equations 
x - y= I 

x - l.00001 y = 0 
have the solution x = 100,001. \' = 100,000, while the 
almost identical equations · 

x -y= 1 
x - 0.999999 y = 0 

have the solution x = -99,999, \' ,., -100,000. The 
coefficients in the two sets of equations differ by at 
most two units in the fifth decimal place. yet the 
solutions differ by 200,000. 
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If one recalls how easily equa1ions are somelimes 
wriuen down purporting to show economic relation
ships and how shaky is our determination of the 
parameters. it will be realized what difficulties have 
to be overcome in constructing and applying an 
empirically significant theory. If the number of equa
tions is even moderately large. it becomes far from 
trivial to find out whether or not the determinant 
actually vanishes.• 

Our abillty to mak\• effective use of our Information Is 
limited. 

The difficulties of parameter estimation are not the 
most serious problems in the study of complexity. 
Suppose that we did know the interrelations among 
all pans of a system and could describe the rate of 
change of each variable as a function of the others. 
Then we would have a very large set of simultaneous 
non-linear equations in a vast number of variables 
... depending on so many parameters, the estimation 
of each of which may take a lifetime. 

These equations [would probably] be insoluble. 
They would be likely to b\! too numerous to compute. 
If we could compute [th•:m]. the solutit"t would be 
simply a number. If we could solve the equations, the 
answer would be a complicated expression in the 
parameters that would have no meaning for us. There
fore the only way to understand a complex system is 
to study something else instead. 

That something else is a model. A model is a 
theoretical construction, a collection of objects and 
relations some. but not all of which correspond to 
components of the real system. In one sense it is a 
simplification of nature .... We replace the universal 
but trivial statement "things are different. intercon
nected. and changing" with a structure that specifics 
which things differ in what ways. interact how, 
change in what directions .... 

Models differ in the aspect of reality preserved. in 
the departures from reality, and in their manipulative 
possibilities. They can therefore give different results. 
Since it is not always clear which consequences 
derive from the properties of nature. it is often 
necessary to treat the same problem with different 
models. A theorem is then called robust if it is a 
consequence of different models. and fragile if it 
depends on the details of the model itself. The search 
for robustness leads to the proposition that truth is 
the intersection of independent lies.' 

Many effective approaches do exist l'or making use or 
our Information. 

If one presumes to say anything at all about the 
future of a social system, he must assume that there 

•Oskar Morgenstern, On the Accuracy of Economic Obser· 
vutions, 2nd ed., Princeton, N.J.: Princeton University 
Press, 1963, pp. 109-110. 

•R. Levins, "Complex Systems," in C. H. Waddington, 
ed., 7 owards a Theoretical Biology, vol. Ill. Chicago: 
Aldine, 1970, pp. 7S-76. 

is something dependable about the behavior of thi 
system. There are relatively few distinct ways i 
which social systems are dependable. The differer 
methods of futures research arc based essentially o 
various combinations of six principles that characte1 
ize complrx. highly interconnected social systems. 

One: Co11ti11uitv. First of all. societies cxhibi 
continuity. Social systems change smoothly from om 
state to another: generally they do not change ii 
discontinuous jumps. (Even during relatively disrup 
tive and seemingly discontinuous periods. such 115 tht 
American Civil War or the French Revolution, muct 
of the culture. social roles. and institutional frnme· 
work of a society persists without fundamental 
change.) Thus, in making forecasts we commonly and 
reasonably extrapolate from past experience. This 
principle of continuity is used in all sorts of projec
tions of trends and cycles-for forecasting demo
graphic trends. economic cycles. and annual energy 
consumption: for anticipating future attitudes from 
polling data; for estimating future financial perform
ance-to mention only a few .... 

Tll'o: Se/f-<.·omi.1·1t•11cy. A second guiding principle 
underlying futures research is that societal systems 
tend to be internally self.consistent. Thal is. the 
behavior of one sector of society docs not generally 
contradict that of another. For instance. basic re
search is not likely to he well ~:ipported and flourish
ing when the economy is depressed. 

The principle of self-consistency underlies one of 
the popular. if less systematic. techniques for exam· 
ining the future-namely. scenario-writing. The pur
pose of writing scenarios about the future is to insure 
that the characteristics asserted. whether arrived at 
from trend projections or other methods. "hang 
together" and make a reasonable story. A plausible 
future has to feel like it might be lived in. familiar 
examples of scenario-writing include Edward Bel
lamy's Lookin}f Backward. Aldous Huxley's Brm•e 
New Worhl. and George Orwell's 1984. 

Tliree: Similarities tww11g soda/ systt•ms. Because 
the individuals making up varied social systems have 
fundamental characteristics in common, the systems 
themselves inevitably exhibit certain similarities. Ac
cordingly, one group will tend to behave somewhat 
like another under similar circumstances. This obser
vation of similarities across groups is used in anthro
polo3ical approaches to the study of the future, in 
gaming methods where an individual assumes the role 
of a group or a nation, and in cross-cultural compari
sons (e.g., of stages of economic development). 

Historical analogies in particular. if not carried too 
far. ca11 be useful in suggesting possible future 
scenarios. For example. studies of historical occur
rences of revolutionary cultural and political transfor
mations suggest possible parallels today. 

Four: C mtse-ejJec·t relationships. Social systems 
exhibit apparent cat•se-effect connections or statisti· 
cal correlations that imply cause and effect relation
ships. For instance, when making economic projec-
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tions we r...ssume that if scarcities occur, prices will 
rise. or that if the rate of inflation is lowered by 
manipulati.1g the money supply, unemployment will 
increase. Such presumed cause-effect linkages under
lie much e.~onomic and simulation modeling. They 
are the basis for the models in the Club of Rome's 
study The limits to Growth which has gt:nerated 
much controversy since its P'Jblication in 1972. They 
form the basic principle in the widely used method of 
cross-impact analysis (in which aspects of the future 
are studies through the presumed interactions of 
contributing events on one another). 

Five: Holistic t~e11dillg. In their process of evolving 
and changing. social systems behave like integrated 
organic wholes. They have to be perceived in their 
entirety; thus there is no substitute for human obser
vation and judgment about the future state of a 
system. To overcome the problem of bias of an 
individual observer. collective opinion can be sought 
in various ways. One of these is the so-called Delphi 
technique wherein the opinions of a number of judges 
are systematically processed and the results fed back 
to each of the judges as additional input, the object 

being to obtain refined judgments (but not necessarily 
consensus). 

Six: Got1l-seeking. Societies have goals. They act 
with apparent intentionality. although the goals that 
might be inferred from observation are not necessar
ily declared ones. Just as individuals have aims of 
which they are but dimly aware, so do societies seek 
destinies that they have never explicitly proclaimed. 
In short, social change is not aimless, however 
obscured the goal. Modern industrialized society is 
confronted with a set of dilemmas that il seeks to 
resolve. Goals that once inspired commitment and 
loyalty no longer have the same power, and new 
priorities are being formed. The possible futures are 
distinguished, as much as anything. by the ways 
society seeks resolution of its dilemmao;. and by the 
kinds of new goals that emerge.• 

•Reprinted with permission of The Portable Stanford, Stan· 
ford Alumni Association, from An Incomplete Guide to the 
Future by Willis W. Harman, Stanford, Calif.: Stanford 
Alumni Association. 1976 (New York: W. W. Norton, 
forthcoming). 



Appendix C 

Embamy Reports on Forestry and 
Agriceltural Trends 

In preparation for the Global 2000 Etudy. a 
request was made to a number of countries via 
U.S. Embassies to supplement the meager infor
mation available on forestry and agricultural 
trends. The hope was that new, but as yet 
unpublished. data might exist which would be 
useful in assessing global conditions. The follow
ing questions were asked of a score of Embassies 
in African. Asian, and Latin American countries: 

Forestry. How much deforestation (land units 
per year) is taking place? Are good forestry 
practice's being used? Is there any effective re
forestation? To what extent are existing forests 
showing signs of stress from forest grazing, fire
wood gleaning, expanded or accelerated slash
and-bum agriculture, etc.? To what extent does 
disruption of watershed cover appear to be caus
ing problems downstream (erratic stream flow, 
dam siltatim:, etc.)? What institutional programs 
are in effect to improve forestry practices? Are 
these adequate? 

Soll. If agricultural land is being lost to cultiva
tion through problems such as erosion, saliniza
tion. waterlogging, desertification. laterization, 
etc., please specify cause a.nd magnitude (units 
per time period). Specify problems either cur
rently visible or foreseeable <:Qnceming mainten
ance of fertility in currently used crop land. What 
institutions exist to promote soil conservation? 
Are these adequate? 

Land Development. How much does it cost to 
bring an additional hectare of land into cultiva
tion? How are costs distributed between public 
and private costs (e.g., for irrigation project!"'? 
What addition to crop production can be antici
~ · as a result of expansion of amble land? 

Yield Gains from Technological Change. What 
estimates of yield gains attained by technological 
change are available? Has any effort been made 
to 1pJMtify the inputs and capital costs necessary 
to achieve such gains? 

The following sections are abstracted from the 
Embassy responses. 
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BANGLADESH 

Summary. Deforestation and land degradation 
are not considered significant problems in Bangla
desh at present. However, the country's modest 
forest resources could be exhausted by the end of 
the century if not effectively managed. Loss of 
forest cover in Bangladesh itself does not pose a 
significant threat to agricultural land, but defores
tation in neighboring areas could cause flooding 
problems here. In its development efforts the 
government of Bangladesh has focused on improv
ing the productivity of existing arable land. For
estry management has received considerably less 
attention. Data genemted in the planning process 
is not invariably consistent, and the projections 
based on them involve assumptions of limited 
reliability. In light of this, the following responses 
to questions are suggestive rather than conclusive. 

Forestry. Some deforestation as a result of 
illegal cutting and "slash and bum" agriculture is 
evident from aerial observation, but the amount 
has not been quantified. About 15 percent of the 
country is covered by forest, mainly in the Sun
derbans area in the southwest and in the hilly, less 
densely populated border areas of the Chittagong 
hill tracts and Sylhet. Forest cover in these areas 
has not decreased significantly, but village groves 
scattered throughout the country are disappearing 
as the population (and thus the demand for 
agricultural land and fuel) increases. 

There is no concerted reforestation program at 
present. Some forest areas (e.g., the mangrove 
forests of the Sunderbans and bamboo groves 
elsewhere) regenerate fairly quickly if left alone, 
but the large hardwood forests of the Chittagong 
hill tracts are slow to recover from cutting. 

Cultivation of products such as pineapples in 
previously uncultivated areas of the Chittagcng 
hill tracts has caused some soil erosion and 
increased runoff. The acreage involved at present 
is small bui could pose future problems as the 
amount of lai:d um.ler such cultivation increases. 
The major watershed disruption problem facing 
Bangladesh concerns deforestation in the regions 
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upstream, from which an immense volume of 
water flows to the Bay of Bengal through the 
Brahmaputra and Meghna River systems. Observ
able removal of fore st cover has occurred in the 
areas bordering Sylhet; increased deforestation 
could exacerbate flooding problems in Bangla
desh. 

The government is undertaking, with FAO 
assistance, to develop programs for a systematic 
survey of forestry resources and reforestation 
through its Forestry Research Institute in Chitta
gong. These programs are just getting under way. 

Soll. Some land is being lost for cultivation 
through expansion of the large urban centers of 
Dacca-Naray-Anganj (combined population over 2 
million) and Chittagong (population 889,000). Oth
erwise the amount of land under cultivation has 
remained relatively constant. 

The Bangladesh Agricultuml Research Council 
and Horticulture Development Board both have 
programs designed to promote good cropping 
practices. Traditional cropping practices have not 
significantly damaged the soil. However fertility 
and thus crop yields could be greatly improved by 
increased application of fertilizer. 

Land Development. The cost of bringing an 
additional hectare of land into production has not 
been quantified, as nearly all available arable land 
is now being cultivated and there is little potential 
for adding significantly to acreage presently de
voted to agriculture. Even so, the Bangladesh 
Water Development Board has been directed to 
prepare a master plan for reclamation :11 the 
coastal areas and offshore islands. No cost figures 
h1:we been developed yet and in any case the 
increase in acreage will not be great. Rather than 
stretching the total acreage the government has 
concentrated its efforts on increasing cropping 
intensity and food production, The costs and 
quantity of inputs involved in this effort are 
discussed below, under "Yield Gains." 

Gains in production attributable to increased 
acreage are not expected to be significant. How
ever, the potential for gains in yield is considera
ble, as discussed below. 

Yield Gains. Various estimates of the potential 
increase in food production have been made. All 
of them emphasize that increased use of high
yielding varieties (HYVs) of rice, fertilizer, and 
inigation could greatly increase crop yields, crop
ping intensity, and consequently overall output. 
USAID has calculated that the addition of one 
pound of fertilizer per acre of paddy increases the 
yield by about 3.5 pounds. The Bangladesh gov
ernment, in its 1973-78 five year plan, projected 

that increased use of HYVs in conjunction with 
fertilizer application and inigation could generate 
rice yields of .898 tons per acre compared to .582 
tons per acre for traditional varieties. The Asian 
Development Bank, using assumptions leading to 
a higher production growth rate, estimated that 
foodgrain production could rise to 26.22 million 
long tons by 1985 in a "high growth" scenario, or 
21.35 million long tons in a "low growth" scena
rio. 

In its 1973-78 five year plan, the government of 
Bangladesh proposed to supply agricultural inputs 
(HYV seeds, fertilizer, and plant protection) 
worth 6.4 billion taka ($426 million at 15 taka 
equal to one U.S. dollar) to farmers, for which 
the latter would pay 5.2 billion taka, leaving a 
subsidy of about 1.2 billion, approximately 19 
percent of the total. In addition. the plan proposed 
to spend 5.8 billion taka ($387 million) for iniga
tion facilities of which 1.5 <lillion taka would be 
paid for by the users. However, due to a variety 
of circumstances, neither the expenditure targets 
or the anticipated foodgrain output of 15.4 million 
long tons have been achieved. 

The World Bank has developed a scenario for 
increasing foodgrain production by 500,000 tons 
per year (the increase necessary to achieve the 
projections discussed above). It envisages the 
following yearly increases in inputs: (I) installation 
of I ,000 low lift pumps, 5,000 shallow tubewells, 
l ,000 deep tubewells, and 30,000 hand tubewells 
to provide irrigation to an additional 158,000 acres 
of paddy and 60,000 acres of wheat; (2) application 
of 74,000 tons of fertilizer; and (3) use of an 
additional 2,400 tons of HYV wheat seeds, 1.400 
tons of HYV Aman rice seeds, 800 tons of HYV 
AUS and 400 tons of HYV Bora. The World 
Bank has not projected cost figures for these 
inputs. 

Comment. By the end of the century Bangla
desh is expected to have a population of 150 
million. In the face of this prospect, the govern
ment has bent its resources towa.rd increasing 
food production by enhancing the output of exist
ing agricultural land. Assuming an adequate sup
ply of necessary inputs, land degradation does not 
loom as a serious problem. However pressure on 
forested areas, both to increase cultivated areas 
and to provide fuel, could result in che destruction 
of the country's extractable timber by the year 
2000. The environmental impact of this in terms 
of increased runoff and erosion would be most 
significant in the Chittagong hill tracts. Elsewhere 
most deforested areas would be relatively level 
and would subsequently be cultivated. 
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Should population pressures lead to large-scale 
removal of forest cover in Nepal and Assam. 
Bangladesh as a whole would be adversely af
fected by the increased runoff. Under present 
conditions the country is subject to periodic 
severe flooding and the prospect of more frequent 
and damaging floods would threaten both the 
productivity of the land and large portions of the 
population. This may be the most significant 
environmental problem facing Bangladesh by the 
year 2000. 

BOLIVIA 

Forestry. Defore'::tation has increased in the last 
few years and is estimated to total 250,000 to 
300.000 hectares in 1978. Approximately 90 per
cent of the ground cover is destroyed, and very 
little timber is cut for later uses. Overgrazing and 
slash and burn agriculture have changed river 
flows and have also stripped off top soils exposing 
the underlying clay of sandy soils. 

Reforestation plans are limited. Forestry orga
nizations have some plans for the future. Various 
government organizatio'ls have prepared programs 
and studies concerning forestry practices. Budget 
limitations and lack of trained personnel have 
hampered these efforts. 

Soil. Problems of erosion, salinization, deserti
fication. and late1ization are increasing and are 
caused by the following: improper use of the land, 
overgrazing. colonization. and destruction of 
ground cover either by slash and bum methods or 
by using machinery which not only destroys the 
jungle but also the physical composition of the 
soil. 

On the Altiplano, grazing animals remove vir
tually all plant life. Most grazing, however, occurs 
on the fallow fields that are maintained as grozing 
areas by the small communities that conuul land 
areas. 

Estimates as to the extent and rate of erosion 
arc difficult to make. The silt composition of the 
rock formations and the steep terrain lead to 
substantial rates of natural erosion. Human activ
ity also has an important impact. but no data 
exists about its relative magnitude. 

BRAZIL 

Summary. Notwithstanding the decrease in re
sources for reforestation in the last three years, 
Brazilian experts unanimously state that the fiscal 
incentive pmgram adopted by the Brazilian gov
ernment has not only alerted Brazilians to their 
enonnous forestry potential but has also enabled 

them to adapt foreign technology in this sector to 
Brazilian conditions of climate and soil. Evidence 
of this is the fact that Brazil had reportedly 
managed to obtain average productivity of 45 
cubic meters per hectare-year in the last IO years. 
as opposed to an average of 18 cubic meters 
before the fiscal incentive program started. The 
European average (particularly in the planting of 
eucalyptus and pinus) is, according to Brazilian 
experts. between 4 and JO cubic meters per 
hectare-year. 

Forestry. Most of the following data were taken 
from an article on the subject that recently ap
peared in the jomal do Brasil. Material for the 
article was collected through research and inter
views with Brazilian officials and businessmen 
from the 500 Brazilian private companies that 
operate in the area of reforestation in Brazil. 

Brazil had originally about 5.2 million square 
kilometers of natural forest area. It now has less 
than 3.5 million. Eighty percent of Brazil's current 
forests are concentrated in the Amazon area, and 
the most deforested areas are located in the 
southern and southeastern regions of the country. 
The Amazon region has lost 840,000 square kilo
meters of forests, which corresponds to 24 percent 
of its original rei-:erve. Expe11s have reportedly 
estimated that if current deforestation rates con
tinue, the Amazon forest will disappear in less 
than 30 years. 

Sources in the Brazilian Institute for Forest 
Development have reportedly stated that tree 
cutting in Brazil had totaled about 160 million 
cubic meters. 120 million of which were used as 
firewood or in the production of charcoal. Only 
40 million cubic meters were used in the produc
tion of higher-valued materials, such as lumber. 
essential oils. and pulp. 

Deforestation figures in some states in Brazil 
are as follows. Parana: 370,000 hectares per year; 
the state has lost 70 percent of its native reserves 
in the last JO years. Rio Gmnde do Sul: In the last 
20 years the state's original reserves have de
creased from 43.3 percent to 1.8 percent. Minas 
Gerais: In the last 15 years the state has lost 3 
million hectares of dense forest ai.d 6.5 million 
hectares of savannas (cerrados ). Sao Paulo: 80 
percent of state territory was covered by forest a 
century ago; that percentage is now reduced to 7 
percent. 

In view of seriousness of the deforestation 
picture in Brazil, the government in 1966 decided 
to adopt a reforestation program through which it 
delegated to the private sector the task of provid
ing the mw material necessary to meet the de-
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mand for wood in all its varied applications. The 
law creating the program tNo. 5.106 of 1966) 
provided that investments in companies that op
ernted in the area of reforestation could be de
ducted from income tax to be paid both by 
corporation and private individuals. This fiscal 
incentive program was highly successful until 
three years ago, when resources for reforestation 
started to decrease. The following figures show 
the success of the program in the 12 years of its 
existence. Before the program, the annual nation
wide planting nite was less than 40,000 hectares 
per year. Current rate is of the order of 300,000-
400,000 hectares per year. Five hundred private 
companies are currently engaged in reforestation 
in Brazil. The reforeslf'd tirea has practically 
doubled since 1966: 2.5 mi1Lon hectares, repre
senting 5.6 million trees have been planted. Brazil 
is now surpassed in reforestation practices only 
by three counuies-China. the Soviet Union. and 
the United States. Investments in the primary 
sector of reforestation have totaled 26 billion 
cruzeiros ( 1.6 billion U.S. dollars) since 1966. 

Leading states in reforestation are: Minas Ger
ais. with 690,000 hectares; Sao Paulo, with 
570,000 hectares: Parana, with 520.000 hectares; 
and Mato Grosso, with 240,000 hectares. Most 
planted trees are eucalyptus ( 1.3 million hectares) 
and pinus (865 thousand hectares)--both non-na
tives. 

Brnzilian experts and companies involved in 
reforestation have expressed concern about the 
decrease in the reforestation rate in the last three 
years, due to changes in legislation, which have 
resulted in a decrease in resources allocated co 
private companies. Those sources estimah! that 
Brazil will face a deficit of 1.7 million hectares by 
1980, since internal demand for wood by that time 
will be on the order of 2.9 million hectares. and 
Brazil would not be able to reforest more than 1.2 
million hectares at prescmt rates. 

CHAD 
Virtually no statistical data are available with 

regard to the questions raised. Deforestation 
throughout the country has been significant during 
the past decade and is likely to continue through 
the year 2000 with aggravated results. The com
mon perception of most observers in Chad is that 
the demand for cooking fuel is the primary and 
unabated cause of unquantified but significant 
level of deforestation. The secondary causes are 
uncontrolled expansion of slash and bum agricul· 
tural practi.:es and forage demands for livestock. 
While the forestry service is making an effort, 
along with a few aid donors, to maintain existing 

reserves and develop new ones, these efforts are, 
on a national scale, inadequate. A requirement 
for alternative fuel sources is indicated. However, 
no economically feasible solution is presently 
anticipated. Furthennore, it h believed that defor
estation, along with traditional livestock manage
ment practices, is having a serious effect on soil 
fertility levels. This is certainly true in the Sahe
lian portion of the country. One portion of Chad. 
which has been the site of considerable observu
tion. is the rangelands located southeast of Lake 
Chad. In this area, food crop production is only 
marginal and range management experts have 
detennined that, due to overgrazing. the range is 
in a state of rapid decline. There has been no 
evidence observed regarding changes in watershed· 
due to forestr~1 practices. However. one might 
suspect that the impact of human populations is 
contributing to long-term changes in the water 
levels of Lake Chad. The final conclusion is that 
unless the trend is reversed. severe land degrada
tion over much of Chad will be evident by the 
year 2000. 

No data are available regarding land develop
ment and crop yields. 

COLOMBIA 

Forestry. As a result of many processes, such 
as fanning practices, erosion, and colonization 
settlements. it is estimated that approximately 
908,000 hectares of natural forest land are being 
lost each year. Forestry practices are being used 
on only a small portion of the land. 

At the present time, only approximately 5,000 
hectares are being reforested each year. Plans are 
in effect. however. that would bring a total of 
approximately 540,000 hectares into reforestation 
during the period 1965-95. Significant portions of 
existing forests are showing stress for all the 
reasons indicated. 

Tremendous watershed problems result from 
the disruption of the watershed cover. although 
they cannot be docum1;:nted. One institutional 
program to improve forestry practices involves 
paying campesinos 2 pesos (5 U.S. cents) for each 
seedling planted. All programs of this type are 
recognized as inadequate and in need of expan
sion. One measure of hope is the recent creation 
of the Forestry Fund by the Colombian govern
ment. 

Soil. No specific data are available on mainte
nance of cropland fertility, but fertilizers are 
widely used on commercial crops. The major 
institution to promote soil conservation is the 
lnstituto Colombiano Agropecuario. under the 
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Ministry of Agriculture. It is efficacious, but not 
fully adequate. 

A study entitled "Land Erosion in Colombia," 
published in 1977 by the Ministry of Agriculture's 
National Institute of Renewable Natural Re
sources and the Environment, printed the follow
ing table: 

Type of Erosion irnd Intensity Area 
Percent 

Square of 
Kilometers Country 

Areas without serious erosion 
pri>cesses 282,000 24.8 

Areas affected principally by 
surface water erosion .586,000 .51.4 

Minor to light intensity 41.5,000 36.4 
Light to medium intensity 12.8 
Medium to strong intensity 7,000 0.6 
Strong to very strong intensity 18,000 1.6 

Areas affected principally by mass 
earth movements 268,000 23 • .5 

Minor to light intensity 28,000 2 • .5 
Light to medium intensity 233,000 20.4 
Medium to strong intensity 7,000 0.6 

Areas affected principally by wind 
erosion 3,000 0.3 

Strong to very strong intensity 3,000 0.3 
Total country area 1,139,000 100.0 

Land Development. The variables in¥olved in 
answering these questions of land develr,pment are 
tremendous. No data are available at present. 

EGYPT 
The principal published data source for the 

questions raised is the 1975 USAID/USDA study 
"Egypt: Major Constraints to Agricultural Produc
tivity." Little new inform<ition is available. While 
the Egyptian Ministry of Agriculture has several 
technical people familiar with data collection, the 
Ministry lacks full resources for compilation, inte
gration, and analysis of such information. 

Soll. Salinity and waterlogging have become 
unexpectedly urgent problems in the past few 
years due to the farmers' traditional overuse of 
the available water supply, which was increased 
with the completion of the Aswan High Dam and 
the subsequent introduction of widespread irriga
tion. Traditional methods of the seasonal soaking/ 
flooding of crops contributed to the sudden, 
unanticipated increase in the incidence of prob
lems due to the rise in water tables. The Ministry 
of Agriculture estimates that 50,000 to 60,000 
acres (roughly 1 percent of the cultivable land 
area) have been lost to production due to these 
complications over the last five-year period. With 

donor assistance, however, the government is 
taking steps to rectify the problem through the 
installation ~f a tile drainage system in the delta 
and other irrigated areas. Extensive projects, 
principally financed by IBRD, will provide drain
age for approximately one-ftfth of the total cultiv
able land areas by 1981 and prevent further loss 
due to salinity. If projects are fully implemented 
on schedule, the Ministry foresees no increase in 
lands lost to salinity and waterlogging. Further
more. existing losses should be restored to pro
duction. 

An even greater threat to cultivable lands is the 
rapid urbanization in Cairo and Alexa'ldria, which 
annually claims highly productive acres in the 
river valley or delta. Fertility maintenance on 
existing land is becoming increasingly difficult 
with absence of the annual resitting due to con
struction of the Aswan High Dam. The Egyptian 
Ministry of Agriculture, however, has a program 
underway to increase the use of chemical fertil
izers and to rotate certain crops to replenish soils. 

Land Development. The Aswan Hif;~ Dain has 
contributed to reclamation of approximately 1 
million feddans (one feddan equals slightly more 
than one acre) since its construction. The cost of 
reclamation has not been matched by significantly 
increased productivity. Virtually all reclamation 
costs have been borne by the government. The 
peculiar circumstances of Egypt make it impossi
ble to project production increases from the 
expansion of arable lands, because the costs of 
desert reclamation (averaging about $2,000 per 
acre) are far in excess of the projected potential 
returns during the sho11 or medium term. More
over, reclaimed lands rea~h optimum production 
levels 7-10 years after they are brought into 
production; only then can increased productivity 
be evaluated. The majoiity of the reclaimed Egyp
tian lands have not yet attained optimum produc
tion levels. This factor understandably contributes 
significantly to the high cost of reclamation. 

Yield Gains. The principal impact of technolog
ical advance has been the introduction of new 
varieties nf existing crops-e.g., rice, cotton, and 
wheat. In this area, measured gains have been 
impress;ve, but widespread application of techno
logical advcinces has been slow. The Ministry of 
Agriculture, in a recent submission for the 1978-
82 five year plan, made the point that the agricul
tural sector's principal problem is the failure to 
implement wide.'lpread technical changes rapidly. 
Consequently, many potential gains in productiv
ity are lost. 

!\ 
~> 



INDIA (Calcutta) 

Forestry and Soll. Forestry is certainly an 
important subject in eastern India. There are 
regional forestry officials of the government of 
India located in Calcutta and in West Bengal. a 
central and populous but not territorially extensive 
state of the region. 

West Bengal technicians offered the following 
information for the state area. 

A. Area Under Forests in West Bengal (In square kilome· 
ters) 

1901 
19.SI 
1974 

B. River (in hectares per 100 km1) 

Teesta 
Mayurakshi 
Panchet 
Kangsabati 

C. Areas Under Shifting Cultivation 

Total Forest Area 
13,491 
12,225 
11,837 

Annual Rate of 
Siltation 

98.40 
16.43 
10.00 
3.76 

Percentage of Net 
Shown Area Where 
Shi/ting Cultivation 

I,(}()() Hectares Is Practiced 
State 

Assam 
Meghalaya 
Manipur 
Tripura 
Nagland 
Mizoram 
Andhra Pradesh 

Total 

498.3 
416.0 
100.0 
220.9 
608.0 
604.0 
248.6 

2,695.7 

3 
46 
43 
9 

72 
90 
80 

In West Bengal approximately 1. 7 million hec
tares of agricultural land suffers from different 
kinds of soil erosion/land deterioration, and ap
proximately 148,000 hectares of barren land under 
the administration of the Forest Department re
quire rejuvenation. The table below gives tentative 
estimates of the different types of deterioration of 
agricultural land and the areas affected: 

Type of Deterioration 
Waterlogging 
Sheet, rill, and gully 
Flood·prone 
Salinity 
Landslides and landslips 

Total 

Area 
(In hectares) 

.S00,000 
600,000 
400,000 
150,000 
16,000 

l,666,000 

Officials who are working in this field also made 
more general observations: 

Forest in eastern India are gradually being 
denuded. One of the main causes is illegal cutting 

of trees, especially saplings, for fuel and the 
construction of homes by the poor people. This 
problem is most acute in the tribal areas of West 
Bengal. There is an acute shortage of land both 
for cultivation and for grazing cattle, and intense 
overgrazing of forest areas. The overgrazing has 
led to the loss of the porosity of the soil, which 
has retarded the development of humus. This in 
tum has caused widespread soil erosion. 

The indiscriminate cutting of trees in the wa
tershed areas, especially in hilly regions, has 
affected the flow of rivers and streams. The flow 
is becoming more seasonal inst1:ad of being rela
tively constant through the year. The disruption 
of the watershed cover has also caused a general 
lowering of the ground-water table. The c'own
stream effects of this are an increase in the 
frequency and intensity of flooding during the 
monsoon and a reduction of the water flow during 
the dry season. This in tum has !Pd to a silting up 
of not only agricultural land in the flood plains but 
also a silting up of the reservoirs of river valley 
projects and an alarmingly high rate of sedimen
tation in the rivers. 

Slash and burn farming is widely practiced in 
most parts of northeastern India. The area af
fected by shifting cultivating is estimated at about 
2.7 million hectares. (A similar system prevails in 
the hill forests of Orissa and Andhra Pradesh over 
an area of about 0.3 million hectares.) Owing to 
the growing pressure of population on land, the 
cycle of slash and bum agriculture, which for
merly covered a period of 20-30 years, now 
occurs every 4-6 years. Consequently, despite 
official activities to curb slash and burn agriculture 
and encourage settled cultivation, forests are being 
denuded very rapidly, and soil erosion in these 
areas is intense and widespread. Inadequate ter
racing of areas under pt.';·manent cultivation is also 
a problem. 

The central and state governments are aware of 
the importance of preserving forests, but they are 
handicapped by a shortage of funds and trained 
personnel and by the poverty of the people, who 
cannot afford to buy fuel or shelter and conse
quently have no alternative but to encroach on the 
forests. In recent years the funding of the govern
ment of West Bengal for development of forests 
has increased. In U.S. dollar equivalents, the 
budget for 1977 was $1.5 rnHlion, while the 
estimated budget for 1978 is $1.8 million. The 
government has reportedly also finalized a $2.6 
million program for rehabilitating more than 1,000 
hectares of degraded forests and over 2,500 hec
tares of plantations. This program is scheduled to 
begin in Fiscal Year 1978. 
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According to officials of the West Bengal For
estry Department, the plans prepared bv it for the 
protection and the development of : ;;rests are 
very comprehensive, but there is ofter a s:i.ortage 
of funds and the gap between the pn;rAU'ation of 
plans and their execution is often ve1.y wide. Soil 
offir:ials stressed the lack of trained and experi
<mced personnel, which often means that the 
financial resources available cannot be properly 
used. 

Significant areas irt North Bengal (adjoining 
Nepal and Bangladesh} are adversely affected by 
changes in the courses of the rivers. Statistics are 
not re<ldily available on the population or the total 
areas affected by this problem, but it is considered 
serious. Countermeasures required extensive re
search and planning, interstate and international 
cooperation, and very large financial investments, 
which are probably beyond any current capacities 
of the state. 

INDIA (New Deihl) 

Forestry. The combination of both overgrazing 
and stripping of trees for fuel is making a serious 
impact on the Himalayan watershed. Effects are 
seen in landslides, flooding in the Gangetic Plain, 
lowering of the ground-water table, and reser
voir siltation. No studies have been made to 
estimate the total environmental and economic 
cost of deforestation. Resolving the sociological 
problems of forestry management would appear to 
be as problematical as finding the resources for 
reforestation. Supplying an alternate means for 
the economic survival of the people currently 
using the forests for their livelihood must proceed 
simultaneously with good forestry practices. A 
summary of som; of the tm .. re important data 
points is given below. 

Land Use ClasslOcatlon as of 1973 

Millions of 

Total geographical area 
Asriculture or cultivated land 
Forests 
Other uncultivated land 
Nonagricultural uses 
Barren and uncultivated land 
Manmadc forests in India 

created up to 1969 

hectares 
328.0S (100 %) 
152.27 (4.S.4) 
74.S7 (22. 7) 
42. 18 (13.0) 
16.2S ( .S.0) 
42.78 (12.9) 

1,546,400 ha 

Forest Areas, 1970-73 

1970 
1971 
1m 

M/UloM of wss of Forests 
hectares (deforestation) 

74.89 
74.83 0.05 
74.60 ' 0.23 

·Ml/lions of 
hectares 

74.S7 

loss of Forests 
(deforeslat/on) 

1973 0.03 

Average loss orforests per year, 1970-73 106,700 ha• 

•Actllll del'oreltallon It expccled to be more because of aomc lne'"5C by re
fomllllon. 

Sedimentation data for 23 selected reservoirs 
have been collected. The trend of the sedimenta
tion in the reservoirs varies from 2.5 to 18 hectare
meters per square kilometer (54 to 382 acre-feet 
per 100 square miles) of the catchment per year. 
For example the sediment rate for the period 
1965-70 (five Yt!ars) is 7,358 acre-feet per year for 
Mayurakshi Reservoir, which is three times the 
expected rate of siltation. 

Soil. Agricultural land loss through: 

Gully erosion (total) 
Ravages of water and wind 

erosion 
Salinity (total) 
Deserts 

Land recovered: 

2.3 million ha (1974) 

80,000 ha/year (estimate) 
7 million ha (estimate) 
No data collected 

Ravines 7l'.000 ha in IS years 
Alkali soil 20,\'00 ha in 3 years 

Over a 25-year period, 22 millio1. ha were re
covered for agriculture use by various svil conser
vation programs. 

Several good institutions are concerned with 
soil conservation, notably. 

Central Soil and Water Conservation Research and Train-
ing Institute (ICAR), Dehra Dun 

Central Arid Zone Research Institute, Jodhpur 
Central Soil Salinity Research Institute, Karnal 
Indian Grassland and Fodder Research Institute, Jhansi 
Soil Conservation Directorate, Faridabad. 
Forest Research Institute and Colleges, Dehra Dun 

Their budgets are too small, however, to make 
dramatic impacts. 

Land Development. Approximate cost per hec
tare of development of land for agriculture in 1970 
was: 

Ravines 
Alkali soil 
Terracing 

Rupees 
6,000 (including cost of irrigation) 
S ,000-6,000 (including cost of irrigation) 
3,000-S,000 

Anticipated crop production for each additional 
hectare of land recovered is 2-3 tons of food 
grains. 

INDON~IA 

Fore6'try. Total land area in Indonesia is 190.S 
million hectares. Of this, about 122.2 million 
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hectares are in forests. The most common esti
mate of the current rate of deforestation is 400,000 
hectares per year. The most important cause, 
accounting for at least half of the total, is slash 
and bum agriculture on islands other than Java, 
Madura, and Bali. The next most important cause 
of defore~tation is considered to be unwise land 
use, i.e., cultiv?.iin& too high up mountain slopes. 

No data on wil~ther good forestry practices are 
being used was obii!ined. About 50 million hec
tares of forest cutting concessions have been 
granted. The concession agreements include regu
lations regarding methods and rates of cutting, 
size of trees that can be cut, replanting, etc. 
However, enforcement of the regulations is diffi
cult. Therefore, forestry practices vary greatly 
from concession holder to concession holder. 

River and dam siltation, flooding, etc., are 
serious problems, especially on Java, but no 
quantitative data on this problem were uncovered. 

The government has two programs for returning 
land to forest or agricultural productivity: the 
reforestation program and the "greening" pro
gram. The reforestation program is carried out by 
the Directorate General of Forestry on govern
ment-owned land; 1,600 trees (usually pine spe
cies) per hectare are planied. Costs for this 
program are from 30,000-60,000 n:pbh (415 rupiah 
equal one U.S. dollar) per hectare in the first 
year, 15,000-30,000 rupiah in the second year, 
and 7,500 in the third year. The greening program 
is carried out by the Department of Public Works 
with lnpres C (presidential instruction) mon~y and 
in cooperation with the Department of Interior. 
Under this program 600 trees per hectare are 
planted, usually agricultural species such as fruit 
trees, cloves, oil palm, etc. The government 
subsidy is 16,250 rupiah per hectare when terrac
ing is required, and 5,250 ruµiah without terracing. 

• :e amount of land rehabilitated under these 
pr'-641lffis since 1972 is shown below (in thousands 
of hectares): 

197'1113 
1973n4 
1974175 
191sn6 
1976177 
1mn8 (Projected) 
1978179 (Projected) 

Reforesta· 
tion 
82.7 
78.8 
84.3 
25.3 

162.8 

Greening 
42.3 
40.0 
51.0 
37.8 

302.6 

Total 
125.0 
118.8 
141.3 
63.1 

46.S.4 
800 

1000 

One source stated that probably only about 60 
percent of the total figure for 1976177 was actually 
achieved. Shortages of trained field workers is 
one of the main limiting factors to expansion of 

the program. The Directorate General of Forestry 
is training about 2,500 new field workers a year to 
attempt to overcome the problem. The effective
ness of the greening program is highly variable. 

The objective of the two programs is to even
tually rehabilitate a total of 42 million hectares of 
land classified as follows (in millions of hectares): 

Critical 
Condition Other Total 

Dry agricultural land 3 3 
"Alang·alang" grassland, 

abandoned land, and 
other 13 J 16 

Deforested land 4 19 23 
Total 20 22 42 

Soil. While agricultural land is being lost, very 
little data exist to describe the extet ,~ .lf the problem. 
One study of the upper Solo River Basin in central 
Java, one of the most intensely cultivated areas in 
the countiy shows erosion in some places of as 
much as 4 cm annually. 

Land Development. No data were located on 
what it costs to bring an additional hectare of land 
into development. However, the Minister of Re
search estimates that a total of 41 million hectares 
of land could be brought into cultivation in 
Indonesia. 

Yield Gains. The Central Research Institute for 
Agriculture in Bogor has estimated yields that 
could be otained by farmers using already avail
able technology for the following crops: 

Corn 
Rice 
Soybeans 
Cassava 
Sweet potatoes 

Current Potential 
(metric ton.s) 

1.2 4 
1.3 5 
.76 2 

9 30 
8.1 30 

LIBERIA 

Forest,·y. In an attempt to diversify its economy 
from dependence on iron ore and rubber, the 
government of Liberia has started to implement a 
1976 feasibility study on oil palm and coconut 
plantations. The study calls for the establishment 
of 22,500 acres of industrial oil palm estates, 
15,000 acres of smallholder oil palm plantations, 
and 20,000 acres of smallholder coconut planta
tions in eastern Liberia. The total cost of the 
project is estimated at $89.8 million, and the 
average rate of return is projected at about 6.5 
percent. Foreign loans and grants have been or 
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will be obtained to fmance the project. Its imple
mentation has been delayed by failure to get the 
target acreage of 2,500 acres cleared at one of 
three sites in 1977. There is some apprehension 
that the 1978 goal of clearing .S,000 acres of land 
may not be attained. 

MALAYSIA 
The embassy has collected as much data as 

possible on areas concerned. In many cases the 
data is "unofficial," and many of the comments 
are subjective in nature. 

Forestry. Over the past 10 years Malaysian 
forests, primarily in the States of Sabah arid 
Sarawak, have been logged at the rate of 500,000 
acres per year. Malaysia is, however, starting to 
become more conservation conscious, and small
scale replanting programs have been started in 
various parts of the country. 

SoU. While agricultural land is presently being 
lost due to deforestation, exhaustion of soil fertil
ity, and shifting cultivation, it is not possible to 
quantify the amounts of land involved. The Ma
laysian Agricultural and Research Development 
Institute, tC1e Rubber Research Institute, and the 
Forest Department are involved in soil conserva
tion efforts. 

Land Development. Malaysia has a unique land 
development approach, operated by the Federal 
Land Development Authority (FELDA). FELDA 's 
approach is to provide all necessary infrastructure, 
i.e .. housing, roads, schools, etc., as well as ti'I 
open new land and plant it, usually with rubber 
and oil palm. This approach is more expensive 
than many others, and FELDA reports that they 
spend $3,000 per acre for developing rubber land 
and $2,800 per acre for developing palm oil land. 
The government of Malaysia plans to develop I 
million acres in this manner during the thir"' 
Malaysia plan (1976-80). 

Yield Gains. Yield gains through technological 
change are diffict~lt to estimate. Malaysia's corpo
rate agriculture is very progressive and quick to 
take advantage of changes in technology. Past 
experience has shown that smallholders are more 
conservative in their acceptance of changes, but 
they did readily accept new rice varieties when 
twin yield, disease resistance, and pest resistance 
were demonstrated. Government estimates on 
where the country will be in 1981 are contained in 
the third Malaysia plan. 

MAURITANIA 

Forestry. Inquiries confirm that problems of 
deforestation and land degradation are indeed 
acute here, but no meaningful data exist on rate 
of loss. Officials concerned with the problem cite 
the rapid loss already of small-tree population 
here as due to the practice of breaking instead of 
cutting branches to enabie small animals to feed 
and to the use of live trees for charcoal produc
tion. The extent of the concern about reforestation 
is best illustrated b•1 the fact that the 32.S hectare 
project run by the Lutheran Federation outside of 
Nouakchott is th<! only known reforestation effort 
in Mauritania. 

Soil and Land Development. Information is 
limited to the visible evidence that desertification 
is an active process. 

MEXICO 
Soil erosion is one of Mexico's greatest prob

lems. The government has recently launched a 
National Reforestation and Social Bettem1ent Pro
gram in the state of Jilotepec as part of the Portillo 
Administration's .. Alliance for Production." The 
intent of tht: new program is to halt erosion, 
proter;t the environment. and promote forestation. 
Various government agendes will be involved in 
this effort. 

The following analysis is based largely on 
"unofficial" data and observations of key person
nel in soil and water conservation at the Agricul
ture and Water Resources Secretariat (SARH). 

Forestry. We have no estimate of total defores
tation in Mexico, but have a partial estimate 
showing that. in tropical zones only, some 80,000 
hectares annually are being subjected to slash and 
bum techniques, which leads at best to two good 
harvests. Then the land is lost. Good forestry 
practices have not been used until now (with 
some exceptions). As noted above, a major refor
estation program is just beginning. Whether the 
new program will prove adequate has yet to be 
determined. 

Soll. We have no figures but are convinced that 
all the processes [mentioned in the questions on 
soil] are occurring here and contributing to signif
icant loss of agricultural land to cultivation. SARH 
is concerned with the problem, but efforts to date 
have not markedly reduced the deterioration. 

Land Development. It is estimated that it costs 
50,000 to 60,000 pesos to de .-elop an additional 
hectare oi irrigated land (22.6 pesos equals one 
U.S. dollar). Seasonal land can be developed, 
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with drainage, for .. ~~.000 to 30,000 pesos per 
hectare. Some 12 r!,u.~~n hectares have a potential 
for irrigated cultivation, and some 18 million 
hectares for seasonal cultivation. An eightfold 
increase in crop production is said to be theoreti
cally possible by the year 2000, though there are 
doub!s that this could really be brought about in 
practice. 

Yield Gains. No data were available on yield 
gains attainable from technological change. 

PAKISTAN 

Reliable data on the questions posed are rare. 

Forestry. The Himalayan region of Pakistan has 
nev~r ~en heavi.ly. forested. Only 3.4 percent of 
Pakistan s 200 million acre land area is generally 
re~orted as forested. This compares with 1965 
estimates that 9.8 percent of West Pakistan's land 
was forested at the time of partition. Available 
data are insufficient to permit estimating the net 
rate of deforestation taking place or to test the 
high rate su~ested by the two figures above, but 
nearly all estimate:: are that there is a net loss. 

The Pakistan Statistical Yearbook of 1976 cites 
a 21.45 million cubic feet total out-turn from 
forests, of which 7.8 million cubic feet were used 
as timber and 13.6 million cubic feet for fire wood 
~ nearly 2:1 ratio of firewood to timber. Th~ 
importance of firewood as a fuel was confirmed 
from a 1975 Survey of Households and Establish
ments, which showed firewood as the principal 
source of energy for both urban and rural house
hold~ in all ~trata sampled. There is no apparent 
pubhc or pnvate concern over these practices. 
Plans to limit forest gleaning were stymied by 
'.'grandfather cla~ses" permitting families engaged 
m the timber business at the time of the legislation 
to retain their means of livelihood. 

Pakistan's high rate of population growth (3 
percent plus) amplifies the pressure of the rural 
and landless poor on the resources of the land, 
and a steady depletion of woodland has been the 
result. Many landless poor have minor livestock 
such. as goats, which destroy ground cover. Ac
cordmg to Erik P. Eckholm,* both the needy and 
the ent.repreneurs are forced to poach for fuel
wood m the protected (and economically and 
ecologically essential) national forest reserves. 

The scale of the problem overwhelms scattered 
attempts to reverse the negative trends. Good 
forestry practices are not implemented, and no 
one really knows how much, if any, effective 

• "The Other Energy Crisis: Firewood," Washington: 
Worldwatch Institute, 1975. 

reforestation is taking place. Disruption of wa· 
te~~ed cover is responsible for declining soi 
fert1hty, accelerated soil erosion, and increasingly 
severe flooding. 

The s~t load in the Indus Basin, the principal 
hydrological system of Pakistan, is high, particu
larly on the upper reaches of the Indus River itself 
before it joins with the other less heavily silted 
major rivers of the system. At Tarbela, the silt 
load has been estimated at 440 million tons a year. 
The forestry institutes, which direct the few 
programs, have proven to be inadequately fi
nanced and unable to meet either the immediate 
or long-term needs of forest preservation. 

Soil. Data on soil conservation efforts in re
sponse to problems of erosion, salinity, and water
logging is also impressionistic. There is some 
concern, and work on the problem is being carried 
out, but a comprehensive, quantitative picture is 
not yet available. Quantifiable data are being 
gathered by a World Bank-managed study on the 
Indus Basin, with soil salinity surveys over a very 
wide area. Data are now being proces'ied by 
computer, and preliminary results on rate of soil 
loss through salinity may be available from the 
World Bank. The low values of output per capita 
in Pakistan, whether measured in terms of value 
or of nutritional 1.:ontent, reflect the fact that 
agricultural yields in the area are among the 
l~west of all countries where agriculture is prac
ticed on a large scale. Not only are farm yields 
low in Pakistan, but their growth continues to be 
constrained by a low rate of investment in both 
inputs and infrastructure in comparison to need. 

As to waterlogging, the water table represents a 
~ynamic equilibrium among evuporation, infiltra
tion of river, rain, and irrigation watrr. ~nd 
underground flows. This equilibrium has been 
Up!'~t by leakage from the new wai,er courses and 
ov...;; watering of fields. By some estimates, at least 
a third of the water diverted to the canals perco
!ates downward to the water table, greatly increas
ing the overall rate of infiltration. Most serious is 
the capillary rise and evaporation of lhe under
ground water that occurs whenever the water 
table is within 10 feet of the surface. In an area 
where underground water has a salinity of 1,000 
parts per million, evaporation at a mte of 2 feet 
per year (a typical value where the water table is 
only a few feet deep) will raise the salt content of 
the top 3 feet of soil to about I percent in 20 
'·ear.:.. This is said to be too high for even tbe 
hardiest crops. 

Ground-water evaporation is only one of the 
causes oi high salinity in the soils of the Puajab. 



APPENDIX 733 

lmgation practices have also contributed to salt 
accumulation. Percolation through the silt sons is 
slow: consequently, some of the imgation water 
washes down very far beneath the root zone 
before it evaporates, and the residue of salt left 
by evaporation remains in the upper soil layers. 
In the Indus Plain, according to a special IBRD 
study, an estimated 18 million acres should be 
reclaimed. This is roughly 20 percent of the cimal
imgated area and 15 percent of the cultivated area 
in the Punjab District within the Indus Plain. 

Fifteen years ago, waterlogging and salinity 
damage in the Punjab reached s~rious proportions. 
Investigators were convinced it could be cured or 
arrested in areas of relatively fresh and usable 
ground-water by constructing a system of lar~e 
wells to provide vertical drainage. This program 
continues and is having success, but a consensus 
is growing that sizable investments on surface 
drainage wi!I also be required. A further problem 
is that, as drainage is used to reduce the rate of 
salinization in the upper Indus irrigation system, 
the salt content of water used by farmers on the 
lower Indus in the Sind increases. 

A critical area for research and analysis is 
finding the extent and significance of soil deterio
ration as a consequence of the salt or of the 
conjunctive use of marginal quality ground-water. 
What are the forms of detenoration? It is difficult 
•o obtain a firm quantitative measure of the effect 
that waterlogging and salinity have had on agricul
tural production, and shifts in cropping pattems 
have occurred in response to other factors as well. 
However, the costs in human terms have been 
substantial. 

Land Development. This ques:ion is too general 
and the problem it addresses contains too many 
interdependent variables for a reasonable estimate 
to be given. There are too m?ny mixed costs, 
depending on whether it is hill land that needs to 
be terraced or irrigated land in which salts must 
be leached out-or if there is <ln extension of an 
irrigation system to previously unirrigated land. 
Regarding additions ~o crop production, there is 
the generally acknowledged dil~mma of resolving 
uncertain yield potentials of pi"esent agricultural 
technology and feasible methods by which this 
new technology can be communicated to farmers. 

Yield Gains. Agricultunl output in P~kistan is 
limited by :\dverse physica: conditions and other 
factors. n ! total cultivated area is increasing at 
about 1.3 percent a year and agricultural JJ1oduc
tion methods hold the output per acre vir.ually 
constant in a situation of rapid population growth. 
The traditional practices governing the timing and 

amount of distribution of water among farmers are 
often inappropriate but difficult to change. In 
addition to such phvsical constraints as salinity 
and waterlogging (and financial ones like a lack of 
resources to invest in the use of fertilizer, high
yield varieties, and pesticides) farmers are oftr.n 
reluctant to risk trying new methods of cultiva
tion. These factors all hold agricultural production 
down. 

SENEGAL 
The following sketchy information was obtained 

from local sources, the few studies available, and 
the i;ovemment's fifth quadrennial plan. 

Foresty. The Department of Eaux et Forets 
reports show that approximately 100,000 tons of 
charcoal are consumed annually for fuel in Sene
gal. Of this, 80 percent is used in the Cap Vert 
region. This represents 500,000 tons of wood, or 
all thz wood produced on 10,000 ha of unclassified 
forests. At t '' -. ·, .~aux et Forets reports, all 
unclassified forests in the Cap Vertathies ar":t are 
depleted. Eaux et Forets defines an unclassified 
depleted forest as one where all first growth wood 
has been removed and shrubs have t:tken over. 
This type growth will yield 0.5 to 0. 7 tons of 
charcoal per hectare per year, whereas a properly 
managed forest under average Senegal conditions 
will yield 5.5 to 7 tons. Eaux ct Fo.~ets further 
estimates that all unclassified forests ~n Senegal 
will be depleted in 30 years at the prcsem rate. 

Indications in reports are that, in additfoq to the 
heavy fuel requiremP.nt for wood, extensive burn
ing and uncontrolled grazing are doing as much 
damage as rapid harvest for charcoal and oth~r 
wood products. The government of Senegal rec
oi:tnizes the i>mblem as reflected in their fifth four 
year plan (i.e., planned expenditures of more than 
$40 million through Eaux et Forets for such 
projects as forest seedling nurseries, forest reserve 
management, new forest preserves, fire protec
tion, and windbreak and village woodlot plant
ings). 

Soil. Data with ;-espect to soil are weak. Of the 
approximately 2,300,000 hectares of land classed 
as permanent cropland, 822,000 are badly eroded 
from wind. On the erosion scale o~· USDA's Soil 
Conservation Service, this would probably be 
classed as a level 3 erosion. Based on a I to 5 
scale, with I being slight, this erosion is critical. 
An additilmal I ,000,000 hectares would be classed 
as a level 2 erosion. The remaining approximately 
500,000 hectares wo1..1ld actually gain some soil 
from windblown deposits and water-eroded sedi
ment. Reports and studies done by USAID in 
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project planning indicate the practice of allowing 
land to lie fallow is the exception rather than the 
rule, thus indicating very strong pressure on the 
land. The fifth four year plan (1977-81) recognizes 
the need for improvements: $45 million in projects 
affecting basic food crops (i.e .. cereals, crop 
rotation, fertilizers, etc.). Additionally. approxi
mately $50 million are planned for irrigation proj
ects during this same period. 

Land Development. Little information exists 
that would show that additional land, other than 
through inigation, is available to bnig into pro
duction. Estimates of new land tha. could be 
inigated with water available or water tliat could 
be developed would not exceed 300,000 hectares 
at a cost of $5,000 per hectare. This would 
represent an investment requirement of $1.5 bil
lion dollars. 

Yield Gains. Yield gains under proper manage
ment of rainfed agriculture (i.e., crop rotation, 
water conservation measures, weed control, fertil
izer, and better varieties) could double yields on 
traditional crop lands. Again, some effort is being 
made by the government and outside donors. 

SUDAN 

We do not have a high degree of confidence in 
the data, but the consensus is that desertification 
and deforestation problems in the Sudan are very 
serious. 

Forestry. Annually, about 3 million acres are 
cleared-2 million for mechanized crop production 
and I million for traditional agriculture and forest 
products. Only inside forestry reserves (0.5 per· 
cent of the total area of the Sudan) are good 
forestry pmctices followed. Expansion of forestry 
reserves is planned to cover 15 percent of the 
Sudan by 2000. Within reserves reforestation is 
taking place at the rate of 50,000 acres per year. 
Existing forests are showing severe signs of stress. 
Overgrazing is c.ommon, and 500,000-800,000 
square kilometers are burned each year, removing 
about 300 million tons of foliage. Fuel wood 
consumption is estimated at 30 million stacked 
cubic meters. (Nomadic tribes uproot about 550 
million acacia trees annually for firewood.) De
forestation has caused a pronounced problem in 
many water courses in central Sudan. Desertifica
tion is moving southward at a rate of 5-6 kilome
tt" per year, according to a 1975 study of the 
National Council of Research. Other sources thin't 
the movement may be faster-perhaps 8-10 kilo
meter per year. Institutional programs to improve 
forestry generally are inadequate. 

SoU. As indicated by the above desertification 
statistics, 5UbstantiaJ agricultural land is being lost. 
About 600,000 acres in northern Sudan are af. 
fected by salinity problems. Sheet and gully 
erosion are common problems. No unit per time 
estimates are available of loss of agricultural soil. 
Current rainfed mechanized agricultural tech
niques generally require abandonment of cultiva
tion after about five years. Introduction of differ
ent technologies perhaps could have a major 
impact. Various institutions exist to promote soil 
conservation, but they are inadequately staffed. 

Land Development. Land development costs 
vary substantially. Inigated land can be developed 
for about $2,000 per acre. These have been almost 
entirely public costs. However, in tenns of new 
private sector agriculture developments, Sudan 
has started some concessionary assistance for 
infrastructure (pumps, canals) whereas at the time 
of project inception all of these cost!I were to be 
borne by the project. Costs of development of 
mechanized rainfed areas are about 10 percent of 
irrigated costs and generally are private costs. 
Expansion of arable land will have substantial 
impact on crop production. About 500,000 addi
tional acres of inigated lru1d will be added in the 
next two to three years, and other projects to 
inigate more than 1 million acres may be started 
ir. the next five years. Cultivation of 3-4 million 
additional rainfed acres is also projected in the 
next six years. 

Yield Gains. Scattered estimates are available 
of what changes a particular technology would 
produce. However, in isolation these statistics are 
not very useful. Concerning the 2.3 million acre 
Gezira scheme, several agronomists have com
mented that they believe that, with modest capital 
inputs and some new technologies and incentives, 
production l.!ould be doubled or tripled within five 
years. Changes in rainfed technology also proba
bly could achieve great increases in yields, partic
ularly for acreage that has been cultivated for 
more than two years. 

THAILAND 

Swnmary. The rate of deforestation in Thailand 
is accelerating and far outstrips efforts to control 
it. Less than 39 percent of the total land area 
remai11s in forests; at th1.; present rate, this will 
drop to 17 percent by 1981 and effectively to zero 
.by the end of the decade. Agricultural land 
expanded by 20 percent from 1971 to 1975 at the 
expense of the forests, but problems of water 
control remain more significant than land availa-
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bility. Only S.6 million hectares of land are 
irrigated or irrigable, and 12 percent of this land is 
in the r.ortheast, the region most susceptible to 
drought and flooding. High costs of irrigation and 
techno!ogical innovation preclude rapid dissemi
nation of more modem services and facilities to 
tl-d'; majority of Thai fanners. 

Forestry. One of the more significant problems 
facing Thailand now and in the immediate future 
is the excessive rate of deforestation. Based on 
satellite imagery from the Earth Resources Tech
nok'gy Satellite ERTS-: in l 973, it was reported 
that the area of forest in Thailand totaled 
20,074,900 hectares, or 39 percent of the country. 
An earlier study (1970) demonritrated that the 
annual consumption of wood and wood products 
in Thailand averaged 63.5 million cubic meters 
(mcm), of which 12.0 mcm was sawnwood, 1.5 
mcm poles, and 50.0 mcm fuelwood requirements. 
A survey of Thai forests determined that 532,000 
hectares of fore st were required to satisfy such 
needs with an additional 255,000 hectares of forest 
also lost annually for shifting cultivation, or'' total 
of 1.14 million hectares of forest cleared in i970. 
Assuming that the rate of consumption will in
crease in proportion to the rate of population 
growth, or 2.55 percent per year, it is estimated 
that there will remain less than 9 million hectares 
of forest in Thailand in 1981, or 17 percent of the 
country, and by 1987 the entire forest area of 
Thailand will be effectively cleared. 

The Royal Thai government has recognized the 
seriousness of the deforestation problem ancl has 
enacted measures to control it. There is ~tready 
an established system of national parks and game 
preserves covering 2.26 million hectares, or 4.39 
percent of the country. In addition, all areas 
above 600 meters elevation are protected by law 
against any logging or clearing for cultivation. 
These laws hold little relevance for the hill tribes 
system of shifting cultivation. The government 
reforestation program claims some success to 
date: 94,000 hectares of new forest have been 
replanted in the 10 years ending in 1976. Plans 
call for an additional 320,000 hectares ijf forest to 
be replanted each year over the ner.c five years. 
While this target falls far short of rne yearly rate 
of deforestation and is far beyond the present rate 
of reforestation, it does represent an increasing 
official awareness of the seriousness of the prob
lem. However, despite all efforts to preserve the 
remaining forests and to replant those already 
cleared, illegal log poaching and subsequent illegal 
cultivation of forest land persists. A very rough 
estimate of the cost to a log poacher to clear a 

single hectare of forest with modem equipment is 
$600. Squatters moving into the cleared area ctm 
cultivate the land for one to two years, but by the 
third year it has been taken over by imperata and 
penisetum grass-pest grass that effectively pre
vents further cultivation. The pest grasses are 
particularly vulnerable to fir\! in the dry seasons 
and frequent grass fires destroy any chance for 
natural reforestation of the area. The result is that 
without some assistance by man, nature in Thai
land cannot arrest or reverse the destruction of 
the forest once begun by the perpetrator, man 
himself. Present government reforestation pro
grams do not balance the present rate of defores
tation and rven the most optimistic estimates of 
the rate of destruction offer no hope of significant 
forest stands in Thailand beyond 1993. 

Land Development. Although by consensus it is 
az,reed that agricultural land is being lost to 
cultivation through problems relating generally to 
water control, the direct correlation has not been 
quantified to date. A study completed by the 
Ministry of Agriculture and Agriculture Coopera
tives (MAAC) in 1972 reveals that of the total 
area of land in Thailand, 51.4 million hectares, 
only about 29.7 million hectares are suitable for 
agricultural production. A later study, in 1975, 
revealed that from 1971 to 1975 the land area 
devoted to farm holdings had increased from 15.5 
million to 18.6 million hectares, or by about 20 
percent, and that most of this expansion was at 
the expense of forested areas. During the same 
period, the MAAC and other government agencies 
noted increasing problems of alternate flooding 
and drought in the north and northeast. the 
regions most seriously denuded of their past 
extensive and protective forest areas. Controlled 
water availability is a problem at least as signifi
cant in agricultural production as land scarcity, 
and MAAC estimates "inigable land" at about 
3.2 million hectares and "irrigated land" at about 
2.4 million hectares, although irrigation is primar
ily supplemental during an adequate rainy season. 
Less than a third of a million hectares represent 
areas with adequate water control to permit dou
ble cropping. It is of interest to note that the 
northwest region, the region in which virtual total 
deforestation has been achieved, contains only 12 
.,ercent of the total inigable land. 

Yield Gains. Given the close correlation that 
exists between controlled moisture availability, 
crop yields, and return on investments in pur· 
chased inputs, it is quite understandable that the 
poorest farmers are found in those areas with 
limited irrigation facilities and unpredictable rain· 
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fall distribution patterns. These are also the groups 
facing the greatest risks in tenns of technological 
innovation, and they are thus prone to follow low
yield, low-risk, traditional methods of production. 
The high costs of inigation have precluded suffi
cie n ti y large scale projects that might benefit 
significant numbers of poor fanners, and without 
adequate technology adapted to the prevailing 
rainfed conditions of the majority of Thai f anners, 
little relief can be expected in the foreseeable 
future. 

UPPER VOLTA 

Forestry. Deforestation and degradation of agri
cultural land cannot be readily quantified because 
it is an ongoing process. People do recognize its 
extent and importance because they feel its con
sequences. Rather than attempt to quantify it in 
tenns of area of deforested land (which depends 
on the definition of "deforested" and which has 
meaning only in relation to the prior equilibrium 
density of forest cover), one can argue that 
dtforestation and degradation are better measured 
in tenns of their impact on people: the number of 
people made hungry by declining crop yields, the 
number of people made poorer by loss of live
stock, rnd the loss of revenue from agricultural 
and forestry activities in general as a result of 
decreased productivity of the resource base. It is 
not presently feasible to add up from year to year 
the area of "deforested land." At best, one can 
systematically sample the density and composition 
(species present and their relative frequency) of 
the vegetative cover, in order to document the 
condition and trend of the vegetation, and list the 
formerly abundant species that have become 
scarce. Many species that play crucial roles in 
protecting agricultural harvests, in maintaining soil 
fertility (and thus crop yields), and in forage 
production for livestock are being lost through 
deforestation and land degradation processes. 
Similarly, one cannot document the number of 
hectares "lost to the desert" from year to year, 
as there is no advancing boundary (from east to 
west below the Sanara) between -desert and sa
vanna pasture or fannland. Rather, desertification 
is also a process reflecting the fact that land has 
been exploil""·~ beyond its capacity to regenerate 
itself and to ::.:stain its productivity. Declines in 
the productivity or in the biomass of the vegeta· 
tion can be documented. There are, however, 
such tremendous variations within small areas that 
regional generaliz.ations are of doubtful value. For 
example, several hectares in the forested lowland 
may be more productive and remain so in spite of 
increased use, while several adjacent hectares of 

eroded uplands are much less product.ive and may 
lose 50 percent of their potential productivity as a 
result of small increases in the intensity of use. 

Regarding forestry practices, the government's 
Forest Service personnel play a protective role 
exclusively--i.e .. they attempt to regulate the cut 
on essentially unmanaged forestland by prohibit· 
ing the taking of live wood. There are less than 
500 hectai'Cs of plantations more than 20 years 
old. These have not been managed, that is, there 
has been no fire protection, no thinning, no 
planned harvesting. Si.ice 1970, several hundred 
hectares of plantations have been established, but 
again there is little in place (personnel, operating 
budgets, equipment, marketing outlets) that would 
pennit their long-tenn management. Some natural 
forest stands have been inventoried. However, no 
treatments have been prescribed or implemented 
except on an experimental scale. In brief, forest 
management and forestry in general have yet to 
be practiced in Upper Volta on a significant scale. 
Before this can be done, much more must be 
learned about regenerating local species and natu
ral stands, about the silviculture of mixed-spe
cies/savanna forestland, and about the concepts of 
planned harvests and regeneration. 

Regarding effective reforestation, only several 
hundred hectares, mostly eucalyptus and gmelina 
arborea, had been planted prior to 1974. Between 
1974 and 1977, 2693 hectares have been planted in 
four different projects. By 1980 the government 
plans to establish over 5,000 hectares of mecha
nized plantations for firewood production. In 
summary, we can conclude that population 
growths in Upper Volta, lack of firewood planta
tions in the face of growing demand, misuse or 
overuse of existing resources, and climatic disas
ters have led to a condition where forest resources 
in Upper Volta must be characterized as "se
verely stressed." 

The governmt!nt has initiated or attempted to 
initiate programs :.o improve its institutional ca
pacity to improve forest management practices. It 
has undertaken programs to increase the forestry 
school student capacity and has developed train
ing programs to enable the forest service to absorb 
and manage larger-scale reforestation and forest 
management programs. Programs and initiatives 
have suffered from lack of operating funds and 
lack of qualified personnel, particularly at the 
village level. 

Soil. Productivity of agricultural land is being 
lost annually on a large scale from erosion, 
laterization, and desertification. Since only 6,700 
hectares are under inigation in Upper Volta, there 



APPENDIX 737 

has been little dwnage from saJiniz.ation or water
logging. 

Soil fertility has been maintained primarily 
through sparse and sporadic spreading of manure 
in fields close to homesteads and through a system 
of crop rotation that is frequently violated by the 
exigencies of pressures to meet food production 
necessities. 

Land Development. Under the auspices of the 
government's Authority for the Development of 
the Volta VaJleys (AVV), a program has been 
established to facilitate settlement and develop
ment oi areas cleared of the black tly, which 
transmits onchocerciasis (river blindness). Using 
the program as an example of bringing an addi
tional hectare of land into cultivation, we estimate 
the costs to be about $1,450 per hectare. This 
figure represents an A VV program that costs 
about $14,500 to settle a family into a river basin 
(the family brings about 10 hectares into produc
tion). This A VV family settlement program is a 
costly method of bringing new land into produc
tion in Upper Volta, the costs of which are borne 
as a public expenditure. In contrast with the 
government-sponsored A VV program are sponta
neous settlement, reo;ettlement, and expansion of 
arable land. Although reliable figures are not 
available, the cost per hectare associated with 
spontaneous settlement would be significantly 
lower than the A VV example cited and the cost 
would represent private rather than public expend
iture. 

Yield Gains. Reliable data in Upper Volta are 
not readily available that would ~!low us to state 
with authority how much of crop production yield 
gains are attainable from or attributed to techno
logical change. One reason is the absence of base
line information and uneven data collection pro
cedures. Another reason is that production yields 
have fluctuated widely over the past 15 years, 
with declines registered in the early and mid-
1970s because of the drought. Our best estimate 
is that over the past 15 years about a 20 percent 
crop production yield gain can be attributed to 
technological changes such as introduction of, or 
improved use of, fertilizers, pesticides, animal 
traction, irrigation, and timing and density of 
production. 

Planning projections to the year 2000 by the 
government calls for doubling crop production. 
Government strategy to double production would 
be brought about by increased productivity, new 
and improved technology, reducing the vulnerabil
ity of agriculture production to drought, and by 
opening new lands to cultivation. 

ZAIRE 
None of the government agencies queried has 

quantitative data with projections through the year 
2000. · IndividuaJ studies exist for certain areas of 
Zaire, but given the immense variety of terrain, 
soil, vegetation, and climate, it is impossible to 
extrapolate and generalize for the entire country. 
For example, AID/Zaire is preparing a study on 
land usage, soils, and agricultural yields in the 
region of northern Shaba. where AID is com
mencing a large-scale maize project. However, 
conditions there are completely different from 
mountainous regions in Kivu or the tropical rain 
forests of the Zaire River Basin. The information 
given below is drawn from conversations with 
knowledgeable officials and advisers of the gov
ernment. 

Forestry. With about 1 million square kilome
ters of forests (about 45 percent of the land area), 
deforestation was not considered a problem until 
recently. Lumber companies have done relatively 
little harm over the previous decades, since they 
cut only 12 varieties of the approximately 100 
kinds of trees that grow in Zaire. Currently about 
500,000 cubic meters of wood per year are cut for 
commercial pm-poses, and about one-third of that 
is exported. However, with the rapid population 
increase of the cities, deforestation around urban 
areas is becoming increasingly evident. Six per
cent of the population has electricity, and the 
majority cannot afford kerosene. Consequently, 
the government estimates that about 20 million 
cubic meters of wood per year are consumed for 
heat and to make charcoal for cooking. In the 
relatively heavily populated region of Bas Zaire, 
60 percent of the forests have already been cut 
and the rema:ning major forest of 100,000 hectares 
at Mayombe is being heavily exploited. 

The government began planting trees (mainly 
eucalyptus) around Kinshasa and in Bas Zaire in 
1968. The goal is to expand the activity to 
deforested areas around other cities. The replant
ing brigade is currently under control of the 
Bureau de Preservation de Terre in the Depart
ment of Environment, Conservation of Nature, 
and Tourism. Previously, lumber companies paid 
a tax to Zaire to cover reforestation costs. How
ever, the government's reforestation efforts in 
logged areas prnved inadequate, and in a speech 
on November 25, 1977, President Mobutu re
pealed the tax and asked lumber companies to 
assume responsibility for replanting. 

Soll. Although erosion has been accelerated by 
mining and slash and bum land clearing, especiaJly 
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on the Biano Plateau in southeastern Zaire, lateri
mtion and leaching of soil is endemic to most of 
Zaire due to extremely heavy rain and heat, which 
breaks down humus. In the areas of sandy type 
soil, there is more siltation due to increased land 
utilization. Ironically, the biggest natural problem 
on rivers is caused by rapidly spreading water 
hyacinth, which was introduced in the early 1960s 
and is now clogging rivers and lakes. The previ
ously mentioned Bureau and a division within the 
Department of Agriculture promote soil conserva
tion, but their efforts are inadequate. 

Land Development. In a country where 50 
percent of the territory is potentially arable but 
only 1 percent is actually cultivated, farmers can 
increase yield more rapidly ar.d more cheaply by 
cultivating new land rather than by investing in 
technological change. Subistence farmers tradi-

tionally clear new land every three years, allowing 
used land to lie fallow for 12 years or so. 
Commercial farmers are well aware that yield 
increases dramatically, especially for palm oil and 
certain other crops, when fertilizer is added to 
leached soil. but no fertilizer is manufactured 
locally and the current shortage of foreign ex
change has made fertilizer very scarce. With 
completion of the Inga Dam, Zaire will have 
tremendous electrical production, which could be 
used for manufacturing fertilizer, but this is far in 
the future. The costs of bringing additional hec
tares into production differ enormously for sub
sistence farmers who slash and bum, and com
mercial. mechanized farmers. Costs to commercial 
farmers rise dmmatically the further the land is 
located from highways, railroads, and navigable 
rivers. Fuel is currently very scarce in the interior, 
which greatly adds to the cost of cultivating new 
land far from Kinshasa or Lubumbashi. 



Appendix D: · Metric Conversion Factors 

It was intended that all units used in this study would be metric. Unfortunately. in the rush to prepare the 
manuscript, it was not possible to maintain uniformity of metric units. To help the reader convert units as 
necessary, it was decided to include an appendix of conversion factors. The best table of conversion 
factors that the Global 2000 Study was able to locate was the following alphabetical list, prepared jointly 
by the American Society for Testing Materials and the Institute of Electrical and Electronic Engineers in 
a short report "Metric Practice." Copies of the complete report (no. IEEE Std 268-1976) can be obtained 
from the Institute of Electrical and Electronic Engineers, 395 East 45th St .. New York. N.Y. 10017. 

General: The following tables of con
version faetors are intended to serve two 
purposes. 

To express the definitions of miscel
laneous units of measure as exact numerical 
multiples of coherent "metric" units. Rela· 
tionships that are exact in terms of the base 
unit are followed by an asterisk. Relation
ships that are not followed by an asterisk 
are either the results of physical measure
ments or are only approximate. 

To provide multiplying factors for 
converting expressions of measurements 
given by numbers and miscellaneous units to 
corresponding new numbers and metric 
units. 

Notation. 
Conversion factors are pres~nted for 

ready adaptation to computer readout :::.nd 
electronic data transmission. The factors are 
wri~ten as a number greater than one and 
less than ten with six or less decimal places. 
This number is followed by the letter E (for 
exponent), a plus or minus symbol, and two 
digits. which indicate the power of 10 by 
which the number 1.mst be multiplied to 
obtain the correct value. For example: 

3.523 907 E-02 is 3.523 907 x 10"'2 

or 
Similarly: 

0.035 239 07 

3.386 389 E+03 is 3.386 389 x 103 

or 3 386.389 

An asterisk (*) after the sixth 
decimal place indicates that the conversion 
factor is exact and that all subsequent digits 
are zero. All other conversion factors have 
been rounded to the figures given in accord· 
ance with 4.4. Where less than six decimal 
places are shown, more precision is not 
warranted. 
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Further example of use of tables: 

To convert from: to: Multiply by: 

4.788 026 E+Ol 
2.540 OOO*E-02 

pound-force per square Coot Pa 
Inch m 

means 1 lbf/rt2 
- 47.880 26 Pa 

1 Inch - 0.0254 m (exactly) 

Organization: 

The conversion factors are listed in 
two ways-alphabetically and classified by 
physical quantity. Both lists contain those 
units which have specific names and com
pound units derived from these specific 
units. The classified list contains the more 
frequently used units for each physical quan· 
tity. 

The conversion factors for other 
compound units can easily be generated 
from numbers given in the alphabetical list 
by the substitution of converted units, as 
follows: 

EXAMPLE: To find conversion factor or lb•f't/s to 
kg·m/s: 
first convert 

and 
then substitute: 

1 lb to 0.453 592 4 kg 

1 rt to 0.3048 m 

(0.453 592 4 kg)"(0.3048 m)/s 

- 0.138 256 kg·m/s 
thus the factor Is 1.382 55 E-01 

EXAMPLE: To find conversion factor of oz•in2 to 
k1rm2

: 

first convert 1 oz to 0.028 349 52 kg 

and 1 ln2 to 0.000 645 16 m2 

then substitute: 

(0.028 349 52 kg)-(0.000 645 16 m2> 

• o.ooo 018 289 98 kg•m2 

thus the factor ls 1.828 998 E-05 
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Alphabetical List of Units ·. 
(Synlbola of SI units given in parentheses) 

To convert from to 

abampere ••• : •••••••.••••••••• ampere (A) ••••••••••••••• · •• 
abCoulOmb ••••••• , ••• , • • • • • • • • coulomb (C) •••••••••••.• , " ••• 
abfarad ••••••••• ~ , • • • • • • • • • • • farad (F) ••••••••••••• ,, • , •• 
abhenry • • • • • • • • • • • • • • • • • • • • • • henry (H) •••••••••••••••••• 
abmho • • • •• ,. •••• , , •••• , • , • • • • aiemena (S) ••••••••••••••••• 

abohm ••••••• .- ••• , , ••• ~, ••••• 
abvolt .••••••••••••••••• , • , , , 
acre Coot (US survey )11 • • • • • • • • • • • 
acre (US survey )12 ••••••••••••••• 
ampere hour . . . • . • . • • . . • • • • •••• 

ue ••.. , ..... , ......••....•. 
anptrom •.••••.••.•••••• , •.•• 
astronomical unit 13 •••••••••••••• 

atmosphere (atandard) ••••••.••••• 
atmosphere (technlr.al • 1 k11t/cm2

) ••• 

barn ................. •• • • .. • 
barrel (for petroleum, 42 sal) •..••••• 
board root ..•.•••.••..•.••.... 

British thermal unit (International 
Table)14 

•••••••••••••••••••• 

British thermal unit (mean) ..•..•••. 
British thermal unit (thermochemical) 
British thermal unit (39"F) ........ . 
British thermal unit (59°F) ........ . 
British thermal unit {60°F) ........ . 

Btu (International Table)• tt/h•ft2 .°F 
(Ir, thermal conductivity) , .•••••. , 

Btu (thermochemical)• rt/h •ft 2 • °F 
(Ir, thermal conductivity) ...••.••• 

Btu (International TableHn/h•rt1•°F 
(Ir, thermal conduclivity) •......•• 

Btu (thermochemical Hn/h •rt 1 • ° F 
(IE, thermal conductivity) ..••••..• 

Btu tlnternationnl Table)•in/a• rt2 •°F 
(Ir, thermal conductivity} ••. , .•.•• 

Btu (thermochemicalHn/s•ft1 ·°F 
(k, thermal conductivity) ..••.. , •. 

ohm (Sl) •••••••••••••••••• 
volt (V) ••••••••••••••••••• 
meter3 (m3 ) •••••••••••••••• 
meter1 (m1 ) •••••• , •• , •••••• 

coulomb (C) •••••••••••••••• 

meter1 (m2 ) 

meter (m) ••••• , ••••• , •••••• 
meter (m) ••.••••••••••••••• 
pascal (Pa) •••••••••• , •••••• 
pascal (Pa) •...••••••••••••• 

pascal (Pa) ••.•••••••••••• , . 
meter1 (m1 ) ••••••• , •••••••• 
meter3 (m3 ) •••••••••••••••• 
meter3 (m3 ) •••••••••••••••• 

Jf\ule (J) ••••••••• , •••• ~ •••• 
.1oule (J) •••• , •••• , ••••••••• 
joule (J) ••••••••••••••••••• 
joule (J) ••••••••••••••••••• 
joule (J) ••••••••••••••••••• 
joule (J) ••••••••••••••••••• 

watt per meter kei.ln (W/m•K) 

watt per meter kelvin (W/m•K) 

watt per meter kelvin (W/m•K) 

watt per meter kelvin (W/m• K) 

watt per meter kelvh1 (W/m• K) 

watt per meter kelvin (W/m• K) 

Multiply by 
'··' 

l.ooo ooo•E+o1 
1.000 ooo•E+o1 
i.ooo ooo•E+09 
l.ooo ooo•E-o9 
1.000 ooo•E+09 

1.000 OOO•E-09 
1.000 ooo•E-08 
1.233 489 E+03 
4.046 873 E+03 
s.soo ooo•E+03 

1.000 ooo•E+o2 
i.ooo ooo•E-10 
1.495 979 E+ll 
1.013 250•E+05 
9.806 650•E+04 

l.ooo ooo•E+05 
i.ooo ooo•E-28 
1.589 873 E-01 
2.359 737 E-03 

1.055 056 E+03 
1.055 87 E+03 
1.054 350 E+03 
1.059 67 E+03 
1.054 80 E+03 
1.054 68 E+03 

1.730 785 E+OO 

1. 729 677 E+OO 

1.442 279 E-01 

1.441314 B-01 

5.192 204 E+02 

6.188 732 E+02 
11 Since 1803 the US hula of le1111th meuurement hq been derived from metric 1tandenl1. In 19&9 a anall refine· 
ment wu made In the definition of the rud to reaolve dllcrepancln both In thll countrr and abroad, which ehanpd 
lta ltntth lrom 3600/3937 m to 0.9144 m exactlr. Thia raulted in the new value belna ahorter by two puta In 1 
mllllon. 
At the am• time It wa1 decided that uiy data In feet derived from and publl1hed H a result ot 1eodetlc tlll"ll•Y• 
within the US would remain with the old atandanl U ft • 1200/3937 m) unUI further decision. Thia foot II named 
I.he US 1urvey fool. 

Al a reault all US land mu.1u.remenll In US cuatr,mur units wW relate to the meter br the old 1tandard. All the 
conwnlon facton In theH tablet for unlll refereMed to this footnote a.re bned on the US 1urvey foot, rather tNin 
I.he lntematlonlJ foot. 
Convtnlon facton lot the land meuure pven below may be determined from the followlnl nlatlonablpt: 

1 lea1ue • 3 mllea (exactlr) 
1 rod • l6'n feet (exactlr) 

1 Action • 1 1quue mile (~xactly) 
1 townahlp • 36 1qw1re mlla (exr-t:y) 

13 Tbll value eonructa wUh the value printed In NBS 330 (17). The \talue requires updaUna In NBS aao. 
14 Tbll value wu adopted In 19116. Some of the older International Table• UM the value 1.'IH O<& £+08. Tb• tnct 
eanvtnlon factor 111.0H OH 8112 62•£+03. 



. METRIC CONVERSION FACTORS 

To convert from to 

Btu (International Table)/h • • • • • . • • • watt (W) 
Btu (thermochemlcal)/h •.•••• ; ••.• watt (\V) 
Btu (thermochemical)/min . • . • • • • • • watt (W) 
Btu (thermochemical)/& .•••• , • • • • • watt (W) 

Multiply by 

2.930 711 E-01 
2.928 761 E-01 
1.767 260 E+Ol 
1.004 360 E+03 

Btu (International Table)/(t2 •••••••. joule per meter2 (J/m2 ) • • • • • • • • 1.136 663 E+04 
Btu (thermochemlcal)/ft2 • • • • . • • • • • joule per meter2 (J/m2 ) • • • • • • • . 1.134 893 E+04 
Bt.1(thermochemical)/Ct2•h ••.•.••• wattpermeter2 (W/m2 ) •••••••• 3.162481 E+OO 
Btu (thermochemical)/rt2 •min • • • • • • • watt per meter2 (W/m2) • • • • • • • • 1.891 489 E+02 
Btu (thermochemical)/rt2 •s .•••••••• watt per meter2 (W/m2) ••••••.. 1.134 893 E+04 

Btu (thermo-.:hemical)/in2•s •••.••••• watt per meter2 (W/m2) •.•••••• 1.634 246 E+06 
Btu (International Table)/h•rt2 ·°F 

(C, thermal conductance) •.•.•.••• watt per meter2 kelvin (W/m2 •K) .• 6.678 263 E+OO 
Btu (thermochemical)/h•rt2 0 °F 

(C, thermal conductance) ..••••. , • watt per meter2 kelvin (W/m2 •K) •• &.674 466 E+OO 
Btu (International Table)/s•ft1 •°F • • • . watt per meter2 kelvin (W /m1 •K) • • 2.044 176 E+04 
Btu (thermochemical)/s•ft2 ·°F .•..•. watt per meter2 kelvin (W/m2 •K) •. 2.042 808 E+04 

Btu (International Table)/lb • . • • • • • • • joule per kilogram (J/kg) . . • • • . • • 2.326 OOO*E+03 
Btu (thermochemical)/lb ••• , , , , •• , • joule per kilogram (J/kg) • • • . • • • • 2.324 444 E+03 
Btu (International Table )/lb• °F 

(c, heat capacity) •..••••••••••• joule per kilogram kelvin (J/kg•K) , 4.186 800•E+03 
Btu (thermochemical)/lb• °F 

(c, heat capacity) •••••••••••••• joule per kilogram kelvin (J/kg•K) 4.184 000 E+03 

bushel (US) . • • • • • • • • . • • • • • • • • • meter3 (m3 ) •••••• ; • • • • • • • • • 3.523 907 E-02 
caliber (inch) •.•..•.••••••••••• meter (m) • • • • • • • • • • • • • • • • • • 2.540 OOO*E-02 
calorie (International Table) ••••• , • • joule (J) •••..••• , •.••• , • • . • 4.186 800*E+OO 
calorie (mean) ...••.••••••••..•• joule (J) •••.•••• , ••• , ....... 4.190 02 E+OO 
calorie (thermochemical) ••••••••••• joule (J) ••••••••••••• , •••• , 4.184 OOO*E+OO 

calorie (16° C) ••••••••••.••••••• joule (J) • , ••••••••••••..••• 4.186 80 E+OO 
calorie (20°C) •.•.•.•••••••••••. joule (J) ••••••••••••••. , • , • 4.181 90 E+OO 
cal:>rie (kilogram, International Table) •. Joule (J) ••••••••••••••••••. 4.186 800*E+03 
calor.i'I! (kilogram, mean) • . . • • • • • • • • joule (J) • • • • • • • • • • • • • • • • • • • 4.190 02 E+03 
calorie (kilogram, thermochemical) .••. joule (J) •.•.••.••••...••.•. 4.184 OOO*E+03 

cal (thermochemical)/cm2 •••••••••• joule per meterl (J/ml) ••••••.• 4.184 OOO•E+04 
cal (International Table)/1 •••••••••• joule per kilogram (J/kg) •.•.•••. 4.186 800*E+03 
cal (thermochemical)/I .....••••••• joule per kilogram (J/kg) ...•.•.• 4.184 OOO*E+03 
cal (International Table)/g•°C ••••••. joule per kilogram kelvin (J/kg•K) 4.186 800*E+03 
cal (thermochemlcal)/g•°C •••••.••• joule per kilogram kelvin (J/ka•K) 4.184 OOO•E+03 

cal (tl-ermochemlcal)/mln •• , ••••••. 
cal (thermochemical)/• ••• , •••..••• 
cal (thermochemlcal)/cm1 •min ••• -. •• 
cal (thermochemlcal)/cml •1 • ••••.••• 

cal (thermochemlcal)/cm•a•°C ••••••• 

carat (metric) ..... , .... , .. , • , ... 
centimeter of mercury (0°C) • , • , , •• , 
centimeter of water (4°C) •••••••••• 
centipoiae . . . . . . . , . , . . , , , •..... 
centlat.okea • . . . . • . .. , .•• , ••..•. 

circular mil . . . . . . . . • , • , . . , . . . . . 
clo ....... , . , .. , . , .• , , , .... . 
cup •.••••••• , , ••••• , , , -, , • , •• 
curie ........................ 

;,. ' 

watt (W) ......••••..••.•.. 6,973 333 E-02 
watt (W) •.......•••.•••.•• 4.184 OOO*E+OO 
watt per meter2 (W/m2 ) •••••••• 6.973 333 E+02 
watt per meter1 (W /m1 ) • • • • • • • • 4.184 OOO*E+04 
watt per meter kelvin (W/m•K) ••• 4.184 OOO*E+02 

kilo1ram (kg) . . . . • • • • • • • • • • • 2.000 OOO•E-04 
pascal (Pa) • • • • • . . • • • • • • • • • • 1.333 22 E+03 
pascal (Pa) •...••••••••••••. 9.806 38 E+Ol 
pascal second (Pa•s) ••••••••••• 1.000 OOO*E-o3 
meter1 per second (m2 /1) . . . . . . . 1.000 OOO•E-06 

meter2 (m2 ) • • • • • • • • • • • • • • • • 6.067 075 E-10 
kelvlnmeter2 perwatt(K•m2JW) .. 2.003712 E-01 
meter3 (m3 ) • • • • • • • • • • • • • • • • 2.365 882 E-04 
becquerel (Bq) • • . . • • • • . • • • • • 3.700 OOO*E+lO 
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To convert from to .Multiply by 

:day (mean aolar) •• , • , •••• , ••• , •• 1ec:ond (1) •••••••• , ••• , , , •••.. 8.640 000 E+04 
day (•ldereal) ••••••••• , ••• , , •. , second (•) •••. , •• , ••• · •• , , .·, , 8.616 409· E+04 
dearee (angle) ••••••••••• , , ••••• radian (rad) •• , • , , • , , •• , ~ • , • 1.745 329 E-02 

dearee Celllua .... . : .. ........... kelvin (K) ........... tK • '°c + 273.15 
· dearee centlarade • • • • • • • • • • • • • • • . (aee 3.4.2) 

dearee Fahrenheit •••• , , ••••••••• dearee Celsius ••• , •••• toe • (lov - 32)/1.8 
dearee Fahrenheit •••.•. , . ·" •••.• kelvin (K) ••.•••• , • , • tK • (tor + 459.67)/1.8 
dearee Rankine . . • • • • • • • • . • • . . • • kelvin (K) •••••• , • , , • tK • toa/1.8 

°F·h•ft2 /Btu (International Table) 
(R, thermal reaistance) • • • • • • • • • • • kelvin meter2 per watt (K•m2 /W) • • 1. 761 102 E-01 

°F•h•ft2 /Btu (thermochemical) 
(R, thermal rnlatance) ••••• , , •••• kelvin meter2 per watt (K•m2 /W) •• 1.762 280 E-01 

denier •••••••••••••.•••• , , ••• kilOfl'lm per meter (k1/m) •.••..• 1.111111 E-07 
dyne • • • • • • • • • • • • • . • • • • • • • • • • newton (N) • • • • • . • • • • • • • • • • • 1.000 OOO•E- 05 
dyne•cm ••••••••••••••••••••• newton meter (N•m) • • • • • • • • . • 1.000 OOO•E-07 

, dyne/cm2 ..•.••••••••••••••••• pucal (Pa). , , ••.•••••• , , ••• , l,000 OOO•E-01 
electronvolt . , •..•••••• , • , , •••• joule (J) ••••••••• , ••••• , •• , 1.602 19 E-19 

EMU of capacitance ••. , • • • • • • • • • . farad (F) ••••.••••••• , ••• , • 1.000 OOO*E+09 
EMU of current ••••••••••• : ••••• ampere (A) •••••••• , .••••••• 1.000 OOO*E+Ol 
EMU ofelectrlc potential •••••••••• volt (V) . . . . • . • . • • • • • • • . . . • 1.000 OOO•E-08 
EMU of Inductance .•• , •••• , , ••• , henry (H) •••• , •• , • , •• , ••••• 1.000 OOO*E-09 
EMU of realatance • • • • • • • • • • • • • • • ohm (0) • • . • • • • • • • • • • • • • • • 1.000 OOO•E-09 

F.sU of capacitance .••••••••••• , • farad (F) ••••••• , , ••••••••• 1.112 650 E-12 
F.sU of current •.•••••• , ••••••• , ampere(A) •••••• , •• , ••.•••• 3.335 6 E-10 
F.sU ofelectrlc potential • , •••••••.. volt (V) ••••••••••••••••••• 2.997 9 E+02 
F.sU of Inductance •••••• , •••••••• henry (H) •••••••••••••••••• :8.987 554 E+l 1 
ESU ofrulltance •.••••••••• , •••• ohm (0) •••.•••••••••••••. 8.987 554 E+ll 

er1 ..............•••........ 
erg/cm2 ·• •.•••••• , •••••••••••• 
er1/1 ............•.•......... 
faraday (bued on carbon·12) •••••••• 
faraday (chemical) •••• , , •••. , •••• 
faraday (phy1ic11) ••.••• , •••••••• 
fathOm ..............•....... 
ferml (femtometer) •••••••••• , , , , 
nuld ounce (US) ••••• , • , ••••• , •• 

foot ....................... . 
foot(US1urvey) 12 •••••• , ••• , ••• 
foot of water (39.2°F) •• , ••••••••• 
tt2 ........................ ~ 
ft2/h (thermal diff111lvlty) •••••••• , . 
ft2

/1 .•.•. • • • • • • • • • • • • • • • • • • • 

ft3 (volume;1eetlon modulua) ••••••• 
ft3/mln .........•.....•.•..•. 
ft3/a .........•...• " ...•..... 
ft4 (moment ohectlon)11 •••••••••• 

f&/h •••••••••••••••••••.••••• 
ft/min ...................... . 
ft/1 • • t I • t t f • f • t f f f f I t f I f I • t • 

f&/•2 ........................ . 
footcandle . . . • , . . • . • • . . . . . . . . , 
footlambert •••.• ~ •• , • • • • • • • . . •• 

joule (J) •••••• ,' •••••••••••• 
watt per meter2 (W/m2) • , ••••• , 
watt (W) •••••••••• , ••••••• 
coulomb (C) •• , ••••• , , ••••.• 
coulomb (C) •.•••••••••••••• 
coulomb (C) •••• , .••• , •••••• 
meter (m) ••••••• , , •.••••••. 
me.ter (m) .••••••••••••••.•• 
meter' (m3 ) , ••••••••••••••• 

1.000 ooo•E-01 
1.000 ooo•E-03 
1.000 ooo•E-01 
9.648 70 E+04 
9.649 57 E+04 
9.652 19 E+04 
1.8288 E+OO 
1.000 ooo•E-15 
2.957 353 E-05 

meter (m) • . . • • • . • . • • • • • . • • . 3.048 OOO*E-01 
meter (m) • . . • • . . . . • • • • • • • . • 3.048 006 E-01 
p.:!acal (P•) • . • • . • . • • . • • . . . . . 2.988 98 E+03 
meter: (m2

) •••••••••••••••• 9.290 304*E-02 
meter2 peuecond (m2/1) ..••.•. 2.580 640*E-05 
meter2 per 1econd (m2/1) ...••.• 9.290 304•E-02 

meter> (m3 ) • • • • • • • • • • • • • • • • 2.831 685 E-02 
meter3 per aecond (m3/1) ..••••• 4.719 474 E-04 
meter3 per 1econd (m3/1) ••••••• 2.831 685 E-02 
meter4 (m4 ) ••••••••••••••• ._ 8.630 975 E-03 

meter per aecond (m/1) • • • . • • • • . 8.466 667 E:-05 
met.ir per aecond (m/1) • • . • • • • • • 5.080 OOO•E-03 
meter per second (m/1) . • • • . • • • • 3.048 OOO•E-01 
meter per aecond2 (rn/12) • • • • • • • 3.048 ooo•E-01 
lux (Ix) • , • • • . • • . • • . • • • • • • . 1.076 391 E+Ol 
candela per meter2 (cd/m2) •••••• 3.426 259 B+OO 

IS 'nlll II 10mnim" .Uld di• momel of IHnl.a of a plane lfftloo aboul a aptolfttd ull. 



METRIC CONVERSION FACTORS 

To eonvert from to Multlplv bV 

ft•lbf , .. · .••.. · ... , . ; ...•....• , joule (J) ••••..•••••• , ••• · •• , 1.866 818 B+OO 
'tt•lbf/h •••••.•••• , •••••••••••• waU (W) •••••••••••••••••• 3.766 161 E-04 
ft•lbf/mln •••••••••• ;,. •••••••• watt (W) •• , ••••• , , •• , , •• " • 2.259 697 E-02 
ft•lbf/1 •••••••••• , •••••••••• , watt (W) •••••••• , •••• , • • • • 1.355 818 E+OO 
ft•poundal .••••••••••••••••••• Joule (J) ••••• '" •••••• , ••••• 4.214 011 E-02 
free fall, standard (I) ••••••••..• , • • meter per 1econd2 (m/12 ) ••••••• 9.806 650•E+OO 

gal • • • • • • • • • • • • • • • • • • • • • • • • • meter per second2 (m/a2 ) • • • • • • • 1.000 ooo•E-02 
talion (Canadian liquid) ••••• , • • • • • meter3 (ml) • • • • • • • • • • • • • • • • 4,546 090 E-03 
pllo:-- (UK liquid) ••••••••••••••• meter3 (ml) •••••••••••••••• 4.546 092 E-03 
pllon (US dry) ••••••••••••••••• meter3 (ml) •••••••••••••••• 4.404 884 E-03 
pllon(USliquid) •.••••••••••••• meter3 (ml) ••••••••••••.••• 3.785412 E-03 
pl (US liquid)/day ••••••••••••••• meterl per aecond (m3 /1) ••••.•. 4.381 264 E-08 
ial (US liquid)/min • • • • • • • • • • • • • • meter3 per aecond (m3 /a) • • • • • • • 6.309 020 E-05 
pl (US llquld)/hp•h 

(SFC, specific fuel conaumption) • • • • meter3 per Joule (ml /J). . • • . • • • . 1.410 089 E-09 

pmma, .............•. · · •. • • · 
puu ....... , .. • .. • ' • • . • • •. • .. 
IPlbert ••••••••••••••••••••••• 
lill (UK) . . . • • . . . . . . . • . . . . . . .. 
Ifill (US) •••••••.•.•••••••••••• 

tesla (T) ............•.. , , , . 
teala (T) •••.••••••••••••••• 
ampere (A~ . , . , ... , , , , . , , , . , 
meter3 (m ) , , , , .•.•• , , , . , , • 
meter3 (m3

) •••••••••••••••• 

1.000 ooo•E-o9 
1.000 ooo•E-04 
7.957 747 E-01 
1.420 654 E-04 
1.182 941 E-04 

1L"ad •••••••••••• " • • • • • • • • • • dt!ll'ff (angular) • • • • • • • • • • • • • • 9.000 OOO•E-01 
lfad •••••• , • • • • • • • • • • • • • • • • • radian (rad) • . . • • • . . • • • • • • • • 1.570 796 E-02 
train (1/70(\0 lb avoirdupois) • • • • • • • • klloaram (kg) • • • . • • • • . • • • • • • 6.479 891 •E-05 
train (lb avolrdupola/7000)/pl 
.(US liquid) ••••••••••••••••••• kllotram per meter3 (kg/m~) ••••• 1.711 806 E-02 

tram • • • • • • • • • • • • • • • . • • • • • • • . kilOlfllm (kl) • • • • • • • • • • • • • • • 1.000 ooo•E-03 
1/cm1 • • • • • • • • • • • • • • • • • • • • • • • kllotram pe• meter3 (kt/ml) •• , • , 1.000 OOO•E+03 
aram·force/~2 • • • • • • • • • • • • • • • • • paacal (Pa) ••••••••.••••••• , 9.806 660•E+Ol 
hectare • • • • • • • • • • • • • • • • • • • • • • meter2 (m2 ) • • • • • • • • • • • • • • • • 1.000 OOO•E+04 
honepower (660 fMbf/1) •••••••••• watt (W) •••••••••••••••••• 7.456 999 E+02 

horsepower (boiler) •••••••• , •••• , 
honepower (electric) •.••••••••••• 
honepower (metric) ••••••••• , •••• 
horsepower (water) • . • • • • • • , , • • • . 
honepower (U.K.) ...•••••••••••• 

watt (W) 
watt (W) 
watt (W) 
watt (W) 
watt(W) 

9.809 60 E+03 
7.460 ooo•E+o2 
7.364 99 E+02 
7.460 43 E+02 
7.467 0 E+02 

hour (mean solar) ••••••••••••••• second(•) •••.••••••• , •••.•• 3.600 000 E+03 
hour (sidereal) . • • • • . . • • • • • • • • • • • second (a) • . • • • • • • • • • • • • • • • • 3.590 170 E+03 
hundredwelaht (long) • • • . • • • • • • . • • klloaram (ki) • • • • • • • • • • • • • • • 5.080 236 E+Ol 
hundredwelaht (1hort) •••••••••••• klloll'am (q) ••••••••• , ••... 4.536 924 E+Ol 

Inch ...••••••.•••••••••••••. meter (m) •••••••••••••••••. 2.640 OOO•E-02 
Inch of mercury (32°F) • • • • . • . • • • . • pascal (Pa) , •••••••••• , ••••• 3.386 38 E+03 
Inch of mercury (60°F) • • • • • • • • • • • • pucal (Pa) ••••••••••.• , • • • . 3.376 85 E+03 
Inch of water (39.2°F) ••••••••.••. pucal (Pa) •••••••••• , •• , • , • 2.490 82 E+02 
fncb or water (60°F) •••••••• , • • • . •>11cal (Pa) ••••••••••• , • • • • • 2.488 4 E+02 

ln2 
••• , ••••• , ••••• ' •••• , , • • • meter2 (m2

) •• · •• , • • • • • • • • • • • 6.461 600•E-04 
ln1 (volume; aectlon modulua)16 •• , • , meter3 (m3> •••••••••• , • • • • • 1.638 706 E-06 
ln•/mln •• , , ••• , ••••• , •••••••• meter3 peuecond (m3/1) ••••••• 2.731177 E-07 
in4 (moment or eectlon)11 , • • • • • • • • meter4 (m4 ) •• , ••••••••• , • • • 4.162 314 B-07 

in/a • , , , , , , , • , • , , , , , , , , , , • , , • meter per 11Cond (m/1) , •••• , •• , 2.0:.~0 OOO•E-02 
in/12 , , , , , , , , , •• , , • , , • , , , , • • • meter per 18COnd2 (m/12 ) • , , , , , • 2,ci_,0 OOO•E-02 
kaJlel' ••••• , •••••••• , • • • • • • • • 1 per meter (1/m) •••••• , , • • • • !.OOC: OOO•B+02 
kelvin •••••••••••• , • , • • • • • • • • dear" Celllua • • • • • • • • • • • • f•c • lg - 273.15 

11 ..,.;, uact. 0011Yento11tutor111.eaa '7ot 4•a-oa. 
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• To convert from to 

kllocalorle (International Table) joule (J) , ••• , •••••••••••••• 
kllocalorle (mean) • • • . . . . • . • • • • • . 'joule (J) • • • • •••••• ; • , , •• , •• 
kltocalorle (thermochemical) • • • • • • • • Joule (J) •••••••••• , •••••••• 
kllocalorie (thermochemlcal)/mln ••••• watt (W) • , •••• , ••••••••.•. 
kilocalorie (thermochemical)/s ••••••• watt (W) ••••••••••••.•.... 

kilogram-force (kgf) ..•.• , ••••••.• 
kgf•m .•......•..•••••••.•••• 
kgf•s2 /m (mass) ..••••••••.••••• 
kgrtcm2 ••••••••••• ·; •••••••••• 

kgf/m2 •••••••••• · •••••••••• ". • 

kgf/mm2 ••••••••••••••••••••• 

km/h ...........•..........•. 
kilopond .•••..••••• , ••••••••• 
kW•h ... , ........• , •••••.•.. ~ 
kip (1000 lbf) .••••••••••••••••• 
kip/in2 (ksi) .•••• .' •••••••••.••• 
knot (international) • • • • • . • • • . • • •. 

newton (N} .•.•••.•••••••.•• 
newton meter (N•m) ••••••.••• 
kilogram (kg) ••••••••••••••• 
pascal (Pa) . • . • • . • • • • • . • • • • • 
pascal (Pa) • . . • • • • • • • , , • . • • • 
pascal (Pa) •.••.••.••• : ••••. 

meter per second (m/s) •...•••.. 
newton (N) ..•••.•••..•..••. 
joule (J) ••••••••••••••••••• 
newton (N) ...•••.•..••.•... 
pascal (Pa) ...••••.•..• ; ..•. 
meter per second (m/s) •.••.••.• 

Multiply by 

4.186 800•E+oa 
4.190 02 E+03 
4.184 ooo•E+03 
6.973 333 E+Ol 
4.184 ooo•E+oa 

9.806 650*E+OO 
9.806 650*E+OO 
9.806 650*E+OO 
9.806 650*E+04 
9.806 650*E+OO 
9.806 650*E+06 

2.777 778 E-01 
9.806 650*E+OO 
3.600 ooo•E+06 
4.448 222 E+03 
6.894 757 E+06 
5.144 444 E-01 

lambert ..•••.••••.••••••••••• candela per meter1 (cd/m2 ) •••••• 1/tr •E+04 
lambert • . . • . . • • • . . • • . • • • • . • . . candela per meter2 (cd/m2 ) • • • • • • 3.183 099 E+03 
langley .......••••.••.•.••..•• Joule per meter2 (J/m2

) •••••••• 4.184 ooo•E+04 
league .•.•.•••••••••••••..••. meter (m) ....•.•.•..•.•.••• [see footnote 12) 
light rear . . • . . • • • • • • • • • • • . . • . . meter (m) .....••...•.•••.•. 9.460 55 E+l 5 
liter1 

• • • • • • • • • • • • • • • • • • • • • • • • meter3 (m 3
) • • • • • • • • • • • • • • • • 1.000 OOO•E-03 

maxwell ...•.••••••••••.•..••. 
mho •.......••.••••••••.... 
microinch ..•..•••••• , ••••..•.. 
micron ••...••.••.••••••...•.. 
mil •....•..•.••.•..••••.••.• 

mile (international) .••.•••••.•••• 
mile (statute) ...•.••....•...••• 
mile (US survey)12 ••• , , •••••••••• 

mile (international nautical) •••..••.• 
mile (UK nautical) ...•..•.•.•...• 
mile (US nautical),. .........• , ••• 

mi1 (international) ..•...•....•..• 
mi2 (USsurvey)12 

••••••••••••••• 

ml/h (international) ....••..•.•... 
mi/h (inht;"ational) .. , .•....•.... 
mi/mm (ir-' ·:national) ....•...•... 
mi/s (inlt -national) •..•.• , ... , •.• 

mlllibar .........•..•. , .•.•••• 
. millimeter of mercury (0°C) .•.•.••. 
. minute (angle) .... , ..•..•....••. 

minute (mean solar) .•....•....... 
minute (sidereal) .....•••. , .•.••. 
month (mean calendar) ....•.••.••. 

oer.sted ...••.••••• , ••• , .•• , •. 
ohm centimeter •..•• , ••• , •••.•.• 
ohm circular·mil per rt .•..•.. , .•.. 

weber (Wb) .....•••.•.•.•••. 
siemens (S) ..•.•.•••.••.•••. 
meter (m) .•.•.••••••••••••. 
meter (m) ..•.••.••••••.••• • 
meter (m) •....••••....•.•.. 

meter (m) •.•.••.••••••••••. 
meter (m) •..••••••••••••... 
meter (m) ••••.••••.•.•••..• 
meter (m) ...•••.•.• ,. •••.... 
meter (m) ..•.•.•••• · ••.•.... 
meter (m) .....•.••••..•.... 

meter2 (m2 ) •••••••••••••••• 

meter2 (m2
) •••••••••••••••• 

meter per second (m/s) ...•.•... 
kilometer per hour (km/h) •...•.. 
meter per second (m/s) ...•..... 
meter per second (m/s) ...•..•.. 

pascal (Pa) . . • . . . . . . . . . . . . • . 
pascal (Pa) ........•.•.••.•. 
radian (rad) ......•...••..•• 
second (s) .........••.•••••• 
second (s) ......•.•• , .•....• 
1econd (s) •...•.•.•• , ••.•••. 

ampere per meter (A/m) ••••••.• 
ohm meter cn•m) ..••.•••.••• 
ohm mlllimeter2 per meter 

(n•mm2 Jm) ••••••.•••••••• 

i.ooo ooo•E-08 
1.000 ooo•E+oo 
2.540 ooo•E-08 
i.ooo ooo•E-06 
2.540 ooo•E-o5 

1.609 344*E+03 
1.609 E+03 
1.609 347 E+03 
1.852 ooo•E+oa 
1.853 184*E+03 
1.852 ooo•E+oa 

2.689 988 E+06 
2.589 938 E+06 
4.470 400*E-Ol 
1.609 344•E+OO 
2.682 240*E+Ol 
1.609 344*E+03 

1.000 ooo•E+o2 
1.333 22 E+02 
2.908 882 E-04 
6.000 000 E+Ol 
5.983 617 E+Ol 
2.628 000 E+06 

7.957 747 E+Ol 
i.ooo ooo•E-02 

1.662 426 E-03, 

17 rn 1964 the General Conference on Wel1hh and Meuurea adopted the name Uter u a •P.•clal name for the cubic 
decimeter. Prior to lhls declalon the liter differed 1U1hUY (previous Ylllue, 1.000 028 dm1 ) and In expreulon of 

. preclllon volume meuurement thla facl must be kept In mind. 



METRIC CONVERSION FACTORS 

To convert from to Multiply by 

2.834 952 E-02 
3.110 348 E-02 
2.841 307 E-05 
2.957 353 E-05 
2.780139 E-01 
7.061552 E-03 

ounce (avoirdupois) ••••••.•• , •••• 
ounce (troy or apothecary)· •••.••••• 
ounce (UK nuld) ••••••••••••••.. 
ounce (US fiuld) .•.••.••••••••.• 
ounce·force •••...•.•••.••••••• 
ozf•ln ••••••••.•.••••.•..•..• 

oz (avoirdupois)/gal (UK liquid) •••.•• 
oz (avoirdupois)/gal (US liquid) •.••.• 
oz (avoirdupois)/inl .•••.••.• , ••.• 
oz (avoirdupois)/rt2 ..•..••• , • , ... 
oz (avoirdupois)/yd2 •..•••••••••. 
paroec13 

••••••••••••••••••••• 

peck (US) ....••••••••••.•.•.•. 

pennyweight •.••••• , ••••••..•.• 
perm (0°C) ••.•.••• •.• ••••••••.• 

perm (23°C) ••.••.•••••••••••.• 

perm•in (0°C)., •• , • , , • ~ • · •••• , ... 

perm•ln (23°C) •••••••••••• , .... 

kilogram (kg) •••••••.•• , .• , • 
kilogram (kg) •..•••• , ••• , ••. 
meter3 (ml) .•. , ••••• , •• , • , .. 
meterl (ml) ••. , ••. , , • , •••.• 
newton (N) •••.•••••••..•••. 
newton meter (N•m) •.•..•.•.• 

kilogram per meter3 (kg/ml) .•.•• 
kilogram per mcterl (kg/ml) ...•. 
kilogram per meterl (kg/ml) .... . 
kilogram per meter2 (kg/m2) .... . 
kilogru1 per mctcr2 (kg/m2) 
meter (m) •........ : ....... . 
meter3 (m3

) •••••••••••••••• 

kilogram (kg) ..•....•....•.. 
kilogram per pascal :second meter2 

(kl(/Pa•s•m2 ) •••••••••••••• 
kilogram per pascal Gecond meter2 

(kg/Pa•s•m2 ••••••••••••••• 
kilogram per psi.cal second meter 

(kg/Pa•s•m) •......... , • , . , 
kilogram per pascal second meter 

(kg/Pa•s•m) .•......••••••• 

6.236 021 E+OO 
7 .489 152 E+OO 
1.729 994 E+03 
3.051 517 E-01 
3.390 575 E-02 
3.085 678 E+l6 
8.809 768 E-03 

1.555174 E-03 

· phot ...... : ................ . lumen per meter2 (lm/m2
) , • , ••• 

5.721 35 E-11 

5.74525 E-11 

1.453 22 E-12 

1.459 29 E-12 

1.000 ooo•E+04 
4.217 518 E-03 
5.506 105 E-04 
4.731 765 E-04 
3.514 598•E-04 
l .ooo ooo• E-01 

---

pica (printer's) ••••••••••..••••. 
pint (US dry) • , •..•..•.•.••••.. 
plnt(US liquid) ••.•..••••••••... 
point (printer's) •..••.•..•....... 
poise (absolute viscosity) .••••...... 

pound (lb avoirdupois)18 .• , •• , •• , • 
wund (troy or apothecary) ••••.•••. 
lb•rt2 (moment or inertia) .•.••••••• 
lb•in2 (moment or inertia) ••••••••• 

lh/Ct•h •••••••••••..•••••••••. 
ll•/ft•s ••••••.••....•.••••••.• 
lb,'Ct2 ••••••••••••••••••••••• 
lb/1't3 ••••••••••••••••••••••• 

lb/gal (UK liquid) ••••••••••••••• 
lg/gal (US liquid) • • • • •• , • • , • • , . • . 

meter 
3
( m) :i .••••.••••••••••• 

meter (m ) ...........•...• 
meterl (m 3 ) •••••••••••••••• 

meter (ml .......• · • • • · · · · • • 
pascal second (Pa • s) ....••.... 

kilogram (kg) •..•.......••.. 
kilogram (kg) ..•........•..• 
kilogram meter2 (kg•m2 ) ••••••• 

kilogram meter2 (kg•m2 ) ••••••• 

pascal second (Pa•s) .......... , 
pascal second (Pa•s) .......... . 
kilogram per meter2 (kg/m2) .... . 
kilogram per meter3 (kg/m3 ) ••••• 
kilogram per meter l (kg/ml) .... 
kilogram per meterl (kg/m3 ) ••••• 

4,535 924 E-01 
3.732417 E-01 
4.214 011 E-02 
2.926 397 E-04 

4.133 789 E-04 
1.488 164 E+OO 
4.882 428 E+OO 
1.601 846 E+Ol 
9.977 633 E+Ol 
1.198 264 E+02 

lb/h. , • , ••••••••••••••••• , ••. kilogram per second (kg/s) ...•... 1.251) 979 E-04 
lb/hp•h 

(SFC, speclric ruel conaumptlon • • • • • kilogram per joule (kg/J) . • . . . . . . 1.689 659 E-07 
lg/in3 •• , , •••••• , •• , •• , , ••••• kilogram per meter3 (kg/m3 ) ••••• 2.767 990 E+04 
lb/min ••••• , •.••• , ••• , • , , •• , • kilogram per second (kg/s) .....•. 7.559 873 E-03 
lb/s ••••• , • . . • • • • • • • • • • • • • • • • kilogram per second (kg/s) ...•... 4.535 924 E- 01 
lb/yd3 •••••••••••• , • , • • • • • • • • kilogram per meter3 (kg/m3 ) • • • • • 5.932 764 ~ · 01 

poundal •..•••• , ••••• , • • • • • • • • newton (N) • . . . . . . . . • • . . . . . • 1.382 550 E-01 
poundal/Ct2 ........ ; .. ; ....... p11~cal (Pa) ................... 1488 164 E+OO 
poundal•s/rt2 • , • ; • • • • • • • • • • • • • • pascal second (Pa•s) ••. , . . • . • . . 1.488 164 E+OO 

pound-force (lbf)19 • • • • • • • • • • • • . . newton (N) ......•.••••..... 4.448 222 E{ 00 
lbt•rt •••••••••.•• , ••••• , • • • • • newton meter (N•m) • • • . . . . . . . 1.355 818 E+OO 
lbf•rt/ln , .••.••••••• , • , , , ••• , • newton meter per meter (N•m/m) .. 5.337 866 E+Ol 
lbf•ln •••••••••••••••••• , •••. newton meter(N•m) ....•.••.• 1.129 848 E-01 
lbr.in/ln • • • • • • . • • • • • • . . . • • • • • • newton meter per meter (N•m/m) .• 4.448 222 E+OO 
lbf•a/rt2 ••••••••••• , •••• , , •••• pascal second (P· \ •..••....•.. 4,788 026 E+Ol 

18 Tile exec& co1tvenlon lador 1114.6H923.?•E-Ol. 
19 Tht exact convenlon factor 11 •.'48 22181&280 fl•E+OO. 

14S 
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To convert from to Multiply by 

lbt/ft •.••••...••...•....••.•. newton per meter (N/m) .......• 1.459 390 E+Ol 
lbf/ft2 ••• , ••••••••••••••••••• pascal (Pa) . . . . . . . . . . • . • . . • . 4.788 026 E+Ol 
lbf/ln ••••.••.••..•......••••• newton per meter (Nim) ........ 1.751 268 E+02 

·, lbf/in1 (psi) . . • . • . . . . • . • . . . . . . . pascal (Pa) . . . . . . . . . . . . . . . . . 6.894 757 E+03 
lbf/lb (thrust/weight (mass) ratio) .... newton per kllobrram (N/kg) ...... 9.806 650 E+OO 

quart(USdry) ................. meter3 (m3 ) ................ 1.101 221 E-03 
quart(USliquld) ..........•..... meter3 (m 3 ) •••••••••.••••.. 9.463 529 E-04 
rad (radiation dose absorbed) .•••..•• gray (Gy) .................. 1.000 OOO•E-02 
rhe . • . . • • . . . . . • • . • . . • . . . . . . • l per pascal second {1 /Pn•s) . . . . . . 1.000 OOO•E+Ol 
rod ••••..•....•.•.•...•••... meter (mj ................. (see footnote 12] 
roentgen , .•. , .•.. , , • , , , •• , , . , coulomb per kilogram (C/kg) . . . . 2.58 E-04 

second (angle) ....•..••••.•...•. radian (rad) ................ 4.8·18 137 E-06 
second (sidereal) ••••••.....•..•. second (s) .................. 9.972 696 h-01 
section ••.••.••.. , • . • . • . • • . . . . meter2 ( m 2 ) • • • . • • • • • • • • . • • [see footnote 12) 
shake .••.•.•....•••••.••.•.•.. second (s) . . . . . . . . . . . . . . . . . . l.000 OOO*E-08 

allig •.•••..••.••• , •••••••••.. kilogram (kg) . . . . . . . . . . . . . . . 1.459 390 E+Ol 
slug/ft•s •.•••.•.• , •••••.•..• , . pascal second (Pa•s) . . . • . . . . . . . 4. 788 026 E+Ol 
alug/ft3 ••••••••••••••••••••••• kilogram per meter3 (kg/m3 ) • • • • • 5.153 788 E+02 

11tatampere ...• , ••.•.• , •....... 
statcoulomb .••••.••.•••••.•.•. 
atatfarad ....•.•.•••••••••.... 
stathenry .••••..•.•••.•....... 
statmho . • . • • • • . . • . • . . . • . . . .. 

statohm •..•..•...••.......... 
statvolt ..•.••.••..••......... 
stere ....................... . 
stilb ..•.....•..•.••...•..... 
stokes (kinematic viscosity) •........ 

tablespoon ....•............... 
teaspoon ........•...•........ 
tex ....................... .. 
therm ...............•......• 

ton (assay) ................... . 
ton (long, 2240 lb) ...... , , •..•... 
ton (metric) .......•..•........ 
ton (nuclear equivalent of TNT) .•.... 
ton (refrigeration) ............ . 
ton ( regiHllir) . . . . . . . . • . . • . . . . . . 

ton (short, 2000 lb) ..•..•.•....•. 
ton (long)/yd1 

•••.••••••••••••• 

ton (short )/h . . . . . . . . . • . . • . • . . •. 
ton·Corce ( 2000 lbf) ..•. , .•.•..... 
tonne .............•..••...•. 

ampere (A) ....•..•.••.•...• 
coulomb (C) ............... . 
farad (F) ...............•.. 
henry (H) •...•.••.••••..... 
siemens (S) ..••.•.•..•.•.... 

ohm (n) ........•......... 
volt (V) •....••••.•.•..•... 
mPter3 (m.l) ............... . 
candel11 per meter2 (cd/m2 ) •••••. 

meter2 per second (m2 /s) ...... . 

meler3 (m3
) •.•.•.•...••.... 

meter3 (m 3
) ••••••.••••••••. 

kilogram per meter {kg/m) ...... . 
joule (J) ...............•..• 

kilogram (kg) .............. . 
kilograru (kg) .............. . 
kilograr:. ( kti) ..•..•. · · · · · · 
joule (J) .......•...•....... 
watt (W) •....••..••.•..... 
meter3 (m3

) •••••••••••••... 

kilogram {kg) .......... : ... . 
kilogram per meter3 (k51m3

) •.••• 

kilogram per second (kg/s) ...... . 
newton (N) ................ . 
kilogram {kg) .........•..... 

3.335 640 E- l 0 
3.335 640 E-JO 
1.112 650 E-12 
8.987 554 E+l 1 
1. 112 650 E-12 

8.Po7 55.; E+ 11 
2 997 9'.:i E+02 
1.000 'J0l'•E+OO 
1 (.'CU OOfi* E+O·I 
1.0!.lO QOO*E-O·I 

1 471:! 676 E-05 
4.b;:q 922 E-06 
1.000 ocn•E-oH 
1.055 056 E+08 

2.916 667 E-02 
1.016 047 E+03 
1.000 OOO*Et03 
4.184 E+0920 

3.516 800 E+03 
2.831 685 E+OO 

9.071 84·7 6+02 
1.328 939 E+03 
2.519 958 E-Ol 
8.896 4.J.I E+03 
1.000 OOO*E+03 

torr (mm Hg, 0°C) • • • • • • • • • • • • • • • pascal (Pa) . . . . . • . • . . • . . . • . . 1.333 22 E+02 
township •.••••••••••••••••.•• meter2 (m2 ) •••••••••• , ••••• [see footnote 12) 
unit pole .••••• , , •••••••• , , •.. weber (Wb) ...••......• , .•.. 1.256 637 E-07 
W•h •.•.•••••••••• , •••••.•.• joule (J) ..•••••.•••••• , .•.. 3,600 OOO•E+03 
W•s .•••••••••••• , ••.•••••.•• Jo•de (J) •..••••••••••••••.. 1,000 ooo•E+OO 
W/cm2 •••••• , •• , ••••••••••••• watt per meter2 (W/m2 ) •••••••• 1.000 OOO*E+04 

· W /in2 ••••• , •••• • , , , • , •• , • • • • watt per meter2 (W /m2 ) , • , , • , • • 1.550 003 E+03 

:ID Defined (not meuund) nl11e, 
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To convert from 

yard_· • • · ••••• , •• · ••••.•.•• ·: •••••. 
yd2 ..•........ : .. ... --._ ;· •....... 

d3 . .. y 3 t f • t t t t t t t t t t t I e •, •••. t ·t lt • t I 

yd /min ••.•••••••.••••••••.••• 

to Multiply by 

meter (m) . . . . . • • • • • • • • • • • • • 9.144 OOO•E-01 
meter2 (m2 ) ••••••••••••• , • • 8.361 274 E-Ol 
meter3 (m3 ) • • • • • • • • • • • • • • • • 7.646 649 E-01 
mete.-3 persecond (m3/s) ••••• , • 1.274 258 E-02 

year (caiendar) .............. , •• , second (s) ..•..•• , .• , , , , , • , • 3.163 600 E+07 
year (sidereal) , • , .•••••.•• , ; . . . • • second (s) •••.•••••••• , •• , • • 3.166 816 E+07 
year (tropical) • • • • • • • • • • • • • • • • • • second (s) •.•• , • • • . • • • • • • . • • 3.166 693 E+O'I 
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