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The World Resources series is intended to meet the 
critical need for accessible, accurate information on 
some of the most pressing issues of our time. Wise 
management of natural resources and protection of 
the global environment are essential to achieve sus-
tainable economic development and hence to allevi-
ate poverty, improve the human condition, and 
preserve the biological systems on which all life de-
pends. 

Publication of World Resources 1990-91, the fourth in 
the series, marks a number of new dimensions. With 
this volume, the United Nations Development Pro-
gramme (UNDP) joins with the United Nations Envi-
ronment Programme (UNEP) and the World 
Resources Institute (WRI) in an ongoing collaborative 
effort to provide the most objective and up-to-date re-
port of conditions and trends in the world's natural re-
source base and in the global environment. 

This volume of World Resources contains a wealth of 
information on resource use and environmental is-
sues around the world. Part I gives an overview of 
topics that stand out as having a pervasive impact on 
the human condition, exerting unique leverage on the 
future of the planet, or requiring urgent action. Part 11 
includes a chapter on global climate change, a timely 
and crucial topic; the chapter includes the first publi-
cation of the Greenhouse Index, which tracks each 
country's current responsibility for greenhouse gas 
emissions. Part Ii also includes an overview of re-
source use and environmental problems in Latin 
America-from deforestation to urban pollution-con-
tinuing and expanding on a tradition of examining in 
each volume a particular geographical region in more 
detail. Both the potential impact of climate change 
and Latin America resource issues are discussed in 
additional sections throughout the volume. Part Ill re
ports on basic conditions and trends, major problems 
and efforts to resolve them, and recent developments 
in each of the major resource categories, from popula-
tion and health to energy and freshwater. Supporting 
data, as well as the core data tables from the World 
Resources Database, are found in Part IV. 

Additional information and data can be found in the 
Environmental Data Report, published every other 
year by UNEP in cooperation with WRI and the U.K. 

Preface
 

Department of the Environment. The Environmental 
Data Report and World Resources are published ir al
ternating years. 

The audience for the World Resources series is 
steadily expanding, with English, Spanish, Arabic, Ger
man, Japanese, and Chinese editions now in print and 
a Russian edition in preparation. Final distribution 
for this volume of the series is expected to exceed 
100,000 copies in all languages-to policymakers, re
source managers, scholars, teachers and students, 
the media, and other concerned individuals. 

WRI. UNEP, and UNDP share the conviction that the 
World Resources series can best contribute to manage
ment of the world's natural resources and to a broad
ened awareness of environmental concerns by 
providing an independent perspective on these criti
cal global issues. Therefore, while both UNEP and 
UNDP have provided essential information and invalu
able critical advice, final responsibility for substance 
and editorial content of the series remains with WRI. 

The effort required to put together World Resources 
1990-91 was enormous. The World Resources staff has 
assembled and analyzed a massive and unique collec
tion of information on conditions and trends in global 
natural resources and the environment. We commend 
staff members for their accomplishment. The Edito
rial Advisory Board, chaired by Dr. M.S. Swaminathan, 
provided active advice and support at all stages of 
the project. 

We wish to thank the John D. and Catherine T. Mac-
Arthur Foundation for its support in this endeavor. 
Its financial commitment to the continuation of the 
World Resources series and its distribution through
out the developing world help to make this all 
possible. 

James Gustave Speth 
President 
World Resources Institute 

Mostafa K. Tolba William H. Diaper III 
Executive Director Administrator 
United Nations United Nations 
Environment Programme Development Programme 
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Part I
 

1. World Environment Outlook
 

When the 20th Century began, the world was home 
to about 1.6 billion of the human species. Although 
pollution and environmental degradation were com
mon-some cities lived under a pall of smoke, soot, 
and ash-the problems were local. The world as a 
whole seemed vast, with huge regions virtually un-
touched by its human inhabitants, 

By midcentury, airplanes and radio broadcasts 
had begun to shrink distances and bring the peoples 
of the world, now 2.5 billion, into greater contact. In-
dustrial growth had multiplied per capita consump-
tion of natural resources-and per capita pollution-
in many countries. As that growth continued, air and 
water pollution became more widespread, as did con
cern about the cumulative impact of toxic industrial 
products on living species. 

As the 1990s begin, world population has more 
than doubled since 1950, to 5.2 billion people, and 
world economic activity has nearly quadrupled (1). 
To local concerns about environmental degradation 
have been added new, global worries. The pressures 
of agricultural and industrial development have 
begun to crowd out and extinguish other species at a 
rapid rate, to visibly erode the carrying capacity of 
the planet's soils, forests, estuaries, and oceans, and 
to alter its atmosphere. These pressures can only in-
crease if the human population doubles again and 
economic activity continues its explosive growth. 

The scale of the changes under way are spelled out 
in the following passage from Our Common Future: 

The planet is passing through a period of dra
matic growth and fundamental change. Our 
human world of 5 billion must make room in a 
finite environment for another human world. 
The population could stabilize at between 8 
billion and 14 billion sometime next century, 
according to UN projections.... Economic activ
ity has multiplied to create a $13 trillion world 
economy, and this could grow five- or tenfold 
in the coming half century (2). 

The world's environmental dilemma is that the 
scale on which natural resources are being con
sumed and wastes are being produced is already im
mense, yet many poor countries still lack and 
desperately need the benefits of industrialization 
and economic development. How ti-ii dilemma is re
solved is likely to dictate our planet's prospects for 
the coming century. 

Of the hundreds of topics addressed in this vol
ume, a few stand out as having a pervasive impact on 
the human condition, exerting unique leverage on 
the future of the planet, or requiring urgent action. 
Together, the, highlight how seemingly isolated envi
ronmental problems are, in fact, bound in a contin-
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1 World Environment Outlook 

Datapoint: Population Growth Will Add 959 Million People In 1990s 

The world's population passed 5billion 
In 1987 and continues to rise: an Increase 
of 842 million during the 1980s and a pro-
jected Increase of 959 million during the 
1990s. Even though the average number 
of births per woman Isdeclining In most 
countries, the excess of births over 
deaths means that world population Is 
not yet approaching stability,

Most of the growth is occurring in 
developing countries. (See Figure I.I.) 

Rapid population growth in zhese 
countrles recently has created popula-
tions Inwhich young people predomi-
nate. As these young people reach 
childbearing age, some additional popula-
tion growth Isvirtually certain. This de-
mographic momentum makes It more 
difficult to stabilize populations; Italso 
means that stiresses on natural resources 
and food supLilies and the demand for 
jobs are likely to Intensify Inthe next 

few decades. 
About 40 percent of the world's people 

now live Inurban areas, and urban popu
lation Isgrowing rapidly-again, predom-
Inantly Inthe developing world (see
Figure 1.2.)-while the population In 
rural areas Is.growing very slowly, Ifat 
all. This trend will Intensify the need for 
and the difficulty of supplying basic ser
vices and maintaining Infrastructure In 
large urban areas. 

Figure 1.1 World Population Growtha 
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Source: United Nations Population Division, World Population Frospects 1988
(United Nations, New York, 1989).

Note: a.Based on United Nations medium variant projection, the middle projection of possible high, medium, and low projections. 

uum of cause and effect, and suggest the scope of 
the problems that must be addressed if our civiliza-
tion is to be ultimately sustained and th'j dignity and 
potential of human life enhanced in the decades to 
come. 

ENDANGERED RESOURCES 

Air-The Global Commons 

From the ground, Earth's atmosphere is nearly invisi-
ble and easy to take for granted. From space, it is per-
ceived more readily as a thin blanket of gases, 
shielding our planet from the harshest of the sun's ul-
traviolet radiation and trapping the sun's warmth to 
keep Earth's rivers and oceans from freezing. Now, 
human activity is releasing gases into the atmo-
sphere on a scale that threatens to alter both of 
these atmospheric functions significantly, degrading 
the ultraviolet-shielding ozone layer and intensifying
the heat-trapping properties of the atmosphere as a 
whole. 
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Figure 1.2 Urban Population Growth, 1950-2025 
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Source: United Nations Population Division, World Fopulation Prospects 1988
(United Nations, New York, 1989). 

Because the atmosphere thoroughly mixes the pol
lutants that cause these changes, it does not matter 
where the gases are emitted. The global effect of a bil
lion metric tons of carbon dioxide is the same,
whether it is released from a northern industrial 
country or a southern developing nation, whether it 
com-s from burning coal in a power plant, gasoline
in a car, or trees in a forest. Preventing atmospheric 
degradation is, therefore, a task that must be shared 
globally.

The need is becoming increasingly urgent. In 1987, 
human activity added the equivalent of 5.9 billion 
metric tons of carbon-in the form of carbon dioxide 
,.,other heat-trapping "greenhouse" gases-to the at
mosphere, more than a meti ic ton for every person 
on the planet (:). The total would be 14.6 billion met
ric tons of carbon equivalent-the amount actually
emitted-were it not for natural processes that re
move greenhouse gases trom the atmosphere. The 
most rapidly rising levels are of chlorofluoro
carbons, which in the lower atmosphere trap heat 
but in the stratosphere are the source of chemicals 
that degrade the ozone layer. 
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Datapoint: The Greenhouse Index: Each Country's Contribution To Global Warming Potential 
The Greenhouse Index combines net an- times the rate of 1957. Africa, Latin America, and Asia, and in
nual emissions of three major green-
house gases, weighting each gas 
according to its heat-trapping capability. 
When calculated for agiven country, the 
Index is a measure of that country's re-
sponsibility for the Increase in the 
atmosphere's warming potential. The an-
nual Increase for ;ne world as awhole is 
rising rapidly, having nearly tripled in 
three decades. (See Figure 1.3.) Thus, in 
1987, the world is adding to the heating 
potential of the atmosphere at three 

The re'ponsibility for these increases 
is widely sharkd. Worldwide, 30 Industri-
alized countries account for 55 percent 
of total emissions. But of the 10 largest 
emitters in 1987 (counting the European 
Community as asingle entity), half are In-
dustrialized countries and half are devel-
oping countries. (See Figure 1.4.) The top 
50 emitting countries, which account for 
an estimated 92 percent of global emis-
sions, span every region of the world, in-
cluding the developing portions of 

clude both capitalist and p'anned econo
tales. Clearly, the problem salready a 
global one, and only common global ef
forts can hope to stabilize or reduce 
greenhouse gas emissions. However, so
lutlons must also address the need for 
equity and for industrial deve., 1 ment: In
dustrial countries with less than 20 per
cent of the world's population are 
responsible for over 50 percent of global 
emissions. (See Chapter 2,"Climate 
Change," Greenhouse Gas Emissions.) 

Figure 1.3 Annual Additions of Three Major 

Greenhouse Gases to the Atmosphere 1957-87 


)' .?' 0,' 1,)" L,Quva erts, 

..... - -

Source: World Resources Institute estimates. 

The Uncertain (Jliiata, 

There is [O (ILllt that (legra(ling tl protective 
layer of strat ospheric o(ne will increase the anliouilt 
(if biologically (hlagilig ultraviolet radiation that 
reaches tile surface of the Earth. How the climate 
will change as greenhouse gases accumulate in the 
lower atmto)slphere ani alter its heat-trapping prol)er-
ties is less certain. If )resent trends continue, green-
house gases will reach the equivalent (if twice the 
preindustrial levels (if carbon dioxide within 40 years
and will d()le)l agaill before the en(I oi the 21st Cen-
tury. If current ni (lels tif the Earth's climate system 
are correct, eVeil One (lollbling will raise global tent-
peratures a few degrees centigrade. The best current 
consensus al)lears to be that tetilierattres woul 
rise ;ill av(rage (Of 1.5-I.5' C. with smaller increases in 
til, trol)it's ani larger increases at high latitudes. 

The l)rosl)t'tive shift in temperatures may seem 
siall,Ibut it is nearly comparable to the change be-
tween the ext relne' Clin ate of the last ice age, 18,000 
years ago, andI to(lay's cliate (I). It is enough to 
alter significantly rainfall patterns and temperature 
regimes in iucl of the world (see Chapter 10. "Fresh-

Figure 1.4 Greenhouse Index: 10 Countries with 
the Most Greenhouse Emissions, 1-987 
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Source: Chapter 2,"Climeie Change: AGlobal Concern," Table 2.2. 

water"), with impacts oI agriculture, forestry, anld 
virtually all living things. (See Chapter 6, "Food and 
Agriculture,' Chapter 7."Forests and R'tngelands," 
anl Chapter 8, "Wildlife and Habitat.") Even a 2' in
crease would take temperatures higher than human 
societies have ever experience(l. 

Global climatic feedlbacks-involving clouds, ocean 
currents, the biota, or several other, as yet, poorly 
understood mechanisms-might decrease or amplify 
such temperature changes. These uncertainties
what is known and what is not known about climate 
change-are discussed in Chapter 2, "Climate 
Change: A Global Concern"; efforts to monitor and 
model the climate are discussed inl Chapter 13, 
"Global Systems al Cycles."

If the present patterns of industrial and agricul
tural activities that are the sources if these atno
sphere-altering gases are lot themselves altered, 
there is a distinct possibility of large-scale climate 
change, forcing what could be very difficult adjust
ments. In fact, the world may be conmitted to some 
degree of global warming already. Whether a warm
ing is detectahle now is controversial; what is certain 
is that the 1980s was the warmest (ecadle of the past 
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Datapoint; Energy Consumption: Is Continued Growth Sustainable? 

Energy, in one form oranother, is essen- Ing countries, however, bomass--argely
tial to industrial civilization. But, in addi- wood-is an Important source of energy
tion to its beneficial role, energy and one that, with proper management,
production and use are major causes of is renewable.) Thus, energy occupies a 
envIronmental degradation. Production special place Inany discussion of global 
and use of coal, oil, and natural gas-fos- environmental and resource problems
all fuels--are the major sources of local and Iscentral to strategies aimed at re-
air pollution, regional problems such as ducing air pollution and preventing
acid precipitation, and greenhouse gases global warming. 
that are changing the composition of the Energy use had long been closely asso-
atrnosphere and that may lead to ciated with economic growth. During the 
c .iges in the global climate. Nonfossil lete 1970s and early 1980s, however, en-
energy sources, such as nuclear power ergy use stabilized and even declined, 
and large-scale hydroelectric power, also while economic growth moved ahead rap-
raise environmental concerns. Together, Idly.This Important development was 
these sources constitute virtually all com- largely the result of shifts to more effl-
mercial energy production. (in develop- dent u- -Ienergy Incars and trucks, In 

homes, and InIndustrial processes. Inre
cent years, however, as energy prices
have declined, the world's use of energy
has again begun to climb. (See Figure 1.5.) 

Ifeconomic growth Is to continue with
out exacerbating the environmental prob
lems caused by energy, then fundamen
tal changes in energy production and use 
are likely to be necessary Inthe coming 
decades. The easiest gains will come 
from still higher energy efficiency, the 
technology for which needs to be shared 
widely with all nations. However, in view 
of the long periods required to phase in 
new energy technology on aglobal scale, 
the development of nonfossil energy 
sources should also be encouraged. 

Figure 1.5 Consumption of Primary Energy 	 Figure 1.6 Global Emisions of Nitrogen and
 
Sulfur Oxides from Fossil Fuel Combustion
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Source: British Petroleum (BP), BP Statistical Review of World Energy(BP, 	 Source: Jane Dignon, Sultan Hameed, "Global Emissions of Nitrpen and Sul-
London, 1989). 	 fur Oxides from 1860 to 1980," inAir Pollution ControlAssoclation Journal

Vol. 39, No. 2, p.153. 

century and included 6 of the 10 warmest years on re- economically competitive, or, in some cases, not 
cord. Ifthe predicted levels of warming do occur, the without environmental problems of their own. (See 
changes would be extraordinarily rapid compared Chapter 9, "Energy," Nonfossil Sources: A Look 
with most climatic shifts in the geological record. Ahead.) Yet energy is so central to economic activity 
The changes may occur more rapidly than trees and and its current sources are so embedded in our in
other biota can adjust to new teml)erature regimes dustrial infrastructure that promising efforts to de
or migrate to new ranges; the result may be dis- velop and spread the use of nonfossil sources should 
rupted ecosystems and accelerated extinction for be intensified. 
many plant and animal species. 

The largest source of greenhouse gas emissions in- Dealing with Greenhouse Gases 
timately linked with human activity is the use of fos
sil fuels as a source of energy, but other major The Montreal Protocol on Substances that Deplete 
sources include the clearing of forested land for agri- the Ozone Layer, agreed in 1987, was an important 
culture, industrial and consumer use of chlorofluoro- step toward limiting the production and release of 
carbons, the growing of rice in flooded paddies, and the chlorofluorocarbon chemicals that cause the le
the raising of domestic livestock. Potential alterna- struction of ozone and that are also long-lived green
tives to fossil fuels as sources of energy exist, but house gases. But there is already widespread 
they are not available on the scale needed, not yet consensus that additional steps will be needed if 
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ozone depletion is not to grow, intensifying ultravio-
let rays that can harm many forms of life. In late 
1989, the Antarctic ozone hole was again large (see 
Chapter 12, "Atmosphere," Severe Ozone Depletion
Returns in 1989), and scientists reported that condi-
tions were ripe for a hole to form in the Arctic as 
well. The urgency is underscored by the fact that 
some chlorofluorocarbons remain in the atmosphere 
for up to 100 years. On the positive side, however, 
many of the industrial companies that manufacture 
chlorofluorocarbons were moving to develop less-
damaging substitutes, and other companies an-
nounced plans to phase out use of the chemicals or 
to recapture them before their release into the atmo-
sphere. 

Preparations are under way for a similar, but more 
difficult, step toward controlling greenhouse gas
emissions. An Intergovernmental Panel on Climate 
Change, under the sponsorship of the United Nations 
Environment Programme and the World Meteorologi
cal Organization, has been studying the science and 
the impacts of climate change and policy responses 
and is scheduled to report its findings in the summer 
of 1990. In the fall of 1990, the Second World Ciimate 
Conference will take place in Geneva to consider 
those findings. The United States has offered to host 
an international conference in 1991, at which govern-
ments might negotiate the foundations of a treaty for 
regulating greenhouse gas emissions. Ifsuccessful, 
such an agreement would be followed by the develop-
ment of a specific protocol analogous to that estab-
lished in Montreal. International agreements will be 
critical, but they also must be supplemented by na-
tional actions to share technologies that can create a 
more sustainable industrial system and to provide 
the resources to acquire and use them. 

IndustrialAir Pollution 

At regional levels, meanwhile, urban and industrial 
air pollution remains a serious problem. Concern 
about the impact of air pollution on human health 
and on forests has led many industrial countries to 
tighten regulations and reduce emissions of lead, sul-
fur dioxide, and oxides of nitrogen in recent years. 
(See Chapter 12, "Atmosphere," Approaches to Air 
Pollution Control.) In most centrally planned econo-
mies in the developing world, and in the emerging 
market economies of Eastern Europe, these concerns 
are just beginning to be addressed; often, not even 
the extent of the problem is known. Since most of the 
growth in populations will occur in the urban areas 
of the developing world, urban air quality will be-
come increasingly crucial to human health. 

Worldwide, emissions of sulfur dioxide and oxides 
of nitrogen continue to climb. (See Figure 1.6.) These 
pollutants cause economic, environmental, and aes-
thetic harm, as well as damage to human health. The 
oxides of sulfur form particulates that reduce atmo-
spheric visibility, degrading recreational values. Ox-
ides of nitrogen help to form ozone, a principal 
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constituent of urban smog. Concentrated in urban 
areas, sulfur dioxide and smog cause lung damage 
and raise the incidence of many respiratory dis
eases. But even when these pollutants are widely dis
persed, they pose a significant environmental threat 
through the formation of acids that precipitate as 
rain, snow, or in other forms. 

Acid precipitation has altered the chemistry of 
tens of thousands of lakes and streams to the point
where they can no longer support life. It is impli
cated in damage to crops and forests in many areas 
of the world, among them China, North and South 
America, Africa, and nearly 50 million hectares of for
est in Europe alone. It can also help to mobilize toxic 
metals from soil, sediments, and even drinking water 
pipes. It is, in short, a major indirect cost attribut
able to the use of fossil fuels. 

Land and Sea-The Fertile Earth 

Life on Earth depends very directly on the living soil 
and the aquatic ecosystems of rivers, lakes, estuar
ies, and oceans. Without fertile soil and the microbial 
fauna that inhabit it, food would not grow, dead 
things would not decay, and nutrients would not be 
recycled. Without the plankton and algae that form 
the base of the aquatic food web, there would be no 
fish to harvest; even the ocean's ability to remove 
carbon dioxide from the atmosphere-and thus mod
erate global warming-would be greatly decreased. 

Yet the Earth's soils are being stripped away, ren
dered sterile, or contaminated with toxic chemicals 
at a rate that cannot be sustained. By some esti
mates, 10 percent of the land surface of the planet 
has been transformed by human activities from for
est and rangeland into desert (5); as much as 25 per
cent more is at risk (6). Cropland is already scarce in
much of the developing world; it is getting scarcer as 
urban areas expand and high dams flood fertile valleys. Acountry is often described as "land scarce" 
when more than 70 percent of the potentially arable 
land is under cultivation. In Asia, an estimated 82 per
cent of all potential cropland is under production. In 
Latin America and Africa, the percentages are lower, 
but misleading. Latin America has the highest con
centration of land ownership-10 percent of the pop
ulation owns 95 percent of the arable land-but 
subsistence farmers must seek land on steep hill
sides or in tropical forests, hastening erosion and de
forestation (7). [.arge areas in Africa are plagued by 
drought or by the tsetse fly. As a result, continuing
the rate of expansion of cropland in these regions
by 14.1 percent in South America and 4.6 percent in 
Africa, from the mid-1970s to the mid-1980s-may 
prove unsustainable. 

Expanding Agriculture 

Most areas of potential expansion for agriculture ei
ther lack water or have physical or chemical con
straints such as steep slopes, easily eroded or 
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Figure 1.7 Per Capita Cereal Production 
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Source: Food and Agriculture Organization of the United Nations, 1948-1985 
World Crop and Livestock Statistics (FAO, Rome, 1987), p 8-9. Produc
tion Yearbook, 1987. Vol. 41 (FAO, Rome, 1988), p. 113. (Population fig-
ures derived from the World Bank Database.) 

poorly drained soils, alkaline or other conditions 
toxic to plants. New agricultural lands often prove il-
lusory, as _v,..d by the failure of an estimated 20 
percent of new ranches in the Amazon within a few 
years. Indeed, the loss of existing agricultural land 
through erosion is estimated at 6-7 million hectares 
per year, with an additional loss of productivity to 
1.5 million hectares from waterlogging, salinization, 
and alkalinization (s). Modern irrigation systems can 
bring water from long distances, careful terracing 
can make steep slopes usable, and imaginative new 
technical solutions such as those being used in Latin 
America's tropical savannas (see Chapter 6, "Food 
and Agriculture," Sustainable Land Use for South 
America's Tropical Savannas) may ov! rcome soil lim-
itations, but these are not solutions for subsistence 
agriculture. All too often, expansion into new and 
marginal agricultural land is, out of basic necessity, 
led by those least able to overcome its difficulties or 
to farm it in a sustainable manner. 

Asia has increased its per capita food production 
over the past decade through a massive increase in 
agricultural inputs such as fertilizers, pesticides, and 
mechanical equipment. Over the same period, Latin 
America barely maintained its per capita food pro-
duction (despite substantial increases in inputs and 
in land used for agriculture), while Africa's per capita 
food production declined. For grains, specifically, 
world production has continued to rise, even on a 
per capita basis, except during the North American 
drought years of 1987 and 1988. The major exception
is Africa, which continued a 20-year trend of declin-
ing per capita grain production. (See Figure 1.7.) 
Meanwhile, the world's margin of error for food de-
clined in 1988, as grain stocks fell by nearly a quar-
ter, to 305 million metric tons, in large part because 
of droughts in North America. 
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At present, the world's cropland averages about 
0.28 hectare per capita, but varies widely. Latin Amer
ica has nearly double the world average (but, as 
noted above, concentrated in the hands of a few); 
Asia, in contrast, has only 0.15 hectare per capita. If 
world food production is to increase 60 percent by 
the year 2025-as it must to maintain current nutri

levels for a population projected at 8.5 billion
then either croplands must expand or crop yields

must increase. The latter is likely to require more in
puts of fertilizer, pesticides, and irrigation-with the 
risk of worsening water pollution-or novel means of 
increasing productivity, such as higher yielding or 
pest-resistant strains developed through biotechnol
ogy. The extension of plant breeding methods typical 
of the Green Revolution to dryland crops-if that 
proves possible-could also increase yields and re

losses to pests. 

Growing Demands on Freshwater Supply 

Freshwater for irrigation is increasingly limited in 
many regions of the world. Withdrawals of water for
municipal and industrial use are rising. Projections 
based on a detailed model of water use prepared by
the Institute of Geography of the Soviet Academy of 
Sciences suggest that withdrawals of freshwater will 
continue to rise rapidly in the near future, approach
ing 20 percent of the total runoff for both Asia and Eu
rope and much higher percentages in specific river 
basins. (See Figure 1.8.) The environmental effects of 
excessive withdrawals are demonstrated dramati
cally by the devastation of the Soviet Union's Aral 
Sea, which has lost 40 percent of its area, 60 percent 
of its volume, and virtually all of its once productive 
fishery over the past 30 years. (See Figure 1.9.) 

The first global assessment of water quality, com
pleted in 1989 under the auspices of the United Na
tions Global Environmental Monitoring System, 
found growing contamination of freshwater. (See 
Chapter 10, "Freshwater," Freshwater Quality: A 
Global Perspective.) Runoff from urban and agricul
tural areas is a major continuing source of pollution. 
Indeveloping countries and in many industrialized 
countries with centrally planned economies, domes
tic sewage and industrial effluents are often dumped 
untreated into rivers and lakes; the problem is se
vere in Eastern Europe and the U.S.S.R. and growing 
in the concentrated urban areas of the developing 
world where perhaps 500 million people do not have 
access to treated water for drinking, bathing, and pre
paring food. 

Polluting the Oceans 

The oceans, vast as they are, are beginaing to show 
the effects of pollution too, particularly in coastal 
areas. This was demonstrated graphically in Alaska 
when the tanker Exxon Valdez went aground and 
spilled 38.5 million liters of oil into the cold waters of 
Prince William Sound. Oil spills are isolated, if recur
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Figure 1.8 Freshwater Withdrawals By 

Region, 1980s and projections for 2000. 
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Source: Chapter 10, "Freshwater," Tables 10.4, 10.5, and 10.6. 

ring, incidents, but the effects of urban sewage, silt, 
plastics, pesticides and other organic substances are 
pervasive and compound the damage. A recent 
study by the United Nations Group of Experts on the 
Scientific Aspects of Marine Pollution concluded that
"chemical contamination and litter can be observed 
from the poles to the tropics and from beaches to 
abyssal depths....We fear, especially in view of the 
continuing growth of human populations, that the 
marine environment could deteriorate significantly 
in the next decade unless strong, coordinated na-
tional and international action is taken now." (See 
Chapter 11, "Oceans and Coasts," New Assessment 
of Ocean Pollution.) 

Coastal waters, where pollution is at its worst, shel-
ter the vast majority of the ocean's life. Although the 
world's fish catch continues to climb, some fisheries 
in heavily fished and polluted areas are declining, 
And although the global fish catch is just below its es-
timated sustainable yield, fishermen exceed the esti-
mated sustainable yield in 4 of 16 major fisheries-
the Pacific Northwest, the Mediterranean and Black 
Sea, the Eastern Indian Ocean, and the Southeast Pa-
cific-and are close to it in many others. 

The Earth cannot produce its bounty if we con-
tinue to damage its productive capacity. Human ac-
tion has increased the global rate of soil erosion 
threefold since prehistoric times (9), based on the evi-
dence of the sediment loads of the world's rivers 
compared with the history of earlier sediment loads 
written in the muds of the ocean floor. Toxic materi-
als abound-oil spilling into the oceans at 10 times 
the rate of natural seeps (10), lead being deposited on 
soils and in waterways at 100 times the prehistoric 
levels (11), cadmium being released into the environ-
ment at 40 times the natural rates (12), radioactive 

Figure 1.9 The Rising Consumption of 
IrrigationWater and the Declining Volume of 
the Aral Sea, 1960-87 

Volume Consumption 
(cubic (cubic kilometers 
kilometers) per year) 

1.200 . 100 

--... Volume Consumption 

1,000  - 80 

800 ...
 

60 

600 

400 

200 20 

0 ................................... 0 
1960 1965 1970 1975 1980 1985 

Source: Philip P. Micklin, "Desiccation of the Aral Sea: A Water Management 
Disaster in the Soviet Union," Science, Vol. 241 (Sept. 2, 1988), pp. 1170
1176. 

materials contaminating soils at many sites, and the 
acidity of precipitation over inillions of square kilo
meters increasing 10-fold (13). 

Living Resources 

The living resources of the planet surely include the 
few dozen species of plants and animals grown for 
food and fiber. They also include the human re
sources-people themselves. But it is the vast diver
sity of other species that constitute the biological 
systems on which life itself depends. Now, that diver
sity, and the genetic heritage that it represents, is in
creasingly at risk. 

The largest density of those species is to be found 
in the tropical forests of the world, which are under 
intense pressure. Over the past decade, land conver
sion and deforestation in these regions have acceler
ated dramatically. An estimated 17 million hectares 
of closed forest were deforested and converted to 
other uses in 1987, up from 7.5 million hectares in 
1981. (See Figure 1.10.) Estimates of deforestation 
vary substantially and the true extent is not known 
with any great accuracy, but the trend is not in 
doubt and it is alarming. The best current estimate 
for 1987, in what may have been a peak year, is that 
the worldwide loss of both closed and open tropical 
forest amounted to 20.4 million hectares. (See Chap
ter 7, "Forests and Rangelands," New Estimates of 
Tropical Deforestation.) In many areas of the world, 
the loss is not only the trees and the habitat for an 
enormous variety of species that the forest provides, 
but also the relatively poor soils beneath it, which 
often compact, laterize, or erode when the tree cover 
has gone. 

WorldResources 1990-91 

7 



1 World Environment Outlook 

Figure 1.10 World Total of Closed Tropical 
Forest Area Lost Per Year 
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Source: Chapter 7, "Forests and Rangelands," Table 7.1 and Food and Agri-
culture Organization of the United Nations (FAO), Forest Resources Divi
sion, An Interim Report of the State of the Forest Resources in the 
Developing Countries(FAO, Rome, 1988). 

Figure 1.1 1 Elephant Populations in Africa, 
1979a and 1989 
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Note: a. Estimated in 1979. 

Clearing land for agriculture and environmental 
degradation of other kinds have accelerated the rate 
of habitat loss and species extinction to levels not 
seen on Earth for 60 million years. A precise measure 
is not possible because scientists have not yet identi-
fled many of the life forms that are threatened and 
they do not know, with any precision, the number of 
species that inhabit the Earth, but careful estimates 
are that we are losing 100 species per day (14). The 
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trends are all too clear-from declining American 
songbirds whose winter habitat is the disappearing 
Central American forests to the African elephant
whose numbers have been sharply reduced over the 
past decade by ivory poachers. (See Figure 1.11.) 

Human Poverty and III Health 

The human species is not declining in numbers, but 
some 350 million to 1 billion people remain seriously
undernourished. Estimates are that 1 billion people 
live in households too poor to obtain the food they 
need in order to be able to work, that one child in 
three is underweight by age 5, and that hundreds of 
millions of people suffer from anemia, goiter, and im
paired sight-conditions associated with a lack of 
iron, iodine, or vitamin A (15). Beyond outright hun
ger, many people lead lives trapped in subsistence 
agriculture or in urban poverty. 

Conditions in urban environments are deteriorat
ing in many developing countries: untreated sewage, 
uncontrolled industrial effluents, and rapidly grow
ing automobile fleets pollute air, water, and nearby
cropland. By the year 2000, a billion people are ex
pected to be without satisfactory sanitation and half 
a billion without adequate drinking water. (See Chap
ter 5, "Human Settlements," Conditions and Trends.) 
Competition for housing in already overcrowded cit
ies is expected to increase. The strong trend to ur
banization in developing countries means that more
and more of the world's population must contend 

with these conditions. 
The consequences for human health are severe. An 

estimated 60 percent of Calcutta's population suffer 
from respiratory diseases related to air pollution; 
lung cancer in Chinese cities (where coal is the main 
fuel) is 4 to 7 times higher than in the nation as a 

and lead from auto exhausts is found in the 
blood of children in Mexico City at ievels high 
enough to cause brain damage (16).

Access to health care has improved in recent de
cades, but the health care systems of many develop
ing countries cannot cope with many serious health 
problems. Diseases related to inadequate sanitation 
and absence of clean water are widespread, leaving 

hundreds of millions of people debilitated and un
able to reach their full potential. Malaria is resur
gent-the total number of cases may reach 100 
million per year-and AIDS is spreading steadily in 
Africa, Latin America, and the Caribbean, as well as 
in many industrialized countries. (See Chapter 4, 
"Population and Health," Focus on a Major Killer: Ma
laria and AIDS in the Americas.) 

With the expected increase in the world's popula
tion rising by about 96 million additional people per 
year during the decade of the 1990s (17), it will take 
extraordinary efforts to supply the world's popula
tion with adequate food and health care and to slow 
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Datapoint: Latin American Debt 

Figure 1.12 Debt Service as a Percentage of 
The context for Latin American environmen- Exports of Goods and Services in Six Latin 
tal issues during the 1980s--and much else- American Countries 
has been the economic stagnation of the 
region. A factor Inthat stagnation has been 
the region's mounting external debt, which (porcentag50o exports)
In1987 totaled $387 billion. By comparison,
the external debt for all ofAsia was $342 bil- 11977 r 1982 P 1987 
lion and for Africa $212 bliion. To pay the In- 40 
terest on that debt, countries struggled to 
Increase exports, with varying success. For 7 
the largest countries InLatin America, debt 30 
service consumed between 25 and 45 per
cent of export earnlngs. (See Figure 1.12.) To 
make matters worse, prices for agricultural 20 
commodities (one cf Lata America's major
exports) dropped on world markets. The re
sult was a declila Inper capita gross domes- 10 
tic product of almost I percent per year 1between 1982 and 1989. Under such conditions, it Ishard to make protection of the en- 0 
vironmcnt the highest priority. Arger.a Brazil Chi Colombia Mxico Uruguay 

Source: Chapter 15, "Basic Economic Indicators," Table 15.2. 

or halt the deterioration of the biological systems on 
which all life depends, 

A CHANGING WORLD 

The year 1989 saw unprecedented political change in 
Eastern Europe, as country after country adopted 
democratic reforms. Equally dramatic transitions to 
new or strengthened democratic governments took 
place in Latin America, and there were strong cur-
rents of political change in the Soviet Union and 
South Africa. This sweeping tide is a reminder that at-
titudes and human institutions can and do change,
and change quickly, given appropriate conditions, 
That is a source of great hope, not only for a freer 
and more peaceful world, but also for a world less 
threatened by continuing environmental degrada-
tion. 

Where will the financial resources come from to 
build an enduring economic base and to combat pov-
erty in the developing countries, to clean up and re
build the pollution-prone industrial base of Eastern 
Europe and the Soviet Union, and to develop new 
technologies everywhere that can provide the foun-
dation for economic growth without degrading the 
environment? One potential source, if the world 
turns from confrontation to peaceful cooperation, is 
the huge resources now devoted to military bud-
gets-an estimated $1trillion per year worldwide 
and significant fractions of the industrial workforce: 
11 percent ir the United States, 9.7 percent in the So-
viet Union (18). One rationale for such a refocusing of 
resources is the growing concern that local and 
global environmental problems can be as serious a 

threat to national security and p:osperity as military 
conflicts (19). 

In order for sustainable economic development to 
proceed, however, the environmental consequences
of development must be considered from the start, 
in developing countries and industrial countries
alike. It is ahopeful sign that major funding organiza
tions such as the World Bank and agrowing number 
of large international corporations have made com
mitments to environmental standards (20). It may 
also prove essential to measure economic progress 
more realistically. At present, such economic indica
tors as gross national product give misleading indica
tions. For example, when applied to countries that 
rely heavily on their natural resources, gross na
tional product fails to take into account the deple
tion or destruction of those assets in the process of 
economic development. (See Chapter 14, "Policies 
and Institutions.") 

Public Opinion on the Environment 

As democratic governments spread, support for re
channeling resources to environmental problems 
may come more and more from ordinary citizens. 
Widespread concern about the environment is be
coming a potent political force. Environmental issues 
have played astrong role in the wave of democracy
sweeping over Eastern Europe and have increasingly 
become an election issue in the new democracies of 
Latin America. Environmental questions are being 
raised repeatedly in the Soviet Union and are already 
a recurring issue in elections in Western Europe and 
North America. Increasingly, the environment is be
coming a global political issue, occupying a major 
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place on the agenda at the "Group of Seven" (Can- dards. Most people in all 15 countries surveyed (ex
ada, France, Federal Republic of Germany, Italy, cept Argentina) declared that they would be willing 
Japan, the United Kingdom, and the United States) to pay higher taxes to see an improvement in the en
economic summit meeting in 1989. vironment, and substantial majorities everywhere 

The reasons for the emergence of the environment (except Japan) would be willing to spend some of 
as a political concern are not hard to find. In 1988 their time or money to help improve the environ
and 1989, the Harris polling organization surveyed ment. Overwhelming majorities of those polled 
public opinion and leadership attitudes around the wanted governments to pass and enforce stronger 
globe on behalf of the United Nations Environment laws and to make protection of the environment a 
Programme (21). The survey encompassed 15 coun- higher priority. 
tries, including the developing regions of Africa, Asia, 
and Latin America as well as North America, Western A Common Future 
Europe, and Eastern Europe, and found widespread 
concern about the quality of the environment. Most A more peaceful and cooperative world, govern

of those surveyed in all but one country, Saudi Ara- ments that are more responsive to their citizens and 

bia, believed that their environments had become capable of redirecting resources to deal with environ

worse in the past decade; large majorities in every mental problems and assist the development pro

country surveyed believed that environmental pro- cess, widespread public concern and growing 

tection should have a high priority and favored knowledge about the environment-these are the 

stronger actions by both governments and interna- hopeful signs for the coming decade. The growing 

tional organizations. Women surveyed were more role of nongovernmental organizations and of grass

aware and concerned about environmental degrada- roots participation in environmental issues is also a 

tion than were men; younger people were more positive trend. The 1992 United Nations Conference 

aware and concerned than older people. on Environment and Development, for which prepara-

The greatest concern of those polled was pollution tion is now under way, ought to be regarded as a 

of drinking water, but large majorities also thought unique and crucial opportunity for industrial and de

that air and water pollution, the dumping of toxic veloping countries to work together to mobilize 

chemicals on the land, loss of agricultural or farm world attention on environmental issues and to fur

land, loss of forests, and overuse of pesticides and ther sustainable development. These and other initia
herbicides were serious problems. tives will need widespread support if the world's 

Perhaps most striking was the finding that, by environmental problems are to be successfully con

large margins in all the countries surveyed, the pub- fronted and Earth is to be sustained as a fertile, boun

lic put a higher priority on reducing environmental tiful planet, the common home of all living things. 

health risks than they did on increasing living stan-
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Part 11
 

2. Climate Change: 
A Global Concern 

We tend to take for granted the moderate nature and 
relative stability of the Earth's climate. Modern 
human societies have experienced little else, be-
cause of the prevailing interglacial period. But the 
Earth's climate has changed dramatically in the past.
Early human societies experienced a colder climate, 
a glacial period or ice age, extending until about 
10,000 years ago. In still earlier periods, the Earth 
was ice-free and far warmer than today. To these nat-
ural variations in climate must now be added a new 
concern: human activity is altering the composition 
of the atmosphere rapidly in ways that could bring 
on rapid and profound changes in climate. 

The temperature of the Earth is determined by the 
balance between the rate at which sunlight reaches 
the Earth's surface and the rate at which the warmed 
Earth send,; infrared radiation back into space. It is 
well established that the warm temperatures (which
make life on Earth possible) are the direct result of 
the trapping of part of the Earth's radiant heat by 
traces of atmospheric water vapor, carbon dioxide 
(C0 2), methane (CH4), and other infrared-absorbing
(greenhouse) gases (i). Now, however, human activi-
ties are not only increasing the atmospheric concen-
trations of the naturally occurring greenhouse gases,
but also they are adding new, and very powerful, in-
frared-absorbing gases-such as the industrial chemi-
cals known as chlorofluorocarbons (CFCs)-to the 
mix. 

The rate at which the composition of the atmo
sphere is being altered through human actions has 
accelerated spectacularly in recent decades. Levels 
of carbon dioxide, methane, chlorofluorocarbons, ni
trous oxide (N20), ozone (03), and other greenhouse 
gases released by human industrial, agricultural, and 
forestry activities are building up in the lower atmo
sphere, kiown as the troposphere. There is strong
scientific consensus that, if current trends continue, 
the buildup of these gases is likely to cause signifi
cant warming of the global climate; some warming 
may already be inevitable because of past emissions. 
This global climate change could destabilize the natu
ral and societal systems upon which we have come 
to depend. 

In recent years, the link between growing atmo
spheric concentrations of greenhouse gases and 
eventual global warming has become broadly ac
cepted by scientists. Nevertheless, both the magni
tude and the timing of the warming remain uncertain 
and many related determinants of future climate 
change are still inadequately understood. This chap
ter reports on what is known and what is not known 
about the factors that may influence changes in the 
global climate. The chapter also reports on past and 
current emissions of the major greenhouse gases
and on the relative contributions of the countries of 
the world to these emissions. Each country is as
signed a rank based on the combined warming effect 
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Table 2.1 Summary of Atmospheric Growth On Earth, carbon dioxide and water vapor are the 
most important greenhouse gases in creating the inof Greenhouse Gases 

- - sulating effect of the atmosphere, but methane and 

Prewnt Annual chlorofluorocarbons also play a major and growing 
ColnttlonAr Raftof Increme role (3). The heat-absorbing potential of these gases 

Gas Predus INC (Psrcom) varies widely and depends on such factors as their 
relative conce,.ti'ation in the atmosphere and their in-

Carbon dioxide 275ppm 346 ppm 1.4 ppm (0.4) frared absorption profile. The addition of an incre-
Methane 0.75 ppm 1.65 ppm 17 ppb (1.0) 
Chlorofluorocarbon-12 0 400 ppt 19 ppt (5.0) mental molecule of methane, for example, will result 
Ch;orofluorocarbron-11 0 230 ppt 11ppt (5.0) in the trapping of 20-30 times as much heat as the ad-
Nitrous oxide 280 ppb 305 ppb 0.6 ppb (0.2) 

dition of an incremental CO2 molecule. An incremen-Tropospheric ozone un:nown 35 ppb unknown 	 tal CFC molecule will result in the trapping of 20,000 
Source: Office of Policy, Planning and Evaluation, Office of Research and De

velopment, U.S. Environmental Protection Agency, Potential Effects of times as much heat as would a C02 molecule (4).
 
Global Climate Changu on the United States, Joel B.Smith, Dennis A.
 
Tirpak, eds. (U.S. Environmental Protection Agency. Washington, D.C.,
 
draft, 1988).
 

ppm = parts per million.
 
opb = parts per billion. SCIENTIFIC FACT: Concentrations of Infrared-
AborbingrGass are
i.lpl =parts per trillion. 	 Absorbing Gases Are 

Increasing at Unprecedent
of the country's estimated emissions of the major edly Rapid Rates 
greenhouse gases. The chapter discusses the scien
tific knowledge base and some of the major uncer- Table 2.1 illustrates what is known about the grow
tainties involved in our knowledge of climate change. ing atmospheric concentrations of the major green-
And it reviews policy options that governments can house gases. Based on direct measurements as well 
pursue to reduce the risks or counter the effects of as on ice core analyses, a record of carbon dioxide 
climate change. Other chapters in this volume dis- concentrations 160,000 years into the past has been 
cuss the potential impacts of climate change on pub- constructed (5). While recent growth rates in the con
lic health (Chapter 4), agriculture (Chapter 6), centrations of individual gases vary, they all have in
forests and ramgelands (Chapter 7), wildlife (Chapter creased significantly since preindustrial times. 
8), precipitation patterns and water availability Continuous sampling done at the Mauna Loa Obser
(Chapter 10), and oceans and coastal areas (Chapter vatory in Hawaii since 1958 has shown an inexorable 
11). Chapter 13, "Global Systems and Cycles," exam- rise in atmospheric C02 concentrations. The C02 
ines present and future means of monitoring global concentration of 351 parts per million (ppm) in 1988 
changes in the climate. Chapter 24, "Atmosphere and is 20-25 percent higher than at any time in the past 
Climate," contains the primary data, estimates of 160,000 years, notwithstanding wide swings during 
greenhouse gas emissions by country, and a discus-	 that period as climate shifted. The very warm inter
sion of how these estimates were reached. 	 glacial period of 130,000 years ago, for example, was 

accompanied by C02 levels of just under 300 ppm, 
while concentrations juring the previous great ice 

STATUS OF CURRENT KNOWLEDGE 	 age dropped to around 200 ppm. By the beginning of 
the Industrial Revolution, C02 concentrations had 

The status of current knowledge can be straightfor-	 climbed back up to 280 ppm (6). Figure 2.1 shows the 
wardly summarized. 	 parallel trends in C02 and temperature records over 

SCIENTIFIC FACT: Infrared-Absorbing Gases 	 the past 160,000 years. 
Within the past 100 years, however, atmosphericAre Responsible for Keep-

ing the Earth Warmer Than C02 concentrations have risen by another 70 ppm. 
It Would Otherwise Be More thaa half of this 25 percent increase has oc

curred in the past 30 years alone. Ifthe current 
It has been proved conclusively that, in recent millen- growth rate of 0.4 percent per year continues, atmo
nia, the "greenhouse effect"-the insulating effect of spheric concentrations of C02 will double from pre
the atmosphere-has kept the planet at an average industrial levels by around 2075. 
temperature of about 13" C, or 33"Cwarmer than it Atmospheric methane concentrations have more 
otherwise would be. Earth's greenhouse warming than doubled from their preindustrial levels, and are 
turns out to be consistent with the temperatures growing at a rate of about 1 percent annually (7). 
found on the planets of Mars and Venus, once vary- Trends in methane levels have tracked those of C02 
ing distance from the sun and varying atmospheric closely during the past 160,000 years. Today, meth
composition are taken into account. Mars has a very ane levels are much higher than ever before (8). 
thin atmosphere and maintains an average tempera- Table 2.1 shows that concentrations of other signifi
ture of -53' C,while Venus, with its C02-dominated at- cant greenhouse gases, namely, nitrous oxide and 
mosphere, suffers from a "runaway greenhouse CFCs, also are increasing. Chlorofluorocarbon con
effect" and experiences an average temperature of centrations, for example, are growing at about 5 per
447" C (2). cent annually. 
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Figu'e 2.1 Long-Term Vaiiations of Global 
Temperature and Atmospheric Carbon Dioxide 
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Source: J.M. Barnola etal., "Vostok Ice Core Provides 160,000-year Record 
ofAtmospheric CO2,"Nature, Vol. 329, No. 6138 (1987), p. 410. 

SCIENTIFIC THEORY: 	 Continued Greenhouse Gas 

Emissions Will Lead to 

Global Warming 


As the levels of greenhouse gases rise, they will trap 
more heat in the lower atmosphere, raising the tem-
perature at the Earth's surface and changing the cli-
i,;at-:-unless other climatic mechanisms counteract 
the warming. Extrapolating projected growth rates of 
greenhouse gases into the future and combining this 
information with the known, heat-absorbing proper-
ties of the individual gases, scientists have modeled 
the amount of warming from past emissions as well 
as from current and future emissions that each gas is 
expected to contribute to a iiew atmospheric equilib
rium temperature (9). Deriving actual short- and mid-
term temperature projections from these models is 
made difficult by several key facts. First, it is far eas-
ier to model the temperatures that are likely to pre-
vail once a new climatic equilibrium has been 
reached than it is to model transient temperatur, 
changes. Second, it is believed that the thermal iner
tia of the oceans can delay a new temperature equi-
librium for several decades, although the precise
mechanism and duration of this delay are not well un-
derstood (10) (i i). Therefore, it is not now possible to 
accurately predict the rate of temperature rise as 
greenhouse gas concentrations accumulate. (See
State of the Science, below.) 

Climate Change: A Global Concern 2 

If CO 2 (or its equivalent in other greenhouse gas

concentrations) reaches twice the preindustrial
 
level, the consensus within the scientific community
is that we can expect increases of a few degrees Cel
sius (12). When such a doubling is modeled on gen
eral circulation models (GCMs), which make 
projections of climate changes and which can only 
be run on the most powerful computers available,

the results suggest that average global temperatures
 
would rise by 1.5" to 4.5' C,depending on the particu
lar model (13). (For additional discussion of GCMs
and the data on which they depend, see The Limits 
of Climate Models: Key Uncertainties, below, and 
Chapter 13, "Global Systems and Cycles.")While atmospheric concentrations of C02 are not 

expected to double until the third quarter of the 21st 
Century, modeling suggests that, if current trends 
continue, the combined effects of all greenhouse 
gases could cause a warming commitment equivalent
to that of a doubled-C02 	environment by about 2030 
(14). Because of delays in the climate's response, ex
actly when warming would occur is not known. 

Impacts of Climate Change 

The impacts of a global warming are still uncertain in
 
many respects, not least because the computer mod
els of climate change cannot predict regional

changes with any reliability. Nonetheless, the effects
of a global warming over the next half century are
 
likely to include a rise in sea level of perhaps 30 centi

meters, along with changes in winds, ocean currents, 
accumulations of ice and snow in polar ice caps, and
the frequency of severe storms (see Chapter 11, 
"Oceans and Coasts"); variations in the range of dis
ease-bearing organisms and other impacts on public
health (see Chapter 4, "Population and Health"); al
terations in precipitation patterns that will affect 
water availability and agriculture (see Chapter 6, 
"Food and Agriculture," and Chapter 10, "Freshwa
ter"); and changes in wetlands, forests, and other nat
ural ecosystems, possibly leading to the increased 
extinctions of plant and animal species (see Chapter
7, "Forests and Rangelands," and Chapter 8, "Wildlife 
and Habitat"). 

GREENHOUSE GAS EMISSIONS 

Sources of greenhouse gases are distributed widely
around the world, with both developed and develop
ing countries sharing major responsibility for emis
sions. Nonetheless, in 1987, just five countries 
contributed 50 percent of the warming potential
added to the atmosphere that year. 

Past Emissions 

The key greenhouse gases responsible for most of 
the projected warming emanate from a wide variety
of human activities, ranging from fossil fuel combus
tion to wet rice cultivation. The most important, car
bon dioxide, arises primarily from the burning of 
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2 Climate Change: A Global Concern 

Figure 2.2 Cumulative Emissions of Carbon 
Dioxide from Fossil Fuels for the 26 Countries 
with the Highest Emissions, 1950-87 
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Source: Carbon Dioxide Information Analysis Center (CDIAC), Oak Ridge Na-
tional Laboratory, Oak Ridge, Tennessee, unpublished data, August 1989. 

Note: a. The European Community comprises 12 countries: Belgium, Den-
mark, France, Fed eral Republic of Germany, Greece, Ireland, Italy, the 
Netherlands, Luxembourg, Portugal, Spain, United Kingdom. 

fossil fuels, the manufacture of cement, and changes 
in land use through large-scale deforestation, includ-
ing burning and clearing land for agricultural pur-
poses. An enormous quantity of this gas has been 
released through human activities since the onset of 
the Industrial Revolution. Worldwide consumption of 
fossil fuels in the period 1860 to 1949 is estimated to 
have released 51 billion metric tons of carbon (15). 
(By convention, carbon dioxide releases are mea-
sured in terms of the weight of carbon contained in 
the gas.) In the past four decades, fossil fuel use has 
accelerated and carbon dioxide emissions from fossil 
fuel consumption between 1950 and 1987 totaled an 
additional 130 billion metric tons (16). Figure 2.2 
shows the relative contributions for the period 1950-
87 of the 26 countries that have been the largest 
sources of fossil-fuel-based carbon dioxide emisions 
(emissions from the 12 countries of the European 
Community are combined). Land use change, includ
ing deforestation for agricultural purposes, is esti-
mated to have released another 60 billion metric 
tons of carbon dioxide since 1860 (17). Thus, in the 
period 1860-1987, the total release of carbon dioxide 
from human activities ,quals an estimated 241 billion 
metric tons of carbon. 

The Greenhouse Index 

While carbon dioxide has received the most atten-
tion, it accounts for about only half of the warming 
potential attributable to human activity. An estimate 
for the contributions of the major greenhouse gases, 
based on the atmospheric concentrations of the 
gases during the mid-1980s and their relative heat-
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trapAing potential, yields the following picture: car
bon dioxide, 50 percent; chlorofluorocarbons, 20 per
cent; methane, 16 percent; tropospheric ozone, 8 
percent; nitrous oxide, 6 percent (18). Thus, esti
mates of the relative contributions by country based 
solely on C02 (as in Figure 2.2) distort the true pic
ture. 

A preferable approach would be to calculate a 
Greenhouse Index that represents the contribution 
of each gas, appropriately weighted by its heat-trap

potential, based on annual emissions for each 
country. For C02, CFCs, and CH4, it is possible to 
make estimates of annual emissions by country in a 
systematic way. In 1987, for example, human activi
ties released about 8.5 billion metric tons of carbon 
as carbon dioxide, 255 million metric tons of meth
ane, and more than 770,000 metric tons of CFCs (CFC

and CFC-12). (See Chapter 24, "Atmosphere and 
Climate," Table 24.1.) These gases account for about 
86 percent of the current global warming potential at
tributable to human activity. 

Estimates of tropospheric ozone contributions by 
country are more problematic, and even the global 
co nr aem rep bl at ,a devn heg b l 

sources of nitrous oxide are not well understood. Be
cause of such uncertainties, these and other minor 

greenhouse gases-and natural sources of all green
house gases not directly attributable to human activ
ity-are omitted from calculations of a Greenhouse 
Index. 

For the three major greenhouse gases, 1987 esti
mates of current annual additions to the atmosphere 
are weighted appropriately by their infrared effective
ness. (See Box 2.1.) These weighted contributions 
are combined to create a single Greenhouse Index, 
given as carbon dioxide heating equivalents and ex
pressed in metric tons of carbon, for each of 146 
countries. The results are summarized below (see Na
tional Rankings). The Greenhouse Index provides a 
more balanced measure of each country's responsi
bility for potential global warming than C02 alone; 
the Index also provides a means of tracking in
creases or decreases in each country's share of 
greenhouse gas emissions over time. 

National Ranklngs 

Table 2.2 gives the carbon dioxide heating equiva
lents of annual atmospheric increases of C02, CH4, 
and CFCs-and their total contribution-for 50 coun
tries, ranked by their Greenhouse Index. (Complete 
data for 146 countries can be found in Chapter 24, 
"Atmosphere and Climate," Table 24.2.) Table 2.2 
also gives the percentage contributed by each coun
try to the global total; thus, in 1987, the United States 
with a Greenhouse Index of I billion metric tons of 
carbon equivalent, contributed the largest share, 
17.6 percent, of the world's increase in warming po
tential represented by the three major greenhouse 
gases; the U.S.S.R. contributod 12 percent, and Bra
zil, 10.5 percent. Altogether, the 50 countries in 
Table 2.2 accounted for 92 percent of the world's 
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Table 2.2 The Greenhouse Index: 50 Countries with the Aighest Greenhouse Gas Net Emissions, 

(Carbon Dioxide Heating Equivalents, 00. metric tons ofcarbon) 

Grenmhouse 
Country Index Rank Cbn Dioxide M1ethMe CMCa) Total Percent of Total 

United States 1 540,000 130,000 350,000 1,000,000 17.6U.S.S.R. 2 450,000 60,000 180,000 690,000 12.0

Brazil 
 3 560,000 28,000 16,000 610,000 10.5

China 
 4 260,000 90,000 32,000 380,000 6.6
India 5 130,000 98,000 700 230,000 3.9
Japan 6 110,000 12.000 100,000 220,000 3.9Germany, Fed. Rep. 7 79,000 8,000 75,000 160,000 2.8
United Kingdom 8 69,000 14,000 71,000 150,000 2.7Indonesia 9 110,000 19.000 9,500 140,000 2.4
France 
 10 41,000 13,000 69,000 12u,000 2.1Italy 11 45,000 5,800 71,000 120,000 2.1
Canada 
 12 48,000 33,u00 36,000 120,000 2.0
Mexico 13 49,000 20,000 9,100 78.000 1.4Myanmar 14 68,000 9,000 0 77,000 1.3Poland 15 56,000 7,400 13,000 76,000 1.3

Spain 
 16 21,000 4,200 48,000 73,000 1.3
Colombia 17 60,000 4,100 5,200 69,000 1.2
Thailand 
 18 48,000 16,000 3,500 67,000 1.2

Australia 
 19 28,000 14,000 21,000 63,000 1.1German Dem. Rep. 20 39,000 2,100 20,000 62,000 1.1

Nigeria ,.1 
 32,000 3,100 18,000 53,000 0.9South Africa 22 34,000 7,800 5,800 47,000 0.8C6te dlvoire 23 44,000 550 2,000 47,000 0.8
Netherlands 24 16.000 8,800 18,000 43,000 0.7

Saudi Arabia 
 25 20,000 15,000 6,600 42,000 0.7Philippines 26 34,000 6.700 0 40,000 0.7
Lao People's Dem. Rep. 27 37,000 1,000 38,000
0 0.7

Viet Nam 28 28,000 10,000 0 38,000 0.7

Czechoslovakia 29 29,000 2,200 
 2,700 33,000 0.6
Iran 30 17,000 6,400 9,000 33,000 0.6

Argentina 31 13,000 12,000 5,500 
 31,000 0.5Korea, Rep. 32 21,000 2,900 5,400 29,000 0.5
Turkey 33 16,000 3,600 9,200 29,000 0.5
Romania 34 25,000 3,100 0 28,000 0.5Venezuela 35 19,000 4.700 3,200 27,000 0.5Yugoslavia 36 15.000 2,800 8,200 26,000 0.4
Malaysia 37 22,000 1,400 2,500 26,000 04Belgium 38 12,000 1,200 12,000 25,000 0.-1Algeria 39 8,400 12,000 4,100 25,000 0.4
Peru 40 22,000 870 0 23,000 0.4
Bangladesh 41 2,300 20,000 0 22,000 0.4
Ecuador 
 42 19,000 570 1,700 21,000 0.4
Greece 43 7,000 1,100 12,000 20,000 0.4
Korea, Dem. People's R%.p. 44 18,000 2,300 20,0000 0.3Portugal 45 3,700 1,000 13,000 17,000 0.3
Egypt 46 9,000 3,100 5,100 17,000 0.3Bulgaria 47 15,000 660 1,600 17.000 0.3
Austria 48 6,500 960 9,100 17,000 0.3
Zaire 49 16,000 790 0 16,000 0.3
Cameroon 50 16,000 580 0 16,000 0.3 

Source: Chapter 24, "Atmosphere and Climate," Table 24.2. 
Note: a.Chlorofluorocarbons 

total increase in warming potential in 1987. The coun- Three of the six countries that are the largest contrib
tries that are the largest contributors are displayed utors to the atmosphere's warming potential-the
in slightly different form-with the European Commu- United States, the U.S.S.R., Brazil, China, India, and 
nity as a single source-in Figure 2.3. When all coun- Japan-have heavily industrialized economies; three
tries are considered, Asia '!xcluding the Soviet do not. The same conclusion holds if the European
Union) is the largest contrib- tor among the major re- Community is considered as one unit. Ranked by
gions of the world, followed iy North and Central Greenhouse Index, every major region of the world 
America, and by Europe. (See Chapter 24, Table and every continent are represented in the top 50 
24.2.) countries; all except Africa are represented in the 

What is evident is that responsibility for green- top 20. Such widespread responsibility for significant
house emissions is spread widely around the world. greenhouse gas emissions means that any effective 
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Box 2.1 Estimating Responsibility Itor Potential Climate Change 

Greenhouse gases are emitted Into the at-
mosphere by a wide variety of sources, 
both natural and attributable to human 
activities. These gases participate In corn-
plex chemical, biological, and even geolo-
gical cycles and are removed from the 
atmozphere ultimately by processes that 
differ for each gas. The processes pro-
ceed at different rates that must be taken 
into account in order to estimate the rela-
tive contributions of each gas-and each 
source-to the atmosphere's warming 
potential. 

Carbon dioxide (CO2) molecules are 
very stable and are capable of remaining 
In the atmosphere almost Indefinitely. 
But CO2 is absorbed In the oceans and 
the soils and Is taken up by plants during 
photosynthesis-the Earth Itself is Its 
sink. So active are the removal processes 
and so close are they to ground-level 
sources of CO2 that less than hall of the 
gas emitted appears in the atmosphere 
as an increase. Exactly where the rest 
goes Is still uncertain. Methane is decom-
posed rapidly by chemical processes in 
the atmosphere, principally oxidation by 
the hydroxyl radical molecule, so that a 
given methane molecule may survive 
only about a decade. Thus, a large por-
tion of the methane emissions merely re-
places methane that has decomposed; 
less thhn a fifth of the methane emitted 
manifests itself in the atmosphere as an 
increase, 

Chlorofluorocatbon molecpiles are sta-
ble Inthe lower atmosphere, but grad-
ually make their way into the 
stratosphere where they are slowly de-
stroyed by ultraviolet radiation. Since 
there are no natural sources and no 
sinks in the lower atmosphere, all of th.! 
CFCs emitted increase the atmospheric 
levels of these gases. 

CALCULATING THE GREENHOUSE 
INDEX 

Measuremen ;of concentrations of 
these gases Indicate that atmospheric 
levels are rising, !ndicating that-what-
ever the processes Involved-human ac-
tivity Isemitting more of these gases 
than the natural processes can remove. 
One approach to estimating their poten-
tial warming effects is to focus on tht-!. 
crease in atmospheric levels and to 
allocate responsibility for that increase 
based on share of total emissions. A corn-
parison of the increase of these gases in 
the atmosphere with estimated anthropo-
genic emissions finds that about 44 per-
cent of the CO2, 17 percent of the CH14, 
and 100 percent of the CFCs represent 
net additions to the atmosphere. (See 
Chapter 24, "Atmosphere and Climate," 
for a more detailed discussion of these 
percentages.) 

The amount 0, each greenhouse gas 
added to the atn tosphere can be 
weighted by Its telative effectiveness in 
absorbing Infraixed radiation and, for con-
venience, Is expressed as an equivalent 
CO2 heating effect. This allows the direct 
comparison of the current warming con-
tributlons of methane and CFCs with 
those of carbon dioxide, 

In1987, for example, human activities 
released an estimated 8.5 billion metric 
tons of carbon in the form of CO2, 255 mll-
lion metric tons of CH4, ane 771,500 met-
ric tons of CFCs. (See Chapter 24, 
"Atmosphere and Climate," Table 24.1, 
and the di3cussion below.) The net addi-
tions to the atmosphere of these gases, 
however, were 3.7 billion metric tons of 
carbon as CO2, 43 million metric tons of 
CH4, and 771,500 metric tons of CFCs. 
(See Chapter 24, "Atmosphere and Cii-
mate," Table 24.2.) Weighted by their 
heating effectiveness and converted to 
common units, these numbers imply that 
human activities added the equivalent of 
5.9 billion metric tons of cat bon to the at-
mosphere. Of this, 63 percent was from 
carbon dioxide, 14 percent from meth-
ane, and 24 percent from CFCs. 

COUNTRY-LEVEL GREENHOUSE DATA 

rhis procedure can be repeated on a 
country-by-country basis to obtain a mea-
sure of each country's yearly contribu-
tion to the greenhouse warming 
potential of the atmosphere. The result-
Ing measure, a Greenhouse Index, pro-
vides a means of tracking increases or 
reductions in each country's contribu-
tions. 

Table 24.1 of this report contains esti-
mates of current CO2, CI-i4, and CFC emis-
slons for the major atthropogenic 
sources by country. Table 2.2 (and in 
more complete form, Table 24.2) pres-
ents net additions of these gases to the 
atmosphere and their equivalent CO2 
heating effect by country. These esti-
nates and calculations are the basis for 

the national rankings In this chapter. The 
major eourcez of carbon dioxide emis-
sions uied in these rankings are combus-
tion of (ossil fuels, flaring of natural gas, 
and 'and clearing. There is considerable 
uncertainty, controversy-and probably 
year-to-year variation-in land clearing 
figures. The base year for most data on 
which the country rankings are deter-
mined is 1987. in Brazil, however, 1987 
was probably an anomalously high year 
for land use clearing In the Amazon re-
gion because immigration of poor people 
to that region peaked in that year and be-
cause of the Impending suspension of tax 
credits for wealthy landowners that 

could be secured only by "improving" 
land--a requirement usually satisfied by 

clearing that land through burning. Com
parable estimates for land use clearing In 
1988 give a figure 35 percent lower
which still would not change Brazil's 
rank In Table 2.2. (See Chapter 7, "For
ests and Rangelands," New Estimates of 
Tropical Deforestation.) An alternative 
and controversial estimate (I)of annual 
average deforestation between 1977 and 
1987-which does not take into account 
the acceleration of deforestation In re
cent years-Is 52 percent lower still, and 
would change Brazil's rank in Table 2.2 
from third to fourth. Despite such uncer
tainties, carbon dioxide emissions are 
dominated by fossil fuei use, which Is 
known with reasonable reliability. 

SOURCES OF METHANE AND CFCs 

Much less is known about the sources of 
atmospheric methane. The major 
sources used In these rankings are esti
mates for anaerobic fermentation in wet 
rice paddles, Incattle and other live
stock, and in landfills and sewage treat
ment plants. (See the technical notes for 
Table 24.1 for specifi assumptions.) Ad
ditional sources are estimated leakages 
from natural gas pipelines and estimates 
of methane released during the mining of 
hard coals. 

Estimates of methane em!ssions are fur
ther complicated by carbon monoxide, 
which is released during the fossil fuel 
combustion and blomass burning and 
which, in turn, scavenges OH radicals 
from the atmosphere. This prolongs the 
average lifetime of methane molecules in 
the atmosphere and helps to Increase at
mospheric concentrations. Exactly what 
proportion of the observed increase for 
methane is due to increased emissions 
and what proportion is due to decreases 
in OH radicals is still uncertain. 

Athird major set of greenhouse gases 
are the CFCs, industrial products, that 
obviously did not exist in the atmo
sphere until they were created 60 years 
ago. They are the most potent green
house gases. Table 24.1 reports esti
mates of current national per capita 
consumption of the two major CFC 
gases, from which national consumption 
can be calculated. Consumption approxi
mates the annual release of these materi
als. (See Table 24.2.) 
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Figure 2.3 The Greenhouse Index: 26 Table 2.3 Per Capita Greenhouse Index: 50
 
Countries with the Highest Greenhouse Gas Countries with the Highest Per Capita

Net Emissions, 1987. Greenhouse Gas Net Emissions, 1987
 

(Carbon Dioxide Heating Equivalents, metric tons of carbon) 
Carbon Dioxide Equivalents
 
(billion metric tons ofcarbon)
 
1,2 

Lao People's Dem Rep 1 10.0 
Oatar 2 8.8United Arab Emirates 3 5.8 
Bahrain 4 	 4.901 Canada 	 5 4.5
 
Luxembourg 6 	 4.3 

! 	 Brazil 7 4.3 
CMte dlvoire 8 	 4.2 
United States 9 	 4.2Kuwait 10 4.1Australia 	 11 3.9 

02mGerman 	 Dem Rep 12 3.7
Oman 13 3.5 

00 ' . Saudi Arabia 14 3.3 
U S US SR China Japan Canada Myanmar ColombiaAustralia New Zealand 15 	 3.2European Brazil India Indonesia Mexico Poland Thailand 	 Netherlands 16 2.9Communityla} 
 Denmark 17 2.8 

Costa Rica 18 2.8
 
Source: Chapter 24. "Atmosphere and Climate.- Table 24.2 Singapore 19

Note: a.The European Community comprises 12 countries: Belgium, Den- United Kingdom 20 

2.7
 

mark. France, Federal Republic ofGermany. Greece, Ireland, Italy, Luxem- Germany, Fed Rep 	
2.7 

21 	 2.7bourg, the Netherlands, Portugal, Spain, United Kingdom. Finland 	 22 2.6 
Ireland 23 2.5 
Belgium 24 	 2.5agreement to stabilize or reduce these emissions will 	 U.S.S.R. 25 2.5
 
Switzerland 
 26 	 2.4have to be equally widely based. Global warming is Nicaragua 27 2.4


truly a global phenomenon, in both cause and poten- Colombia 
 28 	 2.3tial effect. 	 Trinidad and Tobago 29 2.3
 
France 30 
 2.2 
Austria 31 2.2 
Czechoslovakia 32Per Capita Greenhouse Index 	 Israel 33 

2.1 
2.1 

Ecuador 
 34 	 2.1National rankings reflect the contributions of individ-	 Itall, 35 2.1Norway 36 	 2.1ual countries to the atmosphere's growing store of Greece 37 

greenhouse gases But it is also of interest to com- Poland 

2.1
 
38 2.0
 

pare countries b,' per capita contributions of these Myanmar 
 39 	 2.0 
Bulgariagases, since the citizens of our planet vary widely in 	 40 1.9
Spain 	 41their relative responsibility for these emissions. 	 Japan 1.9 

42 1.8
Table 2.3 gives per capita contributions to the Iceland 1.843 
atmosphere's warming potential, calculated by ap- Liberia 44 1.7Portugal 45
portioning each country's share equally among its cit-	 1.7Sweden 	 46 
 1.7
izens, for the 50 countries with the highest per capita 	 Guinea-Bissau 47 1.6
Greenhouse Index. High rates of deforestation ac- Malaisia 48 1.6Cameroon 	 49count for elevated rankings in countries such as the 	 Venezuela 50 

1.6 
Lao People's Democratic Republic and the C~te___ 	 1.5 
d'lvoire; energy consumption and gas flaring account 

d~vore;enegy 	
Source: World Resources Institute calculation based on Chapter 24, "Atmocnsuptin an ga flringarcunt 	 sphere and Climate," Table24.2. 

for high rankings in energy-producing countries such 
as Qatar, the Uni'ed Arab Emirates, and Kuwait. In
dustrialized countries with elevated rates of energy
consumption such as Canada, Australia, and the tons of carbon dioxide heating equivalent per
United States also tend to have high per capita rank- annum, total worldwide additions to the atmosphere
ings. would increase 28 percent; if they raised per capita

Per capita figures also can be looked at as an indi- emissions to the level of France, worldwide additions 
cation of how much greenhouse gas emissions and to the atmosphere would increase 68 percent.
global warming potential might grow if developing Figure 2.4A compares the per capita emissions for
countries, in the process of development, signifi- the 10 countries of the Organisation for Economic Co
cantly increase their per capita emissions. If just 	 operation and Development (OECD) with the highest
China and India, for example, raised their per capita nationalGreenhouse index rank. Similarly, Figures
emissions to the current world average, 1.1 metric 2.4B and 2.4C compare per capita emissions for the 
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Figure 2.4 Per Capita Net Greenhouse Gas 
Emissions, 1987 
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10 planned economies and 10 developing countries, 
respectively, with the highest national emissions. 
The large ranges among per capita emissions in each 
economic group suggest that national policies can 
make a significant difference in a country's contribu
tions to atmospheric warming potential, although, 
clearly, geography also plays a role. Both the United 
States and Canada, for example, emit more than 

the per capita greenhouse gases that Japan 
does, a difference attributable to both geography
and policy. Mexico emits about half the per capita 
emissions of Colombia and about one quarter those 
of Brazil. At the same time, differences between eco
nomic groups are a reminder that any agreement to 
limit greenhouse gas emis3ions will have to take into 
account questions of individual equity and the legiti

aspirations of nations to develop. 

Greenhouse Emissions and Gross National 
Product 

A third index of comparison is greenhouse gas emis
sions scaled by gross national product (GNP). The 
United States emits the heating equivalent of 200 
grams of carbon for each dollar of its gross -national 
product. Indonesia emits nearly nine times as much 
for each dollar of its gross national product. But 
while developed countries generally emit far smaller 
amounts of greenhouse gases per unit of economic 
output than do developing countries-and, in that 
sense, constitute a model for other countries to 
strive toward-their emissions are high in an abso

sense. Figure 2.5 compares this index for those 
OECD, planned economies, and developing countries 
with the highest national emissions, as was done pre
viously for the per capita comparisons. 

Both per capita emissions and per GNP emissions 
bring huge national emissions into a more human

perhaps easily One
and more comprehended-scale.
metric ton of carbon or its heating equivalent is 
added to the atmosphere each year for each person 
on the planet. One metric ton of carbon equivalent 
also is added to the atmosphere for every $5,000 of 
economic activity in developed countries and for 
roughly every $1,000 of economic activity in the de
veloping world. As the world's population doubles to 
a projected 10 billion persons sometime in the next 
century-and as economic activity multiplies several. 
fold to feed, house, employ, and fulfill the rising ex
pectations of these peopi nLgreenhouse gas 
emissions are likely to more than double, absent 
major efforts to reduce emissions. And, in any such 
efforts, both per capita and per GNP emissions will 
need to be taken into consideration*in establishing a 
fair international basis for limiting greenhouse gas 

STATE OF THE SCIENCE 

The current view of global climate change is marked 
by surprising scientific consensus, but clouded by 



great scientific uncertainty as well. Though scientists 
generally regard the evidence for substantial climate 
change induced by greenhouse warming as quite con-
vincing in its outlines, there is much less understand
ing or agreement about the details of such global 
change. The timing, magnitude, and precise mecha-
nisms of both the warming and its global conse-
quences remain the subject of intense scrutiny and 
lively debate. 

What, then, can we say with relative certainty
today about the greenhouse phenomenon and its po-
tential effects upon global climate? Equally impor
tant, what are the key uncertainties-those unknowns 
preventing an accurate depiction of the progress and 
processes of the greenhouse effect and its conse
qluences? 

Greenhouse Knowns 

The present list of generally accepted greenhouse
facts is meager, but important. First, although there 
is much argument about the exact climatic effects of
adding greenhouse gases to the atmosphere rapidly, 
there is no dispute that the greenhouse phenomenon 
itself-the trapping of heat by atmospheric gases-is
a reality (1). Without the substantial greenhouse ef-
fect routinely conferred by the Earth's atmosphere,
surface temperatures would plunge about 33" C (20) 
(21), resulting in a world of frozen seas and little life 
as we know it. Satellite measurements of the Earth's 
energy budget-the solar energy the Earth receives 
and the energy it reflects or reemits in turn-confirm 
the trapping of infrared radiation by the atmosphere
and the surface warming it causes (22). 

Asecotd point of consensus is that, as shown in 
the previous section, tile atmospheric concentra-
tions of greenhouse gases are rising at unprece
dented rates-rates which, in many cases, show 
signs of accelerating. No one disagrees that we are al-
tering our atmosl)here very rapidly. In fact, such a 
fast rise in heat-absorbing gases is without parallel in 
history, at least within the period for which we have 
measurements (i 6(,000 years).

Another undisputed fact is that, historically,
changes in greenhouse gas concentrations are 
closely correlated with changes in the Earth's sur
face temperature. Analysis of gas bubbles trapped in 
ice deposited over the past 160,000 years reveals 
that a warming of the global climate and a rise in C02 
and CH.1 levels coincide. Conversely, lower atmo-
spheric C02 and CHi levels coincide with global cool
ing (23). Tile implication for today's climate is that 
higher global temperatures will track the higher lev
els of greenhouse gases now in the atmosphere.
Even if the climate changes of the past were not initi
ated by the historic fluctuation in C02 and CH4 lev-els, this fluctuation undoubtedly played a significant
role in determining the intensity of the warming or 
cooling that took place (24) (25).

These three knowns-that the greenhouse effect is 
real, that levels of greenhouse gases are rising at un-
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Figure 2.5 Net Greenhouse Gas Emissions 
per U.S. Dollar of Gross National Product, 1987 
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precedented rates, and that greenhouse gas concen-
trations have tracked global climate change closely 
in the past-when combined with the predictions of 
the latest climate models have resulted in the con-
sensus that some global warming is likely within the 
next century. 

Some evidence exists that the predicted warming 
has begun to manifest 'tself already, but this evi-
dence is controversial. Two separate evaluations of 
temperature records taken around the world since 
1860 suggest that a global warming of 0.5'-0.7" C (26) 
(27) (28) (29) has occurred since that year, with nearly 
half this rise occurring since 1965. Some question the 
reliability of these temperature readings, but correc-
tions made to satisfy such criticisms still leave a 
waimning of about 0.5' C (:i0). This correlates well with 
temperature measurements made from weather bal-
loon:s since 1958, which show a rise in surface tem-
peratifres of about 0.08' C per decade (31) (32). 

Moreover, these temperature records show that 
six of the warmest years on record have occurred 
this decade; in descending order, they are 1988, 
1987, 1983, 1981, 1989, and 1980. (:1:1).Many scientists 
believe that such an aggregation of warm years goes 
beyond the normal variability expected of the cli-
mate and is in line with the predictions for warming 
based on the present level of greenhouse gases (31). 
Others contend that the evidence linking this record 
warmth directly to the greenhouse effect is still insuf-
ficient. They point to an unexplained cooling trend 
from 194(-1965 to demonstrate that climate records 
do not unambiguously bear the fingerprint of the 
greenhouse effect (35) (:). 

The Limits of Climate Models: Key Uncertainties 

Even if we wc,e certain of future emission levels for 
greenhouse gases, we still could not predict in accu-
rate detail how the global climate would respond. 
This is largely because the computer models-the 
general circulation models-responsible for such pre-
dictions cannot account adequately yet for the com-
plex interactions between the Earth's systems that 
routinely influence climate (37). (See Box 2.2.) 

The biosphere and the geosphere, the Earth's 
water cycles and reflective ice surfaces, and the 
changing flux of solar energy reaching the Earth all af-
fect atmospheric processes and contribute to world 
climate. Climate models must catalog these interac-
tions, model them separately, and then integrate 
them into the larger model. Ifthese interactions are 
poorly understood, as is the case in several key 
areas, they are omitted from the models or repre-
sented only crudely (3m) (i!). 

Current climate models perform well in many im-
portant respects; the results they give are generally 
consistent with theory and experience (4G, (41). For in-
stance, provided initial data on Venus and Mars, 
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they can predict successfully the climatic conditions 
that we know have developed there. 

Global climate models also can reproduce the 
Earth's seasonal cycle-its summer and winter tem
perature extremes-reasonably well and the temper
atures they calculate for known climatic events of 
the past, such as ice ages, are consistent with scien
tific evidence (42). 

In spite of these successful tests of their validity, 
present-day models suffer many limitations that can 
make their predictions inexact. For example, their 
spatial resolution is poor. That is, they cannot "see" 
climate-making processes that occur on small scales 
(43) (44). When several hundred kilometers are 
shrunk into a single data point, mountain ranges dis
appear, storm fronts cannot be seen, and Hawaii is in
visible. 

Such limitations arise in the course of simplifying 
the overwhelming details of the chemical and physi
cal interactions that go into determining climate. 
Modelers divide the Earth's surface and the atmo
sphere above it into a three-dimensional grid of up to 
11,000 boxes, each typically several hundred kilome
ters on a side and a kilometer or more in height. The 
atmospheric processes within these boxes are then 
approximated and the temperature, humidity, wind 
speed, and air pressure are calculated within each 
layer. 

As adjacent boxes are allowed to interact over 
time, weather patterns develop. But significant de
tail-mountains and storm fronts, for example-is 
lost because of the size of the grid. This makes cli
mate models poor predictors of regional climate pat
terns and explains in part why they are most useful 
on continental scales or larger (45) (416) (47). 

Th,2 question of spatial resolution aside, current cli
mate modcls do not account adequately for several 
factors that could be crucial in determining the mag
nitude and rate of greenhouse warming and impacts 
of climate change such as variations in rainfall, espe
cially on a regional level (,18). These factors include 
Lhe role of the oceans, the behavior of clouds, and 
the response of living systems, especially plants and 
soil organisms, to increased C02 levels and global 
warming. Arelated factor is the prospect of in
creased natural releases of methane and carbon diox
ide as glo"tal warming occurs (49) (50). 

I hese factors fall into the category of climate feed
backs-interconnected processes that can amplify 
or lessen a primary climatic effect, such as the heat
ing caused by adding greenhouse gases to the atmo
sphere. Insome cases, these feedback mechanisms 
can act as buffers, helping the climate system to re
main relatively stable; in other instances, their cycli
cal action may help drive the climate system to a 
new equilibrium that may be substantially different 
from the current state. In any case, they cannot be ig
nored, but at the present time they also cannot be in
corporated into the models satisfactorily. 
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Box 2.2 Modeling the Effects of Climate Change 

Figure I Comparison of Climate Change Models 

A Summer Temperature Differencesa GFDL Model GISS Model 

. f-'"' 

B Summer Soil Moisture Differencesb GFDL Model GISS Model 

L 4.. ." 

1~1Z 

sources: Notes: 
1.Geophysical Fluid Dynamics Laboratory, Princeton, New Jersey. a.Stippled areas Indicate a temperature Increase greater than 4' C. 
2.Goddard Institute for Space Studies, New York. b.Stippled areas Indicate adecrease Insoil moisture. 

Studies of the effects of climate change results, they differ significantly on a re- In many of these areas, leading to drier 
on wildlife, agriculture, forests, fisheries, gionai scaie. Projections of soil moisture summer soils In western Europe, north
and other natural resource systems must under conditions of doubled C02 levels, ern Africa, parts of South America, Mex
start with pirojections of how tempera- for example, differ significantly In the ico, the northeast and southwest United 
ture, rainfall, soil moisture, and other as- GFDL and 0155 models In many parts of States, northera Canada, the western So
pects of climate will change. A common the world. (See Figure 1.) These differ- viet Union, and most of China. 
source of these projections is ageneral ences arise because the two models use Changes in temperature, rainfall, and 
circulation model of the Rtmosphere, different means of repre-3enting the cli- soil moisture such as those Indicated in 
which despite its limitations provides a matic effects of phenomena such as climate projections could alter food pro
useful starting point for considering clouds, which are too small to be mod- duction (see Chapter 6, "Food and Agri
what climate change might mean. At eled individually, or of the oceans, which culture," The Effects of Climate Change
le-,st five general circulation models are still are no understood sufficiently, on Agriculturc), shift the natural ranges
referred to In the recent scientific litera- Thus, regional projections from cli- of forests and wildlife species (see Chap
ture. Two such models-or variations of mate models, while they serve as a use- ter 7, "Forests and Rangelands," The Ef
them simplified for use in climate stud- ful starting point for impact studies, fects of Global Warming on Forests and 
les-are used most often Instudies cited should be understood more as aset of as- Rangelands and Chapter 8,"Wildlife and 
Insubsequent chapters of this volume: sumed conditions and not as predic- Habitat," Focus on Greenhouse Warming
that developed by the Geophysical Fluid tions. Projections from the GISS model, and Biodiversity), raise sea levels (see
Dynamics Laboratory in Princeton, New for example, show that summer tempera- Chapter 11, "Oceans and Coasts," Effects 
Jersey (the GFDL model), and that devel- tures would be warmer Inparts of west- of Climate Change on Oceans and 
oped by the Goddard Institute for Space emn Europe, northern and southern Coasts), and both Increase and decrease 
Studies in New York (the GISS model). Africa, Australia, Central Asia, central precipitation. (See Chapter 10, "Freshwa-

Although climate projections from South America, Mexico, and the western ter," Focus on Global Climate Change.)
these models give roughly similar global United States. Rainfall would be reduced 

Ocean Dynamics tainty in present models because relatively little is 
known about ocean dynamics and the intricacies of 

Thle ocean system, which covers about three fourths ocean-atmosphere interactions (51).
of the planet, is the greatest single cli1mate-feed back The ocean can act initially as a buffer for global cli
system and, perhaps, the greatest source of uncer- mate change because it acts as both a heat sink and, 
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possibly, as a sink for some C02 emissions (52) (53). 
As the climate initially warms, some of the excess 
heat produced by greenhouse processes is siphoned 
off to warm the enormous bulk of ocean waters. 
Thus, the full effect of greenhouse warming is not 
manifest at first in the atmosphere. Thermal inertia 
of the oceans could explain why the global warming 
observed to date is only about half of the 1.0° C 
warming that climate models predict should have oc-
curred already on the basis of present levels of green-
house gases (54'. 

The mixing of ocean waters and their global circula-
tion by ocean currents are key processes governing 
how the oceans warm and transport heat (55) (56) (57). 
Heat transport by the oceans plays a crucial role in 
shaping details oi the world's climate. The Earth is 
heated unevenly by the sun, with the tropics absorb-
ing more solar energy than the polar regions. Ocean 
currents provide an important means to redistribute 
this heat; for example, without them, much of Eu
rope would likely be considerably cooler. Indeed, es-
timates are that the oceans account for 40 percent of 
the total heat transported from low to high latitudes 
in the Northern Hemisphere (the rest being trans-
ported through the atmosphere by weather systems) 
(58). Yet, existing climate models do not account for 
the complexity of ocean-mixing or for the details of 
deep ocean circulation. 

Deep Ocean Currents 

The disruption of deep ocean currents by global 
warming could have profound consequences on the 
global climate. These currents, which act as a great 
conveyor belt carrying roughly 20 times the volume 
of water flowing through all the world's rivers, de-
pend on a delicate balance of salinity and tempera-
ture to drive them-a balance that may be shifted by 
warmer temperatures in the polar regions and conse-
quent changes in the amount of polar ice (50). 

Evaporation from prevailing winds across the At
lantic brings rain to Europe and Asia, but raises the 
Atlantic's salinity. Chilled by arctic cold in the North 
Atlantic, this salty water increases in density and 
sinks to the bottom of the ocean, where it travels 
south in a huge circuit that takes it around Africa 
and through the Indian Ocean to the Pacific Ocean, 
there tc up well. The Pacific's less saline waters make 
their way in a shallower current back along a roughly 
similar route that skirts several continents, ulti-
mately balancing the oceans' salt budget and warm-
ing the European land mass in the process (60). 

An infu3ion of less salty water, as might be brought 
on by the melting of arctic ice, could cause the deep 
ocean currents to stall since surface waters could 
not gain the density needed to sink. Some suggest 
that this stalling of the ocean current system has hap-
pened in the past, leading to dramatic effects on the 
climate. According to this theory, the rapid changes 
in climatic conditions that have signaled the end of 
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recent ice ages may have been precipitated by shifts 
in deep currents (6ii). 

The role of the oceans in taking up or supplying at
mospheric C02 is another key uncertainty in the at
tempt to model greenhouse effects. Of the roughly 
8.5 billion metric tons of C02 emitted yearly by hu
mans from fossil-fuel burning and deforestation, only 
about half remain in the atmosphere (62). The rest is 
taken up by the various links in the planet's carbon 
cycle, including land-based ecosystems and the 
oceans. The terrestrial biosphere-including all 
plants alive and dead-contains about 2.5 times as 
much C02 as the atmosphere. But the world's 
oceans contain about 50 times as much C02 as the at
mosphere and, each year, over 200 billion metric 
tons cycle :n:and out of the oceans through gas ex
change at the sea surface (63) (64). 

Oceans: Source or Sink? 

Currently, the ocean system is considered likely to 
be one of the primary sinks for C02; that is, the 
oceans absorb more CO2 than they release. How
ever, that may change in unforeseen ways as global 
warming proceeds. Even minor changes in ocean tem
perature, chemistry, or circulation patterns could 
cause the ocean system to alter its uptake of CO2, in
creasing its role as a sink or possibly changing it to a 
significant source of C02-a source with the poten
tial to dwarf human-caused emissions (65). For in
stance, a change in ocean-mixing patterns, which 
comprise the limiting factor in ocean C02 uptake by 
transporting C02-saturated surface waters to deeper 
regions, could alter easily the present balance be
tween uptake and release, providing either a positive 
or negative feedback, depending on how the mixing 
pattern changed. 

Clearly, accurate forecasts of greenhouse-induced 
climate change demand a more complete understand
ing of ocean dynamics than we now possess. 

Cloud Behavior 

The behavior of clouds in future greenhouse scenar
ios is also a major source of uncertainty in global cli
mate models. Clouds play an important role in 
regulating the Earth's energy budget. They routinely 
cover about half the Earth and account for a good 
deal of the 30 percent of incident sunlight that the 
Earth reflects into space (66). But clouds do not 
merely reflect solar radiation from the Earth; they 
also absorb some of the heat radiated by the Earth 
and reflect it back to the surface below. In other 
words, they also exert a greenhouse effect of their 
own (67). Currently, averaged over the globe, the re
flective property of clouds dominates their green
house effect and, thus, they exert a substantial, net 
cooling effect on the Earth. 

Both the reflective effect and the greenhouse effect 
of clouds are large compared with the greenhouse ef



fect exercised by C02 and other trace gases in the at-
mosphere. Recent data from a satellite-borne experi
ment show that, on a scale where the warming effect 
from C02 doubling is 1, the cloud cooling effect is 
currently 11 and the cloud warming effect is cur-
rently 7. Therefore, the result is a net cooling effect 
four times larger than the expected warming that 
would be caused by a doubling of C02 (68). 

High Clouds Trap Heat, Low Clouds Reflect It 

But will the cooling effect that clouds now exercise 
persist in a warmer world? That depends on the 
amount and kinds of clouds produced. Cloud genera-
tion is governed by atmospheric and ocean circula-
tions and they may well change with global warming 
(69). Cloud areas, altitudes, and water content all may 
be affected (70). This is important because cloud alti-
tude (the height of the cloud tops) governs their 
heat-trapping ability, while their water and ice con-
tent determine their reflectivity (71). Thus, high cir-
rus clouds tend to trap heat well, while low- to 
mid-level stratus and cumulus clouds tend to be 
more reflective (72). 

If global warming escalates the proportion of high 
clouds, the current cooling effect might be dimin-
ished or shifted to a warming effect, adding to the 
overall global warming. Conversely, increasing the 
percentage of low- and midlevel clouds might inten-
sify the cloud cooling effect aod oppose the global 
warming (73). Since the cloud effect-both cooling 
and warming-is so large relative to the atmospheric 
greenhouse effect, small changes from current cloud 
behavior could have profound climatic repercus-
sions. For example, a shift in cloud dynamics during 
the previous ice age caused by a migration of cooler 
ocean waters toward the equator may have amplified 
the global cooling significantly (74). Unfortunately, 
cloud modeling is not sufficiently advanced to pre-
dict with confidence which scenario-heating or 
cooling-will prevail in a greenhouse world, let alone 
the magnitude of the effect (75). 

Biosphere Response 

Predicting how living systems will respond to global 
warming and what climate feedbacks they will exer-
cise may be just as difficult as solving the riddles of 
ocean dynamics or cloud behavior and provide still 
another major source of uncertainty in climate mod-
eling. Terrestrial ecosystems play an important role 
in the global carbon cycle, storing about 100 billion 
metric tons of carbon each year in plant materials 
through the process of photosynthesis and releasing 
about the same amount through the processes of res-
piration and decay. This annual flux is equivalent to 
almost 30 percent of all the carbon held in the atmo- 
sphere, so even minor changes in the balance be-
tween photosynthesis, respiration, and decay could 
affect the level of atmospheric CO2 quickly (76). 
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Fertilization Effect of Higher C02 Levels 

Anticipating how this balance will change is compli
cated by the many competing influences that could 
pertain under greenhouse conditions. For instance, 
photosynthesis rates are known to be sensitive to at
mospheric C02 levels. The effect known as C02 fertil
ization can cause an average 30 percent increase in 
growth rates in many, but not all, species when C02 
concentration is doubled (77) (78). Recent data sug
gest that this effect is temperature-dependent and 
could be increased up to threefold by a 3° C rise in 
air surface temperatures (7q). 

Further, there is evidence that C02 enrichment 
helps some plants minimize water loss, presumably 
making them more drought-tolerant-an important 
consideration if the drier conditions predicted by cli
mate modlls for many midcontinent areas come to 
pass (80). If all these favorable effects of greenhouse 
conditions were realized, a net increase in plant mat
ter might increase the carbon uptake of the bio
sphere and act as a negative climate feedback, 
helping to alleviate firther CO2 buildup. Indeed, 
there is evidence that the annual carbon uptake in 
the Northern Hemisphere has increased during the 
growing season in recent years, perhaps indicating 
greater carbon storage (81). 

But many believe that such an optimistic scenario 
is unlikely. Plants may not be able to take full advan
tage of the C02 fertilization in the wild, lack of nutri
ents and sufficient water may well provide the 
limiting factors for plant growth, not the level of C02. 
In addition, respiration and decay rates respond 
strongly to temperature changes, with a 1 C change 
influencing the respiration rate up to 30 percent. In
deed, the increased carbon uptake in the Northern 
Hemisphere may be matched by an equal increase in 
respiration, leading to no net gain in storage (82). 

In fact, there is deep concern that greater respira
tion and decay will overwhelm any increases in pho
tosynthesis. Not only will higher temperatures mean 
greater C02 production, but also they will mean 
greater releases of CH4. Dead plant iratter, particu
larly in tundra regions, represents a large reservoir 
of carbon. Cold temperatures have kept this matter 
from rotting, leading to its accumulation as peat be
neath the tundra vegetation. As temperatures rise, 
this matter will begin to decay at much Laster rates, 
possibly leading to a surge in the release of methane, 
which is produced as organic matter breaks down in 
the boggy, oxygen-poor, tundra soils (8). 

This potential rise in methane production is partic
ularly worrisome. Methane is 20-30 times more effi
cient than carbon dioxide at trapping heat, and its 
concentration in the atmosphere has been increasing 
more than I percent per year. Within 50 years, it may 
be the most significant greenhouse gas (84) (8.5). Large 
methane releases from a warmer tundra-or from 
other sources sensitive to warming, such as deep 
ocean deposits-could create a major climate feed
back. 
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Table 2.4 Contributions to Global Warming by Greenhouse Gases and Human Activity 
(percent ofglobal warming) 

Sector Carbon Dioxide Methane Ozone NitrousOxide Chlorofluoro- orbons (and others) Percent Warming by Sector 

Energy

Direct 35 3 X 4 
 X 49 
Indirect x 1 6 X X 

Deforestation 10 4 X X X 14 
Agricillure 3 8 X 2 X 13 
Industry 2 X 2 X 20 24 
Percent Warming 
by Gas 50 16 8 6 20 100 

Sources: 
1. V.Ramanathan, R.J. Cicerone, H.B.Singt, et al., "TraceGas Trends and their Potential Role in Climate Change," Journal of Geophysical Research, Vol. 90, No.. 

D3 (1985) pp. 5547-5566. 
2. William Moomaw, Director, Center forEnvironmental Management, Tufts University (personal communication).
 
x = not available.
 

Species Would Migrate Poleward POLICY OPTIONS AVAILABLE TO ADDRESS 
GLOBAL WARMING 

Perhaps the most severe disruption of the terrestrial 

carbon cycle could come as result of the rapidity of The responses of human societies to global warming
the expected global warming. One consequence of can take several approaches. First, prevention strate
this warming will be a movement toward the poles of gies can be employed to reduce the quantities o 
the range of many plant species. But will plants be greenhouse gases being emitted. Mitigation mecha
able to migrate poleward as fast as their ranges nisms strategies can attempt to compensate for emis
shift? Species migration is usually a rather slow af- sions that do occur; for example, through 
fair, especially for many long-lived tree species. How- reforestation policies that increase the uptake of C02 
ever, a rapid rise of 2"-5 ° C in global temperatures in from the air by trees and other plants. Lastly, strate
the next 100 years could well translate into a 500- gies can be employed that help communities and na
1,000-kilometer range shift poleward-a distance tions adapt to changes in climate and their 
that many species will not be able to travel. This may consequences. In practice, all three types of policies
result in the gradual extinction of many forest com- are likely to be important. Here, we discuss a range
munities and, perhaps, a concomitant decrease in of prevention and mitigation policies.
carbon storage rates (8;) (87). (See also Chapter 7, Table 2.4 translates our knowledge of the science 
"Forests and Rangelands," Possible Effects of Global of greenhouse gas emissions into the categories of 
Warming on Forests and Rangelands and Chapter 8, human activities through which policy could be 
"Wildlife and Habitat," Focus on Greenhouse Warm- brought to bear on the problem of global warming. 
ing and Biodiversity.) The relative contributions may well shift in the fu

ture if the provisions in the Montreal Pro)tocol to Con
trol Substances that Deplete the Ozone Layer are 

Other Uncertainties implemented successfully or if more efficient and al
ternative energy options are adopted.

In addition to the questions surrounding ocean, Although there are substantial uncertainties under
cloud, and plant responses to global warming, there lying several of the estimates in Table 2.4, the data 
are other scientific uncertainties as well. Climate provide a clear sense of where policy leverage is 
models do not describe sufficiently such important likely to be the greatest. The highest potential lies 
factors as the variation in solar output, the influence with policies targeted at the energy and industrial 
of volcanic and human-caused aerosols, the Earth's sectors. Nevertheless, virtually all elements of 
reflectivity, and the influence of soil chemistry on human activity contribute to greenhouse gas emis
the carbon cycle, as well as several other minor fac- sions. The fact that nearly one quarter of the poten
tors (88). tial warming arises from the forestry and agricultural

In spite of these many deficiencies, today's climate sectors suggests that each of these sectors should 
models provide a first estimation of global climate be examined on a country-by-country basis to deter
change with enough internal consistency and appar- mine which strategies are most readily implement
ent relation to reality that they cannot be ignored, able at local and national levels. By the nature of the 
though their detailed predictions will require years patterns of greenhouse gas emissions, reducing

of refinement, these emissions will be an incremental process.
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It is worth noting that the problem of global warm-
ing is intimately linked to other, serious environmen-
tal problems involving the atmosphere, in particular 
those of acid precipitation, urban smog, and deple-
tion of the stratospheric ozone layer. The problems 
are linked chemically because, once released, many 
of the pollutants that cause trouble interact in com-
plex and synergistic ways within the atmosphere or 
play a role in more than one problem. They are 
linked economically because it is often the same 
human activities that release the pollutants responsi-
ble for all three problems. And they are linked in a 
policy sense because policies designed to attack one 
problem-by altering an economic activity to reduce 
emission of the pollutant responsible, for example-
inevitably will affect other problems as well (89). A 
policy designed to produce automobiles that use 
less fuel, for example, would reduce not only C02 
emissions, but also may reduce the oxides of nitro-
gen (NOx) emissions that contribute to acid precipi-
tation, urban smog, and global warming. 

Prevention: Reducing the Risk of Global 
Warming 

While work should proced simultaneously on mitiga-
tion and adaptation strategies, prevention deserves 
the highest priority. Preventing the emission of 
greenhouse gases that would be released into the at-
mosphere not only delays the onset of significant 
global warming, but also slows its advance and re-
duces its ultimate magnitude, 

To reduce greenhouse gas emissions or even to 
slow their rate of growth on a global scale will re-
quire an extraordinary degree of political consensus. 
As the greenhouse gas indicators discussed earlier in 
this chapter make clear, no one country or even one 
region can prevent the buildup of greenhouse gases 
by itself, although leadership by individual countries 
will be important in achieving global consensus. To 
be broadly acceptable, ideally, prevention policies 
should confer other local benefits on their adopting 
countries in addition to the worldwide benefit of re-
ducing the risk of a global warming. 

Many policies have been proposed and are under 
study. It seems clear, however, that any successful 
prevention strategy will include five key elements: 
* increasing the efficiency of energy production and 

use, 

* switching from carbon-intensive fuels such as coal 

to hydrogen-intensive fuels such as natural gas, 

w here possible,

X encouraging the rapid development and use of solar 

and other carbon-free energy sources, 

* eliminating the production of most CFCs and
 
developing the means to recapture those now in use, 

* reducing the rate of deforestation (9). 

Energy Efficiency 

Increased energy efficiency appears to be the single 
most promising option for reducing the risk of global 
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warming (91). Higher efficiency in energy production 
and in a wide range of energy uses is the fastest and 
most cost-effective method for reducing emissions of 
carbon dioxide and other energy-related greenhouse 
gases. The replacement of a single 75-watt incandes
cent bulb with an 18-watt fluorescent bulb, for exam
pie, provides the same light but prevents the 
emission of over 100 kilograms of carbon as CO2 
over the life of the new bulb. Replacing a car that 
burns 10 liters (1) of gasoline per 100 kilometers (km) 
with one that is twice as efficient would prevent the 
emission of more than five metric tons of carbon 
over a 10-year period. Experience during the past 15 
years in the United States, Western Europe, Japan,
the People's Republic of China, Korea, the Republic 
of China and many other countries has shown that 
large improvements in energy efficiency are possible 
withoUt a detrimental effect on the rate of economic 
growth. The evidence suggests that economic 
growth is not tied inexorably to increased energy 
consumption, as was once thought. A recent study 
published by the World Resources Institute suggcsts 
that an energy strategy based on increased efficiency 
can sustain economic growth in both developing and 
industrialized countries (92).

One way to characterize the prevention potential 
is to compare the energy-efficiency ot different na
tional economies, which vary markedly. The United 
States, for example, is only half as energy efficient as 
Western Europe or Japan in generating a unit of 
gross domestic product. On the other hand, it is 
twice as efficient as the People's Republic of China 
(93) and more efficient than the Soviet Union and 
most of Eastern Europe. Many newly industrializing 
countries are the least efficient of all. Although a 
large and geographically heterogeneous country is 
unlikely to match the energy efficiency achievable in 
some smaller countries, the current variation is still 
remarkable and suggests the scope of the energy and 
C02 savings that are possible. 

Policies that promote higher efficiency are particu
larly timely for consideration by international devel
opment agencies because many developing 
Lountries are planning major expansions and i..od
ernizations of their energy sectors. A 1985 study by 
the Companhia Energetica de Sido Paulo, Brazil (the 
world's largest electric utility) suggested that a $2 bil
lion investment in cost-effective improvements in 
electricity efficiency could offset the need for 22 giga
watts of new generating capacity estimated to cost at 
least $44 billion by the year 2000 (94). Such invest

e s $44 mn y th e 200in i favo, qu ei 
ments have many arguments in their favor, quite 
apart from countering the threat of global warming. 

More EfficientLights, Stoves and Cars 
End-use efficiency options range from the introduc

tion of more efficient cooking stoves, the installation 
of more efficient light bulbs in homes and commer
cial buildings, the construction of better-insulated 
buildings, and the manufacture of more fuel-efficient 
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vehicles. In each area, the best technology available 
today consumes at least 50 percent less energy (and, 
in most instances, produces at least 50 percent less 
C02) than the technology most commoniy used (95). 
For example, new jet engines and composite materi-
als for aircraft construction offer the promise of ad-
vanced plane; that can fly longer distances while 
burning half the fuel of current models. New car de-
signs by vai'ious Japanese and European manufactur-
ers show that cars that use less than 4 1/100 km can 
offer safe, attractive, and efficient transportftion for 
four or five passenger s-compared with the 9 1/100 
km efficiency of the average, new U.3. auiomobile 
(96). Considering the rapid growth of the world's auto-
mobile fleet and its growing role es a source of car-
bon dioxide and urban air pollution, higher efficiency 
in cars and light trucks is particularly important. 
(See the sections on the automobile in Chapter 9, "En
ergy" and Chapter 12, "Atmosphere.") 

More Efficient Power Generation 

On the supply side, new power generation technolo-
gies offer significantly higher energy conversion effi-

ies 
ciencies than have been available in the past. The 
spread of cogeneration offers some of the greatest 
potential savings. Cogeneration systems convert pri-
mary energy in the fuel to electricity and then usethe otherwise-wasted heat to make steam or hot 

water for local proces, es requiring thermal energy. 
Such systems can deliver between 60-80 percent of 
the heat in the fuel to useful purpo~ses, compared 
with about 33 percent for conventional steam-elec-
tricity technologies. Cogeneration has many impor-
tant applications in industry. In the U.S. paper 
industry, for example, almostet all processussteamofsionandheatreqiremntsarehrouh te 
heat requirements are met through the use of 
cogeneration systems. In Brazil, cogeneration sys-
tems in alcohol distilleries provide revenue from elec-
tricity sales as well as heat for distillation and 
purification processes. In Germany and Scandinavia, 
cogenerat ion systems are used widely to supply 
steam or hot water to heat nearby buildings and pro-
vide power. 

Other Greenhouse Gases 

Improvements in energy efficiency also would have 
significant effects on the emissions of other green-
house gases, in addition to carbon dioxide. Combus-
tion of fossil fuels is a mnjor source of NOx, which 
contributes to the formation of tropospheric ozone 
(97). Combustion of fossil fuels also produces carbon 
monoxide (CO), which reacts with and depletes the 
atmosphere of a reactive chemical known as the hy-
droxyl radical, and which otherwise would break 
down and remove methane molecules. Thus, carbon 
monoxide emissions lengthen the atmospheric life-
time of methane, an extremely potent greenhouse 
gas (98) (99). Reductions in fuel use through more effi-
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cient energy technologies may reduce emissions of 
N20, NOx, and CO, resulting in less tropospheric 
ozone and slower growth of methane levels. Greater 
care and efficiency in the extraction and transport of 
natural gas (which is more than 90 percent methane) 
to reduce leaks into the atmosphere also would slow 
the growth of methane levels. 

By pursuing the efficiency opportunities discussed 
above, it appears possible to continue economic 
growth and to maintain high standards of living 
while stabilizing or reducing per capita energy use in 
industrialized countries. Such a strategy would allow 
economic growth in developing countries to proceed 
vigorously without significantly increasing global 
greenhouse gas emissions, provided these countries 
also adopt efficient, low-emitiing technologies. 

Fuel-Switching 

Because the carbon content of fossil fuels varies 
over a wide range, one option for reducing C02 emis

sions is to emphasize reliance on the less carbon-in
tensive fuels. Coal, for example, produces nearly
twice as much C02 per unit of energy as natural gas 
and 1.5 times as much as oil (i60). If gasified prior to 
combustion, coal emissions of C02 can be three 
times .s high as natural gas because of the energy re
quirements of the gasification process.

If combined with a move to the more efficient tech
nobgies described above, fuel-switching can provide 
major benefits in reducing C02 emissions. By shifting 
electricity production from conventional, coal-fired, 
steam turbines to advanced gas turbines, C02 emis
sions per electrical kilowatt-hour can be reduced by 

69 percent (50 percent from the coal-to-gas converand an additional increment from the higher 
conversion efficieycies offered by advanced gas tur
bines). Care must be taken to reduce leakage of natu
ral gas from production facilities and pipelines, 
however, because the benefits of fuel-switching can 
be negated by a methane leakage rate as seemingly 
modest as 3-4 percent. This is because methane is 
20-30 times as powerful a greenhouse gas as C02 on 
a molecule-per-molecule basis. 

Switching from oil-based fuels such as petrol to 
methanol made from natural gas or ethanol made 
from biomass also can reduce C02 emissions. Such a 
policy has been pursued in Brazil, where the major
ity of cars burn alcohol-based fuels made from sugar 
cane, and has been proposed on a limited basis in 
the United States. Fuel-switching policies must be 
evaluated carefully, however, to ensure that suffi
cient, long-term supplies of the appropriate fuels 
exist or can be provided without creating additional 
environmental problems. Ifa significant portion of 
the U.S. automobile fleet were to be converted to the 
use of methanol fuels, it is likely that the methanol 
would be made from coal eventually, rather than 
from natural gas, in order to ensure long-term domes
tic supplies. However, coal-based fuel would in



crease C02 emissions significantly compared with 
present fuel sources (101). 

Fuel-switching is a useful, near-term strategy. Bu' 
the world's resources of natural gas and oil are small 
compared with coal deposits and may be largely con-
sumed before the end of the next century. That 
would leave coal-the most damaging fuel from a 
global warming perspective-as the primary fossil en-
ergy source. For countries with large coal deposits 
and little natural gas or oil-such as China, Poland, 
and India-the option of switching to other fossil 
fuels might not be very feasible. For these countries 
in the near future and for virtually all countries when 
readily available sources of oil and natural gas have 
been consumed, the only realistic alternative to coal 
will be biomass or carbon-free energy sources. 

Carbon-Free Energy Sources 

Energy sources and fuels that produce no C02 are 
ideally suited to reduce the risk of global warming. 
To the extent that biomass energy is produced in a 
renewable manner-with growth of new biomass 
equaling that which is burned-no net C02 is added 
to the atmosphere. Such technologies are in opera-
tion already in many applications around the world, 
although in many cases they are not yet economi-
cally competitive with fossil fuels. Some carbon-free 
energy sources-such as hydroelectric dams and 
conventional nuclear power stations-raise serious 
environmental questions of their own. Nonetheless, 
hydroelectric, wind, solar thermal, photovoltaic, and 
nuclear technologies deserve additional attention. As 
the eventual alternative to coal-based energy, carbon-
free energy sources occupy a unique strategic role. 

Encouragingly, significant progress is being made 
in developing these carbon-free energy sources. Hy-
dropower is a major energy source now and can be 
expanded further, although the environmental costs 
of large dams are receiving more careful scrutiny.
Wind turbines, both large and small, are in use in 
Denmark, the United States, Australia, and the United 
Kingdom. Prototype, solar thermal plants to provide 
electricity are in operation in a number of countries, 
and solar thermal installations for heating water are 
widespread. Geothermal energy is finding al plica-
tions in a number of countries. As the costs of pro-
duction decline and the costs of conventional fuels 
rise, these technologies can make an ever larger con-
tribution to global energy. Solar thermal electricity 
and wind machines are already cost-competitive in 
some parts of the United States. These developments 
should be encouraged. 

Solar photovoltaic systems are finding applications 
in remote areas, but are still too costly for central sta-
tion applications. Technical progress is rapid, how-
ever, and may lead to photovoltaic power becoming 
economically competitive with conventional electric-
ity sources within a decade (102). (See also Chapter 9, 
"Energy," Photovoltaic Power.) Ifsufficient invest-
ments in research and development are made in the 
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next decade, these small modular systems could be
come a major source of energy in the early part of 
the next century. Therefore, policies that promote re
search and early commercialization deserve wide 
support. 

Nuclear power's future in the global energy picture 
remains quite uncertain. Commercial nuclear power 
plants produce a substantial portion (although still 
less than 10 percent) of the world's electricity. But, 
because of public concern about safety and radioac
tive waste disposal and commercial concern about 
high capital costs, long construction times, and finan
cial risks, construction of nuclear plants has slowed 
or halted in all major markets except France. There 
is growing interest, however, in a new generation of 
"passively safe" nuclear technologies, some of which 
also offer the benefits of small-scale, modular units 
of standardized design that can be factory-produced 
under controlled conditions. In view of the long-term
relevance of nuclear power as a potential alternative 
to coal for baseload power generation, these new nu
clear technologies deserve careful attention and in
creased research and development efforts. (See 
Chapter 9, "Energy," Nonfossil Energy Sources: A 
Look Ahead.) 

Eventually, hydrogen may prove to be an impor
tant carbon-free fuel for transportation use. Hydro
gen is an energy carrier and must be produced by a 
primary energy source through, for example, the 
electrolysis of water. Hydrogen has the advantage 
that its combustion products are primarily water 
vapor, but as yet it is expensive to produce and diffi
cult to store. Prototype automobiles that run on hy
drogen have been demonstrated, however, and a 
recent study proposes a strategy by which photovol
taic power facilities could produce hydrogen for use 
in automobiles in some areas of the United States 
within a couple of decades (103). This option de
serves further study. 

Modifying Industrial Practices to Reduce CFC 
Emissions 

Although the industrial sector can be seen as encom
passing many of the activities described under the 
energy sector, it has one important unique compo
nent: chlorofluorocarbons, which, molecule-for-mole
cule, are the most potent greenhouse gases known. 
Reducing production and controlling release of these 
substances in the immediate future is critical for re
ducing the risk of global warming. 

International cooperation to limit CFC emissions is 
well under way in response to the role played by 
CFCs in depleting the stratospheric ozone layer. The 
Montreal Protocol to Control Substances that Deplete 
the Ozone Layer, agreed in 1987, is intended to re
duce the production and use of CFCs in the industri
alized countries by 50 percelt from 1986 levels 
before the year 2000. However, developing countries 
are permitted to increase CFC use to 0.3 kilograms 
per person. While it is hoped that CFC substitutes 
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can be deployed in tile develo)ing world as well, un-
less management practices, substitutes, and new 
technologies are iml)lemented universally, the antic[-
pated 50-percent cut in CFC iroduction easily could 
become a 50-percent increase, even if all nations corn-
ply with the provisions of the Protocol. On the other 
hand, reductions to essentially zero by the year 2000 
are now being Irolosed by many countries in order 
to protect the ozone layer: such cuts would iprevent 
CFCs and related coml)ounds from becoming an 
even larger comlonent of the global warming prob-
lem. Unfortunately, these chemicals are among the 
longest-lived of all the greenhouse gases, residing in 
the atmosphere for a century or more. 

A numler of options exist for reducing rapidly the 
most widely used CFCs to the level specified in the 
Montreal Protocol. The first strategy involves incen-
tives (or l)enalties) to imlrove edluilment mainte-
nance and to encourage the more efficient use of 
CFCs in alllications such as residential refrigera-
tion. In the process of manufacturing foam products, 
substantial potential exists for recapture, rather than 
release to the atmosphere, of the blowing agents. En-
closing process lines, aging the product before sill-
ment, and controlling spray heads carefully can 
reduce emissions in manufacturing substantially and 
may allow recal)ture of the dangerous gases. Several 
recent advances have occurred in the use of CFC-
based solvents in the electronics industry. S( me cor-
porations have been highly successful in minimizing 
solvent losses by enclosing their production lines 
and passing the cal)tured gases through a bed of ab- 
sorbent carbon. Similar opllortunities in solvent all-
plications exist throughout the electronics industry. 

The secend option involves ,)olicies that encour-
age recapture and recycling ol these compounds 
rather than their release and periodic rellacement. It 
would be simple and cheap to require the installa-
tion of service valves in the cooling loops of most de-
vices so that the refrigerant could be removed and 
captured either (luring routine servicing or at the 
point of disposal. In the case of automobile air condi-
tioners, higher quality hoses and fittings would re-
duce leakage significantly, and it is now possible to 
capture antI recycle the air conditioning cooling fluid 
rather than rellacing it whenever the unit is ser-
viced. For those alllications where the CFCs can be 
recapiured but for which recycling is not feasible or 
is prohibitively expensive, careful disposal tech-
niques are essential. 

Slowing Deforestation and Altering Agricultural 
Practices 

As shown in Table 2.4, activities in the agricultural 
an( forestry sectors contribute significantly to green-
house gas emissions. The largest emissions arise 
from land use changes, principally deforestation, 
which release large quantities of C02 andImethane to 
the atmosphere as well as some N20 andl ozone. 
Therefore, reducing and ending deforestation ulti-
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mately is all immediate priority that would re(luce 
emissions of two principal greenhouse gases dramati
calli. By suspending tax credits that encouraged de
forestation as a means of establishing title to land in 
the Amazon region, Brazil has decreased the rate of 
deforestation sharply in the Iast two years, although 
the rate remains high. (See Chapter 7, "Forests and 
Rangelands," l)eforestation in Brazil.) Overall, how
ever, deforestation ratcs in many key, tropical forest 
countries have accelerated during the 1980s. Conse
quently, there exist opportunities for significant, 
near-term reductions in the risk of global warming. 

Some agricultural practices release C02 and N20 
ihrough energy inputs, fertilizer inputs, and soil ero
sion. Enclosing manure piles or feedlots would allow 
the cal)ttire and use of methane as a commercial
quality fuel, rather than allowing it to become an ad
ditional atmosp.eric burden. New straris of rice may 
not require the Iooding now needed to control weed 
growth, thus reducing methane production signifi
cantly. Revising agricultural practices to re 2uce fertil
izer requirements would reduce N2() eimissionis, 
no-till agriculture can stabilize carbon in the soil 
rather than releasing it to the atmosphere through 
erosion, and improved productivity reduces lires
sure for deforestation, which currently emanates 
from the need to rotate contilually among poorly 
I)erforming agricultural llots. 

Each of these policy options has local benefits be
sides slowing globai warming. There is some evi
dence, for example, that tro)ical forests in regions of 
poor soils have greater economic value for natural 
products harvested on a sustainedlbasis than as 
farmland (104). Indeed, significant resources are 
being dedicated to making progress ;inthese areas 
(see Chapter 7, "Forests and Rangelands," Deforesta
tion and Development), although such progress is 
woefully slow. The threat posed by global warming 
should encourage a rededication of effort and re
sources to these areas. 

Mitigating the Effects of Greenhouse Gas 
Buildup 

The agricultural and forestry sectors offer one of the 
few olpportunities for actively mitigating and slowing 
global warming. This option consists of using biotic 
processes to remove carbon from the atmoslphere 
and to store it over the long-term in vegetation, in 
soils, or in long-term iroducts such as building mate
rials. Forests and soils play a key role in the global 
carbon cycle, serving as a large sink for carbon that 
otherwise would have to be distributed between the 
oceans and the atosphet,. Policy options such as 
reforestation and soil carbon enhancement can in
crease the net size of the biotic carbon sink, and can 
help to stabilize atmoslpheric carbon dioxide concen
trations. 

Just how much of an offset to carbon emissions is 
lpossible through reforestation is not certain. The 
size of the biotic carbon sink varies widely by the 
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type of forestry, the rotation times of the trees being 
planted, and the ultimate disposition of the wood 
being grown. The area of new forest required merely 
to offset current C02 emissions for the next 40 to 50 
years probably exceeds 1 billion nectares. Clearly, 
net reforestation of this magnitude is unlikely to 
occur, and gl,;'bal warming itself may harm some of 
the world's forests seriously. Whether the potential 
for increased upta.e of C02 by green plants is large 
enough to offset significantly the rate of emissions 
growth from fossil fuel combustion, or to reverse the 
historical trend of increasing concentrations, re-
mains to be determined. Some analysts are skeptical 
that significant additions to the world's forest stocks 
are possible and suggest that neither more intensive 
forest management nor reduced industrial harvests 
would have more than a very modest impact on the 
atmospheric carbon buildup (105). Other analysts are 
more optimistic, pointing to the possibility of expan-
sion of northern boreal forests as northern tempera-
tures and rainfall increase and higher C02 levels 
stimulate more rapid growth rates (106). It is most 
likely that such approaches can help to slow the 
buildup of C02 during a transition period in which 
fossil-fuel- elated, greenhouse gas emissions are re-
duced. Estimating the potential of individual forestry 
projects will require the evaluation of a number of 
strategic factors, among them land availability and 
suitability, the growth rates likely to be achieved, 
and the many implementation uncertainties that can 
interfere with such projects. Clearly, more study of 
these policy options warrants a high priority. In addi-
tion to mitigating the effects on global warming, refor-
estation would confer local benefits in many 
developing countries, such as reducing erosion and 
increasing supplies of firewood. (See Chapter 7, "For-
ests and Rangelands," Possible Effects of Global 
Warming on Forests and Rangelands and Box 7.5.) 

Institutional Issues and Policy Instruments 

Severa*conclusions can be drawn from the preced- 
ing analysis of the scientific and political issues sur-
rounding global warming: 
* The threat posed by global climate change to 
human and natural systems is unparalleled in re-
corded history and means that the community of na-
tions making up the planet must confiont the 
likelihood of rapid and significant global warming. 
* Technological and policy decisions made by na
tions in the relatively near term will affect substan-
tially the timing and severity of any global warming 
that occurs. 
* The technologies needed to prevent, reduce, or 
mitigate substantially further human impacts on the 
atmospheric concentrations of the gases contribut-
ing to global warming exist or are likely to exist soon, 
although they are not disseminated widely. 

If these conclusions are accepted, it becomes evi-
dent that the challenge facing nations is fundamen-
tally of an institutional, rather than technical, 
character. In3titutional issues that must be ad-
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dressed range from the structure of east-west and
 
north-south trade, patterns of developing country
 
debt, and facilitating the transfer of new technolo
gies, to restructuring the taxation and subsidy poli
cies that steer energy investment in many countries,
 
agricultural and forestry policy, development, and
 
consumption patterns. (See Chapter 14, "Policies and
 
Institutions.") Ranging across these issues are many
 
institutional impediments to addressing global warm
ing. 

While the mandates of many national and interna
tional institutions are related tangentially to the
 
threat posed by global warming, few are charged
 
with responding to the threat in any way. Energy de
partments and ministries around the world, for exam
pie, may have extensive responsibilities in the areas
 
of energy exploration, development, and consump
tion without being charged with evaluating and re
sponding to broader threats such as that of climate
 
change. This lack of a mandate to deal comprehen
sively with energy or other issues often results in pol
icy decisions that actively aggravate, rather than
 
offset, these broader threats.
 

In many countries, tax incentives that underwrite
 
with public money the exploration and development
 
of fossil fuel resources, for example, subsidize the ar
tificially low prices paid for fossil fuels. International 
trade policies frequently have the unintended impact 
of compounding, rather than ameliorating, the sever
ity of human impacts on environmental systems. 
Until recently, international institutions charged with 
promoting economic development in developing 
countries often have ignored the environmental im
plications of their actions, promoting indirectly activ
ities such as tropical deforestation that contribute to 
global warming. 

This suggests that a significant restructuring of or
ganizational mandates will be required at all levels of 
government. Responsibility for evaluating and re
sponding holisdcally to the threat of climate change, 
or at least coordinating the evaluation and response 
processes, must be assigned to specific institutions. 
In turn, these institutions must seek to rationalize 
the policy processes operating at other levels of gov
ernment and i1.'other agencies. This will require com
prehensive education not only of governmental 
bureaucracies, but also of individual citizens. 

Need for NationalAction 

The realities of international cooperation and action 
suggest that the institutional infrastructures most 

prepared and most able to address and regulate the 
emission of greenhouse gases are agencies at the na
tional level. Notwithstanding the international ramifi
cations of global warming and the fact that solving 
the problem over the long term cannot be achieved 
without organized international cooperation, na
tional action remains the obvious point for immedi
ate policy intervention. International coordination 
and cooperation will follow much more easily once 
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national actions reflect the existence of consensus for example, countries also are confronted with the 
on the need for action and a political willingness to possibility of future destruction, with the timing and 
take action. likelihood of such destruction remaining uncertain. 

Therefore, national governments should move to Nevertheless, countries invest huge resources in na
adopt policies of global warming prevention, mitiga- tional defense programs, even though many mecha
tion, and adaptation on a continuing basis, without nisms exist to help prevent war, ranging from a fear 
waiting for formal international agreements. of mutually assured destruction to memories of the 

International action in the short term should focus horrors of past wars. Such mechanisms are not avail
on the activities under way through the Intergovern- able to help avoid global warming. Climate change
mental Panel on Climate Change, sponsored by the will result from societal actions taken incrementally,
United Nations Environment Programme and the largely in ignorance, and with no past history from 
World Meteorological Organization. Efforts to under- which to learn. 
stand better both the effects of and possible re- If climate change is to be avoided, the world can
sponses to global warming are pivotal to developing not wait to begin responding to the threat of global
the type of international consensus that will have to warming until the precise character and timing of the 
precede formal international cooperation. Within threat are known. 
this category, muliilateral research efforts deserve a There is no single solution to the complex chal
high priority. lenge posed by global warming. To one degree or an-

An additional vehicle for dction with a clear interna- other, virtually all elements of human societies are 
tional flavor is available immediately: namely, bilat- involved in creating the proble:t. All must play a role 
eral and multilateral development banks and other in bringing it under control. 
development assistance institutions that can assess 
the contributions their lending and foreign assis
tance programs are making to these problems. The introductorysectionon Status of CurrentKnowledge and 

parts of the concluding section on Policy Options Available 
A GlobalBargain 	 to Address Global Warming were originallydrafted by Mark

Trexler,an associatewith the Programin Climate, Energy,
and Pollutionof the World ResourcesInstitute;the section onIn the longer term, considerable attention shouid be Greenhouse Gas Emissionswas written by Allen L.Ham

devoted to the components of a "global bargain" that mond, editor-in-chiefof World Resources 1990-91; and the 
will allow an equitable sharing of responsibilities for section on the State of the Science was written by Gregory 
addressing the problem. Global warming is not the Mock, a science writerbasedin Ben Lomond, California.Wil

liam Moomaw, directorof the CenterforEnvironmentalManonly policy problem facing human societies that is agement, Tufts University, served as a principalconsultant 
characterized by massive uncertainty and equally for the chapterandassistedin the constructionof the Green
massive risk. In evaluating national defense needs, house Index. 
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3. Latin America: Resource 
And Environment Overview 

Latin America is a land of promise and paradox. The 
region as a whole is rich in natural resources, includ-
ing oil and minerals, fertile soils and forests, and 
abundant sources of water. But these resources are 
not distributed equally, and many countries within 
the region face severe resource constraints. Like-
wise, the human resources of Latin America are a po-
tential source of strength, yet much of the 
population lives in chronic poverty. Increasingly, pol-
lution and environmental degradation are blighting 
the natural resources of the region, decreasing its 
productive potential for current and future genera-
tions, and threatening human health and the very ex-
istence of countless plant and animal species. 

Ecuador, as an example, is a medium-size country 
that is neither a symbol of environmental problems 
nor known as a leader in environmental preserva-
tion. When flying into Quito, the capital, one's first 
impression is a country of incredible beauty-soar-
ing snow-covered volcanoes rising above the clouds, 
But coming down from the peaks, the view is blea-
ker. The trees that once covered the mountain re-

gion are nearly gone, cleared by small farmers des
perate for land, and the bare slopes show the rav
ages of erosion. Ecuador is also facing rapid 
destruction of the treiical rainforests that cover its 
eastern regions, increasing air pollution in its major 
cities, damage to coastal estuaries, and loss of pro
tective coastal mangrove forests. Increasing the pres
sure on natural resources is a population that is 
expected to double before the year 2020 and aa eco
nomic crisis that includes a large foreign debt and 
rapid inflation. These environmental and resource 
problems do not occur in isolation but are closely in
terrelated as discussed more fully below. (See Box 
3.1.) 

Thus Ecuador faces environmental problems on all 
fronts-in the cities, in the rainforests, along the 
coast, and in the mountains. Despite these problems, 
Ecuador also has a decade's experience with a demo
cratic government and a growing number of govern
mental agencies, nongovernmental organizations, 
and grassroots movements devoted to protecting 
the environment. Indeed, Ecuador's problems, while 
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Figure 3.1 Map of Latin America 
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illustrative of the Latin American situation, are far 
from the worst in the region, economically or envi- Figure 3.2 Urban and Rural Share of 
ronmentally. Population In Eight Latin American Countries, 

1960 and 1990 

A HUGE AND DIVERSE REGION 
(millions of people)

From the Rio Grande at Mexico's northern border 160 
down to Chile's southernmost outposts, Latin Amer- I JRW ,1l.e 

140ica encompasses a huge and diverse region. (See Fig-
ure 3.1.) The countries of Latin America share a 120 

history of Iberian colonialism, the Spanish and Portu
guese languages, and membership in a continental- 100 
scale culture of art, music, literature, and religion. 80 
Shared languages also give the nations of Latin Amer
ica similar access to information, common interest in 
events throughout the region, andta cultural similar- 4j 
ity. 

Cultural similarities aside, however, Latin America 0 
is a region of great diversity. Its nations range from 0 

Arge ina .. . Peru eneue.aChile Ecaoh uge , ind us tria lizing Braz il to J nv Cen tral A me ric an Meco Clobigenn e zu el cao 

nations largely dependent on forestry. fishing, and ag- MV
 
riculture, and include Andean nations such as Peru Source: Chapter 16, "Population and Health," Table 16.1 and Chapter 17,
 
and Colombia that host both ancient cultures and "Land Cover and Settlements," Table 17.2, 

modern drug-war violence. With diverse native cul
tures, each country adds a unique history of immigra- citizens a year strain the infrastructure and political 
tion. resulting in 20 distinct nations. Latin America fabric of Latin American societies. 
extends through 90 degrees of latitude, from the heat Most of this growth is in urban centers. Since 1960 
of the Sonoran desert to tile co!ld and gale-lashed the urban population has grown at an average annual 
shores of Tierra del Fuego. (As used in this chapter, rate of 3.8 percent while rural growth has been al-
Latin America includes the continent of South Amer- most stagnant at only 0.4 percent. Most of the popu
ica and the southern part of North America--Mexico lation-72 percent-in Latin America now live in 
and Central America: it does not include Caribbean urban settings, a higher percentage than in Europe. 
countries.) (See Figure 3.2.) Air and water quality suffer from 

The countries of South America are dominated by this rapid urban growth through the insults of unreg
the Andean Cordillera, a mountain chain that shapes ulated emissions from vehicles and factories and of 
continental (and global) climate, transportation, the waste dumping and inadequate sewage treatment. 
geographic focus of political action, and economic cle
velopment. On its slopes and plateaus are ancient cit
ies and modern capitals, dense populations, bare Figure 3.3 External Debt of Latin American 
mountain peaks, intensive cultivation, and massive Countries as a Percentage of Gross National 
erosion, both natural and that caused by human ac
tivities. The continent also contains the huge water
shed of the Amazon River basin and its namesake 
tropical forest, the largest in the world. There are (percentage of GNP) 

substantial areas of tropical forest in Central Amer- 100 
ica as well, and large unforested areas potentially __ 1 [ 1982 1987 

suitable for farming or rangeland on the Mexican pla- 80 
teau and in Brazil and Argentina. 

Health and Services 60 

The population of the region is 414 million, 8 percent 
cent annually-faster than Asia (1.6 percent), but 20. 

slower than Africa (3.0 percent). Despite serious LN i
health problems, people in Latin America have the f]fl IUl.. 
longest life expectancy and the lowest child mortal- B,,e x Argentna Colo P a Chile 

ity of any developing region. (See Chapters 4 and 16 
on "Population and Health" for further data and anal
ysis.) The provision of services and the maintenance Source: Chapter 15, "Basic Economic Indicators," Table 15.2. 
of economic opportunit- for nearly 8.7 million more 
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Box 3.1 Ecuador: A Case Study 

Ecuador provides an instructive example 
of the interrelationship of economic, so-
clal, resource, and environmental prob-
lems in a Latin American country. In 
Ecuador, despite past attempts at agrar-
Ian reform, 1.2 percent of the landhold-
ers control 66 percent of the arable land, 
and 90 percent of farmers own fewer 
than 10 hectares each, often on steep 
slopes that scarcely seem arable (i). Soil 
erosion is severe, partly as a result of 
farming on steep slopes. Estimates of av-
erage soil loss run as high as two hun-
dred tons of soil per hectare per year (2). 
The small farmers, whose lots are usu-
ally the areas with the steepest slopes, 
feel the effects of land degradation first. 

Farms have a tendency to get smaller 
with divisions among each succeeding 
generation, and the population in 
Ecuador is growing at a rate of over 2.6 
percent annually. This growth will be 
hard to slow in the near future, since, in 
1990, 40 percent of the population was 
under the age of 14, and the entire popu-
lation is expected to double by the ycar22(3.ests,
2025(3).

For many small landowners, the crops
they can grow do not support their fami-
lies. As a temporaryoiona lao 
grate to cities or provide seasonal labor 
to harvest the crops of large landowners, 
Thus, over 50 percent of family farm 
work is done by women, 

MIGRATING TO THE AMAZON 

Another common solution is for the 
whole family to migrate to the Amazon re-
gion, where new roads are opening up 
virgin tropical forests. Estimates based 
on the extent of roads and studies of the 

forestry practices lead experts to con-
clude that at least 100,000 hectares (4)
-and perhaps as many as 340,000 hect-
ares-of Ecuador's forests are cut down 
each year.Thus, Ecuador is losing its for-
ests at the rate of perhaps 2.4 percent 
per year-the second highest rate in 
South America. (See Chapter 19, "Forests 
and Rangelands," Table 19.1.) 

The migrant colonists clear land wher-
ever roads penetrate the forest, usually 
in the wake of oil companies exploring 
new sites to drill. In 1989, 32 oil compa-
nies were drilling in an area of 3.5 million 
hectares, 80 percent of which is In the 
Amazon region. The Ecuadoran govern-
ment itself estimated that these compa-
nies observed only half of the relevant 
environmental regulations; oil slicks 
have oozed out of leaky pipes to float 
down the rivers (5). 

GOLD MINING A NATIONAL PARK 
Oii is not the only business lure In the for-
ests the onebusis lybutbut It is the one that isofficially
sanctioned. Ecuador has not entirely es-

caped from the attentions of drug traffck-
eighboring countries, but cocaine Isnot 

amaland 
try-yet. The effect of ( e drug trade Is 
similar to another phenomenon that 
draws desperate people into the wilder-

ness to seek afast route out of poverty:gold. Insoutheastern Ecuador, a gold 
rush has begun to devour Podocarpus 
National Park, an area containing cloud 
forests rich In endangered species. Ap-
proximately 500 miners are currently 
panning for gold there while more than 

90 percent of the park has been sold 
under concessionary rights to national 
and international mining companies. The 
mountain streams that flow from the 
park and provide water for nearby towns 
are now threatened with mercury con
tamination owing to on-site gold process-
Ing. In northern Ecuador, the ecosystems 
of Sangay National Park and Cayambe-
Coca Reserves face similar destruction 
under gold mining activity (6). 

Mining in the Podocarpus Park is not 
an isolated example of the weak environ
mental protection offered by Ecuador's 
park system. The borders of the 
Cuyabeno Wildlife Reserve In the Ama
zon, home of the Cofan and Sfona Indi
ans, have been changed to accommodate 
African palm oil plantations and petro
leum companies, both of which continue 
to cha!lenge the borders of this and 
other parks (7). 

Ecuador's foreign debt Is more than 
$11 billion. Oil used to provide about 50 
percent of Ecuador's export earnings, 
but when the debt crisis hit simultaneously with the drop Inoil prices, Ecu
adourne to ther ntrl resu 
ador turned to other natural resources. 
Patterns of agriculture changed over the 
12-year period ending In 1986, with the 

dedicated to basic foods-corn,rice,
beans and potatoes-dropping by 25.7 
percent. The planting of soybeans, Afri
can palm for oil, sugar cane, and feed 
corn expanded by 171 percent Inthe 
same period. Ecuador's cattle pastures 
expanded by 31 percent nationwide be
tween 1977 and 1983, most cleared from 
forests Inthe Amazon region (). Despite 
these efforts, however, agricultural ex
ports for Ecuador as awhole, measured 

(See Chapter 5, "Human Settlements," The Urbaniza-
tion Trend.) Despite these significant hazards to 
human health, Latin America has better access to 
safe drinking water than do other developing re-
gions. 

Economic Crisis 
Economic )ro)leins, especially those arising from ex-
ternal debt, have played a major role over the past 
decade in constraining the ability of Latin American 
governments to accelerate development or to re-
spond to environmental concerns. The debt crisis of 
the 1980s is expressed most I)urely in the experience 
of Latin American countries. Together their external 
debt totaled $387 billion in 1987. comipared with $342 
billion in Asia and $212 billion in Africa. (See Chapter 
15, "Basic Economic Indicators," Table 15.2.) Brazil's 
l'ng-term debt in 1987 was e(lual to 29 percent of its 
GNP: Mexico's was 59 percent, and Ecuador's was a 
staggering 93 percent. (See Figure 3.3. 'This rela-
tively huge debt, COUI)ledl with economic stagnation 
or worse, a decline in international commodity 
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prices, and lack of confidence among domestic in
vestors, has limited the economic potential of the re
gion. Even oil-producing countries find they are part 
of a growing miasma of despair. (See The Economic 
Crisis, below, and Chapter 15, 'Basic Economic Indi
cators.") 

Rich A Resources 
For all its economic problems and demographic reali
ties, Latin America is rich in natural resources and 
potential. It is the most forested of all developing re
gions, with 966i million hectares of forest covering 48 
percent of its land area. (See Chapter 17, "Land 
Cover and Settlements," Table 17.1.) Pasture corn
prises another 28 percent of the region, and agricul
tural land about 8.7 percent. 

Between 1977 and 1988, the region's agricultural 
I)rod(luction increased 25 percent. Total food produc
tion increased 27 percent during the same period, 
which exactly paced population growth (I). (See Fig
ure :3.4.) By 1998, however, food i)roduction must in
crease another 26 percent to maintain per capita 
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Box 3.1 
in dollars, have not grown appreciably and yet is better off than many other our Idiosyncrasies, our behavior, and the
 
over the past decade, countries of the region. Ecuador's per ca- way that we conceive our rights" (c:ri.
 

The soils and the forests are not the pita gross doniestic product fell only I
 
only resources that are under pressure percentt Iitotal form 1981 to 1989, much References and Notes
 
to produce exports. The shrimp business better than in Mexico (-9 percent) or Ar
grew until exports reached $360 million, gentina (-23 percent). Ecuador's inflation 1. James 1).Nations. SocioculturalFactorsof
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nizatitin, the al)l)li(atitin if agriculttural il)uts. and the seetitngly inevitable expansion of agriCuIltural 
the exl)ansion i)fthe area uli(r cultivatioiti. lattds. 

Currently. 8.7 )erc'tnt o f.atitt ..\atierica's land area I)esert. citud ftirest, allpine tun(ra, teml)erate for
is Utlner cultivatiot..\lthtugh there are no in1hereti est, extensive saVanla. rain ft. rest. tenmpterate grass
physical tir chemlical ('tlostrailnts til agricultIure til land, tropical dry foirest, mtngrtoves, al(I Swallmps 
fully 12.3 Iercent i)fthe laInt area. availability tif cover the regiol. .atititl erica has the world's larg
water SUl))lies ill arid regtiills limit i)teitial agri-Ul- est river itlld driest desert. This etnvirotnmetltal (liver
tural exl)ansil. IllMexiti, fir example. ntiuch tif the sity lias let to genetiet (liversity. which in itself is a 
land with 11it lier ('Otr strailts for agric.ultulre lies ill valualle restiurce. (See Chapttr 8, "Wildlife and Habi
the arid ztne. ( )pelning land with iivsicial ir cheulli- tat,' Box 8.1.) Latin America has given the wtrld the 
cal coistraitits to agriculture will r,(itfire additiottal staple crtops tif itaize, tilltlliit (citSSilVil), )titttO, 
inputs. (See C'halpt er 6. "Ft((dI al(l ,.\griculture.' SUs- sweet potatt,. i)eanttt (grot ((IIlt s). itili ntyv I)ealnS 
tainai)le Agricutlture ftr Sutth America's 'l'rtipical St- itswell as S(luash, pel)pers. titnlatties. cacao, 

food )ro(luctitn at current levels. T'he ij)iula- sources exist there. (See Chapter 22. "Freshwater," 

ca
vanttas, and Chapter 1,8. "Ftiu alCI Agriculttre" sliews, aid brazil nuts. L.ocal ('rops throughout the 
Sources and Te'hnic'al Notes. Ta)les 18.5 and 18.6.) regitin may stme(lay also have a ;itiobal (listributioll; 

Lat 1nAmerica, as a regiol has lt lack if freshwa- they. al their wild cousi ns,provide it genetic bank 
ter; 26.4 percent of the world's renewable water re- accoutl to tal) whei necessary. 
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Figure 3.4 Food Production in Latin 
America, 1965-85 
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Source: Chapter 6, "Food and Agriculture,"Table 6 1. 

Accelerating Land Clearing 

Part of this diversity are the large numbers of spe-
cies that are integral parts of each ecosystem. Indige-
nous people have exploited a few of these species 
over the past 10,000-15,000 years. Nonetheless, mil-
lennia of heavy development on the plateau of Mex-
ico, the Yucatan, the Andes, and along the Pacific 
coast of South America have transformed the land-
scape, flora, fauna, micro-climate, and ecosystemic 
potential of the region. This transformation has in-
creased in recent years as population pressure has 
led to the intensification of agriculture, the opening 
of marginal lands, and the diversion of river and 
ground water. 

One of the most visible examples of this habitat de-
struction is the accelerating clearing of moist tropi
cal forest. It appears to have reached a crescendo in 
1987 with the loss of as much as 9 million hectares in 
Brazil through massive land clearing. (See Chapter 7, 
"Forests and Rangelands," New Estimates of Tropical 
Deforestation.) Still another potential cause of habi-
tat destruction is the creation of large dams for hy-
droelectric power production, 

Energy is an important resource for industrial de-
velopment. At present, Latin America consumes only 
4 percent of the world's commercial energy supplies,
and a relatively large proportion of those are from 
sc'irces other than fossil fuels. Hydroelectric power
supplies 63 percent of total electricity, and the ex-
ploitalt- hydroelectric potential at large-scale sites 
is over six times the current capacity. Over half (,f 
Latin America's hydroelectric capacity is installed in 
Brazil, which also has the region's greatest un-
exploited potential. Brazil is also unique in its use of 
renewable energy resources to meet a large part of 
its liquid fuel needs, producing ethanol from bio-
mass (primarily from sugarcane) equivalent to 27 bil-

Figure 3.5 Population Density by Region, 
1989 
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Source: Chapter 17, "Land Cover and Settlements," Table 17.1. 

lion liters of petrol per year (2). Some of the coun
tries of the region produce oil for export, while oth
ers are net energy importers. 

In comparison with the rest of the world, the 
amount of forested area and the bounteous supplies 
of water in Latin America are striking. With 414 mil
lion people in a region spanning more than 20 million 
square kilometers, the ratio of land to inhabitants is 
still enviable (see Figure 3.5), but no other region ex
hibits such concentration of land ownership in a tiny 
segment of the population. Cities' s!zes are expand
ing quickly, but the basic sanitation and social ser
vices are reaching ever smaller proportions of the 
urban mass. 

Critical Resource Problems 

The most critical environmental and resource prob
lems of the region include: air, water, and other 
forms of pollution in crowded urban areas; deforesta
tion and the concomitant loss of habitat and 
biodiversity; soil erosion and other forms of land deg
radation that threaten agricultural productivity: river 
pollution from untreated sewage and from mining 
and other industrial operations; and damage to 
coastal estuaries and other marine resources 
through pollution, clearing of mangrove swamps,
and overfishing. In addition, Latin America isasignifi
cant contributor to global environmental problems
through emissions of carbon dioxide and other green
house gases. (See Chapter 2, "Climate Change: A 
Global Concern," and Chapter 24, "Atmosphere and 
Climate.") 

Many of the regional and local environmental prob
lems are the result of ill-planned development, lack 
of emission controls, or other forms of private and 
public mismanagement; others arise from the combi
nation of population pressure and land tenure prob-
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lems. This overview chapter discusses a few of these 
problems in more detail, together with the economic 
crisis that has afflicted Latin America during the 
1980s; other concerns are discussed or documented 
with data in the remaining 22 chapters of this vol-
ume. But the overall picture is of a region that, de-
spite some encouraging trends, has not made much 
recent progress toward a better life for most of its cit-
izens. Indeed, the danger exists that many countries 
in Latin America are seriously damaging the re-
source base on which future economic growth must 
rely. A growing trend toward democratic govern-
ments, increasing popular concern over environmen-
tal problems (see Chapter 1,"World Environment 
Outlook"), and signs of renewed governmental inter-
est in environmental reforms are positive changes. 

THE ECONOMIC CRISIS 

The context for the discouraging statistics of the 
1980s is what Latin Americans refer to simply as "la 
crisis." For the United States and Europe, there have 
been recessions and "slowdowns," but what Latin 
America has experienced is a one-stel)-forward, two-
steps-backward slide into a depression, with bursts 
of hyperinflation. In 1989, for example, annual infla-
tion in Nicaragua was more than 3,400 percent (but 
one tenth the year's before); in Argentina inflation 
reached 3,700 percent, in Brazil almost 1,500 per-
cent, and in Peru nearly 3,000 percent. Ecuador, with 
only 60 percent inflation, did comparatively well (:3). 
The external debt of Latin America, nearly $400 bil-
lion in 1987 (see Chapter 15, "Basic Economic Indica-
tors," Table 15.2), is large-nearly $1,000 for every 
man, woman, and child in the region. In 1985, Brazil, 
Argentina, and Mexico each made interest payments 
twice as large inproportion to their GNPs as those of 
Weimar Germany &.1). Contributing to the crisis are 
such factors as a drop in agricultural commodity 
prices, capital flight, rapid population growth, con-
centration of land ownership, income disparities, 
and inefficient-if not corrupt-governmetits. What-
ever the exact mix of causes, the result is a region 
with deep and pervasive economic problems-and 
equally pervasive environmental dilemmas, 

Some observers see a link between the fiscal in-
debtedness and the ecological impoverishment that 
is all too widespread in Latin America. That may well 
be the case, but evidence for such a ,direct impact is 
scanty. It is also true that most of Latin America's en
vironmental problems predate the debt crisis. What 
seems likely is that the economic crisis has pre-
vented some environmentally unsound investments 
or development projects, as well as needed environ-
mental improvements, from taking place. 

Past Decade 

The statistics show the following: economic growth 
came to a halt in the 1980s. Between 1982 and 1989, 
the increase in gross domestic product (GDP)-a 

measure of economic performance that excludes in
terest paid to or received from abroad-averaged 1.4 
percent per year in real terms. When population 
growth is considered, however, real per capita GDP 
fell by almost Ipercent peryear (5). Enrique Iglesias, 
president of the Inter-American Development Bank, 
told his board of governors in March 1989,"!n many 
of our countries, per capita income when the decade 
ends will be less than when it began. In some cases, 
per capita income has fallen back not 10 years but 
20. It is not just one lost decade, but two." 

Normally, to increase exports and expand the econ
omy, large amounts of capital are invested. Yet so 
few new loans or investments were going to Latin 
America in the 1980s that the net capital flow re
versed, and the developing countries were sending 
money north. In 1989, the net transfer flowing out of 
Latin America was $24.6 billion (6i). What was not 
being paid on loans was flowing out of the Latin 
American countries as capital flight, $166 billion by 
1988 (7), since the economic crisis discouraged Latin 
Americans from investing their own money at home. 
The overall 1987 ktvel of gross domestic investment 
in Latin America was over 25 percent less than the 
1980 level, whereas in the two previous decades the 
level of investment had doubled (8). 

Austerity imposed by the debt crisis can affect the 
ability of governments to undertake protective mea
sures for the environment in several ways. For exam
pIe, the economic crisis may have prevented imports 
of pollution control equipment, halted investment in 
many badly needed cleanup efforts, and contributed 
to the lack of maintenance and resulting decay of 
water and sewage systems and other basic infrastruc
ture. Likewise, austerity measures in many countries 
are reported to have left natural resource agencies 
without enough money to carry out their basic tasks: 
agronomists confined to offices, parks without rang
ers, and environmental regulators without pay
checks. In Brazil, for example, 6,500 employees of the 
government's new environmental institute went on 
strike three months after it was created to protest 
the lack of routine funding (!).So long as the eco
nomic crisis in Latin America continues, investment 
in environmental improvenents-such as cleaning 
up the heavily polluted urijan areas where most 
Latin Americans live-will be difficult. 

THE URBAN ENVIRONMENT 

The cities of Latin America are increasingly polluted, 
exposing their populations to a wide variety of envi
ronmental hazards. One fundamental cause of a dete
riorating urban environment is the pressure of 
rapidly growing populations. The region's major cit
ies have gone beyond merely large-in 1990, Mexico 
City had 19 million people in the metropolitan area 
and is expected to have 24.4 million hy the year 2000. 
Sdo Paulo's population is projectcd to jump from 
18.4 million in 1990 to 23.6 million by 2000, and Rio 
de Janeiro's and Buenos Aires' are projected to ex-
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ceed 13 million. Overall, population in Latin 
America's cities is projected to increase by over 9(0 
million people between 1990 and 2000 ()io. 

Urban growth rates in Latin America appear to 
have slowed somewhat in tile 1980s to 3.2 percent 
per year, compared with 4.4 percent for the 1960s. In 
Venezuela, for example, urban growth dropped from 
4.1 to 3.3 percent, and ill Brazil from 4.9 to 3.3 per-
cent (11). Nevertheless, this still-rapid growth will in-
evitably put further stress on the abilities of 
governments to provide basic environmental ser-
vices and on what has become a delicate balance be-
tween human ecology and natural systems. 

Many of Latin America's major colonial cities were 
founded in the 16th and 17th Centuries in the shad-
ows of mountains or surrounded by mountain 
ranges, often at high elevations. These locations took 
advantage of cool climates, the proximity of moun-
tai forests that could l)rovide fuel and lumber, and 
all important public health consideration-tley were 
above tile "mosquito line." To facilitate agriculture, 
most sites also were chosen for the presence of ex-
cellent soils, deposited in alluvial falls over thou-
sands of years by the rivers that spilled from the 
mountains and coursed their way through the city 
centers. But many of these advaiitages have turned 
to disadvantages in tile industrialized and heavily 
populated cities of today. 

City Air Is Trapped by Mountains 

The same mountains that once brcught cool evening 
breezes now hell) trap polluted ai.-the product of 
car, truck, and )us exhausts and iactory smoke-
stacks-in the thermal inversions that form above 
the cities. As urban sprawl covers once-rich agricul-
tural land, farmers push farther up the slopes of the 
mountains, removing tile trees and often accelerat-
ing erosion. Acid rain from the city's )ollutants also 
damages the forests. The city's rivers carry garbage, 
human wastes, and industrial effluents including 
heavy metals, depositing some of them oil agricul-
tural lands downstream where they contaminate the 
city's food supply. 

The extreme examlple of these problems is Mexico 
City, where conditions of life for tile city's residents 
have become steadily worse. Its geographical loca-
tion is partly responsible-the city is situated in a 
high basin that traps smog and other pollutants dur-
ing the dry season. But unregulated sources of poilu-
tion are the main cause of tile city's misery. An 
estimated 36 thousand factories-Ihalf of Mexico's in-
dustry-is located in the city, along with some 3 rail-
lion cars, trucks, and buses. Together they emit 5.5 
million metric toils of contaminants each year. Ap-
)roximately 80 )ercent of the emissions that make 

Ul) ozone, recognized to be one of tile most difficult 
pollutants to control, come from motor vehicles. All 
astounding 30 )ercent of these contaminants could 
be eliminated from the atmosphere if this fleet were 
given a tune-up (12). 
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In the past, vehicle emission standards have rarely 
been enforced. Governments in Latin America are 
more likely to ignore industrial pollution than de
crease manufacturing and risk aggravating unemploy
nent (13). These policies of neglect cannot be 
continued without grave threats to human health. In 
Chile, for example, the winter of 1989 brought a level 
of smog so dangerous that Santiago hospitals re
ported 30 to 60 percent increases in the number of 
patients treated for respiratory ailments. The govern
ment then decided to temporarily close down 50 per
cent of the 132 polluting industries and to stop half 
tile cars and buses from circulating (1'i). The private 
bus companies initially went on strike for several 
clays rather than cut their service, throwing the city 
into chaos (15). 

One of the greatest health threats from automo
biles, buses and trucks in Latin America is the 
amount of lead in the petrol; in Ecuador, for example, 
petrol contains more than 20 times as much lead as 
allowed under U.S. standards (1w). The result is often 
lead levels high enough to damage the health of chil
dren. For example, in Mexico City, a high proportion 
of newborns tested had lead in their bloodstreams at 
levels believed to cause intelligence and psychono
tor deficits and other nervous system damage (17). 
Tile average lead levels in the blood of Mexico City 
residents, for example, is nearly four times that of a 
Tokyo resident (I). Ill Mexico and in some other 
Latin American countries, these concerns are leading 
to change. After enviroilmentalists in Mexico publi
cized the dangers of the lead in tile air, tile state oil 
company Pemex introduced a new petrol in 1986 
with lower lead content. This new petrol, however, 
used a mix of hydrocarbons to replace the lead; as a 
consequence, Mexico City's ozone level has shot up 
since 1988 (1). Median ozone levels tripled between 
1986 and 1988, reaching 60 percent above the World 
Health Organization (WHO) safety standard (20). 
Ozone irritates tile eyes and throat, also causing re
spiratory problems. For children in Mexico City, 
breathing the air can be as bad as smoking cigarettes 
from birth (21), and can -ause chronic lung effects 
(22). Although few data exist, emissions of toxic chem
icals from industrial plants largely unregulated ill 
most of Latin America, Ilight also be adding to the 
health threat. Mexico City is beginning mandatory 
testing of exhaust emissions for automobiles and 
hol)es to begin a crackdown o industrial emissions 
as well. In 1990, drivers were banned from using 
their cars o a rotating basis one day a week (luring 
a two-month test program (23). And beginning in 
1993, all new automobiles produced ;n Mexico will be 
required to have catalytic converters. (See Chapter 
12 "Atmosphere and Climate.") 

Wastes and Water 

Besides chemical pollutants, air is polluted by uncol
lected or abandoned solid wastes and fecal material 
that dries into (lust. in Mexico City, winds carrying 
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Box 3.2 Cubatao: New Life in the Valley of Death 

Called the "valley of death" and tile quired Industries to control pollutants, lets that could be sown on the mountain
"most polluted place on earth," Out of 320 sources of pollution, 249 had sides from liel!,-opters, and millions of
 
Cubatao-located on the Atlantic under- been cleaned up and controlled by late seeds were spread over an area of 60
 
belly of Brazil's industrial potentate, SAo 1988. Particulate pollution had heen re- square kilometers.
 
Paulo-had a reputation that no city duced 92 percent, ammonia was down by The change in Cubatao is heartening,
 
would want to claim (1). 97 percent, and the hydrocarbons that but not yet complete. '[hc prihcilpal int-


Before the 1970s, Cubatao might have cause ozone were cut 78 percent. Sulfur dustry that is still polluting the valley is
 
been considered a pleasant, well-situated dioxide levels fell by 84 percent, but ni- the government-owned steel plant, which
 
town, looking upon the bay, with tree- trogen oxides dropped only 22 percent has not been able to invest in pollution
 
covered mountain slopes rising on three ('o. No major emergencies from danger- control because of the restrictions im
sides around it. The valley where the ous levels of air pollution were reported posed oiltilegovernment by tiledebt
 
town is located was traversed by rivers in 1987. crisis.
 
that flowed into the sea, lined with man- Water quality in the three main tivers
 
groves, of the valley has improved notably. Tile References and Notes 

When a river was first dammed up to obvious sign is the return of fish, after a
 
generate energy, industries began to 30-year absence, to the Cubatao River (5). I. "Cubatao: Brazil's Ecological Success,"
 
crowd into this town near the major port 'rhe industrial effluents being dumped [The] F'nanciol Tinies (London,June 10,
 
of Santos. A steel plant, a huge oilrefin- into the rivers were cut from 64 metric 1988).
 
ery, and fertilizer and chemical produc- tons each day to 6metric tons, with cor- 2. Jorge Wllhehn, "Air Pollution in the Third
 
ers squeezed into the valley, while responding reductions inthe amounts of World Context: Controlling the Cubatao
Region," a paper presented to the 4th 
workers and job seekers set up shacks metal In the water (6;).Parts of the rivers World Congress on Conservation ofthe
 
oti swamplands and hillsides Lround the were also dredged of 780,000 cubic me- Built and Natural Environments: iTeSit
industrial nucleus. By 1985, Cubatao was ters of material to improve tileflow (7). Ing of Industry and Its Effects on tile
Envi
producing 3 percent of Brazil's gross na- What did it take to restore the environ- ronment, Toronto, May 1989, pp. 1l0-l1.
 
tional ploduct _,). ment of Cubatao to livable levels? First 3. Governo (1oEstado de Sao Paulo, A
 
By then, the mangroves were gone, the came tilerestoration of democracy to BItafhado Ario Ambiente o Governo
 

waters were the color of mud, and silt Brazil, allowing complaints !rom resi- Montor, (Governo (oE:tado de SAn

backed up inthe rivers, which over- dents in Cubatao to be publicized in the Paulo, SAo 'aulo,Brasil, March 1987), pp.83-99.
 
flowed regularly. The changes in lie riv- press. Gubernatorial candidate Franco 4. Op.cit. 2.
 
ers also signaled the losses on the Montomo made Cubatao an issue in his 5. Edison Martinez Alsono, "Peixes votam.
 
moui !ain slopes as the stuog-filled air political campaign, then committed his Rio Cubatao revive," 0 Estado de Silo
 
left trees like skeletons with threadbare government to reducing the pollution. Fauto(May 8. 1988).p. 34.
 
leaves. f.t s of vegetation led to erosion, During the Montoro administration from G. "Acao da Cetesb ernCubatao," Quarterly
 
anld liillside:; -rutlbled, collapsing 1983 to 1987, the state worked with the Progress Repurt of the Company for Envi
around tiletown. private sector, sharing the costs of the ronniental Sanitation Technology
 

The 110,0()0 residents were under cleanup. The state government's plan (Cetesb) ofthe state of Sao Paulo. August-

December 1987.
siege: poisonous wastes from industries had an estimated cost of $98 million, and 7. Op. cit. 3.p. 9S.
 

were scattered around, dumped i the the total investment in pollution devices 8. Op.cit. 2.
 
rivers, and purn)ed into the air where by industries was $220 million (s). The 9. "AVolta dos Bons Ars na Velha Capital da
 
winter weather would trap the gases in program was backed by a $100 million Fumaca," Veja (Fetruary 1.1987),
 
the valley for long periods :oi.Accidental loan from the World Bank io). quoted inGoverno (toEstado tieSlio
 
spills and chemical accidents claimed '[ile government also launched a pro- Paulo, Brasil, A Butalin do Aeio Ambiente
 
hundreds of lives and led to emergency gram to reforest the mountain slopes no Govemo Alonturo (Governo do Estado
 
evacuations oti a yearly basis. with pollution-resistant trees bred from de SAo Paulo. S50 Paulo, Brasil, March
 

This is no longer the situation. The species native to the area, to contain the 1987), pp. 96-97.
 

town of Cubatao has changed, and today erosion and mudslides that were threat
the state of SAo Paulo points with pride ening to bury the town. The Forestry and
 
to the results of a cleanup effort that re- Botanical Institutes developed seed pel

dV wastes I fthe I(; 1i)(4 
WitIOut inidomr I)lu:ll)ing and ext'remet front tile (ltiate water faciliti's: ()ily 58 perCelt had sanitatioil 
citv's 2 million (logs are the likely sotur', ,ifIlGIllV service i27i. Iti Mt'xiCi City,flte 1)ttill of thle pOl)ula
il11u(,seS (2 i). a s11aller scale can water has (ro))e(d 

(lust foitt the )(1 [lit C 59 percelt-tif the pinipiilatiol was served by ade-

Sillilr i)t-(l)IelBs On tioll with aCt'ess ttclean dlrinkii 
I)(,
hUlld ill most majir I.atin ,\nericaii ('iti's. slightly froln 1980 to 1986I; so dlid the i)irtion If 

..\nother soutlrce Oif dlisdas, or Other iealth hazar(Is homes Co)lll(dted to thi( sewa.ge sy'Stll (2i). Almoth)st 
is water, i)articularly untreated Waste wi ter (J1nll) ,d one half i the wastewater treatIintl plants sur
int( rivers. 1|I lIlsed toiirrigat( veoltal)es gr(I) vowe(i recently illMexi(') were illt ill service. (See 
(int' trbil fooidl Sulp)plies. This is ti(, case for Mexico (hapter 12. "luIlani ettlIlIVts.") With lite growth 
(it,' 25.e. lIhiigit,'t ill l)Oj)lldti<ll, ditlutIat least, al also wh.rt, tihe tilt' Of untreat('d sewage enter-
Tljllitm liver Ihis li.gh levels of heavy lteItals SL1(.'h it1111tile rivInS 0' (tlllipUd Oit land is risin-Y steadilv. 
as cai(llllitlul and lead (26ii. Altlhotgt ll(isI l.atin ,\lericanl (iti s have aI)Lll

..\C(ss tio 'lell drinkiig water and to,sewage treat- dat water supplies, population growth cali ill fact
 
"
InteInt is still a sigllificallt probletm ill url.,at areas. Oltst1'il) watTr Sul)lieS. Again, Mxi('o (iV is pI'

(See Chal)ter 5, "'lulanSettletents," Progress to haps the etxtretie exatple. Biuilt OIl what was OIIC t
 
I)ate: Water and Sanitation.) I)espite recent inipri)ve- lake, Mexicn (ity' is ptul)ing grotunId water far faster 
Illellts ill (ettral ,,\merica, for examl)le, i1n1988 only than it is replellished an tlllistlihlll)le situatioin. Ad
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Table 3.1 Deforestation in Latin America,
1980s 

Average Annual Deforestation 1980s 
Closed Forest Open Forest Total Forest 

Extent Extent Extent 
(000 ha) Percent (000 ha) Percent (000ha) Percent 

Central America 1,070 1.6 20 0.0 1,090 1.6 
Belize 9 0.7 X X 9 0.7 
Costa Rica 124 7.6 X X 124 6.9 
El Salvador 5 3.2 X x 5 3.2 
Guatemala 90 2.0 X X 90 2.0 
Honduras 90 2.3 X X 90 2.3 
Mexico 595 1.3 20 1.0 615 1.3 
Nicaragua 121 2.7 X X 12' 2.7 
Panama 36 0.9 X X 33 0.9 

South America 9837 1.5 1293 0.6 11,180 1estation 
Argentina x X X X X X 
Bolivia 8- 02 30 0.1 117 0.2 
Brazil 8.000 2.2 1.050 0.7 9.050 1.8 
Chile X X X X 50 07 
Colombia 820 1.8 70 13 890 1.7 
Ecuador 340 2.4 0 X 340 2.3 
Guyana 2 00 1 02 3 0.0 
Paraguay 190 4.7 22 0 1 212 11 
Peru 270 0.4 0 X 270 04 
Suriname 3 0.0 X X 3 0.0 
Uruguay x x x x x x 
Venezuela 125 0.4 120 60 245 0.7 
Sources: 
I Food and Agriculture Organization of the United Na, uns Forest Resources 

Division. An Interim Report on the State of the Forest Resources in the De-
veloping Countries. (FAO. Rome. 1988)

2 Alberto Waingort Seizer. Marcos da Costa Pereira. Alfredo da Costa Per
eira, Jr., and Sergio Alberlo de Oliveira Almeida. Relatono de Atividades do 
Proleto IBDF-INPE "'SEE"-Ano1987." unpublished paper (Instiluto Naco
nal de Pesquisas Espaciais INPE). Sao Jose dos Campos. Sao Paulo. May1988) 

3.Steven A.Sader and Armond T.Joyce. Deforestation Rates and Trends in 
Costa Rica, 1940 to 1983." Biotropica Vol. 20. No. 1. (1988), p 14 

Note: X= iot availa,)le. 

ditional water is brought from other areas at great ex-
pense, about $50 million annually. Water brought in 
to Lima, Peru, by tanker now Upplies 2 million peo-
ple. Despite its cost and growing scarcity, water is 
still wasted. About 25 to 35 percent of the water con-
sumed by Latin American cities is lost through leaks 
and breaks in the water system. What Mexico City 
loses alone would serve the needIs of Rome (29).

While urban environmental problems are great, 
there are ways of rethinking the needs, changing pri-
orities, and finding funds to reverse the trends. A 
striking example is the city of Cubatao, once the 
most polluted in Brazil, but now in tile process of re-
covering. (See Box 3.2.) For the recovery to become 
more widespread, governments must find the politi-
cal will to enforce environmental regulations. More 
efficient use of natural resources and the elimination 
of harmful economic policies will also be necessary. 

DEFORESTATION 

Tropical forests are a unique and endangered re-
source. Those in Latin America merit sl)ecial con-
cern, both because the region contains more than 
half-57 percent-of the remaining tropical forests 
(3o) and because the rate of deforestation is high. In 
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fact, the rate of deforestation in Latin America is the 
highest in tile developing world: about 1.3 percent of 
the existing forests are lost annually, compared with 
0.9 percent in Asia and 0.6 percent in Africa. (See Fig
ure 3.6.) In part, these disparities in rates reflect the 
fact that many Asian aond African countries have 
cleared most of their forests. 

Brazil alo:ne contains 30 percent of the world's trop

ical forests, more than the rest of Latia America com
bined, and tends to dominate discussions of tropical
deforestation to the point that other areas are over
looked. Brazil also dominates the loss figures: an esti

mated 9 million hectares in 1987, which may have 
been an anomalously high year. The amount of defor

is not in fact known with a high degree of ac
curacy: estimates for Brazil vary by more than 100 
percent (see, Chapter 2, "Climate Change: A Global 
Concern," and Chapter 7, "Forests and Rangelands," 
Deforestation in Brazil): estimates for Ecuador vary 

by as mIuch as 300 percent. (See Box 3.1.) Regardless
of the uncertainties, there is no doubt that deforesta
tion rates in many countries are extremely high. (See 

Table 3.1.) Besides Brazil, other Latin American coun
tries facing large-scale deforestation are Colombia 
(890,000 hectares per year), Mexico (615,000 hect
ares), and Ecuador (3,10,000 hectares). 

Deforestation in Central America 

Central American countries, although their forests 
are smaller, are also experiencing very high rates ofloss. Costa Rica, for example, has had the highest 
rate of deforestation in Latin America: 6.6 percent an
nually, although this is now being reduced. In 1984, 
forests covered only 18 percent of Costa Rica, and 
the rate of deforestation was so high that Costa 
Rican officials predicted that forests outside the na
tional parks and protected areas would be con
pletely gone in another decade (3i). According to a 
Costa Rican analysis, the reasons include: increasing 
population and the concentration of the best agricul
tural lands in a few hands: the expanding agricultural 
frontier, with tax credits to stimulate forest cutting
and cattle ranches; the demand for high-value tim
ber, which is typically logged by laying waste to the 
rest; and finally, the fact that the government has not 
enforced its own laws to protect the forests (32). 

The long-term costs to Costa Rica will be high. The 
country depends on hydroelectric facilities for over 
80 percent of its electricity, and deforestation of wa
tersheds has led t(; high sedimentation rates. The 
lost revenue to (late at the Cachi l)am is estimated to 
be at least $133 million, and other dams are silting 
up as well (:iu). Learning from its mistakes, Costa Rica 
has rallied to save its natural resources, both 
through official and private programs drawing on the 
country's impressive human resources in higher edu
cation and public service. 

Other countries in Central America lack the human 
and institutional resources of Costa Rica, but find 
the same problems festering. In El Salvador, only 3 
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Figure 3.6 Annual Deforestation in Three 
Regions 
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percent of the country is covered with tracts of 
woodland large enough to he considered forests (:3). 
Ravaged by a decade of war, the country has been 
unable to react to the deteriorating environment, 
even though it suffers from severe soil erosion and 
siltation of reservoirs. In Nicaragua, as if the destruc-
tion brought by war were not enough, the country's 
largest tract of rainforest north of the Rio San Juan 
was hit by Hurricane .an, in October 1988. An esti-
mated 80 percent of the trees were blown over or 
otherwise damaged over an area of Southeastern 
Nicaragua (o5). 

Settling the Amazon 

Thus it is not only in Brazil that deforestation is a 
problem, hut throughout Latin America. By its sheer 
size, the problems of Brazil are writ larger. All of Cen-
tral America is smaller than the 410,000-square-kilo-
meter area of western Amazonia that bec',,ne the 
focus of Brazil's controversial Northwest Brazil Inte-
grated Development Program, called Polonoroeste. 

Polonoroeste was intended to promote sustainable 
farming systems based on tree crops and to include 
environmental protection. Instead, unguided coloni-
zation took place without regard to land-use studies, 
ecological reserves, or the rights of native people. 
Settlers poured into the state of Rondonia, increas-
ing its population at an average rate of 14 percent a 
year since 1980. Many of the settlers came from 
southern Brazil, where small coffee farms were being 
turned into large soybean-producing enterprises. 
Over a quarter of Rondonian immigrants came from 
Parana state, where the soybean acreage went from 
400,000 hectares to 2 million in the 1970s, with the 
massive increase taking place primarily on large 

mechanized farms. Displaced small farmers sought 
new land on the Brazilian frontier (:w). 

The wave of settlers in Rondonia cleared and 
burned the forest. )eforested areas that in 1980 ac
counted for :3 percent of Rondonia had by 1988 in
creased to 24 percent. (See Chapter 7, "Forests and 
Rangelands," Figure 7.3.) rhe deiorestation was in 
part a direct result of existing government policies. 
First, clearing the land was required as evidence of 
"land improvement," which confers on settlers the 
right to claim title to an amount of land in direct pro
portion to the area of forest cleared. Second, land val
ues soared as roads improved and more migrants 
came. Brazil's high inflation makes investment in 
land seem safer, and income tax exemptions for large
scale agriculture such as ranching make it a tax shel-

Poor settlers, who do not benefit from the tax 
incentives, gained more by clearing land, selling it to 
large ranchers, and moving on than they could from 
farming the land (37).

In addition to the dleforestation caused Iby small 

farmers, large tracts of the Amazon have been 
cleared for cattle ranches by wealthy investors and 
corporations. These ventures have not fared well 
economically and would not be viable without major 
government subsidies and tax incentives. Livestock 
investors benefited from $730 million in tax exeml)
tions and subsidized rural credit between 1966 and 
1983 (38). More than 527 livestock ranches gained 
from the regional tax credits offered: their average 
size was 23,600 hectares (3i!)-not small farms even 
by Amazonian standards. 

A more fundamental problem, however, is that ex
perience has shown that livestock activities in Ama
zon regions with poor soils are not sustainable. A 
large fraction of these ranches-at least 20 percent 
of the 4 million hectares of Amazon ranchland, by 
one estimate-have been abandoned (,1o).Once aian
doned, the pastures are often taken over by weeds 
that grow on the poor,now compacted soil. Some 
abandoned pastures do return to forests, in 100-500 
years, but the secor.'.ry growth may never achieve 
the complexity of the original forest ecosystem (41). 
(See Chapter 7, "Forests and Rangelands," Box 7.3.)

Soil erosion and loss of species are the obvious re
suits from deforesting the Amazon. Less obvious, but 
beginning to be a source of concern, are local cli
mate changes. The Amazon basin is a major source 
of water vapor-forests evapotranspire much more 
than nearby savannas-not only for itself, but also 
for the central plateau to the south (42) where major 
agricultural investments are being made. Lower 
amounts of rainfall could harm the farmers of the sa
vannas a,.d the Amazon ecosystem. Besides the 
micro climate changes, burning the forest is a signifi
cant source of carbon dioxide, a gas that is the major 
contributor to the greenhouse effect. In 1987, defores
tation in Brazil accounted for more than 15 percent 
of the world's total carbon dioxide emissions. (See 
Chapter 24, "Atmosphere and Climate," Table 24.3.) 
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Box 3.3 Drugs in the Wilderness 

Coca pants-hardy, drought-resistant, 
providing at least three harvests each 
year-appear to be a poor farmer's 
dream. The payoff from a hectare of coca 
plants can be 18 times more than any 

other crop would earn, and more cash 

than most small farmers have seen in 

their lives (1). 

The trade in cocaine, marijuana, and 
heroin Is having a major effect In many 
parts of Latin America. Production ,f 
drugs affects the envlro iment directly 
through deforestation, soil erosion, and 
stream pollution. More important, It is 
also distorting local and national econo-
mies, creating social problems Licluding 
addiction a:. i corruption locally, and vio-
lently undermining governments' ability 
to govern their own territories. 

THE BOOM CROP OF THE 1980a 

Cocaine, the boom crop of the 1980s, has 
led to the planting of more and more 
coca bushes. Peru is the largest pro-
ducer of the leaf in Latin America, with 
about 60 percent of the crop, followed by 
Bolivia with 28 to 30 percent, and the 
rest grown in Colombia, with a few plant-
ings In Ecuador and Brazil (2). 

Traditionally, coca plants grow on hill-
sides in subtropical moist forests a' 
1,000 to 1,200 meters above sea level, but 
one variety, "epadu," has been found suit-
able for tropical lowlands such as the 
Amazon region. To produce cocaine, the 
coca leaves are converted into paste, 
then refined into cocaine hydroch;oride, 
using chemicals, such as sulfuric acid, 
kerosene, lime, and car bides. It takes 
about half ametric ton of dry leaves to 
produce akilo of cocaine. 

The increase in land devoted to coca 

reflects both growing demand and the 

enormous profits to be reaped from this 

Illegal trade. Bolivia went from 22,788 

hectares in 1980 to 70,900 hectares in 

1986, according to its own government 

(3), and Peru went from approximately 

18,000 hectares in 1979 to 200,000 in 1987 

(4). 

Econom" -s of the Tropical Forest 

Most coca farms are found on newly de-
forested land In some o! the most biologl-
cally rich areas of tae cootinent, 
including parks and forest reserves. The 
amount of deforestation att,,ibuted to the 
cocaine business is much larger than the 
actual area planted, because the growers 
are constantly moving to clear new areas 
either to escape detection or to Increase 
yields as the soil wears out. In Peru, co-
calne growers are blamed for about 10 
percent of all deforestation (5). 

Coca Is not asustainable crop unless it 
Is cultivated In the traditional Andean 
way, on terraced hillsides, interspersed 
with other crops. Growers trying to maxi-
mize profits while avoiding detection do 
not wor y about soil erosion on the 
steep slopes where they plant coca. Be-
cause each trimesterly harvest strips the 
plant of leaves, the soil Is more exposed 
to the erosive effects of heay rains. Mi-
grant growers, with little knowledge of el-
ther traditional or modern agriculture, 
often apply excessive amounts of pesti-
cides to the plants; most of the pesti-
cides wash downstream with the soil 
polluting the rivers. A number of disas-
ters such as mud slides and flooding 
along Peru's rivers are the result of defor-
estation and erosion in the coca regions. 

COCA'S TOXIC 'WASTES 

Another environmental concern raised 
by the cocaine Industry Is the amount of 
chemicals dumped into the rivers and 
abandoned by the cocaine laboratories. 
In 1986 alone, the amount of chemicals 
used in Peru's upper Huallaga valley to 
convert the average crop to cocaine base 
was -stimated at 57 million liters of kero-
sene, 32 million liters of sulfuric acid, 6.4 
million liters each of acetone and tolu-
ene, 3,200 metric tons of carbide, 16,000 
metric tons of lime and 16,000 metric 
tons of toilet paper that was used to fil-
ter the paste (6). Not only the narcotics 
dealers dump the toxic wastes; the po-
lice who confiscate the chemicals also 
poor them into rivers (m). The people 
who fish along these rivers are at risk, 

and only the lack of inhabitants in some 
areas keeps the pollution from being per
ceived as a fatal side effect of the drug 
trade. 

Plans to combat the drug trade by 
spraying herbicides raise additional envi
ronmental concerns. The herbicide 
Tebuthiuron or "Spike," Intended for use 
In Peru, Is scattered In pellet form to 
keep it from drifting into surrounding 
rainforests. But the herbicide destroys 
more than just coca plants, and the U.S. 
Environmental Protection Agency labl.4j 
Spike as not Intended for cropland and 
dangerous for wetlands, because It can 
remain Inrivers and farmlands for up to 
five years (8). Asimilar problem Is re
ported InGuatemala, where opium pro
duction Is spreading from Mexico, and 
farmers complain that the herbicide 
sprayed from planes kills honeybees and 
affects legal crops as well as poppy fields 
(9). There also has been controversy 
about the chemicals used to spray marl
juana fields In the rainforest regions of 
Guatemala and Belize. In environmental 
terms, the use of herbicides only in
creases the extent of land damaged. 
Once one coca plantation Isdestroyed, 
not only Is that land degraded, but the 
growers have probably moved on to 
clear another area of forest. 

ERADICATION EFFORTS INEFFECTIE 

Eradication efforts, with or without herbi
cides, have been Ineffective Incontrol
ling drug production. When Peru had Its 
"best" year in 1985 by eliminating 5,000 
hectares of coca plantations, about 
12,000 new hectares went into cultiva
tion (o). In 1988, when Bolivia passed 
tougher narcotics laws, coca production 
increased by over 20 percent ii). 

Prices paid for coca leaves are Increas
ingly unstable and the drug business is 
notoriously violent, even for those who 
grow the leaves. Thus if farmers are of
fered the alternative of an assured mar
ket for legal crops, with credit and 
technical support for sustainable farm
ing techniques, there Is at least a chance 

fruits, cocoa, and rubber from one hectare of Peru's 
Amazon forest showed that, over time, the revenue 

The economic costs of destroying tropical forests was approximately six times the amount that could 
are not easy to calculate. These complex ecosystems be earped from harvesting all the timber in a single 
are believed to contain half of all plant and animal year or twice the value of converting the land to cat
species on Earth. Some medicines and foods are still tie pasture (,:).This study supports the advocates of 
to be found in the future, and new woods and timber "extractive reserves" where forests are set aside as a 
products may be adapted to future industrial uses; source of natural products that can be harvested in
their value cannot be eitimated. Massive deforesta- definitely without clearing the land. 
tion may fundamenta.!y alter the hydrological charac- Meanwhile, even the current value of cut timber is 
teristics of the Amazon basin, and may cause ignored. The vast majority of the trees cleared in the 
climatic changes on a regional or even global scale. Amazon region are burned or left to rot (44). For ex-
Vet, even the known values are not being taken into ample, of the Amazon ranches supported by govern
account. A study of the annual market value of edible ment tax breaks, only 20 percent ever marketed 
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they may choose security over the risks 
associated with windfall drug profits. A 
successful drive against the drug trade In 
Latin America, however, would be a 
major shock to the economy. In Bolivia, 
about 500,000 people are working at jobs 
derived from coca production; coca pro-

almost one out of every three jobsto awork force of 1.7 million (12). 
Bolivia's coca crop grossed at least $750 
million !i 1987 and about one half of that 
stayed In the country (13)-a sum larger
than all of Bolivia's legal exports corn-
bined. Peru's cocaine trade was esti-
mated to bring between $750 million and 
$1.5 billion, while its legal exports were 
worth $2-4 billion in IP89 (14). Colombia 
is involved in exporting more than half 
the world's cocaine, but its economy is 
large enough that the revenues of $2bil-
lion are less than 40 percent of legal ex-
ports (15). 

LATIN YOUTHS ADDICTED 
Ifgovern e;.ts only considered te eco-
nomic benefits of drug trafficking, devel-
oping countries would be tempted to 
rebel against the demand of consuming 
nations for controls on supply. But there 
are disincentives. One is the destruction 
of human minds and bodies, which Latin 
Americans can see in their own coun-
tries. Colombians see the danger in 
Bogotfs, where sttdies estimate that 
130,000 youth between the ages of 12 
and 3n , ,tdicted to cocaine or smok-
ing the coca base, basuco, made from by-
products of cocaine production (16). In 
the slums &fLima, pastillos, cigarettes
laced with coca paste, are all too com-
mon. In one survey of peasants who .,i. 
grae to coca-growing areas to work in 
the laboratories, 80 percent had used the 
drug regularly (17). 

The corruption and violence have hurt 
the producer nations most, as well as the 
intermediate countries webbed into the 
narcotics transport network. The Colom-
bian drug cartel has financed rightist 
paramilitarygroups and set up schools 
fur assassins. Inthe war on drugs, Colom-

blan casualties have included not only su-
preme court justices, an attorney gen
eral, the minister of justice, two dozen 
journalists, more than fifty judges, and 
hundreds of police officers (m8),but also, 
in August 1989, the leading presidential 
candidate. In Peru, the narcotics dealers 
formed an alliance with the guerrillas ofSendero Luminoso (Shining Path), which 
gives extreme leftists slush funds to buy 
arms, and leaves out-gunned law enforce-
ment officers turning to military counter-
insurgency forces for help. 

POLITICAL COURAGE NEEDED TO 
FIGHT DRUGS 

As the corruptive power of drug money 
and the threats of violence overwhelm 
governments, what happens to programs
for natural resource manage.nent? Na-
tional parks have been taken over by co-
caine producers in Peru and Colombia. 
As repression increases In one area, drugproducers move to another area, usually 

farther into the wilderness. The ecologi-
cal side effects of the drug trade are all 
undesirable, but the greatest threat is to 
the ability of Latin American countries to 
control their own political systems and 
to govern the territory where the re-
sources lie. Ecological zoning in the Ama-
zon will have no effect if it cannot be 
enforced becau3e drug traffickers and 
guerrillas determine what happens
there. Yet to oppose the narcotics trade 
requires political courage. Colombia's 
struggle since the assassination of the 
leading presidential candidate in August
1989 shows the difficulty of this decision. 

Colombian President Virgillo Barco 
told the United Nations General Assem-
bly ayear earlier that "nuclear arms are 
adistant threat to Colombians compared 
to terror, crime, and drug dealers." He 
called the worldwide demand for narcot-
ics "the principal threat to democracy In 
Latin America." Without democracy, the 
chances for Latin Americans to tackle 
their o~vn environmental problems will 
diminish. 

Box 3.3 
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some of their titber, wasting atI esti inated$ 100 il - credit that was needed t) buy fertilizers and other 
lion to $250i million in colllnercially valuable wood necessary ipll)tItS to grow the )lanned tree crops,
(in). More effective government efforts to support and the absence of governinet extension services
and encourage sustainable uses of the forest-and to left unprepared settlers on their own (,;).
enforce more strictly the envirol ental laws already 
in place-are needed. Broken Dreams 

In Rondonia, however, fiscal inucentives played only 
a smnall role in the slash-and-l)utrn (lest ruction-only A large nulnlher of Atnazoi settlers fail. On average,
20 of Brazil's 631 governltnent-sti)si(ize( livestock 60 percent surrender (17) to disease, violence, crop 
projects were located in the state. Here the hulnan failure, or the temptation of (jtlick cash from selling 
pressure of settlers desperate for free land was tI,,. out. Iisease is a major l)roblein where health facilimain source of destruction. Governnlent austerity ties are rare, and, in 1987, an estinated 20 percent of 
measures had drastically reduced the ava;lable the settlers were infected with malaria (IX). Violence 

WoId RlsoUlces t990-91 

45 



3 Latin America: Resource and Environment Overview
 

is the standard way of settling rival claims, personal 
vendettas, and poLtical challenges. One victim, Fran-
cisco "Chico" Mendes, leader of the rubber tappers' 
union, brought to the world's consciousness the vio-
lent way that land-use disputes are settled in the Am-
azon region. (See Chapter 7, "Forests and 
Rangelands," Box 7.4.) The Catholic Church in Brazil 
recorded 533 assassinations over land disputes be
tween 1984 and 1988, the majority in the Amazon re
gion (,19). 

The waste of biological, fiscal, and human re
sources in the deforestation of the Amazon region 

has begun to cause national and international con-

cern. A dramatic demonstration of the extent of the
prolelncme987 whn 70,00fires were pho-
problem came in 1987, when 170,000i wredya-
tographecl from satellites, 7,600)in a single day, ac-
cording to Brazil's National Space Research Institute(IsiuoNational dle Pesqluisas Espaciais) (.l).
(Instituto the pesu of he a spoor

In diverting thle pressure of tile landless poor from 
the tropical forests, one alternative can be just as de-thatisl~usii~ ar-Anothersusistncefarmrs 
strUCtive, t tica 
ther .i) steel) slopes in the hills and mountains. 
About 25 percent of Latin America's land is found on 
hills or plateaus vulnerable to erosion and land deg-radtio,to75 ~erentotad 5 he mal fams re 
radation, and 50)to 75 percent oi the small farms are 

concentrated in these areas (51). 

Land Reform and Other Options 

To slow the rush of landless settlers to endangered 
frontiers such as the tropi,al forests will require that 
other areas be made available for farming, that 
urban job opportunities be improved, and that agri-
cultural production on existing farmland be intensi-
fied. Resolving land tenure questions is likely to be a 
necessary part of reducing not just deforestation but 
the erosion and -soildegradation that occurs when 
steel) slopes or other marginal lands are farmed with 
unsophisticated methods. In Brazil, for example, 2 
percent of the landowners control 60 percent of all 
arable land (52). In 1985. then President Jos6 Sarney 
launched an agrarian reform program. Four years 
later, he canceled the program after only 10 percent 
of the targeted land had been distributed. Out of 
about 12 million landless rural workers (53), the origi-
nal goal was to help 1.4 million families. Only 77,351 
families-5 percent of the goal-eventually received 
land (5.1). Land reform programs have been initiated 
in most Andean ,,:ountries-Chile, Peru, Ecuador, and 
Bolivia-but, over time, they have not had the im-
pact intended, and in some cases, they have been re-
versed (55). 

In Peru, agrarian reform in the 1970s led to large-
scale cooperative farms nearly all of which have 
since been broken up after internal management dis-
putes and labor problems. These problems went 
hand in hand with a severe deterioration of the econ-
omy. Facing economic problems and growing pov- 
erty, Peru also decided that the poor should be 
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offered new land in the Amazon. In 1989 the Peruvian 
legislature passed, over extensive opposition, a law 
to promote development in the Amazon region. The 
law appeared to ignore all recent experiences in the 
region, such as the Polonoroeste project, and called 
for migration from the Andes to the rainforests (56). 

DEMOCRACY
 

While most indicators of economic and social prog
ress in Latin America have not been encouraging, the 
trend toward democratic governments has been positire. Democratic governments appear to be surviving 
even the severe challenge of the drug trade. (See Box 
3.3.) With the end of military regimes and gradual
transith the e elited regime an othertransitions from one elected government to another 
in the 1980s, environmental activism in Latin Amer
cbeaeatnvoegrwglud.

ica became a tiny voice growing louder.manifestation of democracy in Latin Amer
is the proliferation of private, nonprofit envron

mental organizations in the 1980s. These 
organizations have begun to contribute in portant 
ways.aome lik e u n tc ri in or aveways. Some like Fundacion Natura in Ecuador have 

become highly professional, capable of mounting ed
ucation campaigns and running nature reserves. Oth

ers remain largely volunteer groups rallying around a 
single issue, such as a Mexican group fighting air pol
lution by organizing drivers to leave their cars at 
home one (lay a week. 

In Ecuador, Fundacion Natura spearheaded a hope
ful development-an innovative debt-for-nature 
swap that converted $10 million in foreign debt into 
local conservation bonds. In the first year alone, in
terest payments on those bonds equaled the 
government's budget for national parks (57). Similar 
swaps took place earlier in Bolivia and Costa Rica. 
The Honduran Ecological Association collaborated 
with the government in helping to manage national 
parks and has received as much as 20 percent of its 
income in government grants for this purpose. The 
Peruvian Associa ,ontor the Conservation of Nature 
establishes and operates environmental education 
programs for primary school teachers throughout 
the country (58). 

As the nongovernmental organizations have 
grown, some have decided to increase thuir strength 
by banding together. Thus, Bolivia's environmental 
groups formed a coalition, LIDEMA, League in De
fense of the Environment. A similar coalition is the 
Conser',,aion Federation of Guatemala. Cooperation 
is also spreading across national boundaries, with 
several groups forming networks to exchange infor
mation and support across Latin America, including 
REDES (the Regional Network of Nongovernmental 
Organizations for the Sustainable Development of 
Central America) a coalition of conservation and de
velopment organizations from seven Central Ameri
can countries, and a Tropical Rain Forest Network 
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being established in the countries bordering the Ama-
zon basin (59). 

A New Constituency 

Recently, these environmental groups began to be 
seen as representing a new political constituency.
Some Latin American leaders took notice. Former 
Costa Rican President Oscar Arias committed his 
government to conservation and set up a strong min-
istry of natural resources. Guatenalan President 
Vinicio Cerezo pushed for a regional commission ol 
environment as part of the Central American peace
plan. In Brazil, Fabio Feldman, a SAo Paulo lawyer 
known for his defense of cammunities affected by 
pollution, was elected to the national congress that 
wrote a new constitution. He helped create a new 
chapter on the environment in that constitution, rati-
fied in 1988. Venezuela's presidential candidates 
both made environmental statements part of their 
1988 platforms. As Chile returned to democracy in 
1989, the political parties pounded on the doors of 
environmental groups asking for proposals on how 
to deal with Santiago's smog. The two leading presi-
dential candidates appeared before an environmen-
tal conference to outline their positions on the 
pollution and resource issues. In Costa Rica, the two 
principal presidential candidates for the 1990 elec-
tions set forth environmental programs. 

Two factors are apparent in the new political activ-
ism on environmental issues. One is the importance 
of a democratic climate. When the channels of politi-
cal expression are controlled and sealed off, there is 
little debate of these issues. If there is no way to 
change laws by electing committed candidates or by
using a free press to alert citizens to problems, those 
with environmental concerns can only solicit favors 
from the governing power, without any other re-
course. 

Another characteristic of the environmer tal poli-
tics is the urban base of the most influential organiza-
tions, those closest to the government elite, 
Deforestation and soil erosion do not get so much at-
tention from the politicians as air and water pollu-
tion, unless the economic bills from rural land 
degradation turn up in the form of increased flooding 
of downstream urban areas or decreased hydroelec-
tric capacity for industry. 

Latin Americans: Concerned and Pessimistic 
A public opinion survey conducted for the United Na-
tions Environment Programme on four continents in 
1988 revealed that Latin Americans were more conc98reeledout atinAmerant moreess c
cerned about the environment and more pessimisticabout its future than the average global citizen. (See 
Chapter 1,"World Environment Outlook.") From 
those surveyed around the world, 87 percent said 
protecting the environment should be a major prior-
ity for governments-94 percent from Latin America 

insisted on this. In this region, 74 percent said the 
governments' failure to adopt effective policies was a 
major cause of environmental damage, and 85 per
cent said that nongovernmental organizations can 
play a major part in solving environmental problems.

Latin Americans-92 percent of those surveyed
thought the government should have the major re
sponsibility for environmental protection, but they 
were less willing to pay higher taxes for this pur
pose. Only 28 percent were "very willing" to accept a 
tax increase, but 84 percent would be willing to work 
two hours a week or contribute financially to environ
mental projects. The fact that Latin Americans are 
less accustomed to paying taxes and more cynical 
about the misuse of public funds might have influ
enced their preference for volunteering or support
ing nongovernmental organizations in order to 
improve the environment. Nonetheless, 85 percent
said they would choose alower standard of living
with fewer health risks than a higher standard of liv
ing with more risks, if given the alternative. 

Despite the impact of the economic crisis, it is 
clear that the fundamental causes of many of Latin 
America's environmental problems are poor plan
ning, mismanagement, and neglect of the environ
ment by both government and private industry. All 
too often, dams have been built without watershed 
protection, irrigation projects have not considered 
salinization of the soil, and environmental regula
tions have been either nonexistent or not enforced. 
Industrial plants commonly have been built and oper
ated without emission controls, as have cars and 
trucks. T~ie result has been that government policies
intended to promote growth and development have 
often had disastrous effects on the environment, 
leading to threats to human health, lost revenues, or 
greater costs at a later date (6o). In Costa Rica, for ex
ample, eroding topsoil from adeforested hillside that 
might have been protected for $5million has drasti
cally shortened the life of an expensive hydroelectric
dam (61). In the Carajas region of Brazil, dozens of pig
iron smelters depend for their economic viability on 
consuming 72,000 hectares of the surrounding forest 
each year as "free" fuel (62). 

To offset this kind of ill-conceived development
and the need for expensive cleanup efforts, it may e 
essential to improve the capacity for environmental 
planning and regiidcion in Latin American countries. 
Such efforts will require significant resources, but 
the costs of planning and prevention are likely to be 
significantly less than the cost of rehabilitation and 
restoration. 

The overview section, AHuge and Diverse Region, waswritten by Eric Rodenburg, Research Director ofWorld Resources 1990-91; the rest of the chapter was written by 
Diana Page, a specialist on Latin America and special ia
son for nongovermental organizations with the Center 
forInternational Development and Environment of the 
World Resources Institute. 
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Part III
 

4. Population and Health
 

Much of the discussion of population issues in re-
cent years has focused on falling birth and fertility 
rates. And, in fact, population growth rates- that is, 
the percentage change over time-have peaked ev-
erywhere except in Africa. In absolute terms, how-
ever, the world's population is increasing rapidly 
and will continue to do so well into the 21st Century. 

The cause of this continued rapid growth is quite 
simple: Even though the number of children born per 
woman has decreased, the number of women of 
childbearing age has increased more rapidly. This 
phenomenon-the huge bulge in numbers of youn-
ger people in the age structure of populations in 
most of the developing world-is itself a conse-
quence of past rapid growth in these populations. 
And although the details vary by country and by re-
gion, the fact of youthful populations and the virtu-
ally inevitable consequence of rapid population 
growth in coming decades will have enormous im-
pact on the need for food, water, housing, and jobs, 
and on the natural resources needed to provide 
them. 

On a national scale, the age structure of a 
country's population is crucial to development plan
ning efforts; on an international scale, the im )lica-
tions of this rapid population growth are enormous 
for regional and global environmental issues such as 
climate change. Much of the predicted population 
growth is expected to occur in urban areas, where, 

for example, use of fossil fuels for heating and for 
transport is more common than in rural areas. 

This chapter also examines two health problems
an old one and a new one. Malaria has long been a 
major cause of death and ill health in the tropical 
areas of the world. Despite partially successful ef
forts to combat this disease in recent decades, ma
laria is now on the upswing again. Attempts to 
eradicate the disease are, in consequence, giving 
way to health strategies that attempt to manage its 
human impact. 

AIDS-acquired immune deficiency syndrome-is 
still a relatively new disease, whose full impact on 
death rates, health costs, and social disruption has 
yet to be realized. Moreover, evidence shows that 
the disease is continuing to spread rapidly in many 
regions. This chapter reports on the growing pres
ence of AIDS in the Americas and particularly in Latin 
America and the Caribbean, where the disease, with
out aggressive efforts to counter its spread, may well 
become a significant health problem. 

CONDITIONS AND TRENDS 

WORLD POPULATION TRENDS 

Between 1990 and 2025, world population will in
crease by 3.2 billion people, according to projections 
of the United Nations Population Division (i). Of this 
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4 Population and Health 

growth, 3 billion will occur in the developing regions velol)ing countries or an aging population like in 
of Africa, Asia, and Latin America. The now (level- many industrial countries has different implications 
oped regions of the workd will experience population for future population growth and for social needs. 
growth of only about 166 million. (See Table 4.1.) Thus the age structure of a population and how it 

The developed regions' share of total world popula
tion has dropped continuously since 1950, when it Figure 4.1 Comparision of Population Age 
was 33 percent. By 2025, it will be only 16 percent. Profiles, More Developed Regions and Latin 
During that time, the developing regions' share will America, 1989 
increase from 67 percent in 1950 to 84 percent in 
2025. Africa's large increase in projected population A.More Developed Regions 
is the most dramatic, with its share of total world 
population increasing from 9 i)ercent in 1950 to 19 
p~ercent in 2025. 

0While population projections are not infallible and
 
forecasts have changed from time to time, particu
larly for individual countries, overal' the )rojections so
 

have provedI a remarkably reliable guide to future
 
pol)ulation growth. (See Box 4.1.) 
 60 

Historically, )opulation growth was low because so
 
most societies had both high birth rates and high 
 40 

death rates. With only a small gap between the Rum- 30
 

ber born and the number who died, pl)opulation grew 10
 
slowly. With the introduction in many developing
 
countries after World War IIof ideas and technolo
gies affecting health, sanitation, medicine, and educa- I
 
tion, death rates plummetedl quickly ii,those B.Latin America
 
countries. At the same time,birth rates remained
 
high, in accordance with traditional cultural norms,
 
values, ai attitudes (2). an
 

For the first time, thrre was a large dliscrep)ancy be
tween birth and death rates, producing the high pop
ulation growth rates that are now associated with 
 40
 

developing countries. Today, death rates are near or 30
 
at their anticipated minimum, and birth rates have 20
 
declined or are starting to decline in most countries. ,0
 
If these trends continue, population growth will even

tually return to traditional low rates sometime in the
 
21st Century-this time with births and deaths stabi-


Source: Graphics by Robert Fox, Allen Carroll, and Melvin L.Prueiltt, Populalized at low rather than] high levels o3). tion Images, Bethesda, Maryland. with data from Department of International 
But birth and death rates are far front the whole Economic and Social Affairs, United Nations, Global Estimates and Projec

tionsYork,of Population by Sex and Age. The t988 Revision (United Nations, Newstory. A very youthful population such as in most de- 989). p 10 

Table 4.1 Population Size and Projections for Major World Regions, 1950-2025 
Population (Inmillions) Percentage Share of the World 

1950 1975 1990 2000 2025 1950 1975 1987 2000 2025
 

World 2,515.3 4,079.8 5,292.2 6,251.1 8.4665 00 0 100.0 100.0 1000 100.0 

More Developed Regions 832.4 1,095.6 1.205.2 1,262.5 1,352.1 33.1 26.9 23.6 20.2 16.0 

Less Developed Regions 1,682.9 2,984.1 4,087.0 4,988.6 7,114.4 66.9 73 1 76.4 79.8 84.0 

Africa 224.1 415.1 647.5 872.2 1,581.0 8.9 10.2 11.8 14.0 18.7 
Latin America 165.4 322.7 448.1 539.7 760.4 6.6 7.9 8.4 8.6 9.0 
China 554.8 927.3 1,135.5 1,285.9 1,492.6 22.1 22.7 21.7 20.6 17.6 
Other East Asia 33.0 57.2 75.1 86.3 107.4 1 3 1.4 1.4 1.4 1.3 
Southeastern Asia 182.0 323.5 440.8 523.8 700.5 7.2 7.9 8.3 84 8.3 
Southern Asia 478.7 848.6 1,202.9 1,502.3 2,173.8 19.0 20.8 223 24.0 25.7 
Western Asia 42.4 85.2 130.8 170.4 286.5 1.7 2.1 2.4 2.7 3.4 
Oceania 2.5 4.4 6.4 7.9 12.2 0.1 0.1 0.1 0.1 0.1 

Source: United Nations Department of International Economic and Social Affairs. World Population Prospects (United Naions, New York, 1989), Part 2. Table 1,pp.
74-75 and Table 2, pp. 82-83. 

Note: Some totals may not add because of computer rounding. 
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Box 4.1 Changes in International Population Forecasts 
Global population forecasts have re- (TFRs) In many countries are proving to lion more people by the year 2025 than
mained remarkably consistent over time, be even lower than anticipated. TFRs was thought in 1986. This includes 16varying little in their population projec- represent the number of children pro- million for Bangladesh, 217 million for 
tions, despite the constant accumulation jected to be born to each woman upon India, 25 million for Irar., and 57 million
of new data and surveys. In its most re- completion of her childbearing years. for Pakistan. In all of these countries,
cnt population assessment, referred to Some countries have now dropped well fertility Is now believed to be higher than 
as the "1988 Assessment," the United Na- below replacement level fertility (2.1 had previously been projected.
tions projects a global world population children). Italy, for example, now has Another country for which revisions
of 8.467 billion by the year 2025 (1. The the world's lowest fertility rate, at 1.3. were made is China, which now shows
previous assessment-the "1986 Assess- Spain is 1.5, Greece 1.6, the United States an e_;pected 17 million more people in
ment"-had indicated aworld population 	 1.9, and Sweden 1.9 (s). 2025 than was expected in the 1986 As
of 8.206 billion in 2025. only 261 million Other countries whose populations are sessment. Although large Inabsolute
fewer people (2). projected to be smaller than had pre-	 terms, this represents only minorThis consistency at the global level, viously been thought include the Soviet changes between the Assessments in un
however, hides some dramatic changes Union, Ethiopia, Nigeria, South Africa, derlying fertility and mortality assump
in the projected population levels of indi- and Zimbabwe. In three of these coun- tions. 
vidual countries. Between the 1986 and 	 tries-Ethiopia, Nigeria, and Zimbabwe
the 1988 Assessments, 25 countries fertility rates, while still very high, have References and Notes 
showed a larger projected population been readjusted downward, producing
size of 10 percent or more for the year by 2025 significantly lower populations. I. United Nations Department of Interna
2025. Eighteen countries showed a The Soviet Union, with its already low tional Economic and Social Affairs, World
smaller projection in their 2025 popula-	 fertility rate, and South Africa, with a Population Prospects, 1988, Population
tion size of 10 percent or more. 	 moderately high fertility rate, are drop- Studies No. 106 (United Nations, New
 

ping faster than had been anticipated. York, 1988), Part i, p.28. Table 2.1.
 
DEVELOPED COUNTRIES GROW 	 2. United Nations Department of International Economic and Social Affairs, WorldSLOWLY 	 MANY DEVELOPING COUNTRIES Population Prospects: Estimates and Projec-
The developed countries, for example, GROWING FASTER tions as Assessed in 1984, Population Stud
have been forecast for some time to ies No. 98 (United Nations, New York,In contrast, anumber of developing coun- 1986), Part ii,p. 19, Table 2.

show only very small Increases in popu- tries are now projected to have consider- 3. 
 Op. cit. 1,Part ii,p.74, Table 1.

lation in the coming years. But the 1988 ably larger populations by 2025 than had 4. Op. cit. 2,Annex I,p.49, Table A-2.

Asessment shows that increase to be 44 been thought at the time of the 1986 As-
 5. Carl Haub, Population Reference Bureau,
million fewer than had been anticipated sessment. Four countries in Asia- Washington, D.C., June 1989 (personal
as little as two years ago (3) (4). This is Bangladesh, India, Iran and Pakistan- communication).
primarily because total fertility rates together are projected to have 319 mil

chan(es over tille is alsoit major factor in Ililder- voutiger ages, reflecting the fact that there are far 
standillg ,tld Iplanniit for tit' illl)il('t (f j)J)lulatioll more ipeople ill voting age groups than inl older 
(1 societv. hi jparti,',ilar. tht vtuthfl age structure groups. (See ligure . 1.)
tf the i)tlilatiol) ill Illu.CIh (if the developing world- Ifsuch a pattern is conibined with past and likely 
where large prtijpt rtit (is y(mng people have not future patterns for a given region, tihle result is a 
reitched their chilId)earing a;ici working years- three-dinleisional chart that suliniarizes both ear
nieans that the af)st lute numb11er of births and the lier pol)ulatitin events (in ternls of the net iml)act of 
total i)()ptlat il) will Colltilite to rise rapidly for the births and deaths as well as of ifigratitln) and the 
next 2!) to 30 years. if I)restnt trends continue. 	 probable directioni of future trends for each age 

group. While every country's age structure is dis
tinit, two patterns are (,ommon ar n( the globe-

Age Structure of the Population oie in the industrialized coluntries and one ill 
developingj counitries. The chart for Africa. for exal

'he age structure (f a populati)n call be defi ned as pie, shows the tilt toI ytunger age groups dharacteris
the pattern createdI whilen people are grouped by age. tic (f nlost developing region.s, )ut ill extreme form. 
so( that tht size (f each group represents the tiunher (See Figure 1.2.) Mtoreover. the youthful tilt gets 
(If peo)le in it givein age ratig ', stch as 0-5, 5-10, II- niore )rt)non-ed ill each su'('ee(illg titlt I'riotd tor 
1S. etc. The patternt is. ill 'ffect. a snaplshott tof the dis- row ill the 'hart. reflecting the c(lltilluillg a'('elerattrib~utioi! of the' 1)¢)pltionl byv i.qc' at a giveni tintie. i 	 ti )n ()f p)opullation gro wth ill Af\ric'a (mlid the prtojec(
it western industrial cintLtry. for txainph,', such a dis- titin of that acceleratit ( continui llg ill future years,
tril)utiIll for the year 1985 w(ould show it relatively its the growing numbler tof woten of childbearing age
flat Ipattt'rn. inliicating roughly equal milel)rs of per- have childrenl ). The chart can also be read ahnig tli 
solls ill ea'h age rallg, e'el)t for the verv old and other axis, marked in years. reflectinq 	the itll)er if 
for it iulge ill the 311-35 id 35- ,11age groulps. re- )eople ()f a givell age group in eacih suc'essive tine 
flectilng lthose persins Io rn iii the' potst-war )al)y period. Th, !rend ill tit' 0I-5 age group f,,! xamll,,. 
boolm. (Se' Figure .1.1. ) The, I 185 age structure for a (h(0cunlellts tilt' rising numbl)r ()f hi Ili,, i. Africa. 
deve h)ing regiii sutch ais Latin Alierica. however, Thus tlie chart illustrates four sets of relatitnshilps.
woll(I show it pattern that is sharply tilted to the (also documented i' Tabhles 1.2, ,1.3. ,1..1, and 1.5): 
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U Overall trends for the entire mix of age groups over
Figure 4.2. Africa: Population Size by Age, the 75-year period; and 
1950-2025 U The trends for each birth group, or cohort, as it 

ages, seen by following a diagonal axis (i.e., those 0-4 
Population in one interval become 5-9 in the next 5-year inter
(millions) 
 val, 10-14 in the next, and so on). 

Africa 
120

60 	 Africa represents an extreme case. Throughout the 
75-year period under review (1950-2025), the age 

40 	 composition of the African population is doninated 
by a very high proportion of youth. (See Table 4.2.) 
This results primarily from a sustained high birth 
rate combined with a rapidly falling death rate. (See 
Table 4.3.) The gap hetween the two rates-births 

Yea, ,95 40o 0 and deaths-is the rate of natural increase or, absent 

30 Age migration, population growth. InAfrica, the gap is 
20 projected to continue to widen until at least the year 

,950 02000, because the death rate is falling faster than the 
birth rate. As a result, the African poptlation in-

Source: Graphics by Robert Fox, Allen Carroll. and Melvin L Prueitt, Popula- creased at an average annual rate of 2.2 percent in 
tlion Image.,;, Bethesda, Marland, with data from Department of Interna!ional the period 1950-55, rising to 2.7 I)ercent in 1970-75 
Economic aid Social Affairs. United Nations. Global Estimates and Projec.
 
tions of Population by Sex and Age The 1988 Revision(United Nations. New and 3.0 )ercent in 1985-90. It is projected to fall only

York. 1989). p 10 	 slightly, to an average annual rate of 2.95, for 1995

200) (4). 
By the period 2020-2025. Africa is projected to

* The size of one age group relative to any other ina have reached its anticipated minimum death rate (,f
given year (the age structure of the l)opulation read seven deaths ler thousand population (declining 
along the "age" axis): seven per population ining* The increase (or decrease) in the size of each age from 27deathsdeaths perthousandthousand polpulation in 1950-55). 
group over tine read along the "year" axis; Additional moderate drops in the birth rate will thencut more deeply into the pace of population growth. 

Table 4.2 Distribution of the Population in Major Age Groups, 1950-2025 
1950 	 1975 2000 2025
 

Age Groups Age Groups Age Groups Age Groups 
0-14 15-16 65+ 0-14 15-64 65+ 0-14 15-64 65+ 0-14 15-64 65+ 

World 34 61 5 	 37 57 6 31 62 7 24 66 10 

Developed Regions 28 64 8 25 64 11 20 66 14 18 63 19 
Less Developed Regions 38 58 4 41 55 4 34 61 5 26 66 8 

Africa 42 54 4 45 52 3 44 53 3 34 62 4 
China 34 62 4 40 56 4 26 67 7 18 69 13 
Latin America 41 56 3 41 55 4 33 62 5 26 66 8 

Source: United Nations Department of International Economic and Social Affairs, WorldPopulation Prospects (United Nations, New York. 1988). Part 2, Table 17-
A,pp.200, 202. 204, 206, 218 and Table 17-13. p 326 

Table 4.3 Birth and Death Rates, 1950-2025 
(per 1,000 population) 

Birth Ratet, Death Rates 
1950-55 1970-75 1995-2000 2020-25 1950-55 1970-75 1995-2000 2021-25 

World 	 37.4 31 5 248 17.4 19.7 12.2 8.7 7.7
 

Developed Regions 22.6 16.7 13.5 11 9 10.1 9.3 9.5 10.6
 
Less Developed Regions 44.6 371 27.7 81.5 24.3 13.3 8.5 7.1
 

Africa 48.9 463 41.4 25.5 27.0 19.4 12.0 7.0 
China 43.6 30.6 180 12.6 25.0 8.7 6 C 8.2 
Latin/ 3rica 42.5 35.3 24.9 18.5 15.2 9.7 6.7 7.0 

Source: United Nations Department of International Economic and Social Affairs, World Popul:tlion Prospects (United Nations, Ilew York, 1988), Part 2, Table 6, pp.
118, 120andTable9, pp 134. 136. 
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Table 4.4 Number of Women of was 17 years in 1975, and is projected to be 17 in
 
Reproductive Age 15-49 
 2000, and 22 in 2025. 
(millhots) The More Developed Regions

1960 1975 2000 22 

World The "more developed regions," as defined by the623.8 950.6 1.569.0 2.099.7 United Nations, include the United States and Can-
Developed Regions 223.9 276.1 310.6 290.7 ada, Japan, Eut -,pe, Australia, New Zealand, and theLess Developed Regions 398.8 677.4 1,257.1 1,807.1 Soviet Union. Together, these countries share a popu-
AfrChina 134.35 205.9 2006 lation pattern that is at the opposite extreme of345.9 5.84190Africa's. (See Figure 4.3.) This pattern is character-
Latin America 39.5 74.9 141.4 193.9 ized by a much flatter and generally well-balanced 
Source: United Nations Department of International Economic and Social Al- age distribution pattern that will continue to flatten


fairs. World Population Prospects (United Nations, New York, 1988), Part 
 out over time. It reflects the trend et low and continu2. Table 17-A. pp. 200,202,206.218 and Table 17-, p. 326. ally falling birth rates and low death rates that have
Note: Some totals may not add because of computer rounding. combined to produce an older and continuously
 

aging population in the more developed countries.Table 4.5 Average Nunber of Annual Births (See Table 4.3.) The median age of these countries'
(millions) populations was 30 years in 1975, and is projected to
 

1950-55 1070-75 1995-2000 2020-25 be 36 years in2000 and 41 years in 2025 (5).

According to the projected age distribution trends


World 98.6 148.8122.4 143.9 for the more developed regions, a near 1 to 1 ratio of 
those 65 and older to those under age 15 will prevail
 

Less Developed Regions 79.1 104.5 132.0 127.8 
 by 2025, when the oldest group will comprise 19 per
cent and the youngest group 18 percent of the totalAfrica 11.6 18.2 33.6 38.5 population. (See Table 4.2.) This is evident in the rela-China 25.4 22.526.9 18.6 tively flat, even distribution of population across ageLatin America 7.5 10.7 12.9 13.7pplto
 ranges in Figure 4.3. In Africa, in contrast, the ratio of
Source: Untd Nations Department of International Economic and Social Af- those 65 and older to those under age 15 will be 1 to
fairs. Wor, Population Prospects (United Nations. New York, 1988).


Note: Some totaib may not add because of computer rounding. 8.5. (See Table 4.2.) This means that even by 2025,
 
the largest population groups will only be entering 
their childbearing years and beginning the periodYet, even after 2025, Africa's population will can- when the need for jobs and social services will be


tinue to increase rapidly, if present trends continue, greatest.

This paradox of falling birth rates alongside a 'ontin
uation in the sharp rise in the African population is a
 
direct result of the massive increase in the number
 
of women of reproductive age, many of whom are Figure 4.3 More Developed Regions,"survivors" from the earlier era of falling death rates. Population Size by Age, 1950-2025
The number of African women between the ages of
15 and 49 is projected to double between 2000 and 
2025, rising front 201 to 418 million. Thus, the trend Popuiation
 
of a redoubling of those in this age group will con- (mlons)
 

tinue, as it has doubled every 25 years since 1950.
 
(See Table 4.4.)


Accordingly, although the birth rate in Africa will 
fall, the absolute number of births is expected to 
rise. (See Table 4.5.) Each woman, inother words, 
will have fewer children on average, but there will be 
many more women aged 15 to 49 who will have chil- 2025 

dren.
 
Some 34 million births annually are projected for 

Africa by the year 2000, compared with 18 million in yea, 0 

1975 and 11 million in 1950. (See Table 4.5.) Because 20 
of the demographic momentum already built into the 0 
age structure, this number is projected to continue Gto rise to about 38 million births annually by 2025.to 4.2 shows the resulting disproportionately Source: Graphics by Robert Foy, Allen Carroll, and Melvin L.Prueitt, Popula-Fifure 4tion Images, Bethesda, Maryland, with data from Department of International
large size of Africa's young population for the years Economic and Social Affairs, United Nations, Global Estimates and Projections of Population by Sex and Age: The 1988 Revision (United Nations, Newahead. The median age of Africa's population (that York, 1989), p. 6.is, the point at which half is above and half is below) 
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Figure 4.4 Latin America: Population Size by 
Age, 1950-2025 
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Source: Graphics by Robert Fox, Allen Carroll. and Melvin L Prueitt. Popula-
tion Inmdges. Bethesda. Maryland. with data from Department of International 
Economic and Social Affairs, United Nations. Global Estimates and Projec- 
tions of Population by Sex and Age. The 1988 Revision (United Nations, New 

York. 1989), p.22. 

Latin America 

The age distribution )attern in Latin America for the 
period 1950 to 1975 is similar to that of Africa, al-
though less extreme. (See Figure 4.4.) The l)ol)ulation 
under age 15 represented a very high share of the 
total (41 )ercent in both 1950 and 1975), and climbed 
rapidly from 67 to 133 million during that time. (See 
Table 4.2.) As in Africa a quarter century later, the 
sharp increase is attributable to high fertility rates 
and rapidly falling mortality rates. 

Since the early 1980s, fertility rates-that is, the 
number of )irths per woman-have fallen more 
sharply than earlier anticipated. But because there is 
continuously a large number of young women just en-
tering their childbearing years, there will continue to 
be significant-if slowing-increases in population 
for some time to come. (See Table 4.1.) Between 1950 
and 1975. the region had tile world's highest popula-
tioni growth rate, increasing at an average annual 
rate of 2.7 percent in the period 1950-55, rising to 2.8 
l)ercent in the period 1960-65, before falling slightly 

to a 2.5 percent in 1970-75 (;). 
This average, however, disguises sharp variations 

among the more than 25 nations of the region-varia
tions that are now narrowing. Argentina and Mexico 
are at the extremes among the major countries. 
Argentina's p)opulation increased moderately, at 1.5 
percent per year (luring 1965-70. while Mexico's pop-
ulation increased at an average annual rate of 3.3 per-
cent (equaling the highest in the region) (luring that 
time. Since then, Argentina's population growth rate 

has dropped to 1.3 percent in i985-90, and Mexico's 

to 2.2 )ercent (7). 

After 1975, Latin America as a whole began to expe-
rience a marked decline in its pace of population
growth. The 1985-90 rate of 2.1 percent per year is 
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i)rojected to fall to 1.6 percent by 2000-05 and to 1.1 
percent by 2020-25. Figure 4.4 shows the leveling out 
of the increases in the youngest age groups. 

After the year 2000, the growth momentum will
begin to drain out of the system. As the population 

under age 15 begins to approach stability in Latin 
America, the adult population claims larger and 
larger shares of the total. By 2025, those under age 
15 will comprise only 26 )ercent of the total popula
tion. (See Table 4.2.) 

A close examination of the data shows that this ten
dency actually began to develop during 1970-75 and 
will persist through 2025 and beyond. The popula
tion between the ages of 15 and 64, which repre

sented 55 percent of the Latin American total in 1975,
will rise to 62 l)ercent in 2000 and t) 66 )ercent in 
2025. (See Table 4.2.) On the one hand, this means 
that there will be far fewer dependents per worker in 
the labor force. On tile other hand, there will be 
sharp increases in the number of people seeking em
i)loyment in already crowded labor markets. 

China 

Excepting China, Asia resembles tile Latin American 
patterns. China, however, rel)resents a unique age 
distribution pattern. (See Figure 4.5.) This pattern is 
characterized by enormous change both in births 
and deaths in a short time-first in the form of ex
tremely rapid declines in mortality, followed immedi
ately by the forced implementation of a policy that 
allowed only one child per Couple. 

Historically, such abrupt changes have only been 
found in countries that suffered major trauma 
through disease, warfare or famine. Such events, 
however, have been one-time occurrences that left 
relatively little im)act on )opulation size over the 

Figure 4.5 China: Population Size by Age, 
1950-2025 
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Source: Graphics by Robert Fox. Allen Carroll, and Melvin L. Prueitl. Popula

tion Images, Bethesda, Maryland. with data from Department of International 
Economic and Social Affairs, United Nations. Global Estimates and Projec
tlions of Population by Sex andAge. The 1988 RevisionUnited Nations, New 
York. 1989), p. 130. 
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long term. China's abrupt declines in )irth and death lationsLip among generations could bring about radi
rates, in contrast, resulted from deliberate policy de- cal chaige in Chinese social, economic, cultural and 
cisions to bring births and deaths intc balance in a political systems.
short period of time, and have had significant conse- E The r( duction in tile proportion of Chinese children 
quences for the age structure of the population. to total population in coming 3 .ars means that a proportionately larger segment of ile population will beMoreover, because China alone consitutes one ur'- in the productive years (see Table 4.2), thus lower
ter of the world's population, its uniqu( pattern r.&- ing the dependency ratio, that is, the ratio of those
 
its special attention. between 15 and 64 to those either under 15 or over


China's initially high birth rate in the period 1950-
 64 years of age. Sixty-nine percent of the Chinese pop
55 (44 per thousand population) dropped moder- ulation will be in their productive years and in need
ately to 31 by 1970-75. l)uring that period, its death of jobs by 2025, compared with only 56 percent in 
rate experienced a radical drop-falling sharply from 1975. 
25 to 9 (see Table 4.3)-and the rate of natural in
crease rose from 1.9 to 2.2 percent between 195(0 and Age Structures in the World Context 
1975. 

As in many developing countries, high mortality in For some regions, including the more developed
China in the years 1950 to 1975 was concentratec' in countries and the African continent, age patterns will
the 0-4 year age bracket. Wi .aajor improvements continue in today's directions for some time. The Chiin health, sanitation, education and medical condi- nese age distribution pattern shown in Figure 4.5,

tions, child mortality levels plummeted from 266 per 
 however, i: new to the world's demographic experi
thousand live births in the period 1950-55 to 83 in ence. It is evidence that deliberate policy can alter a
1970-75 (8). The patterns in Figure 4.5 reflect the country's demographic future. And while the Chi
large number of children born in the 1950-75 period nese pattern is still an anomaly on the global scene,
(see also Table 4.5), along with their increased proba- it may also start to emerge in modified form in other
bilities of surviving. developing countries, including Mexico, where family

Thday, those who were born between 1965 and planning targets ittd programs are making strong

1970-some 132 million-comprise the single largest headway.

population group in China. The slightly smaller 
 From another perspective, however, the entire 
group of 12t; million that were born between 1970 post-1945 Third World "population explosion" typi
and 1975 is the next largest group. Together, these fied by the Africa model is also a demographic anom
two groteps-now ages 15 to 24-comprise 22 per- aly. The initial explosion came about through the 
cent, or nearly one quarter, of the total Chinese popu- combination of continued high birth rates and an ex
lation (!). These two groups can b2 seen as the high tremely rapid and sharp first-time drop in death
 
"wall" extending diagonally acros! Figure 4.5. 
 rates, resulting in sudd2nly large populations of children.

With the initiation of the "one child" population For most of the world, the "inflection point"-that
policy in the late 1970s, numerous and profound is, the point at which the rate of population growth
changes to the Chinese age structure occurred that begius to decline-has been reached. But it will take 
are clearly seen in the chart. Several are )articularly generations before birth and death rates are brought
noteworthy: back into equilibrium- this time at low birth and
N The number of children in the next birth group- low death rates. As this occurs, societies will experi
those born between 1975 and 1980-fell dramatically ence dramatic shifts in age structure. 
to 98 million. Moreover, the number of births in the More attention is needed to the implications of ageperiod from 1980 to 1985 continued to stay near this structure within populations for resource and envilevel. Since then, however, the number of births has ro;,:niental management and for economic and socialrisen slightly and is projected to rise still further, as development. For too long, the fous has been on
the "one child" policy and bans on ea'ly marriage
have been relaxed somewhat, particularly in rural population growth rates, with an implicit assumption 
areas, and as the large number of women born in the that, if these fell, the population "problem" would be 
earlier population boom reach childbearing age resolved. When the United Nations announced in the0 The population groups currently (in 1990) in .':e age late 1970s, for example, that the world's annual popugroups 15 to 19 and 20 to 24 will remain the largest lation growth rate had reached its high point and 
segment of the population throughout the period was starting to diminish, press reports interpreted
ending in 2025. this to mean that the "explosion" phase was over. InE The "aging" of the Chinese population is projected to terms of absolute numbers, however, earlier United 
produce a situation by 2025 in which those 65 years Nations population projections for the year 2000and over (194 million) will be closing in on the popu- were unaltered-both then and now. They have relation under age 15 (272 million) at a ratio of 1 to 1.4. mained consistent since the early 1960s. In 1963, the
This is in marked contrast to earlier times when
there were many more children; the ratio of over 64 United Nations projected a global population total of 
to those under 15 was 1 to 7.5 in 1950, and is 1 to 4.5 6.13 billion in the year 2000 (to). In 1988, the projec
in 1990. (See Table 4.2.) in a society that has tradi- tion for the year 2000 is 6.25 billion. Thus populationtionally venerated old age precisely because it was growth at the global level cont.nues on the same 
so rarely attained, this kind of shift in the numeric re- track as before. 
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Today, however, planners and develooment offi- 
cials need a more sophisticated appreciation of the 
implications of population growth of this magnitude. 
The consequences of rapid population growth can 
no longer be perceived only in terms of the prospect 
of food shortages and the shortages of land available 
for agriculture. Since much of the growth-particu-
larly in Latin America and to a lessei extent in Asia-
is projected to occur in urban areas, it will mean the 
continued development of megacities and the need 
to manage the particular development problems as-
sociated with urban concentrations. The maturing of 
youthful pol)ulations will mean massive growth of 
the labor force and the need for jobs-again, particu-
!arly in urban areas. In economies heavily dependent 
upon the exploitation of natural resources, rapid pop-
ulation growth means growing pressure for rapid ex-
ploitation of those resources in unsustainable 
ways-and consequent damage to forests, soils, and 
other resources. And even with more careful develop-
nient, economic growth rapid enough to absorb and 
fulfill the basic needs of the projected numbers of 
the world's people will require significant increases 
in energy and basic materials flows. Continued rapid 
pol)ulation growth means rising pollution pressure 
on rivers anl estuaries an(l the potential for worsen-
ing air quality in urban areas. In addition to local and 
regional pollution, population growth is likely to 
mean greater worldwide emissions of greenhouse 
gases capable of altering the global climate. Chang-
ing age distributions within populations may also dis-
rupt social and cultural patterns and alter health 
care needs. 

The projected growth of the world's l)opulation is 
thus likely to be a major force affecting virtually 
every aspect of human and social development, natu-
ral resource and environmental management, and 
economic progress, particularly in the developing 
world, over the next half century. 

FOCUS ON A MAJOR KILLER: MALARIA 

Around the world, there has been a resurgence of ma-
laria since the early 1970s when the disease was 
nearly beaten. Every year it is estimated that some 
100 million people contract the disease. Despite mas-
sive efforts in the i950s and 1960s to eradicate it, ma-
laria today, according to the World Health 
Organization, "remains a major public health prob- , 

lem and continues to be an obstacle to development" 
(i i). The actual number of reported cases worldwide 
is about 10 million per year, but it is widely recog-
nized that underreporting and poor surveillance are 
)revalent in many of the countries most affected (12' 

Approximately 80 percent of reportedl cases worl(l-
wide occur in Africa south of the Sahara, where the 
prevalence of infection is often over 50 percent (3). 
Among young children, it can approach 100 percent 
(1,). Over 90 percent of the people living in sub-
Saharan Africa live in malarious areas (15). This coin-
bination of factors means that ther2 is high infant 
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and childhood mortality, but those who survive 
childhood often acquire immunity against the most 
severe manifestations of the infection. 

In central and southeast Asia, over 96 percent of 
the population is exposed to malarial risks. In almost 
all countries in this region, the drug chloroquine is 
used to treat malarial fevers, with the result that the 
most prevalent strain of malaria w.rasite today, tile 
deadly P. falciparum, is increasingly chloroquine-re
sistant (16i). 

Latin America enjoyed perhaps the greatest suc
cess in its antimalaria efforts in the 1950s and 1960s. 
By 1970, deaths from malaria had all but disappeared 
in most Latin American countries. Today, however, 
at least 17 countries are again seriously affected by 
malaria; it is estimated that in 1984, some 2.1 million 
people in the region were affected by the disease 
(17). 

Malaria is caused by one or more of four species of 
the parasite of the genus Plasmodium, with P. 
falciparin being both the most deadly and the most 
common in tropical areas. Other species are P. vivax, 
which has the broadest range: t ovale, found almost 
entirely in Africa; and P. inalariae, present where P. 
falciparumoccurs, but less prevalent (18). 

Malarial infections most commonly begin with mos
quito bites, although transfusions of infected blood 
and shared needles can also be responsible. When a 
female mosquito injects infective forms of the Plasmo
dium parasite (or "sporozoites") into the human 
body, they find their way to the liver. There they mul
tiply into tJiousands of new forms of Plasmodium (or 
"merozoites"), although some 1 vivax and P. ovale 
sl)orozoites may remain dormant for up to three 
years. Once the liver-based, or hepatic, parasites ma. 
ture (in six to 16 clays, depending on the species), 
they enter the bloodstream and invade the red L' 
cells, where they relproduce asexually. This cyc. 
peats itself until immunity develops, treatment is 
given, or the victim (lies. If immunity or treatment is 
not complete, relapses may occur (19). 

Some merozoites, instead of reproducing asexu

ally, differe~itiate into male and female sex "gameto
cytes," which can be picked up by the next mosquita 
to bite. It then takes 8-35 clays, depending on the spe
cies and the climate, to produce slorozoites in the 
mosquito's salivary glands. As the insect Iites more 
people, new rounds of infection start (21). 

_,pidemiologic Factors 

Five major epirlemiologic factors contribute to the 
transmission Af malaria: human immunity (or the 
lack thereof), the habits and biology of the vector 
mosquitoes, environmental conditions, climate, and 
the presence of high-risk groups. 

I.,amunity 

Where malaria is endemic, particularly in tropical Af
rica, people can acqul e immunity to malaria either 
in utero or in a series of infections. Very young chil



dren frequently have passive immunity acquired in 
utero from infected mothers. After this initial period 
of immunity Passes, children gradually build up their 
own antibodies, provided they do not die from their 
first attacks from the malaria parasite. As they 
acquire immunity, they are less vulnerable to subse-
quent attacks. In areas where a large portion of the 
population has built up immunity in this way, 
malaria will remain endemic, but is not likely to be-
come epidemic, until there is a change in the balance 
between the human and the mosquito population 
(21). 

There are also genetic factors in some populations 
that either prevent them from getting malaria or 
alter the severity of the infection. Perhaps the best 
known, but not the only, example is the presence of 
the sickle-cell gene in African populations. The pres
ence of a pair of sickle-cell genes causes sickle-cell 
anemia, in itself highly dangerous and deadly. But 
the presence of just a single sickle-cell gene provides 
immunity against the P. falciparum parasite. Al-
though the parasite still reaches the bloodstream, 
the sickle hemoglobin does not provide adequate nu-
trients to the parasite, causing individuals with this 
trait to have !ess severe malarial disease or to be 
asymptomatic. As many as 20 to 30 percent of Afri-
cans have this genetic protection. 

The Vector Mosquito 

A number of factors affect the ability of mosquitoes 

to carry the malaria infection. Mosquitoes vary in 

their ability to support all stages of the development 

of the parasite and thus in their ability to inoculate 

sporozoites into new victims. Long-lived mosquitoes 
are the best vectors, whereas not even one genera-
tion of sporozoite can develop in mosquitoes that 
survive less than 10 days. Mosquitoes also differ in 
their preference for feeding and resting inside 
houses (22). 

The extent to which malaria is endemic in an area 
is largely determined by the habits and longevity of 
the vector mosquitoes and the species of malaria. 
For example, in warm, humid climates, where mos-
quitoes have a long life (four weeks or more) and 
feed by choice on humans, malaria is likely to be en-
demic. Under these circumstances, a small number 
of mosquitoes continually reinfects the human popu-
lation, ensuring that immunity against at least the 
most severe forms of malaria is gradually built up 
(23). 

Even in endemic areas, however, periodic epidem-
ics may occur, usually because of such factors as a 
temporarily improved opportunity for vectors to 
transmit the disease (for example, because of in-
creased breeding sites or the removal of cattle, caus-
ing mosquitoes to increase feeding on humans); the 
introduction of a different and highly efficient vector; 
the arrival of a large group of infected people; or an 
influx of nonimmune -,ople. 
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Environmental Conditions 

Environmental factors contributing to the spread of 
malaria include the location of human settlements
 
near mosquito breeding sites, overcrowding and un
sanitary living conditions, and housing construction
 
that facilitates mosquito entry. Additionally, failure
 
to remove collections of fresh water in and around
 
the home can foster spread of the disease, as does
 
the digging of pits for construction of houses or
 
roads, as these soon fill with pools of water that
 
breed mosquitoes. At the same time, the proximity

of nonhuman feeding sources for mosquitoes (for ex
ample, cattle) can aid in reducing the spread.
 

Climate 

Temperature, humidity, and rainfall play an essential
 
part in the ability of the mosquito to develop and
 
transmit malarial infection. Temperatures between
 
20C and 30C and humidity in excess of 60 percent
 
are optimal, allowing the mosquito to survive long
 
enough to transmit infection to several people. Un
less rain is excessive enough to flush out the mos
quito larvae, it, too, contributes to further spread, by
 
creating more pools of water in which the mosqui
toes will breed (24).
 

The Presence of High-Risk Groups 
High-risk groups are those with no previous expo
sure, and therefore no immunity, to malaria. These in
clude young children, immigrants, travelers, and
 
expatriates. When there is a large influx of nonin
mune people into a previously endemic area, full
blown epidemics can occur quickly.
 

In the Amazon, where malaria has been endemic
 
for centuries, there has been a virtual explosion of
 
malaria-from 51,000 reported cases in ;970 to 1 mil
lion expected cases in 1990. Annual deaths are esti
mated at 5,000. The onset of the epidemic follows the
 
opening up of roads into the western Amazon state
 
of Rondonia, which has drawn large numbers of land
less migrants from the cooler parts of southern Bra
zil, where there is no malaria and therefore no
 
resistance to the disease (25).
 

Where malaria is endemic, there is also heightened 
risk to pregnant women and their unborn children 
(26). It is less certain what the impact is on pregnancy 
in areas where malaria is endemic and adult women 
have acquired sigaificant immunity. Placental ma
laria is estimated to occur among 20-34 percent of 
the women living in tropical Africa. Studies have 
found that the mean birth weight of a child drops 
with the presence of placental malaria, but have yet 
to determine a correlation with spontaneous abor
tion or stillbirth. No relationship has been estab
lished with maternal morbidity (27). The infant is 
unlikely to acquire a malaria infection from the 
mother, and in fact during the first weeks of life, en
joys the protection offered by antibodies acquired 
transplacentally. 
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Box 4.2 The Africa Child Survival Initiative-Combatting Childhood Communicable Diseases 

The Africa Child Survival Initiative-Com- CCCD researchers have found that many still unresolved Issues related to 
batting Childhood Communicable Dis- where malaria reinfection is likely to malaria. This approach has enjoyed 
eases (CCCD)-is amajor interihational occur after treatment, it is not necessary some significant early successes. In 
effort to reduce childhood mortality due 
to malaria, diarrhea, and vaccine-p. 
ventable diseases. The program Is 
funded by the U.S. Agency for Interna-
tional Development and implemented by
the U.S. Centers for Disease Control. 
Started in 1982, Itwas by 1988 operating
in 13 sub-Saharan African countries, 
with a total population of 170 million, of 

to eliminate parasites completely in 
order to reduce malaria morbidity. For 
this reason, CCCD efforts have concen-
trated on Improving malaria diagnosis 
and therapy as an initial step Indevelop-
Ing efiective and locally appropriate de-
livery systems for antimalarial drugs.

In 1988, 11 of the CCCD countries had 
malaria control units and national plans. 

Togo, for example, unnecessary quinine 
Injections as a front-line treatment for al 
fever episodes in children went from 56 
percent at the outset of the program to 7 
percent In 1987, after widespread dis
semination of the results of operational 
research that showed that asingle dose 
of chloroquine was very effective in elimi
nating malarial Infection (2). 

which 12 have endemic malaria. 
With respect to malarla, CCCD strate-

In 1982, when the CCCD project began, 
only four of these countries had such References and Notes 

gies include ensuring prompt, effactive units-all concerned primarily with vec
treatment for high-risk groups; encourag-
ing prophylactic drug u.,e for pregnant 
women; monitoring treatment and pre-
vention practices as well as patterns of 
illness and death; and dcveloping na-

tor control Issues. Since then, the CCCD 
units have concentrated on 1)dissemi-
nating information on malaria, 2) training 
health workers in the diagnosis, treat-
ment and prevention of malaria, and 3) 

1. J.G. Breman and C.C. Campbell, "Combat
ting Severe Malaria InAfrican Children," 
Bulletin of the World Health Organization, 
Vol. 66, No. 5(1988), p.612. 

2. Ibid., p.618. 
tional malaria control strategies (i). conducting operational research on the 

In sub-Saharan Africa an estimated 100,000 chil- The resurgence of malaria has been most pro
dren under the age of one and 575,000 between one nounced in areas where the introduction of wide
and four years of age (lie annually from nialaria (28). scale antimalaria tactics precede the development 

of a primary health care system. mong other prob-

Controlling the Disease lems, this led to uncontrolled av; 'ability and unmon
itored consumption of antimalai. , drugs, which 

Malaria control has been an important priority both resulted in overuse or, altern1: ly, insufficient 
for the countries afflicted and the international com- doses that relieved symptoms but gradually in
munity since the 1950s. Early efforts concentrated on creased parasite resistance (:33). P. falciparum devel
malaria eradication. It was assumed that active inler- oped a resistance to chloroquinine, which is the 
vention to control or interrupt malaria transmission drug of choice because it is inexpensive, readily avail
in large areas on a sustained basis would eventually able, easy to use, and has few side effects. This resis
completely eliminate the disease." .ie 1950s and tance was first observed in Thailand in the 1950s, 
1960s saw war declared on malaria worldwide, with showed up in Keiya in 1978, and is now widespread. 
scientists and policyniakers optimistic about their Additionally, the massive use of insecticides for ag
chances of eradicating the killer infection. The two- ricultural purposes affected mosqluitoes at all stages 
pronged strategy consisted of spraying infected mos- of their lie cycle and caused some 60 species to be
quitoes and to destroy malarial parasites in human come resistant to DDT, as well as other insecticides 

lloodstreams using antimalarial dr-gs. (34). Moreover, the cost of insecticides has increased 
Initially, the effort seemed promising. Significant greatly, and there is a growing understanding of their 

progress was achieved in some areas of the world, es- toxicity to humans and to the environment. A re!ated 
pecially in Latin America and some parts of Asia. By problem is that mosquitoes developing resistance to 
1970, in most countries of Latin America, deaths insecticidc.s change breeding sites and feeding hab
from malaria had all but disappeared. Over time, its, sometimes contributing to a new epidemic out
however, this strategy became increasingly less effec- break. 
tiv. Inadequate financial and human resources led Social and economic conditions prevalent in most 
to a relaxation of surveillance. and the prolonged ap- developing countries also had a major impact on the 
plication of the strategy led to vector resistance to in- continued spread and virulence of malaria (35). These 
secticides and parasite resistance to drugs (29). This include: 
resulted in increased transmission of malaria after U Population growth and civil instability causing 
an initial downswing, with a peak of approxinmately movement of nonimmune people to infected areas,
20 million cases reported in 1976, finally stabilizing and infected people to previously malaria-free areas;at a9out 10 millioa in 1984 (bm). and 

atabothe10 l 1984 s Increases in uncontrolled breeding sites due toinalt nizatn e 
Today, the World Health ()rgauization estimates a) intensive agricultural deveiopment requiring irri

that there are some 100 million clinical cases of ma- gation or flooding, b) more industrial, hydroelectric 
laria in the world each year (:11). Estimates by a Swiss and communications projects requiring or resulting 
researcher suggest that in 1986 the number in fact in impoundment of water, and c) changes in ecosys
may have been as high as 489 million clinical cases of tems caused by widespread deforestation, soil ero
malaria (32). sion and flooding. 
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Box 4.3 A Comnmunity Effort to Control Malaria 
An Indian village Inthe malaria belt has pots, which were used In homes to soak trol mosquito-breeding and paper-maksucceeded in controlling malaria with a coconut husks for production of coir Ing turned out to be profitable for the vii
community action program that does not ropes; about 600 pits dug Jong the lage (5).use pesticides or high technology, coast that irrigated casuarina trees, the Malaria Inthe village was mainlyBefore the program began thrc! years village's source of firewood; and large ex- spread by atype of mosquito, Anophelesago, oae of every four people had ma- panses of lagoons infested with aquatic subpictus,that normally bites cattle
lara in Pudt.kupam, in Indian fishing algae that mosquitoes used to lay their rather than people. Center officialsvillage on India's east coast about 15 kilo-

ar
eggs (3). ranged loans for the village to expand itsmeters south of Pondicherry. Malaria The community replaced the earthen cattle herd, so mosquitoes would feed was common In the area despite years of pots with asingle large shallow pit for more on cattle rather than on people (6).spraying with DDT (i). soaking coconut husks; to prevent egg- So far, the results have been very im-The Vector Control Research Center in laying by mosquitoes, the pit was coy- pressive: by ear'y 1989, the village hadPondicherry, part of the Indian Council ered with a lid made of palm leaves. To not had a single malaria case for three

of Medical Research, selected control egg-laying in the casuarina pits, years (7).

Pudukkuppam and three other villages the center persuaded villages to Intro
to test the idea that malaria-carrying duce larvae-eating fish, Gambusia affinis. References and Notes
 
mosquitoes could be eliminated through Fish also were successfully introduced 
a community participation project that into the ponds used to irrigate rice pad- I. K.S. Jayaraman, "Profiting froinMalariafocused on closing mo.-quito-breeding dies; income from the sale of mature fish tuntrol," Panoscope No. 12 (May 1989),sites or preventing the development of was used for clearing weeds from the pp. 3-4.
mosquito larvae. To get the villagers in- ponds (4). 2. Ibid., p. 1.
terested in the program, center officials Larvae-eating fish were not the answer 3. Ibid.
 
first spent about ayear solving some of" in tl~e lagoons, because the algae shel- 4. Ibid.. p.5.
5. Ibid.

the village's ;'-asic problems, such as the tered the larvae. Center scientists did 6. Ibid.

prc;vision of a borewell for drinking find, however, that the algae, when 7. Ibid., pp. 3,5.

water (L). 
 mixed with cotton waste, could be made
 

The village had several sources of mos- into writing paper. Regular clearing of
 
quito breeding: water-filled earthen the algae from the lagoons helped con-

Tie strategy a(ho)tI by the twenty-secot,d World adld 4) (lestroying the malaria! parasite using cheno-
Health .,\ss(,Il)ly ill1969 proposed the following pre- therapy aid, in the future,vaccines (3s).
requisites for successful malaria efforts: (3h)
N There 1uist be itlong-term governmental commlit- On the Horizon: Malaria Vaccines 
sCInt SUpl~prtin11 altimalarial activities;


E Malaria control mllUSt be all integral lv'rt of the Malaria vaccinies are illvaryinig stages of develop
couiitry's health l)rograi: tietit rangitig frotii aialysis of cheical Iliaketij) to0 Tliere nuist be evidence that the target objectives cloning to chemical synthesis. These vaccines are
 are feasible andi)ractical: just begilning to be tested but are still iiany years


S'There In List )eext etsive (ommn unity Participatioll; away frolm use. 
ali a 
N 

Tliree vaccine strategies are beilg I)ursued,. eacihMalaria contr)l intlst be all integral part of other iilhniekiig oinelevel)lfiit progranis (for example. irrigation. 
or allot her fornn of tile parasite by

(Iraiiage, higihways, hydroelectric development ).  stimulating prote'tiv,, iiutin respoiises at sJ)ecifi'
Todav, however, the WHO acknowledges that eradi- stages inthe parasite's developient. Each type of 

cation (f iialaria is ni feasible ill many countries vaccine will work at only one cif Ilh' stages.
aiid tiiauiv areas. (Eradication reniaiis, of course, the The first type (If vaccine col)ies tile essential parts
long-ratige goal.) In 198,5. the WHO Exper: ,iommittee of the splorozoite. It prevents spor zoites from reach
ol Malaria prolpose(l two contrastiing alpl)proaches to iig the liver and establishing t hetselves in tile host. 
iialaria ciitr(l (7): thereby iiiducig sterile iiiiiititv. In(Itlher words, as 
* A modest strategy of coi'liceitratiig oin im)rovifig parasitetiiia does 1ot Occur, 11o cliiiihal iIlIess will 
local healti services (see Box 4.2), eiierge and tile itli tUllized persii ('iiilnl h mger iti-
E An active strategy to)contr lan(! reduce transmnis- fect nIOS(Uito(es. Uiifo(rtuately, that persoti will (oIn
sion of tile disease. tinue to be SulSCItibleh tiltraisinissioni it laier
Four tiaini kinids (If nieasures are used iI coiitrol stages of the para:;ite developiiieit (filr exatijinle by,malaria to(lay. (See lIix 4.3.) 'Ilieseare: I)reducing receiving a transfusiori of infect eh blood).

Cotiltac I)etweeii l)( Ip)le afid lllSlLiitoes (e.g.. The sec(in (ltype (If vacci iie colies the iiiore lit ier
tir(oghi the use (If beliiets and cloils, )rotective ouS milerozoites aid stiltulats the il1i11it11ieV system
cithillg, and bUildilng houses away lrotii breediig to intercelit theul )ef(re they infect the redI blood
areas); 2) cluitrolliig tos(quito breedingj (e.g., cells. Tiis redticis iiiirbidity aid ilortahlity. wiliLut 
throiugh (Iraifliiig swaiips. trailiilig strcais, ap)llyilig necessarily ili(hi(ii, 'tei he ihiiiiniii 'l..' 1',illiliU
chenical larvicides oil ('ertailn water Si.rfa(es, 'ulti- 'lized persoii retia; iS susceItilble ttifirst-stage SI;.)ro
vatinig larvivi(ri ius fish, atid clearing vegetationl): 3) zi)it e infectiii atwi therefore is capable (If iiift(itill
destroying adult finlsquitoes thrugh sl)ra.yiig itite- il(s(lt!it "e. is iniI)espite this drawback. the vaccin 
rior walls and otlier areas every three to six iintlis; p)(lrtait foir yilUll.lg children livittg in ediieic areas be
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Figure 4.6 AIDS Cases In the Americas, 
1986-88 
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Source: Natioral Program Support-AIDS Program, "AIDS Surveillance 
in the Americas' (Pan American Healtn Organization, Washington, D.C.,
1989). 

cause it can raise their immunity enough to make a 
serious malaria-related illness unlikely. Any reinfec-
tion would only boost the vaccia,,--induced immunity. 

'?he third type of vaccine, the so-called transmis-
sion-blocking vaccine, copies the gametocytes, stimu-
lating an immune reaction against them. Serum 
antibodies block fertilization of females by male ga-
metes in the mosquito (39), thus interrupting the dc-
velopment of the parasite within the mosquito and 
preventing further transmission. 

Over the years, malaria control methodology has 
shifted emphasis from eradication, which proved im.. 
possible, to control and abatement. Financial and 
human resources are increasingly allocated to the im-
provement of immunity in the human host, and only 
secondarily to controlling the vector or the parasite. 
But however promising, vaccines are not a cure-all. 
They are likely to be costly and require more than a 
single inoculation. The poorest countries currently 
spend less than $2 per citizen on public health, and 
with the population in the developing countries ex-
pected to increase by 1.2 billion betweu now and 
the year 2000, this ratio can only worsen. 

Even ifunlimited funds were available, vaccine cov-
erage for the P. falciparurn parasite would need to be 
99 percent by age three to six months for transmi 
sion to cease, an unattainable goal at present (40). In 
addition, the vaccine would change the pattern of im-
munity in a specific age group. Once the effect of the 
infantile vaccine wore )ff, that group might be sub-
ject to an epidemic (41). 

While vaccines represent an exciting new opportu-
nity for malaria control and management, they will 
be most effective when combined with other inter-
ventions. Both now and over the long term, a multi- 
prong approach attacking all links in the malaria 
chain is required. 
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AIDS IN THE AMERICAS 

The worldwide AIDS epidemic continues to take a 
major toll in human lives and a significant claim on 
health care resources. As of December 1989, morethan 198,000 cases had been reported worldwide, 
with 66 percent oi these occurring in the Americas. 

Although the great majority of AIDS cases occur
ring in the Western Hemisphere continues to be re
ported by the United States, the epidemic is 
increasingly affecting Latin A:.' rica and the Carib
bean as well. The number of reported cases, and a re
view of the limited existing published scientific 
reports, suggest that: 
* The number of AIDS cases in Latin America and the 
Caribbean is increasing rapidly, 
* 	The Caribbean area has relatively high rates of infec. 

with the AIDS virus, and 
• The pattern of cases in much of the region may be 
shifting from known risk groups such as homosexual 
and bisexual males to a growing number of cases oc
curring in women and children. 

AIDS in these areas is concentrated in cities, and 
transmission is primarily through sexual contact. 

Throughout the Americas, the number of AIDS 
cases is increasing. As Figure 4.6 shows, the increase 
in reported rates was iiost dramatic between 1986 
and 	1987, and appears to have leveled off slightly in 
the past year. However, this apparent leveling off is 
probably due to a delays in reporting. 

The illness AIDS is caused by infection with the 
HIV virus (42) and is characterized by a long latency 
between infection and the clinical onset of illness. Re
cent information suggests tha on average this pe
riod is between seven and eight years (43). Thus the 
cases being diagnosed now could be the result of 
viral transmission through sexual contact or use of 
infected blood or blood products that took place up 
to a decade ago. 

This kind of case reporting is important for main
taining public awarene.s of AIDS and allowing some 
planning for the care of AIDS patients. Rut it does not 
provide good information for targeting public health 
programs for the prevention of AIDS. For this reason, 
international emphasis is shifting gradually from the 
mere reporting of new cases of AIDS to gathering in
formation about the likely incidence of AIDS through 
antibody testing of selected populations, known as 
serologic surveillance. Exactly which populations are 
tested varies from country to country, depending on 
which populations are thought to be most at risk. As 
access to the technology of screening tests increases 
even in relatively poor countries, serologic surveil
lance will eventually become the major system for 
tracking the epidcnic. 

In the meantinme, the World Health Organization 
and ts regional affiliates continue to gather data and 
report on new AIDS cases on a regular basis. The 
number of cases being reported in the Caribbean sug
gests that the level of infection in this area is ap
proaching that if North America. In 1988, there were 
72 reported cases of AIDS per million population for 



Table 4.6 Reported AIDS Cases by Sex Ratio 
and Occurrence in Children, Selected 
Countries in the Americas 

Country 
1968 

AIDS Rate 
(per million) 

cumuive C9n 
Sex Ratio Childre

(miF (percnt) 

Argentina 5.6 17.9 1 

Brazil 21.1 8.8 3 

Haiti 116.7 1.9 2 

Honduras 26.9 1.5 2 

United States 118.6 9.2 1 
Source: National Program Support-AIDS Program, "AIDS Surveillance inthe 

Americas" (Pan American Health Organization, Washington, D.C., 1989).Ncote: a. Age tess than 15 years. 

the Caribbean compared with 105 cases for North 
America. (See Figure 4.6.) In fact, case rates-mea-
sured in the number of cases per million popula-
tion-in the Bahamas, Bermuda, and Haiti now are 
equal to or exceed those in the United States. AIDS 
cases have beeni reported from all countries in the 
Western Hemisphere. In Central America and South 
America, the prevalence of AIDS is variable but sub-
rt~atially lower than for North America or the Carib-
bean. 

Shifting Patterns of AIDS Infection 

In the Caribbean and some Central American coun-
tries, the pattern of AIDS infection appears to be shift-
ing from an illness initially confined to homosexual 
and bisexual males to an illness that affects hetero-
sexual males, women, and their children (through 
perinatal transmission of the virus or transfusion of 
infected blood). Public health authorities monitor 
this shift by recording the sex ratio of cases and by
classifying cases according to alleged risk factors. 

Table 4.6 shows data for five countries. The inci-
dence of reported AIDS cases in these countries 
ranges from 5.6 per million population in Argentina 
to 117 per million population for Haiti and the United 
States. Insome countries, the ratio of male to female 
cases has dropped since the onset of the epidlemic, 
with a growing number of cases now being reported
in women. In Haiti and Honduras, for example, this 
ratio is now 1.9 and 1.5 to one, respectively. This 
3hift has not occurred in the United States, where 
the ratio of men to women is approximately 9 to one. 
In Argentina and Brazil, the sex ratios remain high 
(17.9 and 8.8 to 1, respectively), but the level of infec
tion has not yet reached that seen in other countries. 
The percentage of cases in children remains quite 
low throughout the region.

Thus, it appears that in some countries, at least, 
the sex ratio of reported AIDS cases has shifted, with 
the illness occurring increasingly in women. Al-
though it is not completely known what factors in a 
givei, country cause the infection to spread to the 
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general population, certainly the persistence of un
safe blood banking, using blood unscreened for AIDS,
 
plays a role in many countries. Women are particu
larly at risk from blood transfusions, since peri
partum hemorrhage ismore common incountries
 
pmwhere maternal care programs are less developed.


In addition, there is increasing evidence that un
treated sexually transmitted diseases such as gonor
rhea and syphilis play an important role as cofactors
in the transmission of AIDS (44)(45). Current program
ming efforts to control AIDS in the Caribbean and
 
Latin America include strengthening freatment pro
grams. The reported rate of sexually transmitted diseases is several times higher for the Caribbean than 
for other areas of the Americas. 
Potential Impact of AIDS on the Americas 

The potential impact of the AIDS epidemic on the
 
countries of Latin America and the Caribbean is sig
nificant. Many countries have health programs that
 
give prioity to the survival of women and children
 
through the provision of oral rehydration, immuniza
tions, antenatal care and nutrition education. Projec
tions based on data from Central Africa and other
 
parts of the world suggest that the presence of AIDS
 
infection can eliminate gains in childhood and mater
nal survival that could be expected from these pro
grams (46). In addition, tuberculosis remains highly 
endemic in Latin America, and recent reports from
New York City suggest that AIDS can also exacerbate 
this threat to health (47). Because AIDS affects immu
nity, AIDS patients are both more likely to contract 
TB and to remain sick longer, thus also potentially 
spreading it more. 

Efforts to stem the AIDS epidemic in the Americas 
are coordinated by the Global Program on AIDS of 
the Pan American Health Organization (PAHO) and 
the World Health Organization (WHO), with 'he 'up
port of many international donors. Every country in 
the Americas now has begun national activities to 
combat AIDS with financing and technical collabora
tion from PAHO/WHO and other international agen
cies. Programs focus on the promotion of safe sexual 
practice (including the use of condoms) and the sys
tematic screening of all blood products for evidence 
of AIDS infection. 

As in other regions of the world, increasing effort 
is being given to ongoing serologic surveillance as an 
additional-and potentially more useful-means of 
analyzing the course of the disease than mere case 
reporting. 

RECENT DEVELOPMENTS 

BRAZIL'S FERTILITY RATE DECLINES 

Brazilian women are having far fewer children than 
demographers predicted just a decade ago, but the 
increasing number of women entering childbearing 

Wofid Rasources1990-91 

61 



4 Population and Heath 

age will continue to rapidly increase the country's ab-
solute population. 

Brazil's population in 1985 was estimated at 135.6 
million, and that total is expected to increase to 
179.5 million by the year 2000 and to 245.8 million by 
2025 (48). Nearly all of that g,owth will occur in 
Brazil's urban areas. Sao Patl'), which in 1985 totaled 
15.54 million people, is estimated to grow to 23.6 mil-
lion by 2000, which is expected to make it the second 
largest city in the world after Mexico City. Rio de Ja-
neiro is expected to jump from 10 million to 13 mil-
lion by the end of the century (49). 

Those totals still rei- esent a substantial improve-
ment over earlier predictions, because the nation's 
fertility rate is dropping sharply. The Brazil Demo-
graphic and Health Survey, which was conducted by 
the Society for the Welfare of the Family in Brazil 
(BEMFAM), estimated fertility at 3.5 children per 
women in the 1983-86 period. That compares with 
estimates of 4.2 children per woman in the 1975-80 
period and 4.7 children in the 1970-75 period (5o). 
The survey also found that women living in urban 
areas had a substantially lower fertility rate than 
women in rural areas (3.0 compared with 5.0) and 
that fertility rates declined sharply as educational 
levels increased (6.5 for women with no education;
2.5 for women with more than primary education) 
(51). 

A few other Latin American countries, notably Co-
lombia and Mexico, have had similar declines in 
fertility with the help of strong government-sup-
ported family planning programs. Surprisingly, the 
decline in Brazil has been largely self- induced; the 
Brazilian government has not played an active role 
(52). 

Nearly two thirds (65.8 percent) of the women sur-
veyed were using some sort of contraception, gener
ally either the pill (25.2 percent) or female 
sterilization (26.9 percent). Nearly all women (93 per
cent) taking birth control pills were buying them 
from pharmacies (53). Slum dwellers appear to be no 
exception to this trend: a separate study of contra-
ceptive use among low-income women living in three 
favelas in Rio de Janeiro found 62.9 percent of 
women aged 15-44 were current users (70.1 percent 
of non-pregnant women) (54). Illegal abortions are es-
timated at about 3 million each year (55). 

Aside from the rapid increase in the use of contra-
ceptive devices, most experts attribute the decline 
to economic stagnation in the 1980s, which has made 
it difficult for low-income couples to afford children. 
The Brazilian government in 1988 also passed a law 
requiring a four-month maternity leave for female em-
ployees. That law may be inadvertently penalizing 
fertile women, because some employers reportedly 
are insisting that young women seeking jobs show 
certificates of sterility (56). 

Social scientists also think that television, which is 
now widespread in Brazil and constantly portrays im-
ages of small, affluent, consumer-oriented families, 
also is having an effect (57). 
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THE IMPACT OF CLIMATE CHANGE ON 
HUMAN HEALTH 

Climate change and stratospheric ozone depletion
could affect human health in a number of ways ac
cording to researchers who have recently looked 
in!o a wide range of possibilities (58). A thinned 
ozone layer would allow more skin-cancer-causing ul
traviolet rays to strike the earth, causing a projected 
increase in skin cancer rates. Ultraviolet light can 
also damage the eye. An increase in the number of 
hot summer days caused by global warming is likely 
to cause an increase in deaths from heat stroke. And, 
as some temperate areas become warmer, tropical 
diseases carried by insects or parasites might invade 
new areas. 

Studies generally fall into two categories: the rela
tively direct health effects caused by additional ultra
violet light reaching the earth's surface as a result of 
stratospheric ozone depletion; and the somewhat 
more uncertain, often indirect effects of global warm
ing. 

Considerable work is under way in the United 
States and elsewhere. For example, in 1988, the U.S. 
Environmental Protection Agency prepared a draft re
port to the U.S. Congress on the effect of global cli
mate change that included a chapter on human 
health, and the Second North American Conference 
on Preparing for Climate Change, which was held in 
December 1988, included several papers on the sub
ject. The U.S. National Institute of Environmental 
Health Sciences held a conference on the issue in No
vember 1989 in Research Triangle Park, North Caro
lina, which was followed by a similar conference by 
the Center for Environmental Information in Decem
ber 1989 in Washington, D.C. (59). 

Ozone Depletion and Ultraviolet Light 

The stratospheric ozone layer helps prevent much of 
the sun's ultraviolet light (UVR) from reaching the 
earth's surface. The protection varies somewhat, 
however: virtually all of the shortest wavelength (UV-
C,200 to 290 nanometers) ultraviolet light is ab
sorbed, whereas medium wavelength ultraviolet light 
(UV-B, 290 to 320 nanometers) is partially absorbed 
and the longer wavelengths (UV-A, 320 to 400 nano
meters) are not absorbed at all (60). 

As the ozone layer deteriorates, more UV-B is ex
pected to reach the earth's surface. Additional UV-B 
is fairly certain to cause additional cases of skin can
cer. Nonmelanoma skin cancer, which is quite com
mon and benign, seems certain to increase, with the 
greatest risk among individuals with the lightest skin 
and highest sun exposure and individuals living 
closer to the equator and therefore exposed to more 
UVR. It is estimated that for every 1 percent de
crease in stratospheric ozone, nonmelanoma skin 
cancers will increase by about 3 percent (61). 

Cutaneous (malignant) melanoma, which results 
from the transformation of pigment-producing skin 
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cells (melanocytes), accounts for about 7,800 deaths that occur in areas where hot weather is uncommon,
 
in the United States annually. Incidence of the dis- appear to be particularly dangerous (m).
 
ease in the United States over the past 35 years has Temperature extremes also tend to worsen the ef
increased by some 200 percent; mortality has in- fects of cardiovascular, cerebrovascular, and respira
creased by 150 percent (62). The evidence linking ma- tory diseases, particularly on older people. Studies
 
lignant melanoma and ozone depletion is less clear- of selected American cities have found sharp in
cut, but suggests that a 1 percent decrease in ozone creases in the incidence of heart disease and stroke 
could cause roughly a 1 percent increase in both inci- when temperatures rise above 25"C (6;9).
derice and mortality among light-skinned popula- Temperature and humidity chap";es could change
tions ((3). the range and life cycles of plants, animals, insects, 

UV-B reduces the ability of the body's immune sys- bacteria, and viruses. Changes in the geographic 
tem to fight foreign substances that enter the body range of vector-borne diseases- diseases transmit
thruugh the skin. For example, UVR irradiation dur- ted to humans by mosquitoes, for example- might
ing a first infection of leishmaniasis ((ii) or the Herpes be significant (7o). Five mosquito-borne diseases-ma
simplex virus (65) may weaken the body's ability to laria, dengue fever, and arbovirus-induced encephali
fight subsequent infections. tis, and to a lesser extent yellow fever and Rift Valley

Ultraviolet radiation also has been associated with fever-are thought to pose a potential risk to U.S. 
various diseases of the eye such as cataracts (i) and populations if significant warming does occur (71).
deterioration of the cornea and retina. Warming also could increase the risk of a northward 

spread of diseases caused by parasites, such as Asca-
Health Effects of Global Warming riasis and Chagas' disease, which are common in Cen

tral and South America (72).Global warming probably will affect mortality due to Some studies also have found statistically signifi
heat stress and increase the incidence of chronic cant increases in preterni births and in perinatal mor
and infectious respiratory diseases, allergic reac- tality (death just before, during, or just after birth) in 
tions, and reproductive illnesses. It may also affect the summer months, suggesting that this may be tem
the geographic range of vector-borne diseases. perature-related (73). 

Warming is likely to have a direct impact on mortal
ity, but the extent of the mortality is uncertain be
cause people will partially adjust to hotter The section on World Population Trends was authored by 
temperatures. One study of 15 cities in the United Robert Fox, a Washinigton, D.C. consultant. The section on 
States estimated that about 1,100 deaths would Malaria was written by Tensie Whelan, a New York City

environmental writer, based on material supplied by Carlos occur inan average summer with no increase in Kent Campbell, Chiefof the Malaria Branch of the Centers
warming, but that an increase of 3.9*C would cause for Disease Control,Atlanta, who served as principal
about 4,500 deaths assuming partial acclimatization consultant. The section on AIDS in the Americas was au
and 9,000 deaths assuming no acclimatization (67). thored by Ann Marie Kimball and Fernando Zacarias of the
The elderly are disproportionately affected by hot Pan American Health Organization, Washington, D.C, forwhich Dr. Kimball is RegionalAdvisor on AIDS. 
spells. Heat waves that occur early in the summer, or 
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5. Human Settlements
 

In 1990, we are just past the midpoint of a major 
trend in population movement that will span the 75-
year period between 1950 and 2025. The trend to-
ward urbanization that is engulfing the developing 
world is still gathering momentum. By 2025, the 
world's population is expected to reach about 8.5 bil-
lion; much of this growth will be in Third World cit-
ies. In 1950, less than 30 percent of the world's 
population was urban; by 2025, it is estimated, more 
than 60 percent will be urban (i). 

As urbau populations grow and as rural people 
continue to migrate to urban areas, city service agen-
cies will be hard pressed to keep up with the basic 
requirements of new residents. Shelter and services 
such as water and sanitation are particularly impor-
tant because of their impact on the health of the 
urban poor. In both of these areas, rapid population 
growth and limited financial resources are forcing 
managers-with the support of international institu-
tions such as the World Bank-to look for low-cost 
options, improve the efficiency and cost-effective-
ness of services and shelter projects, and stretch 
budgets further with better recovery of costs. 

This chapter looks at a few services such as water 
and sanitation that have particularly important links 
to natural resources and environmental quality, 

Most Third World cities are working under difficult 
financial constraints in the provision of basic ser

vices. Development banks, foreign aid programs, and 
other external sources have been contributing in
creasing amounts to fund water and sanitation devel
opment projects for Third World cities, but in recent 
years, aid has been eroded by inflation. (See Financ
ing Water and Sanitation Services, below.) 

Where city governments have been unwilling or 
unable to cope with rapid population growth, some
times residents have taken the provision of shelter 
and services into their own hands. In Lima, Montevi
deo, Nairobi, Karachi, and elsewhere, ad hoc groups 
of residents--often with the help of governmental 
agencies or nongovernmental organizations 
(NGOs)-have helped to build housing and infra
structure projects. These groups-loosely referred 
to as the "informal sector"-are filling the voids 
where official agencies have failed. (See The Informal 
Sector, below.) As successes of the informal sector 
become obvious, development agencies have stud
ied, discussed, and made loans to support informal 
operaticns. The informal sector should not be 
expected to carry the burden of municipal services 
that a city government ought to provide. But the en
terprise and resourcefulness that residents show in 
creating a better urban environment for themelves
at times in the face of overwhelming odds-is an im
portant, and largely untapped, resource. 
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Figure 5.1 Actual and Projected Urban 	 Figure 5.2 Actual and Projected Percentages
Population Growth, 1950-2025 	 of Urban Population In Less Developed
 

Regions, 1950-2025
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Source: Department of International Ecorx,,nic and Social Afair:, Uni;od Na- Source: Department of International Economic and Social Affairs, United Na
tions (U.N.), Prospects of World Urbanizatiun, 1988 (U.N., New YorK,1989), tions (U.N.), Prospects of World Urbanization, 1988 (U.N., New York, 1989),
Table A-1, pp.28-29. 	 Table A-3, pp. 40-41. 

CONDITIONS AND TRENDS million urban dwellers, far more than Latin 
America's 324 million and Africa's 223 million urban 

THE URBANIZATION TREND inhabitants and fully 41 percent of the world's total 
urban population. By 2025, Asia's urban population

In the miL'-1700s, only 3 percent of the world's inhabi-	 is expected to rise to nearly 2.6 billion people, which 
tants lived in urban areas (2). By 1950, urban areas 	 will be just over 50 percent of the world's total.
held 29 percent of the population, and just 35 years Third World cities have been straining under the 
later, they contained 41 percent. In 2025, 60 percent 	 weight of population increases since 1950, but the 
of the world's population is expected to be living in 	 worst is yet to come. Of the total increase of nearly
and around cities (3). 	 3.8 billion projected over the 1950-2025 period,

Nearly all of this future growth is taking place in roughly 2.66 billion (71 percent) will occur after 
the cities of developing countries. Figure 5.1 also indi- 1990. (See Table 5.1.) 
cates the rapid progression toward urbanization in Natural increase has contributed more to the 
the developing world. By comparison, urban growth 	 growth in urban population than rural-to-urban mi
in the: developed world has been relatively smooth 	 gration (though there are numerous exceptions).
and slow. Only 16.9 percent urban in 1950, develop-	 Many urban migrants are young and will soon have 
ing countries by 1990 had about 34 percent of their 	 children, so the high rate of natural increase in a 
population living in cities and are projected to b2 city's population is partly due to the in-migration of 
about 57 percent urban by the year 2025. The devel- young people in previous years (6).
oped world, in contrast, already 54 percent urban in 1.Latin America, the nations with the strongest
1950, was 73 percent urban in 1990, and is projected growth in their economies and in manufacturing out
to increase only marginally-to 79 percent-by the put in the 1960s and 1970s-Mexico, Colombia, and 
year 2025 (4). Brazil- tended to have the largest increase in tirban-

The level of urbanization varies significantly ization. Chile, Uruguay, and Argentina had much 
among the regions of the developing world. As slower rates of urban population growth, in part be
shown in Figure 5.2, in 1990, Latin America was 72 cause of slow economic growth and in part because 
percent urbanized-comparable to the developed they are heavily urbanized already. Several core re
world-and is projected to be 85 percent urban in gions have emerged, particularly those centered on 
2025, a figure that exceeds projections for the devel- Mexico City and Buenos Aires and the Sio Paulo/Rio
oped world. InAsia and Africa, much smaller propor- de Janeiro/Belo Horizonte triangle. The regions in
tions of the populations live in urban areas, but these clude examples of the centers of cities growing faster 
regios are urbanizing faster than Latin America (5). than their suburban rings and of suburban areas out-

While Latin America has the largest percentage of pacing the city centers (7).
urban dwellecs, Asia has the largest number of urban In most nations, there is an increasing concentra
dwellers. As shown in Table 5.1, in i990 Asia had 931 tion of population and economic activity in one or 
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Table 5.1 Actual and Projected Urban Population by Region, 1950-2025 
(millions) 

1950 1960 1970 1"0 1990 2000 2010 2025 

World Total 	 733 1,030 1,374 1,770 2,260 2,917 3,737 5,119 
More Developed Regions 448 571 699 798 876 945 1.004 1,068 
Less Developed Regions 285 459 675 972 1,385 1.972 2,733 4,051 
Africa 33 51 83 135 223 361 552 914 
Latin America 69 107 163 237 324 417 509 645 
Asia 226 359 503 688 931 1,292 1,772 2,589 
Europe 221 259 307 340 364 387 405 422 
Oceania 	 8 10 14 16 19 21 24 29
 
U.S.S.R. 	 71 105 138 167 195 217 237 260
 

Source: Department of International Affairs, United Nations (U.N.), Prespects of World UrbanizationEconomic and Social 	 1988 (U.N.,New York, 1989), Table Al, 
pp.28-29.
 

two cities or core regions. Megacitis are growing These environmental problems put added financial 
rapidly in number and size in the Third World. Mex- pressures on city governments. Water and sanitation 
ico City will leap from 17 million inhabitants in 1985 agencies that face limited local water supplies are 
to more than 24 million by 2000; Sido Paulo will experi- forced to extend water lines to more distait sources, 
ence a similar jump from 15 million to 24 million. Of pump and store more water, and treat water from in
the 24 cities expected to exceed 10 million inhabi- creasingly polluted sources. For example. in Shang
tants by 2000, 18 will be in developing countries (8). hai, pollution forced water intakes to be moved 
Small and medium-size cities have also grown in de- upstream more than 40 kilometers (14). In Lima, up
veloping countries. (See World Resources 1988-89, pp. stream pollution has increased treatment costs by 
42-44.) about 30 percent (15). 

There is growing recognition that lagging invest-
The Urbanization-Environmental Quality Gap 	 ment in sanitation takes a heavy toll on human 

health and living conditions (16). Although it is diffi-In most Third World countries, the effort to deliver cult to quantify, most studies show that improve
essential services-getting water supplies to new ments in water supplies, sanitation, excreta disposal,
neighborhoods, for example-has far outweighed the and water quality can reduce illnesses such as diar
commitment to treat and safely dispose of waste. rhea among children in poor neighborhoods (17). Im-

The resulti.ig environmental quality problems, ac- proved rainwater drainage in poor neighborhoods
cording to many accounts, appear to have grown also can have important benefits. 
much worse in Third World urban areas during the 
1980s. Industrial, human, and solid wastes piled up 
in lagoons in cities such as Abidjan, CSte d'lvoire (9). 
In cities throughout the Third World, rivers, estuar
ies, and coastal zones are polluted by sewage; Figure 5.3 Actual and Projected Percentages 
groundwater resources are threatened by uncon- of Urban Population In Developing Countries 
trolled dump sites; and forests around some cities with Access to Water and Sanitation Services,
 
are denuded by the urban demand for timber and do- 1980-2000
 
mestic fuels (10).
 

In the past, investment in water and sanitation ser
vices tended to favor water supply over sewerage, (.5os) 
other sanitation systems, and wastewater treatment. 2,50 -

The bias also may have been an unintentional result 
of the United Nations International Drinking Water 2.000 Wserw , "-

Supply and Sanitation Decade, which set ambitious [ NoSa tt,,3erv 

goals for the global extension of water and sanitation 0W 

services in the 1980s. The surge in water and sanita- 1 
tion services in that decade far outpaced gains in [ ' 

wastewater treatment and disposal. For example, it "' ! I 
is estimated that less than 2percent of total urban 
sewage flows in Latin America receive treatment (11).
Data for 24 rivers in Central and South America suggest that the situation in these regions is worse than 0 

in most other parts of the world; over half the rivers o 19 1 1 
sampled showed fecal colitorm counts in exces. of __ 
1,000 per 100 milliliters (1). (Safe drinking water has Source: Policy, Planning, and Reseatch Staff, The World Bank, FY88 Annual 
zero fecal coliforms, according to World Health Orga- Sector Review: Wateor Sply and Sanitation(The World Bank, Washington,

D.C., November 1988), Fure 2,p.2.nization (411O) guidelines (1n).) 

iggo-qiWorldResources 

67 

http:resulti.ig


5 Human Settlements 

Figure 5.4 Actual and Projected Water 
Supply and Sanitation Coverage in 20 African 
Countries, 1980-2000 

A.Water Supply Coverage 

m0s f 

Emanagers,
I Pasta d 0,Co 


400 "--, ug Water 


300 

200 


.., 


0 

198019821984 1986 198819901992 1994 MIS19982000 

B.Sanitation Coverage 

(millions of people) 
0 -and 

E2 Past Coveage andProect 
4M0 LaOngSanriton 

300-

200 

1o0 

1982 9.8. 1..8 . .. 

190 19821 1986 19 1990 992 19 99 1.8200 

Source: Water and Sanitation for Health Project (WASH), WaterandSanita-
tion Sector Profiles of Twenty African Countries (CDM and Associates, Ar-
lington, Virginia, 1989), Figures 1,2,p. 16. 

Notes: 
a.Based on 1980-88 coverage rates. Projected sanitation coverage appearsto show no improvement in sanitation over the 1980-88 period because the 

data for the initial years were poor and inflated and, for the later years,
somewhat less inflated. The deceptively high baseline in1980 masks what 
was probably a slight improvement in sanitation coverage over the period, 

b. The 20 African countries profiled are Benin, Burkina Faso, Burundi, Camer
oon, C6te dlvoire, Guinea, Kenya, Libena, Malawi, Mali, Niger, Nigeria,
Rwanda, Senegal, Sudan, Swaziland, Tanzania, Togo, Uganda, and Zaire. 

URBANIZATION: AN OPPORTUNITY AND A 
CHALLENGE 

Urbanization is both an opportunity and a challenge. 
Cities produce jobs and economic activity; t.ev 
transform resources into productive goods and ser-
vices (ig). Contrary to many early assertions that mi-
grants to cities are poor backward peasants who 
contribute nothing to economic growth, many stud-
ies now argue that, for the most part, urban migrants 
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are energetic and ambitious and that the urban poor
make significant contributions to urban economies.The challenge for city managers is to absorb new 
residents into the city fabric efficiently. Under the 

weight of rapid population growth and a generally
dismal economic performance in the 1980s, many 
Third World cities sti uggled just to keel) up,and 
some fell behind. A host of problems confront city 

among them: 
N Effective planning to ensure some order in the 
growth of cities and to coordinate development strat
egies. Good planning can help build relationships 
among city agencies, between the public and private 
sectors, and between city officials and community 
members (1i9). Local particip~ation can be particularly
important; most of the neighborhoods in Cali, Colom
bia, for example, participate in the assessment of 
problems and needs. This involvement has helped 
the city cope successfully with rapid population 

b Building a strong institutional framework, especially 
giving local authorities the money, manpower, and 
training to be effective (21).
U Mobilizing financial resources to support the 
growth of settlements; particularly troublesome is
sues include the public financing of infrastructure 
and services, savings institutions for the urban poor, 

the financing of low-income shelter. (See Financ
ing Water and Sanitation Serviccs and The Informal 
Sector and the Development Process, below.)U Managing land; often, information about land is 
unreliable and out of date, land speculation is ram
pant in many cities (22), and the urban poor are 
forced to build settlements on marginal lands that 
they do not own. (Sue Housing, below.)

Two other issues-shelter and services-present 
equally daunting challenges for city officials. Local 
governments are partly or fully responsible for pro
viding basic physical infrastructure such as roads, 

tems, and drainage works. Usually, local government 
units are fully responsible for many other services 
such as markets, street lighting, garbage collection, 
fire protection, public open spaces, libraries, and
cemeteries. Third World governments also have 

made a -,jor commitment to proviae shelter for theurban poor.
 

This chapter focuses on water and sanitation ser
vices because of their important links with environ
mental quality. 

Progress to Date: Water and Sanitation Servies 

In December 1985, at the midpoint of the Interna
tional Drinking Water Supply and Sanitation Decade,
75 percent of the urban inhabitants in developing 
countries had access to safe drinking water. That fig
ure represented an increase of 133 million people 
from the start of the decade, but in percentage terms 
was unchanged from 1980. Access to sanitation ser
vices went up from 50 percent at the beginning of the 
decade (350 million people) to 59 percent (512 mil
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Figure 5.5 Comparison of Urban Water Figure 5.6 Access to Safe Urban Drinking
Supply and Sanitation Coverage In Central Water and Sanitation In Five Arlan Countries, 
America, 1980 and 1983 1980-87 
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Source: Frederick S. Mattson, Planning for Central America Water Supply and Sources: 
Sanitation Progrims: Update (CDM and Associates, Arlington, Virginia, 1. World Health Organizat n (WHO), The International Drinking Water Supply
1989). Figure 5.5A: Table A-1, p.25; Table B-i, p.36; Table C-1, p.46: anl Saniftation Decade: Review of National Progress (asat Vecember
Table D-i, p.55; Table El, p.65; Table F-i, p. 74. Figure 5.5B: Table A-2, 3) (WHO, Geneva, 1986), Table 5.3, p. 154 and Table 3.3, p 156. p.26; Table B-2, p.37; Table C-2, p.47; Table D-2. p.56; Table E-2, p.66; 2. l 'ord Health Organization (WHO) The International Water Supply and Sani
1able F-2, p.75. tatio' Decade: Review of Mid-Decade Progress (as at December 1985) 

(WHO, Geneva, 1987), Taule 3.3, p.102 anrTable 6.3, p. 174. 
3. World Health Organization, (WHO), "Global Strategy iur Health for All: Monlion people) by 1985 (23). WHO defines reasonable ac- taring 1988-89,"WHO, Geneva, 1989, Table 2, pp. 97-98. 

cess to safe drinking water in urban areas as access 
to piped water or to a public standpipe within 200 antee the proper disposal of waste because sewers 
,mieters of a dwelling or housing unit. Access to sanita- often run into rivers or lakes from which the urban 
tion is defined as waste disposal via connections to poor may draw their water. In addition, people who 
public sewers or household systems such as pit la- must rely on piped water from a communal tap are 
trines, pour-flush latrines, septic tanks, and commu- likely to use minimal amounts of water for washing,
nal toilets (24). cooking, or personal hygiene (2(). Where communal 

The uncertainty of the data and the broadness of taps are provided within a walking distance of 200 
the definitions probably disguise a situation that is meters, each person commonly consumes 20 to 40 Ii
worse than the numbers suggest. InAfrica, for exam- ters per day; with house connections provided by a 
pie, WHO's estimate of urban sanitation coverage in- single yard tap, individual consumption rises to 40
dicated that only about 12 percent of urban 60 liters daily (27).
residents were served by sewer connections; 59 per- After factoring in independent World Bank studies 
cent were served by "other" household systems (25). and estimates for China and using more stringent def-
Furthermore, the existence of sewers does not guar- initions (28), World Bank officials estimated that, in 
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1985, 66 percent of Third World urban residents had 
access to a satisfactor water source and 35 percent 
had satisfactory sanitation services. World Bank off i 
cials estimate that urban drinki-ag water coverage 
may reach 68 percent by 1990 and 75 percent by 
2000, and that sanitation coverage could rise to 38 
percent by 1990 and 50 percent by 2000 (29). 

Interpretation of the World Bank's estimates 
shown in Figure 5.3 is a case of whether "the cup is 
"half empty or half full." Oil one hand, the figures 
project impressive gains both in absolute numbers 
and in the percentages of the population served. On 
the other hand, because of urban population growth 
by the year 2000, more people will be without water 
and sanitation service. By that year, more than a bil-
lion people alight not have satisfactory sanitation, 
compared with about 780 million people in 1985 
About 500 million people may not have adequate 
drinking water, compared with about 400 million in 
1985. 

The U.S. Agency for International Development's 
(U.S. AID's) Water and Sanitation for Health Project 
(WASH) has studied water and sanitation irl Africa 
and Central America recently. WASH bases its esti-
mates mainly on reports from AID bureaus; WHO 
uses estimates submilted by governments for the In-
ternational Drinking Water Supply and Sanitation De-
cade. WASH estimates often are more conservative 
than the country report3 used by WHO. (For the fig-
ures reported by WHO, see Chapter 16 "Population 
and Health," Table 16.4.) 

Africa 

AWASH study of the 325 million people in 20 African 
countries in 1983 showed that 201 million lacked ac-
cess to safe drinking water supplies and 257 million 
lacked adequate sanitation facilities (30). The study 
found that $20 billion would be required over the 
ne: 12 years to meet the International Water Supply 
and Sanitation Decade's goals of extending water ser-
vice to 240 million additional people and sanitation 
service to an additional 154 million people by the 
year 2000. Comprehensive data on past investments 
are not available, but $20 billion is far larger than 
past investments by these countries (31). Figure 5.4(shoingtotl rba ug-l~l~uatin, bth andrurl)(show ing total populatio n, both urban and rural) sug-
gests that even if coverage continues to increase asit did from 1980 to 1988, it will not satisfy the dle-
mands of growing populations by the end of the cen-
tury. 

Central America 

WASH's review of water supply and sanitation pro-
grains in Central America suggests that the region as 
a whole is keeping pace with population growth. 
From 1986 to 1988, the combined population of Be-
lize, Honduras, Guatemala, El Salvador, Costa Rica, 
and Panama increased by 757,000; the number 
served by adequate water facilities increased by 
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860,000; and the number served by adequate sanita
tion facilities increased by 1.23 million (32). 

Among these countries, as shown by Figure 5.5, the 
picture is mixed. Costa Rica, blessed with a stable po
litical system and a relatively prosperous economy, 
has maintained essentially complete coverage for 
water and sanitation throughout the period. In con
trast, provision of safe water in urban areas did not 
keep up wit ii population growth in Guatemala, where 
coverage dropped from 89 percent in 1980 to 68 per
cent by 1988 (33). 

El Salvador made significant progress )n urban 
water supply and sanitation projects through 1988, 
although rural water supply fell dramatically and 
rural sanitation improved only slightly (34). 

Few data are available on the performance of most 
South American countries since 1985. From 1980 to 
1985, most countries reported slight increases in the 
percentage of the urbap population with safe drink
ing water. For sanitation, the pattern was much less 
consistent. (See Chapter 16, "Population and Health," 
Table 16.4.) 

Asia 

WHO data for Asian countries also present a mixed 
picture. India reported a slight increase in access to 
safe urban drinking water and a more substantial in
crease in sanitation services; Bangladesh appeared 
to be struggling to keep up with population growth; 
Thailand's urban inhabitants experienced progress 
in sanitation services but a decline in safe drinking 
water; the Philippines reported a decline in sanita
tion and a startling increase in drinking water cover
age to 80.5 percent in 1985, up from 49 percent in 
1980. (See Figure 5.6.) 

Overall, the outlook for Asia is considerably 
brighter than for Latin America and Africa because of 
strong economic growth. Asia's per capita gross do
mestic product increased at an average annual rate 
of 4.7 percent from 1980 to 1987 (35). 

FINANCING WATER AND SANITATION 
SERVICES 

The countries of the developing world are in a racewi h p ul t o gr th nt e r ef r s to x e d 
with population growth in their efforts to extendwater and sanitation services. The evidence is 
sparse, but suggests that many developing countries 
were falling behind in the mid-1980s.Much of the decline is attributable to a difficult eco
nomic climate for developing countries during the 
1980s. Extensive external borrowing and high infla
tion contributed to a generally dismal economic per
formance; between 1980 and 1987, more than half of 
them experienced declines in per capita income. By 
comparison, from 1965 to 1980, 9 out of 10 develop
ing countries showed gains in per capita income (36). 

Low-income groups probably have fared worse eco
nomically than other groups in the 1980s (37), sug



Figure 5.7 Donor Agency Funding of Water 
and S~antatl'n Projects, 1981--88 
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Source: Division of Information, United Nations Development Programme 
(UNDP), "Donor Dollars Go Further as Agencies Push Cost Effectiveness," 
Source, Vol. 1, No. 2 (UNDP, New York,September 1989), p. 21. 

gesting a reduction in their ability to pay for water 
and sanitation services. 

In that bleak context, it is surpriF~ng that spending 
on water and sanitation appears t') have stayed 
about the same during the period 1985-88. It is esti
mated that spending for water and sanitation (in con-
stant 1985 dollars) in all developing countries was 
about $8.9 billion in 1985, rose to $9.2 billion in 1986, 
and then returned to $8.9 billion in 1988 (:18). Al-
though they have held their investments fairly con-
stant during hard economic times, developing 
countries have not been able to provide adequate 
water and sanitation for current populations or to ex-
tend coverage significantly or to keel) up with popula-
tion growth. For example, it is estimated that 
providing each additional person with low-cost 
water and sani* ttion services costs about $200 (:ii)
($270 in urban ,.reas and $60 in rural areas), yet in-
vestment per additional person has declined from 
$122 in 1985 to $110 in 1988 (4)). 

Third World governments are not expected to 
boost spending significantly on water supply and san-
itation in the 1990s (41). Consequently, wat, r and 
sewer agencies will face severe spending constraints 
;n the coming decade: however, iml)roved overall 
economic performance could help relieve those con-
straints somewhat (42). 

External aid agencies, such as foreign aid pro-
grams, development banks, and nongovernmental or-
ganizations, contribute about $3 billion to water and 
sanitation projects in 1989, according to World 
Health Organization officials. AWHO survey of 24 of 
these agencies showed that their annual support 
rose to $2.3 billion during 1986-87, a substantial in-
crease over the $1.25 billion annual level of 1981-82. 
Computed in constant dollars, however, aid has been 
declining since 1983. (See Figure 5.7.) WHO aio sur-
veyed 11 of the 24 countries belonging to the Or-
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ganisation for Economic Co-operation and Develop
ment (OECD) and found that they contributed about4 percent of their aid to water and sanitation pro
jects in 1985-87, roughly a doubling of the share de
voted to these areas in 1980 (,13). 

Tile WHO study noted that aid agencies are increas
ingly interested in water and sanitation projects that 
emphasize human resources development, manage
ment improvement, community participation, the in
volvement of women, health education, public 

and institution building. According tothe survey, projects with at least one of these ele
ments accounted for 34 percent of tile total funded
 
by aid agencies in 1985-87, up from 24 percent in
 
1981-82 (4).


Loan support from the World Bank has averaged
 
ahout $715 million a year, or about 4 percent of the

Bank's total loans. Recipient governments contrib
uted an average of 15 percent of the costs to the 10 
projects supported by the Bank in 1989; 7 of those 
projects were cofinanced with other multilateral 
banks and development agencies (15). That repre
sents a substantial decline in local I)articipation from 
previous years. In 1985, the average contribution by
local l)articipants was 53 )ercent by Southeast Asian 
countries, 58 percent by eastern Mediterranean coun
tries, and 60 pei cent by Latin American nations (46). 

Project Performance 

The financial performance of most projects has not 
been very good. Areview of 54 projects begun before 
1981 and supported by the World Bank found that 
most projects encountered financial problems. The 
problems-fairly typical compared with the Bank's 
experience in other sectors-included construction 
cost overruns that averaged about 23 percent and 
higher-than-expected operating and maintenance 
costs; in half of the projects, the ratio of revenue to 
operating and maintenance costs was 68 percent less 
than anticipated (17). Most projects also had fewer 
customer connections, disappointingly high levels of 
unaccounted-for water, and lower sales volumes 
than expected. As a result, six years after project ini
tiation, only slightly more than 10 percent of these 
projects were able to cover operation and mainte
nance costs (plus depreciation and interest) from 
their revenues (48). 

What caused this poor performance? The study 
found that project planners consistently overesti
mated consumer demand and willingness or ability 
to pay for water and sanitation services. In addition, 
weak institutions often did not provide strong incen
tives for managers to operate efficiently (49).

Are there solutions to these recurring problems? 
Possibilities include decentralizing responsibility to 
more autot.omous public utilities or community
based efforts or, )erhaps, privatizing water and sani
tation services, which could help put managers in 
closer touch with consumers and improve their abil
ity to deliver services that consumers can afford (5o). 
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Table 5.2 Cost Per Household of Different Sanitation Systems 
(1978 U.S. dollars) 

Total Inveatment Cost 

Low-cost
Pour-flush toilet 70.7 
Pit latrine 123.0 
Communal toiletc 355.2 
Vacuum truck cartage 107.3 
Septic tank 204.5 
Composting toilet 397.7 
Bucket
 

cartagec 192.2 

Medium-cost 
Sewer 

aqua privy 570.4 
Aqua privy 1,100.4 
Truck 

cartage 709.9 

High-cost
.eptic tanks 1,645.0 
Sewerage 1,478.6 

Monthly Operatlonal Cost 

-0.2-
x 
0.3 
1.6 
0.4 
0.4 

2.3 

2.0 
0.3 

5.0 

5.0 
5.1 

Monthly Water Coot 

0.3 
x 
0.6 
x 
0.5 
x 

x 

0.9 
0.2 

x 

5.9 
5.7 

2,,,.Psrouitagofhiooe 

of Avelae Low-
Ttal Monthly Cost' Income HouahO 

2.0 2 
2.6 3 
8.3 9 
3.8 4 
5.2 6 
8.7 10 

5.0 6 

1n.0 11 
14.2 16 

13.8 15 

46.2 51 
41.7 46 

Source: John M. Kalbermatten, DeAnne S. Julius. and Charles G. Ounnerson, AppropriateSanitation Alternatives:A Technical andEconomic Appraisal, World
Bank Studies in Water Supply and Sanitation (The Johns Hopkins University Press, Baltimore and London, 1982), Table 3-11, p. 64. 

Notes: 
a. Assumes that the investment cost is financed by loans at 8 percent ver 5 years for the low-cost systems, over 10 years for the medium-cost systems, and over 

20 years for the high-cost systems. 
b. Assumes that average annual income is $180 per capita, with six peisons in a household. 
c. Based on per capita costs scaled up to household costs to account Icr multiple household use in some of the case studies. 
x = not available. 

The opp. rtu-iities to reduce costs appear numer-
ous. For example, reductions could be made through
better personnel management; improved training; 
more efficient metering, billing, and collection; and 
rigorous programs to reduce unaccounted-for water 
(51). 

Low-Cost Sanitation Systems 

Lower cost sanitation systems offer another impor-
tant prospect for cost-cutting. There are several op-
tions in the sanitation area. (See Table 5.2.) 

For example, the Indian government promotes a 
pour-flush latrine with a water seal and twin leach 
pits. The latrine is flushed by hand using a container 
that holds 1.5-2 liters of water. Each pit is designed 
to last about three years; excreta then are diverted 
to the second pit. After about two years, the con-
tents of the filled pit turn into organic humus, which 
can be removed and used as manure; the pit is then 
ready for reuse (52). 

Unlike conventional sewerage, the success of low-
cost sanitat*.. -ften depends on persuading consum-
ers to buy a latrine. Financing is being handled in a 
variety of ways in India; one state provides 50 per-
cent of the funds as a loan and the rest as a grant;
others provide 100 percent subsidies for some low-in-
come groups and partial subsidies for others. The 
costs of latrines vary, but are roughly $150-$200 in 
urban areas (53). (For other examples, see Improving 
Housing and Infrastructure, below.) 

The Institutional Gap 

An important part of the challenge confronting most 
developing countries is to strengthen the institu
tional effectiveness of services. 

The basic urban service systems that do exist in 
the Third World ofteij are plagued with aefficien
cies. For example, a 189 study of Mexico City's solid 
waste collection system found that 38 percent of the 
veLicles in the Federal District and 19 percent of the 
vehicles in the contiguous State of Pexico were out 
of service for maintenance and repair; 10-15 percent 
is considered an acceptable number (54). A 1989 sur
vey of 223 wastewater treatment plants in Mexico 
found 45 percent of them out of service and 35 per
cent with severe operational problems (55). Water 
supply systems surveyed in 40 countries routinely 
were unable to account for 30 percent or more of the 
water they deliver (15 to 20 percent is considered a 
good figure in developed countries (56)); usually, the 
unaccounted-for water is lost because of leaks in the 
system, illegal connections, or poor metering (57). 
The city of Lima cannot account for more than half 
of its water (5s). 

In Latin America, many water and sewerage enter
prises face high inflatin, difficult access to capital 
markets, rapid urban population growth, a large pro
portion of low-income residents in the population to 
be served, politically appointed managers, con
trolled rates, high turnover in technical and manage
rial positions, low salaries, and an untrained labor 
force (59). Nevertheless, a 1989 World Bank study 

WorldResources1990-91 

72 



identified five water and sewerage companies in 
Latin America-COPASA of Minas Gerais, Brazil; 
ACUAVALLE of Valle de Cauca, Colombia; E.P.M. of 
Medellin, Colombia; EMOS of Santiago, Chile; and 
C.A.D. of Monterrey, Mexico-that have succeeded 
despite these problems. All five are public enter-
prises; two are regional (COPASA and ACUAVALLE) 
and three are municipal. They are all controlled by 
national and local governrr' -tagencies; some are su-
pervised by central government ministries (6o). 

The study fouad that all five cormpanies had a rea-
sonable amount of institutional autonomy and had 
been able to resist pressures for abrupt shifts in poli-
cies. Each had sound personnel managemem, with 
highly esteemed top managers and a relatively stable 
group of middle managers and professionals. As a re-
suit, they had high productivity, using an average of 
5.4 employees per 1,000 water connections; most 
companies in the region typically use 10-20 employ-
ees per 1,000 connections. The five companies also 
had been able to implemcat reasonable rates, which 
gave them enough financial strength to cover operat-
ing and maintenance costs (61). 

The companies' unaccounted-for water averaged 
3 pej cent, a lower rate than those a most other 
companies in the region. As part of its effcrt to re-
duce lost water, COPASA has supporteo ith_ develop-
ment of small meters that read the low-flow rates of 
most domestic consumers more accurately (62). -n ad-
dition, three of the five companies were carrying out 
watershed protection programs, which focused on 
forest conservation and environmental monitoring 
and control (63).

The World Bank study also identified important 
economies of zcale in the operation of water and sew-
erage systems. In the Latin American context, the 
study found that water and sewerage services for cit-
ies with populations of fewer than 150,000 can be pro-
vided more efficiently and economically by large 
regional companies that each serve several small cit-
les. Large companies typically require substantially 
fewer employees per 1,000 connections than small 
water and sewer companies, can afford to pay their 
staff higher salaries, and are in a better position to 
construct large facilities that can be shai d by sev-
eral municipalities (64). 

The Self-Financing Option 

In view of the limited outlook for goverr.ment spend-
ing on water aad sanitation, some governments are 
trying new approaches that provide low-cost infra-
structure as part of housing projects that are largely 
self-financed, 

One successful infrastructure p:oject improved 
two squatter settlements-Hai el Salam and Abu 
Atwa--aid adjacent land on the outskirts of linaifia, 
Egypt. The project wi,s financed largely through the 
szle of plots in the existing areas and in the new 
lan; all the land was government-owned. To help 
lov-income residents participate, the leajt expensive 
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plots were set at a low price while corner plots with 
commercial potential were priced higher. Some par
ticularly valuable commercial plots were sold at auc
tion. Funds from land sales provided enough money 
for the installation and maintenance of the new 
settlement's infrastructure (65). 

To ensure that low-income residents could partici
pate, the project agency-a small local agency that 
received technica, help from the British and Egyp
tian governments-decided against installing a water
borne sewerage system, insteac' installing cesspits or 
pit latrines, standpipes at 150-meter intervals, street 
lighting, and services such as solid waste collection. 
Once the project was under way, residents improved 
their own homes and plots, investing some 6.25 mil
lion Egyptian pounds (6(i) over the first three-and-a
half years of the project, which began in 1978 (67). 

Another : e!f-financing project that includes installa
tion of infrastructure is Batikent, a planned, 45,000
unit settlement of the Kent Koop cooperative in 
Ankara, Turkey. Kent Koop is an umbrella group of 
mini-cooperatives of common-interest groups such 
as civil servants and taxi drivvrs. Kent Koop uses 
payments from its members plus other external 
grants and loans to pay the municipal government
for the land and for the installation of infrastructure. 
The municipal government has sold the land to the 
cooperative at below-market prices; prospectiw' 
homeowners also 1- ve been able to obtain below
market credit (68). 

FOCUS ON THE INFORMAL SECTOR 

The burgeoning growth of Third World cities creates 
extraordinary demands for housing, services, and 
jobs-demands that are far beyond the capacity of 
most cities to fulfill. 

Lacking affordable housing or conventional jobs, 
the urban poor use whatever means are available to 
find shelter and work. They build settlements on va
cant land and subsist through awide variety of small
scale family businesses; the most visible examples 
are street vendors, the hawkers of fruits, vegetables, 
and innumerable other goods, who are a common 
sight in the streets of Third World cities. 

For years, the "informal sector," as it is now fre
quently called in development literature, was dispar
aged by governments and ignored as economically 
marginal by planners (69) (70). In that view, members 
of the informal sector weakened the economy by not 
paying taxes and undermined city services by, for ex
ample, illegally tapping into water mains. Further
more, they aggravated urban environmental 
problems by building shelters that did not conform 
to official building standards and by providing ser
vices such as solid waste collection that were not 
saibject to governmental controls. Governments per
ceived informal-sector activities as haphazard and 
unorganized, its members with no political voice. 

A second view emerged in the mid-1970s and 1980s 
as planners began to grasp the sheer size a igor 
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Box 5.1 Interview with a Squatter Settlement Leader 

One large squatter settlement stands out About 30,000 people live in this settle- groups of women from each community. 
among the many surrounding the capital ment. We also have agood group of midwives 
of aLatin American country. The hous- It was generally recognized that we who can be called to attend at any time 
Ing units are among the poorest, often needed some physical order In our com- of the day or night, saving the patients a 
constructed of little more than card- munity. We thought that we had to In- trip to the hospital. 
board and metal scraps. The alleys sepa- clude sidewalks ant lanes for the In addition to the health center, we 
rating the houses are only about 3 circulation of vehicles, considering that have already built our school facilities 
meters wide, but they are perfectly this was going to be our permanent and agymnasium. We started with some 
straight, and the lots are rectangular and home. We now have alleys 3 meters jerry-built cheds for classrooms. But, 
of standard sizes. Public water taps have wide. Initially, we had planned for lots of later, with the help of a private school in 
been Installed at regular Intervals 7by 6meters, 6by 5meters, and 4 by 5 the city, from which we received some 
throughout the community. Many house- meters. We now believe that the ideal construction materials, we bu!lt the 
holds have made drains in front of their size Is about 72 square meters. At first, school with our own hands. The gymna
dwellings to remove rainwater. ;iex- because there was plenty of land, we slum was conceived to have dual func
cerpts from a taped interview, tae "pre- took all the !and ve needed. But, as tions: first, to enable our children to 
sidente" of this community describes the many more came, we all had to divide recel'e some physical education and, 
planning and organization Lf the settle- our lots Into smaller plots, second, to serve as a wrestling arena for 
ment. His words have been translated Some residents saw that I had an hon- the entertainment of our community. We 
and edited slightly. FInancial data have est Interest In helping, and they asked have also formed play groups for young
been converted to U.S. dollars. This ver- me to join a ,,,.v board of directors. The people and football teams that compete 
sion of the interview Is quoted from sec- first thing was to organize acommunity toward an all-settlements championship. 
tions of aWorld Bank report (1). council for each of the communities In We have sponsored some beauty can

the settlement. My own community, the tests. 
COMMUNITY ORGANIZATION oldest, has 38 sectors, each with 50 to There are 12 community leaders on 

100 families: each sector has two repre- our community board of directors (allOur residents come from many areas of sentatives, sometimes three. All the com- men so far, no women). We are very 
the country. Some came straight from munity co'jncils together became what is close and share our problems so that we 
rural areas, others moved to the city today the United Neighborhood Ascocla- can make ourselves available to one an
many years ago. ThosL of us who lived In tion. Aft,,r a year, the association had ob- other In times of serious need. 1'-,se 
the city did well enough until recent con- talned a degree of legal recognition, our people know who we are, we can 
ditlons brought drast'. Increases In rent. Once we had obtained a hgal staus, we walk freely around the settlement with-
We felt forced to leave the city to occupy started working by organizing residents out having to carry arms. The people
this land. Ineach of the communities. themselves act as police, keeping order 

Some neighbors say that about 30 to 50 With the help of an International group and applying the law to thieves regard
,amilles had begun to arrive by midwin- of doctors c%lled Medicos sin Fronteras less of whether they live here or not.
 
ter. By spring, people had already occu- (Doctzrs Without Boundaries), we estab- Neighbors here have even recovered
 
pied an area about 3 kilometers lon8 oiya Ilshed our first medical and health cen- things that have been stolen and re
few hundred meters wide. As more and ter. We have also created what we call turned them to the authorities.
 
more came, they started creating dili r- Integrated health commissions, run by
 
ent communities within the settlement.
 

of the informal sector. New research in the 1980s Settling on a definition of the ;:formal sector has 
showed that the informa' cktor often did pay taxes been a vexatious problem for researchers. One of the 
(71) and that informal workers had considerable en- first definitions, given in a study of employment in 
ergy anid dynamism (72). Now, many planners see the Kenya, described the inforwal sector by its charac
informal set.,i as probably the greatest source of teristics: ease of entry, reliance on indigenous re
new urban jobJ '," *.rf-next few decades and as an ir- sources, family ownership of enterprises, small s,'ale 
portant safety valve to fill the gap created by inade- of operation, labor-inten -.e and adapted technol
quate city services. Planners also are beginning to ogy, skills acquired outside the formal school sys
realize the potentially important role that informal tern, and unregulated and competitive markets (73). 
groups can play in building city infrastructures and Other definitions describe the informal sector in com
services. Often lacking outside help or facing the ac- parison with the formal sector. They point out that, 
tive discouragement of city governments, informal for example, the informal sector is characterized by 
local groups nevertheless provide services such as self-employed workers, whereas the formal sector is 
transportation, the delivery of drinking water, arrang- tyl)ified by wage earners; the informal sector does 
ing cooperative loans, and recycling materials. With not accept the legal and administrative rules im
effective governmental hell) or community organiza- posed by a government, whereas the formal sector 
tion, the informal sector can play a role in other ser- does; or the informal sector cannot be measured eas
vices such as garbage collection or the upgrading of ily by conventionai statist is,whereas the formal sec
sanitation and sewerage systems. tor can (71). 

Organizat" ,' and leadership-in the form of neigh- The debate -:ondnues over die pro)l)er definition of 
borhood organizations, NGO support, or simply the the informal secior. But, in the meantime, according 
energy and imagination of a single informi leader- to one critic ofl he term, at least the research has 
can be particularly important. (For an example of an helped give standing to a variety of economic activi
informal sector leader, see Box 5.1.) tiez. that policynakers might have ignored otherwise 
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Box 5.1 
OBTAINING THE WATER SUPPLY 	 about $11,000. We started by asking each nections to the power lines. As soon as 

household to give $20. We soon realized they left, we reconnected them. TheThe first year the settlement was begun, that this amount was unrealistic for power company's officials came back to we heard arumor that typhoid fever was many poor families, so we lowered It to disconnect us from the system again. 
were selling contaminated water that $6 to cover the cost of basic construc- This time, we armed ourselves withwereaseaing oramipteoe s. tht 	 tion materials. Even though we were ur,- sticks and did not allow them to carrywas making our people sick. This turned able to collect the $11,000 originally 	 out their Intentions.our to by true a testan er 	 planned, we did gather about $5,000, and I immediately went to speak with thehours to buy water from the tanker we did put Into the project our own power company's executive manager
trucks. Then the vendors started raising labor as well as some construction mate-their prices, until finally they were in- and explained to him our frustration with 
credibly high. Yet we had to drink this rials, Including pipelines and water me- his company for cutting off our powerters. after It had installed meters In most ofwater or buy clean water from the neigh- Our need for potable water is only part our homes. Throughout our interview,
boring town, of an overall problem. We also need to the manager insisted that the companyWe tried every means to persuade the plan for asewer system. So far, by work-	 could not provide our commuity withgovernment water authority to Install a ing on Saturdays and Sundays, we have 	 electricity because we were squatterswater system in our community. But 	 been able to construct aseries of drain- and because of the uncertain nature ofthey kept telling us that, because we 
were squatters, we had no right to re- age systems that have solved the prob- our settlement. But, in the end, lie deweive satersrvi we a rightre-e lem of waste disposal temporarily. cided to be Indulgent with us, Inexceive water services. So we called a meet- change for our promise that we would
ing at which we decided that everyone OBTAINING ELECTRIC POWER not abuse our arrangement by "going toowould Install a pipeline in hi,-rnarea at far" with domestic connections. The fact
the same time. Well, we did It, and we Some people became Interested In hav- is that we do not pay for electricity now.also connected our pipelines with a ing electricity in their homes and man- It Is free, and we have been able to lightmajor line that supplies water to a town aged to raise about $600 toward having 	 our streets, our school, and our homes.nearby. With this improvised connec-	 meters installed. But, after receiving sev- If there were anything else that we
tion, we were able to secure some water eral messages from the owners of the needed and Ifthe governmert were unsupply for families In24 of the 38 sec- land we were occupying, the power com- willing lo give Itto us, then w wouldtors. We installed plenty of taps all over pany decided to stop the conn-ctions. 	 just tahe It without authorl7atlon. It isthe community, about 150 of them. It 	 Several times, we went to requ.st con- the hardest thing to do, but, in the end, it
turned out that, once we connected with nections, at least for our school and has always worked.
the major line, only about 25 to 30 per- meeting-room buildings, but the power

cent of the taps really worked, but that company always turned us down. So to
was good enough for us. 
 gether with friends, we decided toOnce the water authority found out steal energy just as we had stolen water. t. Donad T.Laurla and Dale Whittington,
that we were stealing water, it called us ; Vith the help of an electrician, we con- Planning in Squatter Settlements: An Interto ameeting. The water authority pro- nected to the public power lines without view wit a CommunityLeader (The Worldposed a project to provide our commu- public authorization. We now provide Bank, Washington, D.C., October 1989).
nity with potable water. We were electricity to some 70 families. Not long (Inthis report, details of time and locapromised a3,000-meter, piped , ater sys- afterward, the power company came to tlion have been altered or omitted to protem that would cost our community 	 our community and destroyed our con- tect the privacy of the community.) 

and has converted these activities from the sphere had only one or two workers (76). tLnergy production
of social welfare to the sl)here of economic planning also can be an important coi.)onent of the informal 
(75). Furthermore, the informal s,-vtor is an indisput- economy. For instance, a survey of the informal econ
able fact in Third World cities (as well as in many de- omy in Penang, Malaysia, found that 14.8 percent of 
veloped countries), and there is little doubt that the informal firms (definedI as firms with fewer than 
governmental policies can have an imoortant impact 30 workers) were engaged in the pro(luction of char
on the informal sector's prospects. coal and fuelwoo0d (77). Much Of this aCtivity OccurS 

at infornal markets. In IInma, fo)r 'xaml)le, 2 74 (83 per-
I he Informal Economy cent) of thi . 'ty's 331 markets are informal: that is. 

.hey were built by vendors who decided to mov t)ff
What kinds of jobs typify the informal sector? The the streets (7). 
range is I)road. A study of the infornal sector in tile How large is the informal sector? Estimates for 
Sahel in Africa fotndl, for example, that half tihe infor- most developiing countries showv it ranoing frot 3)
nal businesses in Niamey, Niger, a city of over to 70 percent of the economically active pl)ulation.
500,0)00) people, were engaged in comnmerce with The quality of the data is uneven, aid the figures
food, clothing, or otiher items; about oCne quarter may vary greatly depending oi definitions. For in
were in production, woirking in milling, tailoring, gar- stance, in I.atin America at)ut 42 percent of the 
nent-miaki.ng, emrbroidery, leather work, carl)entry, workers are in the infortial sector. Many wage earn
fiture-tuaki;,,, blacksriithing, or jewelry-crafting; ers, however, are exeml)t((I from labor legislation
and ()rt(, quarter were iti services, in jo)bs suchi as nil- aill( COUl( be counted its part of, lithe inormal sector. 
chanics, radio and refrigerator repairs, hotel and ru's- Icltilding informal wage earners, the ti ifntuber if 
taturatt services, lauridering, hairdressing, and informal workers in ILati America rises to a)1hllt i0
 
)hotogralphy (how,,ver, ilost of these "hbtsillesses" percent (71).
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Table 5.3 Percentage of Urban Populations 
In Informal Settlements, 1980 

Total PopultIOn In Itomil 
PopulaIlon Settleenits 

(thousands) (thousands) Percent 

AddisAbaba, Ethiopia 1,668 1,418 85 

Luanda, Angola 959 671 70 

Dar es Salaam, Tanzania 1,075 645 60 

Bogeta. Colombia 5,493 3,241 59 

Ankara, Turkey 2,164 1,104 51
 
Lusaka, Zambia 791 396 5O 

Tunis, Tunisia 1.046 471 45 

Manila, Philippines 5,664 2,666 40 

Mexico City, Mexico 15,032 6,013 40 

Karachi, Pakistan 5.005 1,852 37
 
Caracas, Venezuela 3,093 1,052 34 

Nairobi, Kenya 1,275 421 33 

Lima, Peru 4,682 1,545 33 

So Pauto, Brazil 13,541 4,333 32 


Sources: 
1.United Nations (U.N.), Patterns of Urban and Rural Population Growth
 

(U.N., New York, 1980), Table 48, pp. 125-154. 

2. Other sources cited inUnited Nations Centre for Human Settlements (Habi-

tat), Global Report on Human Settlements, 1986 (Oxford University Press,
New York. 987), Table 5.18, p.77. 

From 1950 to 1980, the size of the urban informal 
sector in Latin America (excluding informal wage 
earners) stayed at about 30 percent, even as the 
continent's industrial economy grew about four 
times larger (8o). This trend contrasts with the experi-
ence of the developed countries. In the United 
States, for example, informal employment (including 
self-employed workers) during an equal number of 
years (1900-30) declined from about 50 percent of 
the labor force to about 30 percent (81). 

Some studies suggest that informal-sector employ-
ment is growing considerably faster than formal-
sector employment. An illustration is Abidjan, C6te 
d'Ivoire, where urban employment was estimated to 
be growing at 6 percent annually in the informal 
sector, compared with 4.6 percent in the formal sec-
tor (82). The Inter-American Development Bank has 
estimated that, from 1980 to 1985, in Latin America 
as a whole, the informal sector grew at an annual 
rate of 6.8 percent, while the formal sector increased 
Ly only 2 percent over the entire five-year period 
(83). 

Informal enterprises rely on informal financing to 
get started and keep going. Family and friends pro-
vide a large r-rcentage of the informal loans; other 
sources include professional moneylenders, pawn-
brolkers, tradespeople, and associations of acquaint-
ances (84). Rotating savings and credit associations 
(ROSCAs), found throughout the developing world, 
are another popular source of informal finance. In a 
ROSCA, typically from 6 to 40 individuals form a 
group, select a leader, and contribute a given 
amount per member. The money is lent in rotation to 
each member. In Boli'ia, one study found that one 
third to one half of all urban adults participated in 
ROSCAs, and that their ROSCA payments averaged 
about one sixth of their salaries (85). Such associa-
tions are found throughout Africa also, where they 
are used to finance equipment purchases and other 
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small business investments, consumer purchases, 
and even international trade (86). 

Housing 

Running roughly parallel to the demand for jobs is 

the demand for housing. In 14 cities studiec in the 
Third World, from 31. to 85 percent of the residents 
live in informal settlements. (See Table 5.3.)

Informal housing often is built on economically or 

ecologically undesirable land such as flood-prone,
low-lying areas or unstable hillsides. Generally, resi
dents do not own the land and pay no property
taxes. But they often upgrade their neighborhoods 

and increase their legal rights to the land incremen
tally, a" the settlements grow older. 

Hernando de Soto, president of the Instituto 
Libertad y Democracia OLD) in Lima and author of 

an influential study of Lima entitled The Other Path: 
The Invisible Revolution in the Third World, found that 
many informal settlements do not begin haphaz
ardly, but are actually the result of careful prepara
tions designed to reduce the risk of rapid eviction by
governmental authorities. In Peru, a group usually 
chooses unoccupied government-owned land, at
tracts a "critical mass" of settlers to reduce the risk 
of repression, draws up a settlement plan, and pre
pares to negotiate with the authorities and resist 
eviction. The group then "invades" the land, usually 
at night or in the early morning on a civic anniver
sary to reduce the risk of a rapid reaction by the po
lice. Initially consiructed of temporary materials, 
informal housing gradually becomes more perma
nent as the threat of eviction recedes (87). 

De Soto estimates that, by 1982, informal settle
ments accounted for 42.6 percent of all dwellings in 
Lima, housed 47 percent of the city's population, and 
had a total value of $8.3 billion (in 1984 prices) (88). 
The numbers have continued to rise. During 1985, 69 
percent of the houses built in Lima were constructed 
without regard to formal building codes, while 31 per
cent conformed to them (89). 

Recycling, Transportation, and Water Supply 
Services 

Members of the informal sector provide services-re
cycling, transportation, water supply, food vending, 
and the provision of traditional medicines, to name 
but a few--that present modest economic opportunities. 

Recycling is driven by industry demand for re
cycled materials to use as feedstocks in making new 
paper, steel, glass, and plastic products. This prac
tice is widespread in many Third World cities. In Mex
ico City, it is estimated that 25 percent of the 
municipal waste collected is recycled, mostly by the 
estimated 10,000 scavengers working at official dump 
sites (90). In many Third World cities, recycling also 
is accomplished by door-to-door buyers, who pur
chase materials directly from households, or by col
lection-crew workers, who recycle the most valuable 
and easily retrievable Items (91). In Montevideo, Uru
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guay, many dwellers in the peripheral shantytowns 
known as 'cantegriles" engage in recycling. Cantegril 
dwellers collect food waste, paper, plastics, and 
metal. Some collectors also work in the separation of 
various types of waste and the packaging or tying up 
of materials (92).

Recycling also can create opportunities for infor-
mal enterprises to process materials prior to their reuse. For example, plastics must be washed before 
they are reused. In Montevideo, companies in the for-
eal sector have found that washing istoo labor.n-
tensive and have subcontracted the work to small, 
informal-sector enterprises, which can do the job at 
lowe, cost by using family labor (93). 

Recycling has, in one instance, contributed to theoecylsainghas, inenetate ner coneruttonte 
overall savings generated by energy conservation. In
Niamey, Niger, tinsmiths and blacksmiths made an 
estimated 30,000 energy-efficient stoves from re-
cycled scrap metal over a two-year period; these 
stoves have cut household consumption of fuel-
wood. Throughout sub-Saharan Africa, artisans use 
recycled metal, glass, tires, and other materials (94).

Reusing materials that otherwise would have to be 
purchased abroad can bring substantial savings in 
foreign exchange (95). It is estimated that recycling
for the paper, steel, glass, and plastic industries in 
Lima in IQ83 saved about $19-26 million in foreign ex-
chang (96). Also, scavenging by the informal sector 
before waste is picked up reduces the volume of mu-
nicipal waste, which helps reduce governmental 
costs. 

In at least one case, the informal sector's expertise
in recycling and waste collection has been put to for-
mal use by a government. When Cairo devised a new 
solid waste collection system in late 1986, it turned 
to the Wahis and Zabbaleen, two informal groups
that have long supplemented the municipal sanita-
tion force's waste collection bad recycling work. City
officials-recognizing that the Wahi-Zabbaleen enter-
prise was experienced, efficient, inexpensive, and 
had established client relationships-supported 
their proposal to create a formal company using
modern organizational and management methods. In 
January 1988, a successful pilot program was started 
in two Cairo neighborhoods (97). 

lnform.i transportation enterprises using cars, 
vans, or minibuses also are widespread in Third 
World cities. Some of the most common examples in-
clude colectivos in Argentina and Chile, jeepneys in 
the Philippines, peseros in Mexico, por puestos in 
Venezuela, dolmus in Turkey, matatus in Kenya, and 
trotros in Ghana. Some of these informal networks 
are estimated to provide more than one half of all 
public transport trips (98).

Informal transportation operators have had an un-
easy relationship with local governmcnts and public
transportation systems. Critics charge that informal 
transport may undermine the efficiency of conven-
tional bus service (99), is difficult to regulate, i,;gener-
ally indifferent to public safety, and does not provide
uniform high-quality service. Supporter- assert that 

Table 5.4 Prices Charged By Water Vendors, 
mld-1970s---1980 

Charged by PublicCitidbof Puic 
city Country Water utility 

Kampala
Lagos
Abidjan
LombNairobi 

Uganda
N ri4-10
Cte d'lvoire 
TogaKenya 

4-9 
5 

7-107-11 

Istanbul 
Dacca 
TegucigalpaLima
Port-au-Prince 
Surabaya 

Turkey
Bangladesh
HondurasPeru 
Haiti 
Indonesia 

10 
12-25 
16-3417 

17-100 
20-60 

Karachi Pakistan 28-83 

Source: Urban Development Division, The World Bank, "Urban StrategyPaper," draft, The World Bank, Washington, D.C., May 1989, Table 3.2, p.
70. 

informal transport is responsive, flexible, and pro
vides extensive coverage (100); serves a large section 
of the population; is a significant source of employ
ment; helps to discourage the use of private automo
biles; and can operate without public subsidies (101).

Informal transpo 'tcan meet the need created by in
adequate, formal tiransport systems. Nairobi's 
matatus (private minibuses), legalized after 1973, are 
a good example. Ostensibly in response to this "un
fair competition," the city's bus service (run by a for
eign-owned company under a franchise with the city)
decided not to increase its fleet. While the public sys
tem stayed about the same size, the number of 
matatus expanded to accommodate Nairobi's rapidly 
growing population. Managers of the public system
have acknowledged that without the matatus they
would have had to undertake an expansion that prob
ably would have cost more than the likely returns (102).

The infornhal sector also is active in providing 
water for the urban poor. In Onitsha, Nigeria, an im
portant market town of 700,000 people in West Af
rica, the vast majority of households obtain water 
from a private, water-vending system. Roughly 275 
tanker operators purchase water from about 20 pri
vate boreholes, then sell it to households and busi
nesses equipped with water storage facilities. Many
of these households resell the water to individuals or 
to water vendors, who carry water in two four-gallon
tins suspended from a shoulder yoke and deliver it 
directly to customers. In the dry season, the private
vending system provides about two thirds of house
hold water to city residents (103). The study of 
Onitsha and other studies of water-vending have 
found that urban residents are paying a relatively
high price for water bought from vendors. As indi
cated by Table 5.4, consumers pay much more than 
they would if public water were available. 

The Informal Sector and the Development 
Process
 

Third World governments, development banks, and 
nongovernmental organizations have been wrestling
for years with two key problems whose resolution 
could unlock even more productive activity by the in-
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formal sector: how to nurture the growth of informal 
enterprises and how to improve the informal 
sector's housing and infrastructure. Most studies 
and projects deal with one sobject or the other; few 
consider both. 

What needs to be done to unleash the potential of 
informal enterprises? De Soto argues that the key 
problem for informal enterprises is government red 
tape. He created an imaginary small business in Lima 
and found that it took 289 clays and cost the equiva- 
lent of 32 months of minimum monthly wage to regis-
ter the business legally (104). Furthermore, the cost 
of formal regulations tends to be fixed, which im-
poses a disproportionate penalty on small enter-
prises. 

Legalizing informal enterprises, in de Soto's view, 
would enhance their access to credit greatly, en-
abling them to enter into legally binding contracts 
and to join )artnershil)s and assoiations, 

Critics of de Soto's view point out that legality has 
obligations, such as compliance with labor laws, 
which may be costly for informal enterprises. In-
stead of legality, others emphasize the need for ac-
cess to credit, skills, and markets. They draw 
attention to success stories like the Grameen Bank 
in Bangladesh, which has about 4100,000 borrowers-
most of them women-and makes small loans 
averaging about $67. The bank's recovery rate is 
around 98 percent, a fact that has been instrumental 
in convincing banking agencies that the poor will 
repay loans (105). The bank requires that borrowers 
organize into five-member groups, that each group 
member establish a pattern of regular weekly 
saving before applying for a loan, and that the first 
two members of a group make several repayments 
on their loans before other group members can 
apply for loans. The bank also requires weekly 
repayments and makes future borrowing contingent 
on repayment of loans. Most loans-for example, to 
finance trading or the purchase of livestock-hell) to 
set up or to expand businesses. Aside from these 
factors, the bank's success has been attributed to a 
close relationship with its borrowers, careful 
supervision of field operations, and a dedicated staff 
(106I). 

The World Bank has supported several similar 
banking projects in Calcutta, India; Manila, the Philip-
pines; El Salvador; and Guatemala that rely on formal 
groups for loan repayments; require frequent loan 
collections; do not provide any technical assistance; 
and use grass-roots organizations such as coopera-
tives or neighborhood associations as a bridge be-
tween borrowers and financing agencies (107). 

These new banking projects forgo the training 
and technical assistance that trditionally go hand in 
hand with development credit. The Carvajal Founda-
tion of Cali, Colombia, arguing a,;iainst the new 
approach, believes that training and technical assis-
tance are the key elements and that credit will be 
used better by those who havc passed through 
training programs on managing their enterprises, 
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This sort of "integrated" approach is still favored by 
most informal-enterprise assistance programs (108). 

The preference for integrated programs may be 
changing, however, due in part to successes like the 
Grameen Bank. A recent study of successful assis
tance programs found that they usually focused on 
one activity, such as credit, or on a particular trade 
or income-earning enterprise, such a -garbage collec
tion or food preparation (109). 

Nongovernmental organizations are viewed widely 
as a key source of support for informal-sector devel
opment. NGOs are generally either membership orga
nizations, such as women's and self-employed 
)ersons' associations, or technical or financial assis

tance organizations, such as ACCION International. 
They understand that project success depends on 
community involvement and have dedicated staff 
members who live in the project communities. NGOs 
develop the capacity to understand what informal en
terprises need, and tend to be flexible and willing to 
take risks (110). NGOs also may be better suited than 
dlevelopment banks to handle projects that deal with 
low-income customers and require much painstaking 
attention and time. 

Some of these strengths also can be weaknesses. 
Generally, NGO projects are small and reach limited 
numbers of people. And research suggests that it can 
be difficult to replicate many NGO projects on a 
larger scale (111) (112). 

Improving Housing and Infrastructure 

What needs to be done to improve living condi
tions-housing and services-in informal settle
ments? Many studies suggest that self-help can be a 
powerful tool and that the poor are willing to under
take many projects themselves, under the right con
ditions. (See Box 5.1.) 

One critical condition is the lega, right to owo their 
homes. Many studies have found that even the poor
est people will spend money to upgrade their homes 
if they are given security of tenure (11:). In Lima, de 
Soto studied two adjacent neighborhoods ot sinilar 
informal origins, one legally classilied as permanent 
and the other as temporary. He found that the value 
of a typical building in the legally secure settlement 
was 41 times greater than in the other settlement. 
Using a larger sample, he found that the average 
value of buildings whose owners had received title 
was nine times that of buildings whose owners had 
not (1i4). 

Usually, municipal governments now recognize 
that it makes ore sense to accommodate informal 
housing than to provide public housing, which has 
high construction standards, is much too expensive 
for the poor, and has fallen far short o" demand. 
With encouragement from the World Bank and other 
international organizations, planners in the past de
vised "sites-and-services" projects, which simply pro
vided a rudimentary infrastructure and let the 
owners build the rest at their own pace. These pro



jects were intended to be a' ,rda. 'e for the poor. But 
project planners often overestimated how much the 
poor were willing or able to spend on a house. As a 
result, many projects did not benefit the poorest resi-
dents (115). Studies of five projects indicated that sub-
sidies ranged from 55 to 72 percent of their costs 
(116). 

The general experience to date suggests that slum 
upgrading-that is, narrowly targeting projects in ex-
isting settlements-tends to reach the poorest of the 
poor more effectively than sites-and-services ven-
tures. However, experience also suggests that up-

grading usually requires a larger subsidy than do 

sites-and- services projects (117). Choosing between 

more effective help to the poor and better recovery

of costs poses a difficult political problem for Third 

World governments, 


Community Participation in Projects 

Community participation in upgrading projects is fre-
quently high, though planners and residents are com-
monly at odds over the pace of construction and the 
type of building materials. As a rule, planners favor a 
rapid pace and new materials, while residents often 
do not care about pace and prefer used or discarded 
materials (118). 


Community-based upgrading and huusing pro-

grams also have the add iional benefit of providing

employment for informal !nterprises. For example,

the production of building materials has been an im-

portant feature of many self-help projects (119).


Commural work on projects such as digging

ditches for sewerage and drainage has had a mixed 

history (120), but there are som success stories.
 
Two are in Brazil's Pernambuco state. In Olinda,

slum dwellers are working with a team of profession-
als from the municipal government to improve irifra-

structure and housing with mat"'rials provided by

community workshops (121). The Olinda project in-

cludles road resurfacing, road drainage installation, 
and solid waste collection; local enterprises were set 
up to make latrine components and drain tiles (122).
Residents have controlled rainwater drainage suc-
cessfully by installing locally made, precast cement 
drainage channels. Each household is responsible
for cleaning the debris trapped in nearby drains (123).
In Passira, residents participate in a lower-cost, "con-
dominium" sewer system (so-called becau.se connect-
ing lines pass through several homes on their way to 
a main line). The project uses locally made ceramic 
pipes, which cost about one thirtieth as much as 
standard pipes, and terracotta inspection chamber 
rings, which cost about one fourth as much as con-
crete rings (124). 

Another success story is unfolding in Orangi, aset-
tlement of 800,000 people in Karachi, Pakistan, where 
re.sidents are active participants in the construction 
of a low-cost, urban sewerage system. The pilot proj-
ect area incl ides about 4-,300 of Orangi's 90,000 
housing units, alorg 3,181 lanes. Project leaders 
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stressed that residents of each lane must organize

and elect lane managers, who would formally apply
 
to participate in the project. After technical staff sur
veyed the lane and prepared plans, the lane manager

collected money from the residents, received tools
 
from project leaders, and made arrangements to get

the work done. So far, sewerage systems have been
 
installed in more than 2,200 lanes, with most of the
 
cost borne by residents (125). Project organizers esti
mate that the locally planned and implemented work
 
and simplified system cost 80 percent less than a
 
conventional sewerage system (126). Planners may be
 
looking increasingly at projects like Orangi that do
 
not put much pressure on public funds. 

Institutions like the World Bank are seeking ways
 
to promote the construction of affordable sanitation
 
facilities in urban settlements. For some time, Bank
 
officials have been working on procedures to help cit
ies decide which conventional, intermediate, or
 
lower cost systems-small-bore sewers, condomin
ium sewers, on-site latrine systems, or upgraded ex
isting facilities, for example-make sense in
 
particular urban areas. To agreater extent, both do
nors and governments have realized that users must 
pay at least a share of the cost of these services.
 
However, this depends on developing aclose match
 
Vtween the cost of the system and the residents'
 
willingness to pay for it, thus ensuring that residents
 
can pay for par' (but not necessarily all) of the cost
 
of the services they receive. Recovering more costs
 
will enable municipalities to stretch their budget dol
lars farther (127).
 

Banks May Encourage Self-Help 

In the future, aid agencies and development banks 
are likely to encourage self-help projects such as the
Orangi sewerage project as well as projects with po
tentially large-scale impacts, such as grassroots bank
ing organizations like the Grameen bank. To help
reduce the cost of regulation, they probably will en
courage Third World governments to simplify build
ing codes, design standards, and permit processes
(128). Support also is building for programs to im
prove access to credit for the informal sector, for re
moval of formal-sector subsidies that hurt the 
competitiveness of the informal sector, and for more 
long-term help to develop the institutional skills of 
NGOs and strengthen their ability to assist the infor
mal sector (129). 

Planners and rmAunicipal officials also will be more 
likely to encourage the informal sector to play a 
greater role in housing development and in services 
such as transport and solid waste removal. For exam
pie, in Ecatepec, Mexico, officials have modified a 
sanitary landfill so that scavengers can recover mate
rials safely and efficiently. The site now has two lev
els. Trucks dump their loads on the upper level for 
sorting by scavengers, who push unwanted waste 
down to the lower level. There, the unwanted waste 
Is spread and graded. The site is fenced and re-
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stricted to adult scavengers only; trucks with poten-
tially infectious or hazardous waste are diverted to a 
section of the landfill where scavenging is prohibited 
(130). 

These sorts of efforts to accommodate and chan-
nel the energies of the informal sector could prove to 
be important strategies for Third World city manag-
ers in the challenge to handle the rapid urbanization 
of the 1990s and beyond. 

RECENT DEVELOPMENTS 
HEAT ISLANDS 

The rapidly growing cities of the developing world 
can expect a double dose of warming: the expected 
increase in temperatures caused by global climate 
change plus an additional increase caused by urban-
ization. 

It has been known for some time that urban areas 
tend to be hotter than surrounding rural areas. A va-
riety of factors contributes to this etfect, including 
the release of heat from buildings and automobiles; 
intensified heat storage during the daytime due to 
the thermal properties of buildings; decreased evapo-
ration caused by the replacement of trees and other 
vegetation with building materials; the effects of 
urban "canyon geometry," which tends to reduce 
wind speeds and raise short-wave radiation absorp-
tion; and increased long- and short-wave radiation ab-
sorption by air pollutants (131). 

Arthur Viterito, a geography professor at The 
George Washington University in Washington, D.C., 
completed a study in 1988 of the differences between 
urban and rural temperatures in 30 cities of the 
United States. Viterito compared urban &,ridrural 
temperatures in 1980, when accurate cens.is data 
were available. He found the average yearly differ-
ence between urban and rural temperatures to be 
1.13 C. The New York City urban area, with a popula-
tion of more than 15 million in 1980, led the list with 
an urban/rural temperature difference of 3.0' C. Min-
neapolis, Minnesota, with a much smaller population 
of 1.7 mi~lion, nevertheless averaged 2.11" C warmer 
than adjacent rural areas (132). 

Another study of Kuala Lumpur, Malaysia, mea-
sured on the same evening temperatures of 24"C on 
the outskirts of tl-,hcity and 28.5" C near the city's 
commercial center (133). 

Little research has been done yet on the impact of 
this "heat island'" effect on rapidly growing cities of 
the developing world. For example, what will happen 
to temperatures in Mexico City and Sdo Paulo, both 
of which are projected to have populations of 
roughly 24 million by the year 2000? 

Using a conservative extrapolation of the U.S. data, 
Viterito estimates that cities with a population of 25 
million can expect an urban/rural temperature differ-
ence of 3.13' C; cities with 30 million inhabitants will 
tend to be 3.24' C hotter than adjacent rural areas 
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(134). The jump in temperature tends to become 
smaller with each additional million inhabitants. 

The potential increases in urban temperatures 
could have important effects on human health. In
creased mortality from heat stress can be expected. 
(See Chapter 4, "Population and Health.") Higher en
ergy costs for air conditioning also are likely, though 
in colder climates this may be offset by energy sav
ings during warmer winter months. 

USING BAMBOO AS A BUILDING MATERIAL 
The government of Costa Rica is encouraging the use 

of bamboo as a building material to help relieve the 
country's housing shortage and to stem deforesta
tion by providing an alternative to wood. 

Costa Rica's National Bamboo Project is the out
growth of a 1980 college thesis by Ana Cecilia 
Chaves, a Costa Rican architecture student. Bamboo 
has numerous advantages; it can be harvested five 
years after planting, does not require much labor, 
and costs only about one third as much as cement 
block. In addition, homes built with bamboo can with
stand earthquiakes better. Bamboo plantations can 
help reforestation and can control soil erosion (135). 

By 1988, international donors-including the gov
ernment of the Netherlands, the Central American 
Bank for Economic Integration, and the United Na
tions Development Programme-had provided $7 mil
lion to support the project. Consultants from the 
Netherlands and Colombia, which have had experi
epce with bamboo as a building material, served as 
advisers (136). 

The project's 12 construction technicians are 
going to rural communities throughout Costa Rica to 
teach local people how to build bamboo homes and 
to assist in their construction; 220 of the 
homebuilders will set up 10 small enterprises, five to 
plant, harvest and prepare bamboo, and five to build 
bamboo houses. The houses have wood frames onto 
which lengths of bamboo are fixed to make walls; 
these are covered with stucco. Each house, about 48 
square meters in size, costs about $2,000 (137) (138). 
The project's goal is to build 30,000 homes in four 
years (139). 

Project leaders also plan to sow 700 hectares of 
Bambusa guadua, a stronger species of bamboo from 
Colombia and Brazil that can grow to 33 meters (140). 

Project leaders in Costa Rica hope to take what 
they have learned to other countries in the region. In 
addition to Colombia, Peru and Ecuador Lave had 
some experience with bamboo as a building material. 
Bamboo has been used for centuries for construc
tion in China, Japan, and other parts of Asia. 

his Chapterwas ritten by Robert Livernash,a wrer
 
and consultrnt inWashington,D.C.James Listorea
o te 
World Bank's Environment Department was principal con
sultant on the Informal Sector section. 



Human Settlements 5
 

References and Notes 

I. Department of Internationa;iorlEco liliand 

Sotial Affairs, United Nalioois (U.N.), Iti.s-

peits of llior.d t'rbanizaon. IA.S (I N., 
New York. 19t9),Tafble 2 Iv7. and f'able A-
3, ip. 'Il-1. 

2. 	United Nationis Centre for tluian Settle-

iieitts (labital), Rji onluinu n
(ll Art~r 
Setll'lents, 1'986 (O)xfird Uliversitv Press. 
New York, I1987).p. 23. 

3. 	 (Msit OftilhedataLisd litre rely oilthe 
United Natiins I'n.spects (offl'rlid I rliniliz. 
tion. O '.'whilh act't'ht lie various dtffii-
tions of "iirbai" usedli national 
goverllielts, Mlist COtaltries fefine all 

irbainariis havilng iit o 2,)iiiiil l ' 
to 5.111 prsols, il some coulllries have 
illillillii sizs as sisall ias20( persons or 
as largieis 3(),ll00.) 


I Oip ti.1,ITable A-:, p)..10-. 

i.flpi 	 iti. . able I. P).5 

6. Joirge E.flrilovaIadavid Satlertlhwaite, 
Slullter C'itlze Life inthe r n 77111id 
fltt,/d (EartlisCali I ublicaliollS, Liinii, 
1989). 1).229. 

7. 0) ii). 6. pp. 2:12-211. 
8. Oil it. 1,Table A-9. ).7;. 
9. "fleWorld flank, -lDepening l

t
lIe-tlutionte 

iliaiidsSo)hlionls,"71heI7 i.' Voli.
l'r# 13, 


Nit. 5 ('lih World lanilk. Washilligitoii, IRIC.,198941).II ]. 

Ill. 	Carl airtillti, "Enviroiiieit'iital Issits in 

IUrban Managiietia t," iteWotrl Iaink. 

Washington, D.C.. 1989, I.2, 


II. 	 Uliiilt'f Natiinis Ecinliiliiit (omlliliissioin for 
latin Anilr'a aind lit, ( riiii'an (ECIAC), 

-lTh Water Resoiurces itl lin Alitrica 
a d lh (arilieai: Wate r IP'lliuti tit" 
ECIAC. Sattiagoii (hilt, Miy 1989. p).5.,

12, 	 Iit., ipp1.5-9 
]3.Wolrld Ili llil()rga li olniiI\(l )1.(ide,-


hnt. ft t)rinikina, Itlilt' kirRt,, tiiindtd ti.is 
iutrlhe i'tifnit, P). (l leiva, 198.).I (WVI 
19.lalilt G. 

1,1.	Ilarvy A. 1iari, .Siiiitr L( ut iiiSt. flit 

World liik Washili toi. I)C . iaiintiav 

1990lairstlilal tttilliliu-al[oil), 


15 	lolllV, l'laitiniii., iid Ristart-fh Stall, The 

Wortl Bank. 

'
[l" ..tlniiStt itRtit'i,' 


Il~uli'.iipp!(i iliti.tttifiiltiliti ITIllWild 

lliiik, Wishlihgttti. 1I) . Novem'iblier Him). 
i)II 

Ill. !I I 2. 
17 	 M A Esrt-y. RiG 'i-,alhtii. ait!J V. Hghlies. 


"hlh'rvt-uititrits ltr Ilitv (t tiltl itl fliar-

rlitttal Iistasts Ait i \tiilg (YioinCildre-:hi-

Iriovil ;it'rSullies inldxt-ri 

I isllsil I it iliti's." I/ule'llofthtlirl/ 

h'iillih ()r.,o'litt. Vtif li . Nit 14851, 


1) 763 
18 	 World R esrces hiultili Ilitt-rli-

Iiinal Inlitutle for Envirtiiaiteut aid) litlnl-
titiilt incollalbotration with the' I 'liteul 
Natiotis Einvirttniint Ptrogramililit 

, 
Word. 

ke.urtturc's 88,) IIBasic fIhiks. New Vt rk, 
1 lt ill.), 11-12. 

19. Op it.2. I).98- I11. 
2(1 flfiti!. 2, 1i. 919,Box 7. 
21. 	 Op cd 2. li1. f4-1 Ili. 
22. Op1cit. 2. pll. 111-135. 
2:3. Wotrld IHealth Ilrgaliizat ,n (WiO), 7ie In. 

t'rnationili)rlinJin ll'ot'r.S'upp/i'ol Savi. 

flttinI),lcadth Reitu of .t,d-I)t'tode 

/'riate.s.s (isit t'na(it'dr 985) (WIll), Ge-

iteva, 1987). p.8-9. 

2,1.Op cit. 18,p).261 
25. Op) cl. 2:1, lht A.3.2. 1i. 22. 
26. World I lealth IOrganizat tin (WIl)). Urban-

izaitit iid is ihiplicatinsfor Chld etIh 
(WlO, Gte'va, 1988), pp. 15-1 7, 

27. 	 Op cit.2,p).1,18, 

28. 	 Alfi so Zavafa, Adviso r. Water and atita*-
tiboil flivisiti,The World Blank, Washing-
lol, ).t., January 19910(persolal 
icllilluttnit toll)oiilid, 

29. 0) cit,15, 1)8. 
340.Water and Saloiion for Ilealth lrojetl 

(64.Il), lI'ult'rlnd.iint n. ,lttrtn.. 
l'. if In'tqitv.Afrn nI 'lhlt'.s (6I5 aild 
Associatis, Arliigloili, Virginia 1989). 
raih'.l,P) I 

)
3L. Ibid.. 1 . 
:42. 	 Fredirick S Maltsl66. it ('ltrol 

.'lnit'rtd it tdoii /St .n ilt'r.Suppl ' 
tittlti 

gruni.s I pllt' (tDM aiid Associates. Arliiig-
toil. Virgiiia, f 1989). i

) 
31 

:!3. Inid. Talle 13-1, p iI i67 
:.i.Ibid. Tahlt 1-2. p) 51; 
35. fip it 15.1) II619 

I6. 1larvey A. iatelr
irii. "Fiiaiitig Silly 

and . ailiitationi Servist'tiaper ireslntd 
at the Cillabiorative ('oiiunil Mei'ting inSio-
pia Alilolis. Fraiic', Noveii'i!lr-l)eriii.-
tier 1989. Th 'WorldllBaik. Washlinigtii. 
I(. 	 p. :t. 

37. i dii 


:318Ibid. Figiure 3.1I 18 

:1 (Opil. f.. 

.101. ). 8iOp (.11, 36. 

.11 Tht Worli IBllnk, f5"5 Annul .Sei trRi'clii II iteir Sup'l The'uit Sun.%llltitnun 

Wiorld flank. Wasiihitglii, I)C . Nttventllwr 
198, . 2. 

.12. 0( i l 3irt,36. r, ..1p.2M 
4:1.lingvar Alitaii, iuloted iii Ilivisioji if ilr-

ilnatiiiii. Unild Nalittis Detvloieiit lro-
graiiiiiie (lUNDl). -Doiior IDllars oi 
Furtter isAgeiliticl'tis l ('list Effective-
ness." Stuitv. Vol. I.Ni. 2 (IUNI. New 
i irk, Seltilllieer 1989). 1 21 

41. /id.. 


45. 	 ()i(it. 8:36,1) 
4i6.1I.Woarld Ihaltlh ()rganiuilitiii (WI If ). Itfi. 

Itit il I)rinkinWat Iilt', Suppl' aimd.,utliloi 
lei-i-de Revit'ti" iil.Vlionti/Po gtrv. s (as (it 
I)t-inbt'i r PA5.71 (WIlt). IitleIva.,Switzr-
lanld. 19816),Ii1I 

.17, llarviv A. (iarii, "allris iii Ilt Italaie-
-ported tin ('ilmtltet~dtfWater Soliply Pln 

iects. Thl'Wirhl Itak, \'iashiii gill, I.C , 
1987, ii 

t
. 1-7 

.18. 01) it). 36. it1 5. 
-. Op Ilt:36,flp 5-6 

5I). lip Il. 36. lip. I 1-f12 

51 Op tit.361,Ii. 17 

52. 	 fT'llWorld lliik. ".iiw-Ctst (I)plittils for 


I rbaut SuliSntatitlitn," '7I 'rhnFdalg,.Vii. I, 

Nit I0 (fli Wtirhl Ianuk, Washinugtonu, D.fC.. 
I)et' ieiihe r 1987). 1). 2 

5:1. Ildt., I. :1 
5.1.Carl R.Ifartitlt., "hsliiatiiual ai Maiag t-


nent Apfirotachies ttt Sttlid Waste Ilispioisal 

hiLarge Ml'tropotulii Areas." The World 
laiik, Washiuolgti. 1)C.. 1989.I)i,p1 

55. 	 ('arl R. Ifarl lti,.1 raut Wastetwat er Dis-
poisal allt Itltllluiiln (onttrol," ''if, Worll 
Ilanik. Washintgton, I) C . 1989. fi. 2. 

.56.(arl R Barttii, Setiour Einvirtimeniital Sp-
tialist. The WIorld lank, Washiingtini. D.C., 
Jauatiry 1990 (itrsoial ('ttiiaiiitieatin . 

57. 	Th World lantk. "Tracking I lltrt il 
loist Walt'iCr, Pit 1CrI'in Edgqe. Vtl. Ii Ni. G1 
(Tli World fllank. Washingtoiii, 1) ', JIune(-
July 1986), I) I 

t58. 	 Robin Wistemnii. "l.atinu Crisis Needs P tliti-
cal Priotrity." Wrl/d Wt'er. Viol. . Nit. I0 
(Notvtembhaer 19918). 1i Ili. 

59. 	 lit' WiorhlladB k. -Managemuent l I Iliera-
tilolal Practices if Munlillial andI R hegio l 

Waler and Seweragt Ctmiianiest iii lni 
Aleri'ail lind Worldhe Caribbean.- 'le 

lank,Washilgton. D.C..1989. restricted
 
(listrihutioii. p. 2-:1
 

6114ilb . pp. 2-3, .
 
6i1 pip.5. 9 
62. /hid, fill 7,9 
63 	Ibil. 6 

.	 Ibid.. pp. 13-14 
115 The Vo irhi lidBnk. -A. ilal Awards Ficus til 

hiniivative flttisigl" Th ,'rbai Edge. Viif. 
13,No 9 (The lW'orld Iank. Washingtin, 
I)1. 1989). ip.1-2. 

1141Piif'rtoject prices are given i 1977 Egyptian 
poitilids, wlet'i the exciaiig rate was at-
Irolixlialtv El -$1 inJi ltJ.ary 1994. the 
ntt, ws abliii K21; $ 
0p 6ll. pp -3 

1 lip ii 4.t11pp .I-5
 
ip . 17(it, 1 

740Jaltie Pv rliil "SixMisctoiicelitiitiis Aliout 
qiluatter St tit tilt s."I)it'tln'opirit.1eds 

oif('ingi' 1lWage 7Troiugh Ghobal (0,iei'r. 
Vl 	.I.No, .1(1986), ) 

.1I 
71 	lesliee ital. -k%irkiia Palper iil theliifr

ial Seclior it the Sael.t-l. Tli World Bank.
 
Washlliltt. I) U . -elbruairy 11K).sum-

Inar'. 11;
 

72. Op it 1 
73 	Intelrnailltinal [iinternationlal
L~abo~r ( Mirce. 

I fit tiir ()rgailii Empytmetni.Vi'nn hit(oines,
olnI F'.qaiihls'I.|.troft',gi,for /ia'rt'iisina,' Itl. 

ilillt' Einpliohnit'tt #inKcirllhitertnatiiiial 
Liitir I Irgaiisaltoa, Geiiva, 19711), i, 
citeid iii Lisa leallie. "A1lidea in GoiodIf ur
relicy and flow it Irew: 'lih,hitfiriil S c
ir." lltirhll)t'lhlopnt,.l Viti. I5.Nio. 7 

I 1987), 1i.851 
7.1. Lisa Itiatti., "AliIdla i Gitotof (irrenlcy
 

and Iliw It (;row 'lIhe liiltrial .eitir,"
 
llorltil)'ieltpn'nll ,ViLi.15.Nit 7. 1 7, p).
1851 

75. 	 Ibd.. 1. 855. 
76 Miinistert, ifi 

t
Plan. Repbillie ide Niger.
 

'EliiiilnU'l Nitililh silr leSectuiir hilriiiel
 
litItl t ruiitrs iasultats."
I ELiert rise, ' 

Niamtiey, Nigtr, Iiwthftr 1987. citeif in I.s
lie Pla'iin, -Wotrking InigPtrli lith Iiforimal 
Stlr inlIlt Salit." Ifh Wotrhl ltaiik. Wash
ilgliAli, I'. 1t 574;111!98 

77. 	 Kaiial Salih. Mti ig Yiluing. L.eai tifg 
('han,it al., Yotnt lWirkrs tid I ri iai Sir
t's A Cuse 'tud rfP'inallt. l,..hhli.(',Iiit(1 niversiltSailts Malaysia. I ouang. 1985). 

tittid iii "IG. Mitlee. Kallialsiiifi. Mi L.ing 
Ytuing, t ul.. -iduslrial l)ovmli ntiliitIt
lii(I Cleavages and Fiilhft'iiviliitlttiriis: 
Itenlig Stat-, Ma aysia." iii li7i Itfrmil 
Ecnotimitty Sluidiies ilAduin-'id unil A,,s
Iu'. 
tilt1hped1otinlri.%Alitlndrtl iortis, Man

litIl 	ist Ifs.hll.id Laiiren A. IBenititn. etds. 
(lil ittlJiohn Illtkiiis IJinivirsity trtss, Balti
illire andilLndlltii. 9i). llp. 21;9. 272. 

78. 	 llhriianhttie Stoll,Th tlhlerlthlh Tht Ini. 
i'itble'Revluithi in th' 77nt Iliirhi 
(larper alindRow. New Ytirk. H,89). pp. 59,I 
61. 

7:1. 	Manuel Castells and Al'jandrt Pirltis, 
-World inferitatalh- Thel(rigiis. D)nain
its and Effects itf Ihv hinirmal Ecttlitiiiy," 
it The Infonnl .*lvitudi'snntinti in Ad. 
cunctd uni..; /it' 'oped (h'uunfrwt., t . 
ejaltifroi Ptrtes, Maituel (asells. antd 
iLaureni A. lI-.ittin. eds. (hlt Johns Ihlpkiiis 
IUiversity Press,hlaltimoutire andh L.undoun, 
1989), Table 1.1, I).17 

8o. Ibtd., Tale i, I.1. . 
81. 	 Ibid., Talilh 1.2, . 19. 
82. J.P. I.aluhiucl. I'rat'l.lrlhe du Tri. 

f'ail UIrtmiin It,Cas d'Abidjan (Ilstlutilnter
atilaunl tI'El utfes Stilal is, (eneva. I 1988). 
eld Ied sli |etail,"Woirking Paper iii tit' 

Wold Hetotcas 1990-91 

61 



5 Human Settlements
 

Inhrmnal Sector in the Sahel," The World 
BatIk, Washington. D.C.. February 1989). 
suntnary, ).-1. 

8.3. 	 Jacob l.evitsky. "Suinmnary Report" ot !he 

Washington, I) C . June 1988. International 

Conference ol Microenterprise )evelop-

bent. Committee of )onor Agencies for 

Small Enterprise )evelopment, Washing-


)

toil, D.C.. August 1988. .2. 

84. 	The World Bank. World Devrelopment Rt-

pirt 1A99 (TheWorld [lank,
Washington, 
D C.,1989). 1)112. 

85. Ibid., Box 8.2, ).111 

86 The World Bank. Sutiharun Africa iont 


iss t;ustoinatileGrowth (The World 

Bank. Waslhington. Ii C . 1989). pp. 1401-111. 


87 0p cit. 78. pp. 2()-26 

8. ( tcif 78. ) 19 


H9. 01) iIt. 78. 1)L:3 

90 	Saundra 3 (t iintreau. Solid Waste Recycl-


tug ('aest t;tudiesili)eveliping Countries," 

Itper prelared fir the United Nations )e-

veloiment ltrogranine:World Bank Re-

soiurce Reciovery Project. The World Bank. 

Washington, D.C ,(ictoher 1987. p. :19. 


91 	 Iit. Ii. 69 
92 	 Juan Carlos Fortuna and Suzaiha Itrates, -Il-

forital Sector versu, Iiftrinalized Laior Re-
lattiosin Uruguay," Iii '/ii' Infrsnial 
Ft-nonni,t .Studtle.%it Advatinted (andLess De 
vielopedCountries,Alelandro IPortes. Man-
uelCastells. and l.auren A. Benton. eds. 
(TheJlhns Hopiikins University Press, Baiti-
nmore an)J I.ondonu,1989), ip.86-87. 

93 	Ibid., pp. 91-9I 
94. 0) cit 71,p. 63 
95 	 The WorldlBank, -Recycling Irom Munici-


p)l Waste," The IUrbatn Edg,-, No.5
Vol. II, 
('Te World flank. Washington. I).(., June 
1987), .I. 

96. Op cit. 90.p.66j. 
9 7. Environmental Ouality International. "Ex-


tension ofTechnical and Advisory Services 

to the Zablbaleen (iameya-P)hase IL."re-
port to the Ford Foundatitin. Cairoi. Decein-
ber 1988, lip:3-5 

98. Op cit 2, Box 117.1) 158 
99. Op ait.2. Box 117. 1 158 

1I)). 	Rit'e iB. ()caroO,Li(i-i'st Translor it 
Asia A (omparatie IIplar )flnFae Cits 
(Ilternational Developnnent Research Cenl-
re.)ttawa, (anala, 1982), )

.69. 
101. 0Opcit. 2. Box II .7.p 158 
102 	 Elliot Berg, The Potentials oti ii Private 

Setor iii Sub-Sahiaraii Africa." in C'risis and 
Re-rat' inSub-Saharan Africa, Ti)-e Rose. 
edf. ((Orgamsat tin fur Economic Co-olera-
tionaid l)imei)ntent )evelopment Celi-
}re.Paris, 1985). )

.140. 
103. 	 Dale Whittington.lDonald T lauria, and 

Xinitig Mu."Paying forUrban Services," 
The World Bank, Washngton. D,.C.,March 
i989. i)l. :34,10, 

104. Op cit.78,pp. 133-134. 
105. Muhammad Yunus. "Graneet Bank: ()rgani-

zatiotu and ()perations,- paper prepared for 
the International Coinference ion 
Microenterprise I)evelopment. Washuifg 
ton. ).C. June 19 8. p)2 

106. 	The World Bank. -issues in Ilformal Fi-
nance." Ii World )eueloprnentReport (The 
World Banik. Washiigton. D.C . 1989). i) 

117. 
107. 	 Friedrich Kahuert. Ecoionist. Asia Re-

gional (Office, -Mi(ro-Ente prise LIendings. 
The World Bank. Washington, 1)C . June 
1988 (me, orandum) 

11)8.Op cit. 8:1.pp. 18-19 
10t9. 	Judith Tendler, "What Ever Ilappenetd to 

Poverty Alleviation?" paper prepared for 
the International (onference in 
Micriienterprist )evelhpnent, Washig-
tol, D.(. Jue 1988, i) 9 

23
110. 01
) 

cit. 83, 1). 
Ill. Op cit. 1(9, lip. iv-v. 
112. Eduardo Rojas. Sanitatin Specialist. Ilter-

American Develpment [lank,Washington. 
D.C.. 1989 (iersonal comtimunicatio)n). 

11:1.Stephen K. Mayot, Stephen Mal)iezzi. and 
David J.Gross. -Shelter Stratgies for the 
Url ,tI Poor inI)eveloliu Cotuntries," Re-
search Observer. Vol. 1,Nit 2 (Tie World 
Bank, Washingtoin. D.C..July 1986). p) 199 

). 

114. Op it. 78.1 24. 
115. Op. ca,113, p. 19) 
116. 	Stephen K. Mayti antI David J. Gross. "Sites 

ami Services-a(I SLusitlies 11,-Ec'litn-

ics of Low-Cost Ilousiug in )eveltping 
Countries,- draft paper. The Worlt Bank. 
Washington, D.C., 1985, cited in The World 
Bank, "Makiug Shelter Projects Replicable." 
The Urban Edgi, Vol 9, No. 1I)(The World 
Bank, Washingtonu, D.C.. )ecember 1985). 
p. 2. 

117. Op ct. 2. p. 175. 
118. Op cit. 2, ).171. 
119. 	 United Nations Centre fortnunan Settle-

nients (Ilabitat) .SupporlingIi'Inftrnuial 
Sector inLow-.Incomet Settlements (1abitat. 
Nairobi, 1986), ).19. 

120. Op cit. 2, p. 176. 
121. Op cit. 58, ).17. 
122. 	Carl R.Barttnte, Senior Environumental spe-

clalist, The World Batk. Washingtont. I).C., 
December 1989 (tiersonial comminiciiiation). 

12:3.Trudy larphain, Tim Lusty, and Patrick 
Vaughan, In theShadow ofthte Cit.yCommat-
t.ttv /eouth and theUrban Poor ((Oxford Uni-
versity Press, Oxford, U.K., 1988). p. 118. 

124. Op cit. 58, ).17. 
125. Op cit. 123. pp. 126-131. 
126. 	The World Book, Rural IVater.Supply and 

Sanitation in Pakistan 'essons fnti E.xperi 
ence, Haliz A. Pasha and Mithael G. M-
Garry, eds. (The World Bank.Washigton, 
D.C., 1989), pp. 31-:14. 

127 Albert Wrigh?. Senior Sanitary Engineer. 
i ID(C.,IDeceol

her 1989 (personal coiiniuilicalioin j. 
128 	 UTrban )evelopmni't )ivision. The World 

Bank, **UrbanSt rategy Paper," The World 
Bank. Washington. I) C . May 1989 p. 109. 

12!10i (tip 83. 1 25 
1l31t 

The Wo rld Bank, ,k.Washington. 

sindra J (oiiltrati, -SIid Waste Recycl
ing Case Studies ]IIlhehlping (ountries," 
iaper ireparedi fortie Unhited Natitos De
veliotlent PrigratieiniWorl Bank Re
source Rectovery 'rolject. The Worll Bank, 
Wik'ashigton, I) C, June 1987), 1) 1:1 

131 	T R.()ke. Rerii tf I rtlanChnatil/tuv 1973. 
76 (World Meterological Organization Tech
uicalNoiteNio 169. Geneva. 1979), cited in 
Arthur Viteril. -Imiplications it llrlaniza
tin f(r L.oial an(l Regional Temperatures 
iIIthe I1iTite) in(ing (It-States." ithb 
Inate ( alge Ilnceedings if Ill'.Second 
,'Vnt/i .-lIori(tinIwnttren e in I')paringfor 
("hiite (7iatige A (i wpentiie 4ppnnich. 
Jofhn U To)ping. Jr,ed.(The (limatt' Insti
lute.Washigtin . D(C ,1989). p 115 

1:12 Arthur Viletrit. InIplications ol rltaniza
tion for l.ocal and RegtionalTemleratures 
in the United States." in (tping wi/ (Ih. 
mate 'hange h-'meedg. it the.Sertd 
North Ainet'icn Conferen'e on Ieparingfor 
('lniat (hatiii ..(norperutni'e .10tpniach, 
John C Totppting, Jr ,ed (TheClimate Insti
tlut'. Washington,D.C.,1989). i)116. 

133 	 Saimi Samti. The Uran Heal Isl;ind-I-ts 
(i tuc'lt and Applcationll to Ktala L.t1n
ipur.i I!rbtnizatiotn nd the .4tinti.qtertc 
Eni'ronnuent n the i.ow Trlpt(.%. Figure 3,p. 
249, Shii Sani, ed. (1987). (UnJversiti 
Kebangsaan Malaysia. Ifanki. Malaysia, 
cited by P.J. Peterson. I)irectot. GEMS Mon
itoring Pld Assessment Research Centre, 
Lon n.January 1990 (personal communl
cation). 

1:14.Arthur Viterito. Assistant Ptroifessor i geog
raphy,The George Washington University, 
Washington, D.C.. Dec'em)er 1989 (per
sonal co municati-in). 

135. 	Lisa Swenarski. "Bamboo to t lie Rescue in 
Costa Rica." The CiristianSii'rnct' Moitor 
(I)eceler 9, 1I8, Ioston),1). 27. 

1:16.Ibtd. 
137. 	Prt)jetii Naciional tIe Bandif )l.estas las 

ltreuieras ('asas," Illuaseten (Proj cto 
Naciounal ie Band)i, Saii Jos'. Ci'ostaRit-a, 
Septeinber 1989), lil :1.6 

138. 	 Ana Cecilia Chaves,I)irector, IProjecto 
Nacitnal de Bainb. San Just', Costa Rica. 
January 1990 (personal cominuui-atuion). 

139. Op cit. 135. 
140. 	 l'rojerct Nacittal It' Bani l, "Projecto 

Nacional it' 1Baindt."Irochure, San Jusi, 
Costa Rica,inif., ip.10,22. 

WorldReSoUrCss 190-91 

82 



6. Food and Agriculture
 

The increase in food production in developing coun-
tries over the past 23 years is remarkable. It is also 
contrary to the Malthusian vision that prevailed in 
the 1960s. The success was clue to a variety of fac-
tors-expanded croolands, new high-yielding seeds, 
and heavier applicaio,'s of fertilizers aild pesticides.
Enlargement of th' area t:ilder cultivation and appli-
cation of increasing amounts of chemicals have ex-
acted significant environmental costs that cannot be 
paid indefinitely. The challenge !acing farmers in de-
veloping countries today is to increase production 

le pursuing methods that are both economically 
Gild environmentally sustainable. 

World production of cereals was expected to con-
tinue on an upward I)atL in 1989. Since 1983, how-
evei. increases have not been dramatic. Stocks of 
worlu cereals, meanwhile, have fallen to their lowest 
level in the 1980s. (See Conditions and Trends, 
below.)

The evidence suggests a relatively grini outlook for 
Africa (see Focus on Sub-Saharan Africa: ARegion in 
Crisis, below)-and an uncertain but generally
brighter futurc for other parts of the developing
world. 

Efforts to boost food p)roduction to outpace pol)ula-
tion growth have relied on expanding the land area 
unde,"cultivation arid increasing productivity. Some 
regions have already expanded nearly to the limits of 

their arable land; farmers in other legions are clear
ing land with marginal agricultural potential. 

Research under way in Latin America could open
the way for sustainable agriculture in both existing
and new areas of the tropical savanivis. For e.%ample, 
the International Center for Tropical Agricuhure
(CIAT) in Cdi, Colnibia, is testing a form of intensi
fied agricultu e approp;.,ae ti the vast tropical sa
vannas of Lal !lAmerica. It incorporates crops and 
livestock anc, uses cultivars especially adapted to 
the savannas low-nutrient, acidic soil. (See Sustain
able Lan'd Is1z for South America':s Trol)ical Savan
nas, below.) 

Global climate change is casting a cloud of uncer
tainty over the future of agriculture. Some northern 
areas may benefit from a longer growing season; 
many others could sut:fer from iess rainfall. (See The 
Effects of Clinate Chanige on Agriculture, below.) 

CONDITIONS AND TRENDJ 

A MIXED PICTURE 
Global food and agriculture present a mixed picture

that is not e.1sy amenable to an unqualified prog

ress repiort:
 
rate of increase has slowed since 1983. The easiest
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6 Food and Agriculture 

gains of the Green Revolution may have occurred. Al
though further gains are expected, they are unlikely 
to match the increase of the past two decades. 
E In per capita terms, Asia and some other regions of 
the developing world are doing better; still others, es
pecially Africa, are doing worse. 
* World cereal stocks have declined to the lowest 
level of the 1980s. 
• Many regions have little potential for adding crop
land area; cropland in per capita terms wit! decline in 
all regions of the developing world if population pro
jections are accurate. Feeding increasing numbers is 
stressing agricultural lands and degr iding soils and 
watersheds. 
E The number of undernourished people has in
creased in absolute terms but has probably declined 
in percentage terms in most regions, with the excep-
tion of Africa. Access to food remains a serious prob-
lem in some regions; uneven food distribution and 
the inability of the very poor t, afford sufficient food 
contribute to this problem. 

Global Food Production: 1988-89 

The world's production of cereals continued to in
crease (luring the 1980s and was projected to set a 
new record of roughly 1.88 billion metric tons in 
1989, up 6.8 percent from the 1.76 billion metric tons 
estimated for 1988. Nearly all the increase was in the 
United States and Canada, which were bouncing 
back frc,m a severe drought in 1988, and in the Soviet 
Union (I). 

World production of root crops and tubers de-
clined in 1988, largely because of declines in devel-
oped countries, but increased in the developing 
world. Modest increases were seen in the production 
of meat, milk, fish, pulses, fruits, melons, vegetables, 
and oils. (See Table 6.1.) 

Long-Term Trends 

Since 1965, world cereal production increased ovei 
70 percent and more than doubled in developing 
countries, with Asia leading. Cereals provide about 
half the calories in the human diet, so cereal produc-
tion is the single best indicator of the health of agri
culture and the nutritional status of whole 
populations. (See Figure 6.1.) 

Gains in root ciops and tubers were not so (Ira-
matic in absolute numbers over the 1965-88 period, 
although Aria again experienced significant percent-
age increases, as did Africa until 19S7. 

Production of con-entrated protein in the forms of 
meat, milk, and fish in the developing countries has 
more than doubled since 1965. Aggregate )roduction 
of pulses, vegetables, melons, fruits, oils and other 
food crops increased over 95 percent throughout the 
developing world. (See Table 6.1.) 

Trends since 1984 

Since 1984, the rate of increase in cereal pro luction 
has not matched the spectacular growth of the previ- 
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Figure 6.1 World Production of Selected 
Fomd Crops, 1965-88. 

(millions of metric tons) 
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Source: Table 61. 

ous two decades. Production since 10, ,.1 has gener
ally hovered around 1.8-1.85 billion nmetic tons. For 
example, the record 1989 crop of 1.88 billion metric 
tons is only 4 percent higher than the 1984 crop of 
1.80 billion metric tons. By comparison, the 1984 
crop was 15 percent higher than the 1980 crop. Alter
natively, as Figure 6.1 suggests, 1984-86 could be in
terpreted as anomalously high years that disguise a 
continuing upward trend. 

Global production of root crops actually peaked in 
1984 and has declined since then. Production of 
meat, milk, and fish has made fairly steady gains, ris
ing 66 million tons from 1980 to 1984 and 46 million 
tons from 1984 to 1988. Production of fruits and vege
tables made steady gains over the entire 1980-88 pe
riod, with nearly all the gain in the developing 
countries. (See Table 6.1 and Figure 6.1.) 

The Green Revolution 

For countries such as India, much of this growth is 
clearly attributable to the continuing gains of the 
Green Revolution, especially the development of new 
rice and wheat varieties suited to regional condi
tions. Increases in world food production also have 
followed increases in the use of fertilizers, pesti
cides, and agricultural machinery. (--e Chapter 18, 
"Food and Agriculture," Fable 18.2.) For example, av
erage annual ferilizer use increased in Asia from 42 
kilograms per hectare of crol)and in 1975-77 to 93 
kilograms per hectare in 1985-87. 

Whether these gains can continue is unclear. The 
fact that many hign-yielding varieties are in relatively 
widespread use suggests that the biggest gains of the 
Green Revolution may already have been realized. 
Nevertheless, other varieties may have significant po
tential for marginal lands. For example, triticale, a 
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Table 6.1 Production of Selh-cted Food Crops, 1965-88 
(thousand metric tons) 

Cereals 
1965 1970 1975 1980 1983 1984 1q85 1986 1987 1988
World 1,005,926 1,205,128 1,372,727 1,567,472 1,642,704 1,805,319 1,843,757 1,863,877 1,803,118 1,742,985 

1. For 1965-80 data, Food and Agricultural Organization of the United Nations (FAQ). 

Developing Countries 
Africa 
Far East 
Latin America 
Near East 
Asian Centrally Planned Economies 

Developed Countries 
North America 
Western Europe 
Oceania 
Eastern Europe &U.S.S.R. 

470,248 
37,877 

157,C52 
57.640 
37,821 

179,240 
535,678 
215.892 
116,285 

10,106 
168,412 

587,418 
43.087 

212,254 
71,307 
39.962 

220,779 
617,710 
215,389 
128,230 

13.482 
234,742 

683,263 
47,679 

239.075 
80,545 
51.689 

264.245 
689,463 
286,543 
146.628 

18,422 
208.405 

770,799 
49.957 

273,652 
88.498 
55,536 

303,114 
796,673 
311,336 
177.513 

17.15, 
264,130 

892,483 
46.876 

316,883 
99.647 
55,830 

373,213 
750,221 
255.259 
173,603 

,.1,940 
2F8,617 

922,126 
45,857 

318,756 
106,740 

55.791 
394,945 
883,193 
357.704 
211,614 

29,717 
260.496 

926,231 
58,846 

323.485 
110.573 
63.028 

370,257 
917,527 
395,590 
195.704 
26.363 

273.624 

943,504 
62,524 

325,800 
105.552 
66.748 

382,845 
920,373 
373.099 
191.151 
25.181 

303.837 

933,639 
55,370 

309,355 
111.724 
65,207 

391,946 
869,480 
331,133 
186,525 
20,994 

304.611 

969,099 
63,053 

339,693 
107,730 
75,632 

382.945 
773,886 
241.815 
196,126 
22.990 

287,847 

Root Crops 

World 
Developing Countries 

Africa 
Far Est 
Latin America 
Near East 
Asian Centrally Planned Economies 

Developed Countries 
North America 
Western Europe 
Oceania 

Eastern Europe & US.S.R. 

1965 
489,283 
246,432 

58,502 
33.261 
42,089 

3.417 
107.952 
242,851 

16.004 
63.637 

812 

152,143 

1970 
561,774 
302,483 

68,228 
36.713 
49,184 
3869 

143.173 
259,290 

17.886 
63.254 
1.088 

169,291 

1975 
553,230 
330,014 

79.713 
45.684 
45.743 
4,901 

152.601 
223,216 

17.398 
47,519 

977 

151.145 

1980 
538,214 
353,652 

84.779 
56.011 
44,047 

7.234 
158.121 
184,563 

16,715 
49.186 
1.091 

111.251 

1983 
562,032 
357,837 

88.404 
59.480 
41,654 

7.747 
159,003 
204,195 

18,253 
42.526 
1.127 

135,629 

1984 
593,971 
368,018 

93.242 
65.564 
43,791 
8.158 

155.674 
225,953 

19.833 
50,517 
1.327 

147.334 

1985 
578,890 
362 109 
9 .935 
65.218 
44.525 
9.533 

143.286 
216,781 
22.137 
51.573 
1.277 

124,596 

1986 
582,496 
355,292 

99,616 
57,020 
47.299 

9,611 
140.146 
227,204 

19.737 
47.988 
1.252 

150.729 

1987 
583,838 
369,720 
94,257 
62.948 
46,385 
10.069 

154.449 
214,118 

21.067 
47.363 
1.310 

136.563 

98 
571,182 
375,543 

94.783 
70,305 
45.491 
10,251 

153.090 
195,639 

19.199 
45.651 
1.364 

122.165 

W lt",Milk, and Fish 

World 
Developing Countries 

Africa 
Far East 
Latin America 
Near East 
Asian Centrally Planned Economies 

Developed Countries 
North America 
Western Europe 
Oceania 
Eastern Europe &U S.S.R 

1965 
501,748 
114,547 

10.389 
37.162 
39.731 
12.890 
14.208 

387,200 
88.497 

143.113 
15.756 

124.178 

1970 
557,500 
136,140 

12.435 
42.188 
51.606 
14.291 
15.215 

421,362 
88.811 

150.9 17 
16.997 

143.932 

1975 
606,277 
152,288 

13,190 
51.442 
50.870 
16.530 
19,817 

453,988 
87.802 

162.914 
16.47, 

164.168 

1980 
673,377 
183,957 

1E 105 
61.8C0 
60,147 
20,294 
25.960 

489,421 
98.056 

182.459 
16 334 

167,;38 

1983 
720,603 
205,320 

17.929 
73.751 
61,169 
21.861 
30.610 

515,283 
104,538 
192.233 

15.967 
174.637 

735,017 
214,320 

17.353 
77.942 
64,053 
21.464 
33.508 

520,697 
104.629 
191,953 
17,756 

179,461 

1985 
749,856 
225,882 

17.840 
80.363 
67,543 
22.789 
37.347 

523,974 
107.626 
189.507 

18.318 
180.739 

1986 
765,297 
237,652 

19.084 
84.541 
70.334 
22.934 
40./59 

527,645 
108.421 
185.723 

18.786 
186.202 

1987 
771,382 
245,312 

19.579 
87.477 
71.388 
23.021 
43.847 

526,070 
109.620 
181.797 

18.291 
187,601 

1988(a) 
781,045 
250,829 

19.979 
91.273 
71.072 
23.116 
45,389 

530,216 
111.907 
179,258 

18.937 
191.042 

Pulses, Fruits, Mslonu, Vegetables, and Oils 

World 
Developing Countries 

Africa 
Far East 
Latin America 
Near East 
Asiar Ceria!, P;dnned Economies 

Developed Countries 
North America 
Western Europe 
Ccea',ia 
Eastern Europe & U.S.S.R. 

1965 
514,161 
284,179 

36,700 
94.073 
53.435 
32.584 
76.014 

229,982 
46.731 
99.210 

3.201 
58.631 

1970 
584,298 
322,986 

44.237 
95.380 
60.534 
37.859 
83.483 

261,313 
52.368 

110.172 
3,t94 

68.798 

1975 
653,611 
373,709 

51.176 
110.279 
70,841 
45.714 
94.041 

279,903 
62.953 

111.183 
3.813 

73.319 

1980 
738,782 
435,070 

51.232 
130,854 
85.392 
55.521 

110.246 
303,713 

69.765 
118.437 

4.334 
81.621 

1983 
786,016 
469,886 

53.006 
143.363 
87.804 
61.720 

122.072 
316,128 

65.536 
121.641 

4.520 
94.869 

1984 
817,501 
494,932 

53.399 
151.492 
94.205 
62.79" 

131.024 
322,570 

67,281 
121.778 

5.082 
99.595 

1985 
832,337 
516,868 

55.726 
154,417 
97.941 
67.287 

139.425 
315,468 

68.212 
120.055 

5.776 
92.216 

1986 
860,466 
532,313 

58.838 
159.418 
96.388 
68.911 

146.684 
328,153 

67.285 
126,543 

5.931 
99.114 

1987 
870,289 
542,250 

58,854 
155.637 
99.515 
70,055 

15o,078 
328,038 
72.L..-

124,232 
6.487 

95.379 

1988 
876,620 
554,535 
60.130 

158,209 
103.587 
71,820 

158.646 
322,085 

' 201 
120.997 

6,595 
95,510 

Sources:
1987Country Tables: Basic Data o:-the Agricultural Sector(FAO, Rome,1987). pp 310-336. 

2.For 1983-86 data, Food and Agricultural
Organization of the United Nations .AO). Quarterly Bulletin of Statistics. Vol. 2 (FAO. Rome, 1989). pp. 19-23.3. Food and Agricultural Organization of the United Nations (FAO), Fishery Statislics: Catches and Landings. Vol 64. 1987 (FAO, Rome, 1989).
Notes: 
a. 1988 fish catch data unavailable: 1987 data repeated intheir p:ace.
b. Some small countries not appearing in regior al totals are included in the total for their development status and inthe woi:d totals. 

Wold Resources 1gg0-g1 

a5 



6 Food and Agriculture 

Figure 6.2 Index of Per Capita Food Figure 6.3 World Cereal Caryover Stocks, 
Production 1961-89 
A. Developing Regions 

Index Numbers 
(1965=100) 	 (millions of tons)
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B.Developed Regions 	 Source: U.S.Department of Economic Research Service, PS&D
Agriculture, 

View Database on cereal production created by KarlGudmunds and Alan
 
Webb, September 1989.NumbersIndex 


(1965=100) 	 Note: Stocks shown are those held at the beginning of each calendar year. 

130 tinuing a long-term decline in per capita food produc
" Ation. (See Figure 6.2A.) 

" ;/-- In Africa, total food production has increased sig
110. 	 ., nificantly, 23 percent between the 1976-78 average 

0 'vand the 1986-88 average. Despite this increase, popu-
EasternEurope lation growth outpaced agricultural growth, thus per 

90 Western Europe capita food production declined 8 percent. 
Oceania Figure 6.2B shows that food production per capita 

- North America in developed countries has oeen extremely variable 
70 i but has shown an upward trend. 

1965 	 1970 1975 1980 1985 

World Cereal Carryover Stocks 
Sources: For 1965 and 1970, United Nations Food and Agriculture Organiza

tion (FAO), 1987 Country Tables(FAO, Rome, 1987), pp. 312-336; for 1975
76, FAD, 1986 Production Yearbook (FAQ, Rome, 1987), p. 48; for For the third successive year, estimated global con
1977-88, FAO, FAOQuarterlyBulletin ofStatistics, Vol. 2 (1989), pp. 17-18. sumption in 1989 exceeded production, cading to a 

further decline in world cereal carryover .tocks (2). 
As shown in Figure 6.3, carryover stocks have fallen 

wheat-rye hybrid, shows promise in difficult growing to the lowest point of the 1980s. 
conditions. (See Recent Developments, below.) Global cereal stocks fell 100 million metric tons in 

1988 to 305 million metric tons (3) (1). Preliminary fig-
Per Capita Production ures for 1989 suggest that total cereal stocks will 

again fall, to about 287 million metric tons by the be-
The relationship between food production and popu- ginning of 1990 (5). These stocks are now slightly 
lation in the developing countries is illustrated in Fig- below stocks in 1983, the time of the Sahelian 
ure 6.2A. Using 1965 as a base year, Figure 6.2 shows drought and famine. 
increases or declines in per capita food production Total world production, and therefore total cereal 
through 1987 'or developing and developed regions. carryover stocks, declined in 1988, primarily be-
China and the other centrally planned economies of cause of drought in the United States and secondar-
Asia have shown the largest gains in per capita food ily because of federal polit i,2s designed to slow 
production; other Asian nations are slightly ahead of production. Total U.S. cereal reserves dropped from 
the population curve. In Latin America and the coun- a historic high of 204 million metric tons at the begin
tries c" the Near East, food production appears to be ning of 1987 to 84 million metric tons at the begin
staying about even with population, and Africa is con- ning of 1989; the U.S. reserve was still the largest in 
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grain. Poor rainfall affected the !987 harvest, andFigure 6.4 Cropland Per Capita, 1989 and stocks were depleted to 224,000 metric tons at the be

2025 (projected) ginning of 1988. At plan,,g time in 1988, high prices
whotivated farmers to increase the area planted in ce
reals; they produced a record harvest and bumper(hectares) cereal reserves, but prices fell. Preliminary data sug2.0 	 gest that the low prices once again contributed to a 

1989 l 2025 reduction in the area planted to grain and limited po
.5, tential 1989 production (7). In a multiyear drought,1. 	 these swings could lead to inadequate stocks at a 

time of greatest need. Aside from prices, access to
1.0 	 markets, inputs, and credit can be important factors. 

K Fcod Aid 
051 7< Li The Food and Agriculture Organization of the United 

Naticns (FAO) 	forecast that food aid in 1989-90o -,would 
, 

be about 11 million metric tons, up from an esAr,cath &CentrhAmerc Asa ESoe USsR (veara timated 9.8 million metric tons in 1988-89. FAO pre-
Amerca dicted much larger shipments of food aid to Eastern 

Europe and no change in deliveries to low-incomeSource: Chapter 16, "Population and Health," Table 16.1 and Chapter 18, food-deficit ccuntries (8).
"Foodand Agriculture,"
Table 18.2. 
 During 1985-87, Africa received an average of only

6.5 million metric tons of food aid per year. Of that
 
absolute size. Stocks in other regions of the world re-
 amount. 2.6 million metric tons (40 percent) went to
mained relatively stable (6). countries in the Sahel and the Horn of Africa as part
 
Policies and Prices Affect Stocks of the worldwide effort to mitigate famine there. (See
Chapter 18, "Food and Agriculture," Table 18.4.) 

Stocks in specific countries can vary widely from
 
year to year. Poor government management can de- Cropland Area
 
stabilize prices, which in turn can amplify the effects

of climatic variability on production and stocks. 
 Without a major expansion of arable land, the worldSuch a swing in cereal stocks occurred in the Sudan, average of 0.28 hectares of cropland per capita
where the 1984 drought depleted most cereal stocks 
 (2,800 square meters) is expected to decline to 0.17
(down to 14,000 metric iWqs) and led to high prices hectares by the year 2025 if current population profor sorghum and millet at planting time in 1985. Re- lections are accurate. In Asia, cropland per capita

sponding to these prices, Sudanese farmers planted would -!ecline to 0.09 hectares. (See Figure 6.4.)sorghum and millet on every available hectare. Are- InAsia, an estimated 82 percent of potential cropcord 1985 harvest and huge carryover stock (1.4 mil- land is already under production. There are large relion metric tons) led to a price collapse and a lower serves of potential cronland in Latin America and(but still good) harvest in 1986. Farmers responded sub-Saharan Africa, but for much of these reservesto continuing low prices and continuing high car- the soil is marginal, it is suitable only for perennialryover stocks 	in 1987 by planting even less area to tree crops, or rainfall is unreliable (9). New agricul-

Table 6.2 Estimated Number of Undernourished People in the World, 1969-71, 1979-81, and 
1983-85 
(millions ofpeople) 

1969-70 1979-81 1953-85 
Share uf Population Share of Population Share of PopulationNumber (percent) Numbe, (percent) Number (percent) 

Region
Afi ,1 	 92 32 110 29 
 140 32
Far East 281 29 208 
 24 291 22
Latin America 51 13 52 15 55 
 14
Near East 35 22 24 12 26 
 11
 

Total 	 460 475 
 512
 

Source: United Nations World Food Council (WFC), "The 31lobal State of Hunger and Malnutrition and the Impact of Economic Adjustment on Food and Hunger,"
World Food Council, Thirteenth Ministerial Session, Repurt by the Secretariat, Beijing, China, 1987, p. 16.
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Table 6.3 Food Available for Direct Human Consumption 
(calories per capita per day) 

1961-63 1969-71 1979-81 1964-86 

World Total 2,300 2,440 2,600 2,690 

Developing Countries 

94 developing countries 1,940 2,120 2,330 2,460 
Africa (sub-Saharan) 2,040 2,100 2,140 2,060 
Near East/North Africa 2,240 2,390 2,870 3,050 
Asia 1,830 2,030 2,260 2.430 
Asiaa 1,970 2,070 2,200 2,280 
Latin America 2,380 2.520 2,670 2,700 

Low-income countries 1,850 2,020 2,200 2,360 
Middle-income countries 2,160 2,340 2,620 2,680 

Developed Countries 3,060 3,230 3,340 3,380 

North America 3,180 180 3,510 3,620 
Western Europe 3,090 3,230 3,370 3,380 
Other developed market economies 2,590 2,810 2,900 2,930 
European centrally planri.d economies 3.140 3,330 3,390 3,410 

Source: 
1.Food and Agricultural Organization of the United Nations (FAO), WorldAgriculture: Toward2000, Nikos Alexandratos, ed. (Belhaven Press, London, 1988), p.27. 
2.Nikos Alexandratos, 1990 (personal communication).
 
Note: a. Does not include China.
 

tural lands also tend to be constrained by physical 1961-63 to 2,460 per day in 1984-86. Sub-Saharan Af
restrictions (e.g., soil structure, slope), chemical lim- rica was astriking exception, with a small decline 
its (e.g., acidity, alkalinity), or water availability, from 1969-71 to 1984-86 (13)(14). 

Cropland expansion will most often come at the ex- A wide range of reasons is attributed to the contin
pense of rangeland, forests, wetlands, and other uing problem of hunger and malnourishment in some 
ateas that are both economically important and eco- parts of the world. Meager and unreliable rainfall ,nd 
logically fragile. periodic droughts are serious problems in the Sahel 

For existing cropland, urbanization and industrial and Ethiopia. Other sub-Saharar nations may have 
development are a threat. No comprehensive data sharply skewed income distribution, with a part of 
are available, but there is little doubt that desertifica- the population that is very poor (Kenya), may be con
tion, salinization, waterlogging, and erosion degrade tending with civil wars (Angola, Ethiopia, an( Mozam
significant amounts of cropland. They ,,iay remove bique), may have poor infrastructure (Uganda and 
as much land from production as is added each year Zaire), may have large, poor urban populations (Za-n
(1(o). bia), or may have pursued economic policies that do 

not support equitable distribution of benefits or dis-

World Hunger, Access to Food couraged production (15). (See Focus On Sub-Saharan 
Africa: A Regicn in Crisis, below.) 

No comprehensive data have been collecterd on the The ability to meet food requirements is also af
number of people who are hungry or undernour- fected by food production policies within countries. 
ished. Estimates range from about 500 million to Ethiopia, in addition to contending witi" a civil war 
about I billion people; part of the discrepancy is due and periodic droughts, remains afood-deficit nation 
to different definitions of hunger (11). in part because it discourages small farmers through 

FAO estimated the number of undernourished peo- poor access to inputs and denial of land tenure. Inad
pie at 512 million in 1983-85, as shown in Table 6.2. equate planning is another factor; for example, the 
The total was up slightly from previous years, but villagazation, a program that brought together iso
the share of the population that was undernourished lated households, which distanced people from their 
declined in all regions except Africa. FAO defined "un- farmsteads (16). 

dernourished" as those with a daily caloric intake 
below 1.4 times the basal metabolic rate (the esti- FOCUS ON SIJB-SAHARAN AFRICA: A REGION 
mated energy requirements in a state of fasting and IN CRISIS 
at complete rest), which in India is equal to 1,600 cal
ories and in Egypt 1,700 calories (12). Sub-Saharan Africa is experiencing a profound eco-

Estimates of food available for direct human con- nomic and environmental crisis. It is the only region 
sumption show agenerally upward trend. (See Table in the developing world with declining per capita 
6.3.) The number of calories available per person in food production. Of all developing regions, it relies 
94 developing countries rose from 1,940 per day in most heavily on imported food, and it has the high-
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Box 6-1 Root Causes: Rapid Population Growth, Slow Economic Growth 

At the base of Africa's crisis are two fac- average (3). Government efforts to reduce slowly in the 1960s and remained nearlytors- -rapid population growth and slow fertility have been generally weak, but flat throughout the 1970s, began to deeconomic growth. the prospects for rapid fertility decline cline. As the economic devastation deep
are not wholly bleak. Since the first ened and population growth continued,
World Population Conference In 1974, per capita GNP sl!d faster; In 1980-87,RAPIb POTPULAT'ON GROWTH the number of African countries with an per capita GNP declined -2.8 percent per

In 1985, Africa's total population stood at active government population program year on average (8).

555 million, including 450 million in sub- has grown from 1(Mauritius) to 24. Most
 
Saharan Africa. With an annual growth of have had little impact; nonetheless, their References tnd Notes
3 percent between 1980 and the year number is growing steadily. Rec kv sur
2000, the continent will add more people veys across the continent Indicate chang- 1. World Resources Institute and Internathan te present popu:ation of the ing attitudes among African women- tional Institute for Environment and Devel-United States. If present trends con- Interest In smaller families is growing, for opment in collaboration with the United
tinue, the population will triple by 2025. exa.iple. (See World Resources 1986, pp. Nations Environment Programme, World 
With 45 percent of the people under the 15-23.) Resources 1988-89 (Basic Books, NewYork, 1988), p.250.
agp,±
of 15, Africa's near-term demo- 2. Fred T. Sal,"Population and Health:graphic history is already partially writ- SLOW ECONOMIC GROWTH Africa sMost Basic Resource and Devrlopten. ment Problem," Strategies forAllican De-Since 1965, African nations have Li Africa, a region dependent on the ex- vet7pment, Robert J.Berg and Jennifer S.brought infant mortalfty rates down one port of mineral and agricultural commod- Whitaker, eds. (University of Californiathird and raised life expectancy about 7 ities for one quarter of its GNP, the termsYet even with these and related of trade fell 35 percent between 1980 and Press, Berkeley,California, 1986), p.139. 
hears i.ditors, thesean raal 3. Overseas Development Council (ODC),Africa's
Recovery andDeveloomenrReas.health indicators, the gt:if between Africa 1986 (4). Total export earnings fell almost sessing U.S. Policy(ODC, Washington, D.C.and the r-st of the world remains shock- as much, from $50 billion In 1980 to $35 1988), p.3.
ing. In parts oi the continent, children billion In 1986 (5). Africa's foreign debt 
 4. The World Bank, World Development Reunder the age of 5 make up 20-25 per- continued the meteoric rise that began port,1989 (The World Bank, Washington,cent of the population but account for in the 1970s, tripling in the 1980s and D.C., 1989), p.217.50-80 percent of the deaths; InEurope, reaching 81 percent of GNP In 1987 (6). 5. Ibid., p.151.

for examp!z, the total mortality for the Today, scheduled payments on the debt 6. Ibid., p.211.
 
same age group is 3percent (2). 7. Op. cit. 3, p.4.
amount to two thirds of expected export 8. The World Bank, Sub-SahaanAfi'ca:FmmAfrica's fertility rate has risen. It now earnings and, In many countries, exceed Crisis to Sustainable Growth (The Worldstands at 6.6 (i.e., the average woman such earnings (7).Most ominous of all, av- Bank, Washington, D.C., 1989), Table 1,p.will have 6.6 children), twice the worlu erage per cap!ta GNP, which had grown 221. 

est prorortion of land area losing its fertility and the Dimensions of the Food Crisis 
highest percentage of pol)ulation suffering from se
vere nalnourishment. Land degradation, caused Figure 6.2A tells the story of Africa's agriculture as
largely by the demand for fdelwood and livestock well as any words could. Overall food production is
grazing, is a serious problem. GNP, population growing, but per capita production has been falling
growth, infant mortality, and other indicators of the ever since 1970, despite a substantial expansion of
legions' health are equally alarming. land under cultivation. A food exporter in the early

R: pid population growth and slow economic 1960s, Africa was transformed-because of a rapid
growth (see Box 6.1) go far to explain the crisis in Af- extension of life expectancy in newly independent
ric-. Beyond these broad causes, however, is the Un- countries-into an imlporter (luring the 1970s. By the
accommodating physical environment for agriculture 1980s, cereal imports had quad'upled (their costs inand a complex policy environment that has often un- creased 10-fold), and as the bill grew, the region be
der,:ited progress in domestic food production. came heavily dependent on food aid.

Added to the problems are armed conflict and civil Between 1970 and 1985, the estimated number of
strife. In the late 1980s, wars raged in nine sub- undernourished people increased hy over 50 per-Saharan countries (17). cent. While in other regions the share of the popula-

Though the crisis is grave, it is not without hope. tion lacking sufficient food declined, Africa's
Policy .hanges in a few countries have had impor- remained the same. (See Table 6.2.) 
tant positive impacts on food production. In addi
tion, i'ltercropping, a new farming technique, shows The Physical Environment 
great promise.

Unless otherw'se noted, the use of Africa in this Sub-Saharan Africa includes a vast and diverse area
section refers to "sub-Saharan Africa," which in- of 22,245 square kilometers. Many countries are
cludes all of Africa except the belt of nations along large, but have little arable land. An estimated 30 per
the northern coast, South Africa, and Namibia. (See cent of the area can sustain production of rainfedFigurc 6.5.) crops; only about one fourth of that amount is used 
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Figure 6.5 Sub-Saharan Africa 

fgv '. .soften 

,,. 


Source: The World Bank, Sub-SaharanAfrica: From Crisis to Sustainable 
Growth (The World Bank, Washington, D.C., 1989), p. ii, 

for crops. FAO estimates that cropland acreage ex-
panded 0.7 percent arnually over the past 20 years 
(18). 

Agricultural potential varies widely. Central Africa, 
humid West Africa, and Southern Africa have rela
tively large areas of arable land and relatively low 
population densities. Most of the Sahel, parts of 
mountainous East Africa, and the dry region from An-
gola through Botswana, Lesotho, and southern Mo-
zambique all have large populations that import food 
(19). 

Where land scarcity is becoming common, the chal-
lenge African farmers face is to increase productiv-
ity. In other regions, African farmers have more land 
for food production. In Rwanda, for example, crop-
land increased from 26 percent to 45 percent of the 
total land area during 1965-87 (20). 

African farmers work in a uniquely inhospitable en-
vironment. One fifth of the entire continent is desert, 
and in another 10 percent, the soils are too sandy, 
An area larger than the continental United States is 
rendered largely unusable by the tsetse fly. Only 19 
percent of the soils have no fertility limitations. Most 
arable soils are coarse; the clay content is low so 
that they cannot absorb and hold moisture and there-
fore are highly susceptible to erosion (21). 

World Resources 1990-91 

As in all tropical regions, Africa's rainfall is sea
sonal, and when it comes, it is heavy. As a general 

rule, rain begins to cause erosion when it falls more 
rapidly than 25 millimeters per hour. Only 5 percent 
of rainfall is in this category in the temperate zones, 
but in the tropics, it is 40 percent. Vegetation is cru
cial to preventing erosion in these areas; leaves 

the rain's impact and roots hold the soil. In 
areas barren of vegetation, the results can be devas
tating. Not only is heavy rain erosive, it also leaches 
out vital soil nutrients (22). 

Large parts of Africa are arid or semiarid, and low 
the region, the interannual variability is 30-40 per

cent. Thus, normal rainfall, as many nations experi
ence it, has a completely different meaning for sound 

agricultural planning in Africa than it does for tem
perate conditions prevalent in most developed re

gions. Also, multiyear droughts are normal for Africa 
(23). 

Some 5 million hectares are irrigated, mostly in 
Madagascar, Nigeria, and Sudan. About 20 million 
hectares may be suitable for irrigation, most of it in 
these three countries plus Chad, Ethiopia, Malawi, 
Mali, Mauritania, Senegal, and Uganda (:4). 

Traditionally, African farmers have adapted to 
their environment by practicing shifting or fallow cul
tivation. They clear the land, plant crops for a few 
years, and as nutrient levels decline and weeds take 
over, abandon the land and allow it to return to its 
natural state. Then, given time, trees, shrubs, and 
grasses naturally refurbish the soils. Shifting cultiva
tion can sustain agriculture indefinitely, even in 
harsh conditions, when fallow periods are long 
enough. But when there are too many people and fal
low periods are shortened or disappear completely, 
land productivity declines rapidly. 

Fuelwoodand Livestock 

Added to the pressures on the land caused by agri
culture are the people's needs to gather fuelwood 
and graze their livestock. 

Fuelwood supplies an estimated 80 percent of en
ergy needs in sub-Saharan Africa. It is without ques
tion in very short supply, and the situation is like!y 
to worsen (25). 

As fuelwood supplies become scarcer, farmers 
have to burn animal dung and crop residues instead 
of using them to enrich and sustain the soil. As more 
land loses nutrients, vegetative cover decreases, soil 
erosion grows, and the moisture-holding capacity of 
soils declines. Vulnerability to naturally variable rain
fall grows, and in a prolonged dry spell, thle entire 
system may collapse. 

The estimated 160 million head of cattle in Africa 
include many that are not well suited to arid condi
tions, as are mixed herds of sheep, goats, and cam
els. Livestock provide both manure and draft power, 
but overgrazing is an acute problem that is contribut
ing to land degradation in many regions (26). 
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* Imposed controls on the marketing of key crops,
Figure 6.6 Projected Food Gap: Tnree often banned private trade, and frequently set up 
' cenarios for Sub-Sahairan Africa, 1990-2020 state-owned food-processing enterprises that wereoften ccstly and inefficient and slowed agricultural 

developm-nt; 
(million metric tons) U Set producer prices so low, in order to keep con
250 7-sumer prices low to satisfy rapidly growing urban 

populations, that there was little incentive for farm-
Cas I Case 2 ca 3/ ers to market through official channels (27);200 / U] Allowed overvalued exchange rates, resulting in 

cheaper imported foods than local products, so that 
150 /urban populations developed a taste for imported

wheat and rice, neither of which is well suited to
local growing conditions (28); an f t100 . locNeglected rural roads and rural infrastructure, in 
general, and the development of rural and secondary 

50 .towns. 

Aid Experience 
0 

1990 2000 2010 2020 Foreign assistance programs indirectly measure the 
deeply rooted policy and institutional problems that 

Source: The World Bank, Sub-Saharan Africa: From Crises to Sustainable encumber many African governments and slow agri-
Growth (The World Bank, Washington, D.C., 1989), p. 74. cultural progress. 

In 1985, the World Bank reviewed the short-term re
sults of more than 1,000 of the projects it had 

The end result is that more than one quarter of funded. The failure rate in Africa was the worst of 
sub-Saharan Africa's land area-750 million hect- any region, and its agricultural failure rate was the 
ares-is probably moderately to very severely worst of any sector. The failure rate for Asia's agricul
desertified. Desertification refers broadly to the loss ture projects was 5 percent; by comparison, it was 
of the land's biologica! :,roductivity. It encompasses 33 percent in West Africa and 50 percent in East Af
erosion,.compaction, salinization, waterlogging, and rica. The worst setor within Africa's agriculture was 
other forms of land degradation. Arid and semiarid livestock projects, which averaged a shocking -2 per
lands are especially vulnerable. Vast areas of Africa cent economic return. FAO concluded that the more 
have lost agricultural potential, some of them, where than $1 billion spent on rangeland management pro
the damage is most severe, permanently. (See World jects over the past 15 years had been "largely 
Resources 1988-89, pp. 215-231.) wasted" (29) (30). (See World Resources 1988-89, pp. 

82-84.) 
The Policy Environment Among 17 African agricultural projects judged over 

the long term, all showed an economic return of 10 
Governments in Africa have often adopted agricul- percent or more at the end of the project, but 5-10 
tural policies that are counterproductive. Most Afri- years later, 13 averaged only 3 percent and 2 had neg
can governments have, for example: ative returns. Reforestation projects may not have 

Table 6.4 Population and Food Security in Sub-Saharan Africa, 1990-2020 

1990 2000 2010 2020 

Case I 
Population (tiillions of people) (with constant fertility rate) 500 700 1.010 1,500
Food production (mtme) (at current-trend growth rate of 2 percent per year) go 110 135 165
Food requirement (mtme for universal food security by 2020) 100 160 250 410 
Frad gap (mtme) 10 50 115 245 

Case It
Population (as inCase;) 500 700 1,01U 1,500
Food production (at 4 percent annual growth) 90 135 200 300 
Food requirement (as inCase 1) 100 160 250 410 
Food gap (as inCase I) 10 25 50 110 

Case III
Population (millions of people) (with total fertility rate declining 50 percent to 3.3 by 2020) 500 680 890 1,110
Food production (mtme at 4 percent annual growth) 90 200135 300
Fo,' requirement (:ntme) 100 150 220 305 
Food gap (mfme) 10 15 20 5 

Source: The World Bank, Sub-Saharan Africa: From Crises to Sustainable Growth (The World Bank, Washington, D.C., 1989). p. 73. 
Note: mtme = millions of tois of maize equivalent. 
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Table 6.5 Percentage Increase in Soil 
Nitrogenl and Organic Carbon in Agroforestry 

Plantings 
Country Nltrogen Carbon 

Niger 231 269 
Senegal 33 40Senegal 194 192
Senegal 194 91 

Sudan 600 200 

Source: Robert Winterbottom and Peter T.Hazlewood, "Agro-fores:ry and Sus

tainab!p Developmetit: Making the Connection," Ambio, Vol. 16, No. 2-3 
(1987). p. 103. 

fared much better; a 1984 U.S. Agency for nterna-
tional Development review found no iarge-scale plan-
tation or small village woodlot project in Africa that 
could be jud,"?d successful (31). 

Aside from policy and institutional problems, cul-
tural differences among donors and recipients may 
help expiaih. project failure. AWorld Bank report con-
cluded that misreading economic or social condi-
tions was a factor in virtually every project in which 
new technology was rejected. The introduction of 
technology that was unfamiliar or required major life-
style changes was a major cause of rejecticn (32). 

Donors note better project outcomes when official 
funds are disbursed through indigerous or expatri-
ate nongovernmental organizations (NGOs). This re-
suit is especially true for agriculture, forestry, and 
conservation projects. NGO projects are usually 
smil, however, and do not generally handle large de-
velopment funding amounts. 
The Role of Women 

African women produce roughly 70 percent of staple 
food. Women in many cultures are allocated fields 
from their fathers' or husbands' land, are responsi-
ble for specific crops and operations, and may re-
ceive independent income from marketing certain 
crops. As more men work in cities, women's responsi
bilities for farm management increase; in many 
areas, women manage one half the farms (33). In 
parts of Africa, women provide 60-90 percent of the 
subsistence agricultural labor force (34). Most land 
registration and land settlement schemes result in 
husbands' registering as sole owners. Lacking land ti-
tIes or security of tenure, women are often unable to 
buy fertilizer and other inputs on credit (35). 

Formalizing women's rights to land, increasing 
their representation in agricultural training, encour-
aging extension workers to include women farmers 
among their contacts, improving their access to tech-
nology and tools, and fostering access to credit for 
women's groups are among the many initiatives that 
could hell) African agriculture (36). 

The Challenge Ahead 

The challenge to Africa's agriculture is illustrated in 
a recent World Bank report that presented three sce-
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narios for population growth and food production. 
(See Figure 6.6.) If present trends continue (case 1)population grows 3.5 percent a year and food produc
tion 2 percent-the food gap (the amount required 
to provide 110 percent of the recommended intake of 
calories for the entire population (37)) would grow 
from 10 million metric tons in 1990 to 245 million met
ric tons 30 years later, in 2020. Even if population 
growth remains the same and food production grows 
4 percent annually, the food gap would be 110 mil
lion metric tons by 2020 (case 2). Only if population 

growth declines to 2.75 percent and food production 
grows 4 percent annually (case 3) will the food gap 
stabilize and fall to 5 million metric tons by 2020. The 
World Bank rep:rt concludes that Africa must curb 
population growth and maintain a 4 percent growth 
in food over the next three decades in order to come 
close to providing the recommended amount of calo
ries for its population (38). (See Table 6.4 and Figure 
6.6.) 

Can Africa meet this challenge? Several countries 
met the 4 percent target for extended periods be
tween 1965 and 1987: Botswana, Cameroon, C~te 
d'lvoire, Kenya, Malawi, Mauritius, and Rwanda (39). 

Policies that encourage food production can make 
a significant difference. In Rwanda, for example, food 
production grew 4.7 percent a year between 1966 
and 1982, well ahead of population growth. Market 
forces fixed the level of food prices, and the govern
ment remained sensitive to the needs of the farming 
community in determining pricing policies, exchange 
rates, and fiscal priorities, and promoting effective 
rural institutions (40). 

In Zimbabwe, per capita cereal production in
creased 80 percent and maize production doubled 
between 1979 and 1985. Smallholders, who were re
sponsible for most of the maize production gain, ben
efited from an increase in the availability of credit, a 
rise in producer prices, bctter access to credit, and 
the introduction of new hybrid seeds (41). 

New Approaches- Intercropping 

Among the most promising new approaches are the 
many formi of intercropping, especially 
agroforestry, in which trees and shrubs are planted 
alongside crop plants. In these mixed systems, trees 
improve soil fertility by protecting against soil ero
sion. Nitrogen-fixing species of trees and crops add 
nitrogen directly to the soil, and the deep roots of 
trees pump up nutrients that have leached down to 
deep soil where they are inaccessible to crops. 
Fallen tree leaves add organic material to the soil 
and improve its moisture-holding capacity, making 
more water available to crops. Tree branches also 
provide fuelwood, allowirg dung or crop residues to 
be returned to the soil. Table 6.5 shows the improve
ments that can result from intercropping. 

Alleycropping is being developed by the Interna
tional Institute for Tropical Agriculture in Nigeria, 
one of the members of the Consultative Group for In



ternational Agricultural Research. In alleycropping, 
rows of shrubs and crop plants are sowed alter-
nately; the shrubs ae vigorously pruned as mulch 
for the crops and they provide soil cover, thereby re
ducing erosion. Mulch reduces soil temperatui es, 
helps fix nitrogen in the soil, and reduces weed 
growth. The mixed system not only increases the 
yield of the crop over what it would have been 
planted alone but also provides enough fuelwood 
from each hectare to meet the needs of four people 
('2).The International Fund for Agricultural Develop
ment is supporting alleycropping tests under differ
ent conditions in 18 sub-Saharan countries (,13). 

Intercropping schemes are but one of many new 
strategies that could provide African farmers with 
productive, sustainable agriculture. Others include 
improved strains of native crops (especially drought
resistant species), small-scale, no-cost irrigation 
schemes, soil or rock barriers to soil ernsion, no-till
age planting systems, village fuelwood lots and other 
types of reforestation, and natural pest control. 

Agricultural Research 

Agricultural research centers have produced impres
sive results, including improved strains of cassava, 
sorghum, maize and rice. But they are also criticized 
for their being slow to develop new agricultural tech-
nology, an effect of weak government commitment 
and poor management. Most basic research will be 
conducted at international agriculture research cen-
ters (IARCs) and at universities and research centers 
in industrial countries. Close IARC cooperation with 
national agricultural research programs and local 
farmers is necessary for new technologies to be ac-
cepted (44). 

Agricultural extension services, which are frag-
mented in most African countries, need to be consoli-
dated into national systems that include regular 
training sessions for fieldworkers and links with re
search institutions (45). 

Prospects 

What must be done to prevent the suffering that may

lie ahead for Africa? A recent study listed six key agri-

cultural needs: 

W Reform agricultural economies to increase the role 

of the private sector, provide for the free marketing

of agricultural products, allow prices to reflect sup-

ply and demand, promote private investment in pro-

duction, agricultural processing, and farm input

supplies, and encourage easier access to credit in 

rural areas; 

N Strengthen agricultural research management at the
 
national leve! and boost international research ef-

forts;

* Develop anti maintain rural infrastructure; 
* Develop eriviro'.,nental protection plans for each 
country to address soil erosion, deforestation, and 
watershed management issues; 
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Figure 6.7 Amazon Basin and Savannas 
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Source: Adapted from T. I. Cochrane et al. Land in TropicalAmerica, Vol. 1
 
(International Ceirter for Tropical Agriculture. Cali, Colombia, 1985), p. 59.
 

U Strengthen programs to assist women as farmers 
and traders and foster women's farm, credit, and 
marketing groups; and 
M Provide legal and administrative mechanisms to 
facilitate land tenure (46). 

These macroeconomic reforms will require an in
crease in spending on agriculture. The Organization 
of African Unity has recommended 20-25 percent of 
government spending go to agriculture. Above all, a 
greatly expanded program of agricultural research, 
focused on the small farmer and dryland farming, 
closely linked to forestry, and building on traditional 
systems tailored to Africa's environment, is sorely 
needed (47). 

SUSTAINABLE lAND USE FOR SOUTH 
AMERICA'S TROPICAL SAVANNAS 

The settlement of the Amazon basin-a complex pro
cess affected by population, government policies,
patterns of land ownership, and other factors-gener
ally has not provided migrants with access to viable 
farmland. Soils there quickly lose their nutrients 
when they are cleared of forest. 

As an alternative to farming the Amazon rainforest, 
intensified agriculture and ranching in the less fragile 
savannas adjacent to the Amazon are being studied. 

A shift could help reduce pressure for further defor
estation of the Amazon. 

Tropical Savannas 

Tropical savannas are found in four of the six Ama
zon countries. They include the cerrados of Brazil, 
the lanos of Venezuela, and the lanos ori.ntalesof 
Colombia-a total of 140 million hectares. 
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Box 6.2 Annual Crops of the Savannas 

Pasture grasses and crop plants with po-
tential for Increased yields under a crop-
pasture system Include the grass Ilanero, 
the legume Vichada, and cultivars of rice, 
cassava, soybeans, and sorghum. 

In the Colombian Ilanos, combining cul-
tivations of the recently released grass 
Ilanero (Androponvgyanas) and the le-
guine Vichada (Centrosema acutifolum) 
for cattle fodder produced twice the 
livewelght gain per head of cattle and 
more than 15 time.' the weight gain per 
hectare that could be achieved -n tradi-
tiola!, less-managed pastures (I). 

UPLAND RICE 

For more than 10 years, upland .Ice was 
often planted as a pioneer crop on some 
4million hectares Iothe Brazilian 
cerrados,2.2 million hectares of itIn 

'aoisture-favored areas. The Improved 
ta%varietles have a low yield potential 
(an average 1.!metric tons per hectare) 
and poor grain quality, and they are sus-
ceptible to rice blast disease and lodg-
Ing.The International Center for Tropical 
Agriculture in Cali, Colombia, has devel-
oped some promising cultivars 'ordry 
upland based on native upland plants 
fi om Africa and Asia. With their well-de-
veloped root systems, these cultivars art 
more drought tolerant, their yield poten-
tial is high, they are disease resistant, 
and the grain quality Is excellent. Under 
low-input conditions In the ilanos of Co-
lombia, yields were 3.6 metric tons per 
heclare, ano iin the cerrados of Brazil, 
they exceeded 4 metric tons pet hectare 
(2). 

CASSAVA 


Cacsava, which is naturally adapted to 
acid, infertile soils, has great potential as 
both afood staple and cattle fodder.The 


national agricultLral program in Colom-
bia Is expected to release four high-yield-
Ing hybrids in 1990 and is developing 
two others that are well adapted to the 
Infertile soil of the Ilanos and can resist 

several diseases and insects In the area. 
The hybrids had average yields of more 
than 20 metric tons per hectare in unfa-
vorable conditions (3). 

SOB'EANS 


Soybeans have been planted in the 
ccriados under high-irput conditions 
since the late 1970s. Yields of varieties 
tolerant to acid soils are low (1.5 metr!c 
tons per htctare), and although higher 
yielding varieties yield an additional ton 
per hectare, their yields may fall after 
five or six years of production without 
good soil management practices. The 
Center for Agricultural Research for the 
Semi-Arid Tropics in Brazil has devel-
oped several lines adapted to there soils. 
Average yields are about 3 metric tons 

per hectare, with a potential for 4.5-5 
metric tons per hectare with adequate
fertilization (i). 

SORGHUM 


Sorghum is another potential component 
of savanna systems, but it is particularly 
sensitive to high levels of aiuminum in 
the soil. The Oxisol and Ultisol soils of 
the lianos In Colombia have an average 
aluminum saturation of 88 percent. The 
new cultivars being developed by the In-
ternational Sorghum and Millet Program 
perform well at aluminum levels oi up to 
60 percent, and they can efficiently ex-
tract water from the subsoil during the 
dry season. These sorghums have 
yklded 2 metric tons per hectare when 
lime was applied to reduce alumir.,jm sat-
uration to 60 percent, along with applica-
tion of nitrogen, phosphorus, and 
potassium (5). 

MAIZE 


In collaboration with national programs 

In Latin America and Asia, the Interna-
tional Maize and Wheat Improvement 
Center has been breeding germplasm for 
different stress environments, Including 
acid soils. Each year progeny of five 

maize populations with different grain 
colors and textures are evaluated under 
a range of aluminum and phosphorus 
concentrations, and the superior ones 
are selected and recombined. Thus far, 
10 cultivars have been developed that 
perform up to 200 percent better than In
tolerant piants under medium to high lev

els of soil acidity. Given the importance 
of maize as a subsistence and cash crop 
In many parts of the developing world, 
these trials are especially encouraging 
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(See Figure 6.7.) A savanna is a treeless plain, but the on the cerrado of the states of Goias and Mato 
term refers to most tropical grasslands, even the Grosso, up from 15) percent in 1940. 
cerrados of Brazil, in which trees of medium height Ranches are generally left in native grasses, on 
form a closed canopy. Savannas do not compare which cattle graze. Because grass production is fairly 
with the ecological treasurehouse of the rainforest: low. ranches must be large to be economically via
yet, their flora and fauna include anteaters, armadil- ble; they average 500 hectares. In Brazil, most sa
los, the large quara wolf, arid the rhea, an ostrich-like vanna farms raise soybeans for export. Because 
bird. Brazil has several national parks in the soybeans require costly harvesting machinery, most 
cerrados. Brazilian conservationists think erosion- of the farms are fairly large. 
prone savanna areas, those that are hilly or have 
thin soil, should not be farmed, but they agree that Savanna Soils 
most savannas Cali be farned (,18). 

Since 1940, Brazil's cerrados, the largest of the sa- Savanna soils have three characteristic:; that restrict 
vannas, have attracted increasingly more ranchers. farming: high acidity, low nutrient content, and a vari-
By 1985, one third of Brazil's cattle herd was located able erosion potential, depending mostly on topogra
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Table 6.6 Major Net Cereal Importers and 
Exporters, 1987 

Importers Exporters 
Million Metric Million Metric 

Country Tons Country Tons 

U.S.S.R. 29 United States 83 
Japan 27 Canada 28 
China 16 France 26 
Egypt 9 Australia 18 
Korea 9 Argentina 9CIAT 
Saudi Arabia 8 Thailand 6 
Iran 6 United Kingdom 4 
Italy 5 South Africa 2 
Mexico 5 Denmark 1Iraq 4 New Zealand 0.2Iraq_4_NewZealand_0.2_ 

Source: Food and Agriculture Organization of the United Nations (FAO), Trade 

Yearbook 1987. Vol. 41 FAO.Rome. 1988), pp. 114-116.
 

phy. Annual cropping systems, particularly in the 
cerrados of Brazil and the llanos of Venezuela, are 
profitable in the short term, but they eventually de-
grade the soil (49). As a result of this degradation, the 
medium- to long-term productivity of the savannas' 
annual cropping systems is expected to decline, even 
with a high level of chemical inputs. 

Research on Crop-Pasture Associations 
Several research program,, are considering ways to
Severlpresna pro ar ow-inutsirinwaye tdevelop the savannas on a low-input, sustainable 

basis. One such program is being conducted by CIAT 
in Cali, Colombia. CIAT is an international agricul
tural research institution working with national agri
cultural research and development systems on 
pasture and rice development. 

CIAT research focuses on combining crop and pas-
ture systems by alternating production of forage 
grasses with annual crops specially bred for suitabil-
ity tu the low-nutrient, acidic savanna soil. Because 
the land is always covered, there is less erosion. 

To address the problem of high soil acidity, CIAT 
developed acid-tolerant rice, grass, and legume culti-
vars. To address the low level of soil nutrients, CIAT 
re:earchers selected cultivars koiown fcr their effi-
cient use of nutrients (50). Crop varieties of rice, cas-
sava, soybeans, and sorghum have been selected for 
their ability to produce under savanna conditions 
with limited chemicals and fertilizer. (See Box 6.2.) 

Associations of agricultural crops and pasture 
grasses can be both ecologically and economically 
complementary, particularly when crops and grasses 
are planted in sequence. CIAT field tests show that, if 
properly managed, grazing systems based on mix-
tures of acid-tolerant grasses and legumes can ante-
liorate the chemical and biological deficiencies of 
savanna soils. The systems also reduce the need for 
chemical inputs because the leguminous grasses fix 
nit'ogen in the soil; when plowed under, they be-
come fertilizer for the annual crops. Subsequent 
crops benefit from the improved soils and require 
fewer chemical inputs, reducing production costs. 
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CIAT's savanna agriculture system is characterized 
by a low-intensity use of inputs. Land preparation, estimated at about $47 per hectare, does not require 
deep plowing or other intensive practices. The CIAT
 
system assumes a six-year rotation, witt' the fields al
lowed to lie fallow tl'e sixth year. Fertilizer use is
 

about one third of normal use under intensive prac.
tices .uch as in irrigated plots. Expenditure!s ior
weed, insect, and pest "ontrol, estimated at $8--16 
per hectare, are quite low. 

estimates that the system will obtain rice 

yields of about 1.8 metric tons per hectare, 44 per
cent better than curt ent yields of about 1.25 metric 
tons per hecta e (.i1). Pastures used for beef produc
tosprhca (1)Patrsuefrbeflrution are projected to obtain yields of 200 kilograms 
per hectare, a marked advance from current yields of 
12 kilograms per hectare (5'.). 

Adoption of crop-pasture practices could provide 
a susiainable agricultural system for tropical savan
nas that might boost production substantially. The 
savanna area in South America suitable for crop-pas
ture technology is estimated at 76 million hectares 
44 percent of the total savanna area (53). There are 
also similar agroecological zones in Africa and Asia 
with potential for crop-pasture associations. 

The savannas are relatively accessible, requiring lit
tle additional infrastructure. Farmers in the Amazon 
rainforest, by comparison, must deal with a rela
tively undeveloped infrastructure, long distances to
markets, and low-nutrient soils that require heavyd s so h mclfriiesa dp sii e 5) 
doses of chemical fertilizers and pesticides (54). 

THE EFFECTS OF CLIMATE CHANGE ON 
AGRICULTURE 

Predictions by global climate modelers that addi
tional atmospheric carbon dioxide will warm the 
planet are subject to considerable unc-ertainty be
cause the models are in a relatively early stage of de
velopment. For this reason, the possible effects on 
agriculture should be viewed cautiously-as more or 
less educated guesswork-at this stage. 

Not much is known about how different regions 
would be affected and how various crops would re
spond. Although much research still needs to focus 
on whether climate change will enhance or diminish 
a particular region's potential for food production, it 
is clear that climate change would have a major ef
fect on the world food system. 

The impacts on agriculture could be double-edged; 
by altering production in the main food-producing 
areas, climate change could weaken our ability to 
manage food crises, and by making growing condi
tions worse in food-deficit nations, it could increase 
the risk of famine. 

Climate changes could alter the location of the 
main food-producing regions. For example, warming 
at high latitudes is likely to benefit agriculture where 
temperature now limits crops, whereas decreased 
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rainfall in Mediterranean climates could affect agri-
culture adversely. 

If the major food exporters have a much reduced 
production potential because of climate change, 
prices might go up and importers would be affected, 
Table 6.6 lists the major net cereal importers and ex-
porters. 

Regions with a large imbalance between popula-
tion and agricultural potential may be particularly 
vulnerable to climate change. These countries oc-
cupy 22 percent of the global land area and include 
S1percent of the population in 117 countries (55). 

These areas include the Andean region, the Maghreb 
in Northwest Africa, the Sahel, the Horn of Africa, the 
mountain regions of Southwest Asia, the Indian sub 
continent, and parts of mainland and insular South
east Asia. 

Other changes would occur in regions where agri-
culture is already vulnerable and where the capabil-
ity to absorb the potentially large-scale shock of 
climate change or to invest in mitigation measures is 
limited. 

The assessments made here, unless otherwiseeither 
noted, are based on the climate model of the God-

dard Institute of Space Studies (GISS). (See Chapter
2, "Climate Chane: A Global Concern," Box 2.2.) 


2 Cquite 


Changing Climate Patterns 

Global warming would change both temperature and 
rainfall patterns around the world. GISS and other cli-
mate models broadly predict that if greenhouse 
gases reach a level equivalent to the doubling of car-
bon dioxide (C02), temperature increases would be 
greater at higher latitudes than at lower ones. Warm-
ing may be slightly more pronounced in winter than 
in summer. Possible rainfall changes are more uncer-
tain. In the higher midlatitudes (45-60*), precipita-
tion could increase 5 percent in summer and as 
much as 15 percent in winter. In the lower mid-
latitudes (e.g., the semiarid Mediterranean climates), 
summer rainfall could be limited and winter rainfall 
could decrease 5-10 percent. In the low latitudes (0-
30), precipitation is expected to increase about 5-10 
percent. The increase in precipitation may be large 
in equatorial regions but would diminish toward 
higher latitudes where weather patterns over arid 
and semiarici regions are likely to continue to oper-
ate (56) (57). 

Assessing Climate Change and Agriculture 

Late in 1989, GISS and the University of Birmingham 
(United Kingdom) began a three-year study of the im
pacts of climate change on global agricultural output 
and food trade. To (late, only three comprehensive 
regional or national assessments of the conse- 
quences of climate change for agriculture have been 
completed. National assessments have begun in two 
other countries and the International Institute for Ap-
plied Systems Analysis has conducted several case 
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studies for the United Nations Environment Pro
gramme (58) (59) (60) ((I) (62). Several countries includ
ing the United Kingdom, Australia, and New Zealand 
have completed literature reviews (63) (61) (65). Other 
countries, including Japan and Finland, have well-de
veloped plans for national impact assessments. 

Probable Effects on Agriculture 

A higher level of greenhouse gases would have two 
broad effects on agriculture; increased atmospheric 
C02 would enhance growth rates of certain types of 
crop plants, and climate changes would affect live
stock, crops, pests, weeds, and soils. 
The Fertilizing Effect of Increased C02 

Increased C02 in the atmosphere can stimulate plant 
growth by increasing the rate of photosynthesis, 
though shortages of water and other nutrients may 
limit yields. Some crop plants respond more o CO2 
enhancement than others, usually depending on how 
they photosynthesize. Scientists classify some plants 

C3 or C, depending on whether hey have a 
a rn or crb on hthernthe ( Cv 

3-carbon or 4-carbon path for photosynthesis (repi).C 
crops (e.g., wheat, barley, rice, potatoes) respond 

vigorously to C02 enhancement, but C1 crops 

(e.g., maize, sorghum, millet, sugar cane) do not. 
More research is needed before the size of yield in
creases in the field is known. Experiments in doubled 
C02 conditions have shown yield increases of about 
35 percent for wheat and 70 percent for barley (67). 
For maize and sorghum, the increa:se is minimal (68). 
Much depends on how plants respond to enhanced 
C02 under suboptimal temperature and rainfall con
ditions. 

On balance, increasing C02 could benefit agricul
ture, particularly because C3 crops provide a rela
tively large proportion of total human diet 
worldwide. Moreover, because greater yield improve
ments have been achieved recently in C3 than C4 
crops, there has been a significant shift to C3 crops 
in the past two decades. In India, the area under C4 
crops dropped from 40 percent to 23 percent of the 
total during this period ((i9). 

Increased C02 has some negative effects. The food 
quality of plants tends to decline; leaves become 
richer in carbon and poorer in nitrogen, and insect 
pests may need to consume more to reach their re
quired nitrogen nutrient levels (70). In addition, if 
plants grow more quickly, they may require more fer
tilizer. Fl!! thermore, if climate change increases rain
fall in areas that do not need additional moisture, 
runoff may erode more soil.
 

Regional Effects
 

Some predicted regional changes are described
 
below:
 
U In maritime climates above 45" north latitude,
 
where temperature rather than rainfall is generally
 
the constraint on agricultural potential, increased
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temperatures would likely increase productive poten. 
tial. For example, mean annual temperatures in Fin- 
land are projectedl to increase more than 4' C under 
the GISS scenario, len ihening the growing season 
for spring wheat by two-three weeks (71). At similar 
latitudes in Iceland, on the northern edge of arable 
agriculture in the U.S.S.R. (near Leningrad), and in 
northern Japan, broadly similar lengthening of the 
growing stason is estimated (72) (73) (74). 
i In cool templerate and cold regions, yields of most 
crops ca be expected tn increase with rising temper-
atures, except where moisture is a limiting factor. 
For example, in northern Japan, rice yields are esti-
mated to increase by 3.8 percent under the 3.6" C in-
crease in growing-season temperatures projected 1)y 
lie CISS model (75). 

N In the major cereal-exporting regions of the world, 
the lower midlatitudes (30-50"), much would depend 
on changes in moisture. In the United States, there 
are indications that yields of wheat, corn, and soy-
beans wouldldecrease under a warmer climate. In 
some places, these decreases may be compensated 
for by the direct fertilizing effect of more CO2, but 
overall, the productive potential of staple food 
grains could decrease (76i) (77). In Australia, yields of 
winter wheat may he redtuced if winter rainfal! de-
creased, particularly in marginal growing areas such 
as southwestern Australia (78). 
M Where )recipitation does not increase much or 
where moisture is now barely sufficient for agricul-
ture, warming would shorten the growing season. It 
would do so because teml)erature increases elevate 
eval)otranspiration rates at 2-3 percent per degree 
of warming. Thus ulants would lose more moisture in 
a warmer climate. Consequently, in Saskatchewan, 
for example, where mean May-August temperatures 
would increase about 3.5' C under the GISS scenario, 
the overall growing season would be lengthened 
four-nine weeks (from onset of growth to the first 
fall freeze) but would be effectively split into two 
parts by a moisture shortage in July and August (79).
* In topical areas where rainfall decreases or in-
creases only slightly, the growirg season would 
shorten. How these rainfall changes would be clisti-ib-
uted is noi at all clear, but there is some evidence 
that total rainfall in the Sahel. India, and Southeast 
Asia could increase. The general circulation models 
agree somewhat that summer monsoon rainfall 
would increase in Central and South China, South-
east Asia, and India but that winter rainfall might de-
crease. Summer rainfall could also be more intense, 
so that flooding and erosion would increase, and despite the increased rainfall, less moisture would be 
availabletor agriculture (8ed) (s). 

Geographic Changes 

Climate change is likely to shift the geographic di.tri-
bution of crops. Areas currently best suited to given 
crops may no longer meet the needs of those crops. 
At high latitudes, these shifts may change the area 
under cultivation. In northern .Japan, for example, 
the area suitable for rice cultivation would be dou
bled (82). There may also be substantial opportunity 
;-ir northward expansion of the arable area in the 
U.S.S.R., particularly western Siberia, but in North 

America, new arable areas would probably be lim
ited to certain valley regions in Alaska because soils 
and terrain limit potential (83). 

A wide range of adjustments may be required to 
match new land uses to new climates. For example, 
Iceland's climate is expected to become broadly sim

ilar to that of northeast Scotland today (84). Corn
puter model experiments confirm that Iceland's hay 
yields may increase 50-66 percent, to approximate 
those in Scotland now (85). Would future Icelandic 
farmers switch from raising sheep (currently the 
major livestock) to rearing cattle, which are raised in 
northeast Scotland today? Nothing is likely to be so 
simple, but the extent of land use changes would be 
substantial.
 

Effects oi,Agricultural Systems 

As a result of the effects of climate change on crops 

and livestock, extensive changes can be expected in 
farm output and profitability and in national food pro
duction (86). 

Yield changes would affect the profitability of farm
ing. Much will depend, of course, on changes in input 
costs, particularly fertilizers. Assuming no change in 
input costs, yield decreases would reduce farm in
comes. In Saskatchewan, decreased wheat yields 
could lower average farm incomes an estimated 7
 

c er arn n t 
p aercent(87). 

The aggregate effect on regional and national food 
production is not easy to evaluate because yields 
would be affected not only by climate changes but 
also by crop and soil types, input levels, and forms 
of management just as they are today. Only model
based estimates for single crops are available be
cause of these variables. Under the GISS scenario for 
Saskatchewan that includes the effects of increased 
temperature and precipitation, total wheat produc
tion in the province would fall 18 percent (88). Total 

tion the onnold apeen of
 
rice production on the northern Japanese island of 
Hokkaido would increase about 5 percent (89). With
out any policy change, the national rice stock in 
Japan could double as a result of increased yields 
under the GISS climate (9o). 

Outside the northern countries that would benefit 
from warmer growing seasons, substantial adjust
ments may be needed to maintain production, 
largely because less water would be available for agri
culture. Projections indicate that the changed climate would not threaten the U.S. food supply, but 
grain exports may decline significantly (91). Australia 
could be in a similar situation, although estimates 
are less certain (92).

Average agricultural production costs are pro
jected to increase 10-20 percent worldwide, al
though this estimate has been disputed (93). 

Adapting Agriculture to Climate Changes 

Despite the uncertainty of new climate patterns over 
the next decades, farmers will undoubtedly continue 
to adapt to their physical and economic environ-
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ments. Their most significant adaptation measure is 
likely to be the use of different cultivars and crops, 
particularly in high midlatitude countries. There, 
farmers would shift to crops with higher thermal re-
quirements to take advantage of longer growing sea-
sons (if water is available locally), 

In continental midlatitude regions where summer 
drought may become more of a problem, a switch 
from spring- to winter-sown crops may be necessary 
(9.). 

Numerous management changes are likely to be 
necessary, such as matching farm operations to peri-
ods of rainfall. Changes in the amounts and use of 
water and chemicals would l)robably be needed with 
small changes in temperature and rainfall. 

Farmers would make these adjustments as they 
perceive the need if they have the foresight, the 
know-how, and the money. But this process would re-
quire more accurate forecasting plus government 
hell) when technologies and capital are inadequate, 

The scale of agricultural changes that c tLlllbe 
caused by climate change leaves little room for coin-
placency, especially where the capability to absorb 
the shock of climate change is limited and the cost of 
adapting may be great (e.g., areas of marginal agricul-
ture in the semiarid tropics). 

RECENT DEVELOPMENTS 

LOW-INPUT FARMING WINNING NEW

LOWNPT Aspecific
CONVERTS 

Some large-scale farmers in the United States are 
cutting back on chemicals and adopting alternative 
farming practices that are both economically and en
vironmentally beneficial. Though still only a small mi-
nority of all the big farmers, they are giving new 
legitimacy to the alternative agriculture movement. 

These practices are called low-input agriculture, 
sustainable agriculture, and alternative agriculture, 
and their meanings differ. Most often they refer to in-
corl)oration of nutrient cycles, nitrogen fixation, and 
other natural processes in i)roduction; reduction or 
elimination of chemical fertilizers, )esticides, herbi-
cides, insecticides, and fungicides, following inte-
grated pest management practices; improvi:ig the 
match between cropping I)atterns and the produc-
tive )otential and physical limitations of farm lands; 
and managing farms to maintain )rofitability while 
conserving soil, water, energy, and biological re-
sources (95). 

The new practices are a substantial departure 
from conventional farming in the United States. Since 
the 1950s, it has relied on heavy (loses of chemical 
fertilizers and l)esticides and frequent plowing with 
heavy machinery. The approach has improved pro-
ductivity but has become increasingly costly and has 
raised many concerns about soil erosion, fo,)d 
safety, and surface and groundwater pollution (96). 

Though alternative agriculture is practiced by only 
5 percent of the farmers, some large-scale producers 
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are taking an interest (97). In the Salinas Valley in Call
fornia, for example, coml)anies such as the Superior 
Farming Company, one of the biggest table grape and 
fruit growers in the world, have begun to grow table 
grapes using alternative techniques. Superior uses 
hoes and mechanical cultivators to fight weeds, pro
vides habitat for a wasp that feeds on grape leaf hop
pers, uses natural bacterial and insecticidal 
compounds to fight other insects, and has built a pro
totype vacuum to test the practicality of sucking in
sects off the vines. The company expects yields of 
about 15,000 )ounds per acre, similar to those when 
conventional techniques are used (8). 

Steven Pavich and Sons, which primarily grows 
grapes on 580 hectares in sc,:th-central California 
and southern Arizona, uses no herbicides; it uses 
composted steer manure for z:oil fertility and for the 
most part is able to avoid tl.C use of insecticides. 
The farm yields about 653 boxes of grapes per acre; 
the normal yield is 522 boxes (99). 

The Pavich ol)eration was one of 11 case studies in
cluded in a 1989 National Research Council (NRC) re
port. The other cases included two crop and 
livestock farms in Ohio; a diversified crop and live
stock farm in Virginia; tree fruits, walnuts, and vege
tables in California; fresh vegetable )roduction in 
Florida; livestock farming in Colorado; and rice pro
duction in California (00). 

The report found that innovative farmers have de
veloped alternative farming methods suited to the 

needs, resource bases, and economic condi
tions of their farms. Those using alternative farming 

systems generally derived "significant sustained eco
nornic and environmental benefits" (101). 

NEW CEREAL GRAIN SHOWS PROMISE 

Agronomists have perfected a cereal grain that will 
flourish in various conditions, including the poten
tially hotter temperatures and more difficult growing 
conditions of the next century. 

Another NRC report predicts that this grain, called 
triticale, "seems likely to play a role in sparing mil
lions of the poor from the ravages of malnutrition in 
Africa, Asia, and Latin America" (102). 

Triticale is i)roduced by crossbreeding wheat 
(genus Triticum) and rye (genus Secale). After the 
I)ollen-carrying parts of the wheat flower is removed 
to )revent self-fertifization, I)ollen is transferred 
from a rye flower (the male parent) to the stigmata 
of a wheat flower (the female parent). The result is a 
grain that is generally larger than wheat and plumper 
than rye (103). 

Triticale was l)romoted heavily in the 1960s, but 
there were numerous I)roblems. It did not set seed 
well, the grains were often small and shriveled, 
yields were often disappointing, the stalks tended to 
fall over, "rdthe plants were vulnerable to disease 
(104). 

An accidental breakthrough occurred in 1967 at 
the International Maize and Wheat Improvement Cen
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ter in Mexico, when windblown pollen from dwarf genetic base, which could threaten the plant's resil
wheat plants accidentally fertilized a triticale plant. ience, so additional genetic diversity is needed. 
The result was Armadillo, a variety with improved Triticdle is subject to some diseases, and the plant's
fertility, a higher yield, stronger stalks, earlier matu- resistance could break down if the crop is grown on 
ration, and plumper grains. Further improvements larger areas (108). 
have been made since then (105). Notwithstanding these problems, triticale appears

Triticale combines some of the best properties of to show great promise. It is already being grown on 
rye and wheat. Rye, for example, does weli in poor more than 1.5 million hectares in 32 nations, with 
soils, in cold climates, at higher elevations, and in substantial production in Poland the U.S.S.R., 
other unfavorable conditions, but it does not pollen- France, and Australia (109). It is eL.;ily used to make 
ate well, is susceptible to a fungal disease called tortillas, chapatis, and other unleavened flat breads. 
ergot, and is far less popular than wheat. Wheat, Recently, CIMMYT researchers have deveioped
which provides 20 percent of the calories and 45 per- strains of triticale for use in leavened breads compa
cent (ifthe proteip in human diets, is not a good crop rable to breads using wheat flours (110).
for marginal lands with highly acidic or alkaline soils 
or for regions subject to drought oi climatic ex
tremes (1o6). The section on global food trends, AMixed Picture, was 

Triticale's ruggedness helps it outperform wheat in written by Eric Rodenburg. World Resources !990-9) Re
climates. Under mar- search Director and Robert Livemash, a Washington, D.C.
 

areas with poor soils or extreme cienvironment 	 writer and consultant. The focus on Subginal conditions, triticale yields usually exceed wheat Sahamn Africa was written by Livernash,based largely
by 20-:30 percent. The plant does well in soils that on work byJessica Tuchman Mathews, World kesources 
are high in boron, acid, or salt or deficient in manga- Institute Vice President. Sustainab',e Land Use for South 
nese. In dry and sandy soils or drought conditions, America's Tropical Savannas was authored by Filimon

Torres, Deputy Director General, International Center fortriticale's biomass production falls, but its relative Tropical Agriculture, Cali, Colombia. The Effects of Cli
advantage against wheat increases (107). mat, Change on Food and Agriculture was authored by

Some problems remain. Triticale dough is too Martin Parry, Professor of Environmental Management, At
sticky to roll out of the high-speed mixers used by in- mospheric impactsResearch Group, The University ofBir
dustrial bakeries, though blending triticale with ningham, U.K. 
wheat flour works. The Armadillo variety, though es
sential to triticale's development, has a fairly narrow 
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7. Forests and Rangelands
 

Tropical deforestation has become a popular envi-
ronmental issue over the past five years, but the ex-
tent of this deforestation remains unmeasured. Most 
publications still use national deforestation rates 
based on late 1970s data published by the Food and 
Agriculture Organization of the United Nations 
(FAO). However, a literature survey of more recent 
studies in eight countries reveals a startling increase 
in deforestation in most of thom. In Brazil and India, 
internal debate over the figures leaves the course of 
action in doubt. Until a reasonable assessment of for-
est conditions and the rate of depletion is made, the 
best base for formulating forest policies is lacking. 
However, because evidence in these mid-1980s stud-
ies points to much higher rates of depletion than 
were measured in the late 1970s, policies affecting 
forests should reflect these changes. 

In studying the impacts of climate change, this re
port examines how a warmer world could affect the 
location, health, and productivity ot forests and 
rangelan-ls. According to studies and theories based 
on computer projections of temperature and rainfall 
patterns, rangelands would expand and forests con-
tract in area. Although local climates cannot be pre-
dicted, subtropical, temperate, and boreal tree 
species would probably shift northward. Many of the 
world's major grasslands would become drier, favor-
ing the growth of forage plants that are tolerant of 

fire and water stress, but these plants may not be 
the most nutritious for livestock grazing. 

Each World Resources rangelands sectiop surveys 
range conditions in a particular area. Previous vol
umes covered selected countries in Africa, West 
Asia, and Asia. Latin America is the regional focus 
this year. Most of this immense and diversified 
area-from the shrubland of northern Mexico to the 
Patagonian rangelands on the tip of Argentina to 
short-lived pastures newly carved from the Amazon 
rainforest-suffers some form of degradation. 

CONDITIONS AND TRENDS 

FOCUS ON NEW ESTIMATES OF TROPICAL 
DEFORESTATION 

Recent studies covering several key countries sug
gest that deforpstation in the tropics may be much 
worse than was previously thought. Unti! recently, 
the most authoritative estimate of annual deforesta
tion in the tropics was 11.4 million hectares, based 
on a 1980 FAO assessment of tropical forestry re
search, literature, and surveys (1)(2). Several recent 
studies show that deforestation is much higher in 
Brazil, Costa Rica, India, Myanmar (formerly Burma), 
the Philippines and Viet Nam. Forest clearing also in-
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Table 7.1 Deforestation Estimates for Closed Figure 7.1 Percentage of Closed Forest
 
Tropical Forests,a Selected Countries Cleared Annually in Selected Tropical
 
(thousand hectares and annual deforestation rate) Countries, 1980s
 

Annual Annual
 
FAO Rate of Rate of Period of
 

Estimates Loss Recent Loss Recent
 
Country (percent) Estimates (percent) Estimates (percent)
19 8 1 -8 51b 

8 •
 

Brazil 1,480 0.4 8,0002c 2.2 1987 	 1981,85LI Average 
100 3Cameroond 80 0.4 0.6 1976-86 	 MostRecehtYear
 

Costa Rica 65 4.0 1244 7.6 1977-83 6te 

India d 
147 0.3 1,500, 4.1 1975-82
 

Indonesia 600 0.5 9006 0.8 1979-84
 
Myanmar 105 0.3 6777 2.1 1975-81 4
 
Philippines 92 1.0 1438 1.5 1981-88
 
Thailando 379 2.4 3979 2.5 1978-85
 
Viet Nam 65 0.7 173'0 2.0 1976-81
 

Sources: 
1. Food and Agriculture Organization of the United Nations (FA), Forest Re-	 JI U4

sources Division, An Interim Report on the State of the Forest Resources in 
the Developing Countries (FAD, Rome, 1988). 0 L L 

2. Aberto Waingort Setzer, et al., "Relat6rio de atividades do projeto IBDF-INE Frpz,' costa Rica Indonesia Philippines VietNam 
'SEQE'-ano 1987 National Space Research Institute of Brazil (INPE) Sao Cameroon Inda Myanmar Tha~land
 
Jose dos Campos, Sao Paulo, Brazil. 1988.
 

3. 	Joint Interagency Planning and Review Mission (JIM) for the Forestry Sec
tor, Cameroon TropicalForestry Action Plan (JIM, Rome, 1988). Source: Table 7.1.
 

4. Steven A. Sader and Armond T. Joyce, "Defcrestation Rat s and Trends inCosta Rica, 1940 to 1983," Biotropica,Vol. 20, No. 1 (1918), p. 14. Note: This figure shows the annual percentage of closed forest lost as calcu-
CostaRca, 1940fusin Biortrya , 14Enlated 	 Nations (1981ton 98, Vro."0.No p.ar 	 by the Food and Agriculture Organization of the Uniter'5. 8.6. Vohra, "Confusion on the Forestry Front," Advisor . Board on Energy, 85)____and___by___more___recent_____studies.____,
 

New Delhi, 1987, based on reconciliation of figures in Natural Remote 5ens-
 85) and by more recent studies.
 
ing Agency, Mapping of Forest Cover in India from Satellite Imagery 1972
75 and 1980-82 (Government of India, Hyderabad, 1983).


6. The World Bank, Asia Regional Office, 	 ares per year. The Amazon forest covers 3.37 millionIndonesia: Forests, Land and Water: 
Issues in Sustainable Development, August 1988, p. 2. square kilometers (337 million hectares) in Brazil. 

7. U.S. Kyaw, "National Report: Burma," in Proceedings ofAd Hoc 
FAOYECEIFINNIDA Meeting ofExperts on Forest Resource Assessment, Brazil's Legal Amazon-a larger area of 5 million 
Kotka, Finland, 26-30 0,tober 1987 (Finnish International Development square kilometers that encompasses grasslands, wet-
Agency, Helsinki, 1987).

8. Philippines Forest Management Bureau, Department of Environment and lands, shrublands, lakes, and forests-is a political
Natural Resources, "1987 Philippine Forestry Statistics" (Philippines, 988). boundary encompassing six states and territories 

9. 	Royal Forestry Department of Thailand, Planning Division, Forestry Statis
tics of Thailand, 1986, Center for Agricultural Statistics, Office of Agricultural and parts of three others (3). It is the basis for sev-
Economics, Ministry of Agriculture and Cooperatives (Bangkok, Thailand) eral Brazilian deforestation studies. (See Figure 7.3.)
Table 2, p. 8. 

10.Vo Guy, "Vietnam's Ecological Situation Today," ESCAPEnvironment Two recent studies of deforestation in the Amazon 
News, Vol. 6, No. 4 (1988), pp. 4-5. have produced widely different results. The most up-

Notes: 
a.Closed forests are forests inwhich trees cover ahigh proportion of the to-date studies were conducted by Alberto Setzer of 

round and inwhich grass does not form a continuous layer on the forest the National Space Research Institute of Brazil 
loor. Open forests are forests in which trees are interspersed with grazing

lands. b. Unless otherwise noted, annual deforestation rate is calculated (INPE). In 1987, Setzer's team used satellite imagery
from FAQ 1981 tota'stock estimates. c. For Legal Amazon only. Brazil also 
has a small amour t ofclosed coastal forest remaining. d. Annual deforesta- to determine that 8 million hectares of virgin forest 
tion rate is calculated from stock numbers found insources 3 and 5,above, in the Legal Amazon were cleared that year (4). But 
e. Represents total forests, open and closed. 	 1987 may have been an anomalously high year for de

forestation in the Brazilian Amazon; it was the last 
creased sharply in Cameroon, Indonesia, and Thai- year tax credits were available to landholders who 
land. (See Table 7.1 and Figures 7.1 and 7.2.) The new cleared their Amazon holdings, and many large land
studies examine loss of closed forest, defined by FAO owners may have rushed to gain the advantage while 
as "land where trees cover a high proportion of the they could. At the same time, Brazil's legislature was 
ground where grass does not form a continuous discussing taking "unimproved" land as part of a 
layer on the forest floor." They do not examine open land-reform effort. Many who owned large forested 
forests, in which trees are widely spaced. If these tracts for mineral rights or future development 
new studies are accurate, the world is losing up to burned and cleared as much of their land as possible 
20.4 million hectares of tropical forest annually-79 in order to retain ownership (5). 
percent over FAO's 1980 estimate. The additional In 1988 and 1989, tax credits were suspended and 
amount represents an annual forest loss the size of later canceled, and, in the face of international pres-
Panama. sure, Brazil began a campaign to slow the burning. 

Using 5 helicopters and 60 trucks, forestry agents
 
Deforestation in Brazil from Brazil's Institute of Environment and Renew

able Natural Resources sought out illegal burning
Brazil has the world's largest remaining tropical for- and issued millions of dollars in fines. Wetter 
est, and by far the largest area of annual deforesta- weather also discouraged burning (6). Follow-up stud
tion. Forest outside the Amazon-mostly open ies by Setzer in 1988 and 1989 showed a decline in 
forest-is being lost at the rate of 1.05 million hect- the area cleared each year, a 40 percent drop to 4.8 
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Wkigure 7.2 Area of Closed Forests Cleared Annually in Selected Tropical Countries, 1980s 
(thousand hectares) 

Area Cleared Annually, FAO 1981-85 Estimates Area Cleared Annually, Most Recent Estimates 
Total: 3,013 Total: 12,014 

Brazil 8,000 

india 147 Brazil 1,480 

Indonesia 600 

Viet Nam 65 
Thailand 379Philippines 92 India 11500 " 

" 
Mya ? 10 

Cameroon 80 

Myanmar 105 Indonesia 900 ~ 
Costa Rica 65 Viet Nam 173 

Thailand 397 Costa Rica 124 
Cameroon 100 

Philiipine143 Myanmar 677 

Source: TablE 7.1. 
Note: This figure shows the area lost to deforestation in nine tropical countries as calculated by the Food and Agriculture Organization of the United Nations(1981-85) and more recent estimates. Note that the country with the largest percentage loss (Costa Rica) in Figure 7.1 has the second smallest area lost. 

million hectares in 1988 (7)and a further 40-50 per-
cent drop in 1989, according to preliminary figures
(8). The Setzer study methodology has been criti
cized because it uses space photos of smoke, which 
can extend far beyond the burned area. On the other 
hand, the study would not detect deforestation that 
occurs without burning (9). 

A 10-year linear projection of deforestation by 
INPE scientist Philip Fearnside, based on a 1978 INPE 
survey, predicted that deforestation would reach a 
total of 35 million hectares in the Legal Amazon by 
1989 (I0). However, another INPE remote sensing sur-
vey in 1988 showed less deforestation over the 10-
year period, 17 million hectares, at an average an-
nual rate of 1.7 million hectares (11). 

Thus, the range of annual deforestation rates for 
Brazil's Amazon is between 1.7 and 8 million hect-
ares per year, numbers large enough to affect signifi-
cantly the new global deforestation rate, which could 
be 13.9-20.4 million hectares per year, depending on 
Brazil's rates. Most likely, deforestation accelerated 
in the early 1980s, peaked in 1987, and declined 
somewhat in 1988-89 because of changed policies 
and wetter weather combired. 

Also under debate is the extent of Amazon defores-
tation. According to the 1988 INPE study, 5.12 per-
cent of the Legal Amazon has been deforested. 
Because this figure is much lower than previous pro-
jections, it is controversial. A recalculation of the 
INPE data, using only the forested portion of the Ama-
zon as a base, showed that 7 percent of the forested 

Amazon has been lost (12). (See Figure 7.3 and Box 
7.1.) 

New Studies in Other Countries 

New studies of several other countries followed the 
1980 FAO assessment. Many were based on more ad
vanced survey methods. In Myanmar, for example, 
the 1980 assessment relied on mid-1970 data and the 
FAO computer model of rural population trends. The 
new estimate of 677,000 hectares lost per year-545 
percent over the 1980 FAO figure-is based on re
cent fieldwork, a continuing analysis of aerial photo
graphs and satellite imagery dating from the 1980s, 
and extrapolations from FAO data. 

Likewise, the startlingly higher estimates of defor
estation in India, the Philippines, Cameroon. and 
Costa Rica derive from newer satellite data. India's 
deforestation appears to have soared from 147,000 
hectares to 1.5 million hectares per year. Its national 
Remote Sensing Agency, which calculated both the 
new and old deforestation rates based on satellite im
agery, found that 10.4 million hectares were lost be
tween 1975 and 1982 (1:). Deforestation statistics in 
India are as contradictory as those in Brazil. For ex
ample, an Indian forestry expert argues that because 
of the population increase, the deforestation rate 
may have climbed to 2 million hectares per year 
since 1982, leaving the entire country with only 25 
million hectares of forests (14). On the other hand, 
FAO believes India's deforestation may have peaked 
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Figure 7.3 Tropical Deforestation in Latin A.merica to 1988 
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Source: Tropical Rainforests: A Disappearing Treasure (Smithsonian Institution, Washington, D.C., Traveling Exhibition Service, 1988). 

at 1.5 million in the mid-t980s but fell to 150,000 clude both open and closed forests.) FAO's assess

since then (15). ment of 379,000 hectares deforested per year in Thai-
The updated Indonesian estimate of 900,000 hect- land was extrapolated from data obtained prior to 

ares-a 50 percent increase over 1980-was drawn 1975; the new number, 397,000 hectares per year, is 
from studies of forest clearing associated with the derived from 1978 and 1985 satellite imagery. (See 
massive transmigration program and from measure- Table 7.1. For more detail on survey methods, see 
ments of forest burned in the 1982-83 El Nifto fires Chapter 19, "Forests and Rangelands," Table 19.1, 
on the island of Kalimantan (16). Only in Thailand is Sources and Technical Notes.) A public outcry over 
the new estimate near the older one. (Thailand is the the devastation of Thai forests led the government 
only country where both old and new estimates in- to ban all logging and revoke all timber concessions 
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in January 1989 (17). (See Recent Developments, vegetation; others provide greater resolution but at a 
below.) smaller scale, so the cost of obtaining and interpre

ting coverage over a meaningful area can be prohibi-
Counting the Trees tive (i9). Any space or airborne system can be foiled 

by the frequent cloudiness of the tropics and, ironi-
Most of the new studies benefit from the progress cally, by the smoke from the fires used to clear the 
made over the past decade in collecting and interpre- forests (20). Moreover, because deforestation is such 
ting remote-sensing data. Ground surveys of tropical a highly political issue, even the most impeccable 
forests are now being augmented by airborne sam- data are subject to considerable differences of inter
pling methods such as the use of low-altitude photog- pretation.
raphy, satellite systems, and side-looking radar. (See It is possible that the newer studies are not compa-
World Resources 1988-89, pp. 72-73, for an explana- rable to FAO's original analyfis because of improved
tion of these techniques.) For its 1980 assessment, survey techniques, differences in the forest types in-
FAO relied on remote-sensing data for only 31 coun- cluded, and difierences in defining deforestation and 
tries and on ground-based information for 45 coun- conversion (21). It has been suggested that what 
tries (18). Some of the ground-based surveys relied seems like a soaring deforestation rate is simply 
on interpretations of c~d maps (e.g., land-use plan- caused by the fact that the new surveys are more ac
ning and soil survey maps), literature surveys, and curate and thus reveal old deforestation that had not 
extrapolations from outdated inventories, previously been detected. It is also possible that the

Remotely sensed data are not a panacea; even new studies show accelerating deforestation in these 
stare-of-the-art satellite images have drawbacks. and other tropical countries. In aiiy case, it seems 
Some can distinguish only broad classifications of certain that the world is losing much more of its vir-

Box 7.1 Forest Politics In Brazil 

The Brazil Space Agency's 1988 report es- Amazon Pact, which declared the "Impor- velopment remains. For example, Brazil
 
timat'no that 3percent of Brazil's legal tance of genetic and biotic conservation" Is seeking funding from Japan to com-

Amazon region i-ad been deforested was along with "sustainable use of natural re- plete aroad that would connect the Ama
controverslai because it was seen as an sources." They established aSpecial zon with the seaport of Lima, Peru, on
 
attempt by the Brazilian government to Commission on the Amazon Environ- the Pacific coast, opening a number of

minimize the extent of Amazonian defor- ment charged with promoting research, new markets for Amazon timber and
 
estation. Previous estimates (made by methods for assessingenvironmental im- other products (8). Another development

projection rather than by direct measure- pacts, cooperation on projects, and stud- that threatens a large area of rainforest

ment) have estimated that as much as 12 les of the compatibility of environmental Is the $3.5 billion Grande CaraJas Pro
percent of the Amazon was deforested. legislation. The Commission Is also gram, a mining project begun in 1985. Its
 

International pressure on Brazil to con- charged with "preventing the deterlora- smelters that convert ore into pig Iron
 
serve Its rainforest began to build In Au- tion of the Amazon's natural resources, are powered by charcoal, and the easiest
 
gust 1988 when extensive burnilng to particularly deforestation and soil ero- way to obtain charcoal Is to chop down
 
clear land showed up in satellite photos slon." The statement also emphasized re- surrounding trees. Although Grande Car
that were widely publicized. InDecem- spect for the "cultural identity of aja has not yet made a significant impact,

ber, union organizer Francisco Chico Indigenous people In the region (4)." environmentalists point to pig-iron pro-

Mendez, who had protected Amazon for- iard, former Brazilian
Shortly after , duction in the southeastern state of
 
est used by rubber tree tappers from 
 President Jos6 Sarney announced his Ninas Gerais where it consumed nearly
ranchers who wanted to burn it, was conservation master plan for the Ama- two thirds of the state's forests (9).

shot and killed. (Three ranchers were zon: Our Nature. As part of the plan, con
later convicted.) Di,. Ing a trip to Wash- troversial tax credits for clearing land 
 References and Notes
 
Ington, D.C., Mendez had gained a consid- were suspended and later ended. Work
erable following among U.S. environmen- Ing with the Food and Agricultural Orga- I. Eugene Linden, "Playing with Fire," Time,

talists and members of Congress as he nization of the United Nations, Brazil is September 18, 1989, p. 80-82.
 
helped successfully lobby the Inter-Amer- mapping the Amazon and designating 2. Ibid., p.77.
 
Ican Development Bank to stop furding a land uses for each part (5). 3. "It's Our Forest to Burn ifWe Want to,"
 
highway through Mendes'state of Acre In late summer 1989, an International TheEconomist,March 11,1989,p.42.
 

4. Helena Landazurl T., La Cuenca(I). symposium on the Amazon at the Univer-	 AmazonicaArgumentos en fauordeunBrazill., n officials reacted to Interna- sity of SAo Paulo concluded that given manejo integrdo, Ediclones Abya- Yaia,
 
tional pressure with angry remarks the fact that Amazon forest burning re- Quito, 1987.
 
about outside Interference. To state- leases a substantial amount of the green-
 5. Santiago Mourao, Head of Environmental
 
ments that the Amazon should be left In-
 house gas carbon dioxide and de.'roys Affairs, Brazilian Embassy, Washington,

tact as a storehouse of blodiversity for an unknown number of specie., ",.,e D.C. (personal communication) 1990.
 
the world or that Its destruction could problem demands the recognition of co- 6. Jos6 Goldemberg, Amazonia: Facts, Prob
lead to global climatic chaos, they responsibility and of the need for Interna-	 lems andSolutions (University of S&o
 

Paulo and Institute for Space Research
pointed out that Brazil Intended to de- tional cooperation in the management of [INPE], Sto Paulo, Brazil. 1989), p.29.
 
velop its resources like any temperate solutions (6). 7. Ibid.
 
country had and that U.S. citizens use 15 The symposium recommended more 8. Op. cit. 3, pp. 42-43.
 
times more energy than Brazilians, thus debt-for-nature swaps, more interna- 9. Op. cit. i, p.80.
 
barely showing concern for the global tional research, and creation of an Inter
ecology (2) (.1). national fund to protect the Amazon (7).

At the same time, however, Brazil had Despite effo."ts to plan for a better use 
joined with other Amazon nations in an of the Amazon, he goal of large-scale de-
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Box 7.2 Searching for Sustainable 'tropical Natural Forestry 

In 1988, the international Tropical Tim- they reported, the total area being sus- cal Timber Organization," InThe Future of 
her Organization (ITTO), which is de- tainably managed at an operational level the Tropical Rain Forest, Melanie J.McDer
voted to protecting the future of the Is limited to 75,000 hectares InTrinidad mott, ed. (Oxford Forestry Institute, Ox
tropicaotimber trade, enhancing nontim- and Tobago, of which 16,000 have been ford, U.K.. 1988), p.52. 

5.Theodore Panayotou and Peter Ashton,her products and services, and conserv- declared as fully 'egenerated after log- "The Case for Multiple-Use Management 
ing forest ecosystems, commissioned a ging (ii ). They found similar conditions of Tropical Hardwood Forests," Harvard 
worldwide survey of how much forest In Africa: "One can safely say that there Institute for International Development, 
was under sustainable management (I) are no sustained yield management sys- Cambridge, Massachusetts, 1988), p.38. 
('r.The survey found only anegligible tems that are being practiced over large 6. The 18 ITTO producer-members are 
amount of forest being managed for sus- areas In the six countries studied. Man- Bolivia, Brazil, Cameroon, the Congo, 
tainable, long-term timber production. In agement has been progressively aban- C6te divoire, Ecuador, Gabon, Ghana, 

the 17 ITTO member countries studied, donled, maybe with the partial exception Honduras, India, Indonesia, Liberia, Malay
sia, Papua New Guinea, Peru, the Philip

only about 800,000 hectares were being of Ghana" (12). Asia was different In that pines, Thailand, and Tr!nldad and 
managed sustainably (3)(4). In India (the all the forests under logging concessions Tobago. 
18th ITTO producer- member), another are nominally under management. How- 7. Duncan Poore, "Overview," In "Natural 

3.6 million hectares are managed over ever, "there is a very great difference be- Forest Management for Sustainable Tim
successive rotations, bringing tileiTrTO tween theory and practic'' (i.). Tropical ber Development," International Institute
 
total to 4.4 million hectares out of a timber harvesting has the longest his- for Environment and Development, Lon
global total of 828 million hectares of pro- tory in Asia, and examples of sustained don, 1988, p.18.
 
ductive tropical forest (5) (6)(7). In other timber management Include the Mae 8. Ibid., p.6.
 

9. Op. cit. 5,p.44.
words, timber is produced sustainably Poong forest in Thailand and peninsular 10. Op. cit. 7,p. 6, and 11-14. 
on less than 1 percent of the exploitable Malaysia's selective management system i. Op. cit. 7, p. 16. 
tropical forests. Probably no more than (14). 12. Simon Rietberger, quoted InDuncan 
20 percent of the forested lands are sub- Poore, "Overview," In "Natural Forest 
ject to any harvesting control or silvicul- References and Notes Management for Sustainable Timb 'r Pro
ture, practices that are considered duction ," International Institute for Envi
unsustainahle (m)ij). I. Mark Timm, "Timber Pact to Protect 

23 
Trop- ronment and Development, London, 1988,(Sustainable timber 
. p.17.production is predicated upon doing Ical Forests," D.C(March 1987), p. 


nothing to reduce irreversibly the 2. Duncan Poore, "Executive Summary," In 13. Op.cit. 7,p. 17.
 
forest's potential to produce marketable "Natural Forest Management for Sustain- 14. Peter Burgess, 'Asia," In "Natural Forest 

able Timber Production," International In- Management for Sustainable Timber Profor i) for Environment and duction, International Institute for Envistitute 


While searching each tropical region Development, London, 1988, p. 18. ronment and Development, London, 1988, 
for sustainably managed forests, I'TTO re- 3. Ibid. p.24.
 
searchers painted a discouraging plc- 4. International Tropical Timber Organiza
ture. In Latin America and the Caribbean, tion, 'The Role of the International Tropi

gin tropical fo~rest than had I)een thought. This loss forestry conservation policies, bui noted that be
is occurring (es)ite a surge tifinternational concert) cause its 170 million people have the same aspira
to conserve !Hie rainforests. A more complete picture tions as anyone in the United States, 20 percent of its 
of trenlds must await the next FA) global assess- forests must be converted to plantations to produce 
ICIlt, which is d(e t( l)e )ublished in 1992 (22). Until teak, rubber, rice, coffee, and other agricultural 
then. the info)rlati on reported here indicates how crops (23). Deforestation in Brazil's state of Rond6nia 
(ire the pro)blem of tropical deforestation has be- resulted from a government policy to resettle people 
colle. fron poor urban areas. Agricultural conversion also 

All the (leforestation figures cited above refer to occurs in the absence of policy or as a result of inade
land that is cleared of forest and converted to some quate or conflicting policies as settlers follow loggers 
other use such as agriculture, shifting agriculture, or into a new forest. 
settlelmlelts. Tle surveys do mot mleasure the Policies conflicted in C6te d'lvoire when the gov
atn1util1t of forest lands that are degraded )y selec- ermnent, inan effort to increase foreign exchange 
tive logging, overgrazi , livestock browsing, fires, or earnings, allowed loggers to cut the remaining tracts 
stri))ing for fuelw(ood collectiofn. (See Chapter 19, of natural forest. Farmers, encouraged by govern
"Forests and Rangelands, "Tatle 19. 1. Sources and ment policies to )romote the export of cacao, moved 
Technical Notes.) in on this newly logged land to plant cacao and other 

crops. Although the government forestry depart-
Causes of Defore2station ment has a policy of regenerating deforested areas, it 

has not been able to prevent deforestation of the re-
Tropical deforestation hias three direct causes, maining natural forest because of poor logging prac
which often act together in the sanme area. The first tices and agricultural policies that encourage 
catise is i)ernlianent conversion of forest to agricul- inmlediate conversion of the land to agriculture (24l). 
tural land. This c)nversion can reflect a governmllent Slash-and-burn agriculture, a traditional form of ag
policy to expand the agricultural base or resettle peo- riculture in which land is cleared, planted, and 
ple. For example, the Indonesian government, in a burned, then allowed to regrow into forest, has been 
full-page U.S. magazinle advertisement, explained its an environmentally sound practice in the tropics. 
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But with increasing populations, plots are now often 
put back into agricultural use before they have had 
time to regenerate and replenish soil nutrients. Thus, 
slash-and-burn agriculture often degrades land (25). 

Whether another cause of deforestation, logging, 
does in fact lead to deforestation depends on the 
methods used and on what follows the logging. In a 
few areas, it has been demonstrated that tropical 
hardwoods can be selectively logged and the forest 
left to regenerate. This situation is the exception. A 
survey published by the International Tropical Tim-
ber Organization in 1988 found the amount of sustain-
able forestry in tropical timber production to be
"negligible." (See Box 7.2.) Logging is more often car-
ried out in the tropics in a way that damages nontar-
get trees and opens new forest areas to settlement 
by farmers. In a typical logging operation, only 10-20 
percent of the trees are cut, but another 30-50 per-
cent of the trees are destroyed and the soil is suffi-
ciently disturbed to impede regeneration, leaving a 
much degraded forest (26). 

Athird cause of deforestation is the demand for 
fuelwood, fodder, and other forest products where 
the resources cannot meet the demands. Inadequate 
supplies, a major problem in dry tropical areas such 
as the Sahel and the Aravalli region of India, can 
cause serious land degradation. (See Chapter 6, 
"Food and Agriculture," Agriculture in Africa.) 

These direct causes as well as grazing, fire, and 
drought are often interrelated and are exacerbated 
by government economic policies, population pres-
sures, and poverty. Awide array of government poli-
cies ranging from timber concession pricing to land 
tenure can have a major, ifsometimes unintentional, 
impact on forests. For example, many countries con-
vey title to parties that have "improved" the land by 
clearing the forest, charge inordinately low rents to 
timber companies that log government forests, or 
subsidize cattle ranching on cleared forest (27). 

Historical Deforestation 

Since preagricultural times, the world's forests have 
declined one fifth, from 5 to 4 billion hectares. Tem-
perate forests have lost the highest percentage of 
their area (32-35 percent), followed by subtropical 
woody savannas and deciduous forests (24-25 per-
cent), and old-growth tropical forests (15-20 per-
cent). Tropical evergreen forests, now under the 
most pressure, have lost the least area (4-6 percent) 
because they were inaccessible and were sparsely 
populated (28). Today, just over one half the world's 
forests are in developing countries, 

From 1850 (before the Industrial Revolution) to 
1980, the greatest forest losses occurred in North 
Africa and the Middle East (-60 percent), South Asia 
(-43 percent), and China (-39 percent). The highest 
rates of deforestation (the percentage of forest lost 
peryear) are now in South America (1.3 percent) and 
Asia (0.9 percent). (See Chapter 19, "Forests and 
Rangelands," Table 19.1.) 

Deforestation and Development 

An economic argument is made that mature forests 
should be harvested and the proceeds from sale of 
the lumber used to convert the land to higher yield
ing plantations and farms (29). In practice, however, 
tropical timber harvesting has not often brought 
prosperity to the local people or to the country as a 
whole. There are several reasons. First, agricultural 
yields based on cleared tropical forests have been 
overestimated. The soils underlying 95 percent of 
the remaining tropical forests are infertile and are de
graded easily through erosion, laterization, or other 
processes once the vegetative cover is removed (3). 
Many tropical rainforest ecosystems survive on poor 
soils by quickly recycling the nutrients leached from 
(lead leaves, plants, and other matter before they 
can accumulate and decay in the top layer of soil, as 
they do in most temperate forests. Because an agri
cultural system cannot duplicate the rapid and com
plex recycling ability of the rainforest, its limited 
nutrients are lost to leaching and erosion within a 
few years. (See Box 7.3.) 

Second, the economic benefits of timber harvests 
rarely enrich the community or even the govern
mew:. Most of the profits have gone to domestic and 
foreign timber concessionaires and the politicians 
and military officers who are often their silent part
ners (31). The pervasive practice of undercharging 
logging companies for the right to harvest public tim
be, in numerous countries is documented in several 
World Resources Institute reports (32) (33) (34) (35) 
(36). 

Third, berries, nuts, game, fish, honey, and other 
forest products have substantial local value even if 
they never see foreign markets; resins, essential oils, 
medical substances, rattans, flowers, and a variety of 
other products have commercial value for the local 
people who collect and trade them. Indonesia annu
ally exported $125 million worth of the latter group
of products in the early 1980s (37). (See Box 7.4.) Al
though most rainforest species have not even bcen 
identified, they may well offer considerable opportu
nity for development of pharmaceutical and indus
trial products. Once a species is identified for certain 
products, infrastructures could be set up for collec
tion, delivery, and manufacturers' contracts. For ex
ample, the National Biodiversity Institute in Costa 
Rica (INBIO) and North American pharmaceutical 
companies are discussing contractual arrangements 
for chemical testing of animals and plants. The goal 
is to protect the interests of the local people as well 
as these natural resources (38). 

Attempts to Slow Deforestation 

Growing concern among professional foresters dur
ing the 1970s and 1980s about the rate of tropical de
forestation has now been overtaken by public 
concern about rainforest destruction. Early on, FAO 
and othe. sworked largely within the forestry com-
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Box 7.3 Cattle Pastures in the Brazilian Amazon 

Over the past two decades, more than 20 
million hectares (3 percent) of humid 
tropical forests in Latin America have 
been converted to cattle pastures. At 
least one half this conversion has taken 
place In Brazil's Amazon, one fourth in 
Mexico, and the rest In Colombia, Peru, 
Venezuela, and Central America (I) (2). 

Pasture expansion in eastern Amazonia 
began In the late 1960s, stimulated by a 
growing network of paved roads, !nvest-
ment tax credits, government-subsidized 

credit, (o)(,) and land speculation oppor-
tunities (.). Forests were cut and burned 
(luring the dry season and plante. 4with 
African forage grasses. These grasses 

grew well (luring the first two-three 
years, perhaps because of the pulse of 
phosphorous and other nutrients re-
leased into the soil when the rainforest 
was burned (6). However, within 10 years, 
phosphorus levels fell to those of the 
original forest soil. As phosphorus avail-
ability dropped, the nutrient-demanding 
forage grasses were gradually overtaken 
by shrubs and nonforage grasses. 

These pastures were stocked heavily 
with cattle (more than one animal unit 
per hectare is considered heavy on this 
type of soil), which accelerated the deg-
radation (7). By the late 1970s in the 

Paragominas region of northeastern 
Amazonia, more than one half the forest-
derived pastures were degraded (8). 

"REFORMING" PASTURES 

To recuperate a degraded Amazonian 
pasture periodically, a ranchei would 

first hire teams of field laborers to cut 
weedy shrubs and sprouting trees man-
ualiy, then burn the cut vegetation. This 
practice triggers a flush of grass, but the 
response diminishes with each repeti-
tion. Some ranchers with access to capi-
tal (e.g., those with forested lands that 
can be exploited for lumber) "relorm" 
their degraded pastures by scraping the 
soil surface with bulldozers, fertilizing,
and replanting with forage grasses that 

have relatively low nutrient demands. A 
small portion of Amazon pastures have 
been reformed in this way (9). 

The government of Brazil no longer 
subsidizes pasture formation In 
Amazonia, but pastures continue to be 
formed as a means of securing and retain-

ing title to land, thereby capturing esca-
lating land values (io). Cattle are valued 
as an inflation-iree investment and as a 
source of milk products and status, even 
when cattle production is not profitable 

(11). 	 As much as 90 percent of Amazonlan 
pasturelands may have been formed 
without government subsidies (12). Un-
like government-supported pastures, un-

subsidized pastures are typically formed 
on sites that have been cultivated In an-
nual crops following forest cutting and 
burning. 

REGROWTH OF ABANDONED 
PAS1 URES 

Amazonian pastures are usually Invaded 
by regrowth forests within a few years of 
abandonment. Estimates differ on how 
long an abandoned pasture takes to re-

generate Into a mature forest; a best case 
estimate of regeneration of a forest from 
a pasture that was lightly used and not 
subjected to fire Is slightly less than 100 
years (13). Where pastures were moder-
ately used (e.g., six-eight years of graz-
ing) and then burned, regeneration is 

slower; a pasture in Venezuela's Amazon 
that was repeatedly burned to maintain 
the grasses has regenerated only 50 per-
cent of its forest biomass 80 years after 
abandonment (14). 

The potential for forest regrowth Is 
greatly diminished when pastures are re-
formed with bulldozers. Eight years after 

abandonment, a pasture near 
Paragonimus that had been bulldozed 
was dominated by weedy grasses and 
shrubs and supported no tree species na-
tive to the original forest (15).Although 
abandoned pastures are rare in 
Amazonla, they demonstrate the poten-
tial for ranching practices to produce de-

graded ecosystems that can persist for 
many years. 

THE'THREAT OF FIRE 

Pasture formation In Amazonla also Intro-
duces the threat of fire to neighboring 
forests. During the dry season, degraded 
pastures can burn within one day of a 
rain storm, but primary forests cannot 
be Ignited even after months of drought 

(iS). As forests that lie adjacent to pas-
tures and were logged dry out and be-
come flammable, the stage is set for 
extensive forest fires (rm. In 1987, 20 mil- 
lion hectares in Amazonla burned (is), a 
large portion of which had supported for-
ests exploited for timber. 
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out a new strategy. They issued a statement recogniz-
ing that efforts to improve forest management had 
failed; because many causes of deforestation lie out
side the domain of national forestry departments, 
the problem must be addressed at higher political
and economic levels (39). TFAP was designed to deal 
not only with deforestation but also with forest deg-
radation, with emphasis on agroforestry, fuelwood, 
industrial forestry, and other methods by which for-
estry 'an provide goods and services to rural people 
and national economies (,i0). 

Since its beginning, TFAP has faced criticism and ,i-
ternal debate. At the ninth meeting of the TFAP advi-
sors in Washington, D.C. in 1989, workshop 
participants criticized the program for being too gov-
ernment oriented and not seeking the participation 
of nongovernmental organizations or forest dwellers. 

More than 60 countries have decided to prepare na-
tional forestry action plans to guide management of 
their forests. This TFAP planning process has helped 
stimulate an increase in investment in tropical for-
estry from $500 million in 1985 to $1 billion in 1989-
70 percent of the amount originally called for by 
TFAP. The program has made many governments 
aware of the economic costs of deforestation and 
has mobilized many people and organizations to dis-
cuss how to address the causes of deforestation and 
forest degradation (4). Progress under the TFAP 
framework is being evaluated by an independent 
team commissioned by FAO. 

Attitudes on Deforestation 

During the 1980s, conserving the tropical rainforests 
was a popular issue in North America and Europe. As 
the role of tropical forests in tempering global warm-
ing and harboring a diverse range of specics has be-
come clear, environmental groups have pressured 
international development agencies to halt projects 
that cause deforestation. Environmental groups in 
northern countries have also formed links with 
groups of indigenous people and forest dwellers 
such as the rubber tappers of Brazil and the Penan 
of Malaysia. (See Box 7.4.) Aglobal poll of environ-
mental attitudes commissioned by the United Na-
tions Environment Programme and conducted in 
1988 found considerable concern over deforestation 
among Third World people. In Latin America and the 
Caribbean, 78 percent of the interviewees expressed 
concern; in Asia, 73 percent; and in Africa, 77 percent 
(42). 

Some governments initially reacted with irritation 
at having northern politicians and nongovernmental 
organizations tell them they should preserve forests 
rather than develop as temperate countries did. But 
a number of decisionmakers in developing countries 
are now declaring that they hope both to conserve 
their forests and to increase forest productivity in an 
effort to increase the economic benefits from forests 
on a sustainable basis (43). 

POSSIBLE EFFECTS OF GLOBAL WARMING 
ON FORESTS AND RANGELANDS 

Effects on Forests 

Climate is paramount in determining the broad distri
bution of forests. The vast differences among the 
tropical, subtropical, temperate, and boreal forests 
can be explained in no other way, though soils and 
topography are also important. It is evident, too, that 
forests have a reciprocal if not as dominant an effect 
on climate. Their presence usually serves to temper 
extremes of global climatic variables such as precipi
tation and albedo, the reflectiveness of Earth's sur
face. Forests also affect local climates; they alter the 
surface energy balance by reflecting sunlight, evapo
rating water, and drawing groundwater up through 
tree roots. The rate of these processes depends on 
the species present and their abundance (44). 

Perhaps the most vital connection between climate 
and forests is the latter's role in the global carbon 
cycle. The world's forests store 450 billion metric 
tons of carbon, which is 20-100 times more carbon 
per area unit than croplands (,45) (4i). When forests 
are cleared, their capacity to withhold carbon from 
the atmosphere is lost. Once the trees are cut, the se
questered carbon oxidizes and is released, quickly if 
the trees are burned and slowly if they are left to 
decay or harvested and converted into longlasting 
products such as housing or furniture (47). 

Deforestation and the Greenhouse Effect 

Deforestation is second only to the burning of fossil 
fuels as a human source of atmospheric carbon diox
ide. Almost all carbon releases from deforestation 
originate in the tropics; temperate forests no longer 
add to the total because their growth and cutting 
rates cancel each other. Of course, the massive defor
estation of Europe and North America in the past 
contributed heavily to current global carbon levels 
(48). 

Our global estimates of the amount of carbon given 
off annually by deforestation is 2.8 billion metric 
tons. (See Chapter 24, "Atmosphere and Climate," 
Table 24.1.) Previous estimates range from 0.4 to 2.5 
billion metric tons (49). Deforestation (or land-use 
change) accounts for about 33 percent of the annual 
emissions of carbon dioxide caused by humans. (See 
Table 24.1.) In 1987, 11 countries were responsible 
for 82 percent of this net carbon release: Brazil, Indo
nesia, Colombia, CCte d'Ivoire, Thailand, Laos, Nige
ria, Viet Nam, Philippines, Myanmar, and India (50). 
This figure suggests that much more carbon is given 
off because of deforestation than was previously 
thought. During 1987, a year of intense land clearing 
by fire in Brazil's Amazon, more than 1.2 million met
ric tons of carbon are believed to have been re-
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Box 7.4 Social Justice and Deforestation: Forest Dwellers Unite to Press the Connection 

In all three tropical regions-Asia, Africa, 
and Latin America-forest dwellers re-
cently organized to demand changes in 
the treatment of their homelands. As be-
fits people whose ;ustenance and cul-
ture are Inseparable from the natural 
surroundings and who feel their way of 
life Isthreatened, their concerns are fun-
damentally social or political. Often their 
goal is to redress underlying Inequities 
in forest use and land tenure. The solu-
tlions they propose, not coincidentally, 
are environmentally sound. 

The connection between tropical defor-
estation and social justice was brought 
forcefully to international attention In De-
cember 1988, when the charismatic Bra-
zilian labor leader Franciso Mendes Fllho 
was assassinated outside his home in the 
state of Acre. Chico Mendes, as he was
widely known, had helped build a union 

of peasant rubber tappers Into apotent 
national political power. The rubber tap-
pers, who live by gathering Brazil nuts 
and native latex, are fighting to escape a 
history of debt peoh.age and to thwart at-
tempts by cattle ranchers and politicians 
to evict them from lands they have occu-
pied since early in the century. Under 
Mendeb, the union won the creation of 
four reserves in Acre to be managed by 
rubber-tapper communities. Mendes 
made several overseas trips and was con-
sidered instrumental in persuading the 
U.S. Congress to pressure the Inter-Amer-
Ican Development Bank Into making its
leading Amazon policies more environ-

mentally sensitive. Over the years, 
Mendes's union often confronted employ-
ees of land speculators who had come to 
clear the forests (1) (2). His death was the 
first to attract international attention, al-
though shootings are not uncommon. Ac-
cording to Amnesty International, 1,000 
peasants, rubber tappers, indians, union 
officials, and their supporters have been 
killed In the Amazon since 1980 (3). 

In March 1987, In Sarawak, Malaysia, 
members of the Penan, Kayan, and other 
native communities began aseries of ac-
tions to keep loggers from entering 
tracts over which they assert ancestral 
domain. They set up some 25 blockades 

across roads into their home forests and 
temporarily halted cutting and log ship-
ments from within, In October 1987, the 
government dismantled the blockades 
and arrested 42 Kayans, but the protests 
resumed In May 1988. Since then, the 
blockades are repeatedly taken down 
and reerected (4)(5). A Malaysian court 
exonerated the Kayans In 1989, but 128 
Penans have been arrested at the barri-
cades and charged under a new Sarawak 
law that makes Interfering with logging a 
crime (6)(7). The Malaysian government 
defends its actions on the basis of the 
best Interests of the forest and the native 
people (8). 

Like the rubber tappers, the blockad- 
ers are seeking an end to forest clearing 
as a means of securing government rec-
ognition of their customary rights and 
livelihoods. It Is a hard struggle, for the 

tradition of local autonomy over tropical 
forests Is largely past, at least In the view 
of central governments; over 80 percent 
of closed-canopy forests Indeveloping 
countries are now officially part of the 
public domain (9)(10). 

In Kenya, women banded together in 
search of adifferent kind ofsocial justice. 
Adisproportionately large share of the 
chores of African daily life falls to 
women: they fetch water, farm the house-
hold crops, and gather the family's fuel-
wood. As trees become more scarce, 
women have to walk farther and farther 
to collect fuel. To alleviate this situation,
the Green Belt Movement was funded In 

1977 by abiologist, Wangari Maathai. 
Under her leadership, Green Belt has 
planted nearly 5 million trees in small 
wood lots across Kenya and has estab-
lished more than 500 community nurs-
eries. It has spread throughout the 
country at the request of local women's 
groups, who apply for and then oversee 
a nursery. By paying female tree tenders 
a premium for each seedling that sur-
vives, Green Belt attains a transplant sur-
vival rate of 80 percent. Not only does 
this arrangement bring women money, It 
ensures that the trees live long enough 
for local people to experience the bene-
fits they provide. Maathai sees Green 

Belt as more than just an agroforestry 
project. In the hands of women, it Is a 
way for them to accomplish something 
that male political leaders recognized as 
nationally Important (Ii). 
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and through cement plant emissions. (See Table forests. Economic and land reforms that provide an 
24.1.) agroforestry alternative to shifting agriculture would 

reduce carbon releases from tropical deforestation 
Forests as a Carbon Sink: Tree Planting and Other while increasing the number of trees. (See Box 7.5.) 
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tropical forests as well. For example, every tree 
Offsetting the carbon emitted from global use of fos- planted in an urban area not only takes up carbon di
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C~ox 7.5 Agroforestry in Guatemala to Offset Carbon Releases in the United States 
Although the idea of planting trees to off-
set carbon emissions from fossil fuel con-
sumption was raised as long ago as 1977 
(i), the first project funded specifically
for this purpose just got under way In 
mid-1989. A U.S. independent power pro-
ducer, Applied Energy Services (AES),
had undertaken construction of anew 
183-megawatt coal-fired powerplant in 
Connecticut, but the company was con-
cerned about tie global warming effects 
of the approximately 15 million metric 
tons of carbon in the form of carbon diox-
ide that would be released over the 

p.nt's carbon emissions must cost- effec- major portion of tile carbon-sequestra
tively. After considering several forestry- tion benefits are expected to result from
related proposals, WRI recommended substituting these farmers' lands' in
that AES fund asustainable agriculture creased productivity for forests de
and agroforestry project being proposed stroyed for fuelwood and agricultural
by the International aid organization purposes (2).
CARE for Guatemala. WEI recommended 
the project because of Its likely ability References and Notes 
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shields them from winds in cold weather, reducing 
air c)nditioning and heating demands-and thus 
electricity generation, much of which comes fron 
burning fossil fuels (52). 

Possible Responses ofForests to Climate Change 

It is doubtful whether tree species can disperse fast 
enough to Itursue their optimum climate conditions. 
If no other climatic variables were altered, higher 
temperatures alone would certainly reduce the ex-
tent of the world's forests (53.

When tile p)tential natural ranges of all forests are 
matclhel with teluperature changes corresponding 
to a doubling of current atmospheric carbon dioxide 

oncentrations, the results are striking. TFhe boreal 
forest is greatly reduced, warm temperate fore.ts 
form pockets within cool temperate forests. and sub-
tropical forests extend poleward. In South America 
and Africa. subtropical moist forest is often replaced 
by tropical dry forest. Grasslands and deserts, by 
contrast, increase their global ranges; tundra virtu-
ally disappears. For forests, changes in the amount 
of precipitation and its seasonality could be just as 
important (5i). Scientists conjecture that droughts 
could be more devastating, windstorms more fre-
quent, wildfires hotter, and insect pests more preva-
lent at certain times, in certain forests (55) (56). 

In well-established forests, mature trees should 
withstand the effects of climate change foi some 
time. Seedlings are more vulnerable. Thus forests 
may change slowly simply by nt)t regenerating in 
their present locations (57) (58). ()nce mature trees 
are removed or (lie, species displacement proceeds 
more (Itlickly and the forest is on its way to being 
transformed (59).

Any extrelne climate change would place stress ol 
a forest and make it more susceptible to infestations 
of pests and disease. Pestilence could result either 
because the warmer cliniate favors the spread of a 
given pest or disease vector or because greenhouse-
induced stress in host species makes them more vul-

nerable to outbreaks (i) ( I). I-or example, in the Pa
cific Northwest of the United States, the halsam 
wooly aphid might be able to extend its range up
ward into stands of subalpine firs, whict, have a low 
resistance to it (;'). Simply stated, forest pests and
pathogens are expected to (It) well in an era of rapid 
global Change because they ;,-e well adapted to tillsettled conditions. The effects of a greenhouse-in
duced parasite spread should be felt mostly in 
temperate forests because parasites from the tropics 
would he able to colonize new hosts ((;:i. 

Economic and Forest Management Implications 

The overall effect could be a general forest malaise, 
with large reductions in the number of healthy
stands in the temperate zone (6l4). It is uncertain how 
this change would affect timber yields in the short 
run; conceivably, there could be temporary gluts as 
the remaining marketable wood is removed from d
dining forests. Over the long term, yields would 
probably be lower than today's until forests again 
reach an equilibrium with the climate. 

Yet it is well known that, under controlled condi
lions, increased carbon dioxide concentrations en
hance plant growth; estimates range from 0.5-2.0 
percent growth for each 10-parts-per-million increase 
in carbon dioxide (iS). Whether this growth would 
occur in a natural forest is unknown, but there is 
some evidence that it could (i;). Absolute reductions 
in the size of the natural temperate and boreal for
ests would probably countervail any carbon-induced 
growth enhancem,et. 

Effects of Climate Change on Rangelands 

InI a warmer clinate, grasslands, savannas, and des
ert areas are expected to expand, but they will be vul
nerable to increased degradation through erosion 
and fire, and rangelands may suffer a decrease in for
age plants. This trend is expected to be particularly 
strong in arid, semiarid, and subhumild regions such 
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as the U.S. West, the Sahel, the Middle East, the tern-
perate steppes of Asia and the Soviet Union, and Aus-
tralia (67). All rangelands could experience a shift in 
community composition to species that tolerate 
water stress and that compete strongly for nutrients. 
In addition, -he species that respond better than oth-
ers to increased atmospheric carbon levels will grow 
faster and use water more efficiently, thus creating 
more biomass (m). Unfortunately, they may not be 
the species most suited for forage; if not, the number 
of livestock that can be raised on a given amount of 
rangeland may lessen. 

Direct Effects of Rising Ce..bon Dioxide Levels 

Experiments have shown that plants raised in an en-
riched carbon dioxide environment assimilate 
greater amounts of carbon, have larger leaves and 
grow faster than those raised at current atmospheric 
carbon dioxide levels. Species do not respond 
equally, however. Broad-leaved species grow faster 
than grasses (w)). In addition, plants with the 3-car
bon )athway (C:) of photosynthesis (most crops) 
tend to grow faster than plants with the 4-carbon 
pathway (C4i) typical of many grasses (70) (71) (72) (73). 
However, these axioms may not hold at higher tem-
peratures (74). 

Many forage plants are expected to grow faster 
and larger because of carbon dioxide fertilization, 
This growth may not benefit livestock. Carbon diox-
ide- fertilized p~lants have been shown to have a 
lower l)roportion of nutrient-rich tissue to nonpalat-
able tissue than )lants raised in a normal carbon di-
oxide environment. The nonpalatable tissue is 
composed of lignen, which decomposers break (lown 
slowly (75). The undecomposed fiber remains on the 
ground as litter, and an increase in loosely packed 
grassy litter can increase both the frequency and in-
tensily of fires. There are even disturbing indications 
that carbon dioxide enrichment favors some highly 
flammable species. For examl)le, exposure to higher 
concentrations of carbon dioxide substantially in-
creases the productivity of Brornus tectorumn, an inva-
sive fire-tolerant grass in the United States (7(). 

The )redicted increase in )lants' growth rates 
could throw off their natural reprodluction cycles in 
unpredictable ways. Earlier flowering or fruiting 
would affect pollinators, herbivores, and dispersers, 
altering the intricate relationships among plants and 
animals in this ecological community (77) (78). 

Indirect Effects of Rising Carbon Dioxide Levels 

Rising temperatures and changing precipitation- he 
indirect effects of increased carbon dioxide-ma3 
have more influence on rangeland environments 
than do the direct effects. The global climate models 
of the National Oceanic and Atmospheric Administra-
tioi! (NOAA) Geophysical Fluid )ynamics Laboratory 
and the Goddard Institute of Space Studies (GISS) 
have been used to predict precil)itation changes that 
would leave some major rangelands drier and others 
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wetter. (See Chapter 2, "Climate Change: A Global 
Concern," Box 2.2.) Most of the midlatitude 
rangelands would be drier during the summer. But 
even areas with more rainfall may experience a criti
cal drop in soil moisture because the increased tem
peratures would cause moisture to be lost through 
evaporation and transpiration (7)). For example, in 
Saskatchewan, Canada, precipitation is predicted to 
increase 15 percent during global warming, but the 
net result of higher temperatures and evapotranspi
ration may reduce grassland pi oductivity 5-20 per
cent (80). 

The NOAA and GISS models predict that drier vege
tation communities will replace wetter ones in many 
areas. For example, desert savanna ecosystems are 
expected to replace tallgrass ecosystems in southern 
Africa, bunchgrass-shortgrass regimes in southeast 
Australia, and tallgrass and shortgrass ecosystems in 
Texas and New Mexico (81). Such a change would 
mean a loss for the people who depend on these 
rangelands for livestock forage. 

Effects of Fre 

An important effect of climate change may be an in
crease in the frequency and severity of fires in 
rangelands. The reasons are complex. First, as noted 
above, some range areas will be prone to fire be
cause they have less rainfall. Second, carbon dioxide
enriched plants may produce more fibrous litter that 
will serve as fuel. Third, in many regions, relative hu
midity could fall below 65 percent-the threshold at 
which range grasses and shrubs can become flamma
ble-more frequently or ior longer periods. Essen
tially, it is the absence of water that determines 
flammability. The rate at which rangeland plants dry 
out depends on the amount of solar energy striking 
the surfaces, wind movements, packing of the litter 
(i.e., dead wood), and relative humidity or vapor
pressure deficit. Systems are flammable when the lit
ter layer's moisture content falls below 15 percent, a 
result of relative humidity below 65 percent (82). 

Although fire is a natural and human tool by which 
grasslands are maintained, repeated fires can cause 
a net loss of nutrients (8:). Then weedy, less- palat
able species often become dominant. For example, in 
the foothills of the eastern Andes, repeated inva
sions of fire in rangelands have resulted in domina
tion ly Imperatabrasilensis, a highly flammable 
grass of little economic value. Soil erosion has in
creased and soil water storage has decreased (84). In 
the Great Basin of the United States, Bromus tec
torum, a dominant weed in overgrazed rangelands, 
similarly promotes recurring wildfire and subse
quent degradation of the laudscape (85). Although it 
is not possible to predict accurately what percentage 
or which ecological communities might be more flam
mable as teml)eratures rise, fires will be an increas
ing compoient of many rangeland systems. 

A worldwide decline in range productivity from in
creased grazing pressure, erosion, and drought is al



ready apparent (8(i) (87) (88). This trend will likely in-
tensify. The composition of vegetation might change
in many rangelands as tallgrass savanna and open 
woodland give way to short grass and desert steppe. 
The uncertainties are many, and researchers are be-
ginning to conduct carbon dioxide enrichment stud-
ies to assess the effects on soils, nutrient cycling, 
water relationships, ultraviolet exposure, fire re-
gimes, and plant, animal and microbial relationships 
(89). More knowledge on the direct and indirect ef-
fects of global change is essential; the possible ef-
fects of rangeland changes on human communities 
have not been assessed. 

RANGELAND CONDITIONS IN LATIN 

AMERICA 


Latin America spans a vast geographic and ecologi-

cal range, from the temperate deserts of northwest-

ern Mexico, across equatorial forests of the Amazon 

basin, to the tundra steppe of southern Patagonia. 

Within this immense region, livestock graze on arid 

grasslands and shrublands, seasonally dry and 

flooded savannas, alpine grasslands and tundra, and 

pastures hewn fron temperate and tropical forests. 


Rangeland covers about one third, or 700 million 
hectares, of Latin America's land surface. Permanent 

pasture, the most productive rangeland, occupies 

nearly 569 million hectares (9). 


Types of Rangeland 

Latin America has three major types of rangeland:

N Natural grasslands, woodlands, and savannas, where 

tree cover is limited by drought, fire, flooding, and 

poor soil. 

* High-elevation natural grasslands and shrublands, 

where tree cover is generally limited by low tempera-

tures. 

M Cultivated pastures, esiablished in areas once occu-
pied by forests. 

Seventy percent, or about 500 million hectares, of 
Latin America's rangeland is in the first category. It 
includes the cerradoof central Brazil, the lanosof 
the Orinoco River basin, the chaco of Argentina and 
Paraguay, the matorralof Chile and Peru, and the dry
regions of north central Mexico. These rangelands 
have low livestock-carrying capacities, requiring 
from 15-50 hectares to support each animal. Al-
though they are typically stocked with cattle or 
goats at low densities, they are often overgrazed. 
The result is soil erosion and the invasicn of nonfor-
age weeds in vast areas (91) (92). Soil salinity, which 
decreases soil productivity, has also increased on 
many arid ranges because decreased plant cover pro-
motes evaporation at the soil surface. 

Approximately 20 percent of Latin America's 
rangelands are at high elevations in the Andes. 
These native grasslands and shrublands extend from 
Venezuela to Argentina, and they include rangelands 
with possibly the highest livestock-production poten-
tial in all Latin America. Much of the Andean 
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rangelands, however, are overgrazed by cattle, 
sheep, and the more common high-elevation live
stock, llamas and alpacas. With reduced grazing pres
sure, the quality of some Andean rangelands could 
be restored (93) (94). 

Livestock pastures derived from forests, which
 
make up less than 10 percent of Latin American
 
rangelands, are rapidly expanding. In Central Amer
ica, for example, pastures are displacing permanent 
agriculture on fertile soils and are expanding into the
 
less fertile soils of forests, where they are usually
 
planted following slash-and-burn cultivation. On less
 
fertile soils, cattle pastures are generally abandoned
 
after a few years of grazing (95) (96).
 

Compared with rangelands in the United States,
 
Australia, and Western Europe, Latin American
 
rangelands are undermanaged; only a small percent
age is improved through introduction of high-quality
 
forage grasses and legumes or is preserved through
 
herd rotation or restricted grazing densities. The
 
most common management practice is burning,
 
which is an inexpensive way to improve short-term
 
productivity, but at the risk of diminished long-term
 
productivity where soil fertility is low.
 

Rangeland conditions vary by geographic region

and type of vegetation. Rangeland conditions in four
 
regions of Latin America-Mexico, Central America
 
and the Caribbean, tropical South America, and tem
perate South America-are summarized below.
 

Mexico 

Mexico's rangelands cover 90 million hectares, 
which includes 13 percent, or 74 million hectares, of
 
Latin America's permanent pasture. (See Table 7.4.)
 
Nearly 80 percent of these rangelands are dr grassla rlnser nd savanas aridy rth
lands, shrublands, and savannas, primarily in north
ern and central Mexico.
 

The capacity of these dry lands to support live
stock is low, and much of the range is overgrazed.

For cattle, for example, the range can support one
 
adult animal per 11-22 hectares, but average live
stock densities are one per 3-6 hectares. Further, 
most of Mexico's 8 million sheep, the fifth largest 
flock in the world, and 10 million goats are raised on 
dry rangelands by campesinos with virtually no tech
nical support. This overgrazing by cattle, goats, and 
sheep has provoked serious weed invasion and soil 
erosion (97) (98). 

About one fifth of Mexico's rangelaads were native 
forests. Cattle pastures c3ntinue to displace rapidly 
both native forests and agricultural crops in the 
humid and subhumid tropics of Mexico's southern 
states, particularly in Chiapas, Tabasco, and Vera
cruz. They have also expanded into large areas of 
subhumid tropical forests in central Mexico. In all, 
about 5.5 million hectares have been converted to 
pastures (9.). These forest-derived cattle pastures 
are the most productive rangelands in Mexico, with 
carrying capacities of one animal per 0.5-6 hectares, 
but they too tend to be overgrazed and short lived. 
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Table 7.2 Rangeland Conditions in Selected Latin America.a Countries 
Feglon/Country 

Size of Rangeland 

Permanent Pasturea: 
74,499,000 ha 
Total Rangeland; 
93,000,000 ha 

Permanent Pasturea: 
19,455,000 ha 

Costa Rica 
Permanent Pasturea: 
2,300,000ha 

Dominican Republic 
Permanent Pasturea: 
2,092,000 ha 

Haiti-
Permanent Pasturea: 
494,000 ha 

Bolivia 

Permanent Pasturea: 
26,750,000 ha. 
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Causes 

-Livestock production has 
generally not benefited 
from technological ad-
vances and development 
of management systems. 
Only a small percentage of 
rangeland is improved with 
cultivated forage and fertil-
ization or is managed 
through herd rotation, 
-Most rangeland is consoli-
dated in large private es-
tales, making 
intensification of livestock 
managerent difficult. 

*Most pastures are formed 
with volunteer grasses 
(e.g., Hyparhenia rufa) that 
are less productive than 
cultivated forage. 
.Management is inade
quate. 
-Many pastures are 
planted following slash-and
burn agriculture on poor 

-Pastureformation is a 
means of securing land fol-
lowing abandonment of 
slash -and-burnagriculture. 

-Goats are an important 
component of peasant 
economy. Combined with 
charco~al production and 
stash-and-burn agriculture, 
goat raising causes wide
spread land degradation. 

-Goat browsing habits are 
destroying dry forests on 
which they depend and are 
increasing erosion. 
-Pasture management is 
encumbered by the lack of 
technical support. 

-Complex cultural and eco-
nomic incentives perpetu-
ate overgrazing on 
communal lands of the Alti-
plano. 

Remedial Acivlles Source 

-Integration ot cattle and 1.2,3 
agriculturalproduction sys
lems could reduce pres
sure on rangelands. For 
example. organic refuse 
from sugar cane opera
tions could be employed as 
cattle feed. Pork produc
tion (which yields more 
meat nationally than cattle 
production) isbased on a 
wide range of feeds and ag
ricultural byprrducts. 
-Cultivation of forage spe
cies, herd rotation, and de
velopment of alternativr. 

torage could ina
prove rangeland quality. 

*Cultivated forage species 
are used. 
-Pastures on forested high
lands with poor soils are 
proL. 'Ifvnot sustainable 

-Cattle productioa could be 1,4,5.6, 
increased through intensi
fied management, such as 
use of improved forage 
spec,'-s and herd rotation. 
-Small farms achieve 
higher livestock production 
rates through integration 
with crop production. 

1,7 

1,8 

-Productivity of natural Alti- 1,9 
plano grasslands might be 
increased several-fold with 
proper management, in
cluding reductinn of graz
ing pressure, especially by 
sheep. 

Range Condition 

-Most rangelands are se-
verely overgrazed. 
*Soit erosion provoked by 
grazing is common indry
regions; erosion and hydro-
logic changes accompany 
forest conversion to pas-
tures, particularly on steep 
slopes. 
-Goat and sheep grazing 
on dry range is reducing 
tree cover and exacerbat-
ing soil loss. 
-Weed invasion limits 
range productivity indry re-gisns, 

Railge Trend 

-Rangeland is expanding, 
particularly inregions of 
humid tropical forest. 
-Overgrazing continues to 
degrade rangeland through 
soil loss and weed invasion. 

gions.(nongrass) 
-Grazing in pine/oak high-
lands is reducing the regen

erative capacity of the 
fcrests. 

-Many pastures are on pre-
viously forested land and 
are rapidly degrading. 
-Pastures planted on rich 
coastal soils have low for-
age quality. 

-Cultivated pastures oc-
cupy up to 76 percent of 
the land that is suitable for 
annual crops. 
-Pastures on infertile lands 
w,th sharp relief are short-
lived and provoke severe 
soil erosion, 

-Overgrazing is common in 
cattle pastures that are 
part of large estates, 
-Dry forest lands are used 
as open range for goats, 
which reduce tree cover. 

*Dry-forest rangeland is de-
graded but is the base of 
subsistence goat produc- 
tion. 
-Cattle pastures occupying 
lowlands are poorly man-
aged and unproductive, 

.Overgrazirg dates back to 
Spanish cciunization; most 
rangelands a; affected by 
soil erosion, 
*Tt,,j natural grasslands of 
Altiplano highlands are in 
surprisingly good condition, 
considering the region's 
history of overgrazing. 

.:hort-lived pastures con-
tinue to be formed on defor-
ested land. 
-Agricultural lands are still 
being conveted to pasture. 

-Expansion on forested 
land continues, 

-Overgrazing by cattle and 
open-range goat produc-
tion continues, 
*Sugarcane is replacing 
cattle pastures insome 
areas. 

-Subsistence goat produc-
tion continues, 

-Overgrazing and erosion 
continue. 
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Table 7.2 
eg,;
iountry

ze of nlangeland Range Condlon Range Trend Causes Remedial Activities Source 

azil
 
rmanent Pasturea: -One halt of the Brazilian *Extensive cattle grazing -Range management insa- -Fertilization and drought- 1,10, 11,12,13,14

8,000,000 ha cattle herd is supported on continues insavanna. vanna regions is nri resistant forage species
savanna, where poor for- *Goat production inthorn widely practiced, can improve yields in sa

age qualty in lry season scrub is expanding to -Poor farmers are being vannas but are expensive.
limits yield. steeper slopes and eroo- displaced from high-quality -integrated brush manage
*Thorn-scrub rancueland in ible soils, ranges as large-scale ment can reduce the nega
the northeast is over- *Pasture expansion inAm- farmers consolidate their five impact of goats in the 
grazed by goats and cattle azon basin continues. holdings. northeast. 
and has suffered soil ero- -Pastures are used to se- -Productivity of forest-de
sion and salinization. ,ure land against expropri- rived pastures inthe Ama
•Forest-derived pasture in altion in the Amazon bzsin. 	 zon basin can be
the Amazon basin ispro- extended with mechaniza
ductive for fewer than 10 tion, fertilization, and im
years because of soil infer- proved forage strains, but
lility. the cost is prohibitive. 

,Iombla 
)rmanent Pasturea: 	 -Savannas inOrinoco -Extensive cattle produc- -High aluminum saturation -The potential for range im- 1,12,14
),083,000 ha 	 basin have low rates of lion with little management and low soil fertility limit provement insavannas is


cattle production, continues, forage quality insavaihnas. low except through fertiliza
*Forest-derived pastures -Amazon cattle pastures -Amazon basin pastures tion.
 
in Amazon basin are short- continue to be formed, are fragile because of soil -The recuperation of de
lived and are subject to infertility graded Amazon basin pas
weed invasion. ture using nongrass 
-Pastures of voluntary forage is being studied. 
grasses support cattle at
 
low grazing densities.
 

-MPERATE SOUTH AMERICA
 
gentina
 
irmanent Pasturea: 	 -Dry chaco rangeland is -High grazing pressure -Cattle grazing initially in- -In the province of Salta, a 1,15, 16,17

2,500,000 ha degraded by shrub inva- continues to degrade hibited fires that kept chaco forest and rangesion and salini7ation. chaco. v edy shrubs at bay. land were restored 

-Patagonia graslands are -The range in Patagonia is Now, fires are frequent but through control of live
overgrazed by sheep. stable. 	 grasslands are unable to stock grazing and through

reestablish, grass and tree planting. 
-The lack of technical and -Research and extension 
infrastructural support has are beginning to improve 
impeded range manage- range management in 
ment inPatagonia Patagonia. . . .. . . .. . . . . . .. 

ragu~y.. 
^rnianent Pasturea: 	 -Weed infestation is com- -Weed problems are ex- -Overgrazing perrnits -Grazing limited to live- 1,18 
,960,000 mon innatural grasslands, panding. weed infestation, stock carrying capacity (up

atural Grassland. particularly in Chaco -Soils are losing their -Frequent burning grad- to 0.5 animals per hectare 
425,000 region. fertility. ually degrades arid soils in parts of the Chaco)•The majority of rangeland could permit rangeland re

is not managed. 	 c, -peration. 
-Weed control. 
-Grass cutting could pre
vent grats hardening. 
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Subhumid tropical and temperate forests, often 
areas of rugged terrain and steep hillsides, are used 
as open range for goats that browse native trees and 
shrubs. Goat browsing and the widespread use of 
fire to promote grass cover degrade these forests by 
preventing the growth of new trees and killing ma-
ture trees (100). 

Central America and the Caribbean 

Permanent pastures, which occupy one fourth, or 
19.5 million hectares, of the land surface in Central 
America and the Caribbean, account for 3.4 percent 
of Latin America's total permanent pastures. Six 
countries account for over 80 percent of the region's 
pastures: Nicaragua (27 percent), Cuba (14 percent), 
Honduras (13 percent), Costa Rica (12 percent), Do-
minican Republic (11 percent), and Guatemala (7 per- 
cent) (101). 

Several characteristics of rangeland use and expan-
sion in this region are leading to overgrazing and 
other management problems. First, livestock produc-
tion is extensive rather than intensive; rarely prac-
ticed is pasture management through fertilization, 
introduction of high-quality forage species, or herd 
rotation. Second, the principal type of rangelands is 
beef-cattle pastures derived from tropical forests, 
which have erodible, marginally fertile soils. Third, 
pastures that have been planted on prime agricul-
tural lands represent an underutilization of fertile 
soils. And fourth, farmers with little or no land of 
their own use dry forests and scrublands as open 
range for goats (102). 

The impact of this pattern is exemplified in Costa 
Rica, where three fourths of the best agricultural 
land is devoted to cattle pastures (10:). But pasture 
formation continues, despite the fact that logging 
and slash-and-burn deforestation are reducing tropi
cal forests by roughly 60,000 hectares annually, and 
these practices are provoking erosion losses as high 
as 725.9 metric tons of soil per hectare per year in 
some areas (104) (105). By contrast, U.S. cropland was 
eroding at a rate of 16.3 metric tons per hectare in 
1982 (106). 

Most forest-derived pastures, which are produc-
tive for only a few years, are managed by occasional 
burning. The best managers of forest-derived 
rangelands appear to be small farmers, with less 
than 100 hectares, who produce up to twice the for-
age, meat, and milk per hectare produced by large-
scale ranchers (107). 

Tropical South America 

This vast region encompasses the savannas, the Ama-
zon basin, and the northern Andes. It comprises 
1,348 million hectares, or two thirds of Latin 
America's land surface and one half its permanent 
pasture, about 287 million hectares (108). 
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The Savannas 

The savannas of tropical South America extend over 
about 250 million hectares and include the Brazilian 
cerrado-the largest savanna in the Western Hemi
sphere (150 million hectares)-and the lanosof Co
lombia and Venezuela (more than 30 million 
hectares). Roughly one half the cattle in these three 
countries range on the native savanna vegetation, 
usually at low densities of about one animal per 5 
hectares. Savanna soils, however, are acidic and not 
very fertile. They do not yield high-quality forage, 
and livestock production is impaired by nutritional 
deficiencies, particularly during the dry season. 

Forage quality may be improved temporarily by 
burning, which releases nutrients in the vegetation 
to the soil as ash. The long-term effects of repeated 
burning are not yet known because most burning has 
taken place in the past decade. Significant improve
ments in the range quality of the cerrado and the Ila
nos might be achieved through introducing 
cultivated grass and legume species (0o9) (110). (See 
Chapter 6, "Food and Agriculture," Sustainable Use 
of South America's Tropical Savannas.) 

The caatingaof northeastern Brazil is also an im
portant, though poorly studied, rangeland. A 
drought-stricken area covering 80 million hectares of 
thorn-scrub vegetation, it supports a large portion of 
Brazil's cattle and a large goat population. 

Centuries of overgrazing, fire, and agricultural ac
tivity combined with episodic torrential rains and 
shallow soils have severely eroded the soil on most 
of the caatinga. Integrated brush management that 
promotes coppice growth for goat forage might im
prove livestock yields while conserving soil and vege
tation (11i). 

The Amazon Basin 

Since the 1960s, large tracts of forest in the Amazon 
basin have been converted to pastures. About 10 mil
lion hectares of Amazon forests in Brazil, 1.5 million 
hectares in Colombia, and 0.5 million hectares in 
Peru have given way (112). These pastures are cre
ated by cutting and burning the forests and then 
planting commercial grasses. Converting Amazon for
ests to pastures is encouraged by government subsi
dies; for farmers and ranchers, it establishes land 
ownership (113) (114). (See Box 7.3.) 

Pastures carved from the Amazon forests are gen
erally productive for less than 10 years, when weed 
invasion and phosphorus deficiencies limit forage 
growth. In parts of the western basin, however, vol
unteer grasses established in cultivated pastures can 
apparently support cattle for many years at low den
sities of one animal per 2 hectares (115). One negative 
impact of pasture expansion in the basin is large
scale burning of Amazon forests when fires escape 
during pasture burning. 
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Andean Rangelands 	 dry, slid down to engulf entire villages. More than
 
350 people were killed.
 

High-elevation grasslands and alpine vegetation of In response to a public outcry that logging and the 
the Andes, the foundation of the Incan Empire, are 	 deforestation left in its wake, which greatly exacer
still vital to the Andean economy. Almost the entire 	 bates soil erosion and water runoff, were to blame 
population of alpacas and llamas is found in these 	 for the disaster, the Thai government in January
highlands; in Peru, goat, horse, and cattle raising is 	 1989 banned all commercial logging, revoking all 301 
also concentrated in the mountains. Under proper 	 logging concessions (125). 
management, alpine grasslands, such as the 17-mii- It reportedly approved the decrees after seeing sat
lion-hectare Altiplano of Bolivia and the, una of 	 ellite photographs indicating that the country's for-
Peru, are among the richest, most productive ranges 	 est cover had declined to 19 percent in 1988 from 29 
in the world (116) (117) (118). In general, the centuries 	 percent in 1985 (126). In the 1980s, Thailand lost 
of overgrazing since Spanish colonizatior, have hid-	 about 2.5 percent of its forest area annually. (See
den the productive potential of Andean grasslands, 	 Chapter 19, "Forest and Rangelands," Table 19.1.)
but recent studies demonstrate the resilience of Some reports characterized the government action 
these ecosystems. In the Altiplano, for example, high-	 as a "well-calculated political move" taken in re
quality native forage is restored quickly with re- sponse to the public outcry over the flooding victims 
duced grazing pressure (119). rather than as a policy decision to preserve the 

country's forest resources. Nevertheless, public sen-
Temperate South America timent seems strong enough that the decision will
 
Latin American countries south of the Tropic of not be reversed easily (127).
Thai logging companies pressured the governmentCapricorn comprise 20 percent of the region's land 	 for compensation, and they scrambled to find other 
surface and one third, or 188 million hectares, of its 	 sources of supply, an effort that may increase log
permanent pastures (120). Three fourths of these pas-	 ging activity in other countries and at least partially 
tures are in Argentina, where savannas, thorn 	 offset the impact of the ban in Thailand. Myannar
scrubs, and natural grasslands dorminate the land-	 and Laos -avegranted limited concessions to Thai 
scape. Like other Latin American rangelands, it is 	 logging firms (128). Illegal tree harvesting within Thai
marred with a legacy of degradation, 	 land is likely to increase as the ban pushes up the 

When Spanish colonists first penetrated the inte- price of wood. 
rior of Argentina, Paraguay, and Bolivia, the Gran Other factors could undermine the ban. For exam
Chaco-a region of about 100 million hectares-was 	 pie, the government, trying to reduce rural landless
predominately a park-like mosaic of dry woodlands 	 ness, settled some 1.2 million villagers on logged
interspersed with grasslands. Once cattle were intro-	 forest reserves in the past decade. Government pol
duced, wildfires had little fuel, unpalatable and 	 icy also encouraged illegal squatters to settle along
thorny shrubs replaced the original vegetation, and 	 timber roads; an estimated 5 million people now in
populations of native mammals, such as the llama-	 habit forest reserves. These farmers may be re
like luanaco, declined (121)(122). Typical vegetation of 	 quiret t rees on ut30erc of ter 

GranChaohortdayisscrb, itha cttl-cary- quired to plant trees on up to 30 percent of their
Gran Chaco today is thorn scrub, with a cattle-carry-	 land, but their cultivation practices could seriouslying capacity of one adult animal per 2-20 hectares. 	 threaten some of Thailand's forested watersheds 

Overgrazing by cattle and, in the semiarid region by 	 (129). 
goats, continues to degrade these rangelands, an.] Many other factors-harvesting forest products by 
forage production is limited in many areas by in-	 rural dwellers for personal use, illegal commercial 
creased salinity (123). logging, and land clearing for cultivation-are cited 

her rangeelarofatem eaes, S A cave as important contributors to Thailand's forest loss 
have suffered similar fates. For decades, sheep have (130). Clearing and burning vegetative cover for agriovergrazed the Patagonian rangelands of lower Ar- cultural plots is widespread in the north, west, and 

gentina, which cover 90 million hectares. The 16 mil- northeast regions of the country; the result is that 
lion sheep are managed much as they were at the some5 ectas ae cleare uly (131). 

turn of the century. Since the 1970s, studies to de- Forest losses have prompted action b other gov
velop rangeland management practices for Patagonia ernments in the region. Indonesia, partly to develop
have been done, but implementation of their recoi- its plywood processing capacity, stopped all log ex
mendations is slow (124). ports in 1985. According to one report, the ban stimu

lated development of pulp and plywood processing
RECENT DEVELOPMENTS plants but is less effective as a conservation measure 

(132). There are some signs that the Indonesian gov-
THAILAND BANS LOGGING ernment is getting tougher in enforcing its environ

mental laws; for example, the government reportedly
In November 1988, the mountainous southern Thai- revoked 70 forestry concessions in 1988-89 (133).
land region was inundated with 40 inches of rain in The Philippines, after heavily logging easily accessi
five days. Thousands of cut logs, left on hillsides to ble areas in the 1960s, imposed a ban on logging in 
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six provinces and for the nation on log exports in about 85 percent of the total biomass burned in tropi
1976; however, the log export ban was not fully ap- cal Africa (137). The frequency of savanna burning ap
plied until 1986. Log exports are under a near-total pears to be increasing; once burned every three 
ban in peninsular Malaysia, but Sabah and Sarawak, years, many are now burned every one to two years
which have their own forest departments and for- (138). 
estry codes, continue to be heavy exporters of logs Most of the carbon emission- from the savanna 
(134). fires are ultimately reabsorbed when the savanna 

Japan, which imports a large percentage of its !um- grasses come up the following year (139). Tile net re
ber from Southeast Asia, has been criticized heavily, lease of carbon is caused mainly by deforestation,

An April 1989 World Wildlife Fund analysis of Japan's shifting cultivation, and burning fuelwood (140).

tropical timber trade concluded that Japanese forest As the northeast winds blow over Africa's tropical
 
resource policies have affected the region negatively, forests, they carry ozone and hydrocarbons plus for-
It suggests that Japanese lumber companies, with mic, acetic, and nitric acids and other pollutants re
heavy investments in the region, have promoted for- leased by fires. Surface ozone concentrations in 
est management systems that provide a fast return excess of 40 parts per billion(ppb) (by comparison, 
on investment at the expense of sustainable forest the Canadian standard is 15 ppb) are frequently 
management (135). found in tropical Africa during the dry season (141). 

These emissions appear to contribute to high acid 
BURNING OF AFRICAN SAVANNAS LINKED TO rain and ozone levels in the forests of C6te d'lvoire, 
ACID RAIN the Congo, Gabon, and Zaire. French scientists mea

sured acid rain of pH 4.4-4.6 in the humid air over the 
The frequent burning of savannas by farmers and forests of the north Congo and Clte d'lvoire (142)
herdsmen appears to contribute to unusually high (143). German researchers also found ozone at 60-70 
levels of ozone and acid rain over the rainforests of parts per billion. Tile pollutants also affect the atmo-
Central Africa. sphere thousands of kilometers from the fires (144).

Scientists at the Max Planck Institute for Chemistry Though they do not yet know how sensitive tropi
in Mainz, West Germany, found that fires in savanna cal forests may be to acid rain and ozone pollution,
regions appear to produce three to fo ir times more scientists are concerned that the high levels of pollu
emissions of carbon dioxide and other trace gases tion found by the recent studies may endanger the 
than deforestation in the tropics. Their study used forests (145).
FAO data on deforestation and agricultural land use 
changes for 1975-80 (:3ti). The section on forests was written by DavidHarmon, a con-

About one half the total emissions from biomass seivationconsultant in Houghton, Michigan, Mary Paden,
burning in the tropics are caused by fires in Africa's managingeditorof World Resources 1990-91, andNorbert 
savannas; the fires set by farmers and herdsmen to Henninger,researchassociatefor WorldResources 1990-91.kill insects and pests, remove dead grass, clear 	 JudithMoore, a Washington,D.C., rangelandsconsultantau

thoredthe effects ofclimate change on rangelands.Danielshrubs, and stimulate new growth. An estimated 75 Nepstad,an Amazon expert with the National Wildlife Feder
percent of the entire 591 million hectares of Africa's ation, authoredthe section on rangelandsandthe box on 
savannas are burned annually. These fires consume pastures in the Amazon, with assistancefrom Alberto Var
about 2.4 billion metric tons of biomass each year, or gas, a conservation consultantin Madison, Wisconsin. 
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8.Wildlife and Habitat
 

Wild plants and animals face an increasingly uncer-
tain future, squeezed out of their habitats by both 
human development and by possible radical changes 
caused by global warming. 

Humans have altered wildlife habitat for so long 
and so thoroughly that some long-populated, now-
barren areas are hard to imagine as covered with an-
cient forests or other forms of foliage. This alteration 
has increased swiftly in recent decades and is now 
cause for deep concern. For example, the world's 
moist tropical forests-one of the richest habitats in 
terms of the number of species-have been reduced 
by 44 percent. (See Moist Forests, below.) Chapter 7, 
"Forests and Rangelands," discusses increasing defor-
estation rates for several tropical countries. This 
chapter describes what is known about the presettle-
ment and current extents of a broad range of habi
tats. 

To the threat of human encroachment on wildlife 
habitat must now be added the potential threat of cli
mate change caused by global warming. Responding 
to climate computer models developed o' r the past 
few years, wildiife biologists and botanists have pro-
jected how the increase of a few degrees in tempera-
ture and possible changes in rainfall patterns might 
affect various 3pecies. One effect would be the break 
up of communities of plants and animals as each 
community member migrates at a different rate to fol-
low its optimal conditions. In their migrations, most 

wildlife will encounter human-made obstacles such 
as cities, roads, and dams that may block their prog
ress. (See How Might Communities and Species Re
spond? below.) 

Attempts to preserve biological diversity range 
from establishing protected habitats, to incentives 
for protecting wildlife on private lands, to ex situ 
preservation in zoos and seed banks. None of these 
efforts can stand alone, but rather all must be inte
grated. Previous volumes of World Resources have 
discussed the world's systems of protected areas, 
ranching wildlife for profit and preservation, and 
combining widlife preservation with sustainable de
velopment. This volume describes methods of cor
serving biological diversity outside protected areas 
and ex situ preservation of animals and plants. 

CONDITIONS AND TRENDS 

BIODIVERSITY AND HABITAT LOSS 

Most people live, unwittingly, in a transfigured land
scape. We give little thought to how profoundly our 
species has reapportioned Earth's natural habitats. 
Our ideas of the normal distribution of wild plants 
and animals are shaped during a brief life span of 
only a few decades. Yet today's eroding hillsides and 
degraded maquis vegetation of the Mediterranean re-
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8 Wildlife and Habitat
 

Datapoints Europe and North America are Major Importers of Wild Animals and Skins 

Trade inanimals and their pr;,jr.cts Is 
especially worrisome when it leads to Figure I Legal Trade in Animals and Animpl Products
 
overexploltation or affects animals al
ready threatened by loss of habitat.
 
This graph shows the demand for four World Impors
 
threatened animals or animal prod- (percent)
 
ucts.
 

The World Conservation Union, for- 100
 
merly the International Union for the M Primates
 
Conservation of Nature and Natural Re- M- Cal Skins
 
sources (IUCN), monitors the legal In- 80 TIT Parrots
 

ternational trade In threatened
 
animals. Signatories to the Conven- 1 Reptile Skins
 

tion on the International Trade in En
dangered Species of Wild Flora and
 
Fauna (CITES) supply to the World
 
Conservation Union data on the Im
port and export of listed species or 40
 

products made from listed species.
 
These data do not include illegal trade
 
or legal domestic trade. 20
 

North America is the most impor
tant market for primates, used primar
ily In medical research, followed by o all
 
Europe. The fur and leather trade sup-
 Africa Suth America Euc jo Oceania
plies Europe, and to a lesser extent North & Central Asia U S S R 

Asia with cat, crocodile, lizard, and America 

snake skins used for fashionable cloth
ing and accessories. The demand for 
parrots as pets Is strongest In the de- Surce: Chapter20, 'Wildlife and Habitat," Table 20.3. 
veloped world, especially North Amer-

Ica and Europe.
 

gion givc no hint of the forests that were known to 
antiquity. The Mediterranean may still be able to sup-
port wildlife, but in terms of its capacity for biologi-
cal diversity, it is impoverished(i). So are the state of 
Iowa in the United States, the African Sahel, the Atlan-
tic seaboard of Brazil, and countless other places 
where the needs of wild plants and animals are dras-
tically subordinated to human demands for agricul-
ture, transportation, energy, or housing (2)(3)(4). 

Biological diversity, or biodiversiy, is a global 
resource made up of the variety and variability of life 
forms on Earth, both wild and domesticated (5). The 
extent of this resource can be reckoned three ways. 
On the finest scale, there is genetic diversity, the 
differences in genetic makeup among individual 
organisms. On the broadest scale is ecosystem diver-
sity comprising the distinctive assemblages of organ-
isms that occur in different physical settings. In 
between is the most common measure, species diver-
sity (6). 

Each standard has its strengths. Genetic diversity 
is what allows organisms to adapt to environmental 
change-an important consideration as the world en-
ters an unprecedented period of rapid global warm-
ing. Ecosystem diversity, because it is all-encom-
passing, is the best gauge of conditions and trends in 
global biodiversity. Species diversity has the advan-

tage of being the most readily recognized by nonsci
entists and so can be used as a rallying point by ad
vocates of conserving biodiversity. 

By any of these measures, wildlife-both animals 
and plants-accounts for most of the world's 
biodiversity. Because the well-being of wildlife de
pends largely on the condition of its habitat (and be
cause wildlife, in terms of wild plants, is animportant 
component of habitat), habitat loss is a good yard
stick of how much global biodiversity is declining. 

No on expects civilization to be dismantled and 
the planet returned to a pristine state in the name of 
wildlife and its habitat. But diminishing biodiversity 
does carry a high cost (7). The cost is largely unno
ticed precisely because most people live where the 
planet's biotic potential has long been obscured or 
because they could always take wildtife foi granted. 
The concept of conserving biodiversity challenges 
this anthropocentrism because it implies (if not an 
equality among all living things) an imperative for hu
mans to take the well-being of other species into ac
count. There are cogent ethical and economic 
reasons for this thinking (see World Resources 1988
89, p. 90), but perhaps the most important is that sci
ence is constantly discovering ways biodiversity can 
alleviate human suffering and environmental destruc
tiDn (8). 
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Wildlife and Habitat 8 

Table 8.1 Some Estimates of the Area of the began laying the foundations of a global economy,
and deforestation began to escalate. With the Indus

World's Major Terrestrial Ecosystems, 1975-83 trial Revolution and the colonial expansion of the 
(million squarekilometers) 1800s, forest clearing became pandenic (Ii). By 1988, 

Allay, Olson, Difference only :34 percent of Earth's surface, or 45 million 
Whittaker Ketner & Watts & between 
&Likens Duvigneaud Allison high &low square kilometers, remained in forest and woodland
(1975)(a) (1979)(b) (1983)(c) estimates a loss of about 20 million square kilometers over 

5,000 years, or an average of 4,000 square kilometers 
Forests 57.0 34.0 50.7 23.0 per year (15). 

Trcpical rainforest 17.0 10.0 12.0 7.0 Such global accounts of long-term habitat loss, 
Tropical seasonal forest 7.5 4.5 6.0 3.0 
Temperate forest 12.0 60 82 6.0 which proceed in orderly fashion from an "original"
Boreal forest 120 9.0 11.7 3.0 to a present-day extent, must be viewed with cau-

Woodland, shrubland, tion. )ata from different regions, if they exist at all,
 

interrupted woods 8.5 4.5 12.8 8.3
 
Grasslands. Drylands 74.0 90.0 78.3 16.0 are usually rough estimates and often are not di-

Savannah 15.0 22.5 24.6 9.6 rectly comparable (w(i). Differences in terminology 
Temperate grasslands 9.0 125 6.7 5.8 and measurement contribute to the large discrepan-
Tundra. alpine vegetation 8.0 9.5 13.6 5.6 cies in estimates of the area of the world's major eco-

Desert. semidesert 18.0 21.0 13.0 8.0
 
Extreme desert 24.0 24.5 204 4.1 systems. (See 'Fable 8.1.)
 

Wetlands 4.0 5.5 6,1 2.1 Likewise, the effect of habitat loss on wildlife is not 
Swamps. marshes,

coastal land 2.0 2.0 25 0.5 easily summarized. Tropical forest, for example, is a 
Bogs. peatland X 1,5 0.4 0.9 broad category. It encompasses thousands of distinc-
Lakes. streams 20 20 3.2 1.2 tive habitats, each with many species, all responding

Developed Lands 14.0 18.0 15.9 4.0 
Cultivated land 14.0 160 15.9 2.0 differently to deforestation (17). The notion of forest 
Built-Lpareas X 2.0 X NA loss implies that once forests are cleared, the spe-

Total 149.0 147.5 151.0 3.5 cies living there cease to exist. But some adapt to an-
Sources: H other habitat or persist (though usually in smaller 
1 Robert H. Whittaker and Gene E. Likens, "The Biosphere and Man." inPr numbers and at the cost of some genetic depletion) 

mary Productivity of the Biosphere. Helmut Lieth and Robert H.Whittaker. in a seminatural forest setting.
eds (Springer-Verlag, Berlin. 1975), Table 15-1. p. 306 

2 G.L. Allay. P.Ketner. and P.Duvigneaud. "Terrestrial Primary Production 
and Phytomass." in The Global Carbon Cycle. B.Bolin et al.. eds (John Mapping Habitat Loss
 
Wiley &Sons. Chichestei. U.K.. 1979), pp. 129-182
 

3. J S.Olson. J A.Watts. and L.J. Allison, Carbon in Live Vegetation of Major
World Ecosystems (U.S Department of Energy. U S Government Printing The best attempts to map the world's habitat types

Office. Washington. DC.. 1983). cited in B. Bolin. How Much CO2 Will Re

- iio Atmosphere'' in The Greenhouse Effect. Climatic Change. and do so by showing changes in the extent of vegetation
Ecosystems, Bert Bolin et al, eds iJohn Wiley & Sons. Chichester, K. formations. Maps of potential natural vegetation
1986). Table 3 2. p 124. 

Notes: that which would exist if it were not for human inter
a.Data from Whittaker and Likens are unchanged vention-lost closely al)l)roximate the extent of 
b."Mangrove forests" inAtlay, Ketner. and Duvigneaud are included here as 

tropical rainforest and their forest plantation" divided between temperate original habitats (1,) (19) (20). Judging the potential
and boreal forest area of each natural vegetation formation and then 

c. "Interrupted woods" inOlson. Watts. and Allison are divided among tropical, e 
temperate, and boreal forests here if the authors classified them as determining how nLuch is left are as close as one can 
"second woods and field mosaic "'Tropical savanna and woodland" are in now get to a broad esihiiate of habitat loss. This 
cluded here as savanna 

X= not available, work has been done oi a regional basis only for sub-
Saharan Africa and tropical Southeast Asia. (See Ta-

Measuring Habitat Loss bles 8.2 and 8.3.) A similar study of Latin America 
would nearly ,-implete calculations for tropical habi-

Wildlife habitats are areas where nondomesticated tats (21). A detailed estimate for the United States 
species find the food, water, and other resources shows changcs to 1967 (22).
they need to survive (9). Humans have altered habi- All the terrestrial habitat classification systems 
tat unceasingly over the past 5,000 years. 'he broad rely more or less on vegetation cover (23) (24). Two of 
habitat categories of forests, grasslands, and wet- the most widely used are Udvardy's division of the 
lands have all suffered significant losses. Most of it world into biogeographical realms and provinces 
was converted to agriculture and pasture, more re- and Holdridge's life-zone system (25) (26) (27). In the 
cently to urban development. Tile history of defores- following discussion, some of Holdridge's terminol
tation is generally known; 5,000 years ago, almost ogy is used, but it is simplified (28). 
half the world's land (62-66 million square kilome
ters) may have been coilsidlerably wooded (1o) (II). LOSSES OF SELECTED HABITATS 
Even then, however, forests were being cleared in 
places such as Sumatra and Java (12). Over the next Tropical Habitats 
4,500 years, the global magnitude of deforestation 
was small, though in certain countries, such as Togo, Moist Forests 
where forests were cut to obtain charcoal for smelt
ing iron as early as tile 1300s, tile local impact was Tropical moist forests-including evergreen rainfor
significant (13). Around 1500, European explorers est, moist deciduous forest, and related forest types-
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8 Wildlife and Habitat 

Table 8.2 Wildlife Habitats in the 
Afrotropical Realm, 1986 

Original Area Re- Percent Protected Percent In 
Vegetation Area malning Remain- Area Protected
Formation (sq. km) (sq. ki) Ing (sq. km) Areas 

Dry Forests 8,216.808 3.415,988 41.6 512,965 15.0
upland montane 790,712 293,858 37.2 21,494 7.3 
woodland 5,896,200 2,489,699 42.4 427.467 17.2
other 1.556,896 632,431 41.0 64,004 11.3 

Moist Forests 4.699,704 1.867,629 39.7 132,457 7.1 

Savanna/Grassland 6,954,875 2,835,196 40.8 296,957 10.5 

Scrub/Desert 176,600 172630 97.8 17,361 10.1 

Wetland/Marsh 61,700 43,770 70.9 2,370 54 

Mangroves 87.870 39,182 44.6 1.120 2.9 

Source: Adapted by World Resources from John T.MacKinnon and Kathy

MacKinnon, Review of the Protected Areas System in the Afrotropical

Realm(International Union for Conservation of Nature and Natural Re-
sources, Gland, Switzerland. 1986).

Note: The table is compiled from data on: Angola, Benin, Botswana, Burkina
Faso, Burundi Cameroon, Central African Rejblic,Chad (part), C6te
d'voire, Djibouti. Equatorial Guinea. Ethiopia. Gabon. The Gambia, Ghana,
Guinea, Guinea Bissau. Kenya. Lesotho, Liberia, Madagascar. Malawi, Mali 
(part), Mauritius, Mozambique, Namibia. Niger (part), Nige-Mauritania ipart), 

ria,
Rwanda, Senegal, Sierra Leone, Somalia, South Africa, Sudan (part),Swaziland, Tanzania, Togo, Uganda. Zaire, Zambia. and Zimbabwe. The 
source contained no data for a few sal islands that are included inthe
Afrotropical Realm. 
Totals in this table may not be the same as thosp inChapter 20, 'Wildlife
and Habitat," Table 20.5, because of the use of different sources of informa-
tion. For additional informaton, see Table 20.5 and the accompanying 
sources and technical notes. 

are the most important habitat for protecting global
biodiversity because they contain more than half of 
all species (29). These forests are found mainly in the 
lndomalayan realm of Southeast Asia, central and
west-central Africa, and tropical Latin America. Clear-
ing has taken a significant toll on all three areas. 
Only about 36 percent of the original 3.36 million 
square kilometers remains in Indomalaysia. (See
Table 8.3.) Africa retains 1.87 million square kilome-
ters, or 40 percent. (See Table 8.2.) Latin America 
still has 5.69 million square kilometers, or 81 percent 
(3). Together, the three major regions have only 8.79 
million square kilometers, or 58 percent, of their orig-
inal area of tropical moist forest. 

This near-global loss of 6.30 million square kilome-
ters can be attributed to a host of interconnected so-
cial, economic, and demographic causes. The 
demand for tropical timber and wood products in 
wealthy countries encourages deforestation in poor 
ones (31). In tropical Asia, deforestation is often 
caused by increased exports of hardwoods, and in 
Central America, forests have been cleared to plant 
export crops or raise cattle (32) (33). In the Amazon, 
resettlement projects have caused large-scale defor-
estation (:34). (See Box 8. 1.) 

A minimum of 61,000 square kilometers of tropical 
moist forest is cleared each year around the world, 
and the total may be higher (35). (See Chapter 7, "For-
ests and Rangelands," New Estimates of Tropical De-

forestation.) As the moist forests of the tropics are 

destroyed or fragmented into small patches, the 
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Table 8.3 Wildlife Habitats in the
 
Indomalayan Realm, 1986
 

Original Area Re- Percent Protected Percent In 
Area maining Remain- Areas Protected 

Vegetation Formation (sq. km) (sq. km) Ing (sq. km) Areas 

Dry Forests 3,414,064 940,145 27.5 99,471 10.6 
miseddeciduous 456,727 94,563 20.7 5,955 6.3 

tropical montane 
evergreen 279.769 295,542 70.0 26,100 5.5 

subalpine 121,518 51,160 42.1 2,791 5.5 
drydioterocarp 284.581 57,554 20.2 7,557 13.1 

subtropical/montane 144,350 125,741 87.1 1,100 0.1
other 2,127,119 315,580 18.6 55,968 14.2 

Moist Forests 3,361,827 1,226,698 36.5 94,514 7.7 

lowland rain 1.290,220 594,958 46.1 36,613 6.2
tropical semi
evergreen 940,298 253,073 26.9 34,511 13.6 

trooical moi3t
deciduous 24,374 56,406 23.4 1,790 3.2

subtropical pine 199,159 96,104 48 2,243 2.3
other 907.777 226.157 29 19,357 8.4 

Savanna/Grassland 46,250 12,025 36.0 0 0.0
Scrub/Dessert 816,102 118,610 14.5 25,186 21.2

Wetland/Marsh 413,596 160,474 38.8 16,620 10.3
 

Mangroves 94.512 40,065 42.4 3.295 8.2 
Source: Adapted by World Resources from John T.and Kathy MacKinnon, Re.

view of the Protected Areas System inthe IndomalayanRealm (Interna
tional Union for Conservation of Nature and Natural Reso ,rces. Gland
 
Switzerland, 1986).

Data from the following countries or other entities are included inthis sum
mary: Bangladesh, Bhutan, Brunei, China (southern), Hong Kong, India, In
donesia, Japan (southern Ryukyu Archipelago), Cambodia, Laos,Malaysia,
Myanmar, Nepal, Pakistan, Philippines, Sri Lanka. Taiwan. Thailand, and 
Viet Nam 

Note: Because this table and Chapter 20, 'Wildlife and Habitat," Table 20.5
contain data from different sources, the figures inthe two tables are not iden
tical. See Table 20.5 and the related sources and technical notes for addi
tional information. 

world will experience a massive extinction of species
 
(:i(i).
 

Once tropical moist forest is cleared, little is done 
to restore lost habitat. Less than 10 percent of the 
area cleared is reforested, including plantation for
ests, which are usually monocultures and are of lim
ited value as wildlife habitat (37) (38). Even if native 
moist-forest tree species were routinely regenerated 
on cleared sites, they would take up to a century' 
regrow and many centuries to mature fully. An ex
treme example is a patch of forest at Angkor, Cambo
dia, that still has not reached its climax stage 550 
years after it was logged (39). 

The situation is not hopeless, however. Studies sug
gest that many tropical animals survive partial clear
ing of their habitats, at least for a short time, as long 
as relatively large undisturbed areas remain nearby. 
Sizable numbers of birds of prey have been able to 
live at high densities in the few remaining primary 
forest patches of Java as well as to make use of 
cutover secondary forest (40). Tropical rainforest 
that has been selectively logged can support viable 
populations of a large number of species (41). But it is 
hard to predict how wildlife will respond to forest 
clearing and fragmentation. Some marsupials living 
in a fragmented tropical rainforest in northern Aus
tralia have persisted well in the forest remnants. The 



density of other species has lessened, however; pe-
sumably, their habitat requirements are more spe-
cialized (42). Biologists agree that large repre-
sentative tracts of tropical moist forest must be kept 
intact if the range of its species diversity is to be 
maintained. 

Dry Forests 

There are nearly 8 million square kilometers of tropi-
cal dry forest around the world (43). Though they 
have not received nearly the same attention as 
rainforests, dry forests are also significant for 
biodiversity. Wildlife in dry forests exhibits a variety 
of behavior whose significance belies tile relative!y 
few species found there. For example, some plants 
bear fruit in s,'asons when most others do not, thus 
providing food to frugivores during a lean time of the 
year. Many dry-forest species are singularly resilient; 
they survive prolonged abnormal weather (either 
wet or dry) by becoming dormant (44) (45). As the 
world experiences global warming, this quality alone 
makes dry forests of primary biological interest, 

Worldwide, about 38,000 square kilometers are 
cleared annually (46). In southeast Asia, a signifi-
cantly higher percentage ot dry forest than moist for-
est has been lost (73 percent versus 64 percent). 
(See Tab! z!8.3.) Though data are incomplete for Latin 
America, it is almost certain that a higher percentage 
of dry than of moist forest has been d -stroyed so far. 
Because they are so accessible and easy to clear for 
farming, the dry forests of Central America are al
ready gravely endangered. Less than 2 percent re-
main intact along the Pacific coast (47). In Africa the 
situation is different: A higher percentage of moist 
than of dry forest has been lost. (See TFable 8.2.) 

OtherHabitats 

Natural grassland and land with similar forms of veg-
etation have been under long-standing pressure 
throughout the tropics. In Latin America, large areas 
of grassland and savanna are being converted to 
other uses. Mining takes a heavy toll on the savanna-
like campo rupestre in Brazil, and agriculture and 
grazing have lowered the extent of undisturbed 
cerrado,a grassland-woodland mosaic, to what is pro-
tected in national parks and other reserves (48). In Af-
rica and Asia together, farming and livestock grazing 
are largely responsible for reducing natural grass-
lands to 41 pet cent of their original extent. (See Ta-
bles 8.2 and 8.3.) Desertification has reduced or 
destroyed the biological productivity of 83 percent, 
or 650 million hectares, of the rangelands in south-
ern Asia, the Sahel, Mexico, and South America (49). 

Selected Meditenanean-Climale Habitats 

The Mediterranean climate is characterized by dry, 
hot summers and cool, moist winters (50). The cli-
mate is found around the sea for which it is named, 
stretching from Portugal to parts of Iraq, as well as in 
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southern and southwestern Australia, the Cape prov
ince of South Africa, the state of California in the 
western United States, and central Chile (51). 

Because their climate is so equable, these regions 
have long been settled and their natural vegetation al
tered (52). Nowhere is the change more apparent 
than around the Mediterranean Sea, where the for
ests, which totaled about 182,000 square kilometers 
in 1981, may once have covered 10 times that area. 
The rest of the plant communities of the Mediterra
nean basin have been completely transformed from 
their native state (53) (54). Desertification also affects 
830,000 square kilometers of rangeland in the region
73 percent of the total (55). 

In South Africa, the Mediterranean-climate scrub
land formation is called the fynbos. The flora of the 
fynbos is exceptionally rich; there are 8,550 vascular 
plants, 75 percent of them endemic (56) (57). Human 
activity (especially the introduction of exotics) has 
already destroyed one third of the original 75,000 
square kilometers of fynbos, jeopardizing 1,585 plant 
species (58). All told, the fynbos accounts for 65 per
cent oi the threatened plant species in the southern 
part of the continent, though it occupies just 1 per
cent of the area. 

California also has a great diversity of plants, 
nearly one third of them endemic. But invading ex
otic species and rampant development have wiped 
out entire ecosystems. By 1967, 69 percent of the 
Central Valley's grasslands had been replaced by 
farms and other development (59). 

Temperate and Boreal Habitats 

Forests 
Temperate and boreal forests cover more than 20.9 

million square kilometers (6o); at one time, they were 
much larger. In what is now the contiguous United 
States, forest (most of it temperate) once covered as 
much as 3.84 million square kilometers. Between 
1630 and 1930, about 1.35 million of it was cleared
an average of 4,500 square kilometers per year. By 
1977, tree planting and reversion of agr. ltural land 
had increased forest cover in the contiguous United 
States to 2.99 million square kilometers, but these 
processes have not replaced the native habitat lost 
when the virgin forest was destroyed (61) (62). Conifer 
forests, by and large, have remained intact, but the 
hardwood forests of the East and Midwest- espe
cially the elm-ash, maple-basswood, beech-maple, 
and oak-hickory formations- have been greatly re
duced, as have several open woodland types (63). 

The history of 1he temperate Caucasian forests of 
the southern Soviet Union is similar; between 1700 
and 1980, they were reduced from 147,000 square 
kilometers to 95,000 (64). Deforestation continues to 
affect the temperate forests of northern China. Espe
cially hard-hit by clearing are the once-vast tracts of 
Heilongjiang, which also suffered a catastrophic fire 
(of human origin) in 1987 that burned more than 
12,000 square kilometers of timber (65) (66). 
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Box 8.1. Biodlversity in Nine Key Latin American Countries 

Latin America has perhaps the richest 
store of blodiversity In the world. The 
cause Is chiefly the presence of 
Amazonia, but also the remarkable topo-
graphical variety, marked by dramatic 
transitions between mountains and low-
lands. They are found In almost all the 
larger tropical countries. Nine Latin Amer-
Ican countries are distinguished by great
species richness or a high Incidence of en-
demism, or both. (See Table 1.)All have 
considerable areas of contiguous tropical 
forest. (See Table 2.) And In all, the 
human populations are proliferating,
From 1985 to 1990, their average annual 
growth rate was 2.24 percent-29 per-
cent above the world average (1). 

The Richness ofAmazonla 
Inany ranking of biodiversity, Brazil 

stands out. It leads the world in the num-
ber of species of many kinds of organ-
isms, including vascular plants, insects, 
terrestrial vertebrates, freshwater fish, 
amphibians, primates, and parrots, 
Largely because of habitat loss, Brazil 
also has the most endangered and vulner-
able vertebrates-310 species in all (2).

Much of this richness is found In 
Amazonia. The basin of the Amazon River 
contains the world's largest expanse of 
tropical forest, most of it in Brazil. Esti-
mates of the extent and rate of deforesta-
tion in the Brazilian Amazon vary widely. 
(See Chapter 7, "Forests and Range-
lands.") It is clear, however, thativl 
though the forest is still comparatively
intact, the rate of deforestation is increas-
ing and its effects are severe in many 
places (3).In the early 1970s, for example,
disturbed and cleared forest in the Iron-
tier state of Rondonia was only minor 
and scattered (4). Since then, government-

Induced Immigration has caused massive 
changes in Rond6iiia's forest: by 1985, 
over II percent of the state, or 28,000 
square kilometers, had been cleared out-
right, with another 87,000 disturbed (5). 

Though international attention fecuses 
on the Amazon, Brazil's most besieged 
habitats are elsewhere. As much as 93 
percent of Its moist forests along the At-
lantic coast have been destroyed, and 
the rest Is severely degraoed (6). The tem-
perate Araucaria (ParanAi pine) forests of 
southern Brazil are even more decl-
mated-with only 2 percent of their orlgi
nal extent (7). The dry caatinga woodland 
formation of northeastern Brazil is being 
drastically modified by fuelwood gather-
Ing and livestock grazing (s). 

The Only True Rain Forest 

Colombia, Peru, and Ecuador share some 
of the Amazon tropical forest with Brazil, 
but they have other biologically Impor-
tant habItats as well. Colombia's Choc6 
region along the Pacific coast Is the wet-
test In the world and has the only true 
rainforest (in the strictest sense of the 
term) InLatin America. As yet little 
known to botanists, the Choc6 may have 
8,000-9,000 plant species, with perhaps 
25 percent of them endemic. Both the 
southern Choc6 and Its northern reaches 
along the Panama border are suffering 
rapid deforestation (9)(00). 

The Andes: Epicenter of Diversity 

iTimber 

Peru's eastern uplands, where the Andes 
grade down Into the Amazon basin, are 
also extremely rich Inspecies; they have 
been described as a "global epicentre of 
diversity" (i ). Only 35,000 square kllome-
ters are intact throughout Colombia, Ecu-

Nowhere has the conversion of natural habitat 
been imore UIqICuitOUs than in the temperate por-
tion:, of Europe, where essentially no natural habitat 
remains. (See Chapter 17, "Land Cover and Settle-
ments," Table 17.1.) Wildlife still exists on the conti-
neit, of course. but the number of extinctions i 
significant. For example, over the past 2,000 years, 
the Netherlands lost one quarter of its native mai-
nial species (67). 

Grasslands 

Natural grasslands and buhlands in 'emperate re-
gions have suffered even more than those in the trop-
ics. Of the 26 types of grasslands in the United 
States, at least 18 had shrunk 25 percent by 1967 (m18). 
The tallgrass prairies of central North America once 
extended over I million square kilometers; today 
more than 99 percent are gone (69). Since the 16th 
Century, the native biota of the great pampa plains 

ador, and Peru, so effective conservation 
In existing protected areas Is seen as cru
cial to preserving blodiversity In this 
area (12). In fact, Manu National Park has 
been called "the most Important conser
vational unit Inthe world from the stand
point of preserving species diversity" (13).
Yet the integrity of Manu is endangered 
by cattle grazing, cultivation, and a pro
posed highway and canal that would bi
sect the park and open the district to 
further settlement and oilexploration 
(14). 

Forests Threatened by Logging, Land 
Clearing 

The lowland forests on Ecuador's Pacific
 
coast are characterized by high levels of 
vegetation endemism; In fact, three forest
study areas that are only 100 kilometers 
apart share only 27 percent of the same 
species. The forests are under immense 
pressure from the country's fast-growlng
population and are threatened by poach-
Ing, timber extraction, and land clearlig 
for agriculture (is). 

Parts of Venezuela have also been ex
tensively transformed In recent decades. 
In the western Llanos (at the foot of the 
Andes, southwest of Caracas), 33 percent 
of the forests disappeared between 1950 
and 1975 (16). 

Unlike the rest of tropical Latin Amer-
Ica, the forests of Guyana and Suriname 
(as well as those of French Guiana) have 
not been subjected to Intensive clearing. 

and fuelwood cutting is limited to 
the coast, ro over 85 percent of the Gula
nas remain forested, though in Guyana 
shifting cultivation by Indigenous peo
pies may have altered the primeval vege
tation heavily (17). Nonetheless, the high 
percentage of forest provides habitat for 

have given way to exotic species that followed Euro
peans and their livestock to South America (70). Thou
sands of square kilometers of steppe in the Soviet 
Union have been converted to agriculture, displacing 
grassland wildlife (71). Of the rangelands in Southern 
Africa, temperate and boreal Asia, Australia, and 
North America, 53 percent, or 8.8 million square kilo
meters, are now desertified (72). 

Boreal habitats have not sufferedl as drastically, 
probl)ably because their cold climate (liscouraged set
tlement, though these fragile ecosystems are threat
ened by increasing development of oil and other 
industries (73) (71). The sheer size and remoteness of 
the boreal forests can make them difficult to inven
tory. The Soviet Union, for example, has just over 
half the world's coniferous forest; its full size may 
not yet be known (75). The increases in national for
est area reported for the Soviet Union between 1961 
and 1978 are probably clue to the inclusion of new 
areas of boreal forest in the inventory (761). 
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Box 8.1 
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Wetland and Aquatic Habitats 	 ment, too, has always followed the transportation 
lanes provided by rivers and other waterways. 

'Fle toll this development has taken on the original 
In terms of classification an(I nat)ping, aquatic habi- aquatic habitat is surely enormous, though global 
tats have received far less attention than terrestrial losses have not been eStimate(l. But estimates of indi
ones. Lakes are (lifficult to map at a small scale and vidlual habitats indicate the general magnitude. For 
are hard to fit int() ecological land classifications; so examlple, 70-90 percent of the U.S. natural rilparian 
too is riparian (streamside) vegetation (77). Estuarine vegetation is tho1ught to have been destroye(d over 
andI marine habitats have been neglecte( largely be- the past 200 years: in certain areas of the West, the 
cause they differ so radically from inland ecosys- losses approach 99 )ercent (8:1) (81). 
tens; for this reason, relatively few slecialists study Tropical wetlands, which cover 2.(4 million square 
them. It is t)nly in the past 10 years that widely ac- kilometers worldwide, are highly productive habitats 
cepted classificationS of a(quatic habitats have been (85). In Africa, the small am(ount of tropical wetland is 
advanced (78)) (79) (8). still fairly intact, but more than 60 percent has been 

Despite this lag, the innate )it)logical richness of lost in Asia. (See Tables 8.2 and 8.3.) The world's larg
aqtuatic habitats cannot be doul)te(l. In terlns of est tropical wetland, the Pantanal floodpllaill in south
iotiversity ilthe fauna of the deep sea, as yet largely central Brazil, isnearly as large as all the ren-aining 

Unknown, itay rival tropical forests (1. .n liindirect wetlands in Asia. This expanse of 1,1),000 sqtiare kilo
)rotf of abundance is the fact that 50 percent of the meters, one of the largest breeding grounds for wa

w)rldl's )Ol)ulat ion lives in coastal areas and har- terfowl and a refluge for several endangered species, 
vests the resources found there (82). Inland settle-	 is being degraded by expanding agriculture, poach-
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ing, and chemical pollution (86). The most-decimated 
habitat in the United States is a wetland, the Mediter-
ranean-climate Tule marshes of California. They once 
were extensive in the Central Valley, now an inten-
sively farmed area. At least 89 percei:, of tile Tule 
marshes have been degraded by polluted runoff 
from farms or havy: been destroyed outright (87). 

Wetlands in temperate and boreal regions occupy 
about 5.72 million square kilometers (88). In mid-lati-
tude areas, they have been routinely drained for 
cro)land or other development (89). Of the nearly 
7.800 square kilometers once found around southern 
Canada's urban areas, at most only 1,824 are left (9).
In the contiguous United States, the original wet-
lands covered 870,000 square kilometers; now only
385,000 remain-a 56 percent loss (9n). 

Three important coastal and nearshore marine hab-
itats are mangroves, seagrasses, and coral reefs. 
Worldwide, approximately 165,000 square kilometers 
of mangrove remain-58,000 in Asia, 39,000 in Africa, 
and 68,000 in the Americas (92). Fifty-eight percent of 
the mangroves in Indornalaysia have been lost (see
Table 8.3), often by their conversion into brackish 
saltwater ponds fir raising prawns and milkfish (93).
In Africa, the loss is 55 percent. (See Table 8.2.) At 
least 26 perce-t of these habitats in the United States 
(excluding Puerto Rico) have been destroyed (94).

Seagrasses, salt-tolerant plants that grow underwa-
ter, often mingle with mangroves and coral reefs. 
Two major threats to seagrass beds are dredge-and-
fill projects and pollutant discharges (95). Together,
they caused declines of 41-79 percent in seagrass 
cover in Cockburn Sound, Australia, between 1954 
and 1978 o)w. 

Coral reefs are the oceans' closest known counter
parts to tropical rainforests in terms of species rich-
ness and biological productivity. Although there are 
no worldwide estimates of the extent of coral reefs, a 
comprehensive country-by- country directory was 
published in 1988 by the World Conservation Union
(formally the International Union for Conservation of 
Nature and Natural Resources-IUCN) and the United 
Nations Environment Programme. Among the threats 
to reefs it lists are deforestation, which allows more 
eroded soil to flow down rivers and choke coastal 
coral reefs (!)). Other threats include coastal devel-

opment, chemical pollution, anchor damage, and dy-

namiting reefs for fishing (98). Of the three marine 

habitats discussed here, coral reefs appear to be the 
most threatened (!)9). It is not known what percent-

age of coral reefs have been lost worldwide. Concern 

about the Indian Ocean reefs was expressed as long 
ago as 1936; it is now estimated that 20 percent have 

been lost or seriously damaged (100). 


CONSERVING BIODIVERSITY OUTSIDE 

PROTECTED AREAS 


With so much of the world's wildlife habitat appropri-

ated for human use, conservationists have spear-
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headed efforts for the legal protection of representa
tive samples of what is left (10l). Delegates to the 
most recent World Congress on National Parks, held 
in Indonesia in 1982, voiced a fundamental objective
of international conservation when they called for a 
global system of national parks and other protected 
areas. They recognized that ebtablishing and manag
ing such a network effectively is a major way to pre
serve species over the long term. The delegates
hoped that this network, covering 10 percent of all 
terrestrial ecosystems, would be established within 
10 years. But as 1992 draws near, the world is no
where near the goal (102). In tropical Africa, for exam
pie, roughly 90,000 additional square kilometers 
would have to be placed under protection-an area al
most the size of Malawi. In Indomalaysia, at least 
44,000 square kilometers would be needed to reach 
the 10 percent target. 

Because more than 96 percent of the world's land 
surface lies outside national protected areas, it is 
clear that, if we are to preserve biodiversity, we 
must protect wildlife habitat outside reserves and 
within human habitat. (See Chapter 20, "Wildlife and 
Habitat," Table 20.1.) Promoting sustainable develop
ment outside strict nature reserves is tile best way 
to accomplish this end. (See World Resources 1988
89, pp. 99-102.)
 

In regions with a lengthy history of settlement, 
wildlife has relied for centuries on seminatural land
scapes to survive. These include long-standing 
agroecosystems whose natural qualities derive from
 
human interaction with the land as well as scenic
 
areas managed intensively for recreation and tour
ism (103).
 

Protected Landscapes 

One way to conserve wildlife is to designate these 
seminatural areas "protected landscapes. "Unlike na
tional parks and similar reserves, protected land
scapes are dominated by private holdings

interspersed with small publicly owned sites. Pro
tected landscapes do not exclude local residents, for 
the concept affiruos the belief that seminatural land 
must be tended by people-through husbandry, farm
ing, and tourism development-if it is to retain its 
characteristic value as wildlife habitat (104). The 
moors of Great Britain are good examples of semi
natural lands with an agriculture base. They are a 
mixture of grasslands, upland bogs, and wooded val
leys maintained by low-intensity livestock grazing. 
The two main moorlands, Dartmoor and Exmoor, are 
managed as protected landscapes. Together they 
support 40,000 residents and a wide variety of wild
life (105). An example of a protected landscape encom
passing a seminatural scenic area is the Parc Naturel 
Regional on Martinique in tile Caribbean. There, 
seven vegetation types (including such important
habitats as cloud forest, mangroves, and coastal wet
lands) are managed for conservation in an area 
whose 80,000 residents rely heavily on tourism for in



comc. At least 26 countries now use protected land-
scapes (1m6) 

Multiple-Use Areas 

In developing countries, the fate of wildlife is inextri-
cably linked with the well-being of rural people. In 
general, plans that combine some form of multiple-
use protected area with sustainable development 
projects on surrounding lands seem the most promis-
ing. Yet circumstances vary so much that conserva-
tion efforts need to be customized. The World 
Wildlife Fund has taken just such an approach since 
1985 through its Wildlands and Human Needs Pro-
gram. It gives money, advice, and other assistance to 
private groups that run sustainable development pro-
jects with wildlife components. 

One such organization, Asociaci6n de los Nuevos 
Alquimistas (ANAI), was formed in the 1970s to pro-
mote agroforestry and habitat protection in the 
Gandoca district on Costa Rica's Caribbean coast. 
Gandoca (which at one time was mostly a cacao plan-
tation) is now controlled by small farmers who pur-
chased their land or established property rights long 
ago. Because they value Gandoca's seminaturc.l land-
scape, they have traditionally left part of their land 
uncultivated to benefit adiverse flora and fauna. 
With ANAI's help, the local people fended off a 1984 
road-building proposal that would have opened 
Gandoca to squatters and changed its character forever, 

From this incident, ANAl and the farmers realized 
that they needed to secure legal title to their land. 
Occupancy and boundaries are stable and well-recog-
nized locally, but few people have the documents to 
substantiate their rights before the national govern-
ment. In Costa Rica, land titling is expensive and corn-
plicated, beyond the reach of small farmers. The 
Wildlands and Human Needs Program has funded 
ANAl to hire professionals to coordinate the land ti-
tling, take aerial photographs, and map the district; 
to pay for fieldwork by Costa Rica's platting office; 
and to help claimants through the legal system (107). 

A Last Resort: Zoos and Botanical Gardens 

A third way to maintain biodiversity outside pro-
tected areas is for zoos and botanical gardens to 
save species whose survival in the wild is in immedi-
ate peril. Captive-breeding animals in zoos, growing 
plant specimens in botanical gardens, and storing 
seeds or other plant components in gene banks are 
referred to as ex situ, or offsite, conservation mea-
sures, as opposed to conserving wild plants and ani-
mals in situ, i,-itheir native habitats. 

Zoos house about 540,000 individual mammals, 
birds, reptiles, and amphibians, but they have the ca-
pacity to sustain viable populations of, at most, only 
900 species (1(18) (109). This is a small fraction of the 
number whose continued existence is threatened or 
endangered and is certainly not nearly enough to pro-
vide for the number of species expected to be in dan-
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ger of extinction by 2050 (110). Currently, far fewer 
than 900 rare species are being bred and raised in 
zoos, though the number has risen steadily since the 
1960s. 

Wildlife in zoos is often bred using advanced tech
nology. Artificial incubation and insemination are 
fairly common (11i). Using frozen sperm or embryos 
is not yet widespread, though its potential is great 
(112). Embryo transfer, in which ova or embryos are 
taken from adonor and transplanted into the repro
ductive trct of a foster mother, is also relatively 
new. In 1987, a healthy calf of the endangered wild 
cattle species Bos gaurus was successfully delivered 
of a domestic Holstein cow, and in 1984 an embryo 
from the rare Przewalski's horse was transferred 
interspecifically. Overall, though, success with trans
fers involving wild animals is limited (113). 

To help prevent inbreeding within zoo popula
tions, aseries of international studbooks (mostly for 
mammals) was developed. Since 1974, they have 
been supplemented by the International Species In
ventory System (ISIS). ISIS is a centralized, computer
ized record of census, demographic, genealogical, 
and laboratory data on zoo animals (114). In addition 
to ISIS, many zoos participate in species survival 
plans that try to coordinate ex situ conservation ef
forts for individual reptiles, birds, and mammals (115) 
(116). 

Zoo professionals point out that no nature reserve 
anywhere is big enough to ensure the long-term sur
vival of large animals (117). Conceding that some ani
mals are more popular than others, zoo admin
istrators also contend that their efforts on behalf of 
charismatic species buy them time until these ani
mals can be returned to their natural habitats. De
spite a history oi limited success, it is argued that 
reintroducing high-profile species to nature can gal
vanize support for habitat protection and restoration 
that will benefit less-favored wildlife. Zoos also instill 
visitc rs with an interest in and respect for wildlife, at
tituoes that may lead to support for conserving habi
tat. Finally, some zookeepers maintain that the likely 
sweeping habitat loss and mass extinctions over the 
next century mean that captive species will survive 
in aworld of dwindling biodiversity (118). 

The practical potential for e.x situ conservation of 
plants is greater than it is for animals. Because they 
are immobile, plants are relatively easy to collect 
from the wild without disturbing the surrounding 
population. Once gathered, plant specimens can be 
transported to botanical gardens cheaply, and they 
require no expensive caging, elaborate habitat re-cre
ations, or constant care. Propagation is relatively 
simple-through cuttings, root stock division, or tis
sue culture. Further, plants are generally viewed as 
benign, unlike animal pests and predators (119). 

About 1,500 botanical gardens and arboreta hold 
an estimated 90,000 species (called accessions) of 
higher plants. But most collections are too small to 
be effective conservation tools. Of the 90,000 acces
sions, perhaps 1-2 percent are wild relatives of 
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crops, and 35 percent have some other current or po-
tential marketable value, mainly for medicine or hor-
ticulture. The remainder is dominated by rare or 
endangered species whose value is unknown or un-
quantified (120) (121). 

There are three ways to conserve plants ex situ: 
keep the whole plant, its tissues, or its seeds. The ad-
vantage of whole plants is their usefulness in public 
exhibits, but the cost is high; maintaining the large 
numbers of specimens needed for conservation is ex-
pensive. In vitro tissue cultures can sustain genetic
material for a long time.Seed banking under refrigera-
tion is a third method. The sample size per species is 
much larger than for whole plants, and the amount 
of storage space required is about the same as that 
'or tissue cultures (122). Only by reducing their mois-
ture content can seeds be stored cold for a long pe-
riod and remain viable. Unfortunately, not all seeds 
can withstand this treatment. Many valuable tropical
species have "recalcitrant" seeds whose life spans 
are shortened by desiccation. This type of species 
must be stored as in vitro cultures (12:3.

A second problem with ex situ piant conservation 
is that basic botanical data and practical techniques
of propagation and ca,'e have traditionally been 
passed along by word of mouth. Entire botanical col-
lections sometimes fell into disuse upon the retire-
ment or departure of the staff who built them ip (12.1).

The Botanic Gardens Conservation Secretariat was 
created by IUCN in 1987 to address this problem and 
to promote and coordinate ex situ conservation of en-
dangered wild plants (125). It concentrates on plants
other than major crop species, which are already 
looked after by the Food and Agriculture Organiza-
'ion of the United Nations and other international 
boards (126). The Secretariat has established a data 
base of ex situ collections in botanical gardens and is 
functioning as a sounding board for them and other 
conservation organizations (127) (128). It is developing
guidelines for conserving the germ plasm o wild 
plant species, including sampling and storing meth-
ods. 

The Secretariat's challenge is formidable. An esti-

mated 67,000 plant species are rare or under threat 

of extinction in the world's temperate, subtropical, 

and tropical regions (129). In the United States alone, 

680 native plants are in danger of becoming extinct 

by 2000 (130). Some 2,300 more, or about 10 percent

of all U.S. native plants, face a less-imminent extinc-
tion threat. Since the first Europeans arrived in 

North America, about 200 species have become ex-

tinct (131). 


In response to the threat, botanical gardens and ar-
boreta are increasing efforts to conserve rare native 

plants, in addition to their traditional research and 

service to horticulturists (132). U.S. efforts are being 

coordinated by the Center for Plant Conservation, 
which acts on behalf of a consortium of 19 botanical 
gardens and arboreta (133). As part of this initiat've, 
botanical gardens are beginning to combine ex situ 
and in situ conservation. Some plant their own small 
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reserves with natives; others locate in national parks 
(134) (135). Ethnobotanical gardens, which specialize 
in cultivating plants traditionally used by indigenous 
peoples, are exploring coordination with insitu con
servation projects, as several in the Asian tropics
have already done (1:;). This shift complements ef
forts in a growing number of countries to conserve 
plant (especially crop) germ plasm using low-technol
ogy in situ strategies carried out by local commurni
ties (137). 

FOCUS ON GREENHOUSE WARMING AND 
BIODIVERSITY 

Until this century, wildlife habitat changed mostly be
cause of direct human activity. Monumental as these 
changes have been, they would be dwarfed by the 
greenhouse effect. If the magnitude of change sug
gested by current climate models is accurate, we will 
have begun to alter the environment of all habitats 
significantly. As the relatively stable climate of the 
past 5,000 years comes to an end, global warming
would begin changing the location, size, and charac
ter of wildlife habitat at an unprecedented rate. This 
fact, plus the fact that the changes would take place
in a fragmented landscape, are a grave concern (i38).
Simply stated, if the world climate changes as fast as 
iome scientists predict, many species would not be 
%.ble to adapt quickly enough, and extinctions would 
be widespread because habitats would have shifted, 
shrunk, or disappeared (i3!). 

It is probably too late to stop at least some atmo
spheric warming. Greenhouse gases (carbon dioxide, 
methane, chlorofluorocarbons, etc.) emitted since 
the Industrial Revolution may have already contrib
uted to a global atmospheric warming of 0.5°C (140).
This warming alone could usher in a new world for 
wildlife because warming of less than I'C has been 
observed to cause substantial changes in the ranges
of animals and plants. In England, for example, the 
range of the white admiral butterfly expanded north
ward between 1920 and 1961-when mean tempera
tures rose only 0.5'C (141). If the global average rises 
2°C, plants and animals will encounter living condi
tions beyond any experienced for 10,000 years. 
Model projections indicate that, at some point dur
ing the 21st Century the average global temperature 
may well rise 1.5-4.5 2 ii-urrent emission trends con
tinue (1,12) (1,13). In evolutionlarv terms, this change 
would take place overnight. If the projections are cor
rect, almost all children born in 1990 can expect to 
live long enough to witness profound changes on the 
planet (144). 

Though scientists generally concur on the likely
magnitude of global warming, they do not know how 
it would affect several facets of climate crucial to 
plant growth (and, therefore, to biodiversity). In
cluded are cloud cover, evapotranspiration, storm in
tensity and frequency, and, most important, regional
precipitation patterns (145) (1,16). Over much of the 
world, the consequences of the greenhouse effect for 
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Box 8.2 Biodiversity's Storehouse in a Warmer World: Climate Change in the Tropics 

Scientists studying global warming's ef-
fects ol blodLversity have focused on the 
temperate zone and high latitudes of the 
Northern Hemisphere, where climate 
change Is expected to be the most 
abrupt. Temperatures near tne Equator 
are projected to remain relatively stable, 
so less attention has been paid to the 
greenhouse effect in tropical forests. 

In the absence of other changes, higher 
temperatures and changes In the total 
amount of rainfall could have little effect 
on biodiversity in the heart of the tropics. 
Tropical moist forests already have regu-
lar cloud cover, which moderates temper-
atures, and they commonly experience 
annual extremes of high or low rainfall. 
Rising temperatures could be negated if 
warming also caused more clouds over 
the forests. The normal swings in rainfall 
would seem to make moist forests resis-
tant to greenhouse-induced precipitation 
changes. These observations do not nec-
essarily hold, though, for tropical moist 
forests on the margin of their distribu-
tion- that is, at higher latitudes and alti-
tudes. They are subject to cold air 
masses and so may be more sensitive to 
rising temperatures (1). 

Changes In Wet and Dry Seasons 

An important way that greenhouse warm-
ing could affect tropical blodiversity is by 
changing the length and intensity of wet 
and dry seasuns. Most areas have one or 
two true dry seasons each year, and even 
the rainiest have periodic drier intervals, 
In moist forests near the Equator, two dry 
and two rainy seasons alternate annually, 
Moving out toward the subtropics, oneMovigtwar otth sutroics on ofof 
the dry seasons lengthens and the other 
shortens or appears only sporadically. 
Rainy seasons usually coincide with the 
passage of the sun overhead and peak 
about amonth later. This order can be 
upset by unpredictable disturbances, 
such as an El Niflo oceanic upwelling, out-
breaks of polar air masses, and violent 
windstorms (2). Such tropical distur-
bances can be changed dramatically by 
slight alterations in temperature and pre-
cipitation. Under global warming, the 
number and intc asity of hurricanes or 
wildfires might Increase or decrease in a 
given location. These sorts of changes 
could deeply affect biodiversity because 
patterns of disturbance seem to be apri-
mary contributor to high species diver-
sity in the tropics (3). 

Even under normal conditions, broad 
patterns vary considerably in tropical 
moist forests. Dry spells during the rainy 
season (and vice versa) are not uncom-

mol. Such anomalies have apowerful in-
fluence on plants and animals. A dry spell 
of just a few weeks can kill tender seed-
lings and cause mature trees In a moist 
deciduous forest to drop their leaves. Full 
sunlight penetrating to the forest floor 
can dry out the soil, stunting or even kill-
Ing shade-loving plants (4). 

The Danger of a Wet Dry Season 

On the other hand, Ifthe dry season Is ab-
normally wet, plants that need aridity to 
stimulate flowering may not bear fruit at 
all. This Is what happened In 1970 at the 
Barro Colorado Island research station in 
Panama. Researchers could not walk 300 
meters along the trails without finding 
the carcass of a fruit-eating animal. Agou-
tis, armadillos, howler monkeys, opos-
sums, collared peccaries, porcupines-all 
starved to death. Frugivorous parrots 
and toucans flew from the island to es-
cape the famine. Many coatis starved 
when their primary food source -arthro-
pods living In decaying leaf litter on the 
forest floor-died out because the leaves 
did not fall during the wet "dry" season 
(5). 

If dry seasons were lengthened by the 
greenhouse effect, the results for 
blodiver ity could be equally ,ata-
strophic. A recent tropical drought offers 
clues to what might happen on a wide 
scale. Eastern Borneo was afflicted by a 
harsh drought In 1982 and 1983 that 
killed many trees. Wildfires burned hotter 
and longer than usual, destroying whole 
forests. As aresult, animals that depend 
on plant reproductive parts for food had 
ltetoaprmesndthrcoy-Washington.little to eat, primates and other canopy-
dwellers found their arboreal pathways 
destroyed, and prey species lost the 
ground cover they needed to hide from 
predators (6). These examples show that 
any disruption of the normal cycle of wet 
and dry seasons hurts wildlife. 

Breaking Up Co-Evolved Partners 

Some species In the tropics are sensitive 
to climate change in adifferent way. Trop-
Ical forests provide the world's best exam-
pies of plants and animals that have 
coevolved so that key elements of their 
survival-such as pollination, seed dis-
persal, and herbivory-are Interdepen-
dent. The lives of these mutuallstic 
partners have become bound together, 
so to speak, under the stable climate of 
the past 5,000 years. If the climate 
changes beyond the tolerances of any 
one of the partners, all the others would 
be at risk. When achanging climate trig-

gered just such acoevolu
tionary disequilibrium Ir the geological 
past, it may have contributed to the ex
tinction of the mastodons, giant beavers, 
ground sloths, and other large land ani
mals that once Inhabited North America 
(7). It is possible that only slight changes 
In tropical climates could produce adis
proportionately large number of local ex
tinctions. 

Tropical rainforests, which shrank dra
matically during the last glacial period 
(10,000-70,000 years ago), were able to ex
pand rapidly during the postglaclal warm
up (8). In contrast, today's rainforests are 
under enormous human pressures. By 
the middle of the next century, when an 
equivalent doubling of atmospheric car
bon dioxide Is expected, the size of the 
rainforests will be far smaller still, and 
the landscape Into which they would 
need to expand will be dominated by peo
pie as never before. 
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wildlife hinge on whether a given habitat will become wetter because many more species are adapted to an 
warmer and drier or warmer and wetter (1,17) abundance of water than to a lack of it; tropical 

l3iodiversity would surely suffer more if the world moist forests, not deserts, are the repository of most 
became warmer and drier rather than warmer and of the world's species. Yet predicting how green-
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Figure 8.1 How Global Warming Could Force 
Species to Shift Their Ranges to Higher 
Altitudes 

a 

A 
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Source: Adapted from Robert L Peters and Joan D.S. Darling, "The Green-
house Effect and Nature Reserves." BioScience, Vol. 35, No. 11 (1985),Figure 3,p.714. 
Notes: 
a. Current altitudinal distribution of three species, A,B,and C.Species Bis di-

vided into two populations, B, and B2.
b. Distnbution after a 500-meter shift upward in response to an increase of 3"C. 

Species Acannot tolerate the higher temperature or is outcompeted by B1
and becomes locally extinct. B, ascends to a new, smaller range; B2 disap
pears. Species C fragments into two populations, C, and C 2, and becomes
restricted to a smaller area. A new species, D, colonizes the lower eleva
tions. 

house warming would affect the tropics is far more 
complicated than simply determining whether rain-
fall will increase or decrease. (See Box 8.2.) 

How Might Communities and Species Respond? 

As global warming accelerates, plant and animal com-
munities would gradually disintegrate (148) (149).
They would be broken up by the differing responses 
of wildlife populations to a new climate. Associated 
populations could not move in concert to a new suit-
able habitat because their capacities to migrate dif-
fer. Moreover, each may have unique genetic 
adaptations as well as tolerances to changes in tem-
perature and water availability that would govern its 
responses (150) (151). 

Species might counteract rapid global warming by
shifting their ranges to a higher altitude or a higher
latitude. Assuming an average global warming of 3°C, 
a 500-meter ascent or a poleward shift of 300 kilome-
ters would be needed to compensate (152) (153). The 
option to shift upward on the order of 500 meters is 
open only to wildlife now occupying the foothills and 
lower elevations of mountains. Supposing that alpine 
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species could tolerate higher temperatures, they
might still be squeezed out by migrants from below. 
Even successful ascenders would not escape a fact of 
topography: the peaks of mountains are smaller than 
their bases. As they ascend, subalpine species with 
formerly large ranges might not have enough habitat 
to survive (15,1). (See Figure 8.1.) 

The ability of most species to shift toward better 
habitat would depend largely on how easily they can 
migrate toward the poles (155). To do so, they must 
overcome extensive artificial barriers to migration
farmland, cities, roads, cleared areas in forests, and 
so on-as well as natural east-west-lying landforms 
such as the Alps, Pyrenees, Himalayas, Mediterranean Sea, and Black Sea. Moving between islands of 
suitable habitat amidst a fragmented landscapewould be a severe test for survival. Some isolated 
populations reduced to living in suboptimal habitats 
may already occupy those parts of their historical 
ranges most susceptible to climate change. And be
cause deforestation adds materially to global warm
ing, conventional habitat destruction and the 
greenhouse effect would tend to intensify each other 
(156).In addition, wildlife would have to move quickly if 
it were to find optimum climate. Plants especially
would be in trouble. The dispersal rate of tree spe
cies in eastern North America and in Europe, for ex
ample, is far too slow to keep pace with projected
range changes. The migration rates of some ostensi
bly mobile animals may not in fact be muc.i fasterthan plants if their distribution depends on the pres
ence of slow- dispersing plants (157).
 

Wildlife in the mid-latitudes of the Southern Hemi
sphere faces an additional barrier to poleward shift.
 
The Southern Hemisphere has only a small amount

of land that can be classified as temperate, and the va t a ec asno astra terat 
(18) eldingyAta nd Greenlanterare 
(158). Excluding Antarctica and Greenland, the area ofland north of 30"N is at least 10 times larger than that 

south of 30*S (159). Poleward-shifting wildlife in South 
America, for example, faces what could be termed 
the "Patagonian funnel"-a neck of land that narrows 
as it extends southward. Like the funneling effect of 
mountain peaks, a lack of land would force migrating
South American temperate species into smaller 
ranges; typical results would be smaller populations 
that are more vulnerable to harmful chance events 
and outbreaks of disease. African wildlife would en
counter a similar, though less pronounced, latitudi
nal funnel. 

Which Species Are Most Vulnerable to Global 
Warming? 

Fragmentation and funneling effects certainly put al
pine and temperate species at risk. Nevertheless, Arc
tic and boreal species would probably be the most 
affected if current notions of greenhouse-induced 
habitat change are correct because warming in the 
northern high latitudes could be twice the global av
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Figure 0.2 Present-Day Ecoclimatic 
Provinces of Canada 
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Source: B. Rizzo, "The Sensitivity of Canadas Ecosystems toClimate 
Change," Canada Committee on Ecological Land Classification Newsletter, 
No. 17 (Canadian Wildlife Service, Environment Canada. Ottawa, Ontario, 
1988), Figure 1,p. 10. 

Figure 8.3 Ecoclimatic Provinces of Canada 
under a Doubled Carbon Dioxide Climate 
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Source: B.Rizzo. "The Sensitivity of Canada's Ecosystems to Climatic 
Change," Canada Committee on Ecological Land Classification Newsletter, 
No. 17 (Canadian Wildlife Service, Environment Canada. Ondwa, Onlaio. 
1988). Figure 2, p. 11. 

erage (161f). Canada's Arctic. subarctic, and continen-
tal boreal regions would shrink sharply, with big 
gains in the extent of maritime boreal, temperate, 
and grasslands regions. (See Figures 8.2 and 8.3.) Sim-
ilar changes involving much larger land areas could 
be expected for the Soviet Union. On the other hand, 
the projected temperature increase in the southern 
polar region may not cause immediate changes in 
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Antarctic habitat. It has been estimated that a rise of 
10-15"C would have to occur before the inland ice of 
east Antarctica would shrink significantly (1i)(162). 

Heat-intolerant species near the warmer margins of 
their range would be greatiy affected. Organisms 
would be expected to retreat from areas whose tem

peratures are near their maximum tolerance. For 
widesprad, abundant species, this range corrosion 
might p( se little threat of extinction. Localized spe

s
cies living in a fragmented landscape could be vulner
able, however (163). In fact, any uncommon species 
with specialized habitat requirements is more vulner

to unpredictable change than is a generalist 
(164). (See Box 8.3.) Even common species would face 
extinction if they have little genetic diversity or are 
poor at dispersing (165). 

Changes in ocean currents would affect not only 
marine wildlife but terrestrial animals as well. If the 
Gulf Stream shifts, wildlife in northern Europe would 
have to contend with colder temperatures in an oth
erwise warmer world. Altered currents might also 
upset terrestrial migration in the Arctic; polunias 
(the natural ol)en-water areas of the region) could 
grow larger, preventing anils from moving be
tween ice floes (wt(;).

If the seas rise, coastal wildlife habitats would be 

endangered. Low-lying barrier islands and atolls 
could be wholly inundated. Freshwater estuaries and 
littoral wetlands would be open to damage from im
pinging saltwater (167). Inthe Americas, vital bottle

neck feeding sites along the coasts-places where 
huge numbers of migrating shorebirds gather simul
taneously at certain times of the year-could be de
stroyed (168). Coral reefs and mangroves, two 

extremely productive habitats, might also be harmed 
(169). (See Chapter 11, "Oceans and Coasts," The Ef
fects of Climate Change on Oceans and Coasts.) 

The secondary effects of global climate change 
could become primary threats to biodiversity. If,as 
some models predict, soil moisture declines in the 
great grain belts of the world, thus leading to more 
droughts and lower crop yields, hunters might put 
pressure on wildlife to make up the shortfall (170). An
other example is tryl)ansomiasis, or sleeping sick
ness, which has long prevented people from 
colonizing parts of Africa where wild animals act as a 

of the disease. Heretofore, infected areas 
have served as de facto wildlife refuges and thus are
important to conservation. The parasite that is the 

pathogen for sleeping sickness is carried by several 
species of tsetse fly. Studies of how the tsetses' 
ranges would be affected by global warming indicate 
that they would become less common in West and 
Central Africa-in other words, in the continent's 
chief remaining tropical moist forests. Ifthe threat of 
sleeping sickness lessens, pressure to exploit these 
species-rich forests might increase (171). 

Incontrolled experiments, increased atmospheric 
carbon dioxide causes certain plants to grow faster 
and more luxuriantly (172). Increased carbon dioxide 
may also actually hell) some plants compensate for 
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Box 8.3 How a Greenhouse Extinction Might Occur. The Case of the Kirtland's Warbler 

Wildlife specicr with narrow habitat pref- the U.S. Forest Service periodically burns seems quite unlikely that the Kirtland's 
erences would be at aserious disadvan- part of Huron National Forest to maintain warbler could evolve anew nesting strattage during aperiod of global warming. young stands of jack pine, which depends egy over the next 80 years. So Ifthe GISSFor some, such as the Kirtland's warbler, on fire to open Its cones and release model is correct, the chances are that the
the greenhouse effect might be fatal. seeds. However, Ifgreenhouse warming Kirtland's warbler would become extinct
Kirtland's warblers nest only indead proceeds according to ascenario put for- unless suitable habitat can be found (or
ground-level branches of jack pine stands ward by the Goddard Institute for Space created) farther north and the birds Inwhose trees are 1.5-6 meters tall. Further, Studies (GISS) general circulation model, duced to use it (I).
these stands must extend for at least 32 then the stands favored by Kirtland's war
hectares, the average minimum territory blers will no longer grow back after being References and Notes
of amale Kirtland's warbler. The bird burnt over because they are near the 
nests oI:': in jack pine growing on a warm limit of the jack pine's range. It Is 1. Daniel B.Botkin and Robert A.Nisbet, 
coarse sandy soil that is found exclu- thought that white pine and red maple "Projecting the Effects of Climate Change
sively in asmall area of the state of Michi- will invade the bird's habitat in the years on Biological Diversity inForests," in Con.

mildwestern United States.gan intile following the next burning. As the climate sequences ofthe Greenhouse EffectforBio-
The Kirtland's warbler isprotected by continues to warm, the habitat would be logicalDiversity,Robert L.Peters I1,ed.

(Yale University Press, New Haven, Conthe federal Endangered Species Act, so reduced to a treeless plain by 2070. It necticut, Inpress). 

high tetlperature and water stress (17:). (See Chap-
ter 6,"Food and Agriculture," Th""e Effects of Climate 
Change on Agriculture, and Chapter 7. "Forests andi 
Rangelands," Possible Effects of (Global Warming on 
F)rests and Rangelands.) 
Two iliortant aspects of cliiate will not be af-

fected by global warmnilig: the length of the (lay and 
the angle that sunlight strikes E'arth. These constants 
might help aneliorate the effects of climate change 
on plant life, particularly in the Arctic. where the 
length of exposure to sunlight is a more im)ortant de-
terminant of the growing season than is ambient ten-

perature (17t). 


Managing Biodiversity in a New Climate 

Most wildlife conservation techniclues now in use 
will have to be modified for a greenhouse climate, 
Basic concepts of nature-reserve nanagement-wil-
derness, natural areas, and exotic species-might be-
come obsolete unless they are radically rethought 
(175) (176) (177). 

Protected areas were often set up explicitly to con-
serve certain species and communities. Many of 
these reserves have since become isolated by sur-
rounding development. As climate changes, species' 
ranges may shift outside the reserve's boundaries, 
causing wildlife and human needs to conflict (178). 
The wildlife loses its )rotection and the reserve its 
purpose.


Guessing where )articular species would thrive in 
years to come and then setting those areas aside as 
reserves is futile. As long as greenhouse gases are re-
leased into the atnlosl)here, glob! warming will con-
tinue, thus the problef is akin to hitting a moving 
target t 79). Instead. biologists are suggesting that fu-
ture )rotected areas include a variety of tol)ography 
and soil types-two components )f habitat that 
would remain relatively stable (luring rapid climate 
change. If the landscape consisted of an assortment 
of elevations, so nuch the better, for it is easier for 
species to migrate Ul)ward within a reserve than 
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across unprotected lands between reserves. Larger
 
reserves would be better than smaller ones, giving
 
wildlife more room to shift ranges and(find suital)le
 
microcliinates, such as north-facing sh)lpes (I8).
 

But if biodiversity is to be preserved, natioinal 
)arks and other )rotected areas, long the backbone
 

of wildlife conservation, may have to be supple
mented by a system of mobile )rotections that fol
low species or species associalions as they seek
 
their optimal climate. For examl)le, )rivate lands
 
might he assessed for their conservation value and
 
owners )aid a stipend to keel) key habitats unclevel
oled. Along these lines, a system of development 
credits might be used to regulate land use over 
broad areas deemed important to wildlife (181). Alter
natively, managed migration corridors might be cre
ated between remaining areas of natural habitat, 
though whether enough Of then could be created is 
open to doubt (182). 

Some scientists argue that the presence of genetic 
variation-and the inherent resiliency it affords-will 
ultimately decide whether any given )ol)ulation sur
vives drastic climate change. In a greenhouse world, 
broad measures of the heat and moisture tolerance 
of an entire species would be less meaningful than ex
acting measures f how much a population has be
come genetical'y adapted to a specific site. Without 
human help, genes cannot diffuse through wildlife 
populations fast enough to allow adaptations prior 
to climate change (C1X,). Therefore, we will have to he
comie first-class ecological engineers (1i). The sug
gestion is not entirely far-fetched. Techniques from 
the emerging field of restoration ecology indicate it 
may be possible to skip whole stages of )lant succes
sion and so )roduce mature vegetation formations 
more qluickly (C18.).Such ideas, radical though they 
now seem. could become commonplace within our 
lifetines. In fact, if the global climate changes, bold 
action would be absolutely necessary if our children
living in a new, warmer world-are to enjoy the same 
diversity of life our parents took for granted in 
theirs. 
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Figure 8.4 Change in African Elephant Figure 8.5 Importers of Raw Ivory, 1989 
Populations, 1981-89 
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Source: TRAFFIC USA,World Wildlife Fund, Washington. D.C., 1989 (per- Source: Chapter 20, Wildlife and Habitat,"Table 20.3. 
sonal communiation). 

RECENT DEVELOPMENTS stitute, and research is under way on ceramic substi
tutes (9o) (191). 

CITES BANS IVORY TRADE IN ATTEMPT TO Consumer awareness helped reduce demand for 
SAVE AFRICAN ELEPHANT leopard-skin coats, which was an important factor in 

the recovery of the leopard after it was listed on Ap-
The extraordinary crash in elephant numbers-from pendix I.An Appendix I listing, however, has not 
1.3 million in 1979 to 625,000 in 1989 (186)-has helped the black rhino-down from 60,000 in 1970 to 
prompted a majority of nations to abandon a limited about 3,500 today (192)-in part because consumers in 
quota system in favor of a ban on all ivory trade. North Yemen and East Asia have not faced much do-

The Convention on International Trade in mestic pressure to change their buying habits (193). 
Endangered Species (CITES) voted 76-11 in October 
1989 to move the elephant from Appendix I!of CITES, Failure of Legal Ivory Trade 
which permits limited trade, to Appendix 1,which 
bans all trade. Five Southern African nations, includ- The ban reflects the failure of the limited legal trade 
ing Zimbabwe and Botswana, which manage flourish- policy. Gaping loopholes in CITES' controlled trade 
ing elephant herds partly supported by the sale of system made the system largely ineffective. For ex
ivory, said they intended to file a "reservation" to the ample, the system lacked controls on worked ivory 
convention that would allow them to continue trad- and established an export quota system that allowed 
ing (187). Figure 8.4 shows the decline in elephant the exporting country to set its own quota without re
numbers in many African countries over the past de- gard to the number of elephants in that country (194). 
cade. CITES in 1986 approved exports of some 108,000 

Support for the trade ban gathered considerable tusks, representing more than 50,000 elephants, 
momentum in the months prior to the CITES meet- which some conservationists say is about 10 times 
ing. In June 1989, Britain banned all imports of raw more than the sustainable yield (195). 
and worked ivory; the rest of the European Commu- Even under the quota system, ivory smuggling has 
nity and the United States announced similar bans prospered. Poachers have killed about 22,000 ele
soon thereafter (188). Dubai, an important center of phants annually in Tanzania since 1981 (19;). The ele
the ivory trade, also announced a ban. Japan, which phant population in Zaire dropped from 376,000 in 
imports 24 percent of the world's ivory, announced 1981 to 103,000 in 1989, with similar drastic declines 
that it was banning all imports of worked raw ivory over the same period in Kenya, Tanzania, and Zam
and all raw ivory that did not come directly from Afri- bia (197). Market prices for ivory are estimated to 
can producer countries authorized by CITES (189). Fig- range between $63 and $260 per kilogram, so high 
ure 8.5 shows the major importers of ivory, that poachers are willing to risk their lives for it (198). 

Supporters of the ban hope it will increase pres- Figure 8.5 shows the major importers of raw ivory. 
sures to control poaching and create similar pres
sures fcr importing nations to shut off imports. A Ban Critics Cite Good Management 
ban also could help persuade some consumers not 
to buy ivory or to look for substitutes. Corian, a syn- Critics of the ban say the real problem is that the 
thetic material, has been mentioned as a suitable sub- countries supporting the ban have ineffective wildlife 
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management programs. Park rangers are poorly 
paid, often leading to collusion with poachers, and
wildlife programs are poorly ecuipl)ed (199). For ex-
ample, Richard E. Leakey, Kenya's new director of 
wildlife conservation, said he had inherited a depart
ment that did not have a single working vehicle (200). 

Botswana, South Africa and Zimbabwe all have sta
ble or growing herd sizes. (See Figure 8.4.) Zimbabwe 
has found that big-game hunting, which may take 100-
200 animals a year, is more lucrative than poaching 
(211). Dr. Anthony Hall-Martin, chief research officer 
of South Africa's national parks, attributes the suc-
cess of tile conservation program in South Africa to 
good pay and training for )ark rangers and to a pol-
icy of shooting poachers on sight (202). 

Selective culling also )rings in significant revenue 
for conservation. South Africa's Kruger National Park 
culls about 600 animals annually, which returns 
about 3-4 million from the sale of ivory and other ele-
phant )roducts. Zimbabwe earns somewhat more 
money through culling (20:3). 

Critics also argue that a ban will make elephant 
products valueless, which will reduce the incentive 
for people to conserve them. Zambia,plagued by 
poor management for years, is having Success with
sustainable management program in tse suangwamanagelulaeeditpprogramtreinthe 
Valley, which gives much of the decision-making au-
thority and returns much of the revenue from wild-
life to local residents. Appendix I listing could 
threaten such programs (204). 

Critics also fear that the effect of a ban will be to 
drive Up the price of ivory, which would raise the 
profitability of poaching and increase the risk that 
poachers would venture into Southern African na-
tions. A ban also will force the ivory trade further un-
derground, making police detection more difficult. 

Another concern is that a ban on elephant ivory 
could increase the demand for walrus ivory. Illegal 
shooting of walru,,in Alaska is considered a serious 
problen (205). 

SONGBIRDS DECLINE IN NORTH AMERICA 

Loss of forested habitat appears to be decimating 
many populations of songbirds that breed in North 
America and winter in Central amd South America. 

Both continents are to blame. In North America, 
the breakup of contiguous forests and the resulting 
increase in forest-edge habitat have seriously 
harmed many songbird populations. In Central and 
South America, tropical deforestation was thought to 
be equally disastrous for many songbirds, but there 
was little evidence to prove it. But a 1989 study by 
scientists at th- u.S. Fish and Wildlife Service and 
the National Zoological Park appears to confirm the 
idea that many songbird populations are declining 
and that tropical deforestation is apparently an im-
portant cause of that decline (20(). 
'Theresearch uses data from the North American 

Breeding Bird Survey, which since 1966 has annually 
deployed hundreds of veteran bird watchers to sam-
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Table 8.4 Neotropical Migrant Songbird 

Population Trends, 1966-78 and 1978-87 
(percent change year) 

Species 1966-78 1978-87 
Olive-sided flycatcher 3.6 -5.7 
White-eyed vireo 0.3 -1.2 
Blue-winged warbler 1.0 -1.0 
Northern parula 1.2 -2.1 
Chestnut-sidedwarbler 2.2 -3.8 
Cerulean warbler -3.9 -0.9Canada warbler -2.7 -2.7 
Scarlet tanager 2.6 -1.2 
Rose-breastedgrosbeak 6.1 -4.1 
Source: Chandler S. Robbins etal. *Population Declines in North American 

Birds That Migrate to the Tropics." Proceedings of the National Academy of 
Sciences. Vol. 86. No. 19 (1989). Table 1,p. 14. 

pie bird populations in 2,000 areas that cover some 
80,000 kilometers of back roads. Each observer uses 
uniform procedures to sample bird )opulations at 50 
stops at 0.8- kilometer intervals along secondary 
roads, counting all birds detected within a 0.4-kilome
ter radius during a three-minute period (207). 

The new study examined data for 62 migrant spe
ccies in the United States east of the Mississippi (and
corresponding parts of eastern and central Canada)19u-78gaa
 
and calculated population trends for 1966-78 and 
1978-87. During 1966-78, 15 species had population 
decreases, of which 6 were significant, and 47 spe
cies had population increases, of which 23 were sig
nificant. The picture changed dramatically in 
1978-87: 44 species (71 percent) showed decreases, 
20 of them significant, and only 18 species had in
creases, of which 4 were significant (218). (See Table 
8.4.) 

To examine the hypothesis that tropical deforesta
tion is affecting I)ol)ulations, the researchers used re
cent censuses of wintering birds at the Sian Kfan 
liosphere Reserve in Quintana Roo, Mexico. The 
data distinguished between birds wintering in forest 
habitat and those using forest edge or scrub areas. 
The 16 species wintering at forest reserves showed a 
significant population decline; the group as a whole 
showed an average annual downward trend of 2.3 
percent between the two periods. The 12 scrub spe
cies generally held their own (209). 

The study also found that three species that breed 
in scrub but winter in forest (white-eyed vireo, blue
winged warbler, and chestnut-sided warbler) showed 
declines in the 1980s; three of five species that breed 
in forested habitat but winter in scrub habitat (east
ern wood-pewee, least flycatcher, and blue-gray gnat
catcher but not yellow-throated warbler or 
rose-breasted grosbeak) showed increases (210). 

The analysi.,; "represents the strongest evidence to 
(late that tropical deforestation is contributing to de
clines in migratory bird populations" (211). Many 
other factors may also contril)ute; for example, Chan
dler Robbins suggests that heavy use of pesticides 
and fungicides on South American plantations may 
be severely affecting migrant species. Many products 
used in Latin America, lie notes, are manufactured in 

136 



Wildlife and Habitat 8
 

the United States but are banned for use there be- declining trends. For example, the parasitic brown
cause of their toxic effects (212). headed cowbird lives at the forest edge and lays its 

Tropical deforestation may be particularly critical eggs in the nests of other species. The cowbird 
to the songbird, other experts suggest, because song- chicks grow faster than the young of the host 
birds spend much more time on their wintering species, which usually starve. These studies gener
grounds than on their breeding grounds and are ally conclude that the preservation of remaining 
much more densely packed in a relatively small area. large forest areas in both the United States and the 
Many North American songbirds migrate only to the tropics is necessary to preserve songbird popula
near-tropics-Mexico, Cuba, Haiti, the Dominican Re- tions (214) (215). 

public, and the Bahamas-so deforestation may be 
particularly harmful (213). 	 "Wildlife and Habitat" was authored by David Harmon, a 

Previous studies have shown that forest fragmenta- conservation consultant in Houghton, Michigan. 
tion in North America provides access for predators 
and parasites and is an important contributor to the 
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In every part of the world, energy is used to cook 
food and warm dwellings. As a substitute for human 
labor, energy also plays a fundamental role in indus-
trial development. In addition to these beneficial 
roles, however, energy is also a major cause of 
environmental degradation. Production and use of 
coal, oil, and natural gas-fossil energy sources-are 
the major sources of local air pollution and of re-
gional problems such as acid rain. Fossil fuels also 
constitute the largest source of greenhouse gases 
that are changing the composition of the atmosphere 
and may lead to global climate change. Nonfossil en-
ergy sources such as nuclear power and large-scale 
hydroelectric dams also raise environmental con-
cerns. Thus energy occupies a special place in any 
discussion of global environmental and resource 
problems and is central to strategies aimed at reduc-
ing air pollution and preventing global warming. If 
such strategies are adopted, energy production and 
use may undergo fundamental changes in coming de-
cades. 

The connection between energy and climate and 
strategies to reduce fossil fuel use are discussed in 
Chapter 2, "Climate Change: A Global Concern." Strat-
egies and national policies designed to reduce air 
pollution (including that from energy production and 
use) are considered in Chapter 12, "Atmosphere." 
This chapter, "Energy," discusses current trends in 
energy production and use-including the reemer- 

9. Energy
 

gence of rapid energy growth-and the implication 
of those trends, absent fundamental changes. Sec
ond, the chapter explores the potential of energy con
servation and of more efficient use for slowing 
energy growth-and hence for reducing environmen
tal impacts on both local and global scales. Energy 
use in cars, trucks, and buses is explored in more de
tail because, if current trends continue, light vehicles 
could become the world's dominant consumer of en
ergy and the largest source -f both global and local 
air pollution within 35 years. Hnally, nonfossil 
sources of energy may assume particular importance 
in coming decades if international agreements curb 
emissions of greenhouse gases. This chapter reports 
on two such sources, nuclear and solar, and in partic
ular on two specific families of technologies that 
might find widespread application if their economic 
and environmental problems can be overcome and 
their potential realized: advanced and potentially 
safer nuclear designs and photovoltaic solar energy 
cells. 

CONDITIONS AND TRENDS 

ENERGY PRODUCTION AND CONSUMPTION 

World primary energy consumption rose 3.7 percent 
in 1988 (1). The rate of increase was greater than that 
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experienced during the past several years-con- greatest gain in oil use, 14 percent, with the rate 
sumption of commercial!y traded energy grew 3.1 jumping nearly 21 percent in Taiwait. If the world's 
percent in 1987 and 2.4 percent in 1986. Energy use use of oi! rises as expected, the Organization of Petro
thus continues on an upward spiral, with annual con- leurn Exporting Countries (OPEC), which in 1988 sup
sumption during the past two decades falling only in plied 34 percent, is likely because of its huge 
1980, 1981, and 1982 (2). reserves to provide an increasing share of the supply 

Consumption and production of commercial en- (7). While oil retained its position as the world's 
ergy by source and region in 1988 are shown in Table major fuel by a wide margin, supplying about 40 per
9.1. The indtistrialized countries of the Organisation cent of world energy, consumption of other fuels in
for Economic Co-operation and Development (OECD) creased at a faster pace (8). 
(:i) used roughly 50 percent of global primary energy, 
developing countries 16 percent, and countries with Coal 
planned ec .nomies 34 percent. Energy consumption 
incieased fastest in the industrializing couniries of Coal is the second-largest fuel source, supplying 
SoIIleast Asia-an average of 11.4 percent. South some 30 percent of global energy, and its use in
Korea's energy use. for examp~le, sho up 1:3. 1 ler- creased 3.7 percent between 1987 and 1988. China, 
cent. Consumption rose 3 percent in Latio America, which relies on coal for more than three quarters of 
4.1 percent in Africa, and an average of 3 percent in its energy, consumed the most (24 percent), fol
countries with planned economies (). lowed by the United States (19.8 percent) and the 

Among OECI) countries, the United States experi- U.S.S.R. ( 2.8 percent). Western Europe consumed 
enced an increase of al)proximately 4 percent, boost- nearly 11 percent of the total (:)). Because of wide
ing consumption to its highest level ever (5). In spread availability, abundant supplies, and generally 
Western Europe, energy use grew anl average of 1 per- low prices, coal consumption is likely to continue to 
cent. In Japan, energy use rose 6.2 percent (fl). incredse significantly worldwide, abse'lt major 

changes in the world energy picture. l)eveloping
 
Oil countries are expected to experience the fastest
 

growth and may soon consume roughly as much coal 
Production and consumption increased for every as Western Europe (10). 
type of primary energy. Oil consumption rose 3.1 per- Reflecting the growing demand, world coal trade, 
cent globally, and oil production averaged 8.8 metric which has expanded almost 40 percent since 1980, is 
tons per day (mtl) in 1988. U.S. consumption ac- projected to grow another 40 percent by the year 
counted for roughly half of the oil used by all OECD 2000 (11). The traditional exporters-Australia is the 
countries, which in turn represented more than half largest, followed by the United States, South Africa, 
of the world's demand. Southeast Asia recorded the the U.S.S.R., Poland, and Canada-will face increas-

Table 9.1 Commercial Energy Production and Consumption by Region and Fuel, 1988 
(petajoules)" 

Oil Natural Gas Coal Nuclear Power Hydropower Total 
Produc. Consump- Produo- Consump. Produo- Consump- Production and Productionand Produo- Consump-

Roglon tl-n tlon tion ton tion tlion Consumption Consumption tlion tion 

,orth America 22,857 36.171 21,203 21,211 23,866 21,542 6.883 5.987 80,797 91,796 

Latin America 14.278 9.551 3,601 3.308 888 959 96 3,902 22,765 17,816 

Western Europe 8,290 24.875 6,297 8.332 7,621 11,033 6.155 4,509 33,073 54.904 

Middle East 30,954 5,669 2.734 2,278 29 105 X 109 33,827 8,160 

Africa 10,991 3,609 2,227 1.264 4,187 3,048 80 791 18,276 8,793 

Asia and Australasia 6,816 19.507 4,539 4,091 9.877 12.779 2,759 2,491 26.483 41,627 

Centrally Planned Economies 

U S.S.R. 26.127 18,385 29,045 22,982 16,409 12,984 1,779 2,345 75,705 58,476 

China 5.699 4.216 528 561 24,251 24,331 X 1,319 31,796 30,427 

Other0 
888 5,238 2,617 4,262 14,994 14,881 620 1,038 20,156 26,039 

World Total 126,900 127.222 72,791 68,290 102,322 101.660 18,373 22,493 342.878 338,037 

Soulce: British Petroleum (BP), BP Statistical Review of World Energy(BP, London, 1989), pp. 4,22, 26.34. 
a. Conversion factor: 1 million metric tons of oil equivalent = 41.87 petajoules. 
b. Albania. Bulgaria. Czechoslovakia, German Democratic Republic, Hungary, Kampuchea. Laos, Mongolia, Democratic People's Republic of Korea. Poland, Roma

nia, Viet Nam and Yugoslavia. 
c. Figures may not total because of rounding,
 
X = not available.
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ing competition from new suppliers. These are coun-
tries such as Colombia, Venezuela, and Indonesia, 

ble, and to meet much of the country's new energy 
dlemand (17). 

which built dedicated export mines in response to 
the rise in world oil prices during the 1970s. China Nuclear Power 
may also become a major exporter, but its domestic 
needs are huge and so far the country has never ex- Nuclear power, which amounted to over 5 percent of 
ported more than 1 percent of its total production 
(12). 

Environmental concerns about sulfur dioxide and 

global energy production, posted the fastest growth 
rate at 8 percent. Much of this growth is an artifact, 
reflecting completion of reactors ordered many 

carbon dioxide emissions, however, could constrain years ago rather than robust prospects for nuclear 
the growth of coal consumption. Several European 
countries, as well as the United States and Japan, are 
carrying out extensive research and development on 
new technologies designed to remove sulfur dioxide 
and other pollutants while boosting energy effi-

erergy. Nonetheless, significant amounts of power 
are involved. The United States increased produc
tion nearly 16 percent and accounted for 33 percent 
of the global output of nuclear power, far outpacing 
Franct (12.4 percent), Japan (9.9 percent), and the 

ciency. Two of the leading "clean coal" candidates 
for electrical generation are fiuidized-bed combus-
tion and coal gasification (n).(See Chapter 12 "Atmo-

U.S.S.R. (9.7 percent) (18). Nuclear energy supplied 
nearly 1,800 billion kilowatt-hours of electricity dur
ing 1988, approximately 17 percent of the global 

sphere.") 
These and other clean-coal technologies are mov-

ing toward commercialization internaticnally and are 
likely to be adopted gradually over the next several 
decades as utilities refit current generating plants 

total. The world now produces as much electricity 
from nuclear energy as it did energy from all sources 
in 1957, the year the Shippingport station in Pennsyl
vania became the first reactor to feed electricity into 
a utility grid (9). The United States, with more reac

and add new capacity. A special need for such tech-
nologies exists in the developing countries trying to 
rapidly expand their electricity networks. Too often 

tors operating than any other country, produced 
about 20 percent of its electricit :i om nuclear en
ergy, while the U.S.S.R., the second-leading producer, 

they have had to import older, inefficient pow,,r-gen- generated nearly 13 percent. 
eration equipment. Installing new plants based on Overall, however, the outlook for nuclear energy 
these emerging technologies would not only reduce has become considerably more clouded since the 
troublesome sulfur-dioxide and nitrogen-oxide pollu-
tion, but would help raise the overall efficiency of fos-

Chernobyl reactor accident in the U.S.S.R. in April 
i986. Few new reactors are being ordered. As a re

sil- fuel electrical generatio:, in the developing world 
from percentages in the high 20s to at least the high 

suit, nuclear generating capacity is now expected to 
grow slowly if at all in most countries. New limits on 

30s. This would both save energy and reduce the 
growth of carbon dioxide emissions (14). 

fossil energy sources and improved nuclear power 
technology, however, could conceivably change this 
outlook. (See Nonfossi! Energy Sources: A Look 

Natural Gas 
Ahead, below.) 

Hydropower 
Natural gas is generally expected to be the world's 
fastest growing energy source through the year 2000, 
as many countries are planning to use it to reduce de-
pendence on oil and to reduce the environmental 
problems asociated with other fossil fuels. Combus-
tion of natural gas, for example, emits only about half 
the carbon dioxide of an equivalent amount of coal. 
Use of natural gas, which provides about 20 percent 
of global energy, rose 4.7 percent in 1988. The largest 

Hydroelectricity provides almost 7 percent of globa! 
energy, and its use increased slightly in 1988. Canada 
and the United States combined to use the most hy
dropower (26.6 percent), although U.S. consumption 
fell nearly 15 percent in 1988 as severe drought cur
tailed water supplies. Other major consumers were 
Western Europe (20.1 percent), Latin America (17.4 
pern Europe(20.1 percent) (7. 
percent), and the U.S.S.R. (10.4 percent) (20). 

consumers by far were the U.S.S.R. (33.7 percent) 
and the United States (28.2 percent), while Western 

Projections Forecast Increasing Consumption 

Europe used 12.2 percent. Consumption ratcs rose 
significantly in many developing countries-13.1 per-
cent in Southeast Asia, 6.6 percent in Latin America, 
and 5.9 percent in Africa-and are expected to con-
tinue to grow fastest in the developing world (15). 

Among the major gas producers, U.S. natural gas 
production-already 25 percent of the global total-
is projected to increase (16). The U.S.S.R. accounted 
for nearly 40 percent of the world's gas production 
and plans to increase production for export, to re-
place existing domestic oil consumption where possi-

Lower energy prices, led by a decline in the price of 
crude oil and robust economic growth in many coun
tries, were key factors behind rising energy use. Pro
jections of ful:ure energy consumption, given in 
Figures 9.1a and 9.1b by fuel and by major economic 
sector, forecast increasing consumption by market
economy countries of all primary energy resources, 
particularly during the early 1990s, although at a 
slower rate than experienced during the past several 
years (21). Total global energy use through the year 
2000 is projected to grow at an annual rate of be-
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reasonable certainty, according to geological and en-
Figure 9.1 Projected Energy Consumption in gineering information. 
OECD Countries, 1985-2000 Oil Reserves 

A. Projected Primary Energy Consumption 

At the end of 1988, the world's proved reserves of oil 
(exajoutes) were estimated at approximately 128 billion metric 
250 tons, of which OPZC members accounted for more 

i Petroleum = Natural Gas 	 than 70 percent. .See Table 9.2.) And early in 1989, 
200 - Coal = NuclarOtner Saudi Arabia adjusted its reserves upward by a dra

matic 55 percer t, or 11.4 metric tons, equal to about 
10 -- twice the existing reserves in all of North America 

150 

(23). 

Proved res, rves have also been increasing in the 
100 market-economy countries outside OPEC, moving up 

to more thaii 156 billion barrels in 1988, a rise of 
50 some 1.4 bilion metric tons since 1984. Still, this ac

counts for 3nly 17 percent of the global supply (24). 
0 aL.

1995 1990 1995 2000 Coal Reserves
 
(estimaed,
 

B.Projected Sectoral Energy Consumptior China h;,s 16 percent of proved global coal reserves, 
while tl e United States has 25 percent and the 
U.S.S.R 25 percent. Australia, West Germany, South 

(e aoulesI) Africa.-Poland, East Germany, and India also have 
250 	 . .large, eserves, and many other countries have siz-

Industry -Transport Resdent Commercal able deposits (25). As a measure of coal's immense 
200 - abur dance, the proved reserves in the United States 

alorle are 43 percent greater than the world's oil and 
nat iral gas reserves combined (26) .150 

N;itural Gas Reserves 
100 

N; tural gas is relatively abundant globally. (See 
50 T ble 9.2.) Thc largest deposits are in the U.S.S.R., 

wl ich has about 38 percent of global reserves, and 
18 in the OPEC countries in the Middle East, which have 
1985 1990 1995 2000 ne irly 30 percent. But other areas are also richly en

,esmaled, 	 dowed: the United States and Canada jointly have 7.1 

Source: U.S. Department ofEnergy (DOE), Energy Information Administra- pe cent of proved reserves, Latin America 6.1 per
tion, Otficeof Energy Markets and End Use, InternationalEnergy Outlook cei t, Western Europe 5.0 percent, Africa 6.5 percent,
1989: Projectionsto 2000 (U.S. DOE. Washinga,o, D.C., 1989), p. 50. aRc Asia and Australia col ,bin. for 6.0 percent (27). 

Nuclear Capacity 
tween 1.5 and 2.1 percent (22). Consumption is x
pected to increase the fastest in the developing
world, as many countries build their .,dustrial sec- Instilled nuclear capac'ty is now found in 25 coun
tors and expand electricity and transportation net- triet and amounted to about 420 reactors in all oper
works. Many developing countries could grow at atirig commercially at the end of 1988. Roughly half 
twice the rate of the OECD countries. These projec- of the countries derived at least one quarter of their 
tions, however, do not take into account growing con- ele :tricity from ,,.clear power. France topped the 
cern over global warming and the possibility, now list with nearl'; 7;) percent, followed by Belgium (66
being actively pursued, of international agreements pe'cent), Hungary (49 percent), Sweden (47 per
that might stabilize or even reduce carbon dioxide ce it), South Korea (47 percent), Taiwan (41 per
emissions-and hence fossil energy consumption. ceit), Switzerland (37 percent), Finland (36 percent), 

Sf.ain (36 percent), Bulgaria (36 percent), West Ger
many (34 percent), Japan (28 percent), and Czecho-

ENERGY RESOURCES slovakia (27 percent) (28). Argentina, Brazil, India, 
ad Pakistan were the only developing countries that 

Proved reserves are those quantities that, under ex- operated commercial reactors, as technical and finan
isting conditions, can be extracted in the future with cial problems have forced many countries to reduce 
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Table 9.2 Proved Commercial Energy Resources, Late 1988 
(petajoules)a 

Oil Natural Gas Coal 

Region Reserves R/P b(years) Reserves R/P b(years) 
Hard Cc.-
Reserves 

Soft Coal 
Reserves R/P b(years) 

Total 
Reserves 

North America 230,285 10 310,720 14 3,746,080 1,876,699 286 6,163.784 

Latin America 715,977 51 260,228 70 226,043 61,061 371 1,263,309 

Western Europe 100,498 12 221,388 34 957,871 840,322 219 2,120,069 

Middle East 3,236,551 100+ 1,297,256 100+ X X X 4,533,807 

Africa 314.025 29 275,764 100+ 1,822,997 3.127 357 2,415,914 

Asia and Australasia 113,049 18 264,112 57 1,217,685 700,918 228 2,295,764 

Centrally Planned Economies 473.131 15 1.716,728 52 8,200,879 2,705,811 181 13,096,549 

U.S.S.R. 334,960 13 1,650,700 55 3,003,144 1,892,404 X 6,881,208 

China 129,797 23 34,956 64 4,316,561 187,832 X 4,669,145 

Others C 8,374 11 31,072 12 881,175 625,576 X 1,546.196 

World 5,183,506 41 4,346,196 58 16,171,556 6,187,938 218 31,889,196 

Source: British Petroleum (BP), 
Notes: 

b' Statistical Review of World Energy (BP, London 1989). pp. 2, 20, 24. 

a.Conversion factors: 1mtoe=41.87 PJ, 1bcm natural gas=38.84 PJ, 1mtce (hard coal)=27.91 PJ. 1mtce (soft coal)=13.96 PJ. 
b.R/P is the ratio of proved reserves to 1988 production rate. 

or abandon their programs (29). Large uranium re- cent of total primary energy requirements in Aus
serves are found in South Africa, Niger, Canada, the tralia, Austria, Canada, Denmark, Sweden, and Swit-
United States, Brazil, Australia, and the U.S.S.R. zerland. In Ireland, peat resources provide about 8 

percent of the country's commercial energy demand,
Hydropower Reserves and in Portugal biomass resources cover about 7 per

cent of tll.)se requirements (32). Anumber of develop-Hydroelectric energy is a potentially vast resource in ing countries have also expanded renewable energy
developing countries. While North America and Eu- production during recent years in order to increase 
rope had by 1980 developed 59 and 36 percent of their indigenous energy su)plies. Still, the Interna
their large-scale hydropower potential respectively, tional Energy Agency (lEA) concludes that current 
Asia had harnessed just 9 percent, Latin America 8 economic and technical constraints will likely post
percent, and Africa 5 percent (m10).Developing large- pone a major global buildup of renewable energy proscale hydroelectric production, however, could be duction until sometime in the next century (33). But 
slowed by financial prohbems as well as environmen- given their enormous potential and the public's
tal and social concerns. Many countries, particularly heightened concern about the global environmental 
in the developing world, are also installing small- effects of fossil fuels, renewables seem likely to even
scale hydroelectric units, whih often are not con- tually become a significant part of the world's energy
nected to a central distribution grid but are used to picture-sooner rather than later, if policies favoring 
run agricultural operations or provide power to iso- dse of these fuels, instead of fossil fuels, are widely
lated villages. A study for the U.S. Agency for Interna- adopted. 
tional Development has projected that the capacity 
of stand-alone small hydro systems in developing ENERGY EFFICIENCY AT THE CROSSROADS 
countries could reach 29,000 megawatts in 1991, 
nearly triple the installed capacity in 1983. The world- Although developing new energy-producing technolo
wide potential is estimated to be well over 100,000 gies that will help protect the environment as well as 
megawatts (31). prope economic growth is an important goal, this 

strategy addresses only one side of the equation.
Other Renewables The other side, of course, is energy demand. In

creased conservation in both developed and develop-
Apart from hydroelectricity, other renewable energy ing countries stands as perhaps the most promising
sources-including geothermal, windpower, bio- option for mitigating the various risks associated 
mass, and solar power-already make sizable contri- with the current global energy habits. 
butions in some countries. Among industrialized Energy conservation was once unfairly linked to 
countries, for example, they now provide up to 5 per- the need for drastic cutbacks in living standards. Al-
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though some changes in human behavior are clearly 
appropriate, conservation efforts are now strongly fo-
cused on introducing new technologies for produc-
ing and using energy more efficiently and on 
improving energy management. By increasing energy 
efficiency, demand can be reduced without ad-
versely affecting personal lifestyles or a country's 
economic growth. In fact, increasing energy effi-
ciency can even enhance them. 

Conservation in Buildings, Industry, and 
Transportation 

There are literally thousands of different types of 
technological and operational measures that can im
prove energy efficiency. They cover residential and 
commercial buildings, industry, transportation, and 
the electric utility sector, as well as the distribution 
of energy to end-users. Many of the efficiency im-
provements can be implemented much more eco- 
nomcally than new energy supplies can be 

developed, 


The world's buildings can be equipped with more 
efficient lighting, appliances, and heating and cooling 
systems. Advanced construction materials can also 
sharply reduce thermal losses through windows, 
doors, and walls. In "superinsulated" homes, for ex-
ample, where normal insulation is doubled and walls 
have a liner that forms an airtight seal, the heat 
given off by people, lights, and appliances can pro-
vide all the warmth needed even on the coldest day. 
Scandinavian countries lead the way in designing en-
ergy-efficient buildings, with some Swedish homes re-
quiring nearly 90 percent less energy than the 
average U.S. residence (34). 

In industry, significant savings can be realized by 
using more efficient electric motors, new sensors 
and control devices, and advanced heat-recovery sys-
tems. Especially promising is cogeneration, in which 
steam produced to generate electricity is then used 
as a heat source for other industrial processes. By 
capitalizing on the otherwise wasted heat, cogenera- 
tion systems can deliver 50 percent or more of the 
heat in the original fuel to useful purposes, com-
pared with about 33 percent for conventional steam-
electric technologies (35). Japan is by far the world's 
leader in industrial energy efficiency (36). 

Transportation constitutes the largest and most 
rapidly growing drain on the world's oil suDplies. 
While the fuel efficiency of cars and trucks has im-
proved considerably during the past 15 years, a vari-
ety of emerging technologies offer even more 
substantial gains. (See "Focus on The Automobile," 
below.) 

Voluntary or Mandatory Measures 

Conservation can also be fostered by voluntary or 
mandatory institutional changes. In the United 
States, for example, electric utilities are increasingly 
adopting "least-cost planning"-a process for examin-
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ing all electricity-producing and electricity-saving op
tions and selecting the mix that minimizes total con
sumer costs. Since conservation investments often 
cost considerably less than what a utility would oth
erwise have to spend inorder to generate electricity, 
least-cost planning can benefit energy producers as 
well as consumers. Many utilities even find that in
vesting in conservation measures on behalf of their 
customers-for example, supplying them with high
efficiency lightbulbs at little or no cost-proves finan
cially beneficial. The utilities save in the short run 
through reduced operating expenses, and in the long 
run by not having to build new multimillion-dollar 
powerplants to satisfy expanded demand. 

Energy Intensity 

The success of energy conservation has already 
been amply demonstrated. From 1973 to 1985, OECD 
countries, who also belong to the International En
ergy Agency (EA), collectively reduced their energy 
intensity-that is, the amount of energy used to pro
duce a unit of gross domestic product (GDP)-by a 
remarkable 20 percent. Energy consumption within 
lEA countries grew by only 5 percent during this pe
riod, while their GDP grew by almost 32 percent (37). 
Clearly the countries were getting the same, or bet
ter, services from less energy. Higher energy prices 
may have played a crucial role in these chang-s. 

With significantly lower energy prices during the 
past several years, however, many countries have re
treated from earlier vigorous efforts to improve en
ergy efficiency. In the United States, for example, 
energy intensity declined by about 25 percent be
tween 1973 and 1986, saving consumers at least $160 
billion per year on energy (38). But after world oil 
prices collapsed in 1986, U.S. energy intensity began 
moving slightly upward-by 0.1 percent in 1987 and 
0.2 percent in 1988 (39). 

The European Community has also experienced a 
recent slowing in national and local efforts to im
prove energy efficiency (40). From 1973 to 1982, the 
Community's 12 member nations achieved a com
bined 20-percent improvement-and Europe's en
ergy intensity was already about half that of the 
United States. From 1982 to 1986, however, the mem
bers posted an improvement of only 2.4 percent (41). 
The process of decoupling economic growth from en
ergy consumption has thus been slowed within the 
community, and has even been reversed in some 
countries such as France, Belgium, the Netherlands, 
Ireland, and Portugal (42). If this trend continues-as 
some analysts expect, given the termination of nu
merous conservation programs in many member 
countries-the Community will be unlikely to reach 
its target, set in 1986, of improving energy efficiency 
at least 20 percent by 1995 (43). 

With earlier progress pointing the way, there re
mains impressive potential for further gains in en
ergy efficiency. For example, studies published by 
World Resources Institute (WRI) suggest that per ca
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pita energy use in industrialized countries can be cut Latin America and Asia grew considerably faster
 
just about in half by th, year 2020, while still main- than the countries' GDPs from 1980 to 1986. Con
taining strong economic giowth and high standards sumption grew nearly twice as fast in India, Brazil, Pa
of living (44). 
 kistan, and the Philippines, and well over three times
 

Several other studies focused on lEA countries pro- faster in Argentina and Venezuela (50). If historical
 
vide support for a conservative estimate that if all trends in energy consumption continue, the develop
economically viable energy conservation measures ing world's per capita commercial energy demand in
 
were fully implemented by the year 2000, energy effi-
 2020 will be more than four times the level of 1980
 
ciency for the region would be 30 percent higher (51).

than current levels. Energy consumption would thus With some help from the industrialized world, how
be more than 25 percent below what would have re- ever, developing countries could apply technical en
suited if today's efficiency level remained unchanged ergy-efficiency solutions to promote economic
 
(45). While major energy savings are possible in all growth while keeping energy demand relatively low. 
lEA countries, the potential appears greatest in those This will mean adopting a host of energy- efficient
 
regions that have been traditionally tile most energy technologies that are either already available com
intensive, such as North America (46). The potential 
 mercially or could be conmercialized in the near fu
for improving efficiency is especially large in residen- ture.
 
tial and commercial buildings, but major opportuni- According to WRI studies, such actions would
 
ties also exist in industry and transportation (47). allow a prototypical developing country to boost its
 

These studies provide useful approximations of standard of living to a level approaching modern
 
conservation's potential. Most of them, however, 
 Europe's by 2020, while increasing per capita energy
 
were based on conditions in the 1970s-before the use by only about 20 percent above the developing
 
emergence of a number of promising new technolo- world's average rate in 
 1980 (52). This hopeful sce
gies but also during a period of higher energy prices. nario should not obscure tile challenge involved,

Energy markets and patterns of human behavior are however. Large amounts of capital and skilled man
also more thoroughly understood today, and the re-
 agenlent will be needed to shift to efficient end-use
 
cent volatility in energy prices and global economics technologies and to build and maintain the required
 
provides valuable information for assessing how con- infrastructure. But strong evidence stuggests that it sumers respond to market fluctuations and public would cost less to take this approach than it would 
policies. New studies are therefore urgently needed to continue with conventional end-use technologies
to assess more accurately how much energy can be and increased energy supplies (53). 
saved through gains in energy efficiency and to help 
determine how the savings can best be achieved 
from country to country. FOCUS ON THE AUTOMOBILE 

Energy Efficiency in Centrally Planned and A particular case where higher efficiency could have 
Developing Countries major impact, not only on global energy use but also 

on world environmental conditions, is the automo-Improving energy efficiency presents a special chal- bile. Cars, together with trucks and buses, consume 
lenge in centrally planned countries and in the devel- a significant portion of global energy resources, con
oping world. The U.S.S.R. remains the least energy- tribute a major share of the greenhouse gases linked 
efficient industrial economy. Its energy intensity has to global warming, and are a major source of air pol
barely declined since 1980 and is estimated to be lution. And their numbers are growing rapidly, espe
more than twice the average of OECD countries (48). cially in developing countries. Thus, their role in 
In China, energy intensity has declined by over one exacerbating energy and pollution problems can 
quarter since 1980, but the country remains slightly only be expected to increase, unless concerted ac
less energy efficient than the U.S.S.R. China has an- tions are taken to improve their fuel efficiency. 
nounced plans to cut its current energy-intensity 
level at least 33 percent by tie year 2000, but it re- Growth in the Vehicle Fleet 
mains to be seen whether the relatively limited mea
sures instituted so far can achieve this ambitious Almost half a billion vehicles were on the road 
goal (49). Unless major efficiency gains are made in throughout the world in 1986-more than three 
these energy-intensive countries, the global energy fourths of them were cars (54). The United States had 
outlook will remain clouded, the most, although, its share dropped from 75 per-

In developing countries, energy planning has fo- cent in 1930 to 58 percent in 1960 and to 35 percent
cused primarily on expanding conventional energy in 1986 (55). Europe accounted for just over one third 
supplies rather than on improving energy efficiency. of all light vehicles, with the rest divided among Af-
Energy intensity in most countries has therefore rica, South America, Asia, and Oceania (56). (See Fig
risen steadily as economic activity has increased and ure 9.2.)
populations have grown. For example, consumption The number of light vehicles is increasing at a rate 
of electricity in the major en ergy-using countries of faster than the rate of population growth-since 
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use between 1970 and 1984 was for transportation, 
Figure 9.2 Number of Vehicles Worldwide by and this trend is expected to continue (62). 
Region, 1986 The growing vehicle fleet will also contribute sub

stantially to global warming and to local air pollution 
problems. Burning a single tank of gasoline, for exam

(millions) pie, produces 300-400 pounds of carbon dioxide 
250 (CO2), the most important greenhouse gas. Motor ve-

Cars Trucks and Buses hicles (excluding farm equipment) now account for 
200 almost 15 percent of the world's C02 output. The 

number of vehicles teids to increase as industrial 
150 1and economic development occurs; thus, vehicles 

are expected to increase their relative contribution 
100= to global C02 emissions (63). In the United States, for 

example, vehicles account for almost 25 percent of 
the country's C02 emissions. 

50 Vehicles also emit substantial amounts of carbon 
monoxide. These emissions, through chemical reac

0 Aica S A Euro tions in the atmosphere, are suspected of indirectly 
North &Central Aia Oceania increasing the global warming phenomenon 20-40 

America percent (64). In addition, vehicles equipped with air 

Source: Motor Vphicle Manufacturers Association of the United States conditioners contribute another important green
(MVMA), World, otor Vehicle Data, 1989 Edition (MVMA, Detroit, Michigan. house gas, chlorofluorocarbons (CFCs). In the United
1989), pp. 36-38. States, which has the greatest percentage of air con

ditioned vehicles in its fleet, those vehicles provide 
1950, the average annual growth rate for cars has 13 percent of the country's CFC emissions (65). 
been 5.9 percent, with trucks and buses averaging a As a major source of local air pollutants, motor ve
slightly lower 5.6 percent. Growth rates have abated hicles account for 47 percent of nitrogen oxide emis
somewhat in recent years, however, and the rate for sions and almost two thirds of carbon monoxide 
trucks and buses has actually overtaken that for emissions within the OECD countries (66). In the 
cars. Since 1970, trucks and buses have experienced United States, vehicles were responsible for 70 per
an average annual growth of 5. . percent, compared cent of the carbon monoxide, 45 percent of the nitro
with 4.7 percent for cars (57). gen oxide, and 34 percent of the hydrocarbons 

The rate at which vehicle populations are growing emitted in 1985. In other regions where there are no 
varies greatly by region. Growth rates in Asia for major emission-control requirements, particularly de
both cars and commercial trucks and buses have ex- veloping and Eastern Bloc countries, motor vehicles 
ceeded the world average in recent years, as have figure even more dominantly in pollution problems 
the rates for commercial vehicles in South America. (67). (See Chapter 12, "Atmosphere," Focus on the Au-
Growth rates in North and Central America, on the tomobile.) 
other hand, have been lower than the world average. 
If historic rates of vehicle growth are maintained, the Improving Fuel Economy 
global vehicle population will approach 650 million 
by the year 2000 and 1 billion by 2030 (58). To mitigate the adverse effects of an expanding vehi

cle population, improving the fuel economy of those 
The Impact of Growth vehicles is critical. Not only will improved fuel econ

omy reduce oil consumption, it will also directly re-
The global vehicle fleet has an enormous impact on duce carbon dioxide emissions. The emission of 
energy consumption. Light vehicles are by far the sin- other troublesome combustion products will gener
gle largest component of the transportation sector, ally be reduced as well, since less fuel will be burned 
which accounts for roughly two thirds of the oil used per kilometer driven. This effort to improve fuel econ
in the United States, 40 percent in Western Europe, omy should focus primarily on automobiles, given
25 percent in Japan, 50 percent in developing coun- their considerable predominance. But most of the 
tries, and an estimated 51 percent in the U.S.S.R. (59). technologies applicable to improving the fuel econ-
Indeed, future increases in global oil demand will omy of cars can also be applied to light trucks 
likel-, be driven heavily by the rise in demand for (trucks weighing less than 3,900 kilograms). In the 
road vehicles from developing countries (60). Projec- United States, light trucks consume more than 40 per
tions from the U.S. Department of Energy estimate cent of the fuel used by all trucks and buses, while in 
that nearly all of the increase in global oil demand other parts of the world-where vehicles generally 
(excluding the centrally planned economies) be- are smaller-light trucks are estimated to account 
tween 1986 and 2010 is expected to come from these for even larger fractions (m3). 
countries (61). In the 15 largest developing countries, The sales-weighted fuel economy of new automo
for example, approximately half of the increase in oil biles in the United States, both domestic and im-
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ported, is 8.4 liters per 100 kilometers (1/100km); the ton strokes, rather than four strokes as in conven
figure for new light trucks is 11.2 1/100km (69). New au- tional engines. A factory to produce such an engine

tomobile fuel economy in other OECD countries is es- is presently being built in Michigan, and both Ford
 
timated to be comparable to that of the United States 
 and General Motors have signed licensing agree
or slightly higher; the rating for light trucks is not ments with the designer of the engine.
 
well-characterized (7)). Data on new vehicle fuel econ
omy in developing countries are poor, but it proba- Ceramic Diesels 
bly falls below that of the OECD countries. Western 
Europe and Japan, which produce more efficient cars Another long-standing goal has been to develop a die
than the United States, are the primary suppliers of sel engine that does not need cooling, which could 
vehicles to developing countries, but the cars tend significantly reduce energy losses. New generations 
to he less technically advanced. Poor road condi- of ceramic materials, which can withstand high tem
tions, traffic congestion, and lack of vehicle mainte- peratures and insulate the engine block from heat 
nance also hell) hold clown fuel economy in damage, may make such engines possible. Isuzu, for 
developing countries, example, is said to be developing a ceramic diesel en-

The potential exists to reach fuel economies that gine that works in concert with a system designed to 
are much higher than today's, and a host of technolo- recover energy from the exhaust. The engine is ex
gies are being pursued by engineers in many coun- pected to produce a 30-percent improvement in fuel 
tries. Much of the work is concentrated on improving efficiency over today's diesel engines. Even more ad
the efficiency of engines, since they lose 70-80 per- vanced ceramic engines may provide a 60-percent in
cent of the fuel's energy content, primarily through crease over today's gasoline engines (74). 
losses to exhaust gases and coolants (71). Technological gains are also expanding the frontier 

for transmissions, whirh send the engine's power to 
the wheels. Conventional automatic transmissions

Technology Options are only 80-85 percent efficient, in part because of 
their limited gearing and tendency to lose energyIn a gasoline engine, the highest losses occur when it when the fluid used in them moves, causing friction.
 

is operating at "part load"-when the power it pro- The addition of more gears enables the engine to op
vides is significantly less than the maximum it could erate at its most efficient speed more of the time,

produce at a given engine speed. This is often the and automatics are gradually evolving from three
 
case during typical city driving. The problem is that gears to four and, in the future, probably five. They
 
at !ow speeds, the combustible air-fuel mixture is too can also be equipped with special clutches that lock
"rich," with too much fuel for the power demanded. 
 into place in a given gear, which reduces friction 
Using less fuel has generally been impossible, be- caused by the fluid and improves efficiency. Some au
cause the mixture burned too slowly and unevenly tomakers are trying to develop these "lock-up

and had a proclivity to "knock" or ignite spontane- clutches," now made almost exclusively for the top

ously in an uncontrolled manner. But better oxygen gear, for the lower gears as well (75).
 
sensors and improved electronics have enabled au- Even greater efficiency improvements will be possi
tomakers to develop what are called "ultra-lean- ble with continuously variable transmissions (CVTs).

burn" engines. Toyota has already introduced such As the name suggests, these can continuously
 
an engine, which can acheve 20-percent greater fuel change gearing in order to keel) the engine operating

efficiency, in some of the cars it sells in Europe (72). 
 at full load, where it is most efficient. CVTs are not 

The "stratified-charge" engine is also being recon- new, but they have been dogged by control and en
sidered. E'tensive research was conducted on this durance problems. Solutions appear in sight, how
engine during the 1970s, because it combines the ever, in the form of stronger construction materials 
best features of gasoline engines with those of diesel and improved electronics (76). 
engines. As in a diesel engine, the air and fuel are Another opportunity for improving fuel economy
stratified in distinct layers in the combustion cylin- lies in vehicle designs that reduce aerodynamic drag.
der. Under part-load conditions, this permits the en- Indeed, at highway speeds, more thai. 60 percent of 
gine to run more efficiently. Moreover, because the the energy supplied to a car's wheels is used to over
stratified-charge engine is ignited by sparks like a gas- come aerodynamic drag. Reducing drag by 10 per
oline engine, it does not have the cold-weather start- cent can reduce highway fuel consumption by as 
up problems typical of compression-ignited diesels much as 6 percent (77). 
(73). 

While attractive, however, the stratified-charge en- More Streamlined Profiles 
gine was plagued by unacceptably high emissions. 
3ut recent advances in ignition and combustion tech- In recent years, many cars and small trucks have 
niques are enabling more complete combustion and taken on a more streamlined profile to reduce aero
hence lower emissions. Of particular interest today dynamic drag. The average drag coefficient (a mea
for application of the stratified charge approach is a sure of aerodynamic drag) for the U.S. car fleet is 
"two-stroke" engine, in which fuel intake, compres- currently 0.37, while the world's best production ve
sion, combustion, and exhaust occur in only two pis- hicles have drag coefficients as low as 0.28 (78). Drop-
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Ding the drag coefficient much below this level will in- Ford, General Motors, and Chrysler have taken the 
volve significant vehicle redesign, such as putting lead in developing a composite chassis or chassis 
"skirts" around wheel wells. The lead in aerodynamic parts (82). 

research now belongs to Ford, which has developed Fuel economy can also be improved by reducing 
an experimental vehicle, the Probe V, with a drag co- the energy loss associated with braking. When a vehi
efficient of 0.137 better than the coefficient of the cle is braking or idling, the engine's power is needed 
U.S. military's sophisticated F-15 jet fighter (79). only to run the vehicle's accessories, so much of its 

Reducing vehicle weight by using lightweight mate- power is simply lost to the coolant and exhaust 
rials can cut fl,;J use substantially-a 1( percent gases. Volkswagen, however, has developed a proto
weight reduction yields on average a 6 percent ira- type system called "Glider Automatic," which uses 
provement in fuel economy (80). Considerable prog- the excess engine energy during these periods to 
ress has been made in developing plastics, charge a flywheel (83). When sufficient energy has 
aluminum, magnesium, ceramics, and various com- been stored, the engine turns off and the flywheel 
posite materials that are light yet capable of replac- runs the accessories. 'Fihe flywheel's energy then re
ing steel. According to the U.S. Office of Technology starts the engine when more power is needed. 
Assessment, the substitution in vehicle parts of 20.4 Volkswagen originally intended to introduce this sys
kilograms of aluminum, 16 kilograms of composite ten in the early 1980s, but the company has post
plastic, or 11.34 kilograms of magnesium could poten- poned plans indefinitely. Nissan is believe(d to be 
tially fulfill requirements that have historically been developing a device similar to Volkswagen's (8,4). 
met with 45.3 kilograms of steel (st1. Moreover, tht An even more advanced energy-storage system 
potential exists for many of these materials to was under development for many years at the Univer
achieve similar or better collision resistance than sity of Wisconsin, with support from a Toyota affili
the heavier steel they replace. ate. With this system, the vehicle's engine operates 

The world's autom akers are applying these materi- in its most efficient full-loadImode all the time. When 
als in numerous ways. For exam)le, General Motors, more power is produced than required, the excess 
Honda, and Renault have already produced vehicles energy is stored in a flywheel much like 
with body panels composed almost entirely of con- Volkswagen's. In addition, the system incorporates a 
posite pl!astics, and more companies are e:pected to continuously variable transmission that essentially 
follow. Audi is working cooperatively with Alcoa Alu- can be run backward during braking to recapture a 
minum to produce an aluminum-body vehicle by large fraction of the wheels' kinetic energy and store 
1995 that is both cost-efficient and 10 percent lighter, it in the flywheel. This stored energy is then used not 
And work is proceeding worldwide on the develop- only during deceleration and idling to power the 
ment of composite load-bearing parts. Volkswagen, vehicle's accessories but also to supplement the 

Table 9.3 Fuel-Efficient Prototype Vehicles 

Company 	 General British Volkswagen Volkswagen Volvo Renault Renault Peugeot Peugeot Ford Toyota
Motors Leyland 

Model 	 TPC ECV-3 Auto 2000 VW-E80 LCP 2000 EVE+ VESTA2 VERA+ ECO 2000 -- AXV 
(gasoline) (gasoline) (diesel) (diesel) (diesel) (diesel) (gasoline) (diesel) (gasoline) (diesel) (diesel) 

Number of 	 2 4-5 4-5 4 2-4 4-5 2-4 4-5 4 4-5 4-5 
Passengers 
Aerodamic 0.31 0.24-0.25 0.25 0.35 0.25-0.28 0.225 0.186 0.22 0.21 0,40 0.26 

Drag .oefficient 

Curb Weight 	 472 662 778 699 705 853 475 789 449 851 649 
(kilograms) 	 target 

Maximum Power 	 28 54 40 38 39 37 20 37 21 30 42 
(kilowatts) 

Fuel Economy 	 3.9 city 5.7 city 3.7 city 3.2 city 3.7 city 3.7 city 3.0 city 4.3 city 3.4 city 4.1 city 2.6 city
(htrs per 100km) 3.2 highway 4.5 highway 3.3 highway 2.4 highw: y 2.9 highway 2.9 highway 2.2 highway 2.7 highway 3.1 highway 2.6 highway 2.1 highway 

Innovative 	 Aluminun High use of Advanced Advanced Advanced Advanced High use of Advanced High use of Advanced Advanced 
Feature 	 body and aluminum diesel en- diesel en- diesel en- diesel light mate- diesel en- light diesel en- diesel en

engine, and plastics. gine: high gine: high gine; high engine nat; highly gine; high material: gine. gine; contin
use ot plas- use of plas- use of mag- improved improved use of light improved uously
tic and tic and nesium. aerodynam- aerodynam- material im- aerodynam- variable 
aluminum: aluminum: improved ics. Ics. proved aero- ics. transmis
improved flywheel en- aerodynam- dynamics. 	 sion; high
aerodynam- ergy storage. cs use of pias
ics; flywheel tic and alumi
energy stor-	 num: 
aqe 	 improved

aerodynam-
Ics. 

Development 	 Prototype Prototype Prototype Ongoino Prototype Prototype Prototype Ongoing de- Ongoing de- Research. Ongoing de-
Status 	 complete, complete complete research complete, complete. complee velopment. velopment. vetopment 

r- -)roduc-	 possibility of adaptable to
I plans. 	 production production. 

Source: Deborah Lynn Bleviss, The New Oil Crisisand Fuel Economy Technologies: Preparing the Light Tiansportation Industry for the 1990s(Quorum Books, West
port, Connecticut, United States, 1988), p 102. 

World Resources 1990-91 

1SO
 

http:0.25-0.28
http:0.24-0.25


Energy 9 
engine's output when an additional boost is re- way rating of at least 3.1 1/100km. Some do even bet
quired. Preliminary laboratory tests of this system in- ter-Toyota's AXV has a combined fuel economy of 
dicate a 50 percent improvement in fuel economy 2.4 1/100km, and Renault's VESTA2 has a combined 
during city driving, and in theory the improvement rating of 2.6 1/100ki (86).
could reach 100 percent (85). While most of these prototypes were designed as 

one-of-a-kind vehicles, at least two were designed
Prototype Vehicles with production in mind: Volkswagen's E-80 and

Volvo's LCP 2000. Both companies clearly believed 
While a number of fuel-savings advances have been the vehicles could be brought to market at an afford
commercially introduced in piecemeal fashion in re- able price. In fact, the LCP 2000, designed to carry
cent years, no vehicles have been produced with the two to four persons, was estimated to cost no more 
specific aim of saving as much fuel as possible. How- than today's average subcompacts. Yet, its ability to 
ever, over the past decade numerous automobile accelerate is the same as most conventional small 
manufacturers, primarily in Europe, have developed cars, and it was designed to meet the world's most 
experimental prototype vehicles that use consider- stringent crashworthiness requirements, those of 
ably less fuel. (See Table 9.3.) Most of these achieve the United States. The car also was designed to come 
a city fuel economy of at least 3.9 1/100km and a high- close to the toughest emissions standards, again 

Box 9.1 Policies to Encourage Vehicle Efficiency 

At the core of most national programs to ers can be prompted to purchase more Spurred oy concerns of global warm
encourage efficiency has been the estab- fuel-efficient cars. ing, a number of bills were Introduced to

lishment of fuel economy targets for new 
 Fees directly discouraging fuel ineffi- the U.S. Congress In 1989 that would es
vehicles. The United States set up the ciency can also be added to the pur- tablish new fuel economy standards for

first target program in 1975. It was man- chase price of vehicles. In the United the year 2000. Most would cover both
 
datory, covered both domestic and im- States, a "gas guzzler" tax Is assessed on 
 new cars and new light trucks. One bill
ported vehicles, and included light the purchase of all new vehicles that fall 	 proposes increasing auto fuel economy
trucks as well as cars (1). The European, below a threshold of fuel economy, and standards by 20 percent between 1995

Japanese, and Canadian programs that the tax Increases as efficiency drops. and 2000 and by 40 percent after 2000,

followed were voltintary, covered only Presently, cars with a fuel economy of with targets reaching as high as 45 mpg

automobiles, and generally applied only less than 22.5 miles per gallon (mpg), or (5.2.1/100 kin) (7). Some of the bills would
 
to domestic vehicles, although many of 10.4 liters per 100 kilometers, are as- also strengthen consumer Information

these countries already produced more sessed the tax, whlcii starts at $500 and programs, Increase the current gas guz
efficient cars than did the Unted States. 
 ranges up to $3,850 (P).Evidence sug-	 zler tax, and establish significant rebates

Several pricing mechanisms have also gests that many mar.ufacturers have for purchasers of highly efficient vehi
been used. Most of the countries belong- sought to maintain ihe fuel economy lev- cles.

Ing to the Organisation for Economic Co- els of their cars so that they will not be 
 Whatever the Immediate fate of these 
operation and Development (OECD), 	 subject to this tax. bills, there Is increasing belief that within
with the notable exception of the United Many countried encourage the pur- the next several years the United States
 
States, have substantial taxes on fuel. chase of fuel-efficient cars through con- will adopt new fuel economy standards

The taxes have had only limited success, sumer Information programs, providing for the turn of the century. Other coun
however, In prompting consumers to pur- prospective new car buyers with lists tries are likely to take similar steps.

chase highly efficient vehicles-the fuel showing the tested fuel economy of all
 
economies achieved in Europe and Japan cars offered for sale within a given coun- References and Notes
 
are not significantly higher than in the try. In the United States, this program Is
 
United States, despite muc&. higher fuel supplemented with a l.abeling require- 1. Deborah L.Bleviss, The New Oil Crisisand

prices (2). Recent analysis Indicates that ment; each new vehicle must carry a FuelEconomy Technologies: Preparing the

In the United States, the mandatory fuel- sticker Indicating its fuel economy and Light Transportation Industry for the 1990s
 
economy targets played a much greater how its rating compares with other simi- (Quorum Books, Westport, Connecticut,

role In spurring efficiency than did the 	 larly sized vehicles. 1988), p.158. 

2. Transportation Energy Data Book- Edition dramatic oil price hikes of tie late 1970s Most countries also support some type 9, Oak Ridge Nafional Laboratory, Spring

and early 1980s (3). Generally, higher fuel of research program aimed at developing 1987, cited InDeborah L.Bleviss, The New

prices are better at discouraging the pur- fuel-efficient automotive technologies. 
 Oil Crisis andFuel Economy Technologies:
chase of very Inefficient cars, for which The most successful programs feature Preparing ther Light Transportation Industry
fuel costs make up a large fraction of the partnerships between government and forthe 1990s (Quorum Books, Westport,

operating costs (4). 
 private industry. Indeed, of the fuel- effi- Connecticut, 1988), p.95.

A potentially more effective pricing cient prototype cars developed In the 3. David L.Greene, "CAFE or Price: An Analy
mechanism Is taxing vehicles directly. early 1980s, the French and West Ger- sis of the Effects of Federal Fuel Economy

Most Industrialized countries have some man vehicles were the product of jointly kegulations and Gasoline Price on New
Car MPG," draft report, U.S. Department
form of progressive tax on vehicle owner- funded research programs (6). of Energy, May 10, 1989.
 
ship, the most common being an annual Since the onset of the oil glut, national 4. Op. cit. 1, p.162.

registration fee. It Is generally based on a 	 governments throughout the world have 5. Op. cit. 1,p.167.
vehicle's weight, engine size, horse- lost much of their Interest In continuing 6. Op. c~t. 1,pp. 219-220.
 
power, or some combination of these fac- to Improve the efficiency of their light-ye- 7. Senate Bill S.1224, "To Amend the Motor
 
tors. The larger any of these factors is, hicle fleets None of the original fuel econ- Vehicle Inform ition and Cost Savings Act
 
the greater the fee Imposed. Since these 	 omy goals set for the mld-1980s has been to require new standards for corporate av
factors indirectly affect fuel-economy, if 	 updated by any of the participating coun- erage fuel economy, and for other purposes," June 22, 1989, 101st U.S.the fees are progressive enough, consum-	 tries. But this may well change, led by re- Congress, 1st session, pp. 7-8. 

cent developments in the United States. 
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those of the United States, and promising new emis
sion-control techniques should be able to lower lev-
els even more (87). 

Yet even the most innovative of these prototypes 
do not incorporate a number of promising technolo-
gies, such as ceramic engines and advanced energy- 
storage systems. Hence, by the turp 1the century, 
vehicles may well be under development that will 
run on even less fuel than today's prototypes sug-
gest. 

While the technological potential for greater fuel 
economy is clear, it is unlikely that this potential will 
be reached in the near future without government in-
tervention. (See Box 9.1.) With oil prices relatively 
low in recent years, consumers and manufacturers 
alike have reduced their interest in fuel economy and 

are turning instead to larger, more powerful vehicles. 
Governmental action to encou, age or require bet-

ter fuel economy is badly needed, and soon. Ifno fur-
ther improvements in fuel economy are achieved,
the rate at which the global fleet consumes oil will accherate awich (SeeglobaFigre.)ytheurns of t a 
celerate rapidly. (See Figure 9.3.) By the turn of the 

century, demand for fuel from light vehicles could 
rise by as much as 25 percent. However, if fuel econ
omy is improved such that by 2000 car fleets average 
5.2 1/100km and light truck fleets average 6.7 
1/100km, oil demand could drop below 1980 levels. 

NONFOSSIL ENERGY SOURCES: A LOOK 

AHEAD 


Although fossil fuels are likely to play a major role in 
meeting the world's commercial energy needs for 
years to come, nonfossil energy sources may be-come increasingly important as concern over global 
warming grows. Many nonfossil energy sources are 
already in use in various parts of the world, includ-
ing solar-thermal heating, solar-thermal power, wind 
ener eoermal heat, and especially wood and 
other renewable fuels derived from biomass-the pri-
mary energy source for a majority of the world's peo-
ple. 

For commercial energy, however, two families of 
energy technologies may have the potential to make 
especially significant contributions in the long term, 
if existing problems can be overcome. Both were 

once touted by enthusiasts as ready "solutions" to 
global energy problems, only to fall far short of such 
claims. But technological advances, some already 
achieved and some in the wings, may attract new at-
tention in coming decades. 

The two energy sources are nuclear energy, in the 
form of advanced reactors that advocates claim will 
be safer, simpler, and possibly less expensive than 
today's versions, and solar energy, in the form of im-
proved photovoltaic systems that convert sunlight 
into electricity. 
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Figure 9.3 Projected Worldwide Light 
Vehicle Fuel Use, 1980-2000 
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Source: Deborah Lynn Bleviss, The New O1 Crisis and Fuel Economy Tech. 
nologies: Preparing the Light Transportation Industry for the 1990s(Quorum 
Books, Westport, Connecticut, 1988). 

Advanced Nuclear Power 

Nuclear energy, once supposed to make electricity 
"too cheap to meter," has virtually stalled in many 
countries, including the United States. The causes in
clude unfavorable economics and public concerns 
about safety. One result has been to focus new atten
tion on improvements in nuclear technology that, ad
vocates say, might make reactors easier to build and 
safer to operate. 

Conventional light-water reactors are very com
plex devices. A typical U.S. reactor, for example, mayhave as many as 40,000 valves, while a coal-fired 
plant of similar size has only 4,000 (8). Such complex

ears a on ly uch ofpexplant 

ity means the reactors are relatively unforgiving of er
rors made during construction, maintenance, and
operation, which renders them susceptible to possi
ble cat itrophic failure. Their complexity also makes 
them e. ,nsive, which forces utilities to build very 
large p', . capable of generating lots of electricity 
in order to recover their investments. Many conven
tional nuclear plants have a generating capacity of 
1,000 megawatts (MW) or more. 

Passive Safety Systems 

A newer generation of reactors, still under develop
ment, rely primarily upon "passive" safety systems, 
which substitute reliable natural forces like gravity 
and convection for the vast network of pumps, 
pipes, chillers, control systems and other compo
nents that protect today's nuclear plants. The new re
actors may also prove more reliable, easier to 
operate and maintain, and less expensive to build, al
though this remains to be proven. Many of the new 
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designs are "modular," meaning that they are com- Japan, Italy, South Korea, and the Oak Ridge National 
posed of a number of identical but smaller subunits, Laboratory in the United States. 
for which major components could in many cases be In a PIUS reactoi, the core is actually submerged in
fabricated at a factory. This could greatly simplify a large pool of water containing the element boron,
construction work at the site, and hence reduce which can halt nuclear reactions by abscrbing neu
costs, and it means that power plants could be trons. Under normal conditions, the borL,'ed water is
smaller, and hence more easily matched to increases kei t out of the fissioning core by the sheer pressure
in demand for electricity or to the power grids of all of 1he regular coolant. But if the regular coolant is

but the largest countries (89). 
 suddenly lost through some sort of accident, the bo-

Several new reactor concepts are being pur'sued ac- rated water would rush in without human interven
tively in a number of countries. One approach is to 	 tion, keeping the core safely cooled for at least a
 
develop advanced versions of light-water reactors week.
 
that incorporate passive emergency cooling features. To ensure an adequate supply of borated water,

In the United States, General Electric Company and the PIUS design calls for the pool to be contained in a
 
Westinghouse Electric Corporation are heading in- prestressed concrete vessel lined with two leakti1ht

dustrial teams working on two slightly different de- layers of stainless steel. With walls some 10 meters

signs for such reactors (0). Both run at lower 
 thick, the vessel is so massive that powerful explo
temperatures than current reactors ain, ,e 600 MW s. ies will not be able to inflict enough damage to de
in size. The major new design feature, owever, is plete the pool. In turn, the concrete vessel is to be
 
emergency cooling systems that are intended to pre- housed in a containment structure built strong

vent damage to the core, in the event of an accident, enough to withstand even an airplane crash (94).

by quickly and automatically flooding it with enough
water to dissipate its heat for at least three days (91). PRISMReactors: Liquid Metal Coolant
 
In the Westinghouse design, for example, roughly

11?,000 liters of water are contained in tanks located Afundamentally different strategy being explored is
 
directly above the reactor vessel. During a severe ac- to use liquid metal rather than water as the reactor
 
cident, valves would open merely from the change in coolant. In the United Staes, for example, General
 
temperature or pressure alone, and gravity would de- Electric is desining a reactor known as PRISM-for
 
liver a deluge of coolant to the core. Today's light-	 power reactor inherently safe module-that would 
water reactors, in contrast, depend on massive have up to nine identical reactor modrules, each of 
pumps powered by diesel generators to keep the fuel- 155.MW size and each submerged in a pool of liquid
bearing core covered with water from an external sodium, which also serves as the reactor coolant. 
tank. Westinghouse hopes to have standardized de- The reactors are connected to one or more common 
signs certified by the Nuclear Regulatory Commis- turbine r;enerators.
sion (NRC) by 1993-94, and General Electric. expects The design incorporates a nLmber of passive
certification by 1996-97. safety systems. For one thing. the rise in tempera-

Companies in several other countries are also de- ture causes the fuel, sodium coolant, and other mate
veloping small light-water reactors that use passive rials in and around the core to expand, which slows 
emergency cooling systems. InGreat Britain, for ex- the heat-producing fission proc ess. In addition, heat 
ample, Combustion Engineering, Stone and Webster, from the metallic uranium fuel passes readily into 
Rolls-Royce, and the U.K. Atomic Energy Agency re-	 the surrounding coolant, and since sodium's boiling
cently began development of a 320-MW reactor that point is roughly 900 C,the coolant pool can absorb 
incorporates not only the core but also the steam the excess heat. Additional passive systems are de
generators, reactor coolant pumps, and other critical signed to carry away residual heat following an acci
components within a single large reactor vessel. The dent. Experiments with a sodium-cooled, 20-MW test 
vessel would be located in a cavity below groupd, to reactor conducted by Argonne National Laboratory
offer protection from accidents such as airplare in the United States have established that the liquid
crashes. The core would be near the bottom, with 30 metal can, in fact, contain the heat that results when 
feet of water above it ready to provide instan'.t cool- normal eooling systems are suddenly shut down (95).
ing (92). 	 ?!ecause of this safety feature, the design does not in

clade a massive concrete containment building suchPlUS Advanced Light-Water Reactors 	 as those required with light-water reactors. 

In Sweden, Asea Brown Boveri, the world's largest Advanced Gas-Cooled Reactors 
electrical equipment manufacturer and a major ven
dor of conventional reactors, has pioneered develop- Yet another innovative design is the modular high
ment of an even moie revolutionary light-water temperature gas-cooled reactor (MHTGR), which is 
reactor design (93:). It is called PIUS, for Process Inher- under development in the United States, West Ger
ent Ultimate Safety, and two sizes of small reactors many, and Japan. In this design, small modular reac
have been proposed (600 MW and 300-400 MW). Re- tors are cooled by helium. In the design ior the U.S.
search on PIUS-type reactors has also spread to effort headed by General Atomics, each ieactor 
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would be 139-MW illsize and housed in an under-
ground concrete silo (!)(). 

The basic safety innovation of the MHTGR lies in 
the tiny fuel particles it uses. Smaller than a grain of 
sand, each particle consists of a kernel of uranium or 
thorium encapsulated in several layers of ceramic 
material that can withstand temperatures up to 
2,000 C. This coating allows heat from the fissioning 
fuel to pass through it but traps the hazardous radio-
active fission products tightly inside. In General 
Atomics' design, thousands of these particles are 
packed in small rods, which in tucn are sealed in 
graphite fuel elements that go into the core. In the 
German design, the particles are packed in "peb-
bles," graphite spheres abot the size of billiard 
balls that are used directly in the core. Because the 
graphite can absorb large amounts of heat, core ten-
peratures cannot reach levels that might melt the 
fuel particles. These safety features have been dlem-
onstratedI successfully on several occasions in West 
Germany, by subjecting a small test reactor ioa total 
loss of coolant while operating at maximum ipower 
(97). As a result, the (lesign has no emergency cooling 
system and does not include a massive concrete con-
tainment building. 

These new reactor designs are still unproven in 
many rest)ects-operation of full-scale prototypes, Ii-
censing questions, and costs need to be addressed. 
More fundamentally, opinion remains shai ply di-
vided on whether they represent so significant aln ad-
vance *,)make nuclear power an environmentally 
attrc"tive alternative to fossil fuels. The spectrum of 
opinion is wide. Some people maintain that modern 
light-water reactors do not need replacing since they 
have proven to be safe and efficient in many coun
tries. Advocates seu in these designs the means for 
nuclear energy to fulfill its original promise. Others 
are skeptical of the safety claims of these new de- 
signs, and some say that nuclear energy of any type 
is not accel)ta)le, because of unresolved )rol)lems 
with nuclear waste disposal and the potential for nu-
clear )roliferation. 

Advocates state that the simplicity of the MHTGR 
minimizes the need for highiy trained operating per-
sonnel and exotic equiplment-thus making it more 
appro)riate for develo)ing countries than existing re-
actors-and the modularity of several designs will 
allow their components to be manufactured in facto-
ries and quickly assembled in the field, with savings 
in costs and inl)rovenlents in quality. 

Critics say that even reactor safety authorities 
have not yet conclude-] that these new designs are, 
in fact, as safe as proposed. They also point out that 
r, :lear accidents even in light-water reactors have 
come largely from human error-in construction and 
operation-that no design can eliminate completely. 

The debate seems likely to continue. But the new 
designs may at least help to broaden the world's en-
ergy o)Lions and, if they prove successful, may even-
tually )rovide ;n important alternative to burning 
the world's massive sul))lies of coal. 
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Photovoltaic Power 

Photovoltaics, the process of converting sunlight di
rectly into electrical energy using semiconductor de
vices, was supposed to bring virtually limitless 
streams of affordable electricity to much of the 
world. While photovoltaic (IN) systems have proved 
themselves in a variety of applications, their use has 
not spread as fast as some advocate5 predkted. As a 
source of electric power, they are still three oi four 
times as expensive as other renewable energy 
sources that are in limited commercial use, such as 
wind energy and solar-thermal power. But research 
in recent years has greatly improved the efficiency, 
lowered the cost, and extended the reliab!e lifetime 
of IV systems, and most analysts agree that they are 
now at, or nearing, the point of being ready to rap
idly exl)and their use in a number of iml)ortant en
ergy markets. There are prospects for continued 
technological advances that may eventually make 
i)hotovoltaics a major sour(:e of electric power (98). 

In addition, some photovoltaic energy systems 
lend themselves to continuous and even automnated 
factory )roduction to an extent unmatched by any 
other energy technology. Hence, once the technol
ogy is well-developed, )ro(luction of )hotovoltaic 
power systems could expand rapidly and factories 
could be located in developing countries, just as 
many semiconductor factories are now. In the field, 
photovoltaics require only modest amounts of 
skilled labor to install or maintain, making them well
suited to village power systems. 

Production and Use 

In 1988, manufacturers worldwide shipped some 35 
MW of PV modules, a gain of more than 20 percent 
over the previous year, according to one estimate 
(99). Jal)an produced nearly 37 )ercent of the world 
total, followed by the United States (32 )ercent) and 
I )pe (20 )ercent). But Japanese sales have been 
. -.. :vely flat for several years, and in 1989 the 
United States was expected to regain its initial lead 
in the world market, with West Germany and several 
other European countries )osting major gains as 
well. Australia, India, Brazil, Canada, and China also 
shipped significant quantities of IN module, in 19S, 
and their )rodluction is expected to increase steadily 
(1())).
 

The majority of today's PV systems are used in sig
naling devices and telecommunications systems in re
mote areas, and in various "stand-alone" power 
applications, often in the (leveloping world. Stand
alone systems have proved cost-effective for pump
in! water for drinking and irrigation, providing 
lighting, powering refrigerators for storing vaccines 
in health clinics, and even providing electricity to en
tire village . In fact, developing countries use at least 
half of all PV-generated power-andl they represent a 
promising market for the future (101) (102). For exam
pie, the United Nations estimat( ;that more than 2 
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million villages worldwide lack electricity, and photo
voltaics or PV-diesel hybrids are expected to prove 
more economical and reliable than other small 
power sources in many instances (103). 

Approximately 36 percent of Photovoltaics used 
now go into consumer products-portable lights, 
hand-held calculators, battery chargers, and a host 
of othei goods (11.4). While this market does not con
tribute greatly to meeting the world's key energy 
needs, it is expected to remain lucrative and yield 
revenues to hell) fuel the industry's advancement 
(105). 
PV systems also provide electricity to about 15,000 

homes worldwide, as well as many industries and in
stitutions around the world (10(i). Many of these build-
ings are inremote areas and depend entirely upon 

so la r pow er. In Ita ly, fo r exa mple , tile gove rn me nt 
has sponsored Project Ginostra on the island of Sic-
ily, part of which consists of dozens of small PV sys-
tems providing power for several hundred homes to
help) cefine the opt imuni PV systeni for remote resialtreratie a-
dential groups throughout Europe. An alternative ap-
proach is one in which houses with PV systems are 
connected to an electrical distribution grid, from 
which the consumers can draw backup power, and 
through which they can sell excess PV-generated 
electricity to the central utility. Small grid-connected 
systems like these are expected to multiply steadily 
over the coming decades (107). Ultimately, PV sys-
tems of perhaps 50-1,000 MW are expected to be 
built and operated as part of utility networks, produc-
ing power for sale (i0x). Several modest-sized demon- 
stration PV plants are already providing commercial 
electricity, primarily in the United States and West 
Germany. 

The key to these expectations is more efficient PV 
cells amnd, especially, continuing reductions in manu-
facturing costs. Toward this end, governments and 
industries in numerous countries are conducting re-
search and development (R&D) programs, including 
the United States, West Germany, Japan, and Italy. 
The best commercial PV systems today produce elec-
tricity for roughly 35 cents per kilowatt hour. In the 
United States, this figure must come down to about 
12-15 cents for Photovoltaics to be competitive with 
other energy sources for producing )eaking power, 
and to 6-10 cents before Photovoltaics can enter 
widespread use in generating bulk electricity. The 
U.S. Department of Energy's National Photovoltaics 
Program has set a goal of reaching the first level by 
1995 and the second by 2000 (1o!)). Many industry offi-
cials agree that this schedule is possible, but they 
say it will only be met if the government increases its 
R&D funding substantially (110). 

Technology 

Efforts to improve PV technology are focusing on in-
creasing solar cell efficiency, cutting the costs of the 
semiconductor materials used in solar cells, improv-
ing manufacturing processes, and improving the PV 
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Figure 9.4 Advances in Photovoltaic Cell 
Efficiencies, 1976-89 

Efficiency Percent 

°0
 

30

20- ,71 

,0.
 

0- --- 7 ,. . . . . -T 
1916 19ea71976 19r9 980 1981 1982 19I 1984 1985 196 19s7 1988 1989 

Con .......M ......
,.

- - - Th-nF,- ..... 

snge C,sa u, P.o.ly......ihModi.
 

Source: U.S. Department of Energy (DOE), Division ofPhotovoltaic Energy

Technology, Photovoltaic Energy Program Summary, Vol. 1:Overview Fiscal
 
Year 1988(U.S. DOE, Washington, D.C., 1989). p. 3.
 

modules made from those cells. Figure 9.4 illustrates 
the progress to (late in improving the efficiencies of 
the three primary types of PV modules being devel
oped: single-crystal or polycrystalline modules, con
centrator modules and thin-film modules. 

Silicon remains the industry's workhorse, with sin
gle-crystal and polycrystalline silicon modules ac
counting for about two thirds of global PV 
production. These technologies are relatively ma
ture-conmercial silicon modules have an efficiency 
of 12-14 percent (up from 8 percent in the 1970s) 
and a lifetime of more than 20 years. Still, there is 
room for improvement. Experimental silicon cells 
have recently reached nearly 23 percent efficiency, 
and opportunities exist for significantly reducing 
module costs by scaling up to larger production facil
ities, increasing automation, and transferring new 
methods for making large "ribbons" of polycrystal
line silicon from R&D in manufacturing (111). Ad
vanced silicon PVs will find increasing use in various 
remote-power apl)lications, and the ribbon technol
ogy might yield PV systems suitable for the peak
power utility market. 

An alternative approach is to use "concentrator" 
modules rather than the conventional type in which 
solar cells are simply arranged in a flat plate. Concen
traters use lenses or mirrors to focus sunlight on 
small Dut highly efficient cells, and the units move in 
order to track the sun's progress across the sky, 
thereby keeping light focused on the cells at several 
hundred times normal intensity. These systems are 
far more efficient than flat-olate collectors. In 1989, a 
concentrator focusing sunlight on a stack of ad
vanced cells reached a record efficiency of 38 per
cent (112). The tradeoff, however, is that they are 
significantly more expensive to build. Also, concen
trators do not work as well when sunlight is diffuse, 
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which may restrict them to geographic locations 
with abundant direct solar radiation. 

Much of the attention in recent years, however, 
has shifted to "thin-filn" photovoltaics, in which a 
semiconductor material is deposited in a layer many 
times finer than a human hair on an ine..pensive sub-
strate such as glass or stainless steel. These modules 
are less efficient than their conventional silicon cous-
ins, but they hold great potential for low-cost mass 
production. In fact, thin-filin modules are likely to be 
first in reaching the U.S. cost goals for utility peaking 
and baseload power generation. 

Thin-film modules using a maLerial called amor-
phous silicon are the furthest advanced and have al-
ready captured about 40 percent of the world PV 
market, mostly in consumer pr'oducts (1 :i). Commer-
cial amorphous silicon modules have an efficiency of 
only 4-6 percent, however, and even though they 
cost much less to produce, their efficiency still must 
be moie than doubled to be competitive for utility ap-
plications. In laboratories in the United States and 
Japan, experimental cells have a'ready reached 
about 12 percent efficiency. And by stacking several 
cells containing amorphous silicon alloys on top of 
each other, efficiencies of 13.7 percent have been 
achieved (I1,;). 

Several companies are also studying prototype 
amorphous silicon production lines in order to iden-
tify ways to cut manufacturing costs in the United 
States, and Chronar began work on the first large-
scale automated production plant in early 1989. 
Called the Eureka project, the California-based plant 
is projected to turn out 10 MW of modules annually 
(115). The experience gained with p;'oduction olants 
such as this is expected to lead to even more effi-
cient plants that will meet increasing module de-
mand in the future. 

Newer thin-film modules using other semiconduc-
tor materials may hold even more promise. For exam-
plie, test cells made with an exotic polycrystalline 
cornpin, called copper indium diselenide (Ci-) 
have already recorded efficiencies of more than 14 
percent, and are expected to top 15 percent in the 
near future (i 1(;). Experimental cells made with an-
other material, cadmium telluride, have achieved effi-
ciencies of more than 11 percent (117). Several 
international companies are planning on commercial-
izing the first generation of PV products using these 
materials during the next few years. 

While the potential efficiency of these new materi-
als is certainly attractive, their real promise lies in 
low manufacturing costs. Modules can be produced 
using several common industrial processes, such as 
electroplating or vapor deposition, that are fast, effi-
cient, and require only modest capital equipment. 
This feature may also make it easier for developing 
countries to install small-scale PV factories, which 
would make PV products even more affordable for 
widespread use. 
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Prototype Systems and Policy 

Photovoltaic systems are being installed and tested 
in utility operations in order to monitor and demon
strate their Iperformance. Among numerous projects 
in the United States, one of the most ambitious is 
called Photovoltaics for Utility-Scale Applications 
(PVUSA), directed by Pacific Gas & Electric (PG&E) 
and involving utilities across the country. A variety 
of 20-kilowatt (kW) PV systems representing a vari
ety of emerging technologies, along with several 200
400 kW systems using more conventional PV 
technologies, will be evaluated over the next several 
years at PG&E's test site in Davis, California. The 
most promising technologies will also be tested by 
other utilities in different geographic areas. 

An increasing number of PV systems are also being 
installed or planned for utilities in Europe and Japan. 
In Italy, for example, over the next several years one 
PV plant now producing 300 kW will be scaled up to 
1MW, and three new 100-kW plants, one 1-MW plant, 
and three 3-MW plants will ba built. Combined with 
current efforts to promote the use of remote PV sys
tems, Italy has a national goal of having 25 MW of PV 
systems installed by 1995-exceeding the I i capaci
ties of the United States, Japan, and Germa y (118). 

One of the attractions of PV systems is tl t, in prin
ciple, the power they produce could be usr. J to split 
water into its components and thus pro.tuLe hydro
gen, an extremely clean-burning, if difficult to store 
fuel. PV cells are in fact very well matched to the elec
t rolysis cells used to split water. A recent World Re
,ources lnst'ute study suggests that PV-hydrogen 
could become attractive as a fuel for automotive 
fleets in some regions by the early 21st Century (119). 

Whether the ambitious national goals for improv
ing PV technology and reducing PV costs ",.,ill be met 
is not yet clear, although there is considerable tech
nological momenltun. If they are, then growth could 
wcll explode. The director of the U.S. Solar Energy Re
search Institute maintains that photovoltaics have 
the potential to become the primary means of gener
ating electricity worldwide by the end of the 21st 
Century (120)). It is cOear that this energy option de
serves to be pursued vigorously, particularly in the 
face of growing concern over global warming and 
other environmental consequences of burning fossil 
fuels. 

Both governmental and private-sector research 
budgets for Photovoltaics as for most other renew
able energy sources are small compared with those 
for conventional energy sources. Econormc policies 
could play a major role in the speed with which PV 
systems advance. Energy prices, for example, do not 
include such external costs as government subsidies 
or tax benefits favoring certain energy sources, the 
costs of pollution, and government support of indus
trial infrastructure and of research and development. 
Some estimates suggest that these external costs 
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mIght nearly double the price of conventional energy three or four similar cases before the accident (129). 
sources if they were internalized (121) (122). Deliber- The region's farmers reportedly are still under pres
ate policies to accomplish this, such as by taxing car- sure to meet the area's production schedule. A local
 
bon dioxide emissions or other economic or tax party official has said that cows from the area are
 
policies designed to put photovoltaics and other re- taken to graze in uncontaminated districts before
 
newable energy sources on a more equal economic being slaughtered (130).
 
footing with conventional energy sources, deserve re- The director of a hospital in the Nogilev region of
 
newed consideration. Byelorussia said that "we cannot give any guarantees
 

of a healthy life to the population of the contami-

RECENT DEVELOPMENTS nated areas." AUkrainian legislator touring the 
republic's Poleski district reported seeing many resi-

CHERNOBYL, FALLOUT WIDER THAN INITIAL dents, especially children, with swollen thyroid
glands, sluggishness, cataracts, and cancers (131).ESTIMATES Some 1.25 million people have undergone medical 

Fallout caused by the April 1986 Chernobyl n'.;clear checkups, of which 627,000 are beihg placed under
 
plant disaster near Kiev in the Soviet Ukraine has permanent observation (132).


There are strong disagreements about the number been far more extensive tian he Soviet govern- of additional people who should be evacuated. lzrael 
ments iitil esimaes.said in March 1989 that 3,000 additiona, people 

In July 1986, the Soviet leadership announced that should be evacuated from Byelorussia, but the 
the accident had affected 1,000 square kilometers in shoule's eputedo Byelorussia but te 
the Ukraine. The Souicls said 28 people had died and People's Deputies of Byelorussia favor immediate 
203 p~eople had been diagnosed with radiation sick- evacuation of 120,000)people (mi)
 
ness (123). About 116,000 people living within 30 kilo- Soviet government officials have spent vast sums
 

Aut wmetes o12f. 1e e e uatling ithin 10 (las to reduce the chances of contamination to food prodmeters of the site were evacuated durithe he 10 clays ucts and protect the local population from eating 
following the exlosion (C2Pr). contaminated food, but their efforts are frequently

InMarch 1989, te Soviet Communist Party newspa- thwarted. Local residents receive 30 rubles to buy 
per Pravda uished a report that the contamina- clean food (134), but they often continue to eat home
tiowsdge.Corteinstive tha grown fruits and vegetables. Large quantities of conm leves-acknowledged. Contamination at unsafe levels-over taininated beef, pork, and potatoes from the affected 
15 curies per square kilometer-was present over a 
10,000 square-kilometer area, the report said, includ- region reportedly have been shipped to other parts 
ing about 7,000 square kilometers in Byelorussia, of the country for processing (135). 

about 2,000 square kilometers in Russia, and about 
1,500 square kilometers in the Ukraine. Pockets of 
contamination were found as far north as Orcl, 482 ki- SOLAR THERMAL TECHNOLOGY ADVANCES 
lometers from the plant and 322 kilometers south of 
Moscow (125). Milder contamination, between 5 and ACalifornia-based firm is building commercial solar
15 curies per square kilometer, covered an addi- thermal electric power plants that are increasingly 
tional 21,000 square kilometers (126). cost-competitive with conventional power genera-

Yuri Izrael, chairman of the state committee on tion and could soon be constructed in several other 
hydrometeorology, said that somie 230,000 people locations around the world. 
were living within the contaminated area (127). In December !989, Luz International Limited com-
Pravda said that the health of the people living pleted construction of its first 80-MW solar thermal 
within the zone was not endangered so long as un- utility in the Mojave Desert northeast of Los Angeles. 
contaminated food supplies were brought in from Without much fanfare, the company's systems now 
outside the area and safety checks were carried out account for more than 90 percent of the world's 
continually (128). Other reports by Soviet scientists solar electricity (136).
and intellectuals and by American journalists sug- The company previously has built a 13.8-MW facil
gest that there is growing frustration and anxiety ity and six 30-MW plants in the same location. With 
among people living in the contaminated area and bit- the planned completion of four additional 80-MW 
terness about the government's initial reluctance to plats by 1994, Luz will be generating nearly 600 MW 
disclose the true extent of the problem. of power, which is enough electricity to serve the res-

In the Ukrainian region of Narodichi, which is idential needs of over 800,000 people.
southwest of Chernobyl and slightly outside the im- The power helps Southern California Edison meet 
mediate evacuation zone, radiation readings report- peak period demand, for instance, on hot summer 
edly are as much as 30 times higher than normal and days when many air conditioners are in use. Luz has 
farm animals are being fed fodder from contami- signed a long-term power purchase agreement with 
nated fields. The directors of the Petrovsky Collec- Southern California Edison to sell electricity pro
tive Farm in Narodichi reported that 64 farm animais duced by these plants; by 1994 it will be providing 
were born with serious deformities in 1987 and that about 3 percent of the utility's peak demand load of 
the rate continued to rise in 1988. The farm had only 20,000 MW (137). 
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Another 80-MW facility will be built for San Diego United States, and Patrick Franqois, a French-born Is-
Gas and Electric, and the company could soon be raeli textile manufacturer. With some early help from 
building plants in Brazil, Spain, and India (138). a U.S.-Israeli research agency, the two men raised 

The Luz system uses rows of trough-like mirrors $40 million for research and development and even
that track the sun with the help cf light-sensing in- tually set up manufacturing facilities in Israel. The 
struments and microprocessors. The mirrors focus comlpany's headquarters are now in Los Angeles. Luz 
the sun's light onto coated steel pipes, which are 	 operates the California Ilants, but it sees its future
 
mounted at the base of the troughs inside vacuum-in-	 role largely as a supplier of solar energy systems and
 
sulated glass tubes. A synthetic oil inside the pipes is hardware (1,i1).

heated to 411.6*C. The fluid passes through a heat ex- Though a very promising and environmentally be
changer, which generates superheated steam for nign technology, solar thermal power plants appear
 
electric turbine generators. A small natural-gas to have their potential niche in supplementing fossil
 
boiler serves as a backup or to sustain )ower genera- and nuclear l)lants rather than as base-load plants.
 
tion at night when necessary (13:1). Nevertheless, the cost-coml)etitiveness, environmen-


The company has made substantial progress in tal advarptages, and quick turnaround time-Luz
 
bringing down cosu; The first plant built in 1984 pro- plants are modular and require only 18 months to
 
duced electricity at 24 cents per kilowatt-hour; the build-seem to assure the company a place in provid
new 80-MW facility can generate power at just under ing future energy supplies in sunny areas around the 
8 cents per kilowatt-hour, and the company expects world (1,12). 
that by 1994 costs will drop to about 5 cents per kilo
watt-hour. That should make the technology fully 
competitive with ne\, conventional coal- or oil-fired 	 The section "Focus on the Automobile" was written by 
plants (about 6-9 cents per kilowatt-hour) and with 	 Deborah Lynn Bleviss, executive director of the International 
nuclear plants (about 1() cents per kilowatt-hour) 	 Institute for Energy Conservation, Washington, D.C. The 

other sections of the chapter were written by Tom Burroughs,a science writer and consultant based in Durham, North 
The cor-I)any was founded in 1979 by Arnold J. Carolina.
 

Goldman, an Israeli electrical engineer born in the
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Water is an essential resource for life. Although the 
availability of freshwater varies widely with geo-
graphic location, Earth's water cycle is an abundant 
provider. Both natural conditions and human activi-
ties affect the quantity and quality of available water. 

Water pollution sometimes renders the water sup-
ply unfit for various human uses, including drinking, 
It can also profoundly affect natural biological sys-
tems, leading to the overfertilization or eutrophica-
tion of lakes and coastal seas or to the accumulation 
of unsafe levels of organic residues and metals in fish 
and other marine life, for example. The first global as-
sessment of freshwater quality, recently carried out 
under the auspices of the Global Environmental Moni
toring System (GEMS), found that contamination of 
water resources continues to increase in much of the 
world. There is some evidence of improvement in in
dustrial countries (1). Overall, monitoring of water 
quality is inadequate and control measures are weak. 

The quantity of the resource is fast becoming an 
issue in some areas. Although essentially a renew-
able resource on a global scale, freshwater is being 
extracted from some river basins at rates approach-
ing those at which the supply is renewed and from 
some underground aquifers at rates exceeding natu-
ral replacement. Many human activities have high 
water use rates. As the hunan population has grown, 
so have withdrawals of water for agriculture, indus-
try, and municipal use. Anew element of uncertainty 

10. Freshwater
 

is potential changes in precipitation and hence in 
freshwater resources due to changes in climate 
caused by human activities. 

Managing water quality will be increasingly impor
tant. Traditionally, effluents from human activities 
have been diluted by the volume of river flow and 
often eliminated by the self-cleansing action of 
streams. But as populations and economic activity in
crease, these effluents threaten the life of some river 
basins. Attention to wastewater recovery and treat
ment methods and to the potential for changing in
dustrial processes to produce less wastewater and 
fewer effluents is needed. 

CONDITIONS AND TRENDS 

FRESHWATER QUALITY: A GLOBAL 
PERSPECTIVE 

Historical Perspective 

Freshwater pollution arising from human activities 
began with the first settlements and increased in se
verity as populations grew. A schematic representa
tion of the expansion of pollutant effects from local 
to regional to global is given in Figure 10.1. Initially, 
pollution from organic wastes and the salinization of 
irrigation systems were the major problems. To 

World Resources 1990-91 

161 



10 Freshwater
 

Figure 10.1 The Evolution of Water Pollution Figure 10.2 The Long-term Development of 
Problems Pathogen Pollution in the River Seine 
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Source: Michel Meybeck, Deborah Chapman, and Richard Helmer, eds.,

Global Freshwater Quality:A First Assessment (Blackwell Reference, Oxford, 1920
950 	 1980
U.K., 1990), Figure 19.22, p. 288. 

Source: Michel Meybeck, Deborah Chapman. and Richard Helmer, eds., 

Global Freshwater Quality:A First Assessment (Blackwell Reference, Oxford, 

them must now be added concern about suspended U.K. 1990), Figure 19-4, p.276. 

solids, heavy metals, radioactive wastes, nitrates, 
and organic micropollutants and about the acidifica- Domestic Wastewater
 
tion of lakes and streams and the eutrophication of
 
lakes and coastal waters. Urbanization results in the concentration of human
 

To address these problems, many detailed assess- wastes and other domestic wastewaters that, when 
ments of water pollution have been undertaken at disposed of in waterborne sewage systems, are usu
the local level and to some degree at the national or ally discharged nto nearby bodies of water. As it de
regional level, as within the European Community (2). cays, this organic waste depletes the water of oxygen
The only systematic attempt to gather water quality essential to aquatic life and upsets the natural bal
data worldwide is being made by the Global Environ- ance of the aquatic ecosystem. 
mental Monitoring System (GEMS). The GEMS water Sewage contains pathogenic bacteria and viruses 
monitoring programme was launched in 1977 by the derived from human feces. Untreated wastewater is 
United Nations Environment Programme (UNEP) and often the carrier of viruses and bacteria (e.g., Salmo-
World Health Organization (WHO). The monitoring nella typhosa) and, along with household sanitation 
data are based on voluntary contributions from 59 practices, has been linked to high infant mortality
countries. 	 rates in developing countries. Even where most sew-

The financial resources available are not compara- age is treated, as in the developed world, recent mea
ble with the immensity of the task of monitoring surements of fecal coliforms in some countries 
water quality globally. The result is that comparable indicate increasing pollution. In the River Seine just
data are usually collected from only a few sites in upstream from Paris, for example, concentrations of 
each country. Moreover, because natural water qual- bacteria increased from fewer than 10 coliforms per
ity depends on rainfall, geographic location, vegeta- 100 milliliter (ml) in the mid-1920s to approximately
tion type, flooding frequency, etc., a global 500 per 100 ml in 1980. (See Figure 10.2.) Overloading 
assessment can look only for trends and compare lev- sewage treatment systems, in part from growing 
els of selected contaminants where measurements urban population densities, appears to be the cause. 
have been taken. Data from regional assessmer's In other river systems, however-such as the 
would strengthen knowledge of water quality. Thames--coliform counts have decreased. 

There are three major sources of water pollution: Domestic waste problems are especially critical in 
domestic wastewater, industrial effluents, and land Latin America, where it is thought that little if any of 
use runoff, although leaching from mine tailings and the urban sewage is treated (:3), and twice as many
solid waste dumps and the atmospheric deposition rivers as in other regions have fecal coliform counts 
of pollutants into water bodies are of growing impor- of more than 100,000 per 100 ml (8 percent versus 4 
tance. 	 percent) (4). The World Health Organization (WHO) 
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recommends a coliform count of 0 per 100 ml for none of the pulp and paper industry's waste dis
drinking water (5). charges are processed in any way (9).

In addition to coliform counts, such pollution can The effects of heavy metal )ollution on water qual
usually be measured in terms of the organic matter ity vary considerably, depending on local geochemi
content, suspended solids in the water, or the bio- cal factors, but can cause very serious health 
chemical oxygen demand (1301)), the amount of oxy- problems; natural levels of trace metals vary substan
gen removed from the water as the organic material tially. It may therefore be difficult to pinpoint contri
in it degrades and decays. 1301) is one of the most butions of local industrial sources or to obtain 
commonly measured water quality variables in the reliable and comparable data on a global scale. 
GEMS network; 10 )ercent of all river stations report Nevertheless, it is possible to obtain an indication 
Be0) levels above 6.5 milligrams (mg) per liter, indi- of the trends in the pollution of water by heavy met
cating organic pollution (6). a's at different stages of industrial development. Anal-

Domestic wastewater usually contains high levels yses focus on sediments, where metals may
of nitrogen and )hosl)horus compounds. both essen- ultimately accumulate, and biota that take in metals 
tial to aquatic life. In the absence of human influ- through the food chain, the water. or suspended par
ences, low levels of such nutrients often limit ticulates. The Rhine, for example, runs through a 
)rimary l)roductivity within water bodies. However, highly industrialized region. Measurements over an

when ievels are artificially raised, algae grow in 80-year period beginning in 1900 show that concen
dense blooms, increasing the susl)ended organic mat
ter content and decreasing oxygen levels as it de
cays. This enrichment process, known as Figure 10.3 Changes in Metal Contamination 
eutrophication, is further enhanced by runof of fertil- Associated with Suspended Matter in the
 
izers from agricultural and urbati areas. Rhine River
 

In the (levelo)ed world, water quality legislatio:e
 
has led to extensive development of wastewater Mrcrograms of Metal
 
treatment facilities that remove much of the organic Per Gram ot Suspended
 

matter before the wastewater is discharged. Never- Matter
 

theless, some organic pollution still occurs, much of 2000 - ...........-...
 

it from nonpoint sources such as surface runoff from
 

the watershed. As a result, stretches of many rivers ,00
 
(e.g., in the United Kingdon) have unacce)table
 
water quality according to national criteria (7). In the
 
developing world, human settlements and industry
 
are growing fast, often faster than wastewater treat- .p- ac..... ....
 
ment facilities can be provided (). Thus, much un- 20 .
 
treated domestic wastewater is discharged into _0..00,
 
rivers, making the water unsuitable for drinking or -o..
 

for water contact uses, at least locally. 10 - . 00 .
 

Industrial Effluents 50 - \A 

~1"4 \ 
Industrial processes frequently produce waste, some 20^ 

of it toxic even in small quantities. Major contribu- / 
tors are the pull) and pa)er, chemicals, l)etrochemi- Cadn. 

cals and refining, metalworking, food processing, and 10 -
. *" 

textile industries. The wastes, broadly categorized as " 
heavy metals or synthetic organic com)ounds, reach _ . , Magnesium 

bodies of water either through direct discharge from 
the atmosphere, or by leaching from waste dumps. 

Inthe developed regions of the world, many indus- 2 / /
trial discharges are strictly controlled. Yet, pollution
of water bodies continues from accumulations of 
wastes discharged over the past 100 years. In the de- I 
veloping regions, industrial dis,:harges are largely un- ,0 I90 1930 1940 1950 1960 19,0 1980 

controlled, and water quality is directly affected. In 

Chile's Maipo River basin, for example, a very small Source:W. Salomons etal.. "Help' Holland IsPlated by the Rhine (Environ
mental Problems Associated wtth Contaminated Sediments)." inEffects of 

percentage of the effluents produced by the chenii- Waste Disposal on Groundwater Proceedings of Exeter Symposium (Interna
cal, plastic, and rubber industries are treated, and tonal Association of Hydrological Sciences), Figure 3,reproduced inMichel

Meybeck, Deborah Chapman, and Richard Helmer, eds.. GlobalFreshwater 
Quahlty:A First Assessment (Blackwell Reference, Oxford, U.K. 1990). Figure
19-12, p. 280. 
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Figure 10.4 Increases In Chloride In the 
Rhine River 

(milligrams per liter) 
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Source: Commission Internationale pour laProtection du Rhin contre laPollu-
tion, Annual Report 1988(Koblenz, 1988). Figure 3. rE-roduced inMichel 
Meybeck. Deborah Chapman. and Richard Helmer. ed,.. Global FreshwaterQuality:A First Assessment (Blackwell Reference, Oxford, U K. 1990), Figure
19-15, p. 282. 

Note: Chloride concentrations are estimated for an average discharge of
2.000 cubic meters per second. 

The Alsace (potash mines) and Lorraine (salt) are one of the major point 

sources of C)- in tho Rhine basin. 

trations of heavy metals increased during most of 
this century but have decreased in the past 10-15 
years, as heavy metal wastes were reduced and treat-
ment improved (1o). (See Figure 10.3.)

Mining operations can result in metals' leaching 
into the acidic effluents or runoff water, thus adding
to the metal load in rivers, lakes, and groundwater.
Discharge of mercury from gold mining activities is 
contaminating some streams in Brazil and Ecuador, 
for example, creating serious health risks for villages
that depend on those streams for drinking water. Ear-
lier episodes of cadmium discharges in Japan con-
taminated fisFh that, when eaten by local inhabitants,
caused severe health problems that became known 
as Itai-ltai disease (11). Mining can also increase salin-
ity, as it did in the Rhine. (See Figure 10.4.) Because 
the demand for metals is leading to increased pro-
duction in some areas, this source of pollution may
remain a problem for some time (12).

Combustion of fossil fuels in automobiles and in in-
dustry releases sulfur and nitrogen compounds and,
in some regions, lead, all of which enter bodies of 
water via the atmosphere. The most widespread ef-
fect has been the acidification of rivers and lakes, re-
suiting in disruption of aquatic ecosystems and the 
death of many aquatic species. Although acidifica-
tion is primarily a European and North American 
problem, southern China's extremely high sulfate de-
position rates indicate that similar acidification proh-
lems may become severe in developing countries, 
depending on soil pH,future emissions, and popula-
tion density (13). 
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Land Use Runoff 
The clearing of land for agriculture and agricultural 
practices such as irrigation and the use of fertilizers 
and pesticides have had a major impact 4,n water 
quality in many parts of the world. Although defores
tation of woodlands has along history, the current
demand for wood-, range-, and farmland has led to 
deforestation on an unprecedented scale. Soil ero

in deforested watersheds due to accelerated 
water runoff can load rivers with sediment; leaching
of soil nutrients often accelerates immediately after 

These effects are particularly severe in tropi
cal regions especially during the rainy season. Deforestation can then temporarily cause an estimated 
increase of more than 100 times the normal sediment 
load in affected rivers (1.1). Adequate evidence of
widespread degradation of surface waters is difficultto obtain because monitoring of suspended matter in
rivers is often inadequate. 

In some areas where irrigation for agriculture iscommon, increased salinity is an acute problem. Sa
linity levels in the Kent River, western Australia,have more than doubled over 40 years, from an an
nual weighted mean of approximately 0.5 grams per

liter in 1940 to 1.2 in 1980 (15). In the United States, 
the average monthly salinity level in the San Joaquin
River in California increased from approximately 0.28 
grams per liter in the late 1930s to 0.45 in the mid
1970s (ifi). These increases may have harmful effects 
on downstream agriculture or on the areas abutting
the rivers. In addition, the withdrawal of too much 
water for irrigation in coastal areas can lead to salt
water intrusioti, creating salinity problems in coastal 
aquifers. 

New technology and the demand for greater agri
cultural productivity have led to an exponential in
crease in the use of fertilizers and pesticides. The 
runoff of these chemicals, particularly nitrogenous
fertilizers, creates one of the most widespread and 
serious of all water quality problems, particularly in 
industrialized countries. Evidence from long-term
monitoring in the United Kingdom suggests that ni
trate levels have been building up for many years.
(See Figure 10.5.) Data from the GEMS water program 
suggest that over 90 percent of the rivers monitored 
in Europe show some evidence of nitrate pollution; 5 
percent have nitrate concentrations over 200 times 
the unpolluted level. Worldwide, 10 percent of rivers 
monitored at one or more stations exceed nitrate lev
els established by WHO and, therefore, the water is 
unfit for human consumption unless it is treated (17).

Use of chemical !ertilizers is still relatively low in 
the developing world; the per-hectare consumption
of fertilizers in Latin America during 1984-87 
amounted to only 44.7 kilograms (kg) per year ver
su's 228 kg in Europe and 93 kg in the United States. 
(See Chapter 18, "Food and Agriculture," Table 18.2.)
Water pollution from fertilizer runoff is therefore ex
pected to be relatively less severe in developing
countries. Nevertheless, fertilizer consumption in 
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Latin America and the Caribbean increased 97 per- Table 10.1 Levels Of Chlorinited 
cent from 1973 to 1985 and in some countries has Hydrocarbons (Insecticides and PCBs) 
reached developed-country levels (I). Detected by the Global Environmental 

Organic micropollutant data obtained by the GEMS Monitoring System Water Program, 1979-84 
water program suggest that pesticides, PCBs, and MonitoringSystemWaterProgra _,_1979-84 

other synthetic organic chemicals are found in many Laval of Contamination 
rivers around the world (in). In the United States, for 'IO 10- 100-1,000 1,000

nanogriam nanogram. nanograme nanogram.example, a five-year study (completed in 1980) of conuwnet Pirliter peiter Perlter perMer
 
more than 150 rivers showed that 42-82 percent of ......
 
all water and sediment samples were contaminated North America United Colomia T
 
by organochlorine insecticides and 2-7 percent con- States[12] (dieldrin, DOT)
 

taminated by organophos[)hate insecticides (20). De- Canada (5]
 
veloping countries are thought to have lower levels Africa Tanzania 1
 
of such contamination because they use fewer syn- (dieldrin)
 
thetics. But there are important exceptions. Br izil,
 
for exampl.', ranks among the top five countries in Europe Netherlanos[6] UK I UKI1I: PCB
 ...... (DD' aldrnn 
the world in terms of pesticide use; it consumes UK(7) dieldrin. HCH)150,000 metric tons annually (21). GEMS data suggest Finland [5] Finlandll1 

that some Asian bodies of water, most noticeably in (DDT)
Belgium 11 

Indonesia and Malaysia, have extremely high levels (DOE) 
of PCBs and some pesticides. (See Table 10.1.) A Sain[61 
more complete picture of freshwater quality prob- (6DT) 
lems is available from recent reviews (22) (23) (24) (25). Asia Thailand[31 Thailand[1 dila] alasia[IAsiaThaland[3]Thaiand1 

Japan[] China [d e i
Success Stories China [41 Indonesia[111] 

Malaysia [5] (HCH) (PCBs) 
For specific types of pollution, many countries are Japan (3) 
making substantial improvements in water quality. (PCB) 
Most industrialized countries now treat domestic 
wastes. The Federal Republic of Germany, Switzer- Ocecnia Australia[1] 
land, Denmark, and Sweden have made great strides; Source: Global Environmental Monitoring System. Assessment of Freshwater 
over 80 percent of their -,opulationsare connected Quality(United Nations Environment Programme and World Health Organi

zation, Nairobi and Geneva, 1988), Table 25. p 48.to sewage treatment plants. Note: Numbers inbrackets indicate the number of monitoring stations. 

Figure 10.5 Nitrate Concentration Trends in Four United Kingdom Rivers 
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Source: G.Roberts and T.Marsh, "The Effects of Agnicultural Practices on the Nitrate Concentrations in the Surface Water Domestic Supply Sources of Western Eu
rope," in Water for the Future. Hydrology in Perspective (international Association of Hydrological Sciences 1987), Figure 5, reproduced inMichel Meybeck, Deborah
Chapman, and Richard Helmer, eds., Global Freshwater Quality:AFirst Assessment (Blackwell Reference, Oxford, U.K. 1990), Figure 9-. p.127. 
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Sweden is a leader in the treatment of industrial ef-
fluents; the BOD released by pull) and paper mills 
into Swedish rivers dropped 50 percent over 10 
years. Drastic treatment efforts and the introduction 
of industrial inplant water recycling caused signifi-
cant decreases in heavy metal levels in the Rhine 
(26). The introduction of lead-free gasoline in the 
United States, following passage of the Clean Air Act 
in 1979, significantly lowered lead levels in U.S. rivers 
(27). Banning DDT in the early 1970s in the developed 
countries has led to documented decreases in pesti-
ide concentrations in the Great Lakes and Lake Ge-

neva (28). 

The Future 

Despite the progress in some areas, there are clearly 
grounds for growing concern about water quality. 
The GEMS attempt to assess global water quality has 
made evident the paucity of data in much of the 
world, particularly in the developing world (29). Addi-
tional monitoring efforts and more attention, to water 
qiuality in general will be required to obtain an accu-
rate picture of the state of the world's freshwater. 

Nonetheless, some overall trends in water quality 
issues can be identified. In Organisation for Eco-
nomic Co-operation and Development (OECI)) coun-
tries, where regulations are strict, domestic and 
industrial effluents are now generally controlled. Yet 
gaps and accidents, such as the 1986 chemical spill 
in the Rhine and the oil spill in the Ohio River in 
1988, continue to occur. Runoff from urban and agri-
cultural areas is a major continuing problem, as is 
pollution from atmospheric sources (acid rain). 

Industrialized, non-(ECI) countries, particularly 
Eastern Europe and the U.S.S.R., are experiencing ex-
tremely high levels of pollution from all sources- do-
mestic, industrial, and agricultural-with industrial 
pollutants the most obvious and serious problem.

In developing countries, domestic sewage is a 
major problem, particularly in urban areas. Indus-
trial pollution is a significant and growing problem 
where industry is concentrated; although industrial 
effluents are beginning to be targeted by regulatory 
agencies, most are not treated before they are 
dunipedt into water bodies. Runoff from the increas-
ing and generally uncontrolled use of fertilizers arid 
pesticides is likely to generate major water quality 
problems. Because large segments of the population
in developing countries do not have access to 
treated water for drinking, bathing, and preparing 
food, polluted water poses a significant public health 
problem. 

FRESHWATER QUANTITY 

Water is one of the most pervasive substances on 
Earth-its total volume is 1.41 billion cubic kilome-
ters (kin3) () (o1). If this amount of water were 
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Table 10.2 Freshwater in Rivers, Volume by
 
Continent
 
(cubickiometers) 

_n_ FreahwterIn Rivera 
Europe 76 
Asia 533 
Africa 184 
North America 236
South America 946
Australia 24 
Total 1,999 
Source: Adapted from Mirovoi vodnyi balans i vodnye resursy Zemli (The 

world water balance and the water resources of the Earth) (Leningrad, 
Gidromoteoizdat, 1974) 

spread evenly over Earth's surface, the water layer 
would be nearly 3,000 meters deep.

But 98 percent of this water can only excite the eye 
and the imagination, because it is the saltwater of 
the oceans, inland seas, and deep underground ba
sins. The remaining 2 percent is freshwater. Nature 
guards jealously the greater part of this freshwater; 
87 percent is locked in ice caps and glaciers and 
most of the rest is underground (:32), in the soil, in 
the atmosphere, and in living things. Aside from 
laks, only about 2,000 kin: of freshwater, mostly in 
rivers, is available to satisfy human needs (:i:i. These 
freshwater resources are unequally distributed 
among the continents (see Table 10.2) and within 
them. 

Human demands for water are growing rapidly, in 
part because of population grow~h, but also because 
people are using more water per capita every year. 
At presenit, almost 10 km 3: of freshwater is withdrawn 
daily: the annual volume used is almost twice the 
store of freshwater in the rivers at any given instant. 
What makeE this storage possible is a grand yet sim
pie process-the water cycle,. 

With the Sun's warming of Earth, water evaporates 
from the surface of land and sea into the atmo
sphere. The moisture is then transported great dis
tances before it falls back to earth as precipitation. 
Once back in til torrestrial part of the cycle, it ei
ther flows off the iurface or permeates the ground. 
The runoff helps to replenish rivers and lakes. The 
water in the ground is taken up and transpired by 
plants, evaporated frorn the soil surface or perco
lates downward to the water table where it is stored 
in groundwater aquifers. Rivers carry water to lakes 
and seas, and the process renews itself. 

The replacement times for water at various stages 
in the cycle differ greatly. The global average for 
water in rivers is 18-20 clays, but the atmospheric 
moisture is replaced even more rapidly-every 12 
clays. l)eep groundwater requires several hundred 
years or more to renew (except for fossil water, 
which does not renew). With rivers renewing so rap
idly, humans have access not only to 2,000 km 3 of 
river water each year but to iore than 40,000 km. 

The components of the water cycle are closely in
terrelateI; they cannot exist without renewing oth
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ers and in turn being renewed by them. Hence any humans .,:an use all sources of freshwater indefi
change at one stage of the cycle inevitably has an im- nitely. It iNimportant to distingui.h between with
pact on the others. In addition, through evaporaion, drawals and consumption. Much of the water that is 
water rids itself of numerous substan:ces cotained withdrawn is later returned to its source, say, a river 
within it. Thus, those water resources with shorter and thus can be withdrawn sevei'al times (luring its 
periods of renewal contain less salt, giving rise to the journey to the sea. Consumptive uses of water in
description of the water cycle as the "great distill- elude evaporation from induziriai LGC!;g towers or 
ator." irrigation systems and are usually far smaller than 

water withdrawals. 
FRESHWATER RESOURCES
 

Sources of River Runoff

Water resources are those that can be used by peo
ple. They include practically all the waters of Earth: River runoff is the most widely studied water re
river, lake, sea, and groundwaters. soil moisture, gla- source. The water in rivers is derived from precipita
cial ice, and atmospheric vapor. They may be fresh tion Rainfall may run off directly to streams or 
or mineralized (salinated). The latter is difficult to recharge groundwaters, which eventually discharge 
use directly without removing the salts, an expensive to a stream. Precipitation may be temporarily stored 
and highly energy-consumptive process. (See V'urld as snow or ice before it is released to streams in the 
Resources 1987, pp. 121-122.) spring and sumner (:.) (35). 

An important characteristic of water resources is River basins fed mainly by rainfall occupy 60 per
their variability over time. Seasonal fluctuations of cent of the land mass and support 90 percent of the 
river runoff can be extreme, for example, a factor in- world population. These rivers are found n ecosys
fluencing utilization strategies. More regular distribu- tems ranging from the most humid e(luatorial re
tion can sometimes be created with water storage gions, where frequent flooding takes place on 
basins, high-water rivers, to tropical dese;-ts, where once in 

Traditionally, freshwater resources ate divided several years a local runoff creates sma!l streams. 
into nonrenewable fixed reserves and renewable re- Snow is the primary source for river water in 25-30 
sources. The division is somewhat artificial because percent of the world, mainly in the U.S.S.R., S,!andina
all water is conserved and is thus: renewable, al- via, Canada, and Alaska. Rivers fed mainly by gla
though not all on a human time scale. Thus, if the ciers are found in mountainous areas such as the 
amount )f water locally withdrawn from rivers and Alps, the C: Lcasus, high-mountain regions in Middle 
underground sources cloes not exceed its renewal, and Central Asia and Alaska, and the Andes, espe-

Table 10.3 River Rnioff and Its Use 
(cubickilometers per year) 

• i World Regions 

;frlh South Australia WorldEleitrnts Europe Asia Afa America America . U.S.S.R. Total 

Total River Runoff 2,321 10,48F 3,808 G.945 10.377 2.011 4,350 40,673 

Groundwater Discharge to Rivers 845 2.879 1,464 2,222 3,736 483 1.020 12.689 

Surface Runoff 1.476 7.606 2,720 ,123 6,641 1,528 3,330 27,984 

1980s 

Water Withdrawal 364 1,591 176 767 161 44326 2,=3 

Consumptive Use 134 1,145 146 339 110 19 239 2.120 

Waste and Rett rningWaters 230 446 42 428 51 7 204 1,408 

Use of Resources (percentage of total river runoff) 16 15 4 11 2 1 10 9 

Vear 2000 Projection 

Waier Withdrawal 404 2,160 289 946 293 35 533 4,660 

Consumptive Use 158 1,433 201 434 165 22.5 286 2,699 

Waste and Returning Waters 246 727 88 512 128 12.5 247 1,960 

Use of Resources (percentage of total river runoff) 17 2) 7 14 3 2 12 11 

Sources:
1 AV Beyaev, U S R Academy of Sciences. Institute of Geography, Moscow 
2 Vodny balans S S S. .i eopreobrazovanyi aWaterbudgetoftheVSS.R cindits transformations) Moscow, Nauka 1969).
3. G Ya Karasek, Vodnybal-ansArikirWaterbudetofAtrica)(Moscow 1970)
4 G.M Chernoqayeva, Vodnyibalans Yevropy (WaterbudgetofEuropa)(Moscow 1971 
5 G Ya Karasl.Vodny ba/ans Yuzhnoi Ameriki (Water budoet of South Amerca)(Moscow. 1974).
6. GM. Nikolayeva andG M Chernogayeva Vodnyi balanszi (Water oudget of Asia) (Moscow, 1977)
7. N.N. Dreyer. Vodnyi balans Severnol Amerki (Waterbudget of North Amet, .)I (Moscow. 1978). 
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Figure 10.6 Global River Punoff 
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Source: Institute of Geography. U.S.S.R. Academy of Sciences, Moscow. 

dally in the lower part of the Patagonian Cordilleras. tor regions of Africa, where the largest African rivers
Groundwater discharge predominates in foothill re- collect their water and in Southeast Asia, where
gions around Middle and Central Asia. Here water mon! ,tons of the Indian and Pacific oceans are in
percolates downward, forming more or less abun- tense. River runoff in the temperate belt (Europe,
clant groundwaters that feed rivers called karasus. Asia, and North America) is not as diverse as in the
Karasus are not water abundant, bt they are rela- trop!"al regions, ;!hough exceptional climatic condi
tively stable and, what is most important, they bring tions such as those found on thenorthwestern coast 
water tG arki, egions around the mountains, of Scandinavia or the deserts of Central Asia may cre-

The annual river runoff worldwide is estimated at ate more extreme runoff. In the subarctic belt, river 
31,000-47,000 kiiO (3;) (37) (st, with an annual varia- runoff is fairly low. 
ti(,n of not more than 6 )ercent (:3.9). Table 10.3 Although overall river runoff in acountry may be
shows that South America has the most abundant high, seasonal fluctuations may result in water scarci
runoff (26 )ercent of the world total) of any conti- ties during parts of the year. Thus, from an economic 
nent, Europe (6percent) and Australia, New Zea- point of view, groundwater storage is particularly im
land/Oceania (5 percent) the least. portant because it remains stable over time (,40).

South America enjoys the most abundant river The world distribution of groundwater discharge
flows. If the ratio of total river runoff to total land to streams (see Figure 10.7) is similar to overall river 
area is used as an index, South America has twice runoff (,11). For example, in the taiga and mixed for
the runoff of all the other continents taken together. ests of the temperate belt, the groundwater dis-
Africa, with a runoff index only half the global value, charge is between 40-47 percent of the total runoff.
has the least abundant flows. Rivers in North Amer- In the permanently humid evergreen forests of the
ica and Asia correspond to the mean; Europe's in- equatorial belt (tropical forests), its share of the 
dexes are s".iewhat higher. total river runoff reaches 50 percent.

Within the continents are great contrasts as well. Forest regions generally have a more stable 
Distribution of world river runoff is shown in Figure pattern of river runoff, thanks to a higher proportion
10.6. rhe map shows that runoff depends on geo- of groun(water discharge to surface runoff that is
graphic zones. Values are the highest in the humid due to the catchment capabilities of the forest
equatorial belt, especially in the basin of the Ama- ecosystem. lDeforestation may therefore lead to sig,
zon, the largest river in the world; in the near-equa- nificant changes in )atterns of river runoff, with 
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Figure 10.7 Global Groundwater Flow to Rivers 
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Figure 10.8 Global Variations in Soil Moisture 
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Box 10.1 Water Storage Basins 

The efficient use of river runoff is diffl- In Africa, the storage basin at Lake Vic- over 40 percent 3f this loss, and, corn
cult because of seasonal and climatic ir- toria has a total volume of 200 km3 and a bined with Chin%, Brazil, India, Iraq, and
regularities in flow. Flooding and total surface water area, including the Egypt, It accounts for over 75 percent. Byprolonged periods of low water levels lake, of 76,000 km2.This dam is the larg- country, the U.S.S.R. holds the record for can cause problems of catastrophic pro- est water storage basin in the world. The water evaporation rates at 37.9 km3 

portions. Water.-storage basins help; they six largest storage basins in the world 
per 

year, with the United States aclose secstore water in times of surplus and dis- are in Africa. ond at 34.8 km3. 
perse water in times of scarcity. They In the U.S.S.R., more than 1,250 storage
also prevent flooding, basins have been built, and the Volga, References and Notes

But by definition large-scale dams Kama, Dnieper, Yenisei, and other large
flood selected areas, some ecologically rivers have been harnessed Into cas- I. Vodokhronilishcha i ikh vozdei.;viyena
sensitive lands; they displace huran and cades of storage basins. The current okrzhayushchuyu sedu '!areJtoruge bawildlife populations and slow the water rapid rate of water storage basin con- sins and their impacton the environmeno
cycle, resulting in siltation, eutrophica- struction globally may well continue be- (Moscow, Nauka, 1986).
tion, and changed microclimates c). cause of increasing demand for 2. A.B. Avakyan, etal., Vodokhranilishcha 

More than 30,000 water storage basins hydropower, flood regulation, and basic (Water storage basins) i cow, Mysi,
have been built around the world, 75 per- water supplies (3). 3. For areview of forecasts, see l.A. 
cent in the past 35 years. These basins The negative side of large storage ba- Shilkomanov and O.L. Markova, Problemy
have a total filled capacity of about 6,000 sins Includes rates of high evaporation. vodoobespecheniyaiperebroski rechnogo
cubic kilometers (kin3) (2) and their total Accordingj to es.lmates prepared by the stoka v more (The Problems of WaterAvail. 
area comprises 400,000 square kilome- Institute rf Geogapiy of the Soviet Acad- ability and Trmnsfer ofRiverRunoff intheters (kin2), an area the size of Norway. emy of Sciences, th! water evaporated World) (Leningrad, Gidrometeolzdat,
The latter figure represents only the dam from the surface of s!orage basins Is 1987), p.63.
 
area proper; it doubles with Inclusion of about 240 km3 per yeir. The U.S.S.R., the

the flooded lake area behind the dam. United States, and Caaada account for
 

highei surface runoff rates and flooding in wet sea- 197) (43). In the second half of the 20th Century,
son[s and a greater likelihood of dried-up rivers in water withdrawals increased 4-8 percent annually.
dry seasons. Water use is still growing in the developing world 

Miisture absorbed by soil and then released but is stabilizing in the industrial countries, with the 
through evaporation and transl)iration in plants or result that the withdrawal rate increase is slowing.
storedtas groundwater is another source of freshwa- Withdrawals are expected to rise only 2-3 percent an
ter. This process provides vegetation with water and nually from now until year 2000. 
is essential to agricultural prodaction. Figure 10.8 Local river runoff is used most intensively in the 
shows how soil moisture varies with geographical Netherlands, Belgium, East German,,, Romania, south-
Zone. ern and southwestern U.S.S R., the. United States,

The desert areas of tie temperate and tropical Cuba, the Eastern Mediterrane._,, Iran and the sjuth
belts and the polar deserts and tundra of the far of the Arabian peninsula, Pakistan, the northwestern
north are the most arid, the 2,mer from a lack of states of India and those adjoining the Ganges, the 
moisture, the latter from a lack of heat. In virtually all northern and eastern provinces of China, and lapan.
regions with soil moisture of less than 300 millime- In parts of these regions, withdrawals are nearly
ters (mam) per year. vegetation is scarce and the pro- equal to the locally generated river runoff. A similar
ductivity of biomass is less than 3,000 kg per hectare situation is rapidly developing in Eastern Europe,
(ha) (.12). Under these conditions, only irrigated culti- western Germany, Spain, Italy, the Sudan, Mali, Mo
vation is possible. rocco, South Africa, the Far and Near East, the south'n the temperate zone, soil moisture may reach 550 eastern and northwestern provinces of China, and
 
tun per year and biological productivity is high, be- the southern part of India.
 
tween 1(.000 and 12.000 kg per ha. Soil moisture is The river runoff resources of the Scandinavian
 
greatest in the equatorial belt, where the productiv- countries, the northern and eastern regrions of the 
ity of permanently wet forests and tropical forests ex- U.S.S.R., the greater part of Canada and Alaska, the
ceeds ,10.(10(0 kg per ha. In South America, for Himalayan and Tibetan mountains, Southeast Asia,
example, soil moisture averages almost 1,500 mm and the equatorial and subequatorii regions of Af
per year.which is equ . -)irrigation levels of 15,000 rica and South America substantially exceed currentcubic meters (mi: ) per ha. withdrawals. 

Human activities affect levels of river runoff princi-
FRESHWATER USE pally by the direct withdrawal of water but also by

the regulation of river runoff and by land uses that[luring the past three centuries, the amount of water change the surrounding environnent and affect wa
wittdrawn from freshwater resources by mankind tershed dynamics (44) (45). (See Box 10.1.)
has increased more than 35-fold, reaching the cur- Of the 3,500 km3 of water withdrawn for human use 
rent rate of more than 3,500 cubic km3 per year in each year. some 2,100 km:t of water are for consump
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Box 10.2 The Dying Aral Sea 

The Aral Sea is an inner basin Inthe each) on the Amu Darya River; and Irriga- swamps in the Amu Darya and Syr Darya
sands of te Turan lowland within the So- tion systems of the Cergana Valoley, the deltas, where 75-80 percent of the ani
viet Union. Until 1960, the Aral was the Golodnaya, and the Dzhlzakskaya mal species became extinct.
fourth largest Inland body of water in the steppes on the Syr Darya. Along the In the Aral region, drinking water Is a
world-smaller only than the Caspian whole length of both rivers, considerable crucial problem. Human health, unem-
Sea (between the U.S.S.R. and Iran), Lake amounts of water are withdrawn by Indi- ployment due to the closing of tradi-
Superior (in the United States), and Lake vidual consumers. tional marine trades, and other social
Victoria (in East Africa). The Aral had As a result, by 1999, the level of the problems are acute. In1987, river runoff
covered an area of about 67,000 square Aral Is expected to drop to about 39 me- reaching the Aral totaled about 11 kin3;
kilometers (km) and contained 1,050- ters above sea level, or 14 meters below in 1988, it Increased to more than 20 km3.
1,100 cubic kilometers (km:) jf water, its 1960 level. The sea will then cover Perhaps dry years are at an end. Yet,
but over the past 30 years, the sea lost less than 40,000 km2, and its volume will even ifthe high level of rainfall persists
40 percent of Its area and 67 percent of be reduced to about 350 km3. Depletion in the coming years, stabilizing the sea
its volume (). of tht ,eaby hur.,,n use was aided by a level requires no less than 35 km:1 of

At equilibrium, the sea received 60-65 relatively dry regi, al climate In the first freshwater per year. Under current condi
km: of water per year, of which 90 per- half of the 1980s. An analysis by the Insti- tions, that seems unrealistic; more likely
cent came from the runoff of the two larg- tute of Geography of the U.S.S.R. Acad- Is the continued retreat of the Aral for anest rivers of Soviet Central Asia, the Amu emy of Sciences Indicates that 80 other seven or eight years before it stabi-
Darya and the Syr Darya. Under these percent of the Aral depletion is due to lizes at 20 meters or more below the 
conditions, evaporation was equal to pre- economic activity and 20 percent by the 1950 level.
cipitation and river runoff The mean natural climate variations. A resolution adopted by tlvo Central
level of the Aral Sea, averaged wcr many With shrinkage to :iearly one third of Committee of CPSU and the Soviet Gov
years, remained at about 53 meters the Aral's original volume, its mineral (in- ernment in September 1988 is directed at
above sea level, rising or fal'ing only 1- cluding salt) concentration nearly tri- improving economic and ecological con
1.5 meters, depending on regional rain- pled. The result Is almost acomplete ditions for people in the Aral region and
fall. extinction of basin animal life and a pro- preserving the Aral Sea, .ven if in a form

After completion of the first section of found disturbance of the marine ecosys- more contracted than at present.
the Karaku, Car al in 1959, which with- tem. Th ! surrounding land area has also The Aral Sea may never regain its posi
dr.-.w Amu Dirya water for irrigating the been greatly disturbed, with 30,000 km2 tion as the fourth largest closed basin ofpiedment agricultural regions of of the forr. . "ibot'om turned into des- the world. But it could become a land-
Turkmenia, an extensive development ,f ert, Intensive wind erosion, and large mark of disturbing environmental effects
irrigated fields began in Uzbekistan, quantities of salt and 6ust blown Into the of adeeply erroneous agricultural policy.
Turkmenia, and Kazakhstan. From 2.9 mil- atmosphere. The widt'n of the dried-up
 
lion hectares (ha) in the 1950s, the area 
 zone in some places reaches 80 km,so References ,rndNotes 
of irrigated lands has grown to 7.5 mil- that the former maritime towns of
lion ha. The principal diversions of water Muinak and Aralsk, with populations of I. Official Report of Government Committee 
are into the Karakum Canal (which with- several thousands, are now In adesert. on Aral Sea Regions,Mfeterology and By.
draws at least 12 km: annually); the Amu- The drop in sea level resulted In the dis- drolog,, 1988, Vol. 9.
 
Bukhar and Karshinsky canals (5 km3 appearance of numerous lakes and
 

tive use; the remaining 1.,11(1 knrO of waste,vater are all too often it is returned without treatment. Even 
returned to rivers and other water sources, ire- when it has been treated, wastewater usually needs 
cluently in a I)olhlted (ondlition. ('eeTable 10.3.) to be diluted to reduce oncentrations of )ollutants
This returned water is often reused farther clown- still further before the water is fit for reuse. The po
stream. tential for dlilutioi; of wastewater is incrcam, lvIini-
How much of the use is consum)tive and how ited t)ecause as water withdrawals increase, the 

much is returned as wastewater? The answer de- almount of clean water remaining decreases and the 
pendls on the particular end use Of the water. (See volume of wastewater grows. Globally, wastewater
Table 10.3.) In Eu rope, for example, industrial and en- can now be diluted by clean water in a ratio of 1:25. 
ergy production use dominates and the consuml)tiVe In Eurol)e, the ratio is 1:8: inAustralia and New Zea
use is relatively small (37 percent of withdrawals). land, it is 1:250. By the year 2000, these ratios are pro-
As a result, Europe pro(duces relatively large flovs of jected to worsen slightly in Europe and substantially 
wastewaters; infact. Eurol)e, North America, and the in Asia. 
U.S.S.R. together produce .55percent of the worl(!'s The structure of the water econoniv differs aniong
wastewaters. InAfrica and Asia, substantial with- countries, (lependinrg o) natural climatic condl itions;
drawals for irrigation result in greater CoInsumptive the availability, accessibility, and quality of water re
use (71 and 76 percent, respectively, of withdraw- sources; and the econo mic andI social development
als). By the year 2(000(1, developing countrie; are pro- of a country. The principal uses are agricultural, do
jected to increase industrial ;nd energy water tse mestic, and industrial. 
and to decrease the relaiive )roportion of .onsump
tive use to 5;-70 percent. (See Table 10.3.) Agricultuhral Use 

Wastewater is sometimes treated before ;:is re
turned to rivors and other freshwater resources, but Irrigation was the basis of life as far back as the an

cient civilizations of Egypt, Mesopotamia, India, and 
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Table 10.4 Water Withdrawals for Irrigation 
Ios 


Areas of Water Consumptive 
Irrigation withdrawal use 
(million (cubic (cubic

Region hectares) kilometers) kilometers) 

Europe 17 110 95 


Asia 140 1,300 980 


Africa 11 120 85 


North America 29 330 215 


South America 8.5 70 55 

Australia and Oceania 2.0 16 13 

U.S.S.R. 20 260 180 

World Total 227.5 2,206 1,623 

Recycled Areas of 
water irrigation 
(cubic (million 

kilomrsters) hectares) 

15 19 


320 165 


35 15 


115 35 


15 11 

3 2.5 

80 23.5 

583 271 

Yr2000 Projecton 
Watr Consumptive Recycled 

withdrswal use water 
(cubic (cubic (cubic 

kilonvters) kilometers) kilometers) 

125 105 20
 

1,500 1,150 350
 

160 110 50
 

390 260 130
 

90 70 20 

20 15 5 

300 210 90 

2,585 1,920 665 

Source: A.V. Belyaev, U.S.S.R. Academy of Sciences, Institute of Geography, MOscL. . consultation with other international sources. 
Note: Oceania is defined as Australia, Fiji, New Zealand, Papua New Guinea, and Solomon Islands. 

China. Some form of it is practiced today in every Central America; Cuba and western Canada are also 
country on the planet. Irrigation is extremely water heavy users. But, despite their use of irrigation, 
intensive -to grow one-half metric ton of grain per these countries do not have an overall water deficit. 
person-enough grain to supply 50 percent ( f a In South America, the largest areas of irrigation are 
person's diet for 1,000 days-can require as moch as concentrated in Argentina and Chile. Initially, irr-ga
1,700 km:3 of water per capita per year (4(i). In Asia, i-.'- tion on this continent developed in the temperate 
rigation comprises 82 percent of total water with-
drawals; in the United States, 41 percent; in Europe, 
30 percent. (See Tables 10.3 and 10.4.) Water with-
drawals for irrigation can have very destructive envi-
ronmental effects. (See Box 10.2.) 

As the tables show, water withdrawals for irriga-
tion are declining compared with other ises; world-
wide, today's 63 percent is projected to decline to 55 
percent by the year 2000. This change in water with-
drawal patterns will occur mainly in Asia, Africa, and 
Latin America because of increased industrial with-
drawals. Asia has by far the largest area of land 
under irrigation, 140 million ha versus 29 million ha 
in North America, vP:ich is the second largest user. 
China, India, and Paki. tai; ac-unt for most of Asia's 
irrigation water withdrawals, with 1,300 km3, more 
than half the world total. 

The total area of irrigation outside the Asian conti-
nent is nearly 90 million ha and requires about 900 
km 3 of water annually, or 42 percent of the total with-
drawals for irrigation. (See Tables 10.3 and 10.4.) The 
largest areas of irrigation are concentrated in the 
United States, the U.S.S.R., and Mexico. Irrigation is 
not widely practiced in Europe, with the exception of 
Italy, Spain, Romania, and Bulgaria in the south and 
east. 

InAfrica, irrigation is most widespread in the Nile 
basin, primarily in Egypt and the Sudan. Madagascar, 
South Africa, and many countries in North Africa 
also irrigate extensi, 

As mentioned above, thu Inited States and Mexico 
dominate the use of irrigation water in North and 

zones, but in the 1950s, its use spread to the tropical 
belt as well, where today the area irrigated is twice 
that in the temperate zone (47). 

Australia has one of the highest ratios of irrigated 
'andper capita in the world. 

Until recently, irrigation contributed little to the 
pollution of water basins. But the wide application of 
fertilizers and pesticides has heavily polluted irriga
tion return flows, Dresentltig a significant threat to 
the aquatic environment. 

The importance of livestock to water quality and 
quantity problems would seem to be less than other 
sectors -f the economy. Its total use is only 65 km3 

per year (2 percent of the total). Ne, ertheless, the in
dustry produces large amounts of water polluted by 
organic wastes (48) and represents a substantial pro
portion of t tal water use in man., developing coun
tries-40 percent in Mongolia and over 60 percent in 
Lesotho, Mauritania, Namibia, Bhutan, Paraguay, and 
Brazil. 

The use of irrigation is likely to continue to grow, 
but not anywhere near the rates experienced over 
the past century nor as fast as predicted (49). It may 
well increase in Africa and also in South America 
about 30 pe:ent by the year 2000 and between 15
18 percent in Asia, North America, and the U.S.S.R. 
The total irrigated area is projected to increase 19 
percent, or about 44 million ha. (See Table 10.4.) 

Projections of future water use in this and subse
quent tables are based 9n a detailed model devel
oped i,the Institute o,Geography in Moscow. The 
model considers such factors as population growth 
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Table 10.5 Domestic and Municipal Water Consumption 
19601 Year 2000 Proeftln 

Water Consumptive Wate Water Consumptive Waste 
withdrawal us. water withdrawal use waterPopulation (cubic (cubic (cubic Population (cubic (cubic (cubicRegion (nillions) kilometers) kilonters) kIlometero) (millions) kilometers) kilometers) kilometers) 

Europe 496 48 10 38 512 56 8 48 

Asia 2,932 88 53 35 3,612 200 100 100 
Africa 589 10 7 3 853 30 18 12
 
North America ' 11 
 66 20 46 489 90 22 68
 

South America 279 24 14 
 10 367 40 20 20
 
Australia and Oceania 26 4.1 -1,2 2.9 30 5.5 1.5 
 4 

U.S.S.R. 282 23 5 18 310 35 5 30 
World Total 5,015 263.1 110.2 152.9 6.173 456.5 174.5 282 

Sourcd: A.V. Belyaev, U.S.S.R. Academy of Sciences, Institute of Geography, Moscow, inconsultation with other international sources. 
Note: Oceania is defined as Australia, Fiji, New Zealand. Papua New Guinea, and Solomon Islands. 

Table 10.6 Water Use in Industry 
(cubic kilometers) 

1980s Yer2000 Prctlon
Region Water Withdrawal Consumptive use Waste Water Water Withdrawal Consumptive use Waste Writer 

Europe 193 19 174 200-300 30-35 170-175 

Asia 118 30 88 320-340 65-70 255-270 

Africa 6.5 2 A5 30-35 5-10 25 
North America 294 29 265 360-370 50-60 310 

South America 30 6 24 100-110 20-25 80-85 

•'istralia and Oceania 1.4 0.1 1.3 3.0-3.5 0.5 2.5-3.0 

U.S.s;.R. 117 12 105 140-150 20-25 120-125 

Total 759.9 98.1 661.8 1,153-1,308.5 190-225.5 962.5-993 

Source: A.V. Belyaev, U.S.S.R. Academy of Sciences, Institute of Geography, Moscow. 

and trends in economic development, water use lev-
els, water resources, and irrigation and elnergy use 
factors by country. 

Domestic and Municipal Use 

Dc.rnestic water use includes water for drinking, food 
preparation, sanitation, washing, cleaning, watering
gardens, and the service -.idustry (e.g., laundries, 
pools, heating systems, restaurants, medical ser-
vices). 

Domestic and municipal water needs have always
been modest in relation to others, accounting for 
only about 7 percent of total withdrawals. Domestic 
use comprises 13-16 percent of withdrawals in Eu-
rope, South America, and Australia/Oceania; by the 
year 2000, domestic use will increase to 9 or 10 per-
cent of withdrawals in Asia, Africa, and North Amer-
ica and 14-16 percent in Europe, South America, and 
Australia/Oceania. (See Table 10.5.) 

Although the quantity of water required for domes
tic needs is not large, the quality must be high. Do
mestic water use tends to increase with living 
standards; it may be as low as 20 liters or even more
than 500 liters per person per day. 

Present withdrawals of water for domestic use ex
ceed 250 km3 a year. Only about 4 percent of the pop
ulation i'ses as much dS 300-400 liters per day per 
person, and two thirds of the population, concen
trated in Africa and Asia, use less than 50 liters per
day. by the year 2000, a projected 17 percent of the 
population will be using more than 300 liters per day,
but 30 percent, some 1.8 billion people, will still be 
using fewer than 50 liters per day. 

Domcstic and municipal water use ishighest in the 
United States-53 km 3 a year. In Canada and Switzer
land, domestic water use is also high. Perhaps the 
most serious problem occurs in developing coun
tries-providing potable water for rapidly growing
populations-a problem that will require vast 
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amounts of capital. (See Chapter 5, "Human Settle-
ments," Financing Water and Sanitation.)

An increase in domestic wate: use is accompanied 
by an increase in the amount of wastewater, which 
usually comprises not less than 70 or 80 percent of 
water withdrawals (50) (51) (52). With water use per ca
pita expected to increase substantially in developing 
countries with high economic or population growth 
rates, the volume of wastewater requiring treatment 
is expected to present a growing prol)lem. By the 
year 2000, for example, domestic water use in Asia is 
projected to reach 150 liters per person per clay. The 
wastewater generated will exceed that generated 
today by the combined populations of Europe and 
North and South America. Accordingly, wastewater 
treatnient techniques should have a high priority (5:1) 
(54). 

Industrial Use 

Industry uses substantial amounts of water for cool-
ing, processing, cleaning, and removing industrial 
wastes. With industrial use, most of the water is re-
turned to the water cycle, but it is often heavily pol
luted with chemicals and heavy metals.... 

Use in energy production and other industry, com
prising 21 ;ercent of total water withdrawal, is ex
pected to increase to 24-28 percent by the year 2000. 
(See Tables 10.3 and 10.6.) Industrial water use is 
most marked in Europe and North America. Water 
use differs widely by industry (55). For example, pro
ducing 1 metric ton of linen requires about 250 m3 of 
water (not counting the water required to grow the 
flax); producing 1 metric ton of synthetic fibers re

:quires 2,500-5,000 m . The chemical and metal indus-- uie suOver 
tries require substantial water inputs, for example, 
1,000 n' to produce 1 metric ton of ammonia and 
2,000 m3 per metric ton of synthetic rubber; smelting 
1 metric ton of nickel requires 4,000 n:3 of water. The 
amount of water needed depends on the technology 
used as well as climatic conditions; use is generallyhiglher in warm climates. 

Worlc~wide, the water withdrawn for industry and 
energy production now totals 760 km:, which is sec-
ond to irrigation. Only in Europe, where irrigation is 
relatively less conmon, does industrial water use 
equal the other uses ,aken together. 

Water withdrawals for industrial use in North 
America have increased almost 20- fold (luring this 
ceiaury (56). Present industrial water use is greatest 
in the Urfited States and the U.S.S.R. (260 and 117 
km3 per year, respectively), together comprising half 
the world's industrial water use. Next come Japan 
(37 km3 per year), the Federal Republic of Germany 
(35 km:3), and China (35 kmi:). Table 10.6 shows esti-
mates for current and future industrial water use. 

Wastewater from industrial use now comprises 660 
km: per year, or 87 percent of total water withdraw-
als by this sector. By the end of the 20th Century, 
water withdrawals in Asia, Africa, and Latin America 
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Figure 10.9 River Runoff Changes in the
 

Holocene Optimum (6,200-5,300 Years Ago)
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Source: U.S.S.R. Academy of Sciences, Institute of Geography, Moscow. 
Note: Runoff exceeded today's levels in both high and low altitudes, with 

changes similar to those for precipitation. 

are projected to increase three- to five-fold, and in 
the developed world, 10-25 percent. Wastewater will 
increase by the same proportions-underscoring the 
need for regulation and control. 

FOCUS ON GLOBAL CLIMATE CHANGE 

Global warming is not yet a proven phenomena, but 
the world may be at the threshold of a period of 
rapid change in climate. (See Chapter 2, "Climate 
Change: A Global Concern.") Ifsuch a warming does 
occur, it is likely to affect greatly the flux of water 
through the hydrological cycle and hence the 
world's freshwater resources. Awarmer climate 
would lead to increased evaporation from the sea 
and hence probably to increased precipitation and 

174 



---- 

Freshwater 10 

Figure 10.10 River Runoff inthe Mikullne Chapter 13, "Global Systems and Cycles") to predictprecipitation patterns and amounts. The second is to
 
Interglacial Optimum (125,000 Years Ago) reconstruct precipitation patterns with the help of
 

paleoclimatic data from past geologic eras in which
 
comparable climatic conditions prevailed. Such re
constructions can give an independent indication of
 
what selected climate changes may mean for the hy
drological cycle.


In particular, the following geological periods pro
vide useful analogs to stages of global temperature in
creases 1-5'C: the Holocene optimum (6,200-5,300 
years ago), a 1-2'C increase; the Mikulino interglacial
optimum (125,000 years ago), a 2-3"C increase; and 
the Pliocene optimum (4,300,000-3,300,000 years
ago), a 3-5"C increase (58). Maps of annual and sea

110 	 sonal values o, atmospheric precipitation and tem
perature in the Northern Hemisphere have been 

C? 	 ,J' reconstructeddata. for these periods with paleoclimatic 

During the Holocene optimum, precipitation was 
greater than at present in,high and low latitudes, by
50-100 mm per year in high latitudes and 200-300 
mm farther south, for example, in the Sahara. Inthe 

_ 	 middle latitudes of Eurasia (50-60" north latitude) 
and North America (30-60" north latitude), however, 

7were large areas in which precipitation decreased 
U -(59). River runoff changed in comparable ways. (See

Figure 10.9.) In the main agricultural zone of Europe, 
the river runoff was lower than at l)resent by only
about 50 mm. In the southern part of Europe, runoff0 C, was near present values. Runoff increased consider
ably, 50-100 mm, in the narrow northern belt of the
 
modern forest-tundra and tundra.
 

In Asia, runoff was about 50 mm lower than at pres
ent in a wide east-west belt of the taiga zone of west-


ChangiPrco ern and eastern Siberia and only slightly lower along
(eer eyea) the northeast 	margin of the Asian continent and in0 50 ,00 200 300 	 the regions adjoining the Sea of Japan. Along the 

7 	 coasts of the polar ocean as well as in zones of forest
steppe and forests of East Asia, runoff increased 50-Source: U.S.S.R.Academy of Sciences, Institute of Geography, Moscow. 100 mm over present conditions. In the rest of the

Note: In this warmer climate, runoff exceeded present levels in Europe and
much of Asia; levels for much of Africa have not cnanged. temperate belt, the river runoff was near today's 

amounts, exceeding them only insignificantly. 
North America's pattern is similar to Asia's. The reriver runoff, global!y, but with quite varied and uncer- gion in which runoff decreased significantly, up to 50 

tain regional 	and ,ocal changes. mm and more, includes the southeast zone of forests 
The changes could be quite significant. An increase as well as the eastern part of the subtropical belt. To

in the mean global atmospheric surface temperature the north and south of this region, the runoff ex
of 0.5"C, for example, could increase annual atmo- ceeded today's but by no more than 25-50 mm.
spheric precipitation as much as 10 percent. More- In Africa, the area with no runoff was much smaller 
over, according to some analyses, precipitation is than at present. The Sahara runoff was higher, al
likely to increase mainly at high and low latitudes in though still small. To the south of 15" north latitude,
cnr'.Inental regions of the Northern Hemisphere and across Senegal and the southern parts of Mali, Niger,
to decrease in middle latitudes-regions of intensive Chad, and Sudan, runoff reached 50 mm and more 
agricultural production (57). Thus, changes in temper- above the present. Considerable increase in runoff 
ature and precipitation could decrease soil moisture occurred in northern Africa and on the coasts of the
and annual river runoff in large areas of the Northern Mediterranean Sea. 
Hemisphere. Inthe warmer climate of the Mikulino interglacial

Estimating hydrological effects of changed cli- optimum, I-2'C above present temperatures, the re
mates ic done in two ways. One method is to use gen- lationship between temperature and precipitation
eral circulation models of the atmosphere (see patterns--and hence river runoff--was much differ-
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ent from the Holocene optimum (6). (See Figure 
10.10.) In Europe, river runoff considerably sur
passed present values-it was 100-200 mm higher 
within Western and Eastern Europe and in the west-
ern part of the European U.S.S.R. At tae same time, in 
the greater part of the Russian plain, runoff in-
creased no more than 50 mm over present values, 
Large areas of reduced runoff were found in the 
same locations as during the Holocene optimum. 

During the ikulino interglacial, the runoff was 
higher than at present in almost all of Asia, espe-
cially north of the polar circle, in the northeastern 
part of the continent, and in a small area of humid 
mixed forests of East Asia. Ina large latitudinal belt 
in the north of the continent and in the eastern re-
gions of tile temperate and subtropical belts, the run-
off exceeded present levels by 50 mm or more. In 
most of Asia, the runoff was somewhat higher than 
that of today. 

In Africa, the area of no runoff during the Mikulino 
optimum coincided closely with today's. Only in the 
north was runoff higher by 25-50 mm or more. 

During tile Pliocene optimum, a period of tempera-
tures 4*C or more above the present, paleoclimatic 
reconstructions found even larger changes in precipi-
tation (61). In this period, precipitation increased in 
nearly all of Eurasia. The greatest increase, up to 300 
mm, occurred in the northeastern coast of the Asi-
atic U.S.S.R. In the basin of the Baltic Sea, the north 
of west Siberia, Yakutia, and the Yana and Indigirka 
river basins, precipitation increased 200 mm. In the 
Caspian region, the south of west Siberia, north 
Kazakhstan, and Soviet Central Asia, the increase 
was also 200-250 mm. North Africa also showed in-
creases of 200-300 mm during this period. 

Global circulation models have predicted some im-
portant possible changes in the hydrologicai cycle 
under conditions of global warming. Although such 
models disagree on the details of precipitation 
changes, they generally predict that global atmo-
spheric precipitation and evaporation will increase 4-
12 per'cent (6,. Experiments with one model suggest 
that in high latitudes-north of 40-50 north latitude 
and south of 40* south latitude-the increase in pre-
cipitation averaged by latitudinal belts may reach 40 
percent (wi). Such experiments also suggest that with 
increased temperatures, snow melting would come 
earlier in the season; soil moisture would decrease 
considerably in middle and high altitudes during the 
summer but would increase during the coolest 
months. 

The preceding discussion was based partly on anal-
ogies with climate change in past geological epochs 
and partly on experiments with global circulation 
models of the atmosphere coupled to models of the 
hydrological cycle. It presents some idea of the scale 
and geological distribution of possible changes in 
riVcr runoff. In many cases, the estimates often 
agreed quite closely, bit in others, the differences 
were considerable. Clearly, more needs to be learned 
before such estimates can be relied on. 
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RECENT DEVELOPMENTS 

AGRICULTURE MAY THREATEN THE SAUDI 
WATER SUPPLY 

Saudi Arabia's remarkable success in increasing its 
agricultural production threatens to drain the 
country's underground water resources completely 
in the next 10-20 years. 

Expanding agricultural production has been a key 
component of the Saudi government's effort to redis
tribute oil revenues and diversify the country's econ
omy. Results of the effort are impressive; nearly 3 
million hectares were under cultivation by 1988, a 
dramatic increase from the 150,00(0 hectares farmed 
in 1975 (61). Pushed by government subsidies of $400
530 per metric ton, Saudi farmers were expected to 
produce more than 3 million metric tons of wheat in 
1989, an extraordinary increase from the 3,000 met
ric tons produced in 1976. Domestic consumption 
takes about 800,000 metric tons a year: the rest is 
sold or given away. The Saudis also produce sur
pluses of eggs and dairy products. Overall, Saudi 
farmers now produce 35 percen of the country's 
food, up from 15 percent in 1984 (65). 

The government's agricultural policy has signifi
cant costs, however. For example, farm subsidies for 
wheat alone cost the government about $1 billion an
nually, more than eight times the cost of importing 
the wheat (66). 

Perhaps more significant, the farm sector is a vora
cious user of water. It is estimated that Saudi Arabia 
used about 20,520 million m3 of water in 1988. Agri
culture used about 90 percent of the total, or 18,633 
million m3,with wheat accounting for about 35 per
cent of agricultural water use (67). 

Roughly 90 percent of water use is from nonrenew
able groundwater sources; renewable groundwater, 
surface water, and desalinated water make up the 
balance (68). 

Virtually all the groundwater used comes from 
aquifer storage that accumulated thousands of yea, s 
ago; average annual recharge is thought to be negligi
ble (69). In 1980, the country's estimated reserves to
taled 497,500 million m3:337,500 million m3 in 
primary aquifers and 160,000 million mi: in deeper 
secondary reserves; since )980, total reserves have 
declined to an estimated 385,000 million m3 . Accord
ing to a confidential U.S. government agency report 
obtained by the Middle East Economic Digest, at the 
current rate of depletion, nonrenewable fossil 
groundwater will be exhausted by 2007 (70). 

The country has the most ambitious desalinated 
water program in the world, with 29 plants produc
ing about 500 million m3 a year, but the cost of pro
duction (about $2.70 per m) is prohibitive for 
growing crops such as wheat with moderate water re
quirements (71). 

Saudi officials stoutly deny that extractions over 
the past decade have affected groundwater re
sources. In defense, they point to the country's ef
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forts to install water-saving irrigatior i _ 'ques and low (10-meter) wells located on the floodplain up to 
the rapid growth of its desalination p,_gram (72). 2 km from the river channel (74). Immature stoneflies 

T' government of Libya also has ambitious plans are voracious predators in the underground zone,
to ,.ploit its groundwater resources. Libya report- but when they emerge as adults, they develop wings
edly is planning a massive $25 billion project to pipe and mate along the river banks, then become prey
water from under the Sahara to the more fertile for fish. 
coastal region. The project is intended to double the In the Flathead study, Drs. Jack Stanford of the Uni
country's water supply, with most of the water versity of Montana and James Ward of Colorado

planned for irrigation for cereal production and 
 State University found that underground aquifers are 
sheep and cattle grazing. Like Saudi Arabia, the important in recharging the river and providing nutri-
Saharan aquifers are nonrenewable, but there is little ents during periods of low river flows. The under
agreement about how long they may last (7:1). ground zone provides significant amounts of 

phosphorus and nitrogen to the river system during
UNDERGROUND ECOSYSTEMS periods of low river flows, and the underground aqui

fer helps recharge the river during low-flow periods
Rivers have long been known to be full of life, but (75).
that fact is only part of the sto!*y-river ecologists Dr. Ward is conducting a similar study of the South 
are now finding an abundance of life forms in the Platte River in Colorado. The results are generally
ground beneath river channels. These underground similar so far, but the underground zone of the South 
ecosystems are important to the health of rivers. Platte is apparently not as wide as the Flathead's (76).

Traditional research has focused mainly on river In a study of the Sycamore River in southeast Ari
channels and shoreline vegetation. The new studies zona, where the climate is dry and streams often ex
suggest that river ecosystems are much larger than perience severe flash floods and periods of extensive
the river channel area and that there are crucial inter- drying, the hyporheic zone was found to be an impor
actions between the aboveground and underground tant refuge for creatures during times of drought or 
systems. The findings could have significant implica- stress. Researchers a!so found that the underground
tions for efforts to protect river ecosystems; for ex- zone play:, -in important role in the recovery of a 
ample, it may be necessary to expand protection river after a flood (77) and ma, also help clean
several miles from the river bank to include the un- streams of pollutants such as hydrocarbons, which 
cerground system. are broken by microbiai activity in the hyporheic


The studies suggest active life in the gravel, sand, zone (78).

and rock (the hyporheic zone) beneath gravel-bed The Freshwater Quality section was authored by Debbie
rivers, which are common worldwide. Worms, Chapmanofthe Global Environmental Monitoring System's
shrimp, bacteria, algae, and immature insects live in MonitoringandAssessment Research Centre, London, with 
a maze of underground spaces. the assistance ofMichel Meybeck of the Laboratoire de 

A study of the Flathead River in Montana in the Geologie Appliqude, Universite de Paris, as principal consul
western United States suggested a zone about 10 me- tant. The sections on Freshwater Quantity, Freshwater Use,and Global Climate Change were authored by Alexander Vters deep and 3 km wide, far wider than the roughly Belyaev and his colleagues of the Institute of Geography,
50-meter width of the river. Researchers fourd Soviet Academy ofSciences, Moscow, where Dr.Belyaev is
stoiieflies and other creatures within a grid of shal- Deputy Director forScientific Affairv. 

References and Notes 

1.Michel Meybeck. Deborah Chapman, and orrenlations. (WlO, Geneva. 1984). 1 . J.Kobayashi. "Relations between the 'ltai.Richard Iteliner. eds., Glohal Fe'hdahater Table 1.p. 5. Itai'liseaseand the I'Pllutionof Rwer Water
Quality A FIrst 6. (ltol)al Envirorniental Moaitoriag System, by Cadmium froia a Afne,.Assessmwnt (Blackwell Refer- "'(ited ti Adence, Oxfordl, U.K., 1989), pp. 279-80. Assessnwnt afFreshvater Quait' (United Vances ti WaterPltlionResearch, Pro2. Docter Institute forEnvironmental Sludies, Nations Environment Programme and ceedings of the 5th International
European Environmental Ylar;aok 1987 World flealth Organization. Nairobi and Ge- Conference, Sari Francisco and IHawaii
(DotTer International, London, 1987), I)p. neva, 1988), p.33. 	 (i971), pp. 1-7.487-509. 	 7. I)epartment at tie Enviroment,l),gestof 12. United Nations Fnvironanent I'rogramme,3. World Health organizetion (WIHO) and Envimnental 'rtectionand Water.ats- EnvironmentalData Report, 2nd ed. (Black-United Nations Environment Progranne ts (IlerMajesty's Statiomry O)ffice, Lon- well Reference, )xlord, U.K., 1989), Table(UNEP),"Glaobal Pollution and Health." i dan, 1988), p, 22-24. 	 3.24, pp. 315-19. 
(labal Environm'ntalMAlt.aeiiring. vstefn 8. Warld Flealtl 	 Henning Rodhe etal.,Organization (WH()), Environ- 13. "Acidilication and Re(GEMS) ,"UNEI' and Wilt ),l.anchai, 1988), mental Iollution ('onto t i Relation torlevel- glonal Air Iarllationintile Tropics," ii Acidi
pp.9-1. 1985). cited tit R.opulent (Wil). "';eneva, 	 ficatian in Tropical Countries, IHenning4. U'rited Natirns Economic Commission for tliner, "Socio-E-aic I)evelopment Lee- Rodhe and Rafael IHerrera, eels. (John
Latin An'erica and the Caribbean, 7he elsand Adetaate Rgul, ory Policy for Wiley and Soras Ltd., Chihester, U.K.,
Watert,'s:aurcesofLatin Aemerica and tit, Water QUality Management," Water.Scienc,, 1988). aa.26-27.

Garibhh t.n ;'fieerPolluti(United Nations, lpp. 14. Op. cit. 6, 1. 48.
n ad 7"echnlua.Av. Vol. 19. No.9 (1987), 

New 'York. 199;, 1a.9. 25-59.
 

5. 	WordI Health Org.nization (WIIO), Guide- 9. Op cit. 4, Figure i, 1.11.
 
linesfar Drinkfng ! i;er Quati), "(at. 1:Rec- 10. Op. cat. I. Ia.166.
 

Woid ,.asouoce$ I99O-91 

177 

http:7"echnlua.Av


10 Freshwater 

15. .I).K. Collins and W.G.Fowlie, Deunark 
(it 	 Kent River Bons IVuterResunces .Sur. 
-eu (Pl'ihic Works )epartment, 1981 ). Fig-

tire 10, p. 3)). 
1i.	G.T. l)rloh and A. Ghorhanzadeh, Impact 

totWater Resource Pevelopnent onf Salini-
tation of Senui-Arid Linds. in Lundand 

%t4rumi.ii tit.v. J.V I lolines and T. Talsina.S 
eds.(Elsevier.Amsterdam).Figure 4, p. 
p 


280 


17 	 Michel Meybeck, 'The Water Quality of 
World Rivers through the GEMS 'rogram",' 
in Trunsiporlof C rho and ,lin-rls Il 

aujor World Rw('rs.Part .4 (Mitteilungen 

aus (Ite eoIII gsct-Palaeoutoligischeni In-
stitut dir Universitat lainburg. Ifainhim)Lrg, 
I 187). tilp. 14-15 

IS. Op it. .1. p. 25 
19 	 M. Marchand. Licoutainination des eaux 

iiotiiietalis par lesinicriitlliltants iir-
ganiques.. R'itie d'.s scilences d' la. Vol 
21 (1989), pp.229-2;4 

21).	Robert J.Gllinom. Richard II Alexander. 
adf Richard A. Sintii, P'estiidesi fite 
Nation 'sRo e.. /!s-9751 . nd Inpllhmclionm 
hfrFutur, M/onitoring.(W\rasiugt Ili. .1).(' 

IJS.(iovernmenmt Printing ( ifice. 19)85), Fig-
fires :)anid6. pp. 12 and 19. 

21. 	 Maria Elena IIurtado, .Agrotoxics: Blight 
,illtie Next (Generatioin.I Earth, No 77 

(March 1987), ). 97, 
22. Michel Meyl'eck and Iichard Hner. The 

Quality iii Rivrs: Fromi'ristineStage to 

Glotial Piillutiou 'Ptieogeogrunhy. 'aile-
oi it1(Ihdog.I.,i/i'/ri'olog'iff press). 

2:3.'Illand Waters," IheW rliflrinroniet. 
/572-1982. Martin W. Ilohlate. Mi hun-
medi Kassas, and Gilhert F. White. eds. 
(Dublin,T'icooly Ilmerniational, 1982), pp. 
121-170. 

24. 0t) it. 6. 
25. 0)p cit. I. 

2)6. A.V BIelyav,L1S SR. Academy ofSciences, 


Ilstitute ofGe.ographv. Moscow 
27 	 0p it 22 

28 	 R.[. Thomuias. .1P Vernet. ald R. Frank, 
D)IT.PC('s aiud I(T lif the Sidinents of 

Lake)Geneva andith, UIler Rholne. Envirin-
Iiiill (;ioho,gv.Vol 5)(1984), I013- 1 :1, 
u'lted it Michel Meyfieck and Richard 
lhner. ThelQuality Ii R-vers From Pris-

life Stage 'i.) Glhbal lllution,'Iuleogeigru-
ply- ldemulnoilothIgv. hl'i-ecoloKv (if) 
press). 


29) 0) tit6. tl 7:1-7.1 
10 ./ioio mIcdnv hahls I ruin'.resm sY 

Zem/i t Tie World if offer totilanu'eund the 


if oter ru'.ouri'.s oithu Earlh ( Leninigrad, 
(Gi(ironmeteciiilat. 19)74) 

:11 Mark I l'vovich. firoi-s'eohie resursyv 

ilIhidu. ihee (MMosc iw. Mys i, 1971), Ray-
iIoldIL Nace. transla,:ir. World Water-Re-
sorii.s uni P/et, "uture(American 

(Geopiysical Uliun. Washingti, D.(., 
19)79),
p.I5 


:2. Ibid.. 21-22
pp1). 
33. G.I'. Kalinin, Po/lem.v.glotlnoidnilhit 

(')bhlems ofglobal hcidnon, ) (ILeuligrad. 
(idrounelizdat, I968). 

34. 	 Mark I. [vovich Elemnt'n r.rez/unnu rek 
zennigo shlar (Elements of the regime of 

the World's rivers) (Sverdlovsk and Mos-
cow. 1945). 

35. Fiziko-geo(iruhcheskYatfls ini I '/o'.%io-

(eogrupthical twaaof theWorld) (Moscow 
1964), 

36. Oi cit. 30,Table 188. ).570 

:17. p cit. :11.Table 8, p. ;4. 
:18. 	Asit K. Biwas. ed. IUnited N\tions Wa ,ter('oii. 

ference Summn4ri &1 uimiIounDents.Wa0ter 

Development. IUpplv& Mngenient.Vol. 2 
(]lergaumoun Press, Oxfordf. L1K.. 1978). p)39 

19. 0p coi. 30,Tabhle Z2, p. 502, 
.110.Meto(lv iss/etlhiurvi Iudni(o iulii tr-

ritor i krtinw-riny'v ego i/i,,mnnt, IO-ti 
ils fur.stidyimg him/er/milomwe of i tierritoryv 

anl Inopping oftts el-miots / (I SS Ai,-.iif 

(ulv if Scielnces, Institute ofi Ceography. 
Moscow,1973). 

.11. 	A.V. lelyaev Kompleks.ie z.iimioiu.% 
voidlogtu bIlimnsoi os.lmiovvkh 
geogrofidieski/kh zon .etnmin~go .lrrui (Infi-
grated dpperdence oftiieluterhiei'uetuftl/i, 

imicipulgeigrop/nii-ulzomii's oftheI irld). 
Izv.AN SSSR ser.geograf. No.1(1977) 

42. A.M. Ryabchikov.Strnktura i dinanikai geof 
, 


er (Tie strlitur'aind u(hleiincof 

ieo.pller,,
,(Moiscow,Mysl, 19)72). TaIle 6. 
. . 48 

41. Mark I. L'vovich anid (iltert F. White. Use 

and Transforinatio'm t terrestrial Watir 
Systems," iUThe E rthTransformed In' 

IliumaiinAction ;loihlandRegi lmu 
(O/tiinge's the Po.st.301)in the Biosphere over 
Years. B... Turner, ed (Cambridge I.niver-

sity Press, lamnbridge, tU.K. 1990) 

14. 	I.A.Shiklinimaov. Antro/urgennly 

ijzneren " viodmiosti rek (AnthrpugiiU-

impact if ti- abundance ofwater fi riv-


ers) (Leningrad, (ifrouieheoizlat. 1979) 


45. Mark I. I.vovich, lodi Iz/uzn'( Itluterand 
/if') (Moscow.MysI. 1986). Table 8. P) 1;5. 

46;. Peter P. Rogers, Fresh Watir, in TM, 
Global i/ossile.Riert Reltett. ed (I .. Iv 
University Press.New Hlave, (ionniecticiut. 

1985). p. 2) 
47. See Water-Melioirative'rraiisforniitiiuiis' 

in The urth Triinsformed by hmn Acliion 

(lobl (,- Regional ('ihmge. ilnthe lu-
sphieret rth' Itrf .it ridge101) i'r0s (a((am 
University I ress. (aniridge. t IK, 1990). 

-H.V.S. Kainiu.,kv. I()khrana 
iiiverklinnistnyki vod v SSSR' I((oiisrva-

tionof surface waters in the 
'odn-ve reslmrsI, Ni. I;(19H2). 

4). For a review of forecasts, see ].A 
Si)klmnanov and 11.I.. Markova, 'rluiemy 
wmminltspe'henli Iperehroki rechngni 
stoka i,more( th lem.s mif Wa trAiil-
ahilituid 7i animfr ofRuer Runoff in Ili, 
World) (Leningrad, (iidirimieteoiidat. 
1987). 


50. Op cut. 310. 
51. I.A.Shiklornanov.'Dinamika 


vo(loolrebleuiva I iio(iolespechenost' 
v ilire("Dvitinics of water ('inUlIlptiou
 
and awailahilily
ofwater fithe world"),
 
luodrve resusry, No. 6. (1986) Figures 5-7, 
pp1. 13(-138 

52 0p cit.1. 

53 p (it 13 

5.1.A I l.'vovich. /auschita uod o 
grs'mone (Ih/'1 pntu'ltlon of ulviti'r 

uguoustlpllutlion) (I.euingrad, 1977). 
55. Op ca. 45 
56. (f cit.11 
57. 	K 1. Vinnikfv, {71 -itit)'mnst klmnutu (Seri. 

sitivity oficlimate) (LeningraI. 
(iidrouileheiuzdat. 1986). 

5S. 	 .tltmpogenvie izmnenenow killutia (Anthro

pigeinic change's ofclimate) (L.eningrad. 

Gidriioulat. 1987) 
59 A A Velichko. V 1'. ;richuk. E.E.Gurtovaja 

(it.. iPaleog.-ogralphic Atlas of the North

i-rn llinisihiri,. charts tiiPaleiiliiunatic 
aid |'jiheoeiiviriunneiital Reconstructioiins 

from th leistocene to IHlo'ene (INQIA., 
Iudaest, iii press ) 

6)0. 	A.V lBelyaev anid A\)i ( ;eiorgiadi, 'Ihe 
River Ruiii If of t meNiort heru IHeiisphere 
(ilrlnlgthe) )ptiintnm of lioceie ald 

Mikulio iterglacial iuI't li'geogrp/i
:ll s f t/ie ' oti-,n Ih'nisp/ere (INQUIIA. 
Iudalpest. ii press I 

f;1. fp cit1 58. 
62 	Iitiiiini khiiitai (L-i-ingrad.6idiroumeti- ,idat.11188) 

I63) S Manilliut- and R .1.Stoiiffer. 'A(02-C
imiat i SSiivitv St iidv with a Matheunatical 

Model titIt- GlIobal (limate, Nature (Lon
don). 19)79).\'I. 282, No 5738, pp1.491-93. 

t6-I. llopes Irylit fur Food Security,'Middle 

Eu-st Eiciomiii Ijqv,'.t. 13. No.40Vol. 


(1989). 1), F-)
 
65. lust Aild Water ' 7he Eircnomist (July 15, 

15)85)). 5i.I. 
0 I/Id); 
G;70/ cit.6i4 
I8. Ip (it .i 

695) Saudi Arabia Ministry olAgri( ulture,Water 
Atla of. aldi Ariuii (IU.S. Gioligical Sur

)
 
vey. Restiin, Virginia, 1918,4),I.45. 

71). Up i t.Ii 

71, Op i 6.1 

72. 0/p i it 64 

7:1.1) cit.i 
7-. I.A. Sta forl aii .IV.Ward, "1ie 

IlYltorliicIlaiitat if River Ecosystens," 
Nuture.Viil. 3s.No.f185 (19588), pp. 64-66. 

75. Ibid. 

76.S.S.R.).7 	 J.V. Wardt. l'rcfissur ofBiology.(oiraio 
Staff- Utiversitv. Fort (illins,Colorado, 
1989)ItQr uiuial cUmninication) . 

77. 	Nancy Ii. I rinun elui.. '( ntritutioi il the 
I lyIti irliei u y ofan Aride tiSt abilit 
Land Stream. Arizona State U niversity,De

partlilelt if Zoligy. Tine,Arizula. 
1999),p. 8. 

78 	William looth, Ili-neatfh Rivers, Another 
Realn," I- /oingtonPost (O)ctober 26, 
1999),)i Al
 

World Resources 990-91 

170 

http:Kompleks.ie
http:t4rumi.ii


11. Oceans and Coasts
 

In early 1990, a group of scientists-called the Group
of Experts on the Scientific Aspects of Marine Pollu-
tion (GESAMP)-issued an assessment of the health 
of the world's oceans for the United Na'tions. They 
concluded that "chemical contamination and litter 
can be observed from the poles to the tropics and 
from beaches to abyssal depths," but that the distri-
bution of pollutants was uneven. Many coastal areas 
are significantly polluted while the open ocean is still 
relatively clean. (See New Assessment of Ocean Pollu-
tion, b i -w.) 

Of greatest concern is that the trend is toward 
more pollution and 'iunchecked, it will lead to
"global deterioration in the quality and productivity 
of the marine environment." The major marine con-
taminants in their order of importance are: nutrients 
from urban sewage and rural runoff; microbial con-
taminations from sewage; plastics from land and sea 
disposal; synthetic organic compounds such as pesti-
cides and industrial chemicals; and oil from routine 
transport and spills, according to the GESAMP report. 

The contamination of coastrI areas is understand-
able since these are the waters nearest the sources 
of pollution. But it is especially unfortunate because 
these are also the waters that shelter the vast major-
ity of the oceans' life. Although the global fish catch 
continues to climb, certain fisheries in heavily fishIL' 
and polluted areas are declining. (See Datapoints, 
below.) And microbial contamination iroin sc.iage 

has affected shellfish beds in some areas. Plastics 
and pesticides have affected marine mammals even 
on remote islands. 

The GESAMP scientists concluded their assess
ment with a warning and a call for action: "We fear, 
especially in view of the continuing growth of human 
populations, that the marine environment could dete
ric'rate significantly in the next decade unless strong, 
coordinated national and international action is 
taken now." 

Each year World Resources takes a close look at 
one area of the sea, including its resources, pollution 
problems, and governance..The wider Caribbean, in
cluding the Gulf of Mexico, isan especially rich and 
diverse area that illustrates most of the problems 
highlighted in the GESAMP report. Ironically, th~s 
region's economic vitality depends on its ability to 
mairtain its image as a tropical paradise for tourists. 
Pollution from oil and sewage and other sources 
threaten that image. Governments of the Caribbean's 
many tiny islands, Latin America's larger coastal na
tions, and the United States are beginning to learn 
how to work together on marine problems. 

Far from the trooics, in frigid Antarctic", innova
tions in marine rcsource management may provide a 
guide for other regions. Under a treaty, the countries 
that share an interest in Antarctica manage the 
continent's marine resources as an ecosystem, rather 
than maximizing the production of one or two com-
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11 Oceans and Coasts
 

Datapoints: World Fishery Resources 

Figure 1 Global Marlne and FregLrwater Catch Figure 2 World Fish Catch by Use 1950--88
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Source: Chapter 23, 'Oceans and Coasts," Table 23.2 Source: Chapter 23, "Oceans and Coasts," Table 23.2. 

Since 1950, the world's total recorded hake, haddocks) and slightly increased catches, an Important source of animal 
landings of marine and freshwater fish landings of pelagic stocks (e.g., ancho- protein, usually not covered in FAQ sta
have almost quintupled, from 19.8 mil- vies, sardines). In the final phase, since tistics. 
lion metric tons to 97.4 million metric 1982, trend data show a steep rise. This Figure 2 shows the total world fish 
tons In 1988. (See Figure 1.) Both marine can be attributed primarily to Increased catch divided into fish used for fld, 
and freshwater 4andlngs increased, with landings of four species, Peruvian an- mainly the bottom-d.ling species, and 
a rise in landings of marine lish from 17.6 chovy, South American sardine, and Jap- fish used for animal feed, mainly the 
to 84 million metric tons, and of freshwa- anese sardine and the Alaska pollock, shoaling pelagic species. In the mid
ter fish from 2.2 to 13.4 million metric which account for 70 percent of the rise 1950s improved fishing technology in
tons. The vast majority oi the world's in marine catch during the 1980s. Popula- creased the catch of shoaling pelagics:
fish is caught In the ocean. The marine tions of anchovies, sardines, and other their share of the total catch climbed 
catch grew faster than the Inland catch "shoaling pelagic" species are notori- from 15 percent In 1950 to 40 percent In 
in the 1950s and early 1960s. Since the ously unstable. In the past, they have 1970, and has since fluctuated around 27 
mid 1970s, landings from Inland waters shown large fluctuations because of percent. 
have grown faster than those from the changes in currents, upwellings, or other The world's marine and freshwater fish
:ea. environmental factors. eries are reaching the limit of sustainable 

Trend data of marine catch show four Since 1950, freshwater catch has in- yields, which has been estimated by FAO 
r hases. First, between 1958 and the eariy creased by a factor of six. However, it is at 100 million metric tons annually. As 
1970s, the rate of increase of the early not known whether capture fisheries or the fishery is approaching this bound
1950s doubled because of heavier explol- aq!aculture made up most of this in- ary, environmental pressures such as eu
tatlon of existing stocks, discovery of crease, because the Food and Agricul- trophication, chemical pollution, and 
new stocks, and Improved fishing tech- ture Organization of the United Nations destruction of nurser)' grounds will have 
nology. ,.econd, In the early 1970s, El (FAO) doesn't separate data by those increasing Impacts on the resource pro-
Niflo, a climatological event that mutes methods. In 1984, FAQ began to collect ductivity. The combined effects of heavy 
the cold-watei upwelling off the coast of global statistics on aquaculture by ques- fishing pressure and pollution can al-

Peru, caused a collapse of the Peruvian tionnaire. (See Chapter 23, "Oceans and ready be observed regionally. Most lin'd
 
anchovy stocks. Third, from the early Coasts," Table 23.2.) Asia reports the fisheries are moderately to heavily ex
1970s until the early 1980s, the world's largest share of the world's Inland catch, ploited. (See Chapter 23, "Oceans and
 
landings of marine fish increased moder- about 67 percent, followed by Africa with Coasts," Table 23.3.)
 
ately, with more or less constant land- 15 percent. A major omlssiol: from all
 
Ings of bottom dwelling fish (e.g., cods, hshery statistics are subsistence
 

mercially valuable species as is done elsewl' re. This cause it to expand, thus raising sea levels 30-100 cen
system may avoid the sharp population dec nes of timeters. Wa, mer sea water could also change 
overexploited species that are common ip oit fish- weather patterns resulting in more severe tropical 
eries. storms. Changing weather anad wind patterns could 

Climate change would have a marked efb ct on the change the locations of currents, and thus of fishery 
world's oceans. The warming of sea water would areas. 
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CONDITIONS AND TRENDS 	 tion of feeding ancl nursery areas has imperiled and

reduced fish and wildl ie populations in many areas.
 

NEW ASSESSMENT OF OCEAN POLLUTION 	 U Oil spills, together with oil leaks from ships and off
shore drilling platforms, and clumping of synthetic or

contaminants 	 ganic compounds, such as pesticides, are locally
Most f the wastes and cotam s)roucel by damaging pollution problems but are not pervasive
human activities eventually reach the sea. Every environmental threats. 
year, billions of metric tons of silt, sewage, industrial m Damage to marine birds and mammals and to 
waste, chemical residues, and oily runoff from urban beaches by plastic litter from garbage, discarded fish
streets pour into the world's oceans. 	 ing nets and gear, and tar balls from oii spills is a 

Rivers alone carry 9.3 billion metric tons of silt and growing concern worldwide.
 
waste to coastal waters annually. Storm-drain and E Of less immediate concern, because they are less
 
outfall pipes. direct duinping in oceans, and] the set- pervasive, are toxic metals and radioactive sub
tling of airborne iollutants, such as particulate saat- stances (2).
 
ter from sniok, and engine exhaust, contribute In sum, GESAM13 found widespread pollution in
 
additional untanimiats. most coastal waters, mainly from sewage and sedi-


Some pollutants are highly visible. Wastes from ments, but that the open oceans are largely unpol
ships, oil from spills, and plastic debris not only con- luted. 
taminate the oceans and endanger wildlife, but they Why the Open Ocean Stays Clean 
also spoil the aesthetic value of the oceans. 

Other Iollutants are highly dangerous. Human-dis- Most pollution sources are on the continents and 
ease pathogens accumulate iii shellfish, persistent most contamirants are wateiborne in rivers, outfall 
pesticides and other toxic chemicals and metals in- pipes, or st,.ri runoff. Becduse most contaminants
vade the food web. and medical wastes wash uIp ol settle out as water mo,,enent slows, there is a gradi
I)eaches ent of reduced concentration away from the source. 

Are the oceans becoming irretrievably )olluted'? It is not expected, then, that the deep seas would be 
Are they at seri:us risk') Or are they still able to ab- as contaminated as coastal waters. 
sor) these insults and cleans. themselves? For the mos, Dart, human fouling of the open

No single entity tracks the world's oceans, but the ocean, occasional deep-water dumping notwitbstand-
United Nations (U.N.) periodically diagnoses their ing, results either directly from shipping activities or 
condition. In 1969, eight U.N. agencies assigned scien- indirectly from atmospheric pollution. Although the 
tists to the Group of Experts on the Scientific As- human presence cai be detected in the deep wa
pects of Marine Pollution (GESAMP) to advise other ters-by measuring organochlorines, metals. radio
agencies. Following the 1972 United Nations Confer- nuclides, and oily residues, particularly in the 
ence on the Human E'nvironment in Stockholm, shipping lanes-the contamipants occur only in low 
GESAMP was asked to rcview the state of marine pol- concentrations. 
lution )eriodically. The igroupl'S first report, The 
Health of[the Oceans, was i)ulijished in 1982. It Why the Coastal Areas Are Polluted 
pointed out the fundamental role that ocean; piay in 
maintairing conditions for life on earth, interacting Coastal areas are poih -'" 

,"runoff '-,;m land, sew
closely v;ith the atmoslphere, the .;e_: tioc;r, "-idthe age, and industrial di. :harge as well as by industrial 
continental land masses. Although marine pollution and municipal dumpil g.
had not yet been detected on a global scale, warning Historically, people lave gathered near coa.stal 
sgns co-'" ' be seen in some coastal areas i). areas to take advantage of water transportation, sea

'n 19 second GESAMP group was convened. Its food, and aesthetics. 
report, issued in early 1990, concludes that marine The effect of this pollution on life in the sea is dis
)ollution is worsening. pr9portionate, because most of ocean life is found in 

N Most of the world's coastal art as are polluter;. The these nearshore waters. Whereas most open ocean 
ol)en ocean, icwever, is relatively clean except for is a biclogical desert, the coastal areas, ircluding up
floating tar and plastic debris, found mainly in ship- welling areas and shallow continental shelves, bloom
ping lanes and drift lines where currents converge, with life. Especially in upwelling areas, where cur
* The most widespread and serious sources of pollu- rents bring bottom nutrients near the sunlight of the
 
tion are not large oil spills or toxic-waste dunping; surface, algae and aquatic plants prospe, and other
 
they are sewage disposal and sedimentation from organisms feed. (See World Resources 1988-89, Figure

land clearing and erosion-both exacerbated by

growing coastal populations coupledl with the lack of 9.1. p. 145.) More than 99 percent of the global catch
 
sewage treatment and erosion control. of marine fish is taken within 320 kilometers of a
 
* Alteration o, the coastal hai'[tat, through both coastline (:).
 
pollution and mechanical destruction of wetlan:ls, By polluting coastal waters, we are having a far
 
mangroves, coral reefs, and sand dlunes for the sake 	 greater effect on life in the sea than if the ocean wereof coastal development, is a serious threat; destruc-	 polluted evenly. 
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11 Oceans and Coasts 

Table 11.1 Number of Red Tides and Their 
Adverse Effects inTolo Harbour,Hong Kong, 


1977-87 
Number of Adverse 

Year Numberof Red Tides EffectsRecorded 

1977 2 1 
1978 1 x 
1979 1 x 
1980 4 2 
1981 3 x 
1982 3 X 
1983 11 1 
1984 16 2 
1985 16 2 
1986 26 4 
1987 19 

Source: United Nations Environment Programme (UNEP), State ofthe Ma. 

rine Environment in the East Asian Seas Region," UNEP, Nairobi. Kenya.
draft 1987, p36

X = not available 
Note: a. Adverse effects include fish kills, algal blooms, and oxygen

depletion 

Eutrophication 

Eutrphiatin-th f wter-isovrenichent 
widespread globally and is getting worse. Inthe pro-
cess of eutrophication, an overabundance of nutri
ents, mainly nitrogen and phosphorus, cause algal 
blooms and rapid growth of other aquatic plants.
When these plants die, decomposing bacteria can de-
plete the water of oxygen, killing fish and other ma-
rine lI;e. Under extreme conditions, eutrophication 
can severely deplete the water of dissolved oxygen.
Mass kills of fish and other organisms can result (4). 

The major sources of nutrients are urban wastes, 
particularly sewage; agricultural runoff from heavy 
fertilizer use: and wastes from intensive livestock 
husbandry and fish farming. GESAMP found an in-
creasing rate of nutrients and organic matter enter-
ing the oceans. 

Over the past decade, marine scientists have 
noted increasing numbers of unusual blooms of spe-
cies not previously observed in a location-some of 
which are toxic (See Table 11.1.) These novel 
blooms can harm other organisms in several ways;
they can cause eutrophication, they can be directly 
toxic, or they can disrupt the food chain because 
they are not edible. These red, green, and brown 
tides have occ,,rred more frequeotly in recent years, 
but their link to increasing levels of pollution has not 

been established (5). (See ReLant Developments, 
below.)Eutrophicat:an is especially a problem in enclosed 
or semienclosed bays or ,?stuaries where water is 
not flushed out frequently. In Northern Europe, eutro
phication is found in the bays and inlets of the Baltic
Sca and in the German Bight of the North Sea, which
is influenced by large rivers carrying industrial 

wastes (6).
On Mediterranean coasts, the Gulf of Lyons, the 

Lake of Tunis, and the Bay of Ismir often show ex
treme effects. In the Northern Adriatic, heavy algal 

blooms appear along the Emilia-Romagna coastal wa
ters in late summer and fall (7) (8).

Along the central and western Pacific coast of 
Japan-particularly in Tokyo Bay, Ise Bay, and parts 
of Seto Inland Sea-where 72 million people live, 
above-normal nutrient concentrations are common,

and algal-cell counts are 10 times those of 20 years 
ago
 

Along U.S. coasts, the extremely oxygen-deficient 
waters are most extensive along the southerl, coast 
of Louisiana, in the Chesapeake Bay, and in the NewYork Bight. They are least extensive along t1 ,e Pacific4
coast (i). 

Sources of Pollution 

During the 1970s and 1980s, water pollution control 
centered on industrial and municipal sources, includ
ing ocean dumping and discharges from pipes. A 
third source of pollutants, runoff from land, receives 
little regulatory attention even in developed coun
tries. Runoff, also called nonpoint pollution, contrib
utes 34 percent of the total pollution in U.S. coastal 
waters. (See Table 11.2.) 

Nonploint pollution is a major source of susl)ended 
solids that block sunlight to aquatic )lants, clog filter
feeding organisms, and carry phosphorus, fecal-coli
form bacteria, and other pollutants. Nonpoint source 
pollution from agricultural areas also contains !ertiliz
ers, which further increase the nutrient load, and pes
ticides, most of which are toxic to marine organisms 
in high concentrations. The worst offender in the 
United States study-nunicipal sources of pollu
tion- contribute mainly nitrogen and phosphorus, 
which are contained in sewage. Industrial sources 
contribute most of the arsenic, mercury, chlorinated 
hydrocarbons, and other toxic chemicals (12). 

Table 11.2 Major U.S. Sou .ces of Ocean Pollutants, 1986 
(percent) 

Biochemical Total Total Oil Chlorinated Fecal
Pollutant Oxygen Suspended KIedahl Total and Hydro- Colifom 
Source Denimad Solids Nitrogen Phosphorous Cadmium Chromium Copper Lead Arsenlc Iron Mercury Zinc Grease carbons Bacteria 

!ndustrial 11 <1 9 5 89 15 18 20 100 13 91 25 11 94 <1 
Municipal 56 1 46 36 i 13 11 8 <1 5 5 9 41 6 16 
Nonpoint 34 99 45 59 10 72 71 73 <1 82 3 66 17 <1 84 

Source: Office of Technology Assessment (OTA), Wastes in Manne Fnvironments (U.S.Government Printing Office, Washington, D.C., 1987). p 62, based on Re
sources for the Future, Pollutant Discharges to Surface Waters in Coastal Regions (OTA. Washington. D., , 1986) 
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Types of Marine Pollutants Lack ofSewerage Systems and Sewage Treatment. Al
though the number of pathogens is significantly re-

Sewage duced by treatment, most sewage is not treated. 
Indeed, only a small proportion of the world's sew-

Sewage is a major cause of ocean pollution. Itcontrib- age even enters sewerage systems where treatmentutes to eutrophication and carries disease-causing is possible. In Europe, for example, where sewerage
pathogens. systems are more prevalent than in most of the 

Raw sewage, consisting of human excreta and do- world, it is estimated that only 72 percent of the pop
mestic wastes, contains an average 3.2 kilograms of ulation is served by such systems (17); the propor
nitrogen and 0.6 kilograms of phosphorus per person tion served varies from 25 percent in Greece to 95 
per year (1m). Although it may be disposed of in land- percent in the United Kingdom. Inaddition, even in
fills or by incineration, much is discharged into riv- areas with secondary treatment systems, problems 
ers or directly into the oceans. Many parts of the arise when storm runoff overloads the system and 
world have no sewerage systems, and beaches or when the popul-aton served increases greatly, such 
open water courses are used as toilets. Even where as by an influx of tourists during a holiday season. 
sewerage systems are available, the untreated In the Mediterrarnean, the problem of treatment 
wastes are usually piped into rivers or the sea, often and disposal of municipal liquid wastes is consid
with industrial effluents and storm runoff added. ered urgent. During the tourist season, the coastal re-

Usual treatment options range from screening, grit gions have a population of 200 million people, 50
 
removal, and primary sedimentation (primnry treat- percent of whom are not served by sewerage sys
ment) to biological oxidation (secondary treatment). tems. Eighty-five percent of the effl Jents from large

Advanced tertiary treatment, which precipitates cities are discharged into the sea untreated, causing
 
more solids and removes more nitrogen, is less corn- extensive beach pollution and contaminating shell
mon. Even after secondary treatment, the effluent fish beds (18).
still contains oxygen-demanding wastes, suspended In West and Central Africa, few large cities have ei
solids, nitrates, phosphates, viruses, heavy metals, ther proper drainage facilities or sewage treatment 
pesticides, and radioactive isotopes (1 ). plants. For the majority of city dwellers, no toilet sys-

WastewaterPahogens. A 1987 study by the United tem of any kind exists; bucket collection and dis-
Nations Environment Programme (UNEP) found that posal of sewage are common in coastal areas (19). In 
most of its 10 Regional Seas Programmes, covering Bangladesh, the rate of fecal-transmitted disease 
the majority of the world's marine regions, identified from urban wastes is high. Directly or indirectly dis
microbial contamination of the oceans as the subject posing of raw sewage into the sea is the general prac
of highest concern (15). But although the situdtion is tice in Eastern Asia, where it is the major source of 
widely documented, statistics on the occurrence of ocean pollution (m).
diseases are limited to those from occasional studies Finding the Effects. In several areas, concentrations 
of specific locations, of fecal coliform bacteria exceed national standards,

Sewage from urban areas almost inevitably con- indicating a potential human risk, but records of dis
tains pathogenic organisms, such as enteric bacteria, eases contracted by swimmers do not exist. In the
viruses, protozoans, and helminth worms: they coastal waters of Jakarta, for example, pathogens are 
cause bacillary and amoebic dysentery, cholera, ty- reported in fish and shellfish; in the Straits of Ma
phoid and paratylhcid fevers, salmonella gastroen- lacca, high levels of coliform bacteria occur in shell
teritis, infectious hepatitis, viral gastroenteritis, and fish beds; and in dc. Gulf of Thailand, oysters and 
other diseases. The number of pathogens in the raw mussels are contaninated by sewage. A 1988 epi
sewage depends on the health of the population demic of hepatitis associated with the consumption
from which it originated, but it i.; likely to be hig$h in of shellfish occurred in Hong Kong, with nearly 1,400 
countries where waterborne diseases are endemic. cases reported (21).
In the sewage treatment process, the bacterial con- InAustralia, where almost all large cities are lo
tent of tile sewage is reduced up to I100-fold. cated on the coast and their sewage is disposed of in 

Until recently, it was believed that pathogens the ocean, extensive beach cc.-tamination is a major
could not survive more than a few day:: in salt water. concern (22).
But human pathogenic viruses h.ve survived for 17 InLatin America, municipal discharges from 
months after sewage sludge awdurnped and re- coastal cities of Central and South America are the 
searchers have discovered viable pathogens in sea main sources of pollution. Their high coliform counts 
water even though they cannot be detected by con- account for intestinal infections, conjunctivitis, and 
ventional testing ir,2thods (Ii). (See Recent l)evelop- other public health problems common among beach 
ments, below,) and marina users (23). Sewage is also the greatest sin-

The vector by 'iich the pathogens transfer to peo- gle pollutant of coastal waters in the wider Carib
pie is usually shellfish, although consumption of bean :24). (See Regional Seas: The Wider Caribbean,
other seafood and exposure to contaminated sea below.)
water during recreational activities have also been Only inregions with small populations such as 
implicated. East Africa and the South Pacific is sewage pollution 
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Box 11.1 Oil Spill Damnage Depends on Time, Place, Conditions 

U.S. oil spills grabbed the headlines in 
the first half of 1989 with four accidents, 
dumping 47,000 cubic metters of crude oil 
Into the nation's coastal waters (i), The 
largest spill in U.S. history occurred 
when nearly 38,000 cubic meters poured
from the Exxon Valdez after it grounded 
on a reef in Prince William Sound In 
Alaska in March; the oil covered more 
than 2,600 square kilometers of coast 
and nearby waters (2). By comparison, in 
the world's largest tanker spill, the 1978 
grounding of the Amoco Cadiz off the 
coast of France, air ost seven times as 
much oil was lost. 

The Exon Valdez accident drew wide-
spread attention for several reasons. 
First, it occurred in a pristine environ-
ment and caused serious short-term envi-
ronmental damage and unknown 
long-term impacts (3). 

Second, the Valdez spill was the result 
of human error, compounded by ineffi-
cient cleanup by ail parties involved (4) 

Third, prior to constructioa of the Alas-
kan pipeline, environmentalists voiced 
major concerns about possible oil spills 
once tarhkers began transporting 
Prudhoe Bay oil from Pi ;nce William 
Sound. Steps were purportedly taken to 
ensure that the oil industry would be 
fully prepared to handle oil spills quickly 
and efficiently. But the Exxon Valdez acci-
dent clearly indicated thdt neither the in-
dustry nor the state and federal 
government agencies were prepared (5). 

Although tanker accidents receive 
widespread public attention, in fact, they 
are responsible for arelatively small 
percentage of the oil dumped into the 
oceans each year. As shown in Table 
11.2, tank cleaning, ballasting, and other 
routine tanker operations are responsi-
ble for more oil pollution than are acci-
dents. Other sources of marine oil 
pollution are offshore oil production ac-
tivities, land-based industrial effluents 
and municipal wastes, and natural seeps. 

Because of local, often dramatic Im-
pacts of a tanker spill or offshore plat-

form accident plus the fact that many 
spills occur nearshore, these accidents 
have been studied intensively. As shown 
in Figure 1,most oil spills occur along 
Northern Hemisphere coasts, which 
have the heaviest tanker traffic. The east-
ern coast of the United States and Euro-
pean coastal waters suffer the heaviest 
concentration of oil spills. 

ASSESSING THE DAMAGE 

The severity of environmental damage 
from a spill depends on avariety of fac-
tors. The type of petroleum Isa major 
factor because the toxicity of crude and 
refined products differs widely. 

The time of year also influences sever-
ity 'I the damage. Acoastal spill that oc-
curs during aspawning season, for 
ecample, could wipe out an entire year's 
production. Itthe spill coincided with 
the bird or marine mammal migration, It 
would be more serious than had Itoc-
curred at another time. 

Further, wind direction and force, at-
mospheric and sea temperatures, and 
other weather conditions determine how 
the spill will spread and therefore will in-
fluence cleanup attempts. 

And, although no locations are "good" 
for oil spills, some are assuredly desir-
able. Areas with high concentrations of 
marine life are particulary sensitive t, 
pollution. Aspill in coastal waters, for ex
ample, is more serious than an open
ocean spill. Most spills o'cur in coastal 
waters. 

Oil spill calamities rivet public atten
tion on dead birds, fisoi, seals, sea otters, 
and other animals covered with oil. The 
March 1989 Exxon Valdez accident killed 
36,471 birds, 1,016 sea otters, and 144 
raptors; these figures represent only 
corpses found by the following Novem-
ber, perhaps 6-10 percent of the animals 
killed (6). Inthe Torrey Canyon's 1967 En-
glish Channel oil spill, more than 25,000 
birds were suffocated by the oil or poi-

soned by chemicals used to disperse the 
oil. And in 1974, when the tanker Metula 
sank near the Strait of Magellan, 3,000
4,000 birds were killed (7). All these 
counts underestimate the toll because 
those killed shortly after the spill either 
sank or were cons'umed by predators be
fore they could wash ashore. 

Damage below the surface Is usually 
more significant. Oil spills destroy the 
eggs, larvae, and adults of plankton, krill, 
coral, shellfish, and awide array of ben
thic and coastal species. Stock on 809 
hectares of French oyster beds was 
wiped out by the Amoco Cadiz spill, and 
the beds produced few oysters for sev
eral years (8). The 1979 blowout of Ixtoc I, 
an offshore oil platform Inthe Gulf of 
Mexico, is the largest marine oil spill to 
date; it destroyed the crab and mollusc 
population along several hundred kilo
meters of gulf coast. The lack of data and 
unreliable fishery statistics, however, 
have made it difficult to assess the full 
impacts of the Ixtoc I spill on gulf fish
eries (9). 

Some problems persist for years. Oil 
pollution causes chronic problems 
among marine organisms, including 
changed feeding and reproductive 
patterns and abnormal behavior and 
growth. It also interrupts chemical 
communication among animals and the 
senses they use for migration (10). 

REVISITING THE SCENES OF OIL 
SPILLS 

The status of the environment years 
after oil spills gives Insight Into the long
term prol;lems they can cause. In 1969, 
for example, the barge Floridaran 
aground near West Falmouth, Massachu
setts, ano spilled 663 cubic meters of No. 
2 fuel oil ( i). Seven years later, the popu
lation of marsh fiddler crabs was still de
pressed; surprisingly, 10 years after the 
spill, fresh oil was found in nearby 

not a major problem. Even there, however, it is a widely distributed by ocean currents and wind (27) 
problem around urban areas (25) (26i). (28). 

A major source of plastic debris is the land; plas-
Marine Litter tics-everything from six-pack-container rings to 

plastic bags, sheeting, and pellets of the raw materi-
In recent years, growing amounts of litter have been als used in manufacturing-wash down rivers from 
found in the marine environment. Litter harms ma- landfills and land-based operations (29). Another 
rine life, interferes with shipping and other activities, major source is the fishing industry, whose nets, 
and impairs the aesthetic quality of beaches. Its in- ship lines, buoys, and other equipment are now man
creased pre'.ence results largely from the rapid re- ufactured largely from synthetic materials. When 
placement of natural materials with synthetic these items are lost or discarded at sea, they may
compounds in manufacturing processes. Natural ma- sink, but more often they float or drift beneath the 
terials disintegrate quickly, but plastics are relatively surface. Worldwide, the annual loss of fishing gear
nonbiodegradable. They persist for up to 50 years alone is estimated at more than 150,000 metric tons 
and, because they are usually buoyant, they are (mo). Sections of netting continue for several years to 
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Box 11.1 

marshes, which acted like sponges, creat-

Ing a continuous source of oozing oil. Figure I Main Tanker Routea and Major Spills


The largest oil spill in the tropical
 
Americas occurred In 1986 near the Car
ibbean entrance to the Panama Canal. c,,'
 
Eight thousand cubic meters of medium
weight crude oil poured from a ruptured
 
storage tank. The location of the spiii, -f
 
near the Smithsonian T-oplcal Research '
 

Institute, provided a uw que opportunity
 
for study. The area had ueen studied be
fore and again after asmaller oil spill In
 
1968. It is a typical Caribbean coastal eco- 
system of sea grass beds, mangroves, (3........
 
algal flats, and coral reefs (12). ,
 

The spill covered mangroves roots
 
along 27 kilometers of coast. The trees
 
d:ed within ayear, affecting all the ma
rine organisms that depend on them. It
 
will take . ears for new mangroves to re
claim the area. Some meadows of sub
tidal sea grasses, although damaged,
 
survived but all intertidal beds were de
stroyed. The coral reefs hit by the oil
 
were heavily damaged, particularly those
 
in the subtiddl zone. Subtldal and inter
tidal shrimp and snails were also af
fected (13). These findings ,ortradict - Very Large and Ultra Large Crude Carrier Routes
 

widely held beliefs that spills in tropical Other carrier Routes
 
ecosystems are not as serious as those
 
in colder climates and that coral reefs 0 Major Oil Spills
 
are not affected by oil spills.
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entangle fish, birds, and marine mammals ina kind of eating plastic sheeting. A recent study found plastic
"ghost fishing." A third source of plastic debris is the particles in the digestive tracts of 25 percent of the 
material used for banding and strapping cargo and world's seabird species (3:). Although information is 
other packages. not sufficient to quantify the impacts of such litter 

Deaths of Marine Mamnmals. Reports come from all on these animal populations, experienced observers 
over the world of deaths of marine mammals that be- have expressed concern. 
came entangled in discarded nets. In the North Pa- Beach Litter. Plastic litter also degrades the aes
cific, for example, populations of Dail's porpoises are thetic qualities of beaches and nearshore waters. 
at risk from floating nets. Entanglement is the sus- Plastic debris pervades every sector of the world's 
pected cause in the deaths of fur seals in the eastern oceans, even the remote shores of the Antarctic. Up 
Aleutian Islands (31) ant Hawaiian monk seals (32). to 70 percent of the delbris examined in the Mediter-
Discarded plastic bands encircle mammals, fish, and ranean and more than 80 percent of it in the Pacific 
birds and tighten as their bodies grow. Turtles, were plastic (34). A three-hour survey of 563 kilome
whales, and other marine mammals have died after ters of Oregon beaches in 1984 yie'ded more than 26 
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Table 11.3 Sources of Petroleum Inputs to 
the Marine Environment 

Petroleum680,wo 
(million 

Source 
metric tons 

annually) Percent 

Municipal and industrial waste discharge 
and runoff 1.18 36 3 

Municipal wastes 0.70 
Refineries 0.10 
Nonrefining industrial wastes 0.20 
Urban runoff 0.12 
River runoff 0.04 
Ocean dumping 0.02 

Offshore oil production 0.05 1.5 
Transportation 1.47 45.2 

Tanker operations 0.70 
Tanker accidents 0'. f 
Bilge and fuel oils 0.u 
Other transportation activities 0.C7 

Natural sources (seeps and erosion) 0.25 7.7 
Atmosphere 0.30 9.2 
Total 3.20 

Source: National Research Council, Oil, ri the Sea. Inputs, Fates, and Effects 
(NationalAcademy Press, Washington, D.C., 1985), Table 2-22,p. 82 

metric tons of plastic materials, mostly pieces of 
polystyrene, food utensils, bags and sheet material, 
and bottles (35). 

Petroleum 

Oil is a widespread pollutant in the o-eans-and a 
h*gh-profile one. When it is concentrated, its pres-
ence is obvious. The most recent comprehensive 
study of oil in the oceans estimates that 3.2 million 
metric tons enter the marine environment annually. 
(See Table 11.3.) Of this amount, nearly 45 percent is 
from marine transportation, including spills, 36 per-
cent is from municipal and industrial discharges. 

Recent political and economic events have 
changed oil use and subsequently reduced the vol-
ume transported. World exports of crude and fin-
ished oil products declined 25 percent between 1977 
and 1986 (:6). Associated with the decline in oil trans-
portation is the reduction in the number of oil spills; 
annual spills invoiving 6.8 metric tons or more 
dropped 74 percent between 1974 and 1986. (See 
Table 11A.) 

The most dramatic occurrences of oil pollution re-
suit from drilling-platform accidents or shipwrecks 
that spill large quantities of oil. (See Box 11.1.) 

Synthetic Organic Compounds 

Synthetic organic compounds include tlorinated hy-
drocarbon pesticides; industrial chemicals, such as 
chlorinated biphenyls (PCBs); and organometals, 
such as tributyl tin (TBT). Like many other contami-
nants, these substances reach the sea through direct 
or indirect industrial discharges, rivers, storm and ir-
rigation runoff from land, ocean dumping, and atmo-
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Table 11.4 Number of Oil Spills Worldwide 
1974-86 

Number of fiuills 

Million Metric 
+6C,0 

MillionMetric 
Year AllSizes Tons 

1974 1,450 91 26 
1975 1,350 98 23 
1976 1,099 66 25 
1977 956 66 20 
1978 746 57 24 
1979 695 54 37 
1980 554 48 13 
1981 4.01 48 5 
1982 247 44 3 
1983 216 52 11 
1984 146 25 7 
1985 137 25 8 
1986 118 24 6 
Total 8,115 698 208 

Source: C. Walder, Marine Transportation of Oil and Other Hazardous Sub
stances: Annex to the Report on the State of the Environment, draft, United 
Nations Environment Programme, Nairobi, Kenya, 1989, Table X, p. 10. 

spheric deposition. They are widely dish'.buted in 
the oceans. 

Chlorinated hydrocarbons are not biodegradable. 
Because they are carried by wind and water, they are 
found from the poles to the tropics. Chlorinated hy
drocarbons have beet. detected, usually at low lev
els, in most species of organisms, including human 
beir~s. They are lipid-soluble and accumulate in 
fatty tissues. The amount of accumulation increases 
up the food chain ;o that high concentrations are 
found in the body ,at of the top predators among 
birds, fish, and mammals. 

Among the more widespread chlorinated hydrocar
bons are the insecticides DDT and lindane 
(Y-hexachlorocyclohexane) and the fungicide HCB 
(hexachlorobenzene). Many others, however, ind id
ing chlordane, toxaphene, and dieldrin, are also pres
ent in the oceans. Chlorinated hydrocarbons inhibit 
photosynthesis and movement in plankton and 
cause a wide ,ange of damage in othtir organisms, 
such as wasting syndrome, tumors, liver damage, re
productive failure, and birth defects. It was demon
strated recently in the Netherlands' Wadden Sea that 
uterine occlusions, which prevent the birth of seal 
pups, resilt from PCB contamination of the mother 
seals' fish diet (37). 

In many countries, particularly in Europe and 
North America, use of the more hazardous chlori
nated hydrocarbons has been banned, greatly reduc
ing their input to the sea and lowering 
concentrations found in sea life. For example, in the 
United States, where the use of DDT was banned in 
1972, levels of the pesticide in fish and shellfisi 6& 
clined markedly from the mid-1970s through the mid
1980s. FCB levels, on the other hand, have declined 
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Box 11.2 International Control of Marine Pollution 

Reducing marine pollution requires both 
national and local actloi. Action at both 
levels Is most productive when it is sup-
ported by International agreement. 

A network of international treaties and 
conventions exists. Some are regional; 
some are global. Others are under discus- 
sion. 

In the 1950s and 1960s, when marine 
pollution was first recognized as asignifi-
cant problem, major public concern fo-
cused on oil spills and routine 
discharges from ships. As a result, sev-
eral multicountry conventions were 
adopted: 
E The hternational Convention for the 
Prevention of Pollution of the Sea by Oil, 
London, 1954, amended 1962, 1969, and 
1971. 
[ The International Convention Relating 
to Intervention on the High Seas in Cases 
of Oil Pollution Casualties, Brussels, 
1969. 
0 The Agreement for Co-Operation in 
Dealing with Pollution of the North Sea 
by Oil, Bopn, 1969. 
N The International Convention on Civil 
Liability for Oil Pollution Damage, Brus-
sels, 1969. 
STile International Convention on the 

Establishment of an International Fund 
for Oil Pollution Damage, Brussels, 1971. 
* Tie Agreement between Denmark, Fin-
land, Norway and Sweden concerning Co-
Operation in Measures to Deal with 
Pollution of the Sea by Oil, Copenhagen, 
1971. 

By the early 1970s, public concern was 
growing. The United Nations Conference 
on the Human Environment held at Stock-
holm InJune 1972 set forth two princi-
pies regarding the obligation of 
presen ing the marine, environment: 

Principle 7: "States shall take all possi- 
ble steps to prevent pollution of the seas 
by substances that are liable to create 
hazards to human health, to harm living 
resources and marine life, to damage 

amenities or to Interfere with other legiti-
mate uses of the sea." 

Principle 21: "States have, in accor-
dance with the Charter of the United Na-
tions and the principles of International 
law, the sovereign right to exploit their 
own resources pursuant to their own en-
vironmental policies, and the responsibil- 
Ity to ensure that activities within their 
jurlsdiction or control do not cause dam-
age to the environment of other States or 
of areas beyond the limits of national ju-
risdlction." 

After the conference and subsequent 
meetings that focused on ocean dumping 
of wastes, two conventions were 
adopted: 
U The Convention for the Prevention of 
Marine Pollution by Drmping from Ships 
and Aircraft, Oslo, 1972. 
R The Convention on the Prevention of 
Marine Pollution by Dumping of Wastes 
and Other Matter, London, 1972. 

On the recommendation of the Stock-
holm conference, the United Nations Gen-
eral Assembly established the United 
Nations Environment Programme 
(UNEP). Reduction and control of marine 
pollution continued to receive attention, 
particularly pollution from onshore activ-
ities, exploration, and exploitation of the 
seabed, and more recently, the atmo-
sphere. One result of this attention was 
the 1973 International Convention for the 
Prevention of Pollution from Ships (modi- 
fled by the protocol of 1978). The conven- 
tion lays groundwork for acomprehen-
sive system to control ship discharges of 
oil, noxious substances, sewage, and gar-
bage. 

Among other actions, international con
ventions have established dumping rules 
for substances by category. One cate
gory, substances on aso-called grey list, 
may be dumped if they are In trace 
amounts or if they are rapidly rendered 
harmless in the sea; dumping those on a 
black list requires special authorization. 

Except for shipping, worldwide agree
ment on rules and procedures to control 
marine pollution have not been devel
oped. The need for them has long been 
recognized. Tile 1982 United Nations Con
vention on the Law of the Sea prov~ded a 
broad agenda for such action. One Initla
tive-to control marine pollution from 
land activities-was addressed by ONEP 
and resulted in the 1985 adoption of the 
"Montreal Guidelines" that propose meth
ods of dealing with sewage, oily urban 
runoff, and other sources of pollution. 

Since 1972, several reglosal conven
tions have been adopted: 
U The Convention for the Prevention of 
Marine Pollution from Land-based 
Sources, Paris, 1974. 
U 1he Convention on the Protection of 
the Marine Environment of the Baltic Sea 
Area, Helsinki, 1974. 
N The Convention on the Protection of 
the Environment between Denmark, Fin
land, Norway and Sweden, Helsinki 1974. 
U The Agreement for Co-Operation in 
Dealing with Pollution of the North Sea 
by Oil and Other Harmful Substances, 
1983. 

Inaddition, UNEP has established con
ventions for developing rules and stan
dards to protect the special character
istics of regional areas from pollution. 

Much has yet to be done on atmno
spheric pollution, and the area north of 
the East China Sea is not covered by any 
of these conventions. Nevertheless, the 
range of International conventions and 
agreements now in force lays abroad, if 
incomplete, foundation for controlling 
marine pollution. 

References and Notes 

1. 	 M.Nauke, International Conventions on the 
Prevention ofMarine Pollution: Coastal 
Strategies, annex to State of the Marine En
vironment (United Nations Environment 
Programme, Nairobi, Kenya, inpress). 

only slightly since the United States banned inost About 25 percent of these pesticides end up in the 
uses in 1976 (38). sea (410). 

Globally, pesticides make a major contribution to Organometal compounds, which have been used 
human food production. Although accurate prodLuc- for some time as fungicides and biocides, present a 
tion and use data are difficult to obtain, pesticide use different problem. TB'T was introduced as an antifoul
appears to be increaiing, especially in developing ant in marine paints in the mid-1960s. As a marine an
countries. In West and Central Africa, for example, tifoulant, it is extremc'y effective, but some 10 years 
pesticide use is growing rapidly, and, despite in- ago, it was shown to cause shell malforniafions and 
creased reliance on more readily degradable organo- mortality in oysters (.11). TBT is now known to affect 
phosl)horus and carblamate pesticides, a wide range of invertebrates. TBT concentrations 
organochhlrines such as ))T and chlordane are still can be high in marinas where many small boats are 
widely used. moored. It is used also on the nets and structures of 

In South Asia, pesticide use is considerable, with mariculture facilities and on ships. France, the 
India alone using 55,000 metric tons a year (3.). 

World ReSOg5UMS1990-91 

187 



11 Oceans and Coasts
 

United Kingdom, and several U.S. states have taken 
steps to restrict the use of TBT. 

Metals 

The mercury poisoning at Mnamata, Japan, in the 
mid-1950s, spurred widespread concern over metal 
pollution in the oceans. Metals entering the marine 
environment do so directly through industrial dis-
charge, clumping, and mining and indirectly through 
rivers. Some, particularly lead and mercury, are car-
ried in significant amounts in the atmosphere. 

Apart from isolated hot spots near industrial dis-
charges, metal concentrations in the sea are consid-
erably below thosc hat produce toxic effects in 
organisms. At most, metal pollution is a minor haz-
arc] in the marine environment (12). To ensure protec-
tion of public health, however, monitoring should be 
continued where marine concentrations are ele- 
vated. 

Radioactive Substances 

Radioactive substances are present everywhere in 
the environment, including the oceans. They are de-
rived naturally from Earth's crust and cosmic radia-
tion. Since the 1940s, however, people have 
contributed radionuclides of their own making-
through fallout from nuclear weapons testing. Be-
cause the fallout is dispersed globally in the atmo-
sphere, concentrations in the oceans are negligible 
compared with concentrations of natural radionu-
clides. 

Accidents at nuclear power plants are apotential 
source of radiation pollution. Of the cesium-137 re-
leased during the 1986 accident at Chernobyi, 6.7 per-
cent reached the oceans. Although increased levels 
were detected in the Baltic Sea, the North Sea, and 
the Mediterranean, the effects on marine organisms 
and human exposure through consumption of sea
food were negligible (43). 

The two other sources are discharges from nuclear 
power and nuclear reprocessing plants and the dis-
posal of low-level radioactive material such as that 
used in research and medicine These discharges are 
under international control, which includes authori-
zation and monitoring. Dumping radioactive material 
at sea was suspended under the London Dumping 
Convention in 1982 (44). 

Pollution Control 

Although pollution of many coastal areas is serious, 
corrective actioys are possible. The decrease in DDT 
concentrations in fish and shellfish in the United 
States and Sweden demonstrates the possibilities of 
change (45) (46). Similarly, recent reports indicate 
that TBT-clamaged oyster becs are recovering in 
France and the United Kingdom since the compound 
was banned there (47). These successes involved sin-
gle substances or groups of substances in individual 
situations. Any strategy for protecting the marine en-

WorldResources1990-91 

vironment must be broader, dealing with a range of 
pollution sources from sewage to runoff to industrial 
discharges. Box 11.2 lists international agreements 
on marine pollution.
 

Efforts to control marine pollution are presently

thwarted by serious gaps and other deficiencies in 
scientific knowledge, interjurisdictional policymak
ing, and political will. GESAMP identified several ac
tions needed to address the global problem of 
worsening coastal pollution: 
n The vulnerability of the coastal zone demands its 
protection by policies that call for both national and 
international action. 
U Coastal effects of various inland activities, including 
land-use operations and manipulation of water cy
cles,should be taken into account at the planning 
stage of these activities. 
M To control eutrophication, changes are needed in 
sewage disposal techniques and agricultural prar
tices. 
N Public health standards regarding sewage pollution 
of beaches and shallow waters should be upgraded
and their enforcement strengthened; copside-4tion
should be given to monitoring seafood sold ior public consumption.
* The problem of pldbiic litter should be asses.ed; the 
production and use of alternative materials less 
harmful to the environment should be encouraged. 

In addition to these actions, GESAMP citeC three 
critical gaps in current scientific knowledge of the 
ocean environment: 
[ Research is urgently needed on the nature of un
usual phytoplankton blooms--red tides-and the 
events that trigger them. 
E Further research should be encouraged on the rela
tionships between chemical-contaminant concentra
tions in water and sediments and their effects on
organisms.
U Silt per se (mainly from runoff) should be recognized 
as amarine pollutant and its effects on oceans 
should be assessed (48). 

REGIONAL SEAS: THE CARIBBEAN 

The Caribbean is called the American Mediterra
nean-the sun-and-sand vacation spot convenient to 
both North and South American:;. The islanders of 
the Caribbean depend mainly on tourism for their 
livelihood; they brought in $4.4 billion in tourist reve
nue in 1988 (49). The area's major pollution problems 
might be seen as those threatening the beaches and 
crystal-clear waters that attract tourists, for without 
these natural assets, the economies of most of the 
tiny islands would be seriously depressed (50).

The wider Caribbean is also a major oil-producing 
area and, not surprisingly, oil is a major )oliutant. 
Around urban areas, sewage thrtate1:s the tourist 
trade- most sewage in the Caribbean is discharged
untreated into rivers or the sea (51). in fact, in all 
Latin America, an estimated 98 percent of the sewage 
is not treated (52). 

The wider Caribbean region is compo:ed of 40 
states and territories, which encircle two connected 
basins: the Gulf of Mexico (U.S. gulf states and Mex
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Figure 11.1 The Wider Caribbean: Distribution of Marine Living Resources 
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Source: World Conservation Union. Gland, Switzerland. and James Do.zbin Assoriales. Alexandria, Virginia.
 

Note: Marine Living Resources include conch, shrimp, lobsters. finfish, crocodiles, sea turtles, seabirds and wading birds, ma~latees, and whales. Not all
 
species are found in all shaded areas. 

ico) and the Caribbean Sea (the Central American 
countries except El Salvador; the South American 
countries of Colombia, Venezuela, Guyana, Suriname, 
and French Guiana; and the Caribbean islands from 
the Bahamas through the Greater and Lesser Antil-
les. (See Figure 11.1.) These nations are culturally 
and economically diverse (53). 

Iv 1989, the countries and the U.S. states bordering 
the Caribbean had a population of 236 million (54) (55) 
(56). All the islands in the Antilles chain have more 
than 100 inhabitants per square kilometer. Colombia 
and Venezuela, on the other hand, have vast unset
tied interior areas. 

The Physical Setting 

The water flow in the wider Caribbean is dominated 
by two major currents, the Caribbean and the Antil-
les; both flow from east to west, then clockwise 
around the basin. These ::urrents determine the gen-
eral dispersal patterns of pollutants (57). The drain-
age area of the wider Caribbean region is about 7.5 
million square kilometers and includes the basins ol 
two of the world's largest rivers: the Mississippi and 
the Orinoco (58). 

Both the Gulf of Mexico and the Caribbean Sea 
have deep basins in their centers that are fairly un-
productive. Except in a few places, there are no sig-

nificant upwellings that bring nutrients from deep wa
ters to support a fishery. Further, because the sur
face water temperature remains about 27 °C year 
round, there is no forced turnover in which the 
upper waters cool and sink, pushing nutrient-rich 
water to the surface (59). These central basins are 
not polluted, but conditions indicate that were they 
to become polluted, they would remain so for a long 
time. Most marine organisms in the Caribbean de
pend on coastal mangroves, estuaries, and coral 
reefs for feeding grounds (60). 

Marine Resources 

Figure 11.2 shows the distribution of living marine re
sources: fish, marine mammals, sea birds, and tur
ties. The darkest areas indicate the regions of 
highest biological diversity. The most significant fish
eries in the area are on the Campeche Bank in the 
Gulf of Mexico, the Mosquito Bank in the Caribbean 
off the coasts of Honduras and Nicaragua, the Gulf of 
Paria between Trinidad and Tobago, and the coastal 
waters of the Guyana-Suriname area. The United 
States and Mexico maintain large mechanized shrimp 
fisheries in the gulf, and vessels from Japan, Korea, 
Taiwan, the United States and other countries fish 
for yellowfin tuna, swordfish and dolphin in deeper 
Caribbean waters (61). Most coastal fishing is artisa-

WorldResourcesi990-91 

189 



11 Oceans and Coasts
 

nal. About 200 species are found near coral reefs in-
cluding grouper, snapper, grunt, goatfish, and 
parrotfish. Lobster, conch, and other valuable shell- 
fish are also found nearshore. Fish landings in the 
wider Caribbean in 1987 totaled 3 million metric tons 
(62) (63). 

Many larger forms of marine life have been hunted 
to near extinction. The West Indian manatee is le-
gaily protected in the Dominican Republic, the 
United States, and Jamaica, but it is still hunted for 
food in some areas (6.1). Six species of sea turtle are 
found in the wider Caribbean, including the endan-
gered Kemp's Ridley turtle. Turtles are threatened 
by shrimp boat nets, the development or distur-
bance of their nesting beaches, ingestation of tar 
balls and plastic debris, and, in some areas, direct 
hunting (65). In 1989, the United States required turtle 
excluder devices on all shrimp boats more than 25 
feet long during certain months (66)(67). 

Spectacular coral reefs throughout the region, es-
pecially off the coasts of Belize, Bonaire, the Baha-
mas, and the Lesser Antilles, attract tourists and 
divers from the Americas and Europe. Unfortunately, 
cae survey found that reefs declined significantly be-
tween 1975 and 1985 in most countries (68). Reefs are 
degraded by silt and sewage from coastal areas and 
are destroyed by fishermen and tourists ((w9). 

The wider Caribbean is a major oil-producing area 
(70). In 1988, onshore and offshore production in the 
Mexican gulf region, Venezuela, Colombia, Trinidad 
aid Tobago, and the U.S. gulf states was 403 million 
metric tons, compared with 198 million metric tons 
from Saudi Arabia (71). The Caribbean is also a major 
shipping crossroads for oil tankers. The areas at 
most risk from accidental oil spills are narrow pas-
sages along the tanker routes where an error in judg-
menit or navigation could be disastrous (72). 

Pollution Problems 

Spilled oil is the area's most widespread polluti,,
problem. The International Maritime Organization 
(IMO) estimates that 6.7 percent of the total offshore 
production is lost through spills into the marine envi-
ronment as a consequence of pipeline accidents, 
blowouts, platform fires, overflows, and malfunc-
tions and other minor occurrences. In 1989, the 1978 
blowout of a Mexican oil company's offshore oil plat-
form that spilled 470,000 rf-etrc tons of oil, still held 
the record as the world's largest offshore oil spill 
(73). High levels of petroleum are generally found in 
Caribbean waters, and windward-exposed coasts are 
contaminated with tar. Many beaches have been se-
verely damaged by recreational activities, and others 
in Curacao, Bonaire, and Grand Cayman are totally 
unusable (7,4). 

Other pollution problems are localized, but they 
can be severe, especially around large urban or in-
dustrial areas (75). A 1974 Pan American Health Orga-
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nization (PAHO) survey found that less than 10 
percent of the area's sewage was treated, and a 
PAHO official believes that the situation had changed 
little in 1989 (76) (77). The bulk of the sewage is dis
charged untreated into rivers or harbors or is piped 
to cesspools, where it seeps out and pollutes the 
groundwater. Metropolitan centers with populations 
of more than 1 million, such as Havana and Caracas, 
have serious water pollution problems. Panama has 
polluted Panama Bay with inadequately treated sew
age and industrial discharges; in Venezuela, beaches 
north of Caracas have been polluted; and in Jamaica, 
the pollution of Kingston Harbor is well documented 
(78). In Colombia, Cartegena and Barrancluilla have 
heavily polluted bays and coasts (79). 

In addition to urban sewage, direct discharge from 
resort hotels onto swimming beaches can be a 
health and pollution problem. Many of these hotels 
are equipped with prefabricated treatment plants, 
but the plants are often overloaded or are main
tained inadequately and thus become ineffective (80).

Another major coastal pollution problem is sedi
mentation caused by land clearing. More than 2 mil
lion hectares of Caribbean tropical forests are 
cleared annually, but only 70,000 hectares are re
planted (81). Erosion rates are high in some Carib
bean and Central American countries, where soil 
from denuded steep slopes is washed to the sea by 
heavy tropical rains. In several Central American 
countries, erosion rates reached 500 metric tons per 
hectare (82). By comparison, U.S. croplandl is eroding 
at a rate of 18 metric tons per hectare (83). 

Sedimentation also steins from agricultural runoff 
and mining wastes. Sediments can smother sea grass 
beds and coral reefs, clog streams, and disrupt water 
flow. Fertilizers can "_-ause algal blooms and resultant 
eutrophication of enclosed bays. Pesticides can be 
absorbed by fish, especially groupers and other 
large fish. One study found DI)T and DDE in the grou
per tissue in the Gulf of Mexico and the Grand Baha
mas (m'l). (See New Assessment of Ocean Pollution, 
above.) 

The mineral causing the most pollution in the re
gion is bauxite. Used in aluminum production, baux
ite is mined in three islands and two South American 
countries. "Red mud," a waste product from bauxite 
processing, is highly alkaline and toxic. It is tradition
ally disposed of in limestone pits, where it leaches 
into groundwater. Mining beach sand is the single 
most destructive human activity affecting beach ero
sion, according to UNEP (85). Sand is mined mainly 
for read building materials used on the islands. 
Beach mining operations have seriously disturbed 
coastal and marine ecosystems on several islands 
(86). 

A recent threat is the transboundary clumping of 
hazardous wastes. UNEP reports Haiti's complaints 
that a foreign ship had illegally offloaded wastes on
shore and that several Caribbean governments have 
been approached by private entities seeking disposal 
sites (87). 
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Regional Seas Programme Constraints include weak pubiic support, inadequate 
funding, lack of trained personnel and equipment, un-

To help coastal area governments to assess their ma- certainty over proposed pollution standards, un
rine resources and pollution problems and thlen act supportive judicial systems, and a rekictance in 
on these problems, UNEP established 10 Regional many countries and territories to confront powerful 
Seas Programme involving 120 countries. Each World economic interests (91). The report saw raising pub-
Resources volume examines one of these program lic awareness of environmental issues, obtaining fi
areas. nancial and technical assistance from richer nations, 

The Caribbean Environment Programme, begun in and enhancing local educational systems as the keys 
1976, is a joint project of UNEP, the Economic Com- to spurring political action on environmental prob
mkission for Latin America and the Caribbean, and lems in the Caribbean (92). 
the 28 concerned countries. In 1981, 22 Caribbean 
countries adopted an action plan that sets priorities 
for regional cooperation. Two years later, at Car
tagena, Colombia, 15 countries signed the Conven- FOCUS ON ANTARCTICA: SHARING 
tion for the Protection -nd Development of the RESOURCES IN THE LAST WILDERNESS 
Marine Environment of the Wider Caribbean Region. 
As of 1989, 16 had ratified the convention, which Antarctica is a vast silent contirent, virtually barren 
pledges signatories to control pollution and protect inland but teeming with birds and marine life along 
the environment, its coasts and in the surrounding Southern Ocean. 

Each regional seas action plan, outlines the In 1959, 12 countries agreed to preserve the region 
region's environmental priorities and identifies areas south of 60" south latitude-about 36 million square 
in which countries can readily cooperate. The action kilometers or 10 percent of Earth's surface--as a 
plan of the Caribbean Environment Ptograntme, like unique scientific laboratory and to designate the 
many others, stresses the need for monitoring and 
assessing pollution, cooperating on a plan to re
spond to eil spills, forming watershed management 
guidelines, improving environmental health services 
such as clean drinking water and sanitation, and pro- Figure 11 .2 Distribution of Krill in the 
moting environmental education. Southern Ocean around Antarcticp 

Acentral office, the Regional Coordinating Unit, 
was set up in Kingston, Jamaica, in 1987. Participat
ing nations are committed to contribute to a trust 
fund; UNEP also provides some funding 188). 

Most of the work of the program is in the area of 
education and training, and several specific areas 
have been addressed. A protocol incorporated into 
the convention pledges ratifiers to cooperate to 
clean up oil spills and notify other countries of spills , 
near their borders. With IMO,the Caribbean Environ- ' 
ment Programme held workshops to train 35 officials ,i:. . " 
in major spill response (89). Acooperative effort with " the Intergovern mental Oceanographic Commission .',.,involved training scientists how to monitor pollution 

in their areas. Participants were encouraged to form / 
a network of institutions to communicate on local en

" vironmental problems. For policyniakers, the pro- .' " 

grain has put forth 39 recommendations for the •
 
management of threatened or vulnerable sea turtles V\
 
(9o). Working with the Caribbean Conservation Asso- ..
 

ciation, a nongovernmental organization, the pro
gram has tried to raise public environmental .. ,
 
awareness levels. I -w
 

In assessing the progress of the wider Caribbean to- 1.000-10 000 
ward environmentally sustainable development, the 0 10000-... .. 
Caribbean Environment Programme recently re- * ,00-,.0.0 
ported that Caribbean countries face "an overwhelm
ing array of environmental problems resulting from
 
intensive exploitation of coastal and marine re- Source: Antarctic Science, D.W.H. Walton ed. (Cambridge University Press,
 
sources, coupled with ineffective and often inappro- Cambridge, U.K., 1987), p.50.
 

priate approaches to development planning."
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Atarcic wichclosedcludd ateagremet, reat, hunting seasons and areas and sets up threeclude an agreement, the Antarctic Treaty, whichsoegives equal standing to seven countries claimingselrers.Ecyahovroesasae seals are
gives eq st gand tovencountries 

Figure 1 1.3 Fishery Harvest in the Southern 
Ocean, 1070-87 
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area an international zone of peace (93). They con-

caiing r 
parts of the region and five countries that do not rec-
ognize these claims. Today 39 countries are party to 
the treaty, and, since its signing, three more interria
tional agreements have been concluded. 

The 1980 Antarctic Marine Living Resources Con
vention establishes one of the most advanced sys-
tems for management of living resources in the 
world. Whereas most countries manage their fisner-
ies and wildlife for the health of a few target species, 
the 1980 convention calls for management of all spe-
cies to maintain the ecosystem. 

The 1980s presented new, often competing inter-
ests in Antarctica that challenge its governance. The 
three greatest challenges are the possibility of min-
eral-extraction activities, growth in the number and 
scale of scientific research programs, and increased 
tourism. 

Because the original 1959 Antarctic Treaty may 
come up for review after 1991, it is time to assess the 
effectiveness of Antarctica's unique system of gover-
nance-and its success in promoting pi aceful scien-
tific research, conserving and managing, Antarctic 
resources, and preventing changes that could ad-
versely affect Antarctica's vital influence on global 
weather, climate, and ocean circulation. 

Antarctic Marine Living Resources 

The interior of Antarctica is almost barren, but the 
coasts and coastal waters support 35 species of pen-
guins and other birds, 6 varieties of seals, 12 whale 
species, and nearly 200 types of fish (94). For more 
than 200 years, seal hunters, whalers, and fishermen 
have been drawn to the remote but productive South-
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ern Ocean. Often the result was a serious depletion
of species. But in the late 1970s, spurred by a grow
ing commercial interest in harvesting krill, a small 
(4-7 centimeter) shrimp-like crustacean, Antarctica's 
governing countries negotiated the Convention on 
the Conservation of Antarctic Marine Living Re
sources (CCAMLR). Unlike any previous wildlife man
agement agreement, it sets conservation of the entire
ecosystem as its primary goal. 

Seals 

As early as 1784, large numbers of seals were hunted 
in the Southern Ocean (95). By the early 19th Cen
tury, the elephant seal population was substantially 

and fur seals were near extinction (96). Be
cause seal hunting there has been of minor impor
tance during the 20th Century, the seal populations
have largely recovered (97). To protect them from fur
ther exl)loitation, the parties to the Antarctic Treaty 
agreed to the Convention for the Conservation of Antarctic Seals (CCAS), which entered into force in 1972 
(98). CCAS bans hunting Ross, elephant, and fur sealsand sets cluotas for other species; it establishes 
a h se ason anher s etshee 

hunted for dog food and scientific research; in 1987
8, for example, Soviet researchers reported killing 

4,000 seals for experimental purposes (!9) (m). 

Whales 

Whaling began in Antarctica in the early 1900s, ini
tially with shore-based processing facilities that by
the mid-1920s were replaced by more efficient ship
boai d processing (101). Whaling has taken a sev-re 
toll on the marine mammals. In 50 years. the por ula
tion of blue whales in th, Southern Ocean was only 5 
percent of its original size, humpbacks 3 percent, fin 
whales 21 percent, and Sei whales 51 percent (1o2). 
Recent assessments suggest that this bleak picture 
may overestimate whale populations (10). Antarctic 
whalers hunted the largest, most valuable species 
first, then turned to progressively smaller species as 
they depletcd the slocks. Only the smallest of the 
Southern Ocean whales, the Minke, has not been sub
stantially reduced. 

Since 1946, Southern Ocean whaling has been regu
lated by the International Whaling Commission (IWC) 
(m(4). In 1982, IWC issued a moratorium on commer
cial whaling to begin in the 1985-86 Antarctic sum
mer. Four countries objected to the moratorium, and 
whalers from '..o of them-Japan and the Soviet 
Union-col.'nued to harvest Minke whales in the 
Southern Ocean through the 1986-87 season (105).
Today, Japanese whalers hunt Minke whales for pur
portedly scientific purposes, taking some 300 in 
1987-88 (1i6). 

Whales have low reproductive rates, raising con
cern that some species may not recover from exploi
tation. For example, the sub-Antarctic right whales, 
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which have been protected since the 1930s, showed 
no evidence of recovery until the 1970s (107). 

Fish and Krill 

More recently, bottom-dwelling fish and krill have be-
come the target of the Southern Ocean harvest. Har-
vesting bottom fish began in the late 1960s with cod 
fishing near the island of South Georgia (108). Since 
then, fishing harvests increased to a peak of about 
400,000 metric tons in the 1969-70 season; by the 
late 1970s, several fish populations were severely 
depleted (109). (See Figure 11.3.) 

Krill fishing began in 1976 and rapidly reached a 
peak harvest of 528,201 metric tons in 1981-82 (110). 
The annual catch, mainly by the Soviet Union and 
Japan (77 percent and 20 percent, respectively, of 
the 1988-89 total), fluctuates because of marketing 
and processing problems (111). The Soviets process 
krill into fishmeal for animal feed and the Japanese 
use it as a shrimp substitute for human consump-
tion. Well managed, Antarctic krill could become an 
important world source of protein. The krill biomass 
is estimated at 250-600 million metric tons, with an 
annual production of roughly 100-500 million metric 
tons (112) (I 1:). Such a resource could likely sustain a 
harvest of teas of millions of metric tons annually 
(i 1,). By comparison, the 1988 worldwide fresh- and 
saltwater fish harvest was 97 million metric ins 
(115). But because krill are a key in the Southern 
Ocean food web any reduction in their abundance 
could profoundly affect all mammals, birds, and fish 
in the ecosystem. It is thought that before their de-
pletion, whales consumed more than 150 million met-
ric tons of krill each year; today they consume an 
estimated 40 million metric tons (116). 

Environmental change threatens the krill popula-
tion. Biologists fear that ozone depletion in the 
stratosphere could reduce krill populations indi-
rectly by increasing ultraviolet (UV) radiation in the 
Antarctic. High UV radiation retards the photosyn- 
thetic rate of phytoplankton, reducing the amount of 
food available to krill and their other predators (117). 

CCAMLR: A New Method of Marine 
Management 

International fishery-management agreements usu-
ally try to maximize or sustain yields by managing 
the stock of a target species. These agreements 
largely ignore the fact that changes in the population 
of one species will likely affect other species, particu-
larly the prey and predators of the target species. Re-
cent advances in understanding marine ecosystems 
have made fishery managers increasingly aware of 
the need to consider interactions among species 
when setting management policies, but implementing 
this policy is still considered innovative, 

Because krill are the primary food source for many 
Southern Ocean species, multispecies considerations 
are clearly important in managing their fishery. A 

heavy krill harvest, for example, could substantially 
affect the populations of some whales, seals, and ma
rine birds in the Southern Ocean. Instead of focusing 
on krill management, CCAMLR's primary objective is 
conserving the Southern Ocean ecosystem; it defines 
the area co, ered by the agreement as the entire eco
system. It requires. managers to evaluate the impact 
of the krill harvest on other sDecies !n the ecosystem 
as well as on the krill fishery. This approach would 
maintain the batance among ecosystem species. Fur
ther, ecosystem changes that are not reversible 
within two or three decades will be minimized or 
prevented. 

CCAMLR established a scientific committee to ana
lyze fishery and ecosystem data and make manage
ment recommendations; its commission sets 
management policies (118). 

The success of CCAMLR's ecosystem approach is 
hindered by two factors. First, obtaining the basic re
search needed to understand the structure and dy
riamics of the ecosystem is difficult to obtain and is 
costly; the Southern Ocean is remote, weather condi
tions are severe, and it is more than twice the size of 
South America. Second, CCAMLR management deci
sions must be made by consensus--all parties must 
agree to fishing restrictions before they can be im
posed. Observers question the adequacy of this ar
rangement because of initial delays in imposing 
harvest restrictions on seriously _,.erfished species 
(119). 

Since the 1987 CCAMLR annual meeting, regula
tions closing certain zones to harvesting and restrict
ing fishing seasons have been adopced (120) (121). 
Working groups have been established to evaluate 
technical information on the status of species, and 
the Commission has paid close attention to recom
mendations made by its scientific committee. 

Pollution Threats in a Pristine Environment 

Antarctica is a unique natural laboratory for scien
tific research. Its relatively pristine environment, 
free from most sources of pollution, provides a base
line for detecting the chronology and effects of both 
natural phenomena (e.g., volcanic eruptions) and 
human activities (e.g., nuclear explosions) in other 
parts of the world. Antarctic ice cores yield atmo
spheric records covering millions of years, offering 
clues to past and future climate changes. Monitoring 
pollution in this relatively untouched environment is 
an early warning system of increasing global hazards 
(122). For example, detection of DDT in penguin fat 
and eggs indicates the distances the chemical has 
been transported through the marine food web (123). 
Studying the movement of the cold Antarctic waters 
is fundamental to understanding ocean circulation 
and heat balances between oceans and atmosphere
a crucial ingredient to predicting global warming 
(124). 

Pollution is by no means widespread in Antarctica, 
but the situation may be changing. Both the number 
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of countries establikhing research programs and the 
number of tourists seeking to visit are increasing.
These developments increase the need for energy,
which raise the risk of oil spills and exacerbate the 
problem of waste disposal; they also subject an ever 
greater part of the continent to human impacts, un-
dermining its value as a scientific reserve and dimin-
ishing its natural beauty. That minerals may be 
discovered and mined in Antarctica is a major cause 
for concern, 

The Bahia Paraiso Oil Spill 

In January 1989, the Argentine ship BahiaParaiso, 
carrying fuel to Argentine research stations in Antarc-
tica, was grounded on an underwater reef near the 
Antarctic peninsula and spilled an estimated 693 
cubic meters of diesel fuel (125) (126). The spill may 
have compromised some long-term studies of Antarc-
tic species; it may also make it impossible to inter-
pret research on the effects of increased UV 
radiation produced by the ozone hole over Antarc-
tica (127). 

Although a scientific assessment of the impacts of 
the Bahia Paraisooil spill is incomplete, two conclu-
sions are apparent; first, the spill adversely affected 
marine species and fouled the environment in the 
area. It killed all skua chicks and caused significant 
mortality among cormorant chicks, intertidal lim
pets, and seaweeds in some areas (128). Second, and 
perhaps more significant in the long term, effects of 
the oil on warine life may distort results from re-
search and monitoring programs, some that have 
been ongoing for 20 years (129). On the other hand, 
tie spill offers opportunities to document long-term 
effects of oil spills in the Antarctic environment. Nat-
ural recovery from spilled oil takes place more 
slowly in low polar temperatures than in temperate 
climates (130). 

Research Station Pollution 

In the past decade, the number of Antarctic research 
programs has nearly doubled, and the number of in-
vestigators who remain during winter months has 
risen from about 800 to more than 1,000 annually. 
The impact of this increase is concentrated along the 
coasts where most research stations are located. 
These same ice-free areas are the natural habitat of 
native species (1:1). But as the community grows, ex
haust from vehicles, disposal of solid and toxic 
wastes, and other common forms of pollution from 
human settlements increase. When Greenpeace, an 
international environmental group, spotlighted prac-
tices at the U.S. McMurdo Sound Station of dumping 
untreated sewage into the sea and burning garbage 
in an open pit, the station installed a primary sewage 
treatment facility and began recycling solid waste 
(132). 
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Tourism 

In 1987, 2,400 tourists visited Antarctica (133). Large 
tour ships carried upward of 100 persons each (I4), 
and small sailing, mountaineering, and skiing expedi
tions brought others. Passengers on the tour ships 
usually land on relatively circumscribed areas or at 
research stations, often disturbing local breeding 
sites, trampling vegetation, or interfering with 
scientific i esearch (135). In gene. al, their impacts on 
the Antarctic environment are produced by the 
ships on which they travel. The effects o small expe
ditions depen] on the area visited and the purpose 
of the visit. 

A resurgence ot commercial tourist flights over Ant
arctica began in 1987-88, following a moratorium in 
the wake of the tragic Air New Zealand DC-10 crash 
on Mount Erebus in November 1979 that killed all 279 
passangers and crew. The real threat of air-traffic 
growth, however, is posed by flights to blue-ice air
fields. Blue ice is highly compacted and is strong 
enough to permit wheeled aircraft to land at any 
time of the year. In 1988, an interim stop at a blue-ice 
airfield allowed the first commercial tourist trip (for 
a fee of up to $35,000 per person) to reach the South 
Pole (136). Large-scale hotels in Antarctica are also 
proposed to take advantage of blue-ice tourism possi
bilities. 

Mineral Exploration 
Without doubt, the most serious threat facing the 
Antarct environment is the possibility of mining op
erations. Although no commercially attractive miner
als have been discovered in Antarctica, evidence of 
offshore oil has sparked interest in exploration. Oil 
drilling raises the specter of massive crude-oil spills 
similar to the 1989 Exxon Valdez spill in Prince Wil
liam Sound, Alaska. Mineral extraction could signifi
cantly affect Antarctica's air and water quality, ice 

flow patterns, native species, terrestrial and marineenvironments, and ongoing scientific research. Its po
tential impacts on regional and global marine envi
rent s n lia andeat p areronments and climate and weather patterns are 
more speculative. Antarctica is a massive heat sink 
that exerts a major influence on global weather pat
terns. Possible cumulative effects of particulate air 
pollutants-in part derived from mineral explora
tionon this process should be investigated (17). 

Antarctic Treaty System 

Four international treaties govern activities in Antarc
tica and the Southern Ocean. They build directly on 
the 1959 Antarctic Treaty, which establishes the area 
south of 60 *south latitude as a demilitarized zone 
and a place for cooperative scientific investigation. It 
establishes rules for countries conducting scientific 
investigations in Antarctica and lays a foundation for 
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assessing and regulating other activities that affect 
the continent. 

Disputed territorial status is still an obstacle to reg-
ulating activities in Antarctica. Seven countries claim 
85 percent of the continent, but no others recognize 
these claims; worse, the claims of Argentina, Chile, 
and the United Kingdom overlap (138). 

Additional Agreements 

As the possibility of new Antarctic activities has 
arisen, additional agreements, some discussed 
above, have been concluded, 
* The 1972 Convention for the Conservation of 

Antarctic Seals. 

I The 1980 Convention on the Conservation of 

Antarctic Marine Living Resources.
 
M The 1988 Convention on the Regulations of Antarc-

tic Mineral Resource Activities. 


The first two agreements are in force; CRAMRA will 
enter into force as soon as 16 nations ratify it. In fall 
1989, Australia and France declined to sign the miner
als agreements and proposed that the continent be 
declared a wilderness reserve. Ifthe two countries 
won't sign, CRAMRA cannot take effect. Without 
CRAMRA, Antarctica could be left open to unregu
lated mining. Some treaty nations, such as the United 
Kingdom, oppose any permanent ban on mineral de-
velopment, which presumably would be part of a wil-
derness reserve treaty (139). 

Several global agreements on ship safety and ma-
rine-pollution control in the Southern Ocean are ad- 
ministered by IMO. The 1989 UNEP Convention on 
the Control of Transboundary Movements of Hazard
ous Wastes and their Disposal, not yet in force, in-
cludes banning the export of hazardous and other 
wastes for disposal in the area south of 60" south lat-
itude. The 1946 IWC whaling convention regulates 
whaling by its signators in the Southern Ocean. 
Other broad international agreements that apply to 
Antarctica include the 1958 Geneva conventions on 
ocean law and the 1982 United Nations Convention 
on the Law of the Sea, not yet in force. 

Conservation Strategies 

In 1986, the World Conservation Union, formally the 
International Union for Conservation of Nature and 
Natural Resources, joined the Scientific Committee 
on Antarctic Research to produce a conservation 
plan for Antarctica and is completing a long-term 
strategy for managing and conserving terrestrial and 
marine resources in the entire region (140). 

In 1964, parties to tht 1959 Antarctic Treaty de-
clared Antarctica a special conservation area; they 
have since adopted measures to preserve its unique 
environment and value for scientific research. In re-
sponse to mounting criticism over the effectiveness 
of th,-se measures, the countries expanded environ- 
mentai protection, most notably by adopting environ-
mental impact assessment procedures in 1987. In 

light of increasing human activity, ho-. ever, a com
prehensive approach to Antarctic conservation is 
clearly needed. The possible renewal of the Antarctic 
Treaty after June 1991 provides an opportunity to do 
so. 

On the agenda of the Antarctic Treaty Consultative 
Meetings are proposals to upgrade the code of con
duct for waste disposal, reduce the adverse impacts 
of tourism, and develop further the protected-areas 
system for safeguarding scientific research, biologi
cally important areas, historic sites and monuments,
and outstanding geological, scenic, recreational, and 
wilderness areas. The Bahia Paraiso oil spill is ex
pected to generate additional proposals for preven
tion, response, and liability for marine pollution
incidents and for improvement of weather and chart

ing services for ships and aircrait. The larger ques
tion is whether the parties will integrate their 
previous agreements into a comprehensive environ
mental protection strategy. 

EFFECTS OF CLIMATE CHANGE ON OCEANS 
AND COASTS 

The oceans face two major uncertainties in regard to 
climate c'iange. The first is the extent to which the 
oceans would moderate global warming (see Chapter 
2, "Climate Change: AGlobal Concern"); the second 
is the extent to which cl-'ate change would cause 
the sea level to rise, incruase severity of storms, and 
change fish abundance and location. 

Sea-Level Rise 

Global climate and sea levels have varied consider
ably over geologic time. Oceans once covered vast 
areas of what is now land, only to recede as huge 
amounts of water were frozen in glaciers c'uring ice 
ages. For the past 100 years, the sea level has been 
rising 1-1.5 millimeters per year (141) (14 ).This rise 
is attributed to thermal expansion of the upper wa
ters of the oceans, which results from global warm
ing (143). 

Anumber of scientists believe global warming will 
accelerate a sea-level rise by further expanding sea 
water and melting alpine glaciers and polar ice 
sheets. Sea levels could rise 50-150 centimeters by 
the year 2087, according to a National Academy of 
Sciences study (144). In late 1989, after considering 
new measurements of snow and ice accumulation in 
Greenland and Antarctica, scientists scaled back 
their assessment of sea-level rise to 30 centimeters 
by 2050. In one study, a University of Colorado team 
used a pair of satellites to measure the Greenland ice 
sheet and determined that it was growing-not 
shrinking, as had been thought-in a warming cli
mate. A University of Wisconsin team found that 
snow and ice were also accumulating in Antarctica 
(145). 
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Effects on Coastlines 

A sea level rise of up to 100 centimeters over the 
next 100 years would inundate up to 20 kilometers in-
land from the current shoreline and severely affect 
the world's densely populated delta areas (146). The 
very existence of low-lying island nations, such as 
the Maldives, would be threatened. 

If the sea rises more rapidly than the marshes can 
reestablish themselves inland, great losses of wet-
lands would occur, mostly in developed areas where 
protective structures prevent the inland migration of 
wetlands (1,17) (1,18). 

Over the past several thousand years, coastal 
marshes have generally kept pace with sea-level 
rises through sedimentation and peat formation (149). 
But throughout the world, major rivers have been 
dammed, leveed, and channeled, curtailing the 
amount of sediment that reaches the deltas. Even at 
today's rate of sea-level rise, the sea is reclaiming 
substantial amounts of coastal land in Egypt and Mex
ico: at the same time, marshes in Louisiana are being 
starved from a lack of sediment (150). 

About 70 pprcent of the world's sandy coasts have 
eroded in the past few decades (151). Any sea-level 
rise is certain to exacerbait this loss. Global warm-
ing can be expected to increase rainfall and flooding, 
Coastal flooding increases the vulnerability of the 
land to erosion; a higher sea level results in higher 
storm surges and decreased drainage, 

Coastal barrier islands, continually rebuilt by the 
landward transport of sand during major storms, will 
likely survive a rising sea level. However, erosion 
may undermine developments on coastal and barrier 
islands (152). The potential for increased erosion 
would be particularly important to seaside resorts, 
which include some of the world's most economi-
cally valuable and intensively developed land (153). 

Climate Change and Tropical Storms 

Although the complexities of ocean dynamics make 
it difficult to project the effects of global warming on 
ocean-driven storms, it is generally agreed that in-
creases in sea-surface temperatures will profoundly 
affect storm variability (154). Atmospheric tempera-
ture and the temperature of the top 100 meters of 
the ocean's water column are closely related (155). 
Higher air temperatures mean higher sea-surface tem-
peratures (156;), and higher sea-surface temperatures 
markedly alter ocean currents (157). Changes in the 
ocean currents, in turn, alter atmospheric conditions 
and storm patterns. 

As the major ocean currents circulate, they distrib-
ute heat from the equatorial zone to the poles. Tropi-
cal storms also distribute heat. Atlantic and easern 
Pacific hurricanes and western Pacific typhoons are 
important influences on atmospheric circulation, 
transporting precipitation and latent heat toward the 
poles. 
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One frequently cited study concludes that changes 
in the maximum intensity of tropical cyclones are 
strictly related to changes in sea-surface tempera
ture (158). It concludes that a doubling of atmo
spheric carbon dioxide will increase sea-surface 
temperatures of 2.3"-4.8' C. If such an increase oc
curs, the destructive potential of tro: ical storms 
could increase as much as 60 percen (159). A recent 
atmospheric model predicts that a rise in sea-surface 
temperature may strongly influence the size as well 
as the intensity of tropical storms (160). 

Because a warmer ocean surface would accelerate 
normal evaporation, it is also likely that these storms 
would increase precipitation. If an increase in the ki
netic energy and sustained winds of a storm were 
coupled with an increase in sea level, the potential 
damage to coastal zones could be severe. 

Effects of Global Change on Currents 
and Fisheries 

Fisheries provide a significapt source of human nutri
tion; they supply 14 percent of the animal protein in 
the world's diet and almost 60 percent in Japan's 
(161). Climate change can affect fisheries in several 
ways. First, by warming the surface waters, it could 
change the distribution of plankton, the beginning of 
the marine food web upor.which all fish ultimately 
depend for food. Second, again by warming surface 
waters, it could change the global wind and weather 
patterns, which in turn could affect ocean currents. 
Many currents scour nutrients from the bottom or 
maintain a temperature suitable for fish or larvae, 
thus altering currents could destroy or change the lo
cation of major fisheries. Third, climate change 
could destroy fish breeding grounds in estuaries ei
ther by raising the sea level or by reducing the fresh
water input that maintains a salinity level critical for 
certain organisms. 

Effects of Ozone Depletion 

Although not linked with global warming, another at
mospheric change-ozone depletion-can affect ma
rine life. Ozone depletion increases the amount of 
biologically harmful solar radiation, specifically, ul
traviolet-B (UV-B) rays, that penetrate the ocean's 
surface. UV-B radiation damages fish larvae and juve
niles as well as the phytoplankton base of the food 
web (162). Shallow-water plants and animals appear 
to be at greatest risk. Some studies suggest that in
creased UV-B radiation alters the genetic material of 
marine plants and animals, thus affecting their 
growth and reproduction (163). Mutations in phyto
plankton could lower the rate and amount of primary 
production, leading to a base-level nutrition shor, age 
that would reverberate throughout the food web. In 
addition, because phytoplankton take up large 
amounts of carbon dioxide during photosynthesis, 
any decrease in their population would exacerbate 
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the rising levels of carbon dioxide in the atmosphere 
(164). 

RECENT DEVELOPMENTS 
VIRUSES ARE ABUNDANT INOCEANS 

New discoveries that viruses are far more abundant 
in freshwater and sea water than previously thought 
are causing scientists to revise their thinking about 
life cycles in these environments. 

Four Norwegian scientists found counts of virus 
particles ranging from 5-15 million per milliliter in 
marine waters during warmer seasons. These counts 
are ,,ome 1,000 'o 10 million times higher than other 
studies had reported. Marine samples taken duringtudieros had low numbers of viruses, sug-report
the winter me numbes o sug-onthsal virusha, 
gesting a seasonal variation in virus populations 
(165). The study found that most virus particles ap-

heared to be free in the water; some were associated 
with bacteria. Whereas p~revious studies generally 
found relatively large viruses in marine environ-
ments, the Norwegian study, using new techniques 
and lowerful electron microscopes found relatively 
small viruses dominant (16t). 

Te results may be important for the study of howharbor. (See 
oceans affect global climate change. They serve as a 
repository for carbon, which builds up in the atmo-
spuhere because of fossil fuel burning. The cycling of 
nutrients and carbon by these small organisms may 
prove to be imp~ortant to scientists trying to under-
stand the oceans' ability to store carbon (167). 

The abundance of viruses may have important im
plications for the evolution of bacteria. Viruses, bun-
dIes of genetic material that cannot reproduce on 
their own, invade bacteria and other living cells. 
These cells respond to the instructions of the viral 
genes by manufacturing new viruses. Bacteria, weak
ened by manufacturing viruses, eventually burst. 
The process may help keep bacterial populations in 
check (168). 

Viruses can assimilate genes from one bacterium 
and pass them on to another, so they may be impor-
tant in creating new combinations of genes and new 
species of bacteria. Ifthis process is a common mech-
anism of gene transfer, it might mean that bacteria 
can adapt mf,,-e rapidly to new situations than had 
been thought. For example, they might be able to de- 
velop resistance to the antibiotics used in aquacul-
ture. Another possibi'ity is that the traits of 
pathogenic bacteria in sewage released into lakes or 
coastal waters might be ti ansferred to indigenous 
bacteria (169). 

RED AND GREEN TIDES INCREASINGLY 
THREATEN MARINE LIFE 

Coastal waters are increasingly plagued by toxic and 
nontoxic algal blooms that pose a serious threat to 
marine life. 

The frequency of these blooms has been increas
ing over the past two decades in the coastal seas of 
both hemispheres. At the same time, the occurrence 
of paralytic shellfish poisoning (PSP) is increasing
globally (170). For example, the dinoflagellate Gyrodin
ium aureolum, which first appeared in the northeast 
coast of the United States, in a massive bloom along 
the Norwegian coast in the fall of 1966, has since 
spre, J throughout northern European waters. An
other PSP-procucing dinoflagellate, Gymnodiniur 
catenatun, previously found in southern California 
waters, has spread to the coasts of Spain and Tasma
nia and to eight new areas in Japanese waters. It is 
not yet clear whether a bloom is caused by the spe
cies moving to new areas or by the proliferation of 
tiny indigenous populations. Considerable evidencesuggests that the increased incidence of blooms is related to the nutrient enrichment of coastal waters 
and inland seas on a global scale (171). 

The red tide is a special plankton bloom in which 
the dominant species is toxic. Red tides are annual 
events in many parts of the world. They often kill 
other marine organisms, damage mariculture lroduc
tion, and cause illness and adeath among humans who 
eat shellfish that have accumulated these toxins. 

The incidence of red tides seems to be increasing, 

a shw in The reosreong on aror. eTable 11.1.) They are also spreading to new areas. in 
late 1987, for examle, more than 150 people in Can
ada suffered acute shellfish poisoning from eating
blue mussels harvested from eastern Prince Edward 
Island. The poisoning was caused by a neurotoxin,
domoic acid, reviously found only in red seaweeds 

of Japan and the Mediterranean; the neurotoxin was 

Massive NontoxicBloom in Adriatic 

A recent massive algal bloom in the northern Adri
atic w~s not toxic, but it damaged marine life and 
coastal activities. Insummer 1989, for the second 
consecutive year, a massive algal bloom suffocated 
the canals and the 549-square--kilometer lagoon of 
Venice (173). Similar problems occurred over roughly 
a 1,000-kilometer stretch of Adriatic coastline from 
Trieste south to Pescara, threatening both the com
mercial fishing industry and the region's important
tourism industry (174). Adriatic fishermen com
plained that the algae clogged their engines and tore 
their fishnets (175). 

As algae decompose, they deplete the water of oxy
gen, thus threatening fish and shellfish. Eutrophica
tion was reportedly so severe along the Adriatic 
coast near Rimini in mid-1989 that biologists found a 
large area virtually devoid of oxygen (176). 

Two factors are largely to blame for the problem; 
the load of nutrients and waste carried by the Po and 
other tributaries into the Adriatic is heavy, and the 
enclosed Adriatic ecosystem keeps pollutants from 
being dispersed into the Mediterranean. 
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When the battle to curb air pollution began in ear-
nest 20 years ago, the stakes were measured in terms 
of the soot density in the smoke-filled industrial val-
leys of the world, ranging from Yokkaiichi to the 
Ruhr. Today, concern has shifted to new pollutants. 
But even so, despite remarkable progress in cleaning 
up some forms of air pollution, much of the world's 
urban population breathes air that is unhealthy at 
least some of the time. In addition, some air pollu-
tants are now recognized as having a regional and 
even a global impact. Increasingly at issue is not only 
the quality of human life in major urban areas but 
also environmental damage on a global scale. 

This chapter surveys trends in urban air pollution, 
although the survey is incomplete. What little com- 
prehensive data there is comes from industrialized 
countries; in developing countries, the data are gen-
erally unavailable. Since most of the world's popula-
tion growth is occurring in the urban areas of the 
developing countries, this lack of data may conceal a 
significant public health problem. 

The chapter also surveys approaches to air pollu-
tion control, focusing on existing and proposed regu-
latory strategies. Four case studies, all in developed 
countries, exemplify and analyze the evolution of air 
pollution control strategies. Again, the lack of infor-
mation for developing countries points to an area 
that may need additional attention and support by in-
ternational lending agencies, 

12. Atmosphere
 

Finally, the chapter focuses on th. role of cars, 
trucks, and buses in urban air pollution-a role 
which is growing rapidly because the number of vehi
cles and the number of miles they travel are also 
growing rapidly. (See Chapter 9, "Energy," Focus on 
the Automobile.) 

Progress over the past 20 years has produced 
some encouraging trends. Annual mean concentra
tions of common air poll,.tants such as sulfur diox
ide, which causes respiratory problems and forms 
acid rain, have declined in 20 of the 33 cities which 
participate in the Global Environment Monitoring Sys
tem (GEMS) of the United Nations Environment Pro
gramme; 26 of 37 cities reported declines in 
suspended particulates (I). In Toronto, for example, 
mean daily levels of sulfur dioxide were cut over 60 
percent between 1976 and 1985 (2). 

Some sources of toxic air pollutants are being elimi
nated in parts of the world. Lead pollution, for exam
pie, which at even low levels of exposure can cause 
cognitive deficits in children (3) and raise cardiovas
cular health risks in adults (4), should decline irom 
the urban air of most industrialized nations as gov
ernment bans on leaded petrol take effect. Lead pet
rol is not yet banned in many developing countries, 
however. 

Spurred by increasing awareness that pollution rec
ognizes no national boundaries, the 1979 convention 
on Long-Range Transboundary Air Pollution set in 

WorldResources1990-91 

201 



12 Atmosphere 

place a "thirty percent club" of countries pledged to 
reduce sulfur dioxicle emissions (5), and a compara-
b!e though less stringent plan to control oxides of ni-
trogen (i)-akey ingrelient in the formation of both 
smog and acid rain. The widely-publicized 1987 "Mon-
treal Protocol" (7)restricted the production and use 
of chlorofluorocarbons, which are industrial chemi-
cals that destroy stratospheric ozone. 

Progress in some countries has been nothing short 
of spectacular. Sweden cut its sulfur dioxide emis-
sions by over two-thirds between 1970 and 1985 (8) 
and plans more reductions. Switzerland and Austria 
have gone further. With 43 percent of Switzerland's 
trees and 29 percent of Austria's trees damaged by 
air pollution (!),tile two countries have adopted the 
world's toughest regulations-even motorcycles 
must meet emissions standards (10). 

Germany cut total annual emissions of sulfur diox
ide by 64 percent between 1983 and 1988 by requir-
ing power plants to install devices that cleanse stack 
gases (i i). Now a movement is sweeping through 
Western Europe to cleniand state-of-the-art pollution 
controls for cars and trucks as well. And in the 
United States, in the state of California-where the 
regulation of automotive air p)ollution first began in 

oping countries lack monitoring stations. (See Box 
12.1.) 

In some industrialized nations, too, pollution levels 
are dangerously high. In Krakow, Poland, damage to 
stone monuments and buildings is so severe that the 
stone is described as dissolving (20). In Czechoslova
kia, over 70 percent of the tcees surveyed were dam
aged (21). Ozone and acid rain have been implicated 
in forest decline throughout parts of both Europe 
and North America (22) (23). 

Even in areas remote from industrial facilities, air 
pollution can be damaging hi parts of Africa, for ex
ample, scientists report acid rain and smog levels as 
high as those of central Europe, probably from the 
regular burning of the vast grasslands. to clear land. 
(See Chapter 7, "Forests and Rangelands," Recent De
velopments.) 

CONDITIONS AND TRENDS 

APPROACHES TO AIR POLLUTION CONTROL 
In the absence of effective international cooperation 
and coordination, nations are acting individually to 
curb air pollution. The approaches can vary remark

tile 1970s and where automobile emission standards abl from one nation to another as gu"'rnmentsfor oxidlsalreadytherpercentvbelownysofonitrogentaoe 
for oxides of nitrogen are alreacdy 60 percent below 

what U.S. national laws require (12)-there are pro-
posals to reduce emissions still further (ri). Ozone 
levels in the Los Angeles basin reach levels that, in 
animal tests, have caused damage to cell walls within 
the respiratory system (14) (15). Oxides of nitrogen 
react in the atmosphere to form ozone, a major com
ponent of smog. 

Yet, side by side with these success stories are 
other countries in which there has been no progress 
in cleaning up the air or in which cleanup proposals 
are encountering great opposition. Vehicle emissions 
remain essentially uncontrolled, for example, in 
much of the leveloping world, in Eastern Europe, 
and in the Soviet Union-which already is the 
world's fifth largest vehicle manufacturer and is plan-
ning to double its capacity (1i;). 

The World Health Organization (WHO) estimates 
that 70 percent of the global urban population, pri-
marily in developing countries, breathes air that, at 
least some of the time, has unhealthy levels of sus-
pendedl particles, while another 10 percent breathes 
air that has "marginal' levels (!7). Studies of sulfur di-
oxide and sulfate particulates have also linked these 
pollutants to bronchial diseases in children (18). 

Between 1979 and 1985, 14 of the 20 GEMS monitor-
ing stations in Chinese cities reported increases in 
mean sulfur dlioxile pollution. At some of these sites, 
concentrations were three to five times those found 
at any GEMS monitoring station in North America 
(19). Beijing, Xian, Guangzhou and Shenyang in China 
all have sulfur dioxide pollution above WHO's maxi-
mum annual guidelines, as do Tehran, Manila, Seoul, 
and Sdio Paulo. (See Table 24.6.) Many cities in (level-
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seek to accommodate variations in their political andsocial institutions. Although differing in their details, 
the programs share certain basic features which 
allow them to be compared with one another.
 

Ambient Air Quality Standards 

The most common fundamental approach to control
ling air pollution is to set ambient air quality stan
dards; that is, controls are imposed on specific 
sources of air pollution to reduce ambient levels 
below a maximum allowable concentration, ma
sured at some distance away from the source. This 
system of working backwards from air quality in an 
area to pollution sources was developed by the US. 
Public Health Service, then incorporated by the U.S. 
Congress into the 1970 Clean Air Act. So many other 
nations have followed the pattern of this U.S. law 
that the ambient standards approach has become 
widespread.
 

Usually, government officials establish two levels 
of ambient air quality: a "primary" standard, which is 
designed to protect human health; and a "second
ary" standard, which is to protect welfare and the en
vironment. The sampling interval (e.g., one hour 
versus eight hours) can vary, as can other factors 
(e.g., the height and location of monitors, the type of 
measuring device, etc.). Generally, however, there 
are two standards for each of several different but 
commoi air pollutants. Almost invariably, tile poilu
tants regulated include sulfur dioxide, oxides of nitro
gen, carbon monoxide, and particulates of various 
sizes. Many nations regulate hydrocarbons and vari
ous heavy metals (e.g., lead and cadmium) as well. 
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Box 12.1 Gaps in Air Pollution Information 

Despite agrowing amount of evidence 	 U The Background Air Pollution Monitor- usually, of necessity, qualitative and 
that developing nations face severe air ing Network (BAPMoN), which provides somewhat subjective.
pollut!on threats, this chapter is data on carbon dioxide, atmospheric In his preface to a 1987 report, UNEP 
weighted toward developed nations. The aerosol optical depth, precipitation Executive Director Mostafa Tolba termed 
reason i3 simple and important: although chemistry and suspended particles In broadened data collection "of the utmost 
some developing nations monitor urban rural and remote areas (7. Importance...particularly in the develop
air quality, data remain limited and diffi- GEMS/Air data are collected on emis- ing countries (12)." Until that broadening
cuft to obtain, even by established inter- sions, urban concentrations, and source comes to pass, reports such as this will 
national agencies such as the United taandards from 50 countries, of which continue to suffer from the same nade-
Nations Environment Programme only about 35 provide representative quacies as the data on which they must 
(UNEP). Comprehensive Information on data sets for major urban areas (8). ultimately rely.
air pollution control policies is also lack- BAPMoN data are collected on six con
ing. tinents at, as of December 1989, 196 sta- References and Notes 

During the past five years the number tions in 57 countries. Although both 
and quality of monitors in developing na- BAPMoN and GEMS/Air sites are selected 1. Ann Willcocks, Global Environment Moni
tions have increased (I). Ilowever, the to be as geographically representative as toring System (GEMS) Monitoring and As
data are still difficult to obtah (2), world- possible, the numbers vary too widely to sessment Research Centre, London,
wide estimates of emissions are of un- be characterized as comprehensive; January 199(I (personal communication). 
even quality, thus coverage cannot be there are, for example, over 20 BAPMoN 2. Ibid. 

3. United Nations Environment Programme,considered reliable for measuring global 	 precipitation chemistry monitoring sta- Environmental Data Report (Basil Biack
trends (:). Data from developing na- tions in the United States and Canada, well, Oxford, 1981), ).3. 
tions-and, to a degree, f-or developed but only two In Africa (9). 4. Economic Commission for Europe, United 
nations as well-are collected and ana- Nations, National Strateqiesand Policies 
lyzed almost on an ad hoc basis. 	 MONITORING IMPROVEMENTS forAirPollutionAbatement (United Na-

For example, most of the parties to the PLANNED tions, New York, 1987), Table 6,p. 34 and 
1979 Convention on Long-range Trans- p.56. 
boundary Air Pollution participate in a Even in nations that are the focus of con- 5. Organisatlon for Eco-iomic Co-operation 
program to monitor air pollution In Eu- certed International efforts to curb air and Development (OECI)), OECI)Environ. 
rope (of the signatories, oniy th' United 	 pollution, monitoring data may be mentalData/DonndesOCDEsr
 

scanty. In Mexico, for example, the I'Environneient:Compendium 1989
States and Canada are outside Europe) (OECD, Paris, 1989), pp. 7-8.
 
(4). Similarly, the Organisation for Eco- World Bank Is preparing a project to 6. Op. cit. 3.
 
nomc Co-operation and Development tackle air pollution, prrtcularly in the 7. Op. cit. 3.
 
collects data, but only of member na- capital, through public transportation Im- 8. Global Environment Monitoring System,

tions, not developing countries (5). provements, emissions standards, and United Nations Environment Programme


other actions. First, however, the World and World Health Organization, Assess-
THE GLOBAL ENVIRONMENT Bank is supporting Improvements for air ment of Urban Air Quality (United Nations 

quality monitoring In the Mexico City Environment Programme and World 3Mlealth Organization, I.ondon, 1988), p. .urban area (10). 	 9. Rumen Bojkov, Chief, Environmental Divi-The most comprehensive data collection Data on national pollution control poli- sion, World Meteomological Organization,

system is UNEP's Global Environment cies are even less available than that on Geneva, January 1990 (personal communt-

Monitoring System (GEMS). GEMS moni- emissions and ambient concentrations. cation).

toring networks include the following: Though some information exists, policies to. Carl Heinz Mumme, The World Bank,

N GEMS/Air, which provides data on are expressed in such disparate ways Washington, D.C., January 1990 (personal

sulfur dioxide and particulates in urban that meaningful comparison Is a com- communication).
 
air und is possibly the best known of the plex, demanding and often fruitless task 11. Op. cit.8,Table 3, p.47, Table 4.pp. 4855. 
GEMS networks (6; and, 	 (iI). As aresult, comparative data are 12. 55. Cit. 3, vii. 

The aml)ient standards approach proved to be a limits. This approach call even require the abandon
reasonably effective mechanisin for dealing with ment of a technology- as in the case of the Montreal 
Urban air i)olhltion during the 1970s. l3tut it encoLr- Protocol for chlorofhlurocarbons-or a switch to 
aged the use of tall sion)kestacks to export pollution new industrial procedures or energy technologies. 
from one area to another (2.1) and did not usually re- Often the regulatory requirenient is phrased not in 
quire every )ollutio1 source to be controlled. With terms of a specific technology, but rather in terns of 
growth in the number of pollution sources, in the performance standards or emission limits that ac
complexity of air )ollution, and of the scientific data ceptable technologies must lneet-leaving the 
needed to characterize it, the ambient standards ap- choice of technology to accomplish the task u 1) to in
proach is increasingly giving way to a s :ond maj. r dividual manufacturers. Hy requiring adherence to a 
apl)roach-techn)ology-I)asedl pollution control regu- performance level, governments can iuse tile technol
lation. ogy-based approach to encourage innovation and to 

"force" the (levelopnment o1 new and better technolo
Technology-Based Regulation gies.

One of the earliest anol mnost common technology
Technology-based regulation essentially requires based requirements was the tailpipe standards for 
ever, source of an air pollutant either to install a spe- automobliles. They were adopted by the U.S. ('on
cific control technology or to meet certain emission gress at a time when U.S. car Imanulfacturers con-
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tended that the means of complying with them did 
not exist (25). The Congress rejected these argu-
ments, with Senator Edmund Muskie, the chief spon-
sor of the requirements, saying that "Predictions of 
technological impossibility or infeasibility are not suf-
ficient as reasons to avoid tough standards and dead-
lines and thus to compromise the public health." (2() 
Echoes of this thinking can be found in other technol-
ogy-based regulatory efforts, most recently in the 
Federal Republic of Germany in what is probably the 
world's most sweeping attempt to control air pollu-
tion by retrofitting existing power plants. 

The exact technologies-or the emissions limits 
which are their surrogates-vary from country to 
country. The sources most commonly regulated in 
this manner, however, are motor vehicles and elec-
tric power plants, the two main sources of air pollu-
tion in most (leve! ,ped nations. In the United States, 
for example, power plants create 65 lercent of sulfur 
dioxide emissions and 29 percent of nitrous oxide 
emissions; motor vehicles emit 41 percent of nitrous 
oxide pollution and 41 percent of organic com-
pounds emissions (27). 

COMPARING APPROACHES 

Each of these two approaches-ambient standards 
anti technology-based regulation-has its strengths 
and weaknesses. The overwhelming advantage of the 
technology approach is its certainty and ease of ad-
ministration-any given source either is equipped 
with a device or i:; not, and the device either works 
properly or does not. Arguments can lbe resolved 
through the simple expedients ,f inspection and test-
ing. 

The ambient standards atpproach allows flexibility. 
"Over control"-that is, the removal of more pollu-
tion than is necessary to protect either health or the 
enviromnent-is avoided and sources retain the flexi- 
bility of choosing the approach which is the cheap-
est and most cost-effective. 

The advantages of the two differing approaches 
are also their flaws. The "certainty" of a technology-
based strategy is to some merely mindless rigidity 
which wastes limited societal resources. To others, 
the "flexibility" of an ambient standlards strategy is 
merely a system that always errs on the side of 
under-control; it is economically but not environmen-
tally prudent, and can open the door to environmen-
tal surprises, such as the Antarctic ozone hole, 
linked to emissions of chloroflourocarbons. (See Re-
cent Developments, below.) 

Most nations have adopted regulatory programs 
which blend these two approaches, making quantita-
tive comparison virtually impossible. The Federal Re-
publir of Germany, for example, has relatively weak 
ambient standards. But technology requirements 
that are collectively the world's most stringent have 
been used to achieve reduction of sulfur dioxide 
emissions by over 50 lercent within five years (28). 
Canada, in contrast, has no uniform technology re-
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quirements for old power plants. But its ambient 
standards program-designed to prevent a level of 
acid precipitation that would harm sensitive re
sources-will also achieve significant results: a 40 
percent reduction from 1980 to 1994 in sulfur dioxide 
emissions in Canada's eastern provinces (29). 

Trend Toward Tighter Controls 

In recent years there is an apparent trend in indus
trial countries toward not only increasingly stringent 
air pollution controls, but also toward the greater 
certainty that characterizes technology-based con
trol systems. This can be seen most clearly in the 
spread of tighter controls over cars and trucks. A 
striking but quite different example is the Montreal 
Protocol, the international agreement negotiated in 
September 1987 for limiting the use ol 
chlorofluorocarbons, which initially required only a 
50 percent reduction in production and use of ozone
depleting chemicals by July 1998 (:m. Within 18 
months, however, Canada, the United States, and the 
European Commuity called for a total ban on ozone
depleting chlorofluorocarbons (1) (:32). 

For fixed sources of air pollution such as power 
plants, most nations chose to redluire technology
based limits solely on new power plants, allowing ex
isting units to comply with only the more flexible 
rules based on ambient standards. But since 1980, 
The Federal Republic of Germany, Switzerland, the 
Netherlands, and Austria have adopted technology 
requirements for existing plants (3:). .lapan is imple
menting such requirements on a case-by-case basis 
(see below). The U.S. Environmental Protection 
Agency is authorized to require them when plants un
dergo major modifications (:3). Uniform technologies 
are a key method employed by many nations to im
plement the recently adopted NOx protocols or 
other NOx reduction strategies. (See Box 12.2.) The 
European Community is discussing a similar ap
proach. 

Standards for the sulfur content of fuels are widely 
used in developed countries as means of curbing air 
pollution. According to the United Nations Economic 
Commission for Europe, "a gradual tightening of stan
(lards is apparent in a majority of countries.' Those 
reported to be toughening fuel standards include 
Denmark, the Federal Republic of Germany, Luxem
bourg, the Netherlands, Sweden, and Switzerland, as 
well as the European Community as a whole (35). 

A notable exception to this trend is the package of 
proposed amendments to the U.S. Clean Air Act (see 
below). These proposed amendments rely heavily on 
"market-based" controls that would result in require
ments that would vary widely from source to source. 
The proposals would establish a system of pollution 
"allowances," under which permits to emit certain 
amounts of pollutants could be traded much like 
monetary instruments, although the government 
would retain the right to further control pollution. 
The proposals would also allow a company or a 
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whole industr, to average pollutant emissions, so Table 12.1 Emission Standards for 
that emissions of existing plants could be offset by
gains from efficiency improvements or from switch- Stationary Sources in the Federal Republic of 
ing to cleaner fuels somewhere else. Germany

Whether the proposals are a temporary anomaly Size of Source Maximum AMlowabfe Emissions 
or the first evidence of a new direction in pollution
 
control philosophy that relies on market incentives Sulfur Dioxide
 
remains to be seen. 
 Solid fuel less than 300 MW 

more than 300 MW 0.4POLICY CASE STUDIES Liquid fuel less than 300 MW 1.7more than 300 MW 0.4 

Awide variety of policy approaches to air pollution Oxides of Nitrogen
 
control have been pursued in industrial countries.
 
These experiences, reviewed below, may be useful more than 300 MW 0.2
Solidoue less than 300 MW 0.4
for countries still formulating air pollution control Liquid fuel less than 300 MW 0.3 
strategies. more than 300 MW 0.15 

Source: Economic Commission for Europe, United Nations, NationalStrate.The Federal Republic of Germany gies and Policies forAir Pollution Abatement (United Nations, New York,
 
1987), Table 4, p. 49.
 

Since 1983 Germany has developed one of the Note: a. grams of pollutant per normal cubic meter of fluenas.
 
world's most aggressive and resolute regulatory sys- government's stationary source control program set 
tens for air pollution. Although the principal respon- emission limits so low that adoption of state-of-the
sibility for air pollution control lies with the 11 art controls-wet sirrubbers or their equivalent for 
German states, called LAnder (36), the central govern- S02 control and selective catalytic reduction or its 
ment has dictated what probably is the world's larg- equivalent for elimination of oxides of nitrogen--was
est pollution retrofit program-an estimated 21 required by all medium- to large-sized power plants
billion Deutschmarks in power plant pollution con- in Germany. (See Table 12.1.) Second, even though
trol equipment between 1983 and 1993 (37). It re- European Community rules preclude Germany from
quires every large power plant to install unilaterally legislating auto emissions standards, the 
state-of-the-art technologies, and steadily ratchets government adopted tax incentives to encourage the
permissible levels downward as those technologies purchase of low emission vehicles (42). Simulta
improve (m't. neously, Germany began pressing relentlessly for Eu-

This is a sharp contrast to he prevailing attitude ropean Community adoption of stringent tailpipe
during the 1970s when German pollution control was standards. InJune 1989, the EC adopted standards
inconsistent, and the use of tall chimney stacks to for small cars (engines smaller than 1.4 liters), effec
dispense pollutants over wide areas was the main tive beginning in 1992 (43) (44). The EC countries also
mechanism of reducing local air pollution (39). The agreed in principle to enact similarly strict standards
abrupt change can be explained in a single word: for medium- and large-sized cars, beginning in 1992 
Waldsterben. Since it was coined in 1980-81, (45).
"Waldsterben"-which translated literally means "for- The battle within the EC has now shifted to the 
est death"-has galvanized the German people and questions of assuring that the standards are com
pushed politicians inexorably toward tighter and plied with after cars roll off the assembly line. Ger
tighter controls. (See World Resou,'ces 1986, pp. 203- many, the Netherlands, and Denmark are pushing for
226.) adoption of other provisions of the long-established

The earlier German regulatory effort could fairly be U.S. programs: manufacturer warranties that the pol
described as relaxed. Prior to 1983. the ambient stan- lution control systems will last for five years or
dard for sulfur dioxide was 140 micrograms per 50,000 miles; recall programs for defective cars; and 
cubic meter (pg/m 3), compared with the European emissions testing (46).
Community (EC) standard of 80-120 pjg/mn3 and the 
World Health Organization's recommendation of 40- Japan 
60 p.g/m 3 (4o). An automobile controls program was 
virtually nonexistent. Few nations have deployed pollution control technol-

But this generally sanguine attitude changed as re- ogies and requirements as aggressively as Japan. 
ports of Waldsterben mounted. Initial reports about State-of-the-art controls are installed on most cars,damage to Germany's forests were continually re- power plants, steel mills, incinerators and other facili
vised upwardlduring the early 1980s, with i'esearch- ties. Yet there are surprising exceptions. For exam
ers concluding in 1985 that 50 percent of the nation's pie, although Japan perfected selective catalytic
trees were injured ('11). reduction (SCR) as a technology for reducing power

Mounting public concern caused the government plant emissions of oxides of nitrogen, only about one
to order the development of an air pollutirn reduc- third of the nation's electric capacity is equipped
tion program. The final result was twofold. First, the with it: 32,100 megawatts of a total of 88,294 in March 
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Box 12.2 Efficient Combustion Methods for Fossil-Fuel Power Plants 

Power plants burning fossil fuels are one 
of the main sources of air pollutants 
such as sulfur dioxide and nitrogen ox-
ides; they also are amajor contributor of 
greenhouse gases. Ways to minimize 
their pollution include: reducing energy 
demand through increased energy ccn-
servation; switching from heavily pollut
ing fossil fuels such as coal to less 
polluting natu'al gas; removing pollu-
tants frwn:n exhaust gases through mecha-
nhms such i.s scrubbers; and converting 
to cleaner (,: more efficient combustion
technologies..--

Much of the focus of reducing air pollu-
tion from power plants has been on re- 
moving pollutants from exhaust gases. 
Scrubbers, devices that remove sulfur di- 
oxide from the flue gas of coal power 
plants, can remove up to 90 percent of 
sulfur dioxide in power plant emissions 
i). Catalytic reduction is used to remove 

nitrogen oxides from flue gas; selective 
catalytic reduction, a technology used 
with fossil fuels, typically reduces emis-
sions of nitrogen oxides by 80 percent 
(2). Selective catalytic reduction has been 
deployed extensively inJapan and the 
Federal Republic of Germany. 

An alternative approach, often over-
looked in public debate, is to replace ex-
isting fossil fue! burners with new power 
plant systems that are both more effi-
clent and release fewer pollutants. Sev-
eral such systems that are now being 
tested and entering service in the United 
States, Japan, and Europe are described 
below. An integrated strategy to intro-
duce these systems (see Box 12.4) can 
significantly reduce air pollution. 

HIGH-EFFICIENCY GENERATORS 

Most fossil-fuel power plants burn natu-
ral gas, oil, or coal to heat water into 
steam that drives a turbine; the turbine 
is attached to an electric generator. 
Their thermal efficiency-the fraction of 
energy released that is turned into elec-
tricity-averages 35 percent at best in 
most developed countries (:i). 

The hot exhaust gases from the com-
bustion of oil and natural gas can also be 
used to drive a turbine directly. The 
newer gas turbines have thermal efficien-
cies of 37 percent and above. The!r effi-
ciency can be increased further by 
injecting steam into the combustion 
area, boosting effeciencies to an esti-
mated 45 percent. Steam can also be in-
jected to lower emissions of nitrogen 
oxides by 75 percent (4). Still newer gas 
turbines, derived from aircraft jet en-
gines, are projected to have even higher 
efficiencies when they become available, 
(5). Adding an intercooler, a modification 
for gas turbines that exchanges pressure 
and heat between high- and low-pressure 
compressors, may be another method of 
increasing efficiency: from 44 to 55 per-
cent In one application studied (6). 
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Table I The Effect of Fuel Type and Efficiency on Carbon Dioxide 

Emissions 
1permn.. 

Kilograms of Carbon DloxideReelaed per Kilowatt Hour of Elaectrcity, 

Oil Natural Gas 

0.68 0.59 
0.66 0.45 
0.53 0.36 
0.44 0.30 

Converalon Efficiency of 
Fuel to Electric Power Coal 

30 1.08 
40 0.81 
50 0.65 
60 0.54 

Source: Calcuatios based on Gordon J.MacDonald. ef al., The Lcn-Term ImpacisofincraasingAtmosphericCareen 
Dioxide Levels (Ballinger, Cambridge, Ma ,acnusetts, 1982), Table -12, p. ai. 

Note: 1Values for oiland coal are based on averages of fuel types. Actual values dapnd on the type of oil or coal used. 
Steam and gas-fired turbines can be 

used together in a combined cycle sys-
tem: fuel Is burned in agas turbine, then 
the exhaust gases heat water to generate 
steam and drive asteam turbine. A 2,000 
MW combined cycle pcwer plant In 
Futsu, Japan, achieves 47 percent effi-
clency with low emissions (7), and com-
bined cycle systems could reach 55 
percent efficiencies in the 1990s (8). 

These techniques burn oil and natural 
gas. Coal and Solid fueks, however, are 
used to generate about 57 percent of elec-
tricity In the United States and Canada, 
over 45 percent In Europe, and laige frac
tions in countries such as China and Po-
land. Two efficient low-emissions means 
of generating electricity from coal are 
now entering use: fluldized bed combus-
tion and coal gasification. 

Influidized-bed combustion, astrong 
upward current of air suspends crushed 
coal mixed with a"bed" of limestone par- 
ticles In afurnace. The limestone reacts 
with and removes more than 90 percent 
of the sulfur in the coal, producing a be-
nign dry waste that can be used as acon.. 
struction material,

One type of fluidized-bed system, atmo-
spheric fluidized-bed combustion 
(AFBC), burns coal at or near atmo-
spheric pressure and produces electric-
ity through asteam generator. AFBC 
systems can emit up to 95 percent less 
sulfur dloside and 80 percent less nitro-
gen oxides than equivalent current coal-
burning facilities. In the United States 
over 100 AFBC systems are In nonutility 
industrial use or on order, and the 1.1.3. 
Department of Energy has sponsored 
two AFBC power plant pilot projects (9). 

In another type of fluidized-bed sys-
tem, pressurized fluldized-bed combus-
tion (PFBC), the furnace is pressurized at 
8 to 16 times atmospheric pressure. Th, 
coal combustion heats water that passes 
through tubes in the combustion cham-
ber into steam that drives asteam tur-
bine, while exhaust gases drive agas 
turbine (10). Current PFBC pilot plants 
generate up to 700 MW of electricity and 
have efficiencies of 42.5 to 44.1 percent 
(ii); PFBC systems should remove up to 
95 percent of sulfur dioxide and 90 per-
cent of the oxides of nitrogen from com-
bustion (12). 

In coal gasification, coal is not burned 
directly but is first converted into a 
clean-burning synhesis gas, which Is 
then used In an efficient combined-cycle 
gas-turbine system. One such Integrated 
gasification-conbined cycle (IGCC) sys
tem has been tested inthe "Cool Water" 
project In California (3). In at IGCC sys
tern, a 3orbent removes over 95 percent 
of the sulfur from the synthesis gas be
fore It Is burned (14). General Electric Co. 
in the United States estimated that an
IGCC system should be able to achieve a 
43 percent thermal efficiency (is). 

ALTERNATIVES: FUEL CELIS 

Fuel cells use an electrochemical pro
cess to convert a fuel's energy directly 
into electricity, rather than burning it to 
drive a turbine and generator. In con
struction, a fuel cell Is similar to abat
tery, with an electrode and a cathode 
separatee by an electrolyte. Unlike abat
tery, a fuel cell consumes a fuel and an 
oxidant to produce electricity; so long as 
these are supplied to the two electrodes, 
the cell will provide direct current elec
tricity. Most fuel cells use hydrogen-rich 
gases, such as natural gas and methane; 
possible fuels alno include methanol and 
synthetic gas from coal. 

Fuel cells produce only trace levels of 
pollutants, well beiow U.S. new-source 
emissions standards (16). 

There are several fuel cell designs; effi
clencies can range from 40 to 70 percent. 
Since some types of fuel cells generate 
waste heat that may be usable for 
cogeneration (see below), further In
creases in efficiency are possible (17). 

Fuel cells' advantages include low emis
sions, high efficiency, nearly silent opera
tion, and small unit size. Fuel cell power 
plants can thus be located In the center 
of cities, and small units could even be 
placed In individual buildings. Such local 
use would eliminate energy losses from 
long-distance tran:smission of electricity. 
Over 65 fuel cell demonstration power 
plants, ranging in output size from 10 
kilowatts (KW) to 4.5 MW plants have 
been built In Tokyo and New York City 
by United Technologies Corporation. 
Based on experience from the Tokyo 
plant, United Technologies and Toshiba 
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Box 12.2 
Corporation plan to jointly begin selling Table 2 Energy Efficiencies of Fossil-Fuel Power Plant Systems
 
commercial fuel cell plants In the near fu- (pement)
 
ture (ii).
 

Power Plan System Current Efficiency' 

COGENERATION
 
Current U.S. powerplants (overall average) 
 33 

One further method that could provide a
 
significant improvement in efficiency, Uil and Natural Gas Combustion
 
and thus a large reduction In air pollu- Aircratt-derivativeturbines 40
 
tion, is not a new technology but a sim- Combined cycle systems 47
 
pie, long-known technique: cogeneration. Coal CombustionCogenerat ion refers to a variety of sys- Atmospheric Fluidized Bed Combustion 38
 
telos that both generate electric power Pressurized Fluidized Bed Combustion 42-44
 
and p~rovide direct heat, usually in the (using a combined cycle)
 
form o steam. The heat can be used ei- Integrated gasification combined cycle 43
 
ther for residential and commercial heat
ing-called "district heating" because a Fuel Cells 40-60
 
group of buildings or even a whole neigh- Cogeneration
 
borhood can be heated by one power

plant-o r for industrial applications. in alitr rn t p Sources: Current U.S. powerplant efficiency: Department of Energy, Monthly Energy Review, July 1989, Table A9, r
district heating system, for example, a 129. Other Figures: Sources intext
 
power plant will both generate electricity Note: 1.Efficiency of commercial or piiot plants currently inuse. See text for sources.
 
and provide a nearby neighborhood with
 
stean or hot water, heated at the power References and Notes Program Administrators and the Associa
p~lant andl distributed through under-
ground pipes. Waste h eat also can bet lion ofo Locala A AirrPPollution Control Offion Lo l ut n C n r l Of 
grusd opes.rasteb~ nalsocae t1. Mike McQueen, "Clean Coal Technologies: cials (STAPPA/ALAPCO) Workshop on
used to operate absorption chillers to A Key Clean Air Issue," Environmental Inovatlve Air Pollution Control Technolo
provide cooling with two benefits: en- and Energy Study Conference special re- gles, New Orleans, Louislata, October
 
hanced efficiency and cooling without port, October 31, 1989, p. 3. 1989. p. .
 2 

the use of tile ozone-destroying 2. Steven G.Nanos, Johnson Matthey Co., 9. Op. cit. 1, p.7.
 
chlorofluorocarbons used in conven- "Emission Controls for Stationary En- 10. Office of Fossil Energy, U.S. Department of
 
tional air conditioning units. Cogenera- gines," paper pres-nted at the State and Energy, The Role of Repowering in
 
tion captures some of the energy Territorial Air Pollution Program Adminis- America's Power Generation Future (U.S.
 
nortally wasted as heat in power plants; trators and the Associaion of Lecal Air Department of Energy, Washington, D.C.,
Pollution Control Officials (STAPPA/AL- 1987) pp. 9-10.it can yield overall efficiences (counting APCO) Workshop on Innovative Air Polilu- i1. K.K. Pllal, Asea Brown Boveri, "Repower
both electricity and heat generation) up tion Control Technologies, New Orleans, ing with PFBC for Efficiency, Emissions 
to 85 percent (i1I). Louisiana, October 1989, pp. 2-3. and Heat Rate Improvement," paper pre-

Cogeneration has beein used for over 3. Masatoshi Furulchl, "Environme ntal Is- sented at the State and Territorial Air Pol
10) years, but tie 1970s oil crises and re- sues in the Global Community-Striving lution Program Administrators and the 
newed concern over air pollution have for Clean Air and Power: The Japanese Ex- Association of Local Air Pollution Control 
prompted atrevival ti,cogeneration sys- perience," paper presented at tie Environ- Officials (STAPPA/ALAPCO) Workshop on 
tems. In industrial uses, cogeneration mental Technology Seminar for U.S.-Japan inovative Air Pollution Cottrol Technolo 

Collaboration, TheJapan External Trade gles, New Orleans, Louisiana, October 
can involve individual factories with Organization, Long Beach, California, No- 1989, Table 2,1). 4. 
power plants that supply their own heat vember 30, 1989, Figure 2-2-3, p. 25. 12. Op. cit. 1, 1. 7. 
and electricity, and that sell additional 4. Project Development Organization, South- 13. The name "Cool Water" has nothing to do 
electricity to local utilities. District heat- er California Edison, Sleam Injected Gas with the system itself, but refers to the 
ing is most effective in densely popu- Turbine (STIG) Application Study at the Re- test site, the former Cool Water Ranch on 
lated areas with significant heating dondo Beach GeneratingStation--Volute the edge of the Mojave Desert, the deed 
requirements. Sweden, in particular, has I,Final Report (Southern California Edi- to which requires that all facilities bear 

promoted district heating in its cities: In son, Rosemead, California, April 1986). the ranch's name. 
14. Op. cir 1,p. 7.1985. for example, 22.8 million square me- pp 1-2. 

Tedd R.McCormack, General Electric Ma- 15. Op. cit. 8,p. 7.ters of residential and office space In 5. rine and Industrial Engines, "Aircraft De- 16. A.J. Appleby, "Advanced Fuel Cells and 
Stockholm were heated through rivative Gas Turbines: Higher Efficiencies, Their Future Market," InAnnual Review of 
cogeneration systems, up from 2.6 mil- Lower NOx," paper presented at the State Energy, Vol. 13 (1988), Jack M.Hollander, 
lion In 1965 (20). and Territorial Air Pollution Program Ad- Harvey Brooks, and David Sternlight, eds. 

ministrators and the Association of Local (Annual Reviews, Inc., Palo Alto, Califor-
Air Pollution Control Officials nia, 1988), pp. 267-268. 
(STAPPA/ALAPCO) Workshop on ltnova- 17. Leo J.M.J. Blonten, "Fuel Coils: A Review 

POWER PLANT EFFICIENCY AND live Air Pollution Control Technologies, of Fuel Cell Technology andl its Applica-
CARBON DIOXIDE EMISSIONS New Orleans, Louisiana, October 1989,1). tions," in Electricity: Efficient E.J-Useand 

2. Vei Generation Technologies and Their 
The use of fossil fuels inevitably adds to 6. Sam Rashkln (principal author), Enery Plannngirnplications, Thomas B.Johaits
the buildup of carbon dioxide and other Technology Status Report (California En- son, Birgit Bodlmnd, and Robert H.Wil
greenhouse gases, increasing the likell- ergy Commission, Sacramento, California, lIlams, eds. (Lund University Press, Lund, 
hood of bringing global warming. None- October i88), pp. 4-71. Sweden, 1989), p. 631. 
theless, until tile complete introduction 7. Curtis Moore, Trip report: Japanese Energy 18. Ibid., pp. 629-630.
 
of renewable energy sources that do not Technologies (Center for Global Change, 19. The Swedish District ieatlng Associrton
add to global warming, the use of more University of Maryland, College Park, and Swedish Trade Council, DistrictHeat.

Maryland, forthcomning). ing: Clean tleat for Urban Areas (The Sweefficient fossil fuel plants can reduce this 8. C.E. Maslak and E.W. Zeltmann, General dish District Heating Association and 
Impact. (See Table 1.) The efficiencies of Electric Co., "Combined Cycles-Ems- Swedish Trade Council, Stockholm, 1986),
the electric generating systems de- sIons and Economics," paper presented P. 6. 
scribed above are shown in Table 2. at the State anti Territorial Air Pollution 20. Ibid., pp. 3,5. 
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Table 12.2 Ambient Air Quality tandards in12.1 Average Sulfur Dioxidt,SFigure 
Japan
Emissions of Thermal Power Plants in Japan 

Sulfur dioxide: hourly values may not exceed 0.1 partsper million (ppm) and 
the daily average of hourly values may not exceed 0.04 ppm.Emissions 

(grams per kilowatt hour) Oxides of nitrogen: the daily average of hourly values must be within or 
a 	 below the range of u.04 ppm to 0.06 ppm. 

Photochemtcal oxidants: hourly values may not exceed 0.06 ppm.
7 -


Carbon monoxide: the daily average of hourly values may not exceed 10 
ppm and the aveiage of hourly values for eight consecutive hours may not ux
ceed 20 ppm. 

_ 


5 	 Particulate: the averaoe daily concentration of airborne particlesof10 microns 
in diameter or less ma not exceed 0.10 micrograms per cubic meter (pg/m).
 

4 	 and hourly values may not exceed 0.20 igim 

3 Source: International Affairs Division, Environment Agency, Government of 
Japan, Quality of the Environment in Japan 1988 (Environment Agency. 
Government of Japan,Tokyo, 1989) Appendix 2.p. 303. 

-
which is part of the Japanese tradition. Second,

10 
19,0 19,5 ,980 1985 Japait is the only major industrialized nation to have 

Fsc,, adopted a system for identifying and compensatingYear 

the victims of air pollution. Victim payments are 
Source: Masatoshi Furuichi, 'Environmental Issues in the Global Commu- made from a trust fund that derives its revenue from 
nity-Striving for Clean Air and Power: The Japanese Experience," paper pre
sented at The Environmental Technology Seminar forU.S.-Japan a tax on sulfur dioxide emissions.Here again,the sys-
Collaboration, The Japan External Trade Organization, Long Beach. California, tern creates both moral and economic pressure on 
November 30, 1989, p. 11 	 polluting industries to adopt aggressive controls (48). 

Finally, Japan has a strict ambient air quality system: 
for example, the level of allowable sulfur dioxide pol-

Figure 12.2 Average Nitrogen Oxides 	 lution varies according to a region's "K-value." The 

Emissions of Thermal Power Plants in Japan 	 more polluted the ai,-, the lower the K-value; the 
lower the K-value, the more stringent the emissions 
limit (49). Through this approach, Japan uses ambi-

Disciharge Volume 
(grams per kiiowatt hour) 	 ent air quality standards to drive technology, yield

ing significant reductions in average emissions. (See 
Figures 12.1 and 12.2.) 

3Japan has established health-based ambient stan
dards for most conventional pollutants from station
ary sources. (See Table 12.2.) In addition, there are 
vehicle emission controls as well. On caper, the Jap
anese tailpipe emissions standards are the same as 

I the United States "49-state requirements" (as the 
1 	 1983 U.S. requirements are known). in reality, how

ever, Japanese standards are somewhat more !enient 
because they use a different set of tests to simulate 

0 I I I 	 driving(50). 
,95 ,t,0 iws Japan controls air pollution through two other 

.... major mechanisms. Following the oil shocks of the...... 


Source: Masatoshi Furuichi. "Environmental Issues in the Global Cormmu-	 1970s, the government adopted a national policy of 
nity-Striving for Clean Air and Power: The Japanese Experience," paper pre-	 reducing dependence on oil. This policy caused in
sented at The Environmental Technology Seminar for U.S.-lapan dustries and utilitic3 (see Table 12.3) to increase
 
Collaboration, The Japan External Trade Organization, Long Beach, California,
 
November 30. 1989. p.14. 	 their efficiency-thu.; lowering fuel consumption and 

the amount of pollution emitted-and to switch to 
cleaner fuels, such as nuclear-generated electricity

1987. Similarly, "scrubbers" could be found on only 	 and imported natural gas (51). Earlier, Japanese elec
14,760 megawatts of capacity (47). Nonetheless, this 	 tric utilities had embarked on a program of fuel desul
state of affairs compares favorably with most of the 	 furization. This significantly reduced the average 
world, 	 sulfur content of all fossil fuels from 1.5 percent in 

There are several explanations for this partial appli- 1970 to 0.28 percent in 1986 (52). 
cation of advanced technology. First, some local com
munities exercise their considerable leverage to The United States 
compel the installation of advanced pollution con
trols. Their power flows not so much fron a formal As the 1980s began, the United States was widely re
delegation of authority, but from a moral suasion, garded as the world's leader in air pollution control. 
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Table 12.3 Efficiencies of Thermal Power Plants, Developed Countries. 
(percent) 

Japan United States Canada United Kingdom France 
Federal Republic 

of Germany Italy 

Thermal Power 
Plant Thermal 

36.4 32.7 32.0 32.6 33.0 33.2 35.1 
Eff'ciency(based on 
985 data) 

Source: Masatoshi Furuichi, "Environmental Issues in the Global Community-Striving forClean Air and Power: The Japanese Experience," paper presented at the Environmental Technology Seminar for U S.-Japan Collaboration, The Japan External Trade Organization, Long Beach, California, November 30, 1989, Figure
2-2-3, p. 25. 

The 1970 Clean Air Act had imposed a system for 
achieving levels of ambient air quality that protected 
the health of sensitive groups such as children and 
the elderly. The law supplemented this approach 
with a technology-based program which forced the 
development of catalytic converters for cars and 
promised to achieve the same result for stationary 
sources of air pollution such as power plants. 

Although admired outside the United States, the 
Clean Air Act was beset by controversy and 
opposition within the country. The tailpipe stan-
dards had been written directly into the law and ulti-
mately went into force despite repeated attempts to 
weaken them. The stationary source program, espe-
cially for power plants, had an even more troubled 
history. 

The power plant program was intended to phase in 
poliution reductions by requiring that new power
plants-or those repaired so extensively that their 
lifetimes were significantly extended-meet rela-
tively stringent "New Source Performance Stan-
dards." What actually happened was that for a 
variety of reasons ranging from the economic down-
turn and decrease in demand for power to the wide-
spread adoption of conservation programs following 
the two oil sho..'ks, relatively few new plants were 
built. Simultaneously, regulations were issued which 
allowed old ones to continue operation with only
modest controls or, in many cases, none at all. 

In 1981, the U.S. government adopted an agenda 
that included a widespread relaxation of environmen-
tal control programs. None was enacted into law by 
the Congress. but they were implemented to some ex-
tent by the Executive Branch. For example, imple-
mentation of new carbon monoxide tailpipe 
standards was waived twice. In fact, a number of 
indicators of air quality-which had been gradually 
improving in the United States after the 1970 law-
began turning down. For example, in 1981 the Na-
tional Commission on Air Quality, a nonpartisan 
body created by the Congress to review the Cle-ii 
Air Act, estimated that by 1987 there would be eight 
urban areas where the air remained unhealthy (53). In 
fact, ip1988 there were 90 urban areas in violation of 
the ozone or "smog" standard and ,10areas violating 
the health standard for carbon monoxide (54). 

Ozone levels during the summer of 1988 were the 
worst in a decade in most U.S. cities, partly as a re-
suit of unusual weather conditions (55), leading to a 
widespread public outcry for newer and tougher 

standards. During this same period, the demand for 
a new program to control acid rain also gained pub
lic support. 

The amendments proposed in 1989 were not 
clearly based on either technology or ambient stan
dards. Instead, they embodied a mix of approaches 
to reduce pollution through least-cost means, such 
as switching to cleaner fuels in heavily polluted 
areas. 

Indealing with urban smog, the 1970 Clean Air Act 
established deadlines for the attainment of ambient 
air quality standards and attached penalties (e.g., 
bans on the construction of new pollution sources) 
for failure to meet them. The new, plan proposed re
nealing the deadlines and replacing them with "at
tainment dates" that could be extended up to 20 
years (5(). Instead of penalties, failure to achieve 
healthful air by the specified date would result in the 
assignment of a new date for attainment (57). 

The proposal called for increasingly stringent con
trol measures based on the severity of an urban 
area's air pollution. The plan called for reducing 
motor vehicle pollutants-hydrocarbons, nitrogen 
oxides, and carbon monoxide-in nine major urban 
areas through the introductior by the year 2005 of 
over 9 million vehicles capable of running on so
called "clc.in fuels" such as methanol (58). The pro
posal also called for tightening permissible auto 
emissions of oxides of nitrogen from 0.62 grams per 
kilometer to 0.43 in 1995 (59); however, the plan 
called for repeal of the every-car-complies require
ment of the law and replacement with a system of av
eraging emissions, which many critics contend 
would effectively relax the limits. 

To reduce acid rain, the plan proposed reductions 
in emissions of both sulfur dioxide and oxides of ni
trogen to be accomplished mainly by reducing the 
emissions of fossil-fuel power plants. For sulfur diox
ide, the plan called for an overall reduction of 9.07 
million metric tons per year from 1980 levels-some 
of which has already been achieved-to be reached 
by January 1,2001 (0), but with possible individual 
two-year extensions to 2003 (61). For oxides of nitro
gen, the proposal was a 1.82 million metric ton reduc
tion from projected year 2000 levels (62). As the 
program allows utilities to use an averaging ap
proach in achieving reductions (63), some analysts
predict that compliance would be through switching 
to lower- sulfur fuels and, in the case of oxides of ni
trogen, combustion or burner modifications. 
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Box 12.3 Air Pollution Control in California 

Nowhere in the United States is air poilu-
tion worse than in the Los Angeles basin. 
Nowhere are more innovative-some 
might say extreme-me-sures being con-
sidered to cure that problem. 

The Los Angeles Basin is technically 
known as the South Coast Air Basin. It 
consists of all of Orange County and the 
nondesert portions of Los Angeles, River-
side, and San Bernardino Counties. It is 
projected to have a population of 15.5 
million by 2010. 

Air pollution is so severe in the Los An-
geles Basin that the Basin falls to meet 
the federal air quality standards for four 
of the six federal criteria pollutants (). 
The Basin mcets federal standards for 
sulfur dioxide and lead. But ozone con-
centrations sometimes reach three times 
the federal health standard and carbon 
monoxide and fine particulate matter 
concentrations reach approximately dou-
ile the legal maximum (2). The Basin Is 

the only area in the United States that 
still fails to meet the nitrogen dioxide 
standard (:i. 

Air quality is unhealthy two days out of 
three. Researchers have estimated that 
meeting federal air pollution standards 
would reduce the medical costs of area 
residents by at least$9.4 billion a year; in 
fact, these researchers calculate that resi-
dents of San Bernardino and Riverside 
counties, where levels of suspended par-
ticulates are highest, face a I in 5,000 

risk of meeting a premature death due to 
particulates pollution, approximately the 
same as their risk of dying in an automo-
bile accident (.i). 

In 1988, the South Coast Air Quality 
Management District, which regulates air 
pollution in the Los Angeles Basin, 
adopted a policy crafted to achieve all 

federal and state health standards at the 
earliest practicable date, but no later 
than December 31, 1996, for nitrogen di-
oxide, December 31, 1997, for carbon 
monoxide, and December 31, 2007, for 
ozone and fine particulates (5).

The plan includes interim goals for 

ozone and fine particulates to be met by 
the year 2000. For ozone, the interim goal 
is to reduce maximum average concentra-
tions over a one-hour period to no 
iigher than 0.20 parts per million (ppm) 
and to reduce by 70 percent--compared 
with 1985-the average per capita expo-
sure to ozone levels above the federal 
standard. For fine particulates, the in-
terim goal is to attain "e federal stan-
dards ( ). 

Researchers believe: pollution in the 
Basin will decline until tite year 2000, 
then begin rising again-inexorably, un-
less steps are taken now. Without such 
action, they say that by 2010 emissions 
of some pollutants will have returned to 

1985 levels and will continue to worsen. 
This resurgence Inemissions would be 
due entirely to the impact of population 
growth in the Basin (7). 

THREE TIERS OF CONTROLS 

In developing the plan, California offi-
cials identified the potential measures to 
reduce air pollution that could be avail-
able by tile year 2007. They grouped the 
measures into three "tiers," based on the 
speed with which they could be Imple- 
mented. 

Tier Icontrols are those feasible within 
the next five years, using currently avail-
able technology (8). They include tighter 
tailpipe standards for new cars and 
trucks; the Introduction o! buses using 
clean" fuels such as methanol; more rig-

orous inspection and maintenance of die-
sel buses and trucks (9); shifts away from 
oil-based paints and glues; restrictions 
or outright bans on consumer products, 
such as some cleaning solutions and de

odurants that contain smog-forming 
gases (10); tighter regulations for oil refin

eries and other major Industrial sources 
of air pollution; and phasing out the use 
of coal and fuel oil in power plants and in-
dustrial burners (i). 

Tier IImeasures Include ozone and par-
ticulates control technologies that can 
reasonably be expected to be available 
in the next 10 to 15 years, as well as gov-

0 
ernment activities requiring new funding 
or legislative approval. These measures 
include conversion of 40 percent of cars 
and 70 percent of trucks and 100 percent 
of buses to "low-emitting vehicle technol-
ogles," such as motors powered by natu-
ral gas, methanol, electricity or other 
alternative fuels. They also contemplate 

a reduction in the remaining emissions 
from aircraft, ships, locomotives, sol-
vents, coatings, and consumer products 
by 50 percent (12). 

Tier Ill programs are designed to bring 
about major technological break-
throughs to further reduce emissions of 

reactive organic gases. Unlike the first 
twoTier 
to requires c 
to research, development, and wide-
spread commercial application of tech-
nologles that may not exist yet, but may 
be expected given the rapid technologi-
cal advances experienced over the past 
20 years. For example, Tier IlIIprograms 
cone aetewdsra s ffeontemplate the widespread use of fuelment 
cells in both mobile and stationary 
Iource applications; conversion of elec-
tricity production to non-fossil sources 
such as solar, geothermal and wind on-
ergy; and utilization of Intrinsically clean 
fuels such as hydrogen (13). 

Despite these intentions, there is evi
dence that the Los Angeles area govern

ments may find Implementing these 
plans to be mot c difficult than develop-
Ing them. The only major contest so far 
has concern',.d how soon NOx controls 
should be mposed on existing power 
plants and how stringent they should be. 

One proposal wobld have required ap
proximately a 9 parts per million (ppm) 
emissions limit by 1993 (14). Although am
bitlous, power plants now exist that 
come close to achieving this level of con
trol; the 2,000 megawatt Futtsu power sta
tion operated by the Tokyo Electric 
Power Company, for example, achieves 
10 ppm NOx with technology that both 
the manufacturers and plant operators 
say could be improved further (is). How
ever, Southern California Edison, the 
region's largest utility and the second 
largest In the United States, opposed the 
standard. Ultimately, the board adopted 
a requirement that power plants meet a 
113 g/mw-hr NOx standard (approxi
mately 25 ppm) by 1999 (16). 
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Other comprehensive sets of amendments to the Responding to pressure on both sides of the bor-
Clean Air Act were introduced in both houses of the der, Canada's government announced in March 1985 
Congress by various legislative leaders. Judging from a two-part acid rain control program. The first part 
the common elements of these proposals, together involved an agreement among the eastern provincial 
with reactions to the government's proposals, it governments to reduce aggregate sulfur dioxide emis
seems clear that the United States is likely to tighten sion from stationary sources by 1.4 million metric 
the emissions control programs for cars and trucks tons by 1994, which is about 37 percent below 1980 
through a combination of more stringent tailpipe actual levels. In addition, the federal government im
standards and use requirements, and to require sub- plemented controls of motor vehicle emissions stan
stantial reductions in emissions of sulfur dioxide and lards, beginning in 1988 (w9). 
oxides of nitrogen from stationary sources. The Under the first part of the program, for example, 
United States is also likely to establish a new set of Canada's largest electric utility, Ontario Hydro, will 
dates for achieving health-based ambient air quality have to reduce its sulfur dioxide emissions to 
standards, with the actual (late varying from one lo- 175,000 metric tons, and total sulfur dioxide plus ni
cation to another based on the severity of the air pol- trogen oxides emissions to 215,000 metric tons; in 
lution problem. But it seems unlikely that the current 1987 the utility emitted 340,000 metric tons of sulfur 
amendments to the Clean Air Act will require wide- dioxide and 60,000 metric tons of nitrogen oxides 
spread adoption of advanced pollution control or en- (70). Since it faces a system-wide limit, Ontario Hydro 
ergy efficiency technologies. In California, however, plans to meet the requirements by taking coal plants 
regulatory authorities are pursuing a far more aggres- out of continuous service as its l)arlington nuclear 
sive ap)roach, one that may set the pattern for other plant comes on line, installing scrubbers on only 
individual states to follow. (See Box 12.3.) 2,000 MW of coal plant capacity by 1994. Ontario 

Hydro plans to install scrubbers on 4,000 MW more 
coal capacity only as electricity demand increases 

Canada and the older plants are brought back into full ser
vice (71).

Air pollution control in Canada (luring the 1980s has The second prong of the Canadian acid rain con
largely been an outgrowth of the nation's increasing trol program was the adoption of the U.S. 49-state 
concern over the damages caused by acid rain, auto emission standards effective in 1988. Although 
called by the Canadian Environment Minister in 1980 motor vehicles account for 41 percent of U.S. emis
"the most serious environmental threat ever to face sions of oxides of nitrogen, cars and trucks contrib
the North American continent" (f;4). Scientific jour- ute roughly 60 percent of Canada's Nox (72). 
nals and the popular press contained not only re- At a national level, Canada's regulations for control
ports of damages to Canadian lakes, but also forests ling power plant emissions at existing power plants,
and human health (;5) kt;f;). set in 1980, are similar to those in the United States. 

In the United States (as in most industrialized na- And, as in the United States, very few new plants are 
tions), utility power plants account for about two planned for the foreseeable future, so existing facili
thirds of sulfur dioxide emissions and almost one ties will emit most of the air pollution. For new 
third of the total emissions of nitrogen oxides. In min- power plants, NOx emission limits of 258, 129, and 86 
eral-riclh Canada, however, smelters account for 50 nanograms per Joule (ng/J) are required of power 
percent of the sulfur dioxide emissions (ii7). Until the plants that burn coal, oil, and gas respectively. 
)ublic outcry over acid rain, these emissions were ei- These limits would not require the use of the technol

ther largely uncontrolled or exported t) other re- ogy known as selective catalytic reduction. Limits for 
gions by tall smokestacks. (The chimney at the Inco sulfur dioxide are based on a sliding scale which re
smelter in Sudbury, Ontario is the world's tallest at quires plants with emissions in excess of 258 ng/J to 
380 meters.) remove 90 percent of the stack gas sulfur dioxide 

Fossil-fuel-fired power plants are comparatively (73). As a practical matter, this limit requires either 
less important sources of air pollution in Canada stack gas scrubbing to remove sulfur dioxide from 
than in the United States. They account for only 17 emissions or fluidized-bed combustion or other sim
percent of Canada's sulfur dioxide emissions, coin- ilar advanced col)ustions systems. 
pared with 66 percent in the United States (.;8). This Although the Canadiail central government sets 
is partially because of the greater Canadian reliance "national emissions guidelines," the provinces are 
on nuclear power (which supplies almost 50 percent not obliged to adopt 'hem. Most have, however. The 
of Ontario's and 15 percent of all Canada's electric- ambient air quality standards themselves are quite 
ity) and hydropower (which accounts for over 60 per- stringent iil comparison to those of other nations. 
cent of Canada's electricity). Nevertheless, these For example, the U.S. standard for sulfur dioxide al
nonscrubbed units acquired a symbolic importance lows up to 365 micrograms per cubic meter (pg/nL: ) 
to U.S. politicians, some of whom repeatedly ob- diring a 24-hour period, while that of Ontario, 
served that Canada was asking the United States to Canada's largest province, limits concentrations to 
install hundreds of "scrubbers" even though none 275 pg/mi : In addition, Ontario has adopted limits for 
was operating in Canada. one-hour periods for both oxides of nitrogen and sul-
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fur dioxide, a step the U.S. Environmental .'rotection 
Agency has not taken (74). 

FOCUS ON CARS AND TRUCKS 

One of the most remarkable and unexpected chain of 
events in the 1980s was the widespread adoption of 
state-of-the-art emissions controls for cars and 
trucks. The decade began with the United States and 
Japan standing alone, as they had for 10 years, as the 
only nations with advanced pollution control pro-
grains for cars. Nor was there any indication that 
this might change. Y-et, by 1990 there had been a 180-
degree reversal; every major developed nation had 
adopted tougher tailpipe controls, except tile Soviet 
Union and the Eastern Bloc nations. Some develop-
ing nations had also adopted controls. 

This turn-about came none too soon, for in 1988, 
the global car population exceeded 400 million for 
the first time in history. The highest growth in cars 
took place in the rapidly industrializing areas of Asia, 
but there were, ?so record sales of new cars in West-
ern Europe anct other highly developed areas. With 
commercial vehicles included, a total of over one 
half billion motor vehicles were on the world's roads 
in 1988-a 10-fold increase since 1950 (75). 

There seems to .e no end in sight for this phenom-
enal growth in the number of cars and trucks, caused 
in part by a rapid increase in human population, es-
pecially in the developing regions of Africa, Asia, and 
Latin America. (See Chapter 4, "Popu!ation and 
Health.") 

Much of this increased population is centered in 
urban areas, thus increasing vehicle use even fur-
ther. One result is that global automobile production 
and use are projected to continue to grow substan-
tially over the next lecade. Some analysts exp,:ct 
that by the year 2000, there will be over 600 million 
vehicles in the world (7(). 

This growth makes widespread adoption of emis-
sion controls imperative if vehicular pollution is to 
be controlled. But as the decade began there was 
considerable doubt whether even the United States 
would maintain stringent controls. 

In Western Europe, however, the Germans, Swiss, 
Austrians and Swedes became increasingly alarmed 
at the rapidly accelerating environmental damages at
tributed to air pollution. Germany began lobbying 
within the EC for tighter standards, while the remain
ing three nations-all nonmembers of the European 
Community, and thus free to act on their own-made 
it clear that they would unilaterally require catalyst-
based controls. In June 1989, the EC countries de-
ciced to require U.S. 49-state standards for new cars 
begi iing with model year 1992. \ comparable pol-
icy was adopted in Canada. Australia has also estab-
lished controls. 

Only a few developing nations, including Mexico, 
Brazil, South Korea, and Taiwan, have adopted the 
U.S. 49-state controls, despite air pollution probably 
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being worse in many cities in developing countries 
than in cities of the developed world. 

The large number of nations with uncontrolled ve
hicles include: China, india, the Soviet Union, and all 
other Eastern Bloc nations; Chile, Argentina, and the 
remaining Central and South American countries; 
and virtually all African countries. In effect, there 
was only one continent where every major nation 
had adopted catalyst-based controls: North America. 

Thus, in the 1990s a majority of the world's new ve
hicles are likely to be manufactured ior use in coun
tries with emission controls. However, the greatest 
growth in vehicles is occurring in the regions of the 
world without controls. 

Futni e standards might be even more stringent. In 
late 1989, the US. Congress discussed tightening the 
standard for emissions of oxides of nitrogen from 
0.62 grams per kilometer to 0.25. Because the admin
istration has advocated a 0.43 standard for oxides of 
nitrogen, some tightening of the tailpipe standards 
seemed inevitable in the United States. 

In California, there is serious discussion of reduc
ing the oxides of nitrogen standard-already 0.25 
grams per kilometer- -to 0.12 grains per kilometer 
(77). The California Air Resources Board has already 
ag,, ed, in June 1989, by a vote of 8 to 0, to tighten 
the hydrocarbon standard for cars from 0.25 to 0.15 
grains per kilometer for the 1993 model year (78). In 
addition, California is requiring that car makers build 
autos to last longer, increasing the legal "useful life" 
from 80,460 kilometers to 160,920 kilometers for certi
fication and 120,700 kilometers for recalls. 

Only these increasingly tighter standards have 
made it possible to hold automotive air pollution in 
check as the number of vehicles on the road-and 
most importantly, the number of kilometers they 
travel-has risen rapidly. In the United States., for ex
ample, oxides of nitrogen emissions from mobile 
sources have declined by only 13 percent over the 
period 1977 to 1986, despite the introduction of ex
haust controls. Inevitably, either tailpipe emissions 
must begin to approach zero or growth has to be 
controlled, or both, if major cities are to have air 
that is healthy to breathe. (See also Box 12.4.) 

RECENT DEVELOPMENTS 

ARCO INTRODUCES CLEANER PETROL 

Facing strong political pressures to reduce air poilu
tants from motor vehicles, the U.S. oil industry is 
moving to develop new lead-free low-emission pet
rols that could significantly cut pollution from cars 
and trucks (79). 

On September 1, 1989, ARCO Corporation intro
duced one such new fuel into the southern California 
market. The lead-free petrol is designed to replace 
leaded regular petrol used by older cars and trucks 
that are not equipped with catalytic converters (80). 
Though relatively few in number, old cars neverthe
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Box 12.4 Strategies for Reducing Air Pollution 

It is possible to design control strategies penid on whether they are done In the prove economically advantageous to the 
for industrial countries, based on cur- near future, requiring d forcible shut- country as a whole-especially Iffuel 
rently available technologies, which Jown of existing plants, or gradually, costs rise In coming years.
would sharply reduce air pollution when existing coal-fired plants reach the For developing countries and for inter
within the foreseeable future. One such end of their productive life. national development agencies, the best 
strategy, limited to power plants, would Conventional coal-burning power strategy appears to be to adopt or -up
be the following, plants average about 34 percent effi- port the use of these more efficient and 

Fossil fuels differ in their contribution ciency. Newer systems for burning coal, less-polluting technologies as new Invest
to air pollution. Natural gas is the clean- such as pressurized fluidized-bed unitc ments are made to build up a country's
est, then oil, with coal the most pollut- or plants that gasify coal and then burn Industrial base. By leapfrogging to newer
ing. Natural gas is also the most flexible it in a combined cycle turbine, are pro- technology, developing countries would 
fuel, easily used In a variety of combus- jected to have efficiencies between 42 avoid both a significant increment of ad
tion devices, from boilers to turbines, and 44 percent. These newer systems ditional pollution and the possible ex-
Most power plants now burning natural also greatly reduce emissions of sulfur di- pense of future retrofits, while building a 
gas to generate electricity use conven- oxide and oxides of nitrogen, compared more efficient economy. Industrial coun
tional boilers that operate with efficlen- with existing coal-fired plants. (See Box tries could also help reduce not only
cies of around 35 percent, at best. (See 12.2.) Ifthe remaining coal-burning local air pollution in developing coun-
Box 12.2.) plants were converted, pollutant emis- tries but also the emission of carbon di-

Ifthese units were replaced with sions would drop further, oxide and other greenhouse gases that 
higher efficiency equipment, such as Some analysts have concluded that contribute to global climate change by fa
combined cycle turbines that operate at ihese steps, applied in the United States, cilitating transfer of advanced energy
about 50 percent efficiency, the same could dramatically cut emissions from technologies whenever possible. 
amount of natural gas would yield more the country's power plants, reducing car
than 40 percent more power. This addi- bon dioxide by 40 percent, oxides of rd- References and Notes 
tionwd electricity, if used to replace coal- trogen by nearly 60 percent, and sulfur 
fired power plants, could thus reduce air dioxide by about 90 percent (1). But since i. Curtis Moore, "APath Toward Zero Air 
pollution significantly. Oil-burning power they would require rebuilding every fos- Pollution: The Role of Today's Technolo
plants could also be converted to com- sil-fired utility plant in the country, the gies," paper prosented at the State and
bined cycle turbines, at somewhat economic cost-to companies and to Territorial Air Pollution Program Adminis
greater cost, thus making Itpossible to their customers inthe form of higher trators and the Association o, Local AirPollution Control Officials (STAPPA/ALretire stilt more coal-fired capacity. The electricity rates-could be substantial. APCO) Workshop on Innovative Air Poilu
economic costs of these convei ions- Shifting to such highly efficient technolo- tion Control Technologies, New Orleans,
and the speed of the cleanup--would de- gies, however, might in the long run Louisiana, October 1989. 

less are heavy polluters: a 20-year-old car puts out share of older cars that use leaded petrol and could 
about 8 to 10 times a's much )ollution as a new car use the reformulated fuel developed by ARCO (88).
sold in C:alifornia Mi. The 1.2 million older cars and The new fuel eliminates lead and uses an additive, 
trucks are only 15 percent of the 8 million vehicles in methyl tertiary butyl ether (MTBE), which incldes 
the southern California re.ion, but they cause more aii oxygen molecule that promotes better engine
than 30 percent of the region's vehicular air pollu- combustion. Olefins and aromatics, which react in 
tiOn. If all current users of leaded fuel in the region the presence of sunlight to form smog, are reduced 
.witchedl to tie new fuel, 0ie effect would be to re- by one third. Benzene is cut by about 50 percent, 

miove ab)out 315 metric tons of pollutants from the and sulfur content is reduced by up to 80 percent. To 
air every (lay, according to ARC (82). reduce evaporative emissions, Reid Vapor Pressure 

Other companies are exl)ecte(l to follow suit. In is lowered by 70 grams per square centimeter below 
the fall of 1988, auto makers and the oil industry the current standard (8!). ARCO said that tests of 
started a research nroiect toi kevelo ) Iow-)o)llution older cars indicated qhe new fuel would reduce car
cars and refolrmulated fuels (8:1). ARC() and other re- bon monoxide by 10 percent, nitrogen oxide by 6 per
finers in the next few years also may introduce refor- cent, hydrocarbons by 5 percent, evaporative 
mulated )etrol for newer vehicles that reln on emissions by 22 percent o9), and sulfur dioxide by 80 
unleaded pet rol (si). According to some preliminary percent (91). 
estimates, reformtulatedl fuels might be able to re- The move by ARC() is an outgrowth of proposals 
(luce vehicle i)ollutants by as much as :30 percent under consideration in the state of California and itn 
(85). the U.S. Congress to phase in much lower standards 

The potential henefits for global motor vehicle for motor vehicle emissions in the 1990s and beyond.
emissions could be substantial. ']'here are now over ARCO officials think that reformulatedl fuels have the 
500 million cars and trucks registered worldwide (m;), potential to meet these tougher standards, though it 
and it is estimated that the number of vehicles could remains to be seen whether the standards under con
approach I billion by the year 2030 (87). Though they sideration by California for the year 2000 and beyond
have a relatively small fraction of all cars, Third can be met with reformulated fuels or whether refin-
World countries have a dlisl)roportionately high ers and auto makers will have to turn to alternative 
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Figure 12.3 Concentration of Ozone Above 
Antarctica, 1979-89 
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Source: Dr. Arlin J. Krueger. Laboratory for Atmosphere, U.S. National Aero
nautics and Space Administration, Goddard Space Flight Center, Greenbelt. 
Maryland, 1989 (personal communication).

Note: a. A Dobson unit is a standard measure of ozone loss. 

fuels such as methanol, ethanol or compressed natu-
ral gas (92). 

SEVERE OZONE DEPLETION RETrURNS IN 1989 

The seasonal ozone hole over Antarctica returned 
with a vengeance in 1989 after a relatively moderate 
depletion in 1988. 

Scientists ct the National Aeronautics and Space 
Administration's (NASA) Goddard Space Flight Cen- 
ter near Washington, D.C., in Greenbelt, Maryland, 
have been monitoring ozone levels over the South-
ern Hemisphere with an instrument on board NASA's 
NIMBUS-7 satellite. By October 5, 1989, the minimum 
value within the ozone hole had decreased by about 
45 percent from early August, dropping during Sep-
tember about 1.5 percent per day. The decline was 
nearly identical to the severe depletion that oc-
curred in October 1987 (9).The 1989 hole covered 
some 26 million square kilometers (9'1). (See Figure 
12.3.) In contrast, ozone depletion was relatively 
slight, about 15 percent in September 1988 (95). 

Ozone depletion over the Southern Hemisphere 
was first observed in 1985. The phenomenon origi-

References and Notes 

nates with the long, dark Antarctic winter, when 
polar air forms into an isolated vortex. Temperatures 
drop so s,,verely that icy clouds form in the lower 
stratosphere at altitudes of 15 to 23 kilometers (96). 
The ice in the clouds reacts with chlorine nitrate and 
hydrogen chloride molecules that are present in the 
stratosphere from the breakdown of 
chlorofluorocarbons, or CFCs; the reaction creates 
chlorine molecules. When sunlight returns in the aus
tral spring in August and September, it triggers pho

reactions that break down the chlorine
molecules into individual chlorine atoms, which 
react with and break up ozone molecules. Warm air 
eventually dissolves the vortex: the icy clouds disap
pear, and chemical reactions bind chlorine again into 
chlorine nitrate and hydrogen chloride molecules 
(97). 

The severity of the depletion appears to be related 
to temperatures in the vortex. In 1987 and 1989, tem
peratures in the vortex were between -85°Centigrade 
and -90°Centigrade, whereas in 1988 temperatures 

were between -78°Centigrade and -80"Centigrade (98).
The severity of the cold temperatures in 1989 actu
ally took some scientists by surprise; they theorized 
that the two-year pattern of stratospheric tropical 
winds blowing from the east would ,arm the polar 
vortex and cause a repeat of 1988's shallow hole, but 
the theory was shaken by the severity of the 1989 
temperatures (99). 

Scientists currently do not believe the ozone holewill get much bigger than the 1989 occurrence be

cause the destruction takes place within the polar 
vortex and the vortex is constrained by other 
weather systems (100). The ozone hole nevertheless 
poses a health threat. Reduced ozone increases the 
amount of ultraviolet light entering the atmosphere, 
which increases the risk of skin cancer especially 
among lighter-skinned people (1i0). Ozone-depleted 
air can migrate out of the ozone hole during Decem
ber. Such a phenomenon occurred in December 
1987, when ozone levels over New Zealand and south
ern Australia dropped by 10 percent for a period of 
about three weeks (102). 

Scientists are still investigating the effects and im
plications of these seasonal and yearly variations in 
Antarctic ozone depletion (103). 

Curtis Moore is an independent consultant on high-efficiency 
energy technologies and on air pollution control technolo
qies and writes frequently on these subjects. He is based in 
McLean, Viligirda. 
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13. Global Systems and Cycles
 

Climate change caused by human activity may be-
come a central environmental problem in the 21st 
century. But as discussed in Chapter 2, "Climate 
Change: AGlobal Concern," major scientific uncer-
tainties about climate change still exist. Reliable pre 
dictions of the impact of climate change-particularly 
at regional levels-are not yet possible. Enough is sim-
ply not yet known about Earth's climatic cycles. 

Within the past decade, a consensus has devel-
oped in the world scientific community that to fully 
understand the intricate workings of Earth's systems 
and cycles, such as the climate cycle, a global and in-
ternaticial approach to their study must be taken (1).

Key to this study is continuous monitoring of these 
systems on a worldwide basis. Without basic mea-
surements of how each global variable changes over 
timescales ranging from days to decades, no compre-
hensive vision of whole-Earth dynamics can develop, 
Lacking such a global view, we can neither assess 
the impact of human activities on critical systems 
such as the climate, nor plan wisely to moderate 
these activities or to mitigate theh effects (2). 

Monitoring climate change-and the elaborate and 
still evolving system designed to accomplish that 
task-is the focus of this year's Global Systems and 
Cycles chapter. Although some global monitoring 
systems exist, most notably the Global Environment 
Monitoring Systems (GEMS) effort of the Unted Na-
tion5 Environmelnt Progdrmme, these efforts have 
been handicapped by a shortage of resources. Fortu-
nately, however, a working prototype of a global cli-

mate monitoring system has existed for years: the 
World Weather Watch (WWW). This international 
network consists of ground-, sea-, air-, and space
based observirg systems-from surface weather sta
tions to sophisticated satellites-as well as 
computers to analyze the data obtained and commu
nication links to make both data and weather analy
ses widely available. 

Climate is usually defined as the average weather 
over a period of years. Thus weather data, moni
tored year after year, is also climate data. The atmo
spheric circulation that powers storm systems, the 
ocean currents that transport heat, and the solar ra
diation that drives the atmospheric heat engine all in
fluence the balance of winds, humidity, air pressure, 
and temperature that determine daily weather (3)(4) 
(5)(6). Thus, via the world meteorological network, 
many of the factors affecting climate are probed di
rectly or indirectly. Still others, of course, need spe
cialized monitoring systems. Monitoring, as 
described here, deals with documenting long-term 
changes and understanding the process that causes 
them. 

There is another sense in which the world's 
weather system is a prototype for monitoring and, 
eventually, predicting climate. The flow of data from 
the World Weather Watch is so vast that high-speed 
computers are needed to interpret it in a timely man
ner. These same computers also produce weather 
forecasts, using atmospheric models to predict 
trends in temperature, pressure, and so on. The 
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weather forecasting models are closely related to the 
global circulation models used to simulate changes 
in climate-and both are subject to the same kinds of 
limitations or inherent uncertainties for long-range 
forecasts. Thus, in understanding these models and 
their limitations, we can understand the difficulties 
involved in moving from monitoring to climate pre-
diction. diction.Upper-Air 

Examining the World Weather Watch allows us to 

glimpse the dimensions of the global climate monitor
ing task. The proven ground- and satellite-sensing 
techniques, computer models, and communication 
systems-not to mention the spirit of cooperation-of 
today's weather watch together form the solid core 
of the more comprehensive monitoring network 
planned for the 1990s and beyond. 

THE WORID WEATHER WATCH 

Of all global phenomena, weather has perhaps the 
most immediate impact on living things.No aspect of

human activity, social or economic, escapes its influ-
ence, and every country, developed or developing, 
shares a concern for what the weather may bring. It 
is this common concern, and the knowledge that 
weather originates from global-scale interactions and 
follows a worldwide pattern, that bases the interna-
tional effort known as the World Weather Watch. 

WWW consists of three basic elements: a world-
wide Petwork of facilities and instruments for track-
ing the weather, called the Global Observing System; 
a network of computer centers-the Global Data-Pro-
cessing System-to analyze the weather data and pro-
duce short- and medium-range forecasts on a global 
and regional basis; and a Global Telecommunication 
System to assure the rapid exchange of all data and 
information among the 160 member nations contrib-
uting to the WWW (7). (See Table 13. 1.) 

The WWW has been a remarkably successful dem-
onstration of international cooperation. While it acts 
under the auspices of the World Meteorological Orga-
nization (a specialized agency of the United Nations) 
it does not exist as an independent system of sen-
sors, computers, and data links. Rather, it is a care-
fully integrated union of national weather services 
acting at their own expense and using their own facili-
ties to accomplish a specified portion of the global 
weather task. 

The guiding philosophy of the WWW is that each 
member nation contributes services according to its 
means, while all nations have equal access to the 
data and forecasts produced. The level of assigned 
activities thus varies from country to country. Those 
with the means to launch weather satellites or pro
vide computer power and analytical expertise do so, 
but every member nation contributes to the network 
of local ground and air observations that produce 
much of the raw data used to forecast weather at the 
local, regional, and global level (8). 
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Table 13.1 The World Weather Watch at a 
Glance 

Membership 	 160 nations 

Surface-Based Observing Stations 
Land Stations (all types) 	 9,525 
Ocean Vessels 	 7,424Observing Stations 

(Land and Sea) 2,306
Ground Weather Radar Stations 644 

Meteorological Satellites
 
PolarOrbiters 4
 
Geostationary Orbiters 	 5 
Satellite Ground Stations 	 325 

Meteorological Centers 
World Centers 	 3Regional Centers 	 25 

Total Forecasts and AnalysesProduced Daily 	 2,895 

Daily Data Movement Throughout the Global 
Telecommunication Network 15 million characters 

Sources: 
1. 	Vorld Meteorological Organization (WMO), World Weather Watch: Four

teenth Status Report on Implementation, WMO Publication No. 714 
(WMO,Geneva,1989), pp. 11-6Table 1,11-7. 11-10-11-11,11-23-11-24.111-3, 
Annex I p. 111-10,
and Annex VIp.111--15.
 

2.World Meteorological Organization (WMO), The World Weather Watch,
98


WMOPublication No. 709 (WMO, Geneva. 1 8),pp 15-21. 

The Global Observing System 

The Global Observing System (GOS) acts as the eyes 
of the WWW. It consists of several complementary 
observing networks that combine a variety of meth
ods and facilities to give a timely view of weather pat
terns at all scales. The GOS is organized at three 
levels: national, regional, and global. National net
works of weather stations provide local coverage, 
with some of these stations selected to feed into re
gional networks. Some of the regional stations, in 
turn, feed into the global network under the auspices 
of the WWW (9). Special efforts are made to obtain 
weather data from the ocean regions, where regu
larly spaced observing stations do not exist: buoys, 
volunteer ships, and satellles all play important 
roles in ocean weather observations. The data they 
collect are particularly useful in climate studies. 

The GOS yields both qualitative and quantitative in
formation. By measuring air temperature, relative hu
midity, atmospheric pressure, wind speed, and other 
parameters at varying altitudes, the GOS allows a 
quantitative assessment of the atmosphere's physi
cal state. But GOS observations of cloud forms and 
movements and precipitation types, mostly from sat
ellites, make possible a more qualitative assessment 
of the state of the sky as well (10)-one that is equally 
indispensable in following the weather, especially in 
tracking severe weather such as tropical cyclones. 

Surface-Based Observations 

The GOS observing networks fall neatly into two cate
gories: surface-based and space-based. Surface
based networks cover a wide spectrum and include: 
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* Weather stations on land and sea for surface and radio as they ascend. Radiosonde data remains the 
upper-air observations, most accurate method of probing the atmosphere at 
M Commercial and other aircraft observing weather altitudes of up to 30 kilometers, though it is rela
variables during flight, tively expensive to obtain and its coverage is very 
" Ground weather radar stations, and limited compared to, for examl)le, satellite observa
* Special stations such as climatological and agricul- tions. 
tural stations, tidal-gauge stations, background air 
pollution monitoring stations, ozone monitoring sta
tions, lightning detection stations, meteorological are problematic and coverage tends to be sparse. 
rocket stations, and radiation monitoring stations These observations rely on a combination of several 
(I1). weather ships at fixed ocean stations, about 7,000 

The number of land-based stations making observa- merchant vessels plying commercial routes, and 
tion.3 at the surface or in the upper air using weather some 350 automated weather facilities, including 
balloons totaled more than 9,500 in 1989. Nearly fixed platforms, moored buoys, and drifting buoys 
4,000 of these stations make up the surface portion (i6) (17). 
of the basic synoptic network that proviles much of Unfortunately, only about 40 percent of the mer
the WWW's core data (12). cihant ships volunteering to file weather reports are 

Stations in this basic network are spaced to guaran- at sea at any one time. In addition, they may experi
tee minimum coverage over all the continental re- ence difficulty filing their reports through coastal 
gions. The WWW relies on such stations to make at radio stations or may spend much of their time in 
least five basic measurements every three hours at coastal waters. Further, only about 60 ships are cur
the surface: humidity, temperature, winl direction rently eluipl)ped to make upper-air observations (18). 
and speed, pressure, ancl )recipitation. Weather sta- The number of fixed automated marine stations is 
tions not in the basic network are members of vari- increasing rapidly and many can measure a host of 
ous national weather networks that freely contribute environmental factors, such as sea temperatures, 
their observations to improve the coverage of the wave height and direction, surface and underwater 
WWW system even though they are not under obliga- currents, and air and water pollution, in addition to 
tion to do so (1n). the standard weather program. The number of drift-

Also essentiai to the basic synoptic network are ing buoys, sending observations about 10 times a 
the nearly 2,200 (i.1) (iS ground stations equippedl to clay via satellite, is also on the rise (19). 
make upper-air observations. Many of these stations Ground weather radar stations provide one of the 
release balloon-borne packages of instruments called best means to follow small- or mid-scale (mesoscale) 
radiosondes that transmit their observations of tern- weather systems, especially severe thunderstorms. 
perature, pre-,eure, humidity, and wind speed by Some 600 of these stations are active worldwide and 

Figure 13.1 Weather Watching Satellites: Polar Orbiters and Geostationary Satellites 

Insal mlnda)
 
74*E 8')0 k n Mefeusat(Eu-pean Space Agency) 
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Source: World Meteorological Organization (WMO) The World Weather Watch {WMO, Geneva, 1988), p. 16. 
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are particularly useful in detecting, tracking, and fore-
ca'sting tornadoes, severe ice or hailstorms, or tropi-
cal cyclones (20). 

The prevalence of commercial aviation makes ob-
servations from aircraft yet another practical and 
valuable source of weather data. A new program to 
place automated weather equipment in some wide-
body jets (21) is already augmenting the manual re-
ports provided by thousands of willing pilots, 

Space-Based Observations 

While improvements in ground observations have 
been steady over the years, it is the revolution in sat
ellite observations that has contributed most to the 
tremendous progress in weather forecasting since 
the mid-1960s. The launch of the first weather satel-
lite-TIROS-1-in April 1960 led quickly to a network of 
satellites that began to fill the existing holes in 
weather coverage, particularly over the two thirds of 
the planet covered by oceans (22) (23). 

These satellites now comprise an international net-
work that provides temperature and moisture pro-
files of the atmosphere, cloud patterns and wind 
profiles, ocean and land surface temperatures, and 
several other terrestrial measurements of interest, 
such as vegetation map)ing and snow cover analy
ses. Satellite data are used directly in numerical 
weather models and to track severe storms, among 
other applications (24). 

Two basic satellite systems cover the world's 
weather: polar orbiters and geostationary satellites. 
(See Figure 13.1.) Polar orbiters perform the bulk of 
the weather monitoring. These satellites follow an 
850 kilometers-nigh orbit that nearly crosses the 
poles on each orbital pass. Such an orhit allows each 
spacecraft to view every point on Earth twice a day 
as the world rotates beneath it. Both the United
States and the Soviet Union operate a pair of these 
satellites. The U.S. satellites orbits are spaced such 
that measurements over any region are no more 
than six hours old. In addition to viewing cloud cover 
and taking temperature and humidity readings from 
the Earth's surface up through the atmosphere, 
these satellites also relay data broadcast by many au-
tomatic weather stations on land and sea. They also 
provide a crucial link in an international search and 
rescue tracking system (25) (26) (27). 

The second set of satellites-geostationary satel-
lites-observes the Earth from a much greater dis-
tance-about 36,000 kilometers. They maintain an 
orbit about the equator and their orbital speed 
matches the Earth's spin, so that these satellites are 
geostationary, or fixed relative to the Earth. Because 
of their fixed location above a single position on the 
Earth, each geostationary satellite can monitor one 
large area constantly, allowing 24-hour coverage of 
weather developing in that region and making them 
especially useful for tracking storm systems such as 
tropical cyclones (28). 

The WWW geostationary network consists of five 
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satellites at different positions about the globe and 
originating from four different parties: the United 
States, the European Community, India, and Japan 
(29). All are equipped to observe cloud motions both 
day (via visual and infrared observations) and night 
(via infrared observations). Some give quantitative 
data on vertical temperature and moisture profiles 
and act as data relay stations from Earth. The nearly 
continuous monitoring (every 30 minutes or so) pro
vided by geostationary satellites helps fill the time 
gaps in the observations of the polar satellites and al
lows an intensive data analysis critical to riodern 
forecasting (:o). 

The Global Data Processing System 

The prodigious stream of weather data provided con
tinuously by the Global Observing System must be 
gathered and analyzed in a variety of ways to pro
duce useful forecasts. This is the task of the Global 
Data Processing System. 

As with the other components of the WWW, the 
Global Data Processing System is organized at the 
global, regional, and national levels. Three world me
teorological centers, located in Melbourne, Moscow, 
and Washington, D.C., provide global-scale analyses 

Table 13.2 Daily Output of World and 
Regional Meteorological Centers 

Type of Product 
Wold Centers Analyses Forecasts Total 
Melbourne 18 40 58 
Moscow 32 32 64 
Washington, D.C. 109 303 412 
Total World Center Products 534 

Regional Centers Analyses Forecasts Total 

Antlnanarivo 36 4 40 

Beijing 33 27 60 
Bracknell 168 556 724 
BrasiliaBuenos Aires 1714 26 1920 
Cairo 44 50 94 
Dakar 16 12 28 
Darwin 10 X 10 
JeddahKhabarovsk 5941 48

49 
107
90 

Lagos X X x 
Melbourne 
MiamiMonteal 

26 
1026 

42 
X99 

68 
10125 

Moscow 57 74 131 

Nairobi 17 18 35 
New Delhi
Novosibirsk 
Offenbach 

16 
36 
38 

16 
57 
87 

32 
93 
125 

Rome 32 32 64 
Tashkent 
Tokyo
Tunis/Casablanca 

46 
35
44 

48 
64
24 

94 
99
68 

Wellington 19 36 -5-5 
Total Regional Center Products 2,361 
Source: Adapted from World Meteorological Organization (WMO), World 

Weather Watch: Fourteenth Status Report on Implementation (WMO,
Geneva, 1989), Annex Iand V1,pp.lI1-10 and 111-15. 

X=not available 
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Figure 13.2 Configuration of the Main Telecommunication Network 

'1abhlngtonl Bracknell Pais. Offenbach HPrague Mosco 

World Meteorological Centers 

SRegional Telecommunication Hubs 

Source: World Meteorological Organization 

to be used for short-, medium-, and long-range fore-
casting of large-scale weather systems (31). 

The products of the world weather centers are 
available to all WWW members, but are particularly 
directed to the 25 regional meteorological centers. 
Regional centers are responsible for area-wide analy
ses, which in turn are directed to the various na-
tional meteorological centers in that area for use in 
forecasting small-, medium-, and large-scale weather 
patterns for local information (:2). 

The three world centers maintain the latest in corn-
puter technology to allow them to cope with the 
roughly 8 million characters of alphanumeric data 
provided by the Global Observing System every (lay 
(33). Between them, they produce almost 500 analy-
ses and forecasts daily, valid from ene to seven days 
(34). To do this, they make use of sophisticated 
global weather models that simulate future weather 
patterns from current atmospheric conditions as 
measured by satellites and ground stations. 

Many of the regional centers use computer models 
with a finer resolution than the global models to fore-
cast weather over their areas. These regional mod-
els, however, depend on the output of the coarser 
global models to set their initial or "boundary" condi-
tions, again demonstrating the intimate tie between 
the world and regional centers. Together, the re-
gional centers produce over 2,300 analyses and fore-
casts each day (35). (See Table 13.2.) 

In addition, several specialized meteorological cen-
ters help track tropical cyclones and produce me-
dium-range forecasts. For example, the European 
Center for Medium-Range Weather Forecasts, with 

Melburn 

the greatest computing capacity of any weather facil
ity in the world, daily provides over 150 six-day fore
casts for distribution worldwide (36). 

The Global Telecommunication System 

A reliable communication network is essential to the 
functioning of the World Weather Watch. The Global 
Telecommunication System provides for the collec
tion, exchange, and distribution of both raw weather 
data and the analyses and foi casts produced by th2 
various meteorological centers. (See Figure 13.2.) 
Over this, the WWW's nerve system moves 15 million 
characters of alphanumeric data and more than 
2,000 weather products daily (37). 

The heart of the Global Telecommunication Sys
tem is a series of 22 point-to-point circuits that com
prises the main telecommunication network. This 
network directly links the three world meteorologi
cal centers with 15 regional telecommunication 
hubs. Additional communication circuits connect 
these and 16 other regional hubs with 149 national 
centers (38). The data capacity of these circuits var
ies widely, from 50 bits per second to 19.2 kilobits 
per second, with most lines on the main telecommu
nication network at 9.6 kilobits per second (39). 

The increasingly rapid speeds at which the vast 
quantity of weather data is exchanged has necessi
tated the development of internationally accepted 
data gathering and transmission procedures to keep 
the data from all segments of the system compatible. 
This process of standardizing the collection, sorting, 
and flow of data is a continuing challenge to a system 
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Box 13.1 Developing Nations and the Weather Watch 

The World Weather Watch (WWW) Is a 
global and cooperative effort Involving 
most of the world's nations. But asignifl-
cant disparity exists In the ability of Its 
members to contribute to the system and 
to make use of Its output. Nearly every 
country has anational meteorological ser-
vice, but many developing countries lack 
the facilities to efficiently collect and dis-
tribute data or to use the regional analy
ses and forecasts to derive iocally useful 
products (1). 

A case in point is the variability within 
the global telecommunication system. 
While thie data handling capacity of the 
main telecommunication line between the 
world meteorological center in Washing
ton, D.C., and the regional center in 
Bracknell, England, is 19,200 bits per sec-
ond, the capacity of the line from Washing-ondthecapaityof romWashng-tle ine 
ton, D.C., to tile regional center in Brasilia, 
Brazil, is only 75 bits per second. The bulk 
of the !,cal and regional circuits through-
out Africa, Central and South America, and 
much of Asla have acapacity of only 50 
bits per second (2). Indeed, the upgrading 
of the communication system isone of the 
most pressing needs faced by WWW mem-
bers, but thie expense involved is prohibi-
tive (3). 

The quality of the weather analyses and 
forecasts available to many developing 
countries, especially those in the tropics. 
is also markedly lower than for those anal-
yses targeted for the northern hemi-
sphere. This Is both because weather 
data-especially upper-air data-are sparser 
over these regions, and because the com-
puter weather models used by world and 
regional centers are optimized for mid-lati- 
tudes, and do not accurately model tropi-
cal weather patterns. Consequently, 
forecasts produced for the tropics are typi-
cally of shorter range than those for mid-
latitudes. Yet, the quality of these fore-
casts has improved somewhat since 1980, 
and the number directed toward the re-
gion has increased In the last few years (4) 

.(SeeTable 1.)().accurateIn an attempt to address some of these 
concerns, the World Meteorological Orga-
nization-the coordinating force behind the 
WWW-maintains avariety of programs to 
assist developing nations to gather and 

Table I Daily Output of Forecasts and Analyses from World 

Meteorological Centers, 1986 and 1988a 

Center Areas Covered 1986 1988 

Melbourne Northern Hemisphere 0 0 
Tropical Belt 0 0 
Southern Hemisphere 45 45 

Moscow Northern Hemisphere 29 29 
Tropical Belt 4 4 
Southern Hemisphere 2 2 

Washington, D.C. Northern Hemisphere 158 201 
Tropical Belt 14 30 
Southern Hemisphere 86 185 

Source: World Meteorological Organization (WMO), World Weather Watch: Fourteenth Status Report on 
Implementation, WMO ublication No. 714 (WMO, Geneva, 1989), p.111-14.

Note: a. Forecasts and analyses produced at 12 AM Greenwich mean time only. Figures do not reflect all products issued by world canters. 

use weather data. Under the Voluntary Co-
operation Program, WWW members com-
mit funds and donate services and 
equipment for upgrading technology and 
for training. Inconjunction with the United 
Nations Development Programme, pro
jects involving 133 countries were sup-
ported through this program in 1988 (6). 

In addition, the planned establishment 
of the African Center for Meteorological 
Applications for Development (ACMAD) 
should greatly advance the usefulness of 
WWW products InAfrica. ACMAD Is ex-
pected to become a focal point for data col-
lection and region-wide analysis-including 
the development of a regional computer-
ized weather model-to support critical ac-
tivitles such as agriculture In the region. 
Recent advances in modeling the tropical 
atmosphere will also figure in Improvingthe area's forecasting benefits (7). 

In South America, Brazil has taken the 
lead In developing aregional computer 
model and is currently seeking funds for 
the required computer facilities (8). More-
over, the next generation of weather satel-
iltes planned for the 1990s will lend more 
acreDepartment

atmospheric soundings of te-perature and moisture, improving the syn-
optic coverage of the southern 
hemisphere particularly (9). Thus, the pros
pect of improved products and more use
ful applications for many WWW members 

in the tropics or south of the equator ex
ists, thouii budgetary restrictik ns loom 
large as a continuing obstacle 66). 
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cycles will behave in the future. This is the province 
of modeig. 

An accurate, quantitative model of a natural sys-
tem is a powerful tool that allows observations of the 
system's present state to be used to forecast the fu-
ture state of the system. For example, a numerical 
model of the global circti!ation of the atmosphere is 
essential both for modern weather predictions and 
for studies of how the global climate may change in 
response to increasing levels of greenhouse gases in 
the atmosphere. 

A numerical mode! begins with a theory of how a 
given system works-it.; fundamental processes and 
how they interact. These processes are then ex-
pressed as simply as possible in mathematical 
terms; that is, as mathematical equations with as few 
variables as possible. In weather models, these vari-
ables correspond to the pressure, temperature, wind 
speed, humidity, and other factors measured every 
clay via the Global Observing System. When the cur-
rent weather values are entered in numerical form 
and the model equations allowed to interact over a 
simulated time period, tile result is a new set of val-
ues representing the predicted weather for the speci-
fied future date -usually one to 10 clays ahead (41). 

Because of the size and complexity of natural sys-
ters, computers are required for even the simplest 
of numerical models. In fact, computer capacity rep- 
resents one of the real limiting factors in the current 
ability to iodel global processes. In a sense, every 
numerical model is a compromise between accu-
rately describing reality-all the details of how the 
system works-and respecting the practical limits of 
computation (42). 

Numerical Weather Models 

The atmospheric processes that determine weather 
were first expressed mathematically using the basic 
laws of physics around the turn of the century, and 
then were refined in the 1920s. These equations were 
not matherr-atically well-behaved; that is, they did 
not lend themselves to easy analytical solutions and 
could only be approximated by arduous caiculations. 
Thus, while the possibility of predicting weather 
using these equations was recogrized, the mathemat-
ical calculations involved were so intractable and the 
critical weather data so sparse that accurate predic-
tion was impossible at the time (4n). 

With the improvement of upper-air observations in 
the 1940s and the birth of the digital computet. the 
use of these equations became practical, leading to 
the first numerical weather prediction in 1950 These 
early weather models attempted to forecast only a 
single variable-the atmospheric pressure-but still 
gave reasonable approximations of the weather (44). 
Modern weather models forecast all the common 
weather variables: temperature, pressure, winds, 
and humidity. 

To model weather on a global scale, current numer-
ical models divide the global atmosphere into con-
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centric layers, stacked like the layers of an onion 
from the surface into the stratosphere (45). The lay
ers nearer to the surface-those that most affect 
short-term weather processes--are made thinner to 
better simulate the important processes that take 
place there, while the upper stratosphere and strato
spheric layers are generally thicker (46;). 

Since no computer could hope to calculate 
weather variables at every point over the globe at all 
times, the model confines its computations to evenly 
but widely spaced locations, descrihinq a three
dimensional gridwork over the entire globe. In the 
most sophisticated current operational global 
weather models, there may be as many as 19 layers, 
with an equivalent gridwork of points spaced about 
140 kilometers apart throughout the atmosphere 
(47) (48). 

The spacing between these gridpoints is crucial, 
since this determines the resolution of the model: 
how well it can discern small-scale weather phenom
ena and, ultimately, how accurately it can forecast. 
The global model presently in use at the National Me
teorological Center in Washington, D.C., has an equiv
alent horizo.ital spacing between gridlpoints of about 
160 kilometers and a vertical spacing ranging from 
about 200 meters in the bottom layers to over 9 kilo
meters in the stratospheric layers (4v)). 

The volume of atmosphere surrounding each 
gridpoint is called a cell, and the weather values com
puted for the gridpoint represent a blending of all 
the weather processes at work within the cell. To 
begin the calculation, an initial value of the tempera
ture, pressure, winds, and humidity must be given 
for each gridpoint, gleaned from the combined mea
surements from all observing systems-ground sta
tions to satellites-within the cell area. The computer 
then uses its mathematical expressions of the basic 
weather processes to let each weather cell interact 
with its neighbors on all sides, creating weather pat
terns as computer time moves forward (5o) (51). 

The response of the atmosphere to the sun, the 
transfer of heat, the movement of air masses, the fric
tion between the atmosphere and the Earth's sur
face, and thc movement of moisture through 
evaporation, condensation, and precipitation are all 
accounted for in the model. By recalculating values 
for each gridpoint again and again as the cells inter
act, the forecast slowly builds (52) (53). At the Wash
ington, D.C., Center, each forecast day takes about 22 
minutes of supercomputer time with three-day fore
casts produced twice daily, and a complete 10-day 
global forecast is run once a clay (54). 

Many important weather phenomena occur on a 
scale smaller than the horizontal spacing of the 
gridpoints. For instance, individual clouds, which are 
important in regulating surface temperatures and in 
generating severe weather, are invisible to current 
models. Since these phenomena cannot be ignored 
completely in an accurate model, they must be repre
sented indirectly. This is done by describing them in 
relation to one of the variables that can be measured, 
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such as temperature or pressure (55). 
For example, cloud formation is related to the aver-

age temperature and humidity in a given area. If the 
relationship that links them is known, then a speciai 
modification can be made to the equations that in-
clude temperature and humidity in the model to rep-
resent an average of the area's cloudiness. This 
process is known as parameterization and it is essen-
tially a means to represent the complete climatic pic-
ture within the limits of the grid. In doing so, 
however, it is also a significant source of error in the 
forecast, since it is at best an approximation (56) (57). 

The forecasts produced by a global model are syn-
optic-scale forecasts; that is, they describe weather 
patterns on the largest scale, tracking the move-
ments of major storm systems and large masses of 
air. For regional forecasts describing medium-scale 
weather patterns, a model with a finer meshed grid 
is required, typically with a horizontal resolution of 
20-60 kilometers. Such a model "sees" local weather 
events better and can account for such factors as 
mountains and smaller weather fronts that the global 
model might miss. Regional models also contain 
more realistic parameterizations and treat precipita-
tion more accurately (58). 

To obtain the best forecast, a model requires that 
the initial values for the weather variables at each 
gi idpoint be as accurate as possible. This is a diffi-
cult task, since weather observations are of variable 
quality and may be sparse in some areas, especially 
over the oceans. 


Fortunately, today's models contain a kind of 

memory function." They are refined enough that, 

based on a previous forecast, the model itself can 
predict, with a high degree of confidence, an approxi-
mation of the initial values that should be used for 
the current run. The raw data from the field are then 
used to correct these approximations. In this man-
ner, the model can provide information in areas 
where observations are either sparse or absent alto-
gether and provide continuity from one analysis time 
to the next. Thus, the model acts to enhance the ob-
serving system and the observing system acts as a 
check on the performance of the model (59). 

Over the years, the forecasts that models produce 
have improved steadily in quality. Today's five-day 
forecasts are as ac-urate as the three-day forecasts 
of the mid-1970s (w). This has come about through 
the continued refinement of the models, the comput-
ers they run on, and the weather observing systems. 
Current models have better horizontal and vertical 
resolution and represent weather processes more re-
alistically-something that would be impossible with-
out faster computers. Meanwhile, satellites and 
other technology -ldvances have led to more accu-
rate weather data ((wi). 

In the near future, model sophistication will con-
tinue to improve dramatically. Plans for the early 
1990s in European and North American modeling cen-
ters call for acquisition of the next generation of 
supercomputers. This will allow at least a doubling 
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of current resolutions, both horizontally and verti
cally. Global models will become as accurate as re
gional models are today, and regional models will 
become much more capable of capturing important 
small-scale phenomena. For instance, the future 
North American regional model will have 30 layers 
and a horizontal resolution of 30 kilometers (62). At 
the same time, the capabilities of ground stations 
and satellites will continue to increase, making 
weather data more available and reliable. In fact, 
many experts believe that progress in forecasting de
pends more on this gradual increase in the quality of 
weather data than on increasingly sophisticated 
models. 

In any case, continued progress in weather model
ing beyond that planned for the next decade may be 
difficult, since the dynamics of the atmosphere at 
small scales vary markedly from those at larger 
scales. As the grid size approaches these small 
scales, modelers will have to reevaluate how ade
quately the equations used in current models are rep
resenting the atmospheric physics taking place 
within each cell. Reformulating these equations, if 
necessary, may prove an overwhelming task and will 
likely result in drastically increased computer re
quirements as well 6(:i). 

Global Climate Models 

The models used to study climate changes induced 
by the release of greenhouse gases into the atmo
sphere are similar in principle to the numerical mod
els used to forecast daily weather. Both are so-called 
general circulation models (GCMs) that use the same 
mathematical equations to simulate the dynamics of 
the atmosphere (64). Climate models, however, are 
generally more complex and involve a wider range of 
processes than weather forecasting models. In addi
tion, the applications of the two models are quite dif
ferent and this difference leads to a divergence of 
end products. 

The fundamental difference in how climate models 
and weather models behave stems from the 
timescales over which they are required to act. 
Weather models simulate atmospheric dynamics for 
short periods of time-usually one to 10 days. But a 
typical run of a climate model exploring the green
house effect is 10 to 100 years and simulations of an
cient Earth climates may treat time periods of 
thousands of years (65) (66). 

Over such lengthy periods of time, climatic vari
ables with little influence on short-term weather can 
become major factors. For instance, the transfer of 
heat from the ocean surface to its deep waters, the 
waxing and waning of the polar ice sheets, and the 
growth or die-off of forests are all factors with defi
nite effects on climate. Weather models routinely ig
nore these processes by substituting a single un
changing value for these variables in their equations
for instance, by using a single estimate of sea ice in
stead of letting it vary as the simulation proceeds (67). 



But climate models must account for all these phe-
nomena and many more, such as the minute changes 
in the output of solar radiation over cycles of thou-
sands of years, or the action of volcanic aerosols. Be-
cause of the length of the simulation, climate models 
are very sensitive to how these processes are param-
eterized. If the phenomena are not represented accu-
rately in the model equations, then the complexity of 
the climate system-its many feedbacks and interac-
tions-will not be reproduced and the model results 
will be spurious (68). 

Perhaps the most immediate challenge faced by cli-
mate modelers today is to adequately account for 
the effects of ocean dynamics, cloud behavior, and 
terrestrial ecosystems on the global climate (69) (70) 
(71). In each case, submodels treating each of these 
areas must be constructed and coupled to the larger 
model to reduce the uncertainty of the model re-
suits. These refinements will eventually be incorpo-
rated into weather models as well, but their 
development is much more crucial to the success of 
climate models. 

Chaos and the Limits to Predicion 

Despite the many advances in weather observing 
and atmospheric modeling over the year, our ability 
to predict weather remains very limited. Local 
weather forecasts maintain usetul accuracy for only 
a few days, and, even at their most reliable, they are 
hardly flawless. In predicting rain, for example, two-
day local forecasts in the United States are only 
about 30 percent better by virtue of modern observa-
tions, theory, and computers than an informed guess 
made by simply uxtrapolating from past weather re-
cords (72). 

Unfortunately, simply sharpening computer mod-
els and improving weather observations will not ulti-
mately lead to foolproof weather forecasting. Since 
the 1960s, meteorologists have realized that atmo-
spheric processes are inherently unpredictable for 
more than two to three weeks in advance (73). This is 
not simply because the physical climate is extremely 
complex and requires dozens of equations to repre-
sent mathematically. It is more in the nature of these 
equations: they are inherently nonlinear. In other 
words, they do not yield solutions with any periodic 
pattern-nothing that could be guaranteed to repeat 
or regularly recur (74). 

This apparently random behavior, which is typical 
of many natural phenomena, is termed "chaotic," and 
the discipline that treats it is called chaos theory, or 
simply chaos (75). Chaos has had profound repercus-
sions on the science of meteorology and the effort to 
predict weather. In the 1950s, as the computer age 
d.wned, most meteorologists believed that long-
range weather prediction was primarily a problem in 
physical calculation of the complex math needed to 
describe weather processes (76). It was assumed that 
this problem would ultimately yield to faster comput-
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ers and the better resolution they would allow in 
computer models. However, a simple weather model 
in the early 1960s proved otherwise (77). 

The model contained only three equations repre
senting temperature, wind speed, and pressure. 
Nonetheless, the simplistic atmosphere portrayed in 
the model exhibited chaotic behavior. If the initial 
values plugged in for temperature, wind, and pres
sure were varied ever so slightly from run to run, a 
completely different forecast would appear. Two fore
casts with almost negligible differences in initial val
ues would start out similarly, as expected, but would 
quickly diverge and rapidly lose all similarity (78). 

The large changes induced in the forecast were 
completely out of propoition with the size o! the dif
ference in initial values, and the divergence was mag
nified with each clay of continued forecast. This 
abilty of small-scale changes in initial values to ulti
mately affect the largest scale events was clubbed 
the "butterfly effect," since it implied that something 
as insignificant as the turbulence created by a butter
fly beating its wings could thecretically change 
world-scale weather events in just a few clays (79). 

When the results of the simple weather model and 
the existence of the butterfly effect became widely 
known to meteorologists in the early 1970s, the impli
cations for forecasting were clear. Such a sensitivity 
to initial conditions meant that no matter how good 
the weather model, if the values plugged into the 
model varied even slightly from those that actually 
existed in nature, acompletely accurate weather pre
diction was impossible (80). In essence, this meant 
that perfect measurements of weather variables-not 
to mention a truly representative weather model
were required in order to predict weather for indefi
nite lengths of time. Conversely, the greater the 
error in weather observations, and thus in initial val
ues, the more quickly the forecast accuracy de
graded (81). 

The process of parameterizing weather processes 
that are smaller than the grid size of the model may 
have the same disastrous effect on forecast accuracy 
as measurement errors do. Initially, parameteriza
tion induces errors on the smallest scale of the 
model, but these errors quickly cascade up through 
the model until even global-scale events are contami
nated. The doubling time for small errors in today's 
atmospheric models is estimated at two to two and a 
half days (82). 

The sensitivity of weather forecasts to initial val
ues in the computer model is a powerful argument 
for making weather observations as accurate as pos
sible by upgrading the observing system (83). Exist
ing weather data suffer from a variety of ills, 
including incomplete surface and upper-air coverage 
and marginal accuracy for some mezsurements. For 
example, current temperature soundings from geo
stationary and satellites are only accurate within a 
range of about 2"C (84), and satellite wind measure
ments, which rely on tracking cloud movements, are 
unable to pin down wind altitudes with precision (85). 
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Further, the regional synoptic network does not 
produce uniform observations at all stations at all 
the recommended observing times. Some stations 
can only make a partial set of observations at any 
one time and others ca:not observe at all the recoin-
mended hours (86). Surface observations over ocean 
areas are still sporadic and widely spaced and tend 
to occur on those shipping lanes most traveled, leav-
ing many areas with poor coverage (87). 

Also, as described above, computer models suffer 
from several inadequacies, h0th in terms of spatial
resolution and in how well they describe weather-
making processes at every scale. All in all, meteorolo-
gists acknowledge that they are still far from the 
theoretical prediction limit of approximately two 
weeks and that better observations and more refined 
models could yield imlproved forecasts for some 
time to come (88) (89). 

While chaos sets rather severe limits on weather 
prediction, it also provides some hope for forecast-
ers. For beneath the apparent disorder of weather, 
chaos theory argues that there is an underlying 
order, implied by the very fact that the atmosphere 
can be described by mathematical equations. no mat-
ter how complex o).Chaos theory states that the 
seemingly random behavior of chaotic systems actu-
ally occurs within definite bounds and that these sys-
tens tend toward a limited set of states. For 
instance, snowflakes generally have six arms, though 
no two snowflakes are alike (!)I).

The set of states toward which a system tends is 
called an "attractor," since the behavior of the sys-
tem is drawn or attracted to it (92). Attractors are 
matheratical abstractions expressing something
about the complexity of and the relationships among 
the equations that determine the weather. The exis-
tence of one or more weather attractors is by no 
means certain (o:i).But if they do exist and can be ad-
eruately described, weather attracters could be 
enormously useful in long-range forecasting by defin-
ing the underlying patterns within which the weather 
varies (94). T( be useful, however, they must be rela-
tively simple, and many meteorologists feel that the 
inherent complexity of the physical climate ru!es out 
such simple attractors (1)5). 

Ifchaos theory confines useful forecasting to a i.ar-
row teml)oral range of no more than a few weeks, 
how can general climate models hope to describe 
the ciimate 100 years or more in the future? The an-
swer lies in the fact that climate models do not pro-
duce a forecast, per se. 

While weather models seek to predict the exact val-
ues of weather variables for some limited time pe-
riod :n the future, climate models are only interested 
in estimates of what the climate will be in the future. 
Will the mean global temperatui e be warmer or 
cooler? Will there be more or less rain, on average? 
Will the climate show greater variability than today 
or will it be more regular? Climate models are con-
cerned only with statistical averages of weather vari-
ables like surface temperature, not with the precise 
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details of storm systems on a given clay in the future. 
Only in this way can they escape the chaos dilemma 
and the long-term unpredictability of the weather (96). 

THE FUTURE OF GLOBA', MONITORING 

Even as the global monitoring activities of the world 
weather network continue to improve, there are 
plans to go well beyond these meteorology-based ob
servations in the years ahead. Ifcurrent plans are 
carried through, the 1990s will see the development 
of the first comprehensive global monitoring effort in 
history. 

The impetus for such an effort comes from the con
vergence of three factors. First, there is a growing 
awareness of the coupling between Earth systems: 
there is a complex system of forcing factors and feed
back mechanisms that define an integrated and ever
changing whole (97). Realizing this, scientists have 
begun to reach beyond the barriers of their individ
ual disciplines to embrace the concept of an inte
grated "Earth system science"-a science that can 
only proceed if all aspects of the global system are 
studied in tandem and in depth over long timescales. 
Such a study, in turn, requires a well-developed moni
toring system (98). 

A second factor is that the technology to conduct 
such a monitoring program is now at hand, or will be 
shortly. Prospects for global monitoring have risen 
most with the tremendous increase in satellite capa
bilities in the past 20 years, but surface-based tech
nologies have also evolved . 

Perhaps the most crucial factor in establishing the 
global monitoring effort is the recent international 
concern over the possibility of rapid changes in the 
global climate. Whether brought on by natural or 
human causes, such as the release of greenhouse 
gases into the atmosphere, most nations have begun 
to realize that the social and e-cological conse
quences of such changes could be devastating. Unfor
tunately, current knowledge is insufficient to judge
the magnitude or timing of either the climate change 
itself or its global repercussions (mOU). 

To bridge this gulf of ignorance, Earth system sci
ence assumes a fourfold strategy. It describes 
Earth processes through global observations, uses 
these descriptions to understand the dynamics be
hind Earth processes, constructs conceptual and 
computer models with this understanding, and, fi
nally, uses these models to predict future Earth 
changes (lmt). 

This strategy translates into an ambitious global
monitoring scheme. Not only must observations of 
the biosphere, geosphere, cryosphere, and hydro
sphere be made on a global basis, they must be 
made simultaneously, since the physical, chemical, 
and biological process;es that drive these Earth sys
tems are all interactive and cannot be understood in 
isolation. Further, observations must continue over 
an extended period-at least 20 years. During such a 
20-year period we could reasonably expect to see the 
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first manifestations of "greenhouse"-induced global 
warming and the effects of widespread deforestation, 
and we could follow such natural cycles as sunspots, 
El Nifio events, and the circulation of deep ocean cur-
rents (102). 

Examples of the measurements to be made by a 
global monitoring system include (103): high-resolu-
tion vertical profiles of surface and atmospheric tern-
peratures, pressures, and winds; the extent of global 
cloud cover; the extent of global ice and 'mow cover; 
sea surface temperatures and topogr. phy (to help 
follow ocean currents); ocean chlorophyll concentra-
tions; wind stress at the sea surface and ocean wave 
heights; ail index of vegetation cover; the extent and 

productivity of terrestrial biomes; global precipita-
tion and the moisture content of the atmosphere; mo-
tions and deformations of the Earth's crust; the 
planetary gravitational and magnetic field; and thesolar consta ti(the energy output of the sun in the di-
rection of the Earth). 

Already, a somewhat bewildering array of national 
and international programs have begun to address 
the newfound interest in global dynamics, especially
the prospects for climate change. Oldest of the inter-
national efforts is the World Meteorological
Organization's World Climate Programme, initiated 
nerladcadeagoeplorate cmerocrmmessnienearly a decade agc to explore clim ate processes 
with implications for long-range forecasting and 
other meteorological tasks (104). Some of the World 
Climate Programme's major observing programs 
now under way or planned for the near future in-
clude: 
0 The World Ozone Program, which seeks to moni-
tor and define the atmospheric chemistry associated 
with stratospheric ozone and other associated chemi-
cal species (105); 
* The International Satellite Cloud Climatology Proj-
ect, which monitors global cloud fields to measure 
the interaction of clouds and radiation from either 
the sun or reflected from the Earth .106). Its main ap-
plication is to refine the way cloud 3 are represented
in weather and climate models; 
NThe International Satellite Land Surface Climatol-

ogy Project, which measures the interaction of land 
surface processes with climate in specific biomes 
(107); 
* The Tropical Ocean Global Atmospheric Program, 
whic r. focuses on the dynamics of the upper tropical 
ocean and overlying atmosphere in order to deter-
mine their coupling (108). This has special relevance 
to predicting El Nifio events; 
N The World Ocean Circulation Experiment, which 
aims to study ocean circulation for the purpose of 
modeling this crucial climate element on timescales 
of decades and longer (109); and 
E The Global Energy and Water Cycle Experiment, 
which will attempt to determine the hydrological 
cycle and energy fluxes through direct observations, 
with an eye toward the modeling of these cycles 
(110). 

Two other reiated international measurement pro-
grams are: 
* The Joint Global Ocean Flux Study, which will 
trace the production and fate of biogeochemical ma-

terials in the global oceans (111); and 
I The International Global Atmospheric Chemistry 
Program, which is designed to study the large-scale 
chemistry of the lower atmosphere (112). 

Although these projects are wide-ranging, most are 
primarily meteorological in orientation and barely 
begin to address the broad mandate of Earth system 
science. Thus, in 1986, the International Council of 
Scientific Unions-an umbrella organization for profes
sional societies in all scientific disciplines-adopted 
the concept for an International Geosphere-Bio
sphere Program (IGBP) to study, in cooperation with 
the World Climate Program, global change at all lev
els and across all timescales. The effort has received 
broad support from the international scientific com
munity and has been formally endorsed by the 
World Meteorological Organization and the United 
Nations Environment Programme and adopted by 
many nations. It will involve a series of simultaneous 
research missioi's funded and imp!emented by single
nations or througn bilateral or multilateral agree
ments, but coordinated through IGBP, and with ac
cess to data assured to all (13:).

The effort to marshal international involvement 
and to establish a coordinating mechanism for the 
many individual investigations required is far from 
trivial, and the pace has been slow so far in definingt e e a ts i nii r g a h G P wl ol w 
the exact scientific program the IGBP will follow. 
Nonetheless, much progress has been reported in 
stimulating discussion within and between disci
plines and in reorienting scientists to look upon their 
work from a global perspective (114). 

That the topics of global change and global noni
toring are being taken seriously in government and 
scientific circles is clear by the funding commit
ments being made by many nations. For instance, in 
1989, the United States adopted a landmark budget 
that united the many separate government-sup
ported programs relating to global studies into one 
cohesive program-the U.S.Global Change Research 
Program- that will contribute to IGBP and World Cli
mate Program activities (115). At the same time, the 
Soviet Union has committed itself to convert the 
dorat rom a ofits itf instrument 
data format from many of its scientific instruments 
to a more universally acceptable form, and to under
take several crucial ecosystem studies as part of the 
international effort (116). Similar commitments have 
been made by many other nations. 

Future Observing Systems 

An impressive array of satellites and surface moni
tors will support the many global system studies al
ready under way and planned under the IGBP. Space 
officials from 23 nations are now coordinating their 
plas from 2 sat ellte w arying thei 
plans for more than 20 satellites with varying capabil
ities for Earth viewing over the next six years (117). 
By making simultaneous and continuous global moni
toring a reality, the satellite era has played a funda
mental role in the genesis of Earth system science. 
Satellites will be the workhorses of global monitor
ing, probing land, sea, and atmospheric processes, 

World Resource, 1990-91 

227 



13 Global Systems and Cycles 

with calibration and corroboration provided from 
ground measurements (118). Table 13.3 lists aselec-
tion of the Earth-observing satellites planned for the 
next 15 years. 

In the near term, several important satellite mis
sions will add significantly to global measurements 
from existing satellites already under way. In 1990, 
the European Earth Remote Sensing satellite (ERS-I)
will join U.S.(Landsat), French (SPOT), and Indian 
(IRS-1) satellites in producing detailed images of con
tinental regions for resource planning, vegetation 
mapping, and a host of other research applications. 
The Japanese (JERS-1) will follow suit in 1991. ERS-1 
will also significantly enhance. letailed ocean and 
coastal zone monitoring, as will 'he Canadian 
Radarsat satellite (11)) (120). 

The United States' Upper Atmosphere Research 
Satellite (UARS), planlned for 1991, will explore the 
coupled chemistry and dynarmics of the stratosphere 
and the mesosphere and the role of solar radiation in 
these processes. In 1991, the joint French-U.S. 
TOPEX/Poseidon satellite will measure the height ofTOPE/Poeido easue tewll saellie heghtof 
the world's oceans with great accuracy to reveal the 
structure of ocean currents (121), directly feeding 
data to the Worlo Ocean Circulation Experiment. 

Beyond 1995, global monitoring will make a luan-
tum jump with the birth of the international Earth Ob-
serving System (EOS). EOS will consist of aseries of 
four or five large space platforms in a 705 kilometers-
high polar orbit (122) (123). The first platform, due to 
be launched by the United States in 1996, will contain 
19 precision Earth-viewing sensors designed to oper-
ate synergistically by viewing precisely the same 
area of the Earth and atmosphere with complemen-
tary technologies (121) (125). European and Japanese
platforms will follow in 1997 and 1998 respectively,
carrying slightly different complements of instru-
ments (126). Separate international teams are cur-
rently developing the first platform's sensors, and 
nearly 30 additional teams are designing interdiscipli-
nary studies to be conducted using the data from 
these instruments (127). 

Earth Observing System sensors can be divided 
into three classes: a group of instruments that im-
ages the Earth's surface and conducts temperature
and moisture soundings of the lower atmosphere; a 
group of radar instruments that will probe the cha,-
acter and structure of the surface; and agroup of in-
struments to study atmospheric composition and 
dynamics (128). As an example, one of the sensors 
will allow the detailed identification of minerals and 
soils, the estimation of the grain size of snow, the 
monitoring of phytoplankton productivity in coastal 
waters, and the study of biochemical processes in 
vegetation canopies (129). 

The number and rate of data produced by EOS plat.-
forms will be prodigious-about a thousand times 
greater than present satellite data-and planners 
know that data management will be one of EOS' great-
est challenges. To accommodate this embarrassment 
of riches, EOS planners are creating the EOS Data 

Table 13.3 Launch Schedule for Selected 
Earth-Observing Satellites 

October 1990 ERS-1 Earth Remote Seising Satellite (Europe) 

September(1991 UASUpperAtmosphere Research Satellite 
February 1992 JERS-1 Japanese Earth Remote-Sensing Satellite 

(Japan) 
June 1992 TOPEXiPoseidon (France-United States) 

Undecided GREM Geopotential Research Explorer Mission 
(Unda) 

Undecided Radarsat(Canada) 
December 1997 EOS-A Earth Observing System. First Polar-Orbiting 

Platform (united States) 
1996 EPOP-1A European Polar-Orbiting Platform; Second 

EOS Platform (Europe) 
December 1999 EOS-B Earth Observing System. Third Polar Orbiting

Platform (United States) 

1998 JPOP Japanese Polar-Orbitiig Platform; Fourth EOS 
Platform (Japan) 

2002 EOS-C Earth Observing System. Replacement Platformor EOS-A (United States) 

2004 EOSD Earth Observing Systemtor EOS-B (i,nited States) Replacement Platform 
Source: Condensed from National Aeronautics and Space Administration 

(NASA),"Earth Observer Launch Schedule," The Earth Observer, Vol. 1, 
No. 3(June 1989). p. 6,and Gerard Soften, Project Scientist, Earth Ob
serving System, NASA, 1990 (personal communication). 

and Information System to gather, archive, and dis
tribute data to the scientific community (130). 

Both before and during the EOS era, weather satel
lites and ground stations will continue to play an im
portant role in monitoring not only short-term 
weather processes, but also other atmospheric and 
surface processes of interest to researchers. All 
along, weather satellites have served this double 
role as operational tools for weather watching and 
observation stations for unrelated research (131). In 
many cases, the same data can be used for both pur
poses, and in other cases special instruments have 
been placed aboard weather satellites, such as the 
Earth radiation budget monitor aboard current U.S. 
polar orbiters, or the total ozone mapping spectrom
eter to be placed aboard aSoviet polar orbiter in 
1991 (132) (133). 

Significant upgrades in weather satellites began in 
1989 when the first of a new generation of geostation
ary satellites was orbited. Both the sensors that pro
diicc weather pictures and the sounders that collect 
temperature profiles throughout the atmosphere 
were significantly enhanced. In 1992, U.S.polar orbit
ers will begin carrying an advanced microwave 
sounding unit that allows higher resolution tempera
ture and moisture soundings than at present, even in 
cloud-covered regions. This will give forecasters the 
ability to look within storm systems for the first 
time, which should greatly improve the forecasting
of severe weather such as tornadoes and cyclones 
(134). 

As EOS platforms are launched, many new capabili
ties will be available to forecasters as part of the 
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total monitoring effort. For instance, a laser atmo- in addition to weather variables (l3(;). In combination 
sphere wind (LAWS) sounder aboard the second EOS with the planned increases in satellite capabilities,
platform will supplant presently scanty wind data these improvements in global monitoring should 
that are critical to the accuracy of numerical weather begin to manifest in superior weather forecasting
models (135). and improved understanding of global systems and 

Along with the upgrading of existing ground cycles within the first two decades of the next cen
weather stations with increasing automation and bet- tury (137) (138). 
ter radars, a series of new computerized ground sta
tions has been proposed to include measurements of This chapter was authored by Gregory Mock, a science writer 
seismic activity, soil properties, and local hydrology, and editor in Ben Lomond, California. 
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14. Policies and Institutions
 
Natural Resources Accounting 

Whatever their shortcomings and however little 
their construction and use are understood by the 
general public, the gross national product (GNP) and 
related aggregate economic accounts are undoubt-
edly among the most significant social inventions of 
the 20th Century. Their political and economic im-
pact can scarcely be overestimated. No matter how 
inappropriately, they serve to divide the world into 
"developed" and "less developed" countries. In the 
"developed countries," whenever the quarterly GNP 
figures emerge, policymakers stir. Ifthe figures are 
lower, even marginally, than those of the preceding 
three months, a recession is declared, the strategies 
and competerce of the administration are impugned, 
and public political debate ensues. In the "develop-
ing" countries, the rate of growth of GNP is com-
monly perceived as the principal measure of 
economic progress and transformation. National in-
come account3¢ have, in short. become an institution. 

As the most visible and widely used measure of 
economic progress, GNP also plays an important role 
in national policies and in the policies of interna
tional lending agencies. Thus, it is, matter of con-
cern if those accounts produce seriously distorted 
or inaccurate measures of economic performance
and lead to misguided and ultimately unsustainable 
policies. And yet, that appears to be the case. 

The present national income accounts, and hence 
the gross national product and such related mea-

sures as the net national product, do not reflect the 
depletion and degradation of natural resources
even where, as is the case in many developing coun
tries, those resources are a primary source of 
national income. Ifa country whose primary wealth 
is in its forests, for example, were to cut down those 
forests and sell off the lumber, under the current sys
tern its GNP would increase. Yet such a country, hav
ing consumed its source of wealth, would be poorer 
and would have a less promising economic future. 

This chapter considers changes in natural re
source accounting that could remedy the problems 
inherent in the present system. It illustrates how re
vised accounts might be constructed and the differ
ences such revisions might make in the specific test 
case of Indonesia. The chapter also reports on the 
progress of many countries toward modifying their 
national accounts to integrate either the costs of en
vironmental pollution or the depletion or degrada
tion of natural resources into the decisionmaking 
process. 

THE NEED FOR MORE ACCURATE ECONOMIC 
INDICATORS 

The aim of national income accounting is to provide 
an empirical framework for analyzing the perfor
mance of the macroeconomic system. The current 
system reflects the Keynesian theories that were 
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dominant in tile 1930s and 1940s when the system 
was developed. The great aggregates of Keyncsian 
allysis-consumlption, savings, investment, and 
government expenditures--are defined and mea-
sured carefully. Earlier classical economists had re-
garded income as the return on natural resources, 
human resources, and invested capital (land, labor, 
and capital, as they put it). But Keynes and his con-
temporaries were preoccupied with the depression 
of the early 1930s: specifically with explaining how 
an economy could remain at less than full employ- 
ment for long periods of time. During the years of the 
depression, prices for many commodity products 
based on natural resources were at an all-time low. 
Natural resource scarcities were the least of Keynes' 
concerns. As Keynesian analysis largely ignored the 
role of natural resources in generating income, so 
does the current system of national accounts. After 
World War II,when these theories were applied to 
problems of economic development in the Third 
World, human resources also were left out on the 
grounds that labor was always "surplus"; develop-
ment came t( be seen almost entirely as a matter of 
savings and investment in physical capital. Low-in-
come countries-which are typically most depen-
(ent on natural resources for employment, revenues, 
and foreign exchange earnings-were instructed to 
use a system for national accounting and macroeco-
nomic analysis that almost completely ignores their 
principal assets. 

As a result, there is a dangerous asymmetry today 
in the way we measure and, hence, in the way we 
think about the value of natural resources. Manufac-
tured assets-buildings and equipment, for exam-
ple-are valued as productive capital. As they wear 
out, a depreciation charge is taken against the value 
of the production that these assets generate. This 
practice recognizes that a consumption level main-
tained by drawing down the stock of capital exceeds 
the sustainable level of income. Natural resource as-
sets are not so valued, and their loss entails no debit 
charge against current income that would account 
for the decrease in potential future production. A 
country could exhaust its mineral resources, cut 
down its forests, erode its soils, pollute its aquifers, 
and hunt its wildlife and fisheries to extinction, but 
measured income would not be affected as these as-
sets disappeared. 

Codified in the Uiiited Nations System of National 
Accounts (SNA), which is followed more or less 
closely by many countries, this difference in the 
treatment of natural resources and other tangible as-
sets gives the wrong signals to policynakers. It rein-
forces the false dichotomy between the economy 
and the "environmeilt" that leads policymakers to ig-
nore or destroy the latter in the nane of economic 
development. It confuses the depletion of valuable as-
sets with the generation of income. Thus, it pro-
motes and seems to validate the idea that rapid rates 
of economic growth can be achieved and sustained 
by exploiting the resource base. The result can be il-
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lusory gains in income and permanent losses in 
wealth (I). 

A considerable and growing body of expert opinion 
has recognized the need to remove this anomaly 
from the accounting framework by accounting for 
the depreciation of natural resource assets like the 
depreciation of other physical capital (2). In June 
1985, the member governments of the Organisation 
for Economic Co-operation andlDevelopment (OECD) 
adopted a "l)eclaration on Environment: Resources 
for the Future." They declared that they will 
"[e]nsure that environmental considerations are 
taken fully into account at an early stage in the devel
opment and implementation of economic and other 
l)olicies...l)y...[inter alia]...inl)rov[ing] the manage
ment of natural resources, using an integrated ap
proach, with a view to ensuring long-term 
environmental and economic sustainability. For this 
purpose, they will develop appropriate mechanisms 
and techniques including more accurate resource ac
counts" (3). 

Our Common Future, the 1987 report of the World 
Commission on Environment and )evelopment, 
stated, "Thus, figuring profits from logging rarely 
takes full account of the losses in future revenue in
curred through degradation of the forest. Similar in
complete accounting occurs in the exploitation of 
other resources, especially in the case of resources 
that are not capitalized in enterprise or national ac
counts: air, water, and soil. In all countries, rich or 
poor, economic development miust take full account in 
its measurements ofgrowth ofthe improvement or dete
rioration in the stock of natural resources" (o). 

Similarly, academic experts and such international 
agencies as the OECD have recommended that capi
tal consunption allowances be extended to natural 
resource assets, such as mineral deposits (5). The 
World Bank and the United Nations Environment Pro
gramme have emphasized the deficiencies in the cur
rent accounting system and have sponsored work on 
improvements. Accordlng to a recent World Bank 
publication, "Gross Domestic Product...is essentially 
a short-term measure of total economic activity for 
which exchange occurs in monetary terms....it is less 
useful for gauging long-term sustainable growth 
partly because natural resource depletion and degra
dation are being ignored" (i). 

NATURAL RESOURCE ACCOUNTING 

Although the need for natural resource accounting is 
widely recognized, there remain questions regarding 
the most conceptually sound and the most practical 
method for representing in national income accounts 
the value of natural resources consumed or de
graded and the economic costs of pollution. Econo
mists associated with the United Nations Statistical 
Office have tentatively )roposed a system of satellite 
environmental accounts supplementing the United 
Nations System of National Accounts, rather than 
changing the basic accounts themselves. (See Box 
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Box 14.1 The United Nations Role 

The United Nations Statistical Office has these accounts is market asset value, nated by the concerns of national in
an important role to play. The United Na- when possible. When direct asset value come statisticians who are typically
tions System of National Accounts (SNA) cannot be established, the United Na- handicapped by shortages of staff, bud
provides astandard and a model that, at tions guidelines endorse the economic gets, and raw data. These statisticians re
least in its core flow accounts, Is fol- asset-valuing principle discussed above: sist recommending changes when so 
lowed more or less closely by many coun- the present value of the expected future much work remains to be done before
tries. The United Nations Statistical income stream obtainable from the re- the existingSNA can be implemented
Office is also aworldwide source of ex- source is the measure of the resource's fully. The rationale for this position is 
pertise and guidance Inthe development asset value. pragmadc: until more national statist!cal
of national Income and other statistical The United Nations Statistical Commis- offices are capable of estimating depr ec
systems. sion, advised by a number of expert ation accounts for natural resource as-

The system of national accounts pub- working groups, Is currently considering sets, the2 core national Income accounts
lished by the United Nations Statistical changes in the SNA, as it does perlodi- should not be modified. 
Office (i) Ismore complete with respect cally. Dissatisfaction 'tems from man), In- With respect to depreciation accounts 
to natural resource accounting than are consistencies and omissions In the for natural resources, the expert commit
the accounting systems implemented by current system. For example, production tees of the United Nations Statistical Of
most national governments. The SNA pro- of goods and services outside the enter- fice have taken the position that 
vides for balance sheets that record prise sector, notably by households, is countries should be encouraged to Imple
opening and closing stocks, and sources largely omitted. Also, along with natural ment balance sheet accounts for repro
of increase and decrease. Such accounts resources, other kinds of capital assets, duciole and nonreproducible tangible 
are included for reproducible tangible as- such as knowledge and the stock of skills assets and link them to conventional na
sets, such as tree plantations, and non- possessed by the work force, are ig- tional income measures through "satel
reproducible tangible assets, such as nored. Furthermore, in the government lite accounts," as indicated in the
agricultural land and subsoil minerals, sector, the goods and services produced present system. In other words, their po-
The criterion for inclusion in the SNA is are not measured directly, but are val- sition is that depletion accounts for natu
whether the assets are privately owned ued at their factor cost. These and many ral resources should be calculated but 
and used in the commercial production other deficiencies have led to a long kept apart from the main tables. This ap
of goods and services so that economic agenda of suggested Improvements. proach means that depreciation in the na
values can be established. Natural re- Although deliberations will continue tional income accounts would not be 
sources in the public domain, such as until 1991, the United Nations Statistical extended to include depreciation of natu
surface waters, atmosphere, and wilder- Commission has evidently reached the ral resources and that the present mis
ness, are excluded on the grounds that decision already that there should be no leading indicators of economic 
the SNA deals with the market economy fundamental changes in the existing SNA. performance would he maintained (2). As
and that the economic values of natural The existing accounting methodology is argued elsewhere In this chapter, this at
resources outside the market system can- protected, in asense, by its very inade- titude has the potential to do great harm 
not be established readily. quacy: wholesale reform is a large task, to the developing countries of the world

For natural resource assets included In and Improvement limited to just one as- and their endangered natural resources. 
the SNA, the aLcounting framework pro- pect is hard to justify when so many
vides for "reconciliation accounts" that other problems would remain. Moreover, References and Notes 
link balance sheet and flow accounts, at both the national and international lev-
These revaluation accounts encompass els, decisions regarding the accounting I. United Nations, Department of Economic 
changes In opening stocks resulting from system are In the hands of the producers and Social Affairs,A System of NationalAc
changes in prices during the period, and of statistics, not the users. The national counts.Statistical Papers, Series F,No. 2,
from physical changes such as growth, Income accounts are like sausages: there Rev. 3(United Nations, New York, 1968). 
discoveries, depletion, extraction, and are many consumers, but few who want 2. Robert Repetto et al., WastingAssets: Natural Resources in the National Income Ac.natural losses. The valuation principle en- to know how they are put together. counts (World Resources Institute,dorsed by the United Nations for use in Partly for this reason, decisions are doml- Washington, D.C., 1989), pp. 1(I-1. 

14.1.) Various methods for adljusting the fundamental pear are comparable to income statenents in busi
concepts and measurenents that constitute the na- hess accounting. In contrast, balance sheets record 
tional accounts also have been proposed. lBefore re- stocks or levels of assets, liabilities, and net worth at 
viewing these approaches, however, it is useful to the end of accounting periods. Flows and stocks are 
consider the current concepts and functions of na- linked, in that flows are edjual to differences between 
tional income accotunting and to consider how they stocks, and that stocks are equltal to acculnulated 
might be appliel in a specific example. past flows. 

National balance sheets record a country's tangi-
Income Statements and Balance Sheets ble and financial wealth at a point in tline, facilitating 

econolic conparisons anong (lifferent years or 
A comlplete system of financial accounts consists of among (lifferent countries. Changes in a counltry'F 
two )arts: one (e.g., the inwoie statement) dealing stock of Manufactured tangible capital goods over 
with transaction flows in a period of tine, andi the time are reflected in the flow accounts. 
other (e.g., the balance sheet) with stocks of tangible h'le vahle 0; cal)ital goods, such as structures and 
and financial assets at points in tine. The concepts equil)melt, declinies over tine with use because of 
of l)rodltiction, consumnption, revenues, and costs re- )hysical wear and obsolescence. This gradual de
late to transaction flows within accounting periodls. crease in the fLture prodluctive p)otential of capital
The national economic accounts in which they ap- goods is reflected in the national accounts by a de-
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preciation allowance that amortizes the asset's value 
over its useful lifetime. Depreciation of tangible re
I)roducible capital is subtracted from gross national 
product in calculating the net national product 
(NNP) and national income. Thus, NNIP should pro.-
vide a more useful measure of economic perfor-
mance than GNP, but NNP generally receives less 
attention in economic policy planning. Ignoring or un-
derestimating the deterioration or depletion of the 
capital stock can lead to economic policy errors with 
serious, long-term consequences (7). 

The fundamental definition of income encore-
passes the notion of sustainability. In accounting and 
economics textbooks, income is defined as the maxi-
mum amount that the recipient could consume in a 
given period without reducing the amount of possi-
ble consumption in a future period. Business income 
is definedias the maximum amouat a firm could pay 
in current dividends without reducing net worth. 
This income concept encompasses not only current 
earnings, hut also changes in asset positions: real 
capital gains are asource of income, and capita! 
losses are a reduction in income. Depreciation ac-
Couits reflect the fact that, unless the capital stock 
is maintained and replaced, future consumption pos-
sibilities inevitably will decline (8). 

In resource-dependent countries especially, natu-
ral resource assets are legitimately drawn upon to fi-
nance economic growth. The revenues derived from 
resource extraction finance investments in industrial 
capacity, infrastructure, and education. A reasonable 
accounting system would recognize that one kind of 
asset has been exchanged for another, which is ex-
pected to yield a higher return. Should a farmer cut 
and sell the timber in his woods to raise money for a 
new barn, his private accounts would reflect the ac
quisition of a new asset, the barn, and the loss of an 
old asset, the timber. He thinks himself better off be-
cause the barn isworth more to him than the timber. 
In tile present national accounts, howevcr, income 

and investment would rise as the barn is built, but in-
coel also would rise as the wood is cut; nowhere is 
the loss of a valuable asset reflected. This can lead 
to serious miscalculation of the development poten
tial of resource-dependent economies by confusing 
gross and net capital formation. Even worse, if the 
proceeds of resource depletion were used to finance IrC eSFood 

current consulption, the economic path is ulti-

mately unsustainable, whatever the national ac-

counts say. If the same farmer used the proceeds 
from his timber sale to finance a winter vacation, he 
would be poorer on his return and no longer able to 
afford the barn. But the present national income ac-
Counts would register only a gain, not a loss, in 
wealth. 

Thus, in resource-dependent countries, failure to 
extend t lie concel)t of del)reciation to the capital 
stock embodied in natural resources, which are such 
a significant source of income and consuml)tion, 
overstates the level and growth of income. (See Indo-
nesia: A Case Study, below.) 
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INDONESIA: A CASE STUDY 

Tile potential for natural resource accounting is illus
trated using Indonesia as an example and following 
the natural resource accounting method developed 
in a recent report by the World Resources Institute 
(9). Over the past 20 years, Indonesia has drawn heav
ily on its considerable natural resource endowment 
to finance development expenditures. Revenues 
from the production of oil, gas, hard minerals, tim
ber, and forest products have offset a large share of 
governmental development and routine expendi
tures. Primary production contributes 44 percent of 
gross domestic product (GDP) (10), 84 percent of ex
ports, and 55 percent of total employment. (See 
Table 14.1.) Generally, Indonesia's economic perfor
mance over this period is judged to have been suc
cessful: per capita GDP growth averaging 4.6 percent 
per year from 1965 to 1986 has been exceeded by 
only a handful of low- and middle-income countries, 
and is far above tile average for those groups. Gross 
domestic investment rose from 8 percent of GDP in 
1965, at the end of tile Sukarno era, to 26 percent of 
GDP (also well above average) in 1986, despite low 
oil prices and a difficult debt situation (11). 

Estimates derived from the Indonesian case study 
illustrate how much this evaluation is affected by 
"keeping score" more corr..ctly. Table 14.2 and Fig
ure 14.1 compare the gross domestic product at con
stant prices with the net domestic product, derived 
by subtracting estimates of net natural resource de
preciation for only three sectors: petroleum, timber, 
and soils. It is clear that, after accounting for con
sumption of natural resource capital, conventionally 
measured gross domestic product overstates net in-

Table 14.1 Direct Contribution o'Primary

Table 1. Drect Conti Primary 
Production to Gross Domestic Product (GDP)
(percent) 

Sham of 
Sham of Growth Merchandise Sham of

GDP Rate Export Employment 
1983-87 1983-87 1987-88 1985 

Renewable Resources 24.2 3.2 30.4 54.6 

Agriculture 21.3 3.5 13.7 crops -14.8 -2.2 -0.6
 

Othercrops -4.0 -6.4 -12.3
 
Livestock -2.5 *6.6 -0.8
 

Fishing 1.7 0.6 2.3 
Forestry, 1.2 2.5 14.4 

Exhaustible Resources 19.7 3,0 53.3 0.8 
Oil and natural gas" 18.5 2.9 47.7 
Other mining 0.8 5.6 5.6 
Total Primary Sectors 43.9 3.1 83.7 55.4 

Source: Indonesian Central Bureau ofStatistics and Bank Indonesia. Ja
karta, as cited inRobert Repetto et at., Wasting Assets: Natural Resources 
inthe National Income Accounts (World Resources Institute, Washington. 
D.C.. 1989). p 5.

Notes: 
a.Includes logs, sawn timber, and plywood.
b.Includes crude oil and condensates, natural gas, liquefied-natural gas, and 

liquefied petroleum gas, but excludes other oil products. 
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Tablo 14.2 Comparison of Gross Domestic Product (GDP) and Net Domestic Product (NDP) 
(billions of constant 1973 Rupiah) 

Net Change In
 
Natural Resources
 

Year GDPI Petroleum Forestryb Soils Net Change NNP 

1971 5,545 1,527 -312 -89 1,126 6,671 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 

6,067 
6,753 
7.296 
7,631 
8,156 
8,882 
9,567 

10,165 

337 
407 

3,228 
-787 
-187 

-1,225 
-1,117 
-1,200 

-354 
-591 
-533 
-249 
-423 
-405 
-401 
-946 

-83 
-95 
-90 
-85 
-74 
-81 
-89 
-73 

-100 
-279 

2,605 
.1,121 

-684 
-1,711 
-1,607 
-2,219 

5,567 
6,474 
9,901 
6,510 
7,472 
7,171 
7,960 
7,946 

1980 
1981 
1982 
1983 
1984 

11,169 
12,055 
12,325 
12,842 
13,520 

-1,633 
-1,552 
-1,158 
-1,825 
-1,765 

-965 
-596 
-551 
-974 
-493 

-65 
-68 
-55 
-71 
-76 

-2,663 
-2,215 
-1,764 
-2,870 
-2,334 

8,506 
9,840 

10,561 
9,972 

11,186 

Average Annual Growth 7.1% 4% 

Source: Robert Repetto et al., Wasting Assets: Natural Resources in the National Income Accounts (World Resources Institute. Washington, D.C.. 1989), p. 6. 
Notes: 
a. From the Indonesian Central Bureau of Statistics. 
b. Includes logs, sawn timber, and plywood. 

come and its growth substantially. In fact, while GDP 
increased at an average annual rate of 7.1 percent
from 1971 to 1984, the period covered by this case 
study, the adjusted estimate of NDP rose by only 4 
percent per year. If 1971, a year of significant addi-
tions to petroleum reserves, is excluded, the respec-
tive growth rates from 1972 to 1984 are 6.9 percent 
and 5.4 percent per year for gross and net national 
products. 

In actuality, the overstatement of income and its 
growth may differ considerafly from these estimates 
since only three natural resources are covered: pe
troleum, timber, and soils on .lava. Other important
exhaustible resources that have been exploited over 
the period, such as natural gas, coal, col)per, tin, and 
nickel, have not been included in the accounts yet. 
The depreciation of other renewable resources, such 
as nontimber forest products and fisheries, also has 
not been taken into account. When complete depreci-
ation accounts are available, they probably will show 
a greater divergence, on balance, between gross out-
put and net income. 

Other important macroeconomic estimates are 
even more badly distorted. Table 14.3 and Figure 
14.2 compare estiitates of gross and net domestic in
vestment, the latter reflecting depreciation of natural 
resource capital. This statistic is central to economic 
planning in resource-based economies. Countries 
such as Indonesia that are heavily dependent on ex
haustible natural resources must diversify their asset 
base to preserve a sustainable, long-term growth 
path. Extraction and sale of natural resources must fi-
nance investments in other productive capital. It is 
relevant, therefore, to compare gross domestic in
vestment with the value of natural resource deple-
tion. If gross domestic investment is less than 
resource depletion, then, everything considered, the 

country is drawing down, rather than building up, its 
asset base, and using its natural resource endow
ment to finance current consumption. Ifdomestic net 
investment is positive, but less than required to 
equip new labor force entrants with at least the capi
tal per worker of the existing labor force, then in
creases in output per worker and income per capita 
are unlikely. In fact, the results from the Indonesian 
case study show that the adjustment for natural re
source asset changes is large in many years relative 
to gross domestic investment. In 1971 and 1973, the 

Figure 14.1 Comparison of Gross Domestic 
Product (GDP) and Net Domestic Product 
(NDP), 1971-84 

tbillion constant 1973 Rupiah) 

14.000 

GDP 
- NPNDP '" 

/ 
11,000 

8.000 

5,000 . - - .... 
1971 1973 1975 1977 1979 1981 1983 

Source: Robert Repetto et at., Wasting Assets: Natural Resources in the Na

tionallncomeAccounts (World Resources Institute, Washington, D.C., 1989), 
p.7. 
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Table 14.3 Comparison of Gross Domestic Figure 14.2 Comparison of Gross Domestic 
Investment (GD1) and Net Domestic Investment (GDI) and Net Domestic 
Investment (NDI, 1971-84 Investment (NDI, 1971-84 
(billionsof constant 1973 Rupiah) 

Resource 
Year GD Dopletlonb NDI 

(billion constant 1973 Rupiah) 

4.000 
1971 	 876 1,126 2,002 
1972 1,139 -100 1,039 	 GDI 

1973 	 1,208 -279 929 - No 

1974 1,224 2,605 3,829 ,
 
1975 1,552 -1,121 431 j _ .l/'X
 
1976 	 1,690 -684 1,006
 
1977 1,785 -1.711 74 2,000 " 
1978 1.965 -1,607 358 
1979 2,12E -.2219 -91 
1980 2,331 -2,663 -332 1,000 
1981 2,704 -2,215 489 
1982 2.783 -1,764 1,019 
1983 3,776 -2,870 906 0 	 _ I 

1984 	 3,551 -2,334 1,217 0 

Source: Robert Repetto etal., Wasting Assets: Natural Resources in the Na- 1971 1973 1975 1977 1979 1981 1983 
tional Income Accounts (World Resources Inbtitute, Washington, D.C., 
1989), p. 8. 

Notes: 
a. From the Indonesian Central Bureau of Statistics. Jakarta. 	 Source: Robert Repetto et al., Wasting Assets: Natural Resources in the Na
b. 	Includes depletion of forests, petroleum. and the cost of erosion on the is- tional Income Accounts (World Resources Institute. Washington, D.C., 1989), 

land of Java. p. 9. 

adjustment is !)ositive, owing to additions to petro- culated as the value of lost farm income, is about 4 
leum reserves (12). In most years during the period, percent of the value of crop production, which is as 
however, the depletion adjustment offsets a good large as the annual production increase. Inother 
part of the gross capital formation. In some years, words, these estimates suggest that current increases 
net investment was negative, implying that natural re- in farm output in Indonesia's uplands are being 
sources were being depleted to finance current con- achieved almost wholly at the expense of potential fu
sumption experditures. ture output. Since the upland population is unlikely 

Such an evaluation should flash an unmistakable to be smaller in the future than it is now, the process 
warning signal to economic policymakers that they of soil erosion represents a transfer of wealth from 
are on an unsustainable course. An economic ac- the future to the present. By ignoring the future 
counting system that does not generate and high- costs of soil erosion, the sectoral income accounts 
light such evaluations is deficient as a tool for overstate significantly the growth of agricultural in
analysis and policy in resource-based economies and come in Indonesia's highlands (13). 
should be amended. 

The same holds true with respect to the evaluation APPROACHES TO NATURAL RESOURCE 
of performance in particular economic sectors, such ACCOUNTING 
as agriculture. Almost three quarters of the Indones
ian population live on the fertile, but overcrowded, The lnited Nations System of National Accounts 
"inner" islands of Java, Bali, and Madura, where low
land, irrigated, rice paddies are farmed intensively. 
In the highlands, population pressures have brought The Uniled Nations System of National Accounts 
steep hillsides into use for the cultivation of maize, (SNA) already provides for national balance sheets 
cassava, and other annual crops. As hillsides have that record opening and closing stocks and sources 
been cleared of trees, erosion has increased, now av- of change. At least in concept, the United Nations 
eraging over 54 metric tons per hectare per year, ac- has endorsed accounting for certain natural re
cording to estimates by the World Resources sources. The SNA specifically includes forests and 
Institute. subsoil assets (e.g., oil and gas reserves) in model, 

Erosion's economic consequences include loss of national balance sheets. 
nutrients and soil fertility and increased sedimenta- However, neither the United Nations SNA nor the 
tion in reservoirs, harbors, and irrigation systems. In- national income accounts of any country integrates 
creased silt concentrations affect fisheries and the treatment of natural resources on both income 
downstream water users. Although crop yields have and balance sheet accounts by including capital for
improved in the hills because farmers have used bet- mation and depreciation in the income accounts. In
ter seed and more fertilizer, the estimates presented stead, these important statistics are relegated to 
in a recent report by the World Resources Institute "reconciliation accounts," leaving GNP and NNP un
imply that the annual depreciation of soil fertility, cal- changed. 
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In arguing for keeping such asset revaluations in 
satellite accounts, the United Nations' guidelines 
point out that large and sudden changes in subsoil 
assets as a result of extensive new discoveries, 
changes in technology increasing the range of exploit
able reserves, or changes in market conditions could 
affect estimates of current income markedly. This ar-
gument ignores the fact that changes in technology 
or market conditions do, in fact, afiect other kinds of 
capital stock, such as buildings and equipment, in 
just that way. Energy price increases in the 1970s, for 
example, made firms write off most older, heavy, in-
dustrial equipment as economically worthless be-
cause, with high energy prices, those plants could 
not produce at a profit. The same fluctuations in en-
ergy prices led to drastic inflation, then deflation, in 
real estate values in oil-producing regions. Changes
in technology and market conditions, along with dis-
coveries and depletion, influence the value of natural 
resources as well a,. )ther kinds of economic assets. 

In essence, re',ncfliation or satellite accounts pro-
vide a means of recording changes in the value of net 
assets between successive measurement dates with-
out having to show a(v effect on income inthe interven-
ing period. Recording these adjustments in 
reconciliation accounts is likely to minimize their 
consideration in national policy analysis. Therefore, 
while i! is significant that the United Nations has spe-
cifically endorsed the principle of valuing natural re-
source assets and changes in the value of those 
assets in the system of national accounts, its system
still leaves the income account seriously biased as 
an estimate of economic performance (1,). (See Box 
14.].) 

The importance of bringing some measure of natu-
ral resource depletion and degradation into the main 
national income accounts, rather than relegating 
them to "satellite" or "reconciliation" accounts, is 
demonstrated by events of the past decade. While 
virtually all countries maintain national income ac-
counts and calculate GNP or a comparable index, few 
have implemented the United Nations recommenda-
tions with respect to satellite tables in the system of 
national accounts because, with limited resources, 
they have had to "stick to the basics." It is perhaps
indicative that the most work to date on satellite re-
source accounts has been carried out by European 
countries with ample statistical and financial re-
sources, and that work has had relatively little im-
pact on policy. (See Box 14.2.) Furthermore, while 
neither business firms nor households would ignore 
significant changes in their balance sheets, few na-
tional governments even calculate theirs. Similarly, 
despite their recognized deficiencies, politicians, 
journalists, and even sophisticated economists in offi-
cial agencies continue to use GNP growth as the 
prime measure of economic performance. Only ifthe 
basic measures of economic performance, as codi-
fied by the official national accounting framework, 
are brought into conformity with a valid definition of 
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income will economic policies be influenced toward 
sustainability. 

New Proposals 

Economists associated with the United Nations Statis
tical Office, building on the results of a number of ex
pert workshops sponsored by the World Bank and 
the United Nations Environment Programme, have 
tentatively proposed a system of additional satellite 
accounts for integrating environmental accounts 
with the United Nations SNA. It would construct an 
"environmentally adjusted gross national product"
by subtracting from conventional GNP the identifi
able direct costs, sometimes called "defensive expen
ditures," of protecting the environment or 
preventing environmental damage. It would con
struct a measure of "sustainable gross national prod
uct" by further subtracting from conventional GNP 
estimates of the depletion of nonrenewable and 
some renewable natural resources and the qlualita
tive degradation of natural resources because of air, 
water, and soil pollution. Depletion estimates would 
be derived from detailed resource accounts for land, 
minerals, and nonrenewable resources. 

This proposal raises method , Iogical difficulties. 
Rather than treating natural resources in a manner 
consistent with economic assets, it introduces two 
new and somewhat self-contradictory forms of natu
ral resource capital, both of which are handled quite 
differently from other tangible capital. By consider
ing natural resource depletion as an intermediate 
cost to be subtyacted from gross revenues in calcu
lating GNP,the proposal treats both renewable and 
nonrenewable natural resources in the private sector 
as working capital, with no asset value. Rather, such 
assets are dealt with as if their destruction were just
another business expense. 

An alternative to satellite accounts would be to 
construct a framework that is consistent with the 
treatment of other types of assets and is adopted 
more readily into core national accounts by redefin
ing net national product. That is the approach pro
posed in a recent report from the World Resources 
Institute (WRI) (15). 

'he basic approach in the WRI report is to unify 
the treatment of assets by putting natural resource 
accounts into the same balance sheets used for 
other tangible capital and to treat depletion and deg
radation of natural resources like depreciation of 
other forms of physical capital. This has the advan
tage of consistency and, moreover, would highlight 
the value of natural resource assets. In applying this 
approach, the gross national product is unchanged, 
but net national product is corrected to take into ac
count the depletion of natural resources in a manner 
consistent with other depreciation charges. For this 
technique to be effective, it would reqluire that policy
makers focus their attention on NNP, not only on 
GNP. 

WorldResources1990-9! 

237 



14 Policies and Institutions 

Another method proposed in a recent symposium A recent Harvard study proposes still another 
sponsored by the United Nations Environment Pro- tack, which would adjust GNP itself by an amount 
graine and the World Bank would estimate the por- representing the loss (or gain) in future income from 

tion of the income from natural resource extraction extracting the resource more rapidly (or slowly) 
that would have to be set aside and reinvested in than optimal (17). This course, while also recognizing 
order to produce an equivalent income stream to re- the basic point that natural resources are productive 
place the depleted resource (lii). This portion would assets, would require statistical offices to estimate 
be subtracted from GNP and excluded from incomc. "ol)timal" rates of resource depletion, which depend 
Under certin circumstances, this method would both on future market conditions and on social 

give the same results as that used in the WRI study, choices between current and future consumption. 
but it requires estimates of future extration rates The discussion of natural resource accounting is 
and the remaining years of resource availability- just beginning and it is too early to say which ap
estimates that depend on future market conditions proach will prevail. What is clear is that an improve

and cannot be known exactly. This approach also ment is badly needed over the current approach, 
treats natural resources in a manner inconsistent which is to treat natural resources as a gift of nature 
with other tangible assets. and to ignore completely-in our most widely used 

Box 14.2 The Experience of Other Countries 

Several developed countries have pro-
posed or set up systems of environmen-
tal accounts, among them Norway, 
France, Canada, Japan, and the Nether-
lands. These systems have been re-
viewed in detail and evaluated for the 
United Nations Envirr iment Programme 
(I). In addition, resource accounts are 
being estimated in several developing 
countries, including Costa Rica, the Phil-
ippines, and the People's Republic of 
China. 

While natural resources take priority in 
Norway and France, the focus in Japan 
has been on pollution and environmental 
quality. Canada and the Netherlands com-
bine elements of both approaches, while 
United States efforts have focused only 
on the costs of pollution control. A natu-
ral resourc approach 's being followed 
in the developing country studies. 

In Norway and France, extensive sys-
tems of resource accounting have been 
established to supplement their eco-
nomic accounts. In the Norwegian sys-

tem of natural resource accounting, 
accounts have been compiled for "mate-
rial" resources, such as fossil fuels and 
other minerals, such "biotic" resources 
as forests and fisheries, and such "envi-
ronmental" resources as land, water, and 
air. The accounts are compiled In physi-
cal units of measurement, and are not in-
tegrated with the national Income 

accounts. However, resource accounts, 
especially those for petroleum and gas, 
have been expressed in value terms for 
use in macroeconomic planning and pro-
jection models maintained by the Central 
Bureau of Statistics (2). 

The French natural patrimony ac-


as acomprehensivecounts are nUnited 
statistical framework to provide the au-
thorities with the facts and data they 
need to monitor the state and changes In 
"that subsystem of the terrestrial eco-
sphere that can De quantitatively and 
qualitatively altered by human activity" 
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(3). They are conceptually broader than 
the national Income accounts: material 
and energy flows to and from economic 
activities form only asubset of the ac-
counts. Methodology and empirical esti-
mates have been under development 
since the early 1970s, and they now 
cover the same range of resources as 
Norway's: nonrenewables, the physical 
environment, and living organisms. The 
basic accounting units are physical, with 
provision for monetary valuation of 
stocks and flows that are marketed or 
contribute directly to market production (4). 

In industrialized countries experienc-
ing increasingly acute problems of pollu-
tion and congestion while becoming less 
dependent on agriculture, mining, and 
other forms of primary production, atten
tion has focused on "environmental," 
rather than natural resource, accounting. 
Two Issues demand attention. First, ex-
penditures by governments and house-
holds to prevent, avoid, or mitigate
environmental damages are currently 
considered final expenditures that in-
crease income, rather than Intermediate 

expenditures that prevent areduction in 
income or welfare. Second, damages to 
transient resources, such as rivers, 
coastal waters, and the atmosphere, are 
not reflected in national accounts unless 
they reduce household earnings or busi-
ness profits. 

Attempts have been made already in 
several countries to Identify environmen-
tal protection costs separately. In the 
United States, for example, expenditures 
for pollution abatement exceeded $9.1 
billion In 1987 (5). 

The challenge is to segregate the costs 
of environmental protection services, so-

called "defensive expenditures," from 
other spending. To the extent that this 
can be done, these defensive expendi-
tures should be treated as intermediate 
costs, not final expenditures. Subtraction 
of environmental damages to transient re-

sources, such as air and water from na
tional income, Is more problematic. 

There has been little consensus on the 
principles or quantification of proposals 
for broader environmental quality ac
counting so far, although the discussion 
has helped to highlight the Importance 
of incorporating environmental protec
tion and effective natural resource man
agement in national economic planning. 
However, for most developing countries 
and other resource-based economies, It 
is more relevant to think of natural re
sources as productive assets than as con
sumer goods. The first priority Is to 
account for these disappearing assets In 
away that gives due emphasis to the 
costs. 
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indicators of economic progress-the consequences At the same time, key international economic institu
of their overexploitation. tions, such as the World Bank, other multilateral de-

There is ample time to explore fully the implica- velopment banks, the International Monetary Fund,
tions of extending the concept of depreciation to nat- and the OECD, should begin to compile, use, and pub
ural resource assets and to investigate the lish estimates of net national product and national in
theoretical consistency and practical applicability of come. All these institutions should ready themselves
other proposed approaches to natural resource ac- to provide technical assistance to the growing num
counting before the United Nations Statistical Office ber of national statistical offices in the developing 
announces revisions to the SNA. The Statistical Of- world that wish to adopt these changes and to make 
fice would use this period to prepare for that change. such estimates for themselves. 
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Part IV
 

Data on the World's Resources
 
There remain gaping holes in )tlir k;-,wledge about 
the world's resources and how those resources 
change over time. These holes must I'e filled if govern-
ments and institutions are to act wisely in shaping the 
economic and environmental policies that will guide 
us into and through the 21st Century. The data that 
do exist-aild meet minimum criteria of quality, rele-
vance, and coverage-are often nearly inaccessible to 
citizens, analysts, and policymakers and so are out-
side the common knowledge of humankind, 

In Part IV of W)rld Resources 1990-91, we present 

data-selected from the World Resources l)atabase-

that describe what is known about the current state 

of the world's human and natural resources, and envi-
roninental conditions. We believe these (lata are es-
sential to the analysis and understailding Of global 
environmental issues. 13y presenting what is known, 
we hope to illuminate what is not known and encour-
age greater effort in the collection of globally relevant 
environmnenial data. 

We chose these data on the basis of coverage, his-
torical base, and ual ity. The ideal, but unattainable, 

data set wou',: be well-referenced, current country-

level statistics on a relevant global environmental 

topic for which data have been collected annually. We 

have assembled from among the available data sets 

(from international organizations, scientists, and oth-

ers) those that come closest to this ideal. 


This report woulci ii(t be possible without the good
will and active c()operatioi: of the many people and or-
ganizations that assemble a-id report data on aglobal
basis. The Food and Agriculture Organization of the 
United Nations (FAO) collaborated closely with us, 
provided timely data, and helped to shape the report-
ing of the world's agricultural, marine, rangeland, and 
forestry resources. Underfunded and dependent on in-
dependent iational statistical offices for much of its 
data, FAO maintains the world's primary data bases 
on these topics. The World Bank provided us access 
to and advice on its global economic and financial 
data sets. The United Nations Statistical Office of the 
Department of International Economic and Social Af-
fairs provided data on )opulation, trade, and energy 
use and consumption. The World Health Organization
assisted with data it assembled ,n health and factors 
that might affect health and mortality. The World Con-
servaion Union and the World Conservation Monitor-
ing Center provided data oi wildlife and wildlife 

conservation efforts. We thank them and others for 
their help. 

We did not, however, elect to report all their, or 
others', data. Much of the available data are not rele
vant to global environmental questions. Other data 
have deficiencies of method or source. Becau,'e of 
space considerations, we often can show only - part 
of more extensive data sets. The Sources and Techni
cal Notes at the end of each chapter contain citations 
of those data sets and comments on the methods 
used to generate the dlata. 

Many of the questions one can ask about the 
world's resources cannot be answered becaise the 
necessary data are not collected globally or in a way
that they can be coml)ared Meaningfully. For exam
pIle, no international organization reports annually on 
the extent of tropical deforestation, )rimarily because 
most countries do not make annual assessments of 
that particular resource topic. FA() assesses deforesta
tion only once a decade, and that effort is especially
difficult because of national differences in method, 
definition, expertise, and mwvterial resources. Simi
larly global urban air (lualily and global water quality 
are difficult to assess becat.se the stations reporting 
to the United Nations Environment Programme's 
Global Environment Monitcring System are relatively
 
few and, in any case, arc heavily weighted toward
 
northern industrialized countries.
 

Like a musical note, a datum of information is not a 
pure tone. It has harmonics of purpose, inherent 
noise, inaccuracies of tuning, and idiosyncrasies of 
performance. All data have a provenance. They are 
collected or estimated by someone with particular
skills, certain questions in mind, a notion of an accept
able level of accuracy, a limited budget, and, some
times, social, cultural, or )olitical constraints. To use
 
and iml)rove global data, we need to understand
 
these origins, limitations, and constraints.
 

Many international organizations )ublish data re
ported to them by their member nations. These coun
tries vary widely in knowledge of their resources and 
the desire to make that knowledge public. Nations 
also vary in their interl)retation of definitions, the 
methods they use for estimation, the training they
provide their personnel, and in the resources they 
can dedicate to data collection. When countries fail to 
respond to data requests, global d.ita compilers com
monly use earlier years or the exp rience of similar 
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countries to estimate the resource. International orga-
nizations rarely fund basic ongoing data collection ef-
forts at the national level. Data collection !sboth 
costly and mundane.Yet complete data sets are vital 
to our understanding world trends and hence to for-
mulating appropriate policies. We selected data sets 
for World Resources that are complete and contain the 
minimal number of third-party estimates. 

Intensive users of data will soon discover inconsis-
tencies between different sources because of differing 
practices and assumptions. But these inconsistencies 
can reflect different views of the same reality. For ex-
ample, one can compare the data collected by the pri-
vate sector (e.g., up-to-date energy statistics from 
British Petroleum in Chapter 9, "Energy") with those 
assembled from the reports of governments (e.g., the 
older but more complete energy statistics trom the 
United Nations Energy Statistics Yearbook shown in 
Chapter 21. "Energy, Materials, and Waste"). The coin-
parison shows that there are two ways to estimate 
the reiative importance of primai y electricity produc-
tion 'othe world's energy supply. One can use actual 
production or one can use the oil equivalents to pro-
duce the same energy in thermal electric plants. Both 
measures are valid and together provide a fuller pic-
ture of a resource question. 

There are also problems in definition and in scale. 
In Chapter 23, "Oceans and Coasts" for example, we 
list the length of each country's coastline. The length 
depends entirely on the scale arbitrarily chosen by 
the inve. tigator. A coastline has a fractal geometry; 
the closer one 'ooks, the greater the number of inden-
tations and extensions one can see and therefore mea-
sure. These coastlines were measured at various 
fractal scales. Some, from especially crude bas .lines 
that cut across embayments, were originally used to 
define zones of national influence. Nonetheless, given 
their limitations, these measurements are still useful 
and relevant, 

All data are only approximate mealures of the phe-
nonena they purport to describe. Data should be as 
accurate as possible, but data can never be perfectly 
accurate. In a well-designed sample survey based on 
well-known statistical criterid, a measure of accuracy 
can be calculated. 

Even in countries with highly developed national 
statistical institutions, the uncertainty attached to nu-
merical estimates can be large in absolute terms. For 
example, the 1987 United States cereal production es-
timate of 279.122,000 metric tons is designed to have 
95 percent confidence levels of ±3 percent (i.e., t',?-re 
are 19 chances in 20 that the actualproduction figure 
is within this range). For perspective, this range of un-
certainty is greater than estimates of the total cereal 
production in such counties as Egypt, Nigeria, Japan, 
or Yugoslavia. Global environmental data sets rarely 
carry such estimates of their inherent accuracy. 

Nonetheless, a trend of increase or decrease over 
time--assuming similar measurement, data collec-
tion, and data reportU;.lg schemes-is relatively trust-
worthy, and it is extremely valuable in analyzing 
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change. When possible, we selected data with a his
torical series for this reason. The change from year to 
year of emissions of carbon dioxide from fossil fuels, 
for example, is known with more accuracy than is the 
absolute amount of those emissions. Of course, 
changes in data might not represent changes in the 
underlying phenomenon. For example, many more 
protected areas are shown in Chapter 20, "Wildlife 
and Habitat," than were shown in a similar chapter in 
Wbrld Resources 1988-89 (pages 294-295). Although a 
few protected areas are new, most of the additional 
areas this year are simply newly compiled. Such 
changes are not reportei as time-series. 

Data series are generally repeated from volume to 
volume of World Resources. In Chapter 15, "Basic Eco
nomic Indicators," we show the total external debt of 
many developing countries as estimated by the World 
Bank. We chose these data over alternative measures 
because of timeliness and precedent. Other measures 
of external debt are available from the Organisation 
for Economic Co-operation and Development, the In
ternational Monelary Fund. and the Bank of Interna
tional Settlements. 

With few exceptions, data in Part IV are reported in 
the most appropriate units, just as they were received 
or calculated, and are always in the metric system. 
Thus a resource might be reported to the nearest met
ric ton, thousand hectares, or petajoule. But readers 
should not take the precision of data in most of these 
tables as statements of accuracy. In Chapter 17, "Food 
and Agriculture." for example, we show average ce
real yields to the nearest kilogram. A yield of 867 kilo
grams per hectare, however, should not be thought to 
be very different from a yield of 848 kilograms per 
hectare. Each is an estimate based (often loosely) on 
survey results, and each has inherent uncertainties at
tached. We selected this data set because it is tseful 
for comparisons and the calculation of change over 
time. Unfortunately, because of the precision of these 
estimates, many readers impute unwarranted accu
racy to them. Rounding data, while removing preci
sion, can distort the data by overly emphasizing or 
minimizing real differences. The data in these tables 
are usually left as precise as they were when calcu
lated to facilitate further analysis. 

Seemingly simple questioms about the global envi
ronment are often real!y complex. But, regardless of 
the complexity of the question, or the quality and ex
tent of available data with which to forge an answer, 
global environmental issues are too important to ig
nore. These data provide readers with the common 
background necessary to help build our understand
ing of the global environment and to help shape 
global environmental policy. 

Please use these data and the detailed Sources and 
Technical Notes when formulating environmental 
questions, comparisons, and analyses. We invite your 
comments, additions, suggestions and corrections, as 
well as your identification of data series that might be 
included in future volumes or made available through 
the World Resources Database. 
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15. Basic Economic Indicators
 
Economic considerations drive many of the decisions 
that affect the world's resources. This chapter con-
tains a set of basic economic data that provide the 
context for understanding some of those decisions. 

Table 15.1 provides several indicators of the health 
of economies. One, gross national product (GNP), is a 
measure of the total economic activity in a country. 
GNP per capita gives a relative measure of the 
population's wealth, and the rate of change of GNP 
gives a relative measure of an economy's health. Un-
fortunately, none of these GNP-based indicators ac-
counts for the depletion or deterioration of natural 
resources. This type of measurement, however, is 
still useful in showing the great differences between 
the wealthiest and poorest countries. In the Ameri-
cas, for example, the economies of Canada and the 
United States overshadow those of countries farther 
to the south. While the growth of GNP slowed 
throughout the hemisphere, the slowdown was most 
dramatic in Latin America. 

Another indicator of economic status is the provi-
sion or receipt of official development assistance 
(ODA), which is given to promote economic develop-
merit and general welfare. In 1987, Saudi Arabia gave
the most assistance per capita ($230), although the 
United 3tates gave the most overall ($9.3 billion). Is-
rael received the highest ODA per capita ($286), but 
was second to Egypt as the largest recipient ($1.7 bil-
lion)-although Egypt rec.ived only $35 per capita. 
Donations appear to bear little relation to the receiv-
ing country's GNP or its GNP per capita. ODA given 
as a percentage of GNP is often used as a measure of 
a developed country's commitment to the poorest on 
the planet, but such a measure is somewhat removed 
from everyday experience. ODA per capita is proba-
bly a more intuitive indicator of that commitment, as 
well as of the relative success of countries in attract-
ing ODA. ODA is important to some developing coun-
tries (ODA represents over 20 percent of the GNP in 
11 countries in Africa), but it is dwarfed by interna-
tional borrowing. 

Table 15.2 shows some trends in international debt 
for 111 developing countries. Unlike developed coun-
tries, developing countries are required by their for-
eign creditors to repay their debts in an acceptable 
foreign currency. Total external debt for these coun-
tries totaled over $1 trillion in 1987 (the most recent 
year with complete data) and is growing. In fact, 
many of these debt indicators show a decline in eco-
nomic hea:th over the past 10 years. Many Latin 
American countries pay out more each year to ser-

vice their existing debt than they borrow. Indeed, 
news reports of prel!minary figures for 1988 show 
that developing countries borrowed $92 billion and 
paid out, including prepayments, $142 billion in inter
est and principal on old loans. Much of this negative 
capital flow is accounted for by highly indebted, mid
die-income countries. The poorest countries still bor
row more than they pay. For many developing 
countries, external debt is a large proportion of GNP 
and debt service takes a significant portion of the 
total foreign exchange earned from the export of 
goods and services. Mexico's external long-term pub
lic debt was 59 percent of its GNP in 1987, for exam
pie, and its debt service represented 30 percent of its 
total export earnings. This amount leaves less for
eign exchange to fund development, import essential 
goods, and import goods to improve people's mate
rial lives. 

Developed countries, as well, have external obliga
tions. In 1987, for example, the United States had 
$387 billion more in foreign liabilities than it had in 
foreign assets. Though huge compared with the 
debts of developing countries, this represented only 
8.4 percent of its GN. 

Table 15.3 provides a picture of the relative impor
tance of international trade to a country's economy, 
as well as the contribution of trade in various goods
and services to the current account balance. The cur
rent account balance is the sum of net exports of 
goods and services, and capital transfers. Capital im
porting countries always have a negative current ac
count balance. The decline in commodity prices 
(showi, in Table 15.4) contribuves to the deteriorating 
current account balance for those countries that de
pend on exports of food, raw materials, and fuels to 
fund their foreign-exchange requirements. Nowhere, 
however, was the decline in the current account bal
ance more dramatic than in the United States, where 
imports far outweighed exports. 

Developing countries depend on the international 
trade in commodities to earn foreign exchange. Table 
15.4 shows that price indexes for all categories of 
commodities (except timber) have declined over the 
past 14 years. As a result of declining prices, develop
ing countries must export more just to maintain static 
national export incomes. Though the demand for for
eign exchange is growing because of increased popula
tion and debt service, all commodities listed in Table 
15.4, whether extracted (copper, tin), grown (wool, 
cotton), or manufactured (urea), have shown net de
clines on world markets through the E ld of 1988. 
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15 Basic Economic Indicators
 

Table 15.1 Gross National Product and Official Development
 

Distnbution of Average Annual 
Gross National Product Average Annual Gross Domestic Officsal Development ODA as a 

1987 Change in Real Product, 1987 Assistance (ODA) Percentage 1987 ODA 
Total Per Carwta GNP (percent) (percent) (million $US) (a) of GNP (a) Per Capita 

(million $US) (.US) 1967-71 1977-87 Agriculture Industry Services 1980-82 1985-87 1980-82 1985-87 ($US) (a) 
WORLD 

AFRICA 

Algeria 
Angola 
Benin 

60,728 
X 

1.315 

2.629 
X 

305 

00 
(45) 
20 

102 
28 
39 

b 
120 

X 
460 

420 
X 

140 

450 
X 

390 

72 
58 
84 

124 
119 
123 

0.2 
X 

7.9 

0.2 
X 

9.1 

9 
15 
31 

Botswana 1.202 1.059 150 119 30 570 400 102 118 12.1 11.0 136 
Burkina Faso 1.589 191 30 51 380 250 380 214 255 15.9 16.4 34 
Burundi 1,205 241 44 2 7 590 140 270 122 174 12.9 15.3 39 
Can eroon 
Cape Verde 
Central AfricanRep 

10,494 
170 
909 

966 
494 
334 

4 1 
X 

32 

95 
53 
06 

240 
X 

41 0 

31 0 
X 

130 

450 
X 

460 

225 
57 

101 

199 
88 

139 

34 
43.8 
135 

1 8 
51 5 
155 

20 
251 
64 

Chad 733 139 X X 430 180 390 53 182 X 238 38 

Comorns 159 372 1 5 56 X X X 42 49 37 1 31 1 125 
Congo 
Cote dIvore 

1.761 
8.262 

873 
743 

62 
70 

76 
17 

120 
360 

330 
250 

550 
390 

89 
157 

111 
188 

4.9 
19 

61 
23 

75 
23 

Djbouti 372 1,005 X X X X X 65 96 X 25.9 247 
Egypt 33,986 678 48 59 21 0 250 54.0 1,365 1.758 56 3.5 35 

Equ.lotialGuinea 
Elhiopia 

114 
5,621 

293 
126 

X 
32 

X 
1 8 

X 
420 

X 
180 

X 
400 

11 
219 

27 
662 

X 
5.1 

251 
12.9 

110 
14 

Gaben 2,869 2,733 149 (08, 11 0 41 0 480 54 74 1 5 24 78 
Gambia, The 174 219 62 32 X X X 57 85 26.6 478 130 
Ghana 5,329 393 1 7 02 51 0 160 330 161 316 07 57 28 
Guinea 
GuineaBissau 

2.050 
145 

316 
157 

39 
22 b 

1 6 
21 

X 
X 

X 
X 

X 
X 

9. 
64 

169 
78 

60 
364 

87 
533 

33 
113 

Kgnya 7,300 330 73 38 310 190 500 444 486 69 71 26 
Leso ho 579 355 11 3 23 21 0 280 51 0 96 97 144 170 67 
Libera 1,048 451 32 (22) 37 0 28.0 350 105 89 98 86 34 
Libya 
Madagascar 
Malawi 

22.326 
2.258 
1.292 

5453 
207 
164 

30 
1 7 
61 

(421 
(07) 
23 

X 
430 
370 

X 
160 
180 

X 
42.0 
450 

(213) 
238 
134 

(47) 
277 
197 

(07) 
8.1 
118 

(02) 
125 
175 

(8) 
30 
35 

Mai 1.551 200 36 25 540 120 350 236 372 16.7 254 47 
Mauritania 816 439 23 19 370 220 41 0 201 202 288 262 96 
Mau:11ius 1.557 1.500 58 32 150 320 53 0 46 50 43 36 63 
Morocco 14,324 615 57 29 190 31 0 500 900 535 5.9 39 17 
Mozambique People s Rep 
Niger 
Nigeria 

2.123 
1.752 

39.216 

146 
258 
368 

X 
(1 7) 
85 

157) 
(01) 
(09; 

500 
340 
300 

120 
240 
430 

380 
420 
270 

174 
208 
(41) 

457 
320 

11 

74 
9.5 

(0.0) 

16.0 
18.2 
0.0 

45 
51 
0 

Rwanda 1.939 301 36 4 7 370 230 400 153 212 11.8 11 1 38 
Senegal 
Sierra Leone 

3,543 
956 

510 
249 

2.5 
35 

24 
1 5 

220 
450 

270 
190 

520 
360 

315 
78 

501 
74 

123 
68 

14.6 
12.3 

92 
18 

Somaia 1,560 c 290 3 1 03 650 90 260 423 482 14.3 27.9 102 
SouthAfrica 59,910 c 1.870 37 18 60 440 500 X X X X X 
Sudan 
Swaziland 

7.647 
497 

331 
699 

.16 
82 

(1 4, 
42 

370 
X 

150 
X 

480 
X 

652 
38 

992 
35 

84 
70 

13.9 
74 

39 
64 

Tanzania 5.370 c 180 45 13 610 80 310 688 683 11.9 150 37 
Togo 930 286 42 02 290 180 540 77 137 8.3 14.9 38 
Tunisa 9.007 1 182 76 42 180 320 500 227 223 28 2.6 37 
Uganda 
Zaire 

X 
4,977 

260 
153 

1 5 
22 

(0 1) 
02 

760 
320 

50 
330 

190 
350 

127 
390 

219 
465 

0.0 
42 

01 
9.8 

18 
19 

Zambia 
ZirTibabwe 

1,785 
5,288 

248 
585 

2.3 
64 

(08) 
38 

120 
11 0 

360 
430 

520 
460 

286 
197 

407 
252 

77 
33 

236 
49 

59 
33 

NORTH & CENTRAL AMERICA 
Barbados 1.358 5,346 2 7 1 3 X X X 15 6 1.6 0.5 26 
Canada 
Costa Rica 
Cuba 
Dominican Rep 

391,928 
4,193 

X 
4,930 

15.160 
1.608 

X 
734 

50 
63 

X 
7.6 

27 
09 

X 
20 

33 
180 

X 
170 

348 
290 

X 
300 

61 8 
530 

X 
530 

(1.154) 
67 
21 

122 

(1,737) 
235 
22 

143 

(04) 
22 

X 
1.9 

(0.5) 
60 

X 
31 

(73) 
88 
3 

19 

El Salvador 
Guatemala 

4,176 
7.989 

842 
947 

4.8 
62 

(23) 
01 

140 
X 

220 
X 

640 
X 

162 
71 

371 
153 

4 7 
0.9 

79 
18 

86 
29 

Haiti 2.221 362 29 1 1 X X X 113 182 78 85 35 
Honduras 3.788 808 45 19 220 240 550 123 272 48 7.6 55 
Jamaica 2.256 940 30 (12) 60 41 0 530 157 172 56 80 70 
Mexico 149,396 1.825 69 2.5 90 340 570 99 184 00 01 2 
Nicaragua 
Panama 

2.903 
5.084 

829 
2,239 

46 
52 

(23) 
40 

21 0 
90 

34.0 
180 

460 
730 

172 
42 

131 
54 

0.0 
12 

00 
11 

40 
18 

I inidad and Tobago 
United States 

5.130 
4,516.739 

4,199 
18,529 

35 
25 

(03) 
24 

40 
2 1 

390 
30 1 

570 
678 

3 
(7.041) 

20 
(9.304) 

00 
(0.2) 

04 
(02) 

28 
(37) 

SOUTH AMERICA 
Argentina 
Bolivia 

74.491 
3.341 

2,394 
496 

36 
49 

(09) 
(2.0) 

130 
240 

430 
240 

44 0 
530 

31 
162 

75 
281 

00 
30 

0.1 
7 1 

3 
47 

Brazil 285,877 2.021 100 32 11 0 380 51 0 176 196 01 01 2 
Chile 
Colombia 

17,029 
36.491 

1,358 
1,238 

02 
60 

1 5 
29 

X 
190 

X 
350 

X 
460 

(8) 
96 

19 
68 

lo0) 
0.3 

01 
0.2 

2 
3 

Ecuador 10,333 1,044 94 1 7 160 31 0 530 53 162 04 1.4 21 
Guyana 
Paraguay 

310 
3,903 

389 
995 

44 
66 

(48) 
4 0 

X 
270 

X 
260 

X 
470 

48 
57 

29 
66 

97 
1.0 

8.6 
1.4 

36 
21 

Peru 29682 1,467 44 1 8 11 0 330 500 208 293 0.9 1.0 14 
Suniname 952 2,268 10 1 (32) X X X 94 16 9.5 1 5 53 

Uruguzy 
Venezuela 

6,556 
58,941 

2,198 
3,226 

2 6 
4.8 

(0.5) 
(09) 

130 
60 

320 
380 

55.0 
560 

7 
(103) 

16 
(32) 

01 
(0.1) 

0.3 
(0.1) 

6 
(0) 
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Basic Economic Indicators 15
 

Assistance, 1967-87 Table 15.1
 

Distribulion o1 Average Annual 

Gross National Product Average Annual Gross Donesbc Official Development ODA as a 

1987 Change in Real Product. 1987 Assistance (ODA) Percentage 1987 ODA 
Total Per Capita GNP (percent) (percent) (million $US) (a) of GNP (a) Per Capita 

(milion $US) ($US) 1967-77 1977-87 Agriculture Industry Services 1980-82 1985-87 1980-82 1985-87 ($US) (a) 

ASIA 
Afhanstan 3.080 d 220 d 33 X X X X 22 21 X X 2 
Bhrin 3,670 c X X X X X X 131 57 X X 1
Bangladesh 17.387 164 1.5 37 470 130 390 1.243 1.415 99 90 15 
Bhutan 202 150 X X 51 0 160 320 10 35 X 200 31 
China 313.672 294 69 93 31 0 490 200 119 933 0.0 03 1 
Cyprus 2,920 c 5.200 X 58 X X X 43 38 20 1 2 61 
India 248.073 311 36 48 300 300 40.0 1.722 1.718 09 07 2 
Indonesia 76.038 444 80 5 1 260 330 41 0 944 853 1 1 1 2 7 
Iran. Islamic Rep 86.400 e 1.756 e 11 2 01 b X X X 14 38 00 X 1 
Iraq 40,000 e 2.400 e X X X X X t349) 50 X X 5 
Israel 29,804 6.812 75 30 X X X 841 1.722 36 61 286 
Japan 1.924,663 15.764 6 1 40 28 406 567 (3,182) (5,628) (03) (03) (61)
Jordan 5.500 d 1,560 63 b 54 90 280 640 1,046 567 296 131 157 
Kampuchea, Dem X X X X X X X 152 13 X X 2 
Korea, DoemPeople's Rep 19,000 d 910 d X X X X X X X X X X 
Korea. Rep 113.153 2.689 95 69 110 430 460 168 (5) 03 (00) 0 
Kuwait 27.324 14.589 36 (1 6) 10 51 0 480 11.146) (596) (37) (24) 1167)
Lao People's Dem Rep 62 7 166 X X X X X 38 48 X 63 16 
Lebanon X X X X X X X 293 82 X X 9 
Malaysia 30.075 1.820 72 52 X X X 138 262 0 6 0 9 22 
Mongolia X X X X X X X X X X X X 
Myanmar 8,319 212 39 4 8 X X X 304 379 52 4 8 9 
Nepal 2,836 161 25 37 570 140 290 181 294 81 110 20 
Oman 7,847 5,826 112 112 30 430 540 177 59 28 08 12 
Pakistan 36.149 353 45 6 5 230 28.0 490 915 876 3 5 2 7 8 
Philippines 34.427 589 62 12 24.0 33.0 430 336 739 0 9 23 13 
Qatar 4.130 12.430 22 b (54) X X X (220) (8) (33) (02) (3)
Saudi Arabia 83.270 c X 140 (0 1) b 4 0 500 46 0 (4,983) (2.990) (34) X (230)
Singapore 20,884 7.992 99 75 1 0 38 0 620 19 26 01 01 9 
Sri Lanka 6.645 406 4 1 50 270 270 460 394 519 9.0 82 31 
Syrian Arab Rep 18.501 1.645 99 26 270 190 540 1.383 678 8.8 26 62 
Thailand 45,542 850 6 8 57 160 350 4

0 
J 405 494 1 2 1.2 9 

Turkey 63.812 1.213 69 38 170 360 460 778 314 1 4 05 8 
United Arab Emirates 22,955 15,787 X 14 2.0 570 41 0 (773) (30) (25) (0 1) 67 
VietNam 12,400 d 200 d X X X X X 202 126 X X 2 
Yemen Arab Rep 4.955 585 10 7 b 6 3 28.0 170 550 431 298 105 6.6 41 
Yemen. People's Dem Rep ,56 421 X (10) 16.0 230 610 110 88 121 9.1 35 

EUROPE 

Albania 2,800 d 930 d X X X X X X X X X X 
Austria 90.726 11.980 46 18 33 368 599 (211) (214) (03) (0.2) (26)
Belgium 113.201 11.476 42 1 4 2 1 309 67 1 (556) (559) (05) (0.5) (70)
Bulgaria 61,200 d 6,800 d X X X X X X X X X X 
Czechoslovakia 143,900 d 9.280 d X X X X X X X X X X 
Denmark 76.590 14.939 27 1 8 4 9 28.9 663 (433) (665) (07) (0.9) (168)
Finland 71.330 14.463 43 35 65 354 58 1 (130) (319) (03) (05) (88)
France 711,503 12,789 4.6 1 7 3 7 305 65.8 (4.124) (5.208) (07) (07) (117)
German Dem Rep 187.500 d 11,300 d X X X X X X X X X X 
Germany, Fed Rep 880.813 14.399 34 1 6 1.8 382 600 (3.300) (3,722) (0.5) (0.4) (72) 

Greece 40.163 4.015 59 1 2 160 29.0 560 22 23 01 01 3 
Hungary 23.759 2,237 8.4 1 5 15 0 40.0 440 X X X X X 
Iceland 4.083 16,596 5.5 30 X X X X (2) X (0.1) (8)
Ireland 21,795 6.129 43 0.8 9.9 374 527 X (51) X (02) (14)
Italy 593,885 10,355 35 2.3 4.3 34.4 61.3 (720) (2.039) (02) (0.3) (46) 

Luxembourg 6,866 18.506 5.5 4.7 X X X X X X X (16
Malta 1,446 4.191 10.0 36 X X X 31 8 2.5 06 3 
Netherlands 173.813 11,856 4.4 1.3 40 29.9 66.2 (1.537) (1,657) (1.0) (1.0) (143)
Norway 72,028 17.203 4.3 38 35 347 61 8 (504) (754) (09) (1.1) (213)
Poland 72,541 1.926 X 26 b X X X X X X X X 
Portugal 28,725 2.827 53 2.1 9.0 40.0 51 0 82 102 0.4 04 6 
Rom mia 138,00 d 6,030 d 00 3.9 b X X X X X X X X 
Spain 231.897 5,972 53 15 62 368 570 (78) (181) (00) 10.1) (4)
Sweden 130,642 15.636 3.0 17 3.3 348 61 9 (956) (1.102) (0.9) (0.9) (165)
Switzerland 139.468 21,332 2.1 2.0 X X X (247) (424) (0.2) (0.3) (84) 

UnitedKingdom 592,764 10,419 2.1 1.8 1.8 37.9 603 (1,949) (1,711) (0.4) (0.3) (33)
Yugoslavia 57,985 2,477 63 1.4 11.0 43.0 45.0 (13) 21 (0.0) 0.0 1 

U.S.S.R. 2366,7O0 d 8,375 d X X X X X (2A58) (3,804) X X (15) 

OCEANIA 

Australia 180,413 11,103 4.4 2.6 4 1 32.5 634 (733) (709) (0.5) (0.4) (39)
Fiji 1,137 1.575 6.7 0.7 X X X 37 37 3.1 3.2 49 
New Zealand 25,901 7,764 3.6 1.9 8 1 30.5 61.4 (68) (72) (0.3) (03) (26)
Papua New Guinea 2.706 730 4.0 1 7 34.0 26.0 400 324 282 13.6 11.1 87 
Solomon Islands 123 421 X 59 X X X 35 36 27.9 302 194 

Source: The World Bank; Organisation for Economic Co-operation and Development, ano U.S. Central Intelligence Agency 
Note: a. For ODA, flows to recipic-Is are shcwn as positive numbers, flows from donors as negative numbers (in parentheses). b. Based on less than 10 years of data. 

c 1986 World Bank estim- 3. d 1986 Central Intelligence Agency estimate e 1987 Central Intelligence Agency estimate. 
0 = zero or less than half of the unit of measure; X = not available; negative numbers are shown in parentheses. 
For additional information, see Sources and Technical Notes 
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15 Basic Economic Indicators
 

Table 15.2 External Debt Indicators, 1977-87 
Current 

Debt Service as a Borrowing 
Disbursed Long- Percentage of Debt Service as a Per 

Total -roemal Debt Term Public Debt Long-Term Public Debt Exports o Percentage of Capita 
(million $US) (million $US) as a Percentage of GNP Goods and Services Curront Borrowing ($US) 

1977 1982 1987 1977 1982 1987 197' 1982 1987 1977 1982 1987 1977 1982 1987 1987 
111 COUNTRIES 263,945 665.037 1,079,072 197,015 475, !53 905,851 21.04 

AFRICA 54,283 124,040 212406 44,118 101,517 182.284 28.70 
Algeria 10.318 16,683 22881 8,632 13.932 19,240 42 32 31 16 30 51 34 194 117 181.67 
Benin 170 661 1.133 143 583 929 23 57 56 2 7 16 12 7 50 15.65 
Botswana 184 214 518 181 211 514 52 28 35 2 2 4 37 24 68 8955 
BurkinaFaso 164 378 861 134 346 794 17 27 42 5 8 11 12 19 28 13.47 
Burund 46 227 755 41 201 718 8 20 65 3 5 38 15 11 30 28.12 

Cameroon 1.014 2,356 3.508 861 1.959 2,785 27 30 22 6 13 16 17 134 111 27.85 
Cape Verde 14 58 131 14 58 121 16 44 58 X X X 4 6 93 21.53 
Central African Rep 113 251 586 103 208 520 21 28 49 3 3 12 18 25 29 2795 
Chad 
Comoros 

148 
25 

168 
69 

318 
203 

130 
23 

153 
68 

269 
188 

20 
42 

X 
62 

38 
95 

3 
X 

2 
4 

4 
4 

9 
6 

26 
5 

13 
9 

968 
3003 

Congo 732 1.941 4,636 590 1,756 3,679 81 88 195 11 19 19 26 46 37 26363 
Cote d'lvore 2.391 6,656 10.291 1.897 5,071 8.450 33 72 90 10 34 22 33 68 118 5412 
Djibouti 
Egypt 
Equatorial Guinea 

27 
8.777 

49 

32 
25,713 

116 

181 
39.166 

193 

19 
8.467 

32 

24 
21,214 

89 

152 
34.515 

175 

X 
41 
31 

X 
77 
X 

39 
61 

130 

X 
29 
X 

X 
24 
20 

6 
19 
28 

08 
37 
21 

33 
66 
9 

45 
116 

38 

7509 
2575 
6203 

Ethiopia 500 1.237 2,590 447 1039 2.434 14 23 46 6 10 28 48 48 45 901 
Gabon 1,477 1.009 2.071 1.256 825 1.605 48 25 54 9 12 5 56 326 27 252.48 
Gambia. The 40 208 319 27 155 273 18 81 158 1 13 13 6 37 40 4670 
Ghana 1.065 1,381 3.094 781 1,153 2.207 8 4 47 3 10 19 35 70 47 26.92 
Guinea 915 1.356 1.784 827 1.245 1,616 66 79 78 X X X 132 89 76 2255 
Guinea-Bissau 27 161 424 26 143 391 20 72 320 X 14 38 3 11 18 5635 
Kenya 1.475 3.129 5.453 1.114 2.453 4.482 26 40 58 4 21 29 20 85 112 2034 
Lesotho 24 121 241 24 118 237 7 17 35 0 2 4 4 19 36 2499 
Liberia 298 903 1619 267 658 1.152 31 63 108 6 7 3 36 52 35 1364 
Madagascar 296 1.920 3,377 225 1.679 3.113 12 61 162 4 20 35 31 32 64 21 03 

Malawi 
Mali 

453 
460 

870 
877 

1.363 
2.016 

369 
429 

703 
823 

1,155 
1.847 

47 
43 

64 
67 

98 
99 

10 
5 

23 
5 

24 22 
12 

86 
8 

54 
27 

1666 
1509 

Mauritania 526 1,142 2,035 462 1.001 1,868 92 143 215 22 13 18 47 18 61 75 12 
Mauriiis 125 560 729 71 3b3 545 9 35 31 2 12 6 30 79 106 6784 
Morocco 4,839 12,151 20.334 4,100 10251 18.468 38 72 116 15 46 30 15 64 100 5424 
Niger 170 728 1.425 118 604 1.258 9 32 60 4 25 30 32 95 69 2293 
Nige',a 3.016 11.595 28,364 855 9.076 25,707 2 10 112 1 11 10 118 39 76 9.50 
Rwanda 
Sao Tome & Prncipe 

87 
2 

218 
41 

5q13 
87 

78 
2 

197 
40 

544 
84 

10 
9 

14 
113 

26 
338 

1 
0 

3 
19 

11 
42 

5 
0 

15 
19 

22 
42 

1411 
7993 

Senegai 583 1.621 3.653 436 1,235 3.067 23 50 70 7 5 23 54 15 76 51 84 
Seychelles 1092 484 1191 12 354 84 1 2 25 35 0 1 6 0 7 94 15648 
Sierra Leone 253 512 659 189 401 513 30 32 90 11 7 X 52 13 218 057 
Somalia 400 1.248 2,534 388 1.125 2.286 36 42 149 3 6 8 4 10 12 12.38 
Sudan 2.534 6.641 10,754 1,930 5.165 7876 29 76 97 11 17 7 28 12 29 7.29 
Swaziland 61 184 293 52 170 273 17 33 46 1 4 6 20 60 105 4146 
Tanzania 1,723 2.913 4,324 1,446 2.405 4.068 42 38 144 6 12 19 16 17 78 447 
Togo 369 953 1.223 321 805 1,042 42 104 91 24 10 14 33 84 126 1539 
Tunisia 2,109 3,652 6,683 1.879 3,516 6.189 38 45 67 11 16 27 20 74 113 105.78 
Uganda 360 922 1.405 278 598 1.116 0 0 0 4 16 22 48 53 38 11 92 
Zaire 3,430 4,750 8.630 2,900 4,104 7,334 34 47 143 9 8 12 21 78 50 15 10 
Zambia 
Zimbabwe 

2,188 
197 

3.662 
1,804 

6.400 
2,461 

1.403 
151 

2379 
1,181 

4,354 
2.044 

58 
4 

65 
18 

244 
36 

20 
1 

16 
9 

14 
23 

107 
X 

51 
27 

99 
138 

1807 
3068 

NORTH A CENTRAL AMERICA 34,854 100,420 130,034 26,683 68,642 112544 81.12 
Bahamas 
Barbados 

88 
58 

303 
336 

233 
621 

88 
50 

230 
226 

175 
501 

14 
10 

16 
23 

7 
37 

5 
3 

4 
4 

3 
X 

113 
34 

5. 
38 

1,181 1735 
235 118.50 

Belize 21 69 139 14 62 113 12 38 51 X X 7 9 38 93 6367 
Costa Rica 991 3.249 4.437 733 2.378 3.629 24 109 89 9 12 12 37 79 211 3305 
Dominican Rep 818 2.266 3.563 610 1.666 2.938 15 23 63 7 22 11 46 62 113 21.42 
El Salvador 482 1.286 1,692 266 972 1.597 9 28 35 6 8 20 121 25 15 24.16 
Grenada 10 40 72 9 33 67 22 37 49 1 3 8 20 9 50 10933 
Guatemala 472 1,369 2.709 217 1,144 2.345 4 13 34 1 8 25 28 31 234 14.79 
Haiti 157 536 804 138 416 674 14 28 30 11 5 7 29 23 24 1530 
Honduras 612 1,686 3,188 458 1.431 2.681 29 53 71 7 19 23 31 64 124 39.34 

Jamaica 
Mexico 

1,179 
26.66t 

2.793 
78.011 

4.389 
93.734 

969 
20,703 

2,112 
51.642 

3,511 
82.771 

31 
25 

67 
32 

139 
59 

16 
43 

18 
34 

27 
30 

133 
53 

46 
79 

140 
108 

129.96 
101.43 

Nicaragua 1.274 3,331 7.291 845 2,488 6,150 0 0 0 13 36 X 41 55 7 141.31 
Panama 1.684 3923 5.323 1,333 2.917 3,722 66 74 73 12 7 6 49 80 276 61 21 
St Vincent 5 21 39 5 19 36 13 24 30 X 3 4 0 37 39 6172 

Trinidad and Tobago 339 1.203 1.801 247 907 1.635 8 11 39 1 4 23 8 71 298 105.49 

SOUTIAMERICA 68,618 170,520 266,896 46,976 107,437 225,962 30.31 
Argentina 8,178 32.407 53,955 5.036 15.886 47,451 10 31 62 15 24 46 88 49 134 93.69 
Boivia 1.713 3,184 5,348 1,428 2.861 4.599 46 49 115 23 31 22 35 127 65 31 00 
Brazil 28.392 68.799 109.497 22.401 50,798 91,653 13 20 29 21 43 27 51 96 493 1099 
Chile 4.904 8.588 18.773 3.675 5243 15,536 28 23 89 34 20 21 132 79 235 4638 
Colombia 4,664 9.114 15.482 -.700 5,990 13.828 14 16 41 9 18 34 84 71 195 41 30 
Ecuador 1.967 6,233 10.407 1.111 4,042 9.026 17 32 93 7 42 20 20 410 76 6587 
Guyana 481 922 1.285 416 678 874 100 158 353 12 18 X 54 65 122 2610 
Paraguay 
Peru 

390 
7.054 

1.166 
IC'1921 

2.419 
16,625 

336 
4.711 

940 
6,956 

2.218 
12,485 

16 
37 

16 
28 

49 
29 

6 
30 

10 
36 

21 
12 

24 
50 

28 
72 

104 
91 

54 58 
2429 

Uruguay 1,022 2.441 4.091 736 1,700 3.048 18 19 42 30 13 24 108 52 171 7925 

Venezuela 9,852 27.045 29.015 4,426 12,342 25,245 10 16 52 8 16 23 41 166 910 1726 
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Table 15.2 
Current 

Debt Service as a Borrowing 
Disbursed Long- Percentage of Debt Servce as a Per 

Total External Debl Term Public Debt Long-Term Public Debt Exports of Percentage of Capta 
(million $US) (million SUS) as a Percentage of GNP Goods and Services Current Borrowing ($S) 

1977 19e2 1987 1977 1982 1987 1977 1982 1987 1977 1982 1987 1977 1982 1987 1987 
ASLA 
Bangladesh 2.442 5.056 9.506 2,181 4,434 8.851 32 37 51 15 14 24 22 18 35 8.71 
Bhutan 0 1 41 0 1 41 X 1 20 X X X X 0 3 1199 
China 0 8.359 30.227 0 5.562 23,659 0 2 8 0 7 7 X 100 50 534 
Cyprus 275 730 2,016 162 609 1.419 15 28 38 3 8 13 27 53 135 284.56 
India 15,234 24.388 42.928 14.647 19.685 37,325 14 11 15 10 10 19 61 46 61 6.76 
Indonesia 13,595 23.300 48.477 11.670 18.513 41,284 25 21 63 12 11 29 64 54 103 30.77 
Israel 10.071 18.998 20.604 8.086 14.614 16,767 55 59 50 11 23 18 52 93 233 24039 
Jordan 735 2,413 4,564 623 1.841 3.518 39 .49 75 5 9 22 18 41 148 92.14 
Korea, Rep 
Lao People's DoemRep 

13.500 
173 

33,877 
365 

34,357 
736 

8,679 
173 

20.191 
365 

24.541 
736 

24 
X 

29 
131 

21 
105 

9 
X 

14 
X 

22 
X 

55 
14 

94 
9 

555 
11 

2.70 
J1.16 

Lebanon 53 643 496 39 213 236 X X X X X X 135 376 238 4.69 
Malaysia 2,706 10.141 21,091 2,007 8.144 19,065 15 32 64 7 6 14 70 28 216 83.14 
Maldives 2 65 73 2 42 62 17 107 98 0 2 6 0 22 173 1888 
Myanmar 594 2,043 4.348 505 1.961 4,257 12 33 47 11 26 59 20 30 54 856 
Nepal 101 353 947 72 298 902 5 12 33 2 2 10 9 9 22 866 

Oman 654 958 2.879 473 724 2,474 20 10 34 5 2 14 54 41 179 25382 
Pakistan 
Philippines 

7,513 
6,056 

11.594 
21.070 

16,234 
28,446 

6,801 
3,032 

9,708 
8,912 

13,150 
22,321 

45 
15 

36 
23 

38 
65 

23 
7 

18 
13 

26 
23 

42 
35 

41 
53 

125 
211 

918 
17.41 

Singapore 1,053 1.729 2.848 998 1,460 2.543 15 10 12 1 1 1 32 77 114 169.50 
SriLanka 1.131 2.623 4.616 779 1,971 4,109 19 41 62 14 11 19 81 30 87 23.66 
Syrian Arab Rep 1,826 2,996 4,678 1,495 2 229 3,648 22 13 1t 7 13 19 20 105 68 4804 
Thailand 2,465 9.881 17.603 1.119 biJ8 14.023 6 17 30 3 8 12 39 56 148 2446 
Turkey 10,940 19,283 39.952 4.438 16,064 30.490 9 31 46 16 29 32 43 112 109 7947 
Yemen Arab Rep 432 1.414 2,389 346 1.316 2,155 21 27 47 4 7 25 18 21 126 1358 
Yemen, People's Dem Rep 329 808 1,724 239 749 1.669 44 75 178 0 18 38 0 15 31 10059 

EUROPE 13.670 85,569 125,121 10202 50,794 103.842 85.99 
Greece 4.603 9.522 21,691 2.669 6.663 17.437 10 17 37 11 14 34 105 70 128 26752 
Hungary 43 8.989 18.957 43 6,739 15.931 0 30 63 0 17 27 0 148 102 29822 
Malta 
Poland 

74 
1,740 

167 
15.051 

295 
42,135 

53 
1.740 

121 
15.051 

112 
35,569 

9 
X 

10 
24 

7 
56 

0 
3 

0 
4 

1 
13 

85 
79 

73 
36 

4,267 
390 

087 
1309 

Porlugal 2.619 12.812 17,615 2,322 8,963 14,922 14 41 43 7 31 38 24 80 174 27287 
Romania 288 10,003 6,662 288 7.797 5,425 1 16 X 0 21 X 12 93 341 2087 
Yugoslavia 4.303 9,025 18,473 3.087 5.460 14,446 7 9 24 5 6 13 91 130 676 1338 

OCEANIA 642 1,402 2,132 471 1,120 1,977 43.77 
Fiji 121 302 362 87 265 334 12 23 30 3 6 11 40 60 351 2465 
Papua New Guinea 477 999 1.576 311 768 1,471 21 34 50 4 10 13 58 52 100 4751 
Solomon Islands 9 28 89 9 23 85 14 18 77 0 0 9 0 2 53 5220 
Vanuatu 5 4 25 5 4 15 X 5 X X I X 60 16 29 32.02 
Western Samoa 31 69 80 29 60 72 X 54 72 12 12 14 24 37 68 39.09 

Source: The World Bank 
Note: 0 - zero or less than halt of the unitof measure. X = not available. 

For additional information, see Sources and Technical Notes. 
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Table 15.3 World Trade
 

Trade (millions $US) 
Food. Live Raw Current ccount 

Animals, etc. Materials Fuels Manufactures Services (1987) Balanrko 
Year 1a) Imports Expots Imports Exports Imports Exports Imports Exports Imports Exports 1977 1987 

WORLD 

AFRICA 
Algeria 
Angola 
Benin 
Botswana (b) 
Burkina Faso 

1987 
1981 
1982 

X 
1984 

1.7543 
4352 
1179 

x 
792 

298 
981 
104 

x 
11 9 

6297 
1192 

64 
X 

156 

41 3 
73 

103 
X 

598 

1604 
12.9 
225 

X 
373 

7,9735 
1.5394 

1 7 
X 

00 

4.4842 
1,0380 

3282 
x 

1203 

1413 
2295 
203 

x 
69 

3.3025 
X 

810 
5539 

X 

1.012.4 
X 

430 
284 1 

X 

(2,3230) 
X 

(56.7) 
25.2 

(830) 

(405.6) 
X 

(208.0)
597.2 

X 
Burundi 
Cameroon 
Cape Verde 
Central Afrcan Rep 
Chad 

1987 
1987 

198084 
1980 

X 

192 
250 1 
276 
'64 

X 

643 
3226 

22 
34 I 

X 

79 
374 
27 
25 

X 

55 
2097 

03 
480 

X 

205 
240 
6.2 
14 
X 

00 
1452 
428 
00 

X 

1538 
1.4375 

312 
bO 1 

X 

145 
151 9 

43 
33 1 

X 

1098 
1.3850 

X 
1749 
2192 

137 
4030 

X 
538 
570 

162 
(85 6) 

X 
(18.9) 
(285) 

(132.0) 
(1, 112.0) 

X 
96.0) 
833) 

Comoros 
Congo 
Cole d'Ivoire 
Djibouti 
Egypt 

1980 
1985 
1985 
1979 
1987 

re0 
1068 
2939 
475 

3.9974 

71 
158 

1 7305 
07 

492 0 

00 
132 
492 

1I 
1.5555 

04 
195 

4058 
00 

809 3 

64 
180 

381 3 
74 

4498 

00 
1,0139 

259 1 
00 

1.5550 

00 
4423 

3,333 0 
1121 

10.2230 

41 
381 

2735 
107 

1.4953 

393 
8014 

2,040 5 
X 

6.231 0 

116 
1331 
6632 

X 
4.021 0 

X 
(1933) 
(176 7) 

X 
(1.0740) 

(226) 
(244.6) 
(623.8) 

X 
(2,7050) 

Equatorial Guinea 
Ethiopia 
Gabon 
Gambia, The 
Ghana 

X 
1985 
1983 

X 
1983,82 

X 
2459 
1182 

X 
734 

X 
2352 

62 
X 

4342 

X 
827 
165 

X 
195 

X 
655 

2088 
X 

1986 

X 
1462 
12 1 

X 
549 

X 
33 1 

1.1724 
X 

693 

X 
5138 
538 7 

X 
394 5 

X 
40 

879 
X 

14 3 

X 
3598 

X 
5 1 

X 

X 
2489 

X 
X 
X 

X 
(47.3) 
989 
(78) 

(797) 

A 
(263.6) 
(209.7) 

63 
(2750) 

Guinea X X x X X X X X X X X X X 
Guinea-Bissau 
Kenya 
Lesotho {b) 
Liberia 

1980 
1986 

X 
1984 

10 7 
921 

X 
86 1 

4 7 
8390 

X 
309 

1 7 
1148 

X 
11 1 

52 
906 

X 
4126 

34 
3002 

X 
71 7 

00 
1349 

X 
00 

387 
1,1385 

X 
1942 

08 
1514 

X 
45 

335 
8283 
550 

X 

X 
8309 
3050 

X 

X 
275 
(92) 

(186) 

(25.8) 
(4967) 
(120) 

X 
Libya 
Madagascar 
Malawi 
Mall 
Mauritania 

1982 
1986 
19a3 
1982 

197584 

1.0530 
526 
205 
81 8 
483 

00 
2564 
2251 
846 

1482 

2585 
135 
133 
69 
54 

00 
281 

44 
1424 
1469 

1037 
832 
560 

1106 
13 

15,5133 
70 
00 
00 
00 

5.7603 
2243 
2206 
2026 
965 

578 
251 
142 
65 
00 

X 
3970 
2165 

X 
3020 

X 
1060 
282 

X 
680 

2.1591 
(160) 
(618: 

54 
11222) 

X 
(1350) 
(23.7) 

(111 0) 
(730) 

Mauritius 
Morocco 
Mozambique 
Niger 
Nigeria 

People s Rep 

1985 
1987 
1984 
19b2 
1984 

898 
4769 
121 6 
1258 

1.1034 

2163 
773 2 
577 
166 

3070 

450 
7082 

00 
244 

431 3 

22 
5886 

12 1 
2799 
202 

751 00 
7396 770 
909 54 
54.3 51 
68 1 11,371 5 

3134 
2,3040 

1243 
2613 

4,251 5 

2158 
1.368 1 

11 2 
295 

2282 

3150 
1.9946 

3100 
1769 

23430 

3280 
1.4686 

X 
420 

3070 

(789) 
(1,8551) 

X 
(956) 

(1.009 1) 

720 
164.1 

(3720) 
(669) 

(380.0) 
Rwanda 
Senegal 
Sierra Leone 
Somalia 
South AIr-ca (b) 

1985 
1984 

198684 
1981 
1985 

449 
2062 
800 
961 

4969 

1106 
148 7 
409 

1432 
7652 

328 
928 
110 
406 

6276 

183 
1898 
586 
29 

2,048 0 

449 00 
2823 986 
308 23 
112 03 
595 1,457 9 

1728 
4054 
1547 
3650 

9.126 8 

20 
973 
450 

00 
12.070 9 

1673 
8030 

X 
781 

7,5394 

550 
5600 

X 
X 

3,168 8 

208 
(669) 
(494) 
(328) 

5339 

(1307) 
(3160) 

X 
2477 

3.026 8 
Sudan 
Swazilandlb) 
Tanzania 
Togo 
Tunisia 

1982 
X 

1981 
1985 
1987 

2279 
X 

485 
674 

31C 3 

1986 
X 

3433 
404 

1932 

13 1 
X 

261 
22 

3798 

277 1 
X 

1483 
1315 
1436 

348 1 
X 

2670 
181 

3268 

140 
X 

10 
29 

5084 

6639 
X 

5247 
1761 

2,0049 

75 
X 

712 
122 

13072 

8320 
143 1 
2490 
2436 

1.1204 

X 
1439 
1016 
1424 

1,260 9 

(291 9) 
11 4 

(702) 
(873) 

(5204) 

(422.0) 
397 

(1284) 
(732) 
(624) 

Uganda 
Zaire 
Zambia 
Zimbabwe 

X 
1978 
1982 
1985 

X 
164 1 

53 1 
21 2 

X 
251 8 

1 7 
3679 

X 
304 
302 
320 

X 
5725 
951 5 
2369 

X 
602 

207 7 
201 9 

X 
126 
00 
96 

X 
541 5 
7070 
301 4 

X 
61 8 
278 

2140 

146 1 
1.3720 

3450 
5720 

24 7 
2036 
520 

1920 

68 1 
(1,451 2) 

(2172) 
(140) 

(1070) 
(7050) 

210 
500 

NORTH &CENTRAL AMERICA 
Barbados 
Canada 
Costa Rica 
Cuba 

1i86 
1387 
.984 
1986 

87 1 
5,0393 

969 
8536 

430 
8.0249 

6829 
5.4152 

25 1 13 
4.1023 18.8259 

564 255 
5392 4077 

607 
4,248 I 

1667 
3.0753 

430 
9,3823 

18 1 
3155 

4203 
73420 1 

7663 
4.6945 

188 1 
56,6526 

223 7 
1590 

X 
34.4885 

541 4 
X 

X 
16.1877 

3898 
X 

(51 4) 
(4.1125) 

(2256) 
X 

(82.8) 
(7.9631) 

(2254) 
X 

Dominican Rep '985 834 3345 1018 00 4397 00 6230 1372 X X (1286) X 
El Salvador 
Guatemala 
Haiti 
Honduras 
Jamaica 

1984 
1984 
1984 
1985 
1984 

1358 
81 3 
958 
735 

1973 

4157 
619 1 
639 

5797 
1417 

727 
67 1 
468 
209 
735 

295 
191 4 

27 
867 

4898 

4971 
485 7 
608 

2263 
3520 

166 
262 
00 
59 

183 

6084 
837 7 
2687 
5529 
5214 

1529 
2569 
1006 

27 1 
927 

3720 
4679 
2224 
4292 
8497 

3550 
1890 
1160 
1310 
9323 

308 
(31 9) 
(375) 

(128 7) 
(421) 

1270 
(464.1) 
(31.2) 

(1833) 
(962) 

Mexico 
Nicaragua 
Panama 
Trinidad and Tobago 
United States 

1985 
1984 
1985 
1981 
1987 

13652 
842 

1482 
2395 

26,6756 

1.9408 
2089 
2289 
658 

23.191 3 

1 9850 11763 
392 1456 
375 11 6 
91 3 103 

20,7176 23.9764 

7055 
1460 
2930 
524 

46.7428 

146398 
0 1 

21 8 
1041 4 
78035 

12,0962 66070 
555 7 31 9 
904 7 388 
8355 3449 

328271 1 197.5961 

143200 
X 

26129 
X 

155.5300 

9.1040 
X 

3.401 6 
X 

1752700 

(1.8494) 3,8840 
(181 9) X 
(155 ,a 341.5 
17; 1 (1840) 

(14.4':00) (153,9500) 

SOUTH AMERICA 

Argentina 
Bowivia 
Brazil 
Chile 
Colombia 

1967 
1984.85 
198785 

1986 
1986 

2603 
667 

1.1951 
1228 
2593 

3,012 9 
252 

78129 
11653 
34335 

5523 
174 

1 3901 
1803 
368 7 

1.249 0 
2703 

4.6927 
26046 

2168 

6643 
22 

5.3954 
4.05 
1532 

854 
3745 

1.6245 
25 

6650 

4,3409 
3302 

85980 
2.2205 
3.0709 

2.012 8 
25 

11.4640 
3852 
792 7 

7.076 0 
5770 

14,9960 
34210 
3.9760 

2,243 0 
1455 

2,4670 
1,2640 
1.4040 

1:.'6 0 
(', 79) 

(5,1 20) 
(5 i10) 
3754 

(4.285.0) 
(4846) 

(1,2750) 
(8110) 
2550 

Ecuador 
Guyana 
Paraguay 
Perw 
Suriname 

1984 
1979 
1986 

198684 
X 

1423 
438 
52 I 
511 7 

X 

7352 
1373 
597 

4009 
1 

1670 
121 
1'3 
1692 

x 

24 1 
1354 
1518 

1098 ' 
Y 

272 '7974 
63' 00 

124 0 00 
68 1 651 6 

x x 

13792 
1711 
3906 

16168 
x 

209 
171 
21 1 

3733 
X 

14210 
Y 

631 7 
X 

738 

3620 
X 

2508 
1.0290 

81 7 

(3434) 
(975) 
(587)

(9224) 
(35) 

(1.176,0) 
(1700) 
(411 1)

(1.914.0)
75.7 

Uruguay 
Venezuela 

1987 
198583 

868 
7304 

3734 
862 

860 
8333 

2906 
3308 

'8' 
1762 

1 
138388 

'904 
56783 

5250 
1875 

7092 
48330 

4676 
21230 

(1671) 
(3.1790) 

(124.4) 
(1,125.0) 
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Table 15.3
 

Trade (millions $US) 

Food. LIwe Raw Current Account 

Animals, etc. Materials Fuels Manufactures Services (1987) Balance 

Year (a) Imporls Exports Imports Exports Imports Exports Imports Exports Imports Exports 1977 1987 

ASIA
 

Aghanistan 1981 1003 2255 263 946 112 1 2726 383 7 1009 X X X X 
Bahrain 1985 2521 00 545 1783 ,4490 2,5535 1.3367 1576 X X (3240) X 
Bangladesh 1987 572 I 203 5 3464 97 1 352 4 152 1.301 7 878 7 413 1 261 8 (1744) (3094) 
Bhutan X X X X X X X X X X X X (562) 
China 1987 2.7075 4.969 7 4412 1 4.3328 5403 4,5505 35,7334 25.6885 3.6764 5.413 1 911 0 2998 
Cyp.us 1987 1850 1878 658 315 1825 323 1,0301 3695 5682 1,3761 (899) 940 
lnoia 1985 7276 2211 1 2,331 0 991 5 4.2978 5404 8,867 1 5.2458 4,5160 4,911 0 1,9670 (3.7500) 
Indonesia 1986 6375 1 841 I 9966 19843 1,1051 80970 79792 2.864 7.4890 1 551 0 (46.7) (1.837,0) 
Iran. Islamic Rep X X X X X X X X X X X X X 
Iraq X X X X X X X X X X X X X 

Israel 1987 7874 '94 0 6983 4432 997 1 12 9.2692 7,2364 6,711 0 4,6930 (2970) (9990) 
Japan 1987 22,3953 1 5485 27.6775 3.3875 39,1368 7822 56.8384 223.3363 854900 79.7300 10.9100 87.6600 
Jordan 1986 4881 1283 '324 2873 3460 07 1.4462 2980 14644 1.4444 (102) (3495) 
K'rmpuroea. D-in X X X X X X X X X X X X X 
Korea. Lem People s Flep X X X x X X X X X X X X X 
Korea. Rep 1987 1.644 7 2 1677 70989 7048 5.9930 7198 26,1888 43,5795 9.0340 10011 0 120 9.8540 
Kuwalt 1984 1 1707 1222 1660 391 391 10.1607 5.5206 1,9483 4.7764 6,9044 4,5609 4,4139 
Lao Peop'rs Dem Rp X X X X X X X X X X X X X 
L,.,banon X X I X X X X X X X X X X 
Malaysia 1987 1253 1 99' 9 8005 62738 809 9 3.5725 9,6353 7.0663 6,7573 3.1266 4364 23364 

Mongolia X X X X X X X X X X X X X 
Myanmar X X X X X X X X X X X X X 
Nepal 1986 622 394 224 14.1 595 00 3500 993 1034 2134 205 (1328) 
Cman 1986 381 8 565 432 29 1 669 34 18923 201 4 X X 2766 X 
Pa.slan 1987 4664 5589 561 0 278 3.5063 3.0300 2.013 0 1,031 0 (902 5 t8299 10266 1336 0) 

Phlihppines 1986 5338 904 7 331 3 1 0676 9185 61 5 3.6089 2.8080 35730 3,4970 (75301 15390) 
Qatar 198281 1988 00 737 00 128 50592 1,6568 3291 x x x X 
Saud, Arabia 198b 30295 X 5055 X 474 X 154963 X X X 11,9912 X 
Singapore 1987 21637 I4776 1 944 3 2 1139 5.9562 4.5235 224160 20.4774 6.691 9 9,9706 (2952) 5389 
SriLanka 1986 3155 428 7 643 1699 2305 685 1.221 3 527 1 5238 3460 1420 (3780) 

Syrian Arab Rep 1985 6820 449 2333 1799 1 1623 1.2125 18696 1990 1.451 0 941 0 1232 61 (4650)
Thailand 1987 665 1 4.2836 1 1576 1.1658 17292 850 9,4032 6,124 7 3.926 4 3.4200 (1.094 1i (5856) 
Turkey 1987 5608 24874 18599 7146 31672 2334 8.5747 6.754 3 42820 4.1110 13,1

3 8 
0) (9840) 

United Arab Emirates 1982 78 ".01 1095 2082 00 5189 8.6175 7.073 3 3203 X X 2.4340 X 
Viet Nam X X X X X X X X X X X X X 

Yemen Arab Rep 1985 3981 73 491 23 869 00 7562 34 3680 5170 2920 (6070) 
Yemen. People s Dem Rep X X X X X X X X X 2160 1155 (679) (1225) 

EUROPE 

Albania X X X X X X X X X X X X X 
Austria 198" 1.8793 9204 2.461 0 2.1800 2.3582 479 1 259395 23.5833 14.5475 18.8496 (2.1926) (2260) 
Belgium 1987 8,361 7 8.1460 7.6356 5.0285 7.6883 3.0580 58,9128 66,7185 X X j558 1) 2,9200 
Bulgaria X X X X X X X X X X X X X 
Czechoslovakia 1'j86 1.362 7 557 4 2.2009 6969 6.413 9 7240 11.111 3 18.478 7 X X X X 

Denmark 1997 2,9946 7,0590 1.647 6 1.865 0 1.996 0 734 3 18,696 2 15,0385 14.135 6 105700 (1.723 0) (2.9508)
Finland 1987 1,101 3 441 5 14377 20589 2,671 6 4444 14.6495 16.0946 7.5070 47078 (1073) (1,9375) 
France 1987 16.7072 215174 11 0087 8.689 1 16.9335 3,1653 112.8743 109.'04 7 69,9030 79,8730 (4286) (4.0879) 
German Dem Rep X X X X X X X X X X X X X 
Germany. Fed Rep 1987 24.8977 13494 1 202573 11 1877 21 9648 3.8899 1602145 265,2178 90.0009 80,8906 3,9287 44,9559 
Greece 1987 22958 1.,222 1.011 7 8569 1 7859 4363 78148 3.4740 3,3640 4.5280 (10780) (1,298 0)
Hungary 1987 6896 1,6800 945 1 7060 16750 401 7 6,5449 6.783 1 3.0934 2.2409 (864 0) (6762) 
Iceland 1987 1243 1.0709 555 1764 1173 00 1,2843 1278 X X (48:.) X 
Ireland 1987 1.621 5 4.3387 6506 561 7 1,0050 1150 10,3364 10,955 1 6.5533 3.0275 (5708) 391 0 
Italy 1987 165128 72432 14 1866 3.2068 16.6640 2,8425 748473 103,2898 39.6197 39.471 5 2,4490 (1,058,6) 

Luxembourg X X X X X X X X X X X X X 
Malta 1986 1240 256 328 50 534 108 6695 4557 3751 6926 464 110 
Netherlands 1987 11,8705 19,0670 6.5890 74932 9.9359 10.0893 62.C21 0 56.2323 36.390 ' 36.6398 1,224 7 3,3722 
Norway 1987 12226 1.6577 1 4684 28983 1,1926 86899 18.6640 8,171 3 13,8553 11.5600 f5.034 .; (4.111 3) 
Poland 1987 1 1288 1,2762 1.1957 1,3260 1.8725 1.3737 6.6467 C,29 q "1,1360 '.479 0 12.392.0) (5780( 

Pcrtugal 1987 1,4166 674 3 1.4029 9184 1563 4 1492 9,0546 7,394 7 3,342 1 36346 (960 3) 641 3 
Romania X X X X X X X X X X X X X 
Spain 1987 4,791 8 5.5225 4.8560 2.304 1 7,9926 2,0009 31,3684 24.271 3 13.2009 23,4395 (2.1442) (51 1) 
Sweden 1987 2,601 3 791 8 25074 4.9338 3,6269 12676 31 8852 37.3198 16.1375 12.2162 (2.1894) (8529) 
Switzerland 1987 3,611 4 1 3809 29750 1 6643 2245 1 61 2 41,7257 42.2505 19.2577 32.1677 3.3948 5.8793 

Uniled Kingdom 1987 16.681 3 9.1879 12.3946 62076 9.9846 14,3649 115.3274 101,3674 106 1208 124.8724 (1645) (2,621 2) 
Yugoslavia 1987 931 2 1,2653 1,771 5 1,5869 2.0035 2833 10.5882 11,4102 3,3170 3.8960 (1.3462) 8190 

U.S.S.R. 1984 16.213.5 0.0 2,189.1 6,219.4 0.0 49,998.4 46,8T7.4 20,405.2 X X X X 

OCEANIA 

Australia 1987 1.3862 5.749 1 1.0634 8 1705 1.306 4 5.0642 23,0778 6,299 7 16,4476 72384 (3.14021 (8.6879) 
Fii 1985 733 1268 158 11 1 1002 472 2513 324 2223 2424 (261) (0.9) 
New Zeaiand 1987 4570 32484 305 1 2.0872 4840 6' 4 6,0084 1 7794 4,6568 2,5040 (6923) (1,367,7) 
Papua New Guinea 1984 1825 241 1 145 6004 171 8 00 6085 553 5694 1554 991 (3258) 
Solomon Islands 1984 132 255 18 643 149 00 356 24 X X 58 1840) 

, 

Sources United Nations Statistical Office, and The World Bank 
Notes a When two years are given for trade statistics the first refers to imports the second to exports 

b South African trade (except services) includes Botswana. Lesotro, Nlmibia, South Africa. and Swaziland. all members ol a customs union 
0 = zero or less th.n half of the unit measire, X = not available, negative nunbers are shon, in parentheses 
For additional informahon, see Sources and Technical Notes 
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15 Basic Economic Indicators 

Table 15.4 World Commodity Indexes and Prices, 1975-88 

Cognmodhy kdsxKa (beAd oinconstanrt pdcessvir 1979-81 - 100) 
1975 1976 1977 1978 1979 1980 1981 1982 1963 1964 1985 1986 1987 1988 

33 NONFUEI -)MMODITIES 101 112 123 102 105 105 91 82 89 92 81 69 63 71 

Total Agriculture 100 116 134 108 106 104 91 81 89 94 81 71 59 63 

Tolal Food 103 117 143 111 106 104 90 81 88 95 83 75 58 63 

-Beverages 71 134 206 132 121 99 82 85 88 104 95 99 59 61 

-Cereals 142 115 96 100 92 101 107 79 87 85 74 55 47 59 

-Fatsand Oils 104 110 112 112 114 96 92 76 92 110 76 50 53 65 

-OtherFoods 129 95 78 79 86 121 92 79 85 77 74 67 66 68 

Nonfood Agricullurals 89 ill 103 97 102 106 92 82 95 90 75 58 65 62 

Timber 53 70 74 68 104 110 87 88 84 99 80 75 100 98 

Metals and Minerals 113 110 104 92 103 105 92 84 90 86 81 63 66 84 

Comnadlofy Prices (mconstanl 1980 $US per Lvl mann) (a) 
1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 198 

Cocoa (kg). New York & London 198 321 541 123 361 260 207 1 75 220 253 235 183 162 1.19 
Coffee (kg). Brazil 294 5 17 970 397 426 458 385 320 326 348 349 450 1.90 202 
Tea (kg). World Average 221 241 384 272 236 223 201 1 95 2.1 364 207 1 70 138 1.34 
Rice (t). Thailand 578.2 3995 3889 4565 3633 4339 4804 2956 286 L 2656 225 10 185 60 186 61 226.23 
Grain Sorghum (t). US 1782 1652 1263 1165 1188 1289 1258 1095 1333 1246 10740 7280 5896 73.90 
Maize (t). U S 1905 1765 1361 1251 1266 1253 1302 1103 1408 1432 11700 7720 61.34 80.23 
Wheat (1). Canada 2887 2341 1654 1675 1890 1908 1954 1680 1755 1743 18070 14160 108.19 134.74 
Sugar (kg). World 072 040 026 021 023 063 037 019 019 012 009 012 012 0.17 
Beet(kg). U S 211 248 215 266 316 276 246 241 253 240 225 185 193 1.89 
Lamb (kg). New Zealand 227 242 236 270 260 289 2 73 240 200 202 1 92 1 90 1 75 1.81 
Bananas (kg). Any Origin 039 040 039 036 036 038 040 038 044 039 040 034 029 0.27 
Black Pepper lkgl, Any Origin 319 308 359 291 232 199 158 157 1 75 240 398 426 431 X 
Copra (1).Philippines 408 1 431 7 574 7 5844 7376 4538 3770 317.1 5135 7482 402 5 174 6 2504 298.7 
Coconut Oil (1).Philippines & Indonesia 6266 6562 8260 848 7 1,0795 6738 567.1 4686 7556 1,216 7 6152 261 9 3582 424.1 
Grounonul Meal (t). Any Origin 2229 2763 311 4 254 7 231 4 2403 2367 1908 2070 1876 1533 1455 131 3 1576 
Groundnut Oil 1).Nigeria 1.3647 1.1633 1,2176 1.3406 9745 8588 1.0378 5902 7359 1.071 3 9437 501.8 4052 442.8 
Linseed (I). Canada 5382 4788 3884 310 1 3660 3509 3525 3007 287 1 314.0 285 7 183.4 1369 220.7 
Linseed Oil Il) Any Origin 1 1162 857 1 6599 5394 700 7 697 1 656 7 5233 501 7 602 7 6548 369.5 2544 391.8 
Palm Kerneis (1). Nigeria 3293 361 1 466 1 451 9 5483 345 1 315 7 2674 3782 5564 3034 1252 146.7 2004 
Palm Oil (t) Malaysia 691 4 6382 757 1 7456 7169 5835 5679 449 1 5190 7682 522 a 2266 2779 328.0 
Soybeans ().US 350 363 400 333 327 296 287 247 292 297 234 183 175 228 
Soybean Oil (ll. Any Origin 936 688 823 754 726 597 504 451 545 763 596 302 271 348 
Soybean Meal itl U S 247 311 329 265 267 262 251 220 246 208 164 163 164 201 
Fish Meal (I). Peru 390 590 649 509 433 504 466 356 469 393 292 283 310 408 
Cotlon (kg). Index 185 266 222 1 95 1 85 205 1 84 1 61 192 188 137 093 1 34 1.05 
Burlap (meterl. U S 035 030 031 027 033 040 027 027 030 039 036 022 022 0.23 
Jute (t), Bangladesh 5908 464 1 4584 5400 424 8 3080 2746 2884 312.8 559,2 607.8 2382 3192 329.9 
Sisal (t). East Africa 924 736 733 609 775 765 642 598 583 615 548 453 415 413 
Wool (kg), New Zealand 437 535 511 466 4 86 460 425 396 3 77 3 87 371 292 3.66 4.35 
Natural Rubber (kgl. New York 10.49 1371 1310 1375 1561 1624 1246 1011 1282 11 55 964 833 905 9.66 
Logs (cubic meter), Malaysia X X 1323 121 0 1864 1955 1548 1573 1503 1762 1420 1334 1794 176.3 
Plywood (sheet), Philippines 194 232 236 235 ' 88 2 74 244 235 238 239 220 241 3.23 2.69 
Sawnwood (cubic meter), Malaysia 2650 2639 220 1 2552 371 8 365 1 3126 304 7 3150 3233 288 1 234 7 2237 230.1 
Tobacco I1).India 
Coalt). U S 

2,416 
864 

2.215 
84 1 

2.386 
775 

2.099 
692 

2.336 
620 

2.300 
557 

2.338 
578 

2.432 
569 

2.324 
59.5 

2.097 
609 

2,034 
580 

1,688 
466 

1.499 
X 

1.555 
X 

Petroleum (barrel). OPEC 167 18.1 17 7 158 19.0 294 330 343 305 306 293 12 1 X X 
Gasoline (1),Europe 191 6 2165 188.0 1988 3673 3580 3523 3265 2932 271 2 266 1 1287 X X 
Jet Fuel(1), Europe 1803 1878 1850 181 6 384 1 3493 3337 3253 2874 275 7 276 1 1423 X X 
Gas Oil (t), Europe 159.2 168 168.3 1598 3409 307 1 2972 2923 2569 251 1 250 1 1255 X X 
Fuel Oil (t). Europe 98.9 107. 108.9 940 1465 1702 1826 1655 168 7 187.8 1582 64 7 X X 
Aluminum (t), Europe 1,099 1.35. 116 1.298 1.667 1.730 1.331 1.071 1.548 1,445 1.160 1.112 1.303 1.910 
Bauxite (1).Jamaica 40.29 4276 .00 42.61 40 13 41 20 3980 3633 3592 34 77 31 28 2469 X X 
Copper (t). London 1.970 2.199 1.870 1.696 2.177 2.163 1.733 1.493 1.64E 1,453 1.478 1,212 1.420 1.953 
Lead (I).London 664 699 883 P22 1,325 906 723 551 440 468 408 358 484 493 
Tin (1).Malaysia 10,656 11.730 15,304 15,547 16.252 16.437 13.992 13.066 13.493 13.124 12.032 5.433 5,421 5.327 
Zinc (1). New York 1,368 1,292 1011 849 901 825 977 856 944 1.130 928 739 749 996 
Iron Ore (I). Brazil 360 34.4 309 24 1 256 26.7 242 261 248 243 237 194 180 17.4 
Manganese Ore (10 kg). India 2.19 2.28 211 1 78 1 51 157 167 166 1 57 1 51 147 1 2:. 1.07 X 
Nickel it). Canada 7.277 7.808 7.433 5.729 6,563 6.519 5.924 4.881 4.837 5.008 5 108 3.422 800 1.034 
Steel tl).U S 461 9 4642 4609 452 1 4444 4528 5054 5395 5653 569 1 5632 3548 X X 
Phosphate Rock (l. Morocco 1067 56 5 436 360 362 46 7 493 428 382 40 4 353 302 25 1 27.0 
Diammonium Phosphate (it).U S 3869 1884 1900 1737 2120 2222 1940 1845 1900 19.3 1762 1360 1403 147.5 
Potassium Chloride Ill. Canada 1295 863 72 9 70 1 84.1 1157 111 8 623 780 882 876 607 55.9 65.7 
Triple Superphosphate (1),U S 322 143 139 122 161 180 160 139 140 138 126 107 112 119 
Urea (I). Any Origin 3153 1758 1820 1799 1896 2221 2149 1602 140.2 180.5 1121 944 945 99.0 

Source The WorldBank 
Notes: a Log. petroleum, and tin price series replace discontinued series for similar commodities found in previous editions. 

I= metric ton, X = not available 
For additional information, see Sources and Technical Notes 
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Basic Economic Indicator; 15 

Sources and Technical Notes 

Table 15.1 Gross National 
Product and Official
Development Askztance,
1967-87 

Sources: Gross natioial product (GNP), 
GNP per capita, change in GNP: Tfhe World 
Bank,unpublished data (The World Bank, 
Washington, I).C., May 1989). GNP for cer-
taii centrally mnanaged econoinies: U.S. Celi-
tral Intelligence Agency (CIA), 77te Wurld 
Facibook 198(CIA, Washington, [).C., 
1988). Share of gross dolnestic product (GI)P): The World Bank, 198.9 IorldDeel-

opmentReport (The World Bank, Washing-
toil, D.C.. 198'' :.ficial development 
assistance (( .-A): ()rganisation for Eco-
noiiic Co-operation and Development 
(OECD), Development Co-,peration (OECI, 
Paris, 1984, 198t;, 1987, 1988); OECD, Geo-
graphicalDistribution of Fi-iancial lows to 
DevelopingCountries 1981,'8, and 198-1/87 
(t)ECD. Paris. 1986, 1989). 

Gross national prduct (GNP) is tie suin of 
two components: the Gross donestic product 
(GI'.the final outphut of goods and services 
tproduced by tiledolmestic economy,includ 

ing net exports of goods and nonactor ser-

vices) and net t toroue ai oas 
Netetfactor income fronabroad isicone 

the forii of overseas workers' remiittances, 
interest oi loans, profits. and other factor 
payments that residents receive front 
abroad less paynents made for factor ser-
vices (labor and capital). Most countries es-
tiniate GDI by tie production iiethod. Tis 
method suns theinal outputs o theTvari-
ous sectors oh the economy (agriculture, 
manufacturing, government services, etc.) 
from which the value of tie iiputs to pro-
duction has been subtracte'.
GNP 


World Bank Atlas. GNP in dloinestic cur-
rency was converted to U.S. dollars using a 
three-year average exchange rate, adjusted 
for domestic and U.S. inflation. lowever. 
the strong appreciation of tire U.S. dollar 
through 1985 affected the coversion factor 
aud may Iniask real gro otli inGNP and GNP 
per cal;ita insolie toui tries. Alternative 
ieasures of GNP exist Of special interest 
are tie United Natiou',' International Coin-

parison Prograi (ICI') estimates of GDP (ill 
U.S. dollI'rs) usiiig purchasi~ig power ,arity 

for a basket of comnnntiogoods and se, vices 
insteat of excnge rates. These ICtGuOP 
estimiates tenid to raise GNPestimates for 
tie poorest countries and lower thein
slightly for inost develped countries. Tra-
ditional measures of the health of an econ-
only whiletouting tieincolne generate(I 
y the exploitittn o natural resonrces, t 

not take into acuettnt their depletion(or de-
structio)n. Many believe that this oversight 
leads to an overestimatiou of econnic 
growth aid its sustainallility and that these
factors should be included in iy calcula-

tion of GDP. 
limany ceutrally managed economies, 

such as the U.S.S.R., the net material Irod-

uct (NMP) is a primary economic statistic in- These data have been added to their net 
stead of GNP. The estimation of GNP in L S. 
dollars fir such economies Isdifficultaimisall ongoing research project of the World 
Bank. Estimates of GNP for centrally iman-

aged economies, especially nienbers of the 

Council for Mutual Economic Assistance 
(CMEA), are included as an attempt to show 
the relative magnitudes of those iportant 
economies. [rhese GNP' estimates, however, 
are not directly comparable to estimates 

hy the World Bank for other econo-
Iies. Few organizations are willing to pill-
lish estimates of GNP for CMEA countries. 

imi(le 


The average annual change in real GNP 

was calculated by fitting a least-square re-
gression line to the logarithmic values for 
GNP ii constant prices, 

Share of GDP (toes not always add to 100 
fpercent because of rounding errors. 

Net acverage annualofficial development as-
sistance (ODA)istie net amiount of dis-
bursed grants ald concessional lans given 
or received by a country. Grants include 

inmOley,goods,or services, for 
which no repayment isrequired. i%conces-
sional I'an has a grant elenlt.nt of 25 per-

gifts. 


ceit or iiore. The gra;iiticlent is the 
aiouit by which the face vahite of tileloanedebt.
exceeds its present niarket value because 
of below-market iterest rates, favorable 

petridsNa rlynset a 

periods. Noicoi essional loans arenot a 

o ntipoiieitof ODA. so 
O)A conitrieutions are shown nigav 

1iown as positivenumes. Dat re 
iive num s dt o 


d ries inciude contribUtiLos directly tt 
developing cOutries amd through iultilat-eral instif itions. The GNiv data lised to (,if-
eiliitit ationspeThent of G sete 
clate (' A as apercentage ofeGNPwere 

ODA receipts. 

Table 15.2 External Debt 
Indicators, 1977-87 

Sources: The World Bank, unpublished 
data (The World Bank. Washington, D.C., 
May 1989). 

'[le World Bank operates the Debtor 
Reporting System (DRS), which compiles re
ports supplied by Ill of the Bank's member 
coutries.countrics submit detailed re
por.s on the annual status,transactions,
al) terms of the ong-ternlexternal debt of
 

public agencies and of publicly guaranteed 
private debt.Additional data are drawn 
from the World Bank, the International Mon
etary Fund (IMF), regional developmnt 
banks, government lending agencies, ani 
t lie Creditor Reporting Systen(CRS). The 
CRS is operate(] hy the Organisation for Ect
nolnic Co-operation and Development 
(OEDI)to compile reports fron themen-De 
bers of its I)eveloplient Assistance Coimit
tee. 

otal extrnol debt incltdes loig-terii
debt, use of IMFcredit, and short-ter
 

Long-term debt is aii obligation with a
iiaturity of at least oiie year that is owed to 
nonresidents and isrepayable in foreigi 

currency, goods, or services. Long-term 
debt is divided into long-tern public debt 
and long-tern publicly guaranteed private 
d Short-term debt is public or publiclydebt. 
guaranteed private debt that has amaturity 
ofi one year or less. This class of(d. ,*is es
pecially difficult for countries to int',tor. 
()nly a few countries supply these dataI 
t.'rtiughi the DRS: the World Balic supple
inients these data with creditor-country re

derived by usiig siigle-year excange iports, infornation fron international 
rates, iiitt tiie three-year xc ange rates dis-

Sources of OIA iiclude the !evelopnit 
assistauce ageicies of OECD,CMEA, aind 
OPEC mie ers. Granits aid coEicessinal 
o an t adloment 
loans to anlfrom iItlateral evef)nienit 
ageicies are also included incontributions 
and receipts, 
nireCI) gathers oDAdata through question-
naiprivate
lateral agencies. t)l;ly limiited data are 
available oit (M)A flows itnioiig dleveloing
avaies 

countries.IDat afor ()UEC cotiuntries-anid somne otiher 

ceive (lrA-were deternied by subtracting 

cieODA -wntreterisifrent byAsr ttig 
eDA contributions froib ()lA receiptsfr 
daa coutry, where possib le. Sutfficieut 

t aloet o setit ral otr 
()DA receits for several otI 

countries, icIudliig (fhina amd idia. the 
tions ,roi er 

two largest dhonrs aiiliOg developing coun-
tries. limited data atre available ou flows ofO DA frolnt l'tiCMI:A count ries; thus, data on 
)DA roniin A c tare hstrte 
)A datins i tis table ar restritic 

to hose of the U.S.S.R., which typically coirn-

prise 85-90 )ercent of the CMIA total. )ata 
niet )DA froti tle USS. I. are aval I! ie 

for countries receiving the largest auo ints. 


clearinghouse banks, aiid(other sources to 

derive rough estimates of short-teri debt 
Use o IMF credit refers to alldrawings oU 
the Fund's General Resources Account. Use 
of IMF credit isconverted to dollars by 
using the average Special Drawing Right ex
change rate ineffet !or the year being cal
culated. 

Private debt is ai external obligation of a 
detor that isnot guaranteed by a
 

liv entteft or th is dt a 
public enitity. Data for this class tif debt are 
less extensive than those for fIublic debt; 
many countries (t) not repor these data 
through tie DRS. Coiiplete or partial data 
are currently available froin 24 couitries, 
and World Bank estimates are available for 
25 others. These 49 countries account for
the majority of the private nonguaranteed
debt of developing countries. 1In1987, the 
private nouguaranteed debt of tie III iiein
bers of the DRS was estimated at about 10 

iercent of all lollg-terin debt. 
Disbursedlong-terg public d.bt is outstandibre og-eipbi usad
 

Ing public and publicly guaranteed lTng
ebt is a obligation of a 

national or subinational governiient or its 

gl
guaranteed(debt is air external obligation of 
a private debtor that is guaranteed for 
repayment by a public entity. 
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15 Basic Economic Indicators
 

Long-term, public debt (s u percentageof 21 (crude animal and vegetable inaterials, lished data (The World Bank, Washington,
GA'I' is calculatedtlsing the dislutrsed long- not elsewhere stated ), and withIin Sectioi 2 ).'., Jlne 1989).
 
tern pub)lic debt describtd pireviously. GN' (crude materials. excluding flit'is). Price data ire compiled irom major

is defined in the Technital Note for Table Trade ligtes have beenlaggregated to international narket places for standard
 
15. 1. The GNP diltil Used to derive detit-to- show inlpo:ts and exports ol larger catego- grades of each commodity. For exaiple,


NP ratis)were coinverted fron local cur- ries that shlnid hel tp to characterize each tilt gasoline series refers to 91/92 octane
 
encies at a single-year exchangle rate, cOtntrv's ec(loniy (e.g.. as agr icu lt oral, ex- regular gasoline. inibarges. f.o.b. (free on 

rather than !ibe thbree-year average ex- tractive, or industrial). The categories hoard) Rotterdam. 
chaige rate used to k.utcrniine total (NP ill shown if this table folhlw the scientle used The 1981 U.S. constant dollar figures were 

abit 15. I. Til debt service copllrises ac- t y tibe Waorld Bank ill its World Tobh's, derived by convwrtinllg current average
 
tial interest llaylleiits and re[paymelnts of Which aggregates SIT(" datit by lilinll suction lmonltlly prices to U.S.
o l iilocal cuirrencies 
principal inade oil the disbursed lnhg-tern divisions (except thit the World Bank's cat- dollars using the ionlthly average exchange 
publc d,,,I ill foreign currelcies. gaods, egory Nonfuel 'riuary Products" is di- rate. These nliothly average I.S. dollar fig
and services ill the year specified. Lxlp rts vided here int hfioht'lii e niialIs etc, and tires were then averaged to prodttuce an an
of go(ds allI services are the tolil value of ,i,11 IalIirlls ). I" /lie iiiiiui.ls"ei(. crre- nial average dollar figure. which was 
golliois ad ill servi'es sold to the rest lf slilcls to SITC Sections I0(food and live alil- adjusted toa 19801 tillstanit dollrs ulsig the 
the world. ('urreit llirroailing is the tlitail liils) and I (beverages and tolbaccl ); ra11 Manulltactlring U.nit Value (MLIV) iidex. The 
illig-tlerlni debt disursed tdurilng the speci- ntIa'rals corresioll(Is to SITC Sections 2 Nt IV iudex is it cimiosite price index tif all 
fied yIai. ( *l'It/l ('#tii a I it Imnuilfllfictuired goolis traded inlterlationally.hunouing pe'l WilS criie imaterials, eXctuiilg fuels ilt( aii-
calculilathed usilng tile 1987 mid-year popuila- liial illl vegetable oils, fats, anI waxes), 1lie aligregat price inidexes have the fol
tioli. adlIDivisioll 8 (inollierrous Ilietais); futl lIli. ig liil)iioinents: 

)ebt dtta are reiported to the WorldI Baiik c'oirrespollis ti SlIt Sectin13:l and I . t mmoliliieiits: iii(lidualulii Illtauftt- 33 Noifutci 

iit the units of t'ulrrelct i which they are fures correslpili(ls i it'ins listet
toSITC Sections 5 (clietiii- tiidner iteiis 1-10, 
[aylli.. The Wirld Baik coliverts these tails), 6 (tllsic iiiaiifLactires, exchullilig 2. Total agriculture: tilal food aid nl
data toi IS. dillair figtires, lisiig the IMI par linf'rrllus liietals), 7 (imlachines and traiins- fiiiid agricultural products. 
vailuis, ct'iitril rates. ir the Cuirrenit iwiirktt p[)irtr tiil)lieilt ). 8 (llliSt' ll liS litlllrit - Il everlia es, cereals. fts anti 

a tires), and 9 (goliilds e.rltes. where apiproIpriate. itbt service'tt t(ila lilt classified). i. l overagt's: fot'o l'iia tta. 

ire ci iverted ti [.S tolllar figures at tiith iv- Traide ill SI'CII'S iliti's lIiVnlifctolr anid 5. tereals: iliaite. rice, wheat. grain sor
erage ex'ciiinge ritt fior tilt' givent year. Co1llii- fIatir services. Noiiluictoir services (i.e gliinl. 
liralility of ( aldilio g cluitlilries aiii traisiliport st'rviCt's, travel, iii i ther trails- G). itsilailit oils: p hili oi, toclilllt iil,yeairs is limitedI by variaioniiis ill Iliethods, ationls n1ot otherwise acutet(lltd fo~r. includ- grdmrilllt oill, soivbeails, c'opral, 

definitionls, iii tiillireheniitsivenssit' (tt iiif hg transactiilis with nilinresidteits by the glilltilut ilull, so tvbuiiiileal. 
collecthiii andill reporting. Refer ti he Wtorld giverilelilt or its itrsonel'i albrlial, anildi 7. (Otherfoid: sugar, beetf, l)aliklii, or
Bank's lorild lDebt Tahles for dettails. t railsactilis with foreigi governmltints tIn 8. aliges. 

8. Noilink aigricult ural prodtutts: ct'ftoni,pri',llt'citizenis) are i growing toiiil)Iollit jute, rtil)lIl(r, toa)itci.
Table 15.3 World 1'rade of interiatioial trade. Factor services are 9. 'inber: logs. 

lthe services of labor aid capital (e.g.. ill- ]1t. Metals iid iinerals: clpper, till, 
-Sources: l:oiiidIive Aiiiiials 1itc., Raw Matt collite frlii direct fiireign iivestiient. divi- iiickel, batlXite, ailiiiitiii, irlii lire,
 

rials, Fuels. and Maiiufact lires: Unilited Ni- dends, initerest. reits, aiid lalloriaynieli'ts). niligililse ore, lead,. zilt', phosplhalte
 
tio s, per niiiiiciuiiitiiiti'atiii and the These tlata oil services stalid aparlt friii rock.
 
Iternautionaijl "l'de .Saltisis Y'airlook I!.N.. till' otiier data il1 tradelict'cauise ii trasilport The t'iIIodit' ,irices repirted here are
 
New York. 19189). Servic'es ald1 Cturrelit Ac- topoili entlit(which is a iiiifat'tir service) is spet'cific ti theIlila, ts iialiled The conl
tioutif Blaiices: The \Vorlt Batik, World lo- iiftl'l ilctluded iy t'ititries hi their statis- iniiitii' s ltheimselves are tiften defined more
 
bes. 9t8,)8 Editiil (The World Bank, tics oll the iportatitniii giiIs. Sleciically IliI ' ' - gested by the table
 

WuisiliigI,h .C)(., 198 ). Tielitreflt cllloltitllaiii e is tilt' suit of (e.g.. Nieranlt i ati SQ best quality]; 
The Uited Natllis Statistical ()ifice, niet explirts of giiids aiil iitlifacthir setr- liniipirte(I-frozi ,less, 91-percent-vlsi-

Transport aind Trade IDivision, .olnl;;Ies de- fattir service ilcomeilia.ne ile-lein beef: Sitntis 4 coffee).vices, net ad 

fail'd titoa liii t lii al tratle front traisfers. li priiciple. world ftiait'ial flows 
(usuallv cistlollis) s imitited by rtpo wiuld net ti zeri if all couitries' clrrent at-
Countties. I)escr ilti e c'atego ries uare use( toIuti ialaill'es were kiiwniit turatel. 
to tilvert the data to the lowest possible 
level of the Standard Ilteriatihnal Trade Table 15.4 World Comnmodity 
Classification (SITC). For example. cut flow- Indexes and Prices, 1975-88 
ers would be classified 29271 (cut flowers). 
which is under 2927 (cut flowers aid fo- Sources: The World Bank, Commuoditi Trade 
liage). pal t If 292 (crudte vegetaile inateri- arndIiw' Trends (The Word Bank, Wasling
als, not elsewhere stated), within Division toni).c., 1188); 'ie World Bank, unpub-
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16. Population and Health
 
By mid-1990, the world's human population will total 
5,292,200,000, an increase of 75 percent since 1960. 
At projected growth rates the population will reach 
8,488,600,000 by the year 2025-a 60-percet increase 
over !990 and nearly triple the 1960 population. 
Demands on resources also grow, causing pressure 
on, for example, wildlife and wildlife habitat, forests, 
and coastal areas. This chapter presenits data on 
the demographic and health consideratiois that un-
derlie decisions iii these areas aid others like food 
and agriCulture, eduCnat ion, health tart ,i LIIbal tr 
policy, 

While the world's opulatioilis INStill gl owilig (lit dl l 
88 millioi peop~le anitiall ). at h tA lttR l Idlt'tlilU 

of growth (percentage itiIetast ) lids SihVeVd, fion, 
2.0J6 percent in 19(35-70 to 1.73 perceinlt ii 1985-90. 
This slowdown in the rate of population growth is 
the result of lower fertility rates that at (ompa!iy ec 
liomic developiiment (the deinogi apltit ti ansition ) 
and of increasing Use of contraceptivt practices in 
poorer countries. However, a large portion of the pop-
ulation of most developing countries is in its peak re-
productive years: thus, the number of children born 
each year will continue to increase, albtit at a lower 
percentage rate than in previous years. 

Table 16.1, which presents data on world popula-
tion, as well as its labor force, shows that Africa has 
the world's highest annual rates of growth (3 percent 
overall, with two thirds-21-of its countries above 3 
percent), followed by South America (over 2 percent) 
and Central America (above 2 percent in most coun-
tries). Asia's rate of increase-1.85 percent-is 
slightly higher than the world average. Even there, 
the lower birth rates in China, Japan, and 7 other 
countries are offset by 14 countries with growth 
rates above 3 percent, as well as 14 countries with 
growth rates between 1.85 and 3 percent. 

The relatively high growth rates in developing coun-
tries result partly from declines in infant and child 
mortality rates ascribable to improving public health 
practices. Table 16.2 shows increases in life expec-
tancy in all areas of the world. Children born today 
can expect to live longer than those born 20 years 
ago: 7.8 years longer in Africa, 5.3 years in North and 
Central America, 7.1 years in South America, 7.8 
years in Asia, 3.4 years in Europe, 2.8 years in the 
U.S.S.R., and 4.9 years in Oceania. 

Increases in life expectancy and continuing high fer-
tility rates in much of the developing world have 
changed the age structure of the population. World-

wide, people 15 years of age and under will form 32.4 
percent of the population in 1990, a decrease of over 
5 percent from 1970 lIi much of the developing world 
outside the Americas, however, the percentage of the 
population in this age group continues to rise. This 
has significant implications for the economic, health, 
and welfare policies of those countries and of the 
world 

Life expectalicy tspecially inI developing countries, 
mt. reased bttv~ei, 1965- 70 aid 1985-90 because of 
(' hl t.i itdlci t t ld i,,,ttality Table 16.3 

h t i ii h lt ht t Iillh ates reiiaii high 
.ii Ati i a aill d p- t. . ,I Asia ()vei 3(0 percent of chi 
th i i,,,Alglhwii.,ti will dit betiil u age, 5, 19 otheI 
k. 01i,t i. s (all il Ai ilea) will lose over 20 perceit of 
1tei dlllrei by age 5. Globally, over 14 million 

hildren under the age of 5 die each year, according 
to Unitcd Nations estimates. Maternal death rates 
(for " iMh dalt dt iiicoiiplete) remain high in many 
developing countries. 

Much illness andimany deaths could be prevented 
by ensuring access to safe drinking water, adequate 
sanitation, and health care. Table 16.4 shows the 
availability of these basic requirements in many coun
tries. 

Table 16.5 shows that over half the world's children 
were immunized by 1988, a dramatic improvement 
over the 5 percent of a decade before. It also presents 
the extent of use of oral rehydration salts (ORS), a 
simple and inexpensive procedure to restore bodily 
fluids and thereby treat diarrheal illnesses. (Use of 
OS is growing; according to UNICEF. the percentage 
use per 1,000 episodes of diarrhea in children under 
5 years of age in 1986 was nearly double that in 1984.) 
Tihe table also coitains information on the regionai 
variations in acce.;s to health care providers. 

Only about 50 countries, half of them in Europe, re
port death registry data to the World Health Organi
zation. The available information, presented in Fable 
16.6, shows that death rates from infection are higher 
in the developing countries than in Europe, while 
death rates for cancer (especially for men) are higher 
in developed countries than .-I the developing world. 
Over the past 35 years, death rates from malignant 
neoplasms of the trachea, bronchus, and lung have in
creased significantly (especially among women). 
While death rates from suicide and self- inflicted in
jury have also increased, death rates have decreased 
from ischeinic heart disease, cerebrovascular dis
ease, and motor vehicle accidents. 
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16 Population and Health
 

Table 16.1 Size and Growth of Population and Labor Force,
 

Avercge Annual Average Annual Average Annual Growth 
Population Population Change Incrment to the Population of the Labor Force 
(millions) (percent) (thousands) (percent) 

1960 1990 2025 1965-70 1975-80 1985-90 1965-70 1975-80 1985-90 1960-70 1970-80 1980-90 
WORLD 3,019.4 5,292.2 8,466.5 2.0C 1.74 1.73 72,390 74,081 87,68 1.7 2.1 1.9 

AFRICA 281.1 647.5 1,581.0 2.63 2.95 3.00 8,928 13,185 18,01. 2.2 2.5 2.5 
Algeria 
Angola 
Var 
Botswana 
Bur kma Faso 

10d 
4.8 
23 
0.5 
4.5 

254 
100 
47 
1.3 
9.0 

50.A 
24.7 
130 
3.4 

227 

2.85 
1.52 
2.06 
2.54 
2.14 

306 
3.39 
2.77 
3.54 
2.0 

3.12 
2.70 
315 
3.51 
267 

365 
82 
53 
15 

114 

530 
241 
90 
29 

151 

733 
253 
138 
41 

225 

0.3 
1.2 
1.5 
1.2 
1.4 

3.2 
2.8 
2.0 
3.0 
1.8 

3.7 
1.8 
2.1 
3.3 
2.0 

Bu undi 
Ca neroon 

29 
5.5 

55 
11.2 

131 
26.2 

1.45 
2.11 

180 
2.57 

2.88 
2.60 

48 
135 

71 
208 

146 
274 

13 
1.8 

13 
1.6 

2.2 
1.9 

Cape Verde 
Cc ntral African Rep 

0.2 
1.6 

0.4 
2.9 

0.9 
6.8 

3.04 
1.63 

0.87 
2.22 

2.81 
2.46 

8 
29 

3 
40 

10 
67 

3.2 
J.9 

1.0 
1.2 

3.3 
1.4 

Chtrd 3.1 57 132 1.82 2.10 2.47 64 89 132 1.4 1.7 1.9 
Corr,,nros 
Con o 
Cote d'Ivoire 
Dj'oui 
Egypt 

0.2 
1.0 
3.8 
0.1 

25.9 

05 
2.0 

126 
04 

54 1 

13 
50 

398 
1 1 

940 

243 
2.18 
4.05 
7.68 
2.35 

3.40 
246 
4.19 
4.48 
2.69 

3.11 
2.73 
4.12 
296 
2.55 

6 
25 

202 
11 

733 

12 
35 

315 
12 

1.046 

15 
51 

469 
11 

1,295 

2.1 
1.9 
29 

X 
2.0 

3.1 
2.1 
2.6 

X 
2.1 

2.5 
1.9 
2. 

X 
2.6 

Equatorial Guinea 
Ethiopia 
Gabon 
Gambia, The 
Ghana 

0.3 
24,2 
0.5 
0.4 
6.8 

0.4 
46.7 

12 
0.9 

15.0 

10 
1123 

2.9 
1.9 

370 

155 
2.41 
0.36 
2 77 
1.91 

1.99 
2.'.4 
4 70 
3.15 
1.76 

2.34 
2.01 
3.45 
2.83 
3.14 

4 
695 

2 
12 

157 

7 
888 
34 
19 

181 

10 
894 
37 
23 

436 

0.9 
2.3 
0.5 
1.9 
1.5 

1.1 
2.0 
0.8 
20 
2.4 

1.4 
1.9 
0.7 
1.3 
2.7 

Guinea 
Guinea-Bissau 
Kenya 
Lesotho 
'iberia 

3.7 
0.5 
6.3 
0.9 
1.0 

6.9 
1.0 

25.1 
1.8 
26 

15.7 
22 

77.6 
4.3 
7.2 

1.95 
006 
330 
2.01 
2.85 

2.17 
5.04 
3.82 
2.41 
3.09 

2.48 
2.08 
4.22 
2.85 
3.18 

81 
0 

50 
!0 
36 

111 
36 

578 
30 
53 

160 
20 

955 
47 
75 

1.5 
(0.6) 
3.3 
1 4 
2.4 

1.8 
3.9 
3.6 
2.0 
26 

1.7 
1.3 
3.5 
2.0 
2.3 

Libya 
Madagascar 
Malawi 
Mali 
Mauritania 

13 
5.3 
3.5 
4.6 
1.17 

4.5 
120 
8.4 
9.4 
20 

12.8 
330 
22.8 
241 
5.0 

4.04 
228 
2.56 
2.15 
2.17 

4.37 
2.90 
3.00 
2.19 
2.46 

3.65 
3.18 
331 
2.94 
2.73 

"3 
.5 
09 

116 
25 

119 
237 
169 
146 
36 

152 
352 
257 
256 
52 

33 
1.9 
2.1 
1.6 
1.9 

3.8 
22 
2.3 
1.7 
1.8 

3.6 
2.0 
2.6 
2.6 
2.8 

Mauritius 
Morocco 
Mozambique. People's Rep 
Niger 
Nigeria 

0.7 
11.6 
7.5 
3.2 

42..1 

1.1 
25.1 
15.7 

7.1 
113.0 

1.5 
44.4 
34.4 
18.9 

301 3 

1.83 
2.78 
2.39 
2.08 
3.24 

1.91 
2.27 
2.83 
2.59 
349 

1.25 
2.56 
2.65 
301 
343 

15 
397 
212 
82 

1.709 

17 
415 
320 
129 

2.577 

13 
604 
389 
199 

3,564 

2.8 
1.9 
1.8 
2.2 
2.7 

2.5 
3.5 
3.8 
1.9 
3.1 

2.9 
3.2 
2,0 
2.4 
2.7 

Rwanda 
Senegal 
Sierra Lecre 
Somalia 
South Africa 

2 1 
,,.0 
.1.2 
:.9 

17.4 

72 
7.4 
4.2 
7.6 

352 

1P 1 
164 
96 

18,9 
632 

3.16 
2.89 
1.79 
2.31 
2.49 

3.27 
3.46 
2.15 
5.06 
2.23 

3.40 
2.69 
2.49 
3.32 
2.19 

109 
108 
45 
80 

526 

156 
180 
66 

239 
595 

226 
185 
97 

231 
731 

2.5 
2.6 
0.8 
1.7 
2.8 

3.1 
33 
1.0 
3.7 
1.3 

2.8 
1.9 
1.2 
1.7 
2.8 

Sudan 
Swaziland 
Tanzania 
Togo 
Tunisia 

11.2 
03 

10.0 
1.5 
4.2 

25.2 
08 

273 
3.5 
8.2 

59.6 
22 

848 
95 

13.3 

2.29 
2.52 
3.08 
4.33 
2.04 

3.08 
3.12 
3.42 
2.52 
2.58 

2.88 
3.43 
3.67 
3.01 
235 

300 
10 

385 
79 
99 

534 
16 

593 
60 

155 

675 
25 

915 
99 
181 

:.8 
1.8 
2.7 
26 
1.2 

2.7 
2.1 
2.9 
2.1 
3.7 

2.9 
2.3 
2.9 
2.3 
3.1 

Uganda 
Zaire 
Zambia 
Zimbabwe 

66 
15.9 

3 1 
3.8 

18.4 
36.0 
8.5 
9.7 

55.2 
99.5 
25.5 
22.6 

3.96 
211 
2.96 
3.28 

3.20 
3.27 
3.40 
2.96 

3.49 
3 17 
3.76 
315 

352 
390 
115 
159 

387 
796 
179 
197 

590 
1,056 

290 
283 

3.9 
1.3 
2.6 
3.5 

2.6 
1.9 
2.7 
2.9 

2.8 
2.3 
3.3 
2.8 

NORTH &CENTP..L AMERICA 280.5 427.2 504.9 1.M 1.47 1.26 5,007 5.253 5,276 2.0 2.7 1.8 
Barbados 
Canada 

0.2 
17.9 

0.3 
265 

03 
32.1 

03V 
1 61 

0.28 
104 

0.62 
0.88 

1 
329 

1 
243 

2 
229a 

(0.1) 
2.7 

2.7 
3.1 

1.5 
1.2 

Costa Rica 
Cuba 
Dominican Rep 

12 
7.0 
32 

30 
10.3 
7.2 

5.3 
12.0 
11.4 

3 11 
187 
3 0 

2.98 
0.84 
2.42 

264 
075 
2.22 

50 
153 
123 

63 
80 

130 

75 
76 

151 

3.4 
1.0 
2.2 

3.9 
3.1 
3.1 

2.8 
2.3 
3.4 

" El Salvador 
Guatemala 
Haiti 
Honduras 
Jamaica 

2.6 
4.0 
3.7 
1.9 
16 

5.3 
9.2 
65 
5.1 
2.5 

11. 
21.7 
11.5 
11.5 
38 

3.54 
2.77 
212 
2.71 
1

2 
u 

2.05 
2.77 
1.76 
3.46 
1.24 

1 93 
2.88 
1.88 
3.18 
1.52 

117 
136 
90 
67 
22 

88 
179 
91 

116 
26 

97 
247 
117 
151 
37 

3.5 
2.5 
1.3 
2.5 
0.7 

3.0 
2.2 
0.9 
3.2 
2.9 

3.1 
2.9 
2.0 
3.9 
2.8 

Mex;co 
Nicaragua 

38.0 
1.5 

88.6 
3.9 

150.1 
9.2 

3.30 
3.19 

2.57 
2.81 

220 
336 

1.604 
60 

1,699 
73 

1.844 
120 

2.7 
2.8 

4.4 
2.9 

3.2 
3.8 

Panama 
Trinidad ,nd Tobago 
United States 

11 
0.8 

1807 

2.4 
1,3 

249.2 

3.9 
1.9 

300.8 

2.88 
1.27 
108 

2.26 
164 
1.06 

2.07 
159 
0.82 

41 
12 

2.1*,0 

42 
17 

2,357 

47 
20 

1,990 

3.0 
1.2 
1.8 

2.5 
2.3 
2.3 

2.9 
2.4 
1.1 

SOUTH AMERICA 146.8 296.8 498.4 2.47 2.27 2.07 4,421 5,148 5,835 2.5 2.9 2.3 
Argentina 
Boivia 
Brazil 
Chile 
Colombia 

206 
34 

72.6 
76 

15.5 

32.3 
73 

150.4 
13.2 
31.8 

45.5 
18.3 

245.8 
198 
51 7 

1 .45 
2.37 
2.57 
205 
277 

1.61 
2.59 
2.31 
148 
2.14 

1.27 
2.76 
2.07 
166 
205 

336 
97 

2,311 
185 
538 

437 
135 

2,651 
159 
523 

398 
189 

2.9i1 
210 
621 

14 
1.8 
3.1 
1.7 
2.7 

10 
2.1 
34 
2.5 
2.5 

1.1 
2.8 
2.2 
2.4 
2.7 

Ecuador 4.4 10.8 22.9 3.18 2.88 279 178 218 281 2.F 2.7 3.0 
Guyana 06 10 1.6 1.90 2.07 174 13 17 17 2.1 3.8 2.8 
Paraguay
Peru 
Sunrame 

1.8 
99 
03 

4 3 
22.3 

0.4 

9.2 
41.0 
06 

2.74 
2.80 
2.28 

3.20 
263 
(0.54) 

2.93 
2.51 
1 46 

60 
345 

8 

93 
427 
(1) 

117 
527 

6 

2.4 
2.0 
2.1 

3.5 
3.4 
0.5 

3.0 
2.9 
2.6 

Uruguay 
Venezuela 

2.5 
75 

31 
19.7 

3.9 
38 0 

0,84 
3.35 

056 
3.42 

076 
2.61 

23 
327 

16 
472 

23 
484 

0.8 
2.8 

0.2 
4.9 

0.7 
3.3 
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1960-2025 	 Table 16.1
 

Average Annual Average Annual Average Annual Growth 

Population Population Change Increment to the Population otthe Labor Force 

(millions) (percent) (thousands) (percent) 

1960 1990 2025 1965-70 1975-80 1985-90 1965-70 1975-80 1985-90 1960-70 1970-80 1980-90 

ASIA 1,666.83,106.5 4,889.5 2.44 1.86 1.85 48,227 45,8.W 54,50 2.0 22 2.2 

310 137 408 21 1.5 2.7 
Bahrain 02 0 5 1.0 278 488 ".65 6 15 17 28 8.6 4.7 
Bangladesh 51 4 1156 2350 268 2.83 267 1,672 2,328 2,889 1 5 2.1 2.9 
Bhutan 09 15 31 191 170 215 19 20 

Afghanistan 10.8 16.6 41 1 242 087 	 2.63 

31 1.6 1.8 1.9 

China 6575 1,135.5 1,4926 2 61 143 1.19 20.297 13.773 15.195 2.2 2.5 2.2 

1 .4 7 4 7 0.9 1.3 1.1 
India 4423 8534 1.445 6 228 208 2 0 11.951 13.631 16.838 1.5 1.7 2.0 
Indonesia 

Cyprus 	 0.6 07 09 1 09 065 

962 1805 263 233 2.14 1 62 2,648 3,058 2.810 2.0 2.1 2.4 
Iran, Islamic Rep 20.3 566 1222 330 308 3.45 864 1,111 1,792 31 32 3.3 

Iraq 6.8 189 500 3 19 3.75 	 3.48 276 454 604 2.7 4.0 3.7 

Israel 2.1 4 6 6.9 2.98 231 1.58 82 85 70 3.7 28 2.3 
Japan 94.1 1235 1286 107 093 0.44 1.090 1.057 541 1 8 0.7 0.9 
'ordan 17 43 13 1 3 17 234 3.94 67 65 153 2.9 1.0 4.4 

Kampuchea, Dem 5.4 82 140 2.44 (2.07, 2.48 159 (139) 192 22 0.7 1.3 
Korea, Dem People's Rep 105 229 396 276 257 236 358 435 510 23 2.9 29 

Korea. Rep 25.0 436 546 2.25 1 55 1 19 679 569 505 32 2.6 2.4 
Kuwait 0.3 2 1 44 9 17 624 402 55 74 76 78 7.4 52 
Lao People's Dem Rep 2.2 4 1 77 2 18 1 16 249 56 36 95 2.0 1.3 2.0 
Lebanon 1.9 30 50 2.75 (072) 2.11 64 (19) 60 24 1.2 2.1 
Malaysia 81 173 279 266 232 2.31 270 301 378 2.7 3.8 29 

Mongolia 09 22 54 309 282 309 25 44 64 2 5 2.9 2.9 
Myanmar 21.7 41 7 72 6 229 2 10 209 587 676 826 2.0 2.3 19 
Nepal 94 191 350 2 10 267 248 229 372 446 1.1 1 8 2.3 
Oman 0.5 15 43 271 501 334 17 44 45 22 46 3.8 

Pakistan 50.0 1227 267 1 2 79 264 345 1.712 2,113 3.885 2.1 28 2.9 

Philippines 27.6 624 111 4 3 17 253 248 1,102 1,150 1.458 2.6 2.5 2.5 
Qatar 0.0 04 09 928 584 4 15 8 12 14 12.0 81 5.7 
Saudi Arabia 41 141 448 362 5 13 3.96 190 424 507 33 5.7 4.0 
Singapore 1.6 2 7 32 197 1 30 1 09 39 30 29 3.0 4.4 15 
Sri anka 99 172 244 228 171 	 1 32 270 243 220 2.1 2.3 1.6 

46 12 5 323 323 336 357 187 272 409 2.2 3.4 3.6 

Thailand 26.4 55 7 80 9 3 08 2 44 1.53 1,021 1.072 820 2.9 2.8 2.3 

Turkey 27.5 55.6 896 251 209 1.99 834 883 1.054 1.4 1.7 2.2 

United Arab Emirates 

Syrian Arab Rep 

",.1 16 2 7 8 70 1397 3.26 16 102 49 14.5 18.8 4.0 

VietNam 34.7 1180 223 1,134 1.42k 2.1672 217 224 878 	 0.9 2.8 

Yemen Arab Rep 4.0 8.0 233 147 253 303 69 143 226 1.2 1.0 2.9 

Yemen, People's Dem Rep 1? 25 64 205 236 307 29 41 71 1.7 1.7 2.9 

EUROPE 425.1 497.7 512.3 0.67 0.45 	 0.23 3,049 2,144 1,113 0.5 0.7 0.0 

2.3 3.0 28 
Austria 70 75 70 0 52 0.08 (002) 38 6 (1) (0.8) 0.8 0.6 

Belg,m 

Alban;a 	 1,6 32 5 0 268 194 183 54 49 57 

92 9.9 99 040 0 11 0.07 38 11 7 0.3 0.9 0.5 

Bulgaria 7.9 89 032 58 10 0.49.0 069 0 il 28 0.2 (0.0) 
Czechoslovakia 137 15 7 172 024 068 021 35 102 33 1.2 0.8 0.4
 

Denmark 46 51 50 071 025 (001) 34 13 0 13 1.3 0.5 

Finland 44 50 5.1 0.18 029 0.29 8 14 15 08 0.8 0.7 

France 45.7 56 2 604 0 8' 0.44 403 236 201 0.9 0.8036 0 9 

German Dem Rep 17.2 166 16 2 0.06 10 13) 0.01 9 (22) 1 (04) 0.6 0.6 

Germany. Fed Rep 55.4 60.5 54 0 055 (009) (0,1) 328 (52) (96) 03 05 0.3
 

0.1 07 0.5 

Hungary 100 10.6 
Greece 83 100 101 056 12F 	 0.23 48 1,9 23 

102 040 032 (018) 41 34 (181 1.3 (0.5) 0.1 
1keland 02 0.3 0.3 1.22 091 0.97 2 2 2 2.3 29 1.5 

,jland 2.8 3.7 50 053 1.18 092 16 39 34 0.1 1.1 1.6
 
342 199 39 0.1 0.5 0.6
Italy 50.2 57.3 54 9 365 035 	 0.07 

0 0 (0.2) 1.6 0.2 

Malta 03 04 0.4 0.35 2.09 0.49 1 7 2 1.2 2.1 1.0 
148 1.5 

Luxembourg 0.3 04 0.3 043 009 	 004 1 

Netherlands 11.5 14.8 151 1.17 070 037 97 54 1.5 1.2 

Norway 3.6 4.2 45 081 0.39 31 16 12028 1.3 2.0 0.8 

Foland 29.6 384 45.1 064 0.89 0.65 206 310 244 2.0 0.7 0.6 

Portugal 88 103 109 10191 1 43 	 025 (16) 135 26 (0.0) 2.5 0.9 

Romania 184 233 257 135 088 048 266 191 109 0.6 0.0 0.7 

Spain 30.5 39.3 425 1 11 1 06 038 365 389 146 0.3 0.8 1.1 

Sweden 75 8 3 8.1 078 029 (003) 62 24 (1) 1.3 .iI 0.4 
0.15 82 (15) 10 1.8 03 0.5Switzerland 	 54 6.5 61 1.35 (025) 

United Kingdom 52.4 569 575 047 0.04 Otl 256 21 62 0.5 05 04 

Yugoslavia 184 23.8 263 0.94 0.87 0.62 187 189 146 0.9 0.8 0.9 

288.0 1.01 	 E.,209 0.6 1.6 0.7U.S.S.R. 214.3 351.5 0.82 	 0.78 2,4C4 2.139 

368 2.4 2.2 1.8OCEANIA 15.8 28.5 39.0 1.97 1.51 	 1.44 363 333 

Australia 10.3 ') 7 22 7 1.95 1.51 	 122 233 214 197 2.5 23 1.7 

Fiji 04 0 7 1.0 229 1 77 	 160 11 11 11 3.5 3.0 2.1 
079 38 5 26 2.2 2.0 1.6New Zealand 24 34 41 41 017 

Papua New Guinea 1.9 4 0 86 2.00 2.70 266 55 78 100 1.8 1Q 2.1 
So ornoii Islands 0 1 0 3 08 2.79 3.01 396 22 31 59 X X X 

Sources: United Nation., Populalion Division and the International Labour Organisatlion. 
Notes: 0 = zero or less than hal tlre un-t ofmeasure: X = not available: negative numbers are ,nown in parentheses. 

For additional n~ormation, see Sources and Technical Notes 
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16 Population and Health
 

Table 16.2 Trends in Births, Life Expectancy, Fertility, and Age
 

Crude Birth Rate 
(births per t.000 

population) 

Life Expectancy 
at Birth 
(years) Total Fertility Rate 1970 

Percentage ol Population 
in SpecificAge Groups 

1990 
1965-70 1985-90 1965-70 1985-90 1965-70 1985-90 <15 15-65 >65 <15 15-65 >65 

WORLD 33.9 27.1 54.9 61.5 5.9 3.3 37.5 57.1 5.4 32.4 59.4 8.2 

AFRICA 47.7 44.7 44.1 51.9 6.7 62 44.8 52.1 3.1 45.3 51.7 3.0 
Algeria 
Angola 
Benin 
Botswana 
Burkina Faso 
Burundi 
Cameroon 
Cape Verde 
Central African Rep 
Chad 

498 
491 
49.5 
537 
509 
465 
42.1 
39.5 
432 
452 

402 
472 
505 
473 
47.2 
45.7 
41.6 
384 
44.3 
442 

514 
360 
380 
488 
392 
441 
430 
50.1 
400 
370 

62.5 
440 
460 
56.5 
472 
485 
529 
61.5 
450 
450 

7.5 
6.4 
69 
69 
67 
58 
5.8 
60 
5 7 
61 

C 1 
4 

,.0 
6.3 
65 
63 
58 
52 
59 
5.9 

48.4 
42.8 
43.5 
51 5 
434 
416 
41 4 
475 
402 
41.3 

48.5 
572 
52 1 
456 
52.3 
559 
559 
494 
562 
536 

4.1 
2.9 
4.3 
2.5 
2.7 
31 
36 
5 
40 
36 

44.4 
44.9 
47.5 
495 
438 
456 
435 
41 6 
432 
428 

52.2 
52.1 
49.7 
48.1 
53.2 
511 
52.6 
54.4 
530 
536 

3.4 
3.0 
2.8 
34 
3.0 
3.3 
39 
4.0 
38 
3.6 

Comorcs 
Congo 
Cote dIvore 
Djbouti 
Egypt 

47.2 
45.1 
51.7 
49.5 
41.8 

456 
444 
509 
473 
36.0 

450 
40.5 
430 
390 
49.7 

520 
485 
52.5 
470 
606 

63 
59 
74 
66 
66 

62 
60 
74 
66 
4.8 

449 
421 
47.3 
439 
414 

51.5 
550 
49.5 
53.8 
563 

29 
32 
23 
23 
4.3 

462 
440 
494 
45.8 
409 

51 0 
52.6 
484 
51 8 
552 

28 
3.4 
22 
24 
39 

Equatorial Guinea 
Ethiopia 
Gabon 
Gambia. The 
Ghana 

41 9 
48.7 
30.9 
49.7 
468 

42.4 
43 7 
388 
468 
443 

380 
3J0 
430 
350 
480 

460 
41 9 
51.0 
370 
540 

57 
6 7 
42 
65 
68 

57 
62 
50 
64 
64 

393 
44.5 
324 
417 
455 

564 
51 0 
651 
523 
516 

4.5 
25 
60 
2.9 
27 

42 1 
44.9 
323 
440 
454 

538 
51 6 
61.9 
53 1 
518 

4.1 
3.5 
5.8 
2.9 
2.8 

Guinea 
Guinea-Bissau 
Kenya
Lesotho 
Liberia 

48.5 
41 2 
52.2 
42.7 
458 

466 
408 
539 
40.8 
450 

352 
380 
484 
457 
450 

42.2 
45.0 
553 
51.3 
510 

64 
5.2 
81 
57 
64 

62 
54 
81 
58 
65 

425 
38 1 
482 
41 3 
432 

54 7 
57 7 
479 
55 1 
537 

28 
42 
39 
36 
31 

437 
41 3 
521 
43 1 
457 

533 
544 
451 
542 
51.1 

30 
43 
28 
27 
32 

Libya 
Madagascar 
Malawi 
Mali 
Mauritania 

495 
470 
536 
516 
473 

439 
45.7 
530 
50 1 
46.2 

504 
437 
395 
370 
380 

608 
515 
470 
440 
46.0 

7.5 
66 
69 
66 
65 

69 
6.6 
70 
67 
6.5 

449 
433 
467 
445 
42.8 

524 
538 
51.0 
52.9 
54 3 

2 7 
2.9 
2.3 
26 
2.9 

458 
45 1 
46 1 
466 
446 

51 8 
51 9 
51 2 
507 
523 

24 
3.0 
2.7 
2.7 
3.1 

Mauritius 
Morocco 
Mozambique. People's Rep 
Niger 
Nigeria 

322 
482 
468 
49.4 
523 

185 
35.? 
'30 
50.9 
498 

61.6 
50 1 
410 
37.5 
42.5 

68 2 
60.8 
473 
44.5 
505 

4,3 
7.1 
65 
71 
71 

1.9 
4.8 
6.4 
7.1 
70 

438 
476 
43 1 
43.6 
470 

52.0 
49.4 
523 
54 1 
506 

2.6 
42 
30 
46 
2 3 

28 4 
407 
44 1 
47.3 
484 

67.5 
55.7 
52 7 
49.9 
476 

4.1 
3.6 
3.2 
2.8 
40 

Rwanda 
Senegal 
Sierra Leone 
Somalia 
South Africa 

524 
46.7 
48.5 
48.2 
38.1 

51.0 
45.7 
48.2 
508 
31." 

44.1 
387 
33.5 
39.0 
520 

48 5 
453 
360 
41.9 
55.5 

8 0 
6.7 
64 
66 
5 9 

82 
G f, 
6 5 
66 
4.5 

473 
434 
418 
437 
41 1 

498 
53.5 
55 1 
52.5 
56.2 

24 
2 9 
31 
3.1 
3 8 

48.9 
44.5 
44.5 
4/.6 
37.0 

48 7 
52.5 
52.4 
498 
58.8 

2.4 
3.0 
3 1 
2.6 
4.2 

Sudan 
Swaziland 
Tanzania 
Togo 
Tunisia 

47.0 
479 
51.4 
44.2 
41.8 

44.6 
46.8 
50.r' 
44.9 
?J3 

40.9 
444 
44.1 
430 
52 1 

50.3 
50.5 
530 
52.5 
63 1 

6.7 
65 
6.9 
6 2 
58 

64 
6.5 
7 1 
6.1 
4.1 

444 
45.2 
47 1 
437 
46.3 

53 2 
51 7 
49 1 
537 
509 

2 7 
28 
2.4 
3 1 
38 

45.3 
47.3 
491 
45.3 
378 

519 
49.7 
48 6 
51.5 
582 

2.8 
30 
2.3 
32 
40 

Uganda 
Zaire 
Zambia 
Zimbabwe 

491 
47.0 
48.9 
50.4 

501 
45.6 
51.2 
41.7 

460 
440 
45,3 
49.0 

51 0 
52.0 
533 
57.8 

63 
6.0 
6 ' 
7. 

69 
6 1 
72 
5.8 

47.0 
443 
46.1 
49.1 

505 
53.0 
51.4 
331 

26 
2.8 
2 5 
2.7 

485 
462 
49.1 
448 

490 
51.2 
48.6 
52.5 

2.5 
2.6 
2.3 
2.7 

NORTH ACENTRAL ALIERICA 
Barbadon 
Canada 
Costa Rica 
Cuba 
Dominican Rep 

25.0 

23.8 
184 
38.3 
32.0 
449 

20.1 

18.5 
14.1 
283 
160 
31.3 

87.3 

67.6 
72.0 
65.6 
685 
57.0 

72.6 
735 
76.3 
737 
74 0 
64.6 

52 
3.5 
2.5 
5.8 
4,3 
6.7 

3.5 

20 
1 7 
3.3 
17 
3.8 

34 

370 
302 
46.1 
37.1 
47.3 

58. 

600 
67.0 
511 
591 
50 1 

7.9 

83 
7.9 
32 
5.9 
3.0 

29.7 

253 
20.9 
36.2 
218 
37.9 

0.7 

64.5 
677 
59.6 
698 
58.7 

;.d7 

10.2 
11.4 
4.2 
8.4 
34 

El Salvador 
Guatemala 
Haiti 
Honduras 
Jamaica 

45.5 
456 
425 
50.1 
373 

363 
40.8 
34 3 
398 
26.0 

55.9 
50 1 
46.2 
50.9 
663 

67.1 
62.0 
54 7 
626 
73 8 

66 
66 
6 2 
7.4 
64 

4.9 
58 
4.7 
5.6 
29 

46.4 
45.9 
41.9 
472 
469 

480 
53.7 
55.7 
487 
48.7 

28 
28 
38 
2.6 
5.6 

44.5 
45.5 
392 
446 
344 

51.8 
51 3 
569 
52.1 
596 

3.7 
3.2 
3.9 
3.3 
6.0 

Mexico 
Nicaragua 
Panama 
Trinidad and Tobago 
United States 

44.5 
48.4 
393 
303 
180 

29.0 
41.8 
267 
24.0 
15.1 

60.3 
51 6 
643 
657 
704 

672 
633 
72 1 
702 
750 

6 7 
7.1 
5.6 
3 9 
26 

3.6 
5.5 
31 
27 
18 

46.9 
483 
44.1 
42 1 
283 

433 
493 
51.8 
535 
64.7 

3 4 
24 
4 1 
44 
9.8 

37 2 
458 
349 
32.0 
21.5 

59.0 
51.5 
603 
626 
65.9 

3.8 
2.7 
48 
5.4 

12.6 
AMOUTHMIERICA 35.7 20.8 58.4 65.5 5.2 3.6 41.1 55.5 4.0 35A 59.6 5.0 

Argentina
Bolivia 
Brazil 
Chile 
Colombia 

22.6 
45.6 
364 
31 6 
39.6 

214 
42.8 
286 
238 
292 

66.0 
45.1 
579 
60.6 
584 

70.6 
53.1 
649 
70 7 
64 8 

3. 
6.6 
5-
44 
6 0 

3.0 
6.1 
3.5 
27 
3.6 

294 
42.9 
42.3 
39.1 
454 

67.6 
534 
54.2 
57.5 
51.1 

70 
33 
3.4 
5.1 
3.0 

29.9 
43.9 
35.2 
30.6 
36.2 

61.0 
52.9 
60.1 
634 
59.8 

9.1 
32 
4.7 
6.0 
4.0 

Ecuador 
Guyana 
Paraguay 
Peru 
Suriname 

Uruguay 

Venezuela 

445 
354 
39.5 
43.6 
40.0 

205 
40 6 

35.4 
24 8 
34 8 
343 
259 

1e9 
307 

56.8 
62 5 
F3 0 
51.5 
63.5 

68.6 
63.7 

654 
69 8 
66 1 
61.4 
69.6 

71.0 
69.7 

6 7 
5.3 
64 
66 
5.9 

2.8 
5.9 

47 
2.8 
4.6 
4.5 
3 0 

2.6 
3.8 

45.3 
47.6 
46.5 
44 In 
48.3 

27.9 
456 

508 
43.5 
50.6 
525 
51.7 

72.1 
54 4 

37 
3.5 
34 
35 
3.9 

8.9 
2.9 

40.6 
34.6 
40.4 
39.2 
344 

262 
38.3 

557 
61 2 
56 0 
57 1 
61.1 

626 
58.0 

3.7 
4.2 
3.6 
3.7 
4.5 

11.2 
3.7 
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Structure, 1965-90 	 Table 16.2 

Crude Birth Life 	 Percentage of PopulationRate Expectancy 
(births per 1,000 at Birth in Spewfic Age Groups 

population) (years) Total Fertility Rate 1970 1990 

1965-70 1985-90 1965-70 1985-90 1965-70 1985-90 <15 15-65 >65 <15 1565 >65 

ASIA 38.4 27.6 53.3 61.1 5.7 3.5 40.4 59.6 4.0 32.8 6.2 5.0 

22 	 420 552 2.8Afghanistan 532 49.3 360 39.0 7 1 69 429 571 
Bahrain 43.4 282 600 70.6 70 4.1 460 540 25 327 653 20 
Bangladesh 475 42 2 433 49.6 69 5.5 454 54.6 3.5 439 532 2.9 

403 	 569Bhutan 41.8 383 	 406 479 59 5.5 557 32 397 34 
581 43 262 680 58China 369 205 596 694 60 24 ' 7 

Cyprus 21 0 186 703 746 28 23 	 31 1 664 101 256 64.1 103 
32.0 480 579 5.7 4.3 404 56.1 3 7 	 365 590 4.5India 	 40.2 

5.6 	 33 422 54.6 31 35.0 61.1 3.9 
Iran, Islamic Rep 45.3 424 532 590 7.0 56 462 501 3 1 439 529 32 
Iraq 488 426 530 

Indonesia 42.6 274 	 45.1 56.0 

639 72 64 	 466 491 24 464 509 27 

216 708 75 1 38 29 33 1 568 67 309 602 89
 
Japan 17.8 114 71 1 772 20 17 

Israel 	 255 

240 72.9 71 185 698 117 
51 7 80 459 3 1 496Jordan 52.5 45.9 660 72 51.0 	 479 2.5 

432 544 28 349 622 29Kampuchea. Dem 43.9 41 4 454 484 62 47 
Korea.Dem People's Rep 388 289 576 694 5 7 36 43-J 494 35 370 592 38 

688 47Korea,Rep 31.9 188 	 576 694 45 20 420 509 33 265 
7.5 48 434 53.5 17 387 	 598 I 5Kuwait 497 323 	 644 72.7 

57 	 426 54.4 3 0Lao People's Dem Rep 44.4 41 3 404 52.0 6 2 423 54.9 2.6 
Lebanon 38.8 289 62.9 672 6 I 34 439 526 4.9 353 596 5.1 

35 	 362 600 38Malaysia 385 286 	 594 686 5 9 446 52 1 34 

438 545 32 418 549 33 
391 306 495 600 57 40 412 551 37 372 587 41

Mongolia 419 389 	 580 645 59 54 
Myanmar 

413 56 1 30 422 	 54 7 31Nepal 45.5 396 -.10 479 62 59 
Oman 50.0 	 460 438 554 7.2 72 44 1 52 7 27 458 517 2.5 

463 507 32 457 516 2 7Pakistan 478 470 	 468 52 1 7 0 65 


562 635 60 43 45 4 519 27 401 565 34
Philippines 	 402 332 
5 1 63 1 1 8Qatar 37.0 308 590 692 7 0 56 367 60 1 1 7 

Saudi Arabia 48 1 420 499 63 7 73 	 72 445 528 32 454 520 26 
1 7 228 716 56Singapore 24.9 165 679 728 35 387 596 34 

Sri Lanka 315 225 642 700 47 	 27 419 549 36 325 623 52 

489 	 493Syrian Arab Rep 47.6 441 	 540 650 78 68 477 44 48.1 26 
26 	 462 502 30 327 634 39Thailand 418 223 	 5b7 642 61 

411 	 61.4Turkey 39.0 284 549 64 1 5.6 36 545 44 34.3 43
 

United Arab Emirates 386 22 6 590 69 2 6.8 
 4.8 	 349 62 1 24 31.1 67 2 1 7 
438 56.4 44Viet Nam 383 319 479 608 	 5.9 41 518 43 392 

70 481 487 32Yemcfi Arab Rep 488 479 	 409 509 70 430 546 31 
50.9 7.0 67 	 454 503 26 44.7 52.5 28Yemeii. People's Dam Rep 49.0 473 	 409 

1.7 	 24.9 72.5 11.4 19.7 66.9 13.4EUROPE 17.7 13.0 	 70.6 74.0 2.5 
462 44 326 621 53Albania 348 240 	 662 72.1 5.1 30 424 

739 1 5 614 17.6 150Austria 170 116 	 699 2.5 245 141 674 
236 720 134 181 	 672 147Belgium 15.5 117 	 709 743 2.3 16 

63 1 	 130Bulgaria 15.8 127 	 708 726 2.2 1 9 228 96 200 670 
112 233 65 1 116Czechoslovakia 15.5 140 	 701 720 2.1 20 232 634 

2.2 	 15 233 67 1 123 170 675 15.5Denmark 16.6 107 	 72.9 75 1 
246 	 675Finland 16.3 125 696 746 21 17 642 92 193 132 

France 17.1 140 71 5 752 2.6 19 248 629 129 202 	 660 138 
671 131German Dem Rep 151 129 	 71.3 731 23 17 234 674 155 198 

745 23 14 	 232 639 132 149 697 154Germany, Fed Rep 16.6 104 	 703 

Greece 180 119 	 71 0 74.8 24 17 249 61 9 '11 197 666 137 
18 	 208 681 115 199 667 134Hungary 143 11.6 	 696 713 20 

324 	 645Iceland 225 168 	 73.4 771 32 21 561 89 251 104 
25 	 31 1 600 it.? 277 620 103Ireland 215 181 	 71.1 73.6 39 

245 	 687Italy 183 108 710 752 25 15 643 109 	 171 142 

171 695 134Luxembourg 14.5 115 	 699 71.9 22 15 220 671 125 
22 	 19 276 599 9.0 231 667 102147 727Malta 16.6 	 694 

693 129Netherlands 19.2 118 	 736 765 2.7 15 273 637 102 178 
27 	 17 245 653 129 188 648 164Norway 17.7 124 	 738 764 

601 	 100Poland 166 164 699 724 23 270 82 252 648 

620 92 212 659 129Portugal 214 135 661 730 29 18 288 

Romania 213 155 680 71 1 31 22 259 655 86 234 663 10.3 
279 F.23 98 204 666 130Spain 205 128 716 750 2.9 17 

Sweden 148 112 74.1 768 21 17 208 655 137 165 652 183 
653 114 164 683 153117 765
Switzerland 177 	 72.2 23 16 233 

25 18 242 629 129 189 	 656 155 
680 91United Kingdom 17.6 134 	 714 74 5 

Yugoslavia 19.8 150 	 666 717 25 20 275 647 7.8 229 

69.3 72.1 2.4 	 2.4 28.9 63. 7.4 25.b 64.9 9.6U.S.S.R. 	 17.9 18.4 

2.6 	 322 60.5 7.3 28.8 64.1 9.1OCEANIA 24.5 20.1 64.2 09.1 3.5 
19 288 600 83 222 668 110198 150 709 757 29 

Fiji 320 273 62.7 704 46 32 43.5 555 2.4 367 594 39Australia 


156 745 19 317 59.8 85 	 225 665 1t0
NewZealand 226 	 713 32 

54 0 57 549 420 2.6Papua New Guinea 424 38.7 45 1 6 2 42 1 3 0 554 


SolomonIslands X X X X X 
 X X X X X X X 

Source: United Nations Population Division
 
Notes: X = not available
 

For additional information, see Sources and Technical Notes
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16 Population and Heak1h
 

Table 16.3 Mortality, Morbidity, and Nutrition, 1980s
 
Maternal 
Deaths Wasting Stunting Average 

Crude Death Rate Infant Death Rate 
Child Deaths 

(deaths ofchildren 
(annual, from 

pregnancy, per 
(percent of 
children 

(percent of 
children 

Calories 
Available 

(deathsper 
1,000population) 

1965-70 1935-90 

(infant deaths per 
1,000 livebirths) 

1965-70 1985-90 

<5 years old 
per 1.000 livebirths) 
1965-70 1985-90 

100,000 live 
births) 

1980-87 

aged 12-23 
months) 
1900-87 

aged 24-59 
months) 
1980-87 

(as percent 
ofneed) 
1983-85 

WORLD 12 10 103 71 161 105 

AFRICA 22 15 154 106 261 163 
Algeria 
Anola 
El'" 
Bui,.vana 
BurkinaFaso 

17 
28 
29 
18 
28 

9 
20 
19 
12 
19 

150 
186 
160 
110 
185 

74 
137 
110 
67 
138 

230 
312 
270 
160 
320 

105 
232 
184 
92 
235 

130 
X 

1.680 
300 
600 

X 
X 
14 
19 
17 

X 
X 
X 
56 
X 

113 
X 
93 
93 
83 

Burundi 

Cameroon 
Cape Verde 
CentralAfrican Rep 
Chad 

25 

21 
1 
27 
27 

17 

t6 
10 
20 
20 

140 
136 
120 
160 
179 

112 
94 
66 
132 
132 

237 

230 
176 
270 
302 

191 
153 
86 
223 
223 

X 

140 
X 

600 
700 

36 

2 
X 
X 
X 

52 
43 
X 
X 
X 

95 

89 
111 
90 
X 

Comoros 
Congo 
Cote dIvoire 
Qlibouli 
Egypt 

Equatorial Guirea 
Ethiopia 
Gabon 
Gambia,The 
Ghana 

20 
23 
23 
23 
18 

26 
25 
22 
33 
19 

15 
17 
14 
18 
10 

19 
24 
16 
21 
13 

115 
110 
143 
166 
170 

173 
162 
147 
193 
117 

80 
73 
96 
122 
85 

127 
154 
103 
143 
90 

193 
184 
260 
X 

280 

291 
e'3 
250 
350 
197 

127 
115 
148 
X 

124 

214 
252 
169 
281 
145 

X 
X 
X 
X 
80 

X 
X 

120 
X 

1.070 

X 
5 

21 
X 
3 

X 
19 
X 
X 
28 

X 
27 
X 
X 
37 

X 
43 
27 
X 
31 

89 
114 
106 
X 

130 
X 
X 
X 
94 
73 

Guinea 
Guinea-Bisau 
Kenya 
Leso ho 
Lbeia 

Libya 
Madagascar 
Malawi 
Mali 
Mauritania 

Mauritius 
Morocco 
Mozambique People s Rep 
Niger 
Nigeria 

29 
26 
20 
21 
21 

17 
20 
26 
27 
25 

8 
17 
24 
29 
22 

22 
20 
12 
12 
13 

9 
14 
20 
21 
19 

5 
10 
19 
21 
16 

192 
173 
108 
140 
132 

130 
195 
197 
206 
173 

67 
138 
175 
176 
172 

147 
132 
72 
100 
87 

82 
120 
150 
169 
127 

23 
82 
141 
135 
105 

321 
291 
179 
194 
282 

205 
153 
347 
363 
281 

93 
220 
294 
296 
290 

249 
223 
113 
135 
206 

118 
90 
263 
291 
214 

28 
118 
241 
228 
173 

X 
400 
170 
X 
X 

80 
300 
250 
X 
X 

99 
330 
300 
420 

1,500 

X 
X 
10 
7 
7 

X 
X 
8 
18 
X 

20 
6 
X 
26 
21 

X 
X 
41 
23 
38 

X 
X 
61 
23 
X 

X 
12 
X 
32 
X 

75 
X 
93 
103 
101 

153 
109 
105 
76 
90 

120 
11 
71 
96 
87 

Rwanda 
Senegal 
SierraLeone 
Somalia 
South Africa 

20 
25 
34 
25 
19 

17 
19 
23 
20 
10 

140 
168 
204 
162 
120 

122 
128 
154 
132 
72 

237 
290 
385 
273 
168 

205 
222 
291 
252 
96 

210 
530 
450 

1.100 
X 

23 
8 

26 
X 
X 

45 
27 
46 
27 
X 

87 
98 
80 
89 
120 

Sudan 
Swaziland 
Tanzania 
Togo 
Tunisia 

23 
21 
21 
21 
16 

16 
13 
14 
14 
7 

156 
147 
135 
141 
138 

108 
118 
106 
94 
59 

263 
220 
228 
238 
210 

175 
173 
174 
152 
99 

X 
X 

370 
84 
X 

48 
X 
17 
9 
3 

63 
X 
X 
36 
45 

85 
119. 
100 
96 
118 

Uganda 
Zaire 
Zambia 
Zimbabwe 

19 
21 
19 
17 

15 
14 
14 
10 

118 
137 
115 
101 

103 
98 
80 
72 

197 
232 
192 
165 

169 
161 
127 
113 

300 
800 
110 
150 

3 
11 
12 
X 

27 
40 
41 
X 

98 
97 
92 
88 

NORTH & CENTRAL AMERICA 10 9 39 29 55 34 
Barbados 
Canada 
Costa Rica 
Cuba 
Dominican Rep 

9 
8 
7 
7 
13 

8 
7 
4 
7 
7 

33 
21 
66 
49 
105 

11 
7 
18 
15 
65 

55 
25 
88 
61 
158 

14 
9 
22 
18 
82 

X 
2 
26 
31 
56 

X 
X 
3 
X 
X 

X 
X 
P 
X 
X 

129 
129 
124 
134 
109 

ElSalvador 
Guatemala 
Haiti 
Honduras 
Jamaica 

13 
16 
19 
16 
8 

9 
9 
13 
8 
6 

112 
108 
172 
123 
45 

59 
59 
117 
69 
18 

161 
193 
257 
195 
62 

84 
99 
170 
106 
23 

74 
110 
340 
82 
100 

2 
3 
18 
X 
14 

54 
69 
52 
X 
9 

X 
105 
82 
98 
115 

M,;exico 
Nicaragua 
Panama 
Trinidad and Tobago 
United States 

10 
15 
8 
8 
10 

6 
8 
5 
6 
9 

79 
115 
52 
41 
22 

47 
62 
23 
20 
10 

113 
173 
82 
50 
26 

68 
93 
33 
23 
12 

92 
65 
90 
81 
9 

X 
X 
7 

t0 
X 

X 
22 
24 

5 
X 

135 
X 

105 
123 
138 

SOUTH AMERICA 11 8 94 58 130 78 
Argentina 
Bolivia 
Brazil 
Chile 
Colombia 

9 
20 
11 
10 
10 

9 
14 
8 
6 
7 

56 
157 
100 
95 
74 

32 
110 
63 
20 
46 

68 
259 
139 
112 
119 

38 
171 
86 
24 
68 

85 
480 
150 
55 
130 

X 
1 
X 
1 
1 

X 
43 
X 
10 
21 

121 
88 
110 
106 
111 

Ecuador 
Guyana 
Paraguay 
Peru 
Suriname 

Uruguay 

Venezuela 

13 
8 
10 
16 

9 

10 

8 

8 
5 
7 
9 
6 

10 

5 

107 
56 
67 
126 
55 

48 

60 

63 
30 
42 
88 
31 

27 

36 

156 
74 
105 
200 
72 

54 

84 

87 
37 
61 
122 
37 

30 

43 

220 
100 
470 
310 
X 

56 

65 

X 
X 
X 
11 
X 

14 

3 

39 
X 
X 
59 
X 

X 

7 

89 
110 
122 
91 
118 

102 

103 
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Population and Health 16
 

Table 16.3
 
Maternal 
Deaths Wasting Stunting Average 

Child Deaths (annual, from (percent of (percent of Calories 
Crude Death Rate Infant Death Rate (deaths of children pregnancy, per children children Available 

(deaths per (infant deaths per <5 years old 100.000 Ilve aged 12 23 aged 24-59 (as percent 
1,000population) 1,000 live births) pc; 1.000 live births) births) months) months) orneed) 

1965-70 1985-90 1965-70 19,35-90 1965-70 1985-90 1980-87 198087 198087 1983-85 

ASLq 14 9 110 73 171 Iti8 
Afghanistan 29 23 203 172 357 318 640 X X X 
Bahrain 10 4 78 26 109 32 X X X X 
Bangladesh 21 16 140 119 228 188 600 17 59 84 
Bhutan 23 17 164 128 260 196 X X X X 
China 11 7 81 32 113 44 44 3 10 109 

Cyprus t0 8 29 12 34 16 K K X K 
Inda 18 11 145 99 239 148 500 37 X 98 
Indonesia 19 11 1?4 84 201 117 800 17 X 116 
Iran,IslamicRep 16 8 145 63 224 155 120 23 60 X 
Iraq 17 8 lill 69 168 94 X 2 14 X 

Israel 7 7 25 12 30 16 5 X X 119 
Japan 7 7 16 5 20 8 15 X X 120 
Jordan 16 7 102 44 150 57 X 9 X X 
Kampuchea Doem 19 17 130 130 193 192 X X X X 
Korea.Dem People'sRep 11 5 58 24 76 31 41 X X 134 

Korea.Rep 10 6 58 25 76 31 34 X X 120 
Kuwait 6 3 55 19 73 23 18 2 14 X 
Lao People'sDem Rep 19 16 147 110 221 160 X 20 44 X 
Lebanon 12 8 52 40 69 49 X X X X 
Malaysia 10 6 50 24 72 35 59 12 47 118 

Mongolia 11 8 82 45 116 58 140 X X 116 
Myanmar 16 10 110 70 160 85 140 17 X 117 
Nepal 24 15 164 128 260 196 850 27 72 93 
Oman 23 13 186 100 325 157 X X X X 
Pakistan 20 13 145 109 239 165 600 14 1 95 

Philippines 
Qatar 

11 
14 

8 
4 

70 
85 

45 
31 

114 
120 

72 
38 

80 
X 

14 
X 

42 
X 

102 
X 

SaudiArabia 19 8 140 71 228 98 X 9 X 128 
Singapore 6 6 24 9 31 11 11 9 10 119 
Sn Lanka 8 F 61 33 87 43 90 20 31 109 

SyrianArab Rep 15 7 107 48 160 63 280 X X 129 
Thailand 11 7 84 39 118 49 270 8 X 110 
Turkey 14 8 153 76 206 92 210 X X 126 
United Arab Emirates 12 4 85 26 120 38 X X X X 
Viet Nam 17 10 133 64 197 91 110 7 60 X 
Yemen ArabRep 
Yemen. People s Dem Rep 

27 
25 

16 
16 

186 
186 

116 
120 

325 
325 

196 
196 

X 
100 

17 
X 

69 
36 

93 
95 

EUROPE 10 11 30 13 35 15 

Albania 8 6 77 39 107 48 X X X X 
Austria 13 12 27 11 31 12 11 X X 132 
Belgium 12 12 23 10 26 12 10 X X 140 
Bulgaria 9 12 31 16 36 19 22 X X 145 
Czechoslovakia 10 12 23 15 27 16 8 X X 141 

Denmark 10 11 16 7 19 9 4 X X 131 
Finland 10 10 15 6 18 7 5 X X III 
France 11 10 21 8 24 10 13 X X 132 
German Dem Rep 14 13 21 9 26 12 17 X X 144 
Germany,Fed Rep 12 12 23 9 27 11 11 X X 130 

Greece 8 10 42 17 50 16 12 X X 146 
Hungary 11 13 37 2) 41 19 28 X X 134 
Iceland 7 7 13 5 17 7 X X X 114 
Ireland 12 9 23 9 26 11 7 X X 151 
Italy 10 10 33 11 37 12 13 X X 138 

Luxembourg 11 12 21 10 27 10 X X X X 
Malta 9 10 28 10 31 13 X X X 104 
Netherlands 8 9 14 8 17 9 5 X X 125 
Norway 10 11 14 7 18 9 4 X X 120 
Polano 8 10 36 18 41 19 12 X X 124 

Portugal 8 10 61 15 80 20 15 X X 128 
Romania 9 11 52 22 60 28 180 X X 128 
Spain 9 9 33 10 37 1f 10 X X 136 
Sweden 10 12 13 6 15 7 4 X X 113 
Switzerland 9 10 17 7 20 8 3 X X 128 

UnitedKingdom 12 12 19 9 22 11 7 X X 124 
Yugoslavia 9 9 61 25 72 28 27 X X 142 

U.&S.R. 8 11 26 24 36 27 X X X 133 

OCEANIA 12 9 4S 26 87 33 

Australia 9 7 18 8 22 10 11 X X 126 
Fiji 8 5 55 27 73 31 X X X 110 
New Zealand 9 8 18 11 22 12 20 X X 129 
Papua New Guinea 19 12 130 59 193 84 1,000 X 5B X 
Solomon Islands 17 10 116 52 X X X X X 78 

Sources: United Nations Population Division. United Nations Children sFund. and theFood and Agriculture Organization of the Uniled Nations 
Notes: X=notavailable 

For additional information, see Sources ano Technical Notes 
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16 Population and Health
 

Table 16.4 Access to Safe Drinking Water, Sanitation, and
 

Numbers of Trained 
Percontage of Population with Access to Med.cal Personnel 

Safe Dnnlung Water Sanitation Services Health Services Nurses 
Urban Rural Urban Rural 198087 and 

1980 1985{a} 1980 1985a} 1980 1985{a) 1980 1985{a) All Urban Rural Doctors Midwives Other 

WORLD 

AFRICA 
Algeria 
Angola 
Benin 

oswanI 
Bursina Faso 

X 
85 
26 
X 

27 

85 
80 
79 

100 
43 

X 
10 
15 

x 
:31 

55 
15 
35 
33 
69 

X 
40 
48 
X 

38 

80 
27 
60 
90 
38 

X 
15 
4 
X 
5 

40 
16 
10 
25 
5 

88 
30 
18 
88 
49 

100 
x 
X 

100 
51 

80 
X 
X 
85 
48 

9056 
481 
238 

X 
131 

X 
5518 
1 640 

x 
2.899 

X 
1910 
522 

X 
9,813 

BL,rundi 
Carnreroon 
Ca p , Vende 
Cenlill Alrcan Rep 
Chad 

90 
X 

100 
X 
X 

92 
47 

100 
13 
X 

20 
X 

21 
X 
X 

27 
2' 
49 
X 
X 

40 
X 

34 
X 
X 

90 
25 
41 
X 
X 

35 
X 

10 
X 
X 

15 
16 
X 
X 
x 

61 
41 
X 
45 
X 

X 
44 
x 
X 
X 

x 
39 
x 
X 
X 

216 
8 
X 
X 
X 

1.503 
X 

196 
X 
X 

X 
X 
X 
X 
X 

Conmoros 
Congo 
Cole d Ivoire 
DI,bouh 
Egypt 

X 
X 
X 

50 
88 

X 
42 
60 
50 
100 

X 
X 
X 

20 
64 

X 
7 

17 
21 
90 

X 
X 
X 

43 
X 

90 
X 
X 

94 
100 

X 
x 
X 

20 
10 

80 
X 
X 

50 
65 

X 
83 
30 
X 
X 

X 
)7 
bI 
X 
X 

X 
70 
I 
X 
X 

31 
210 

X 
77 

9495 

168 
2.746 

X 
534 

12,458 

X 
406 

X 
X 
X 

Equalonal Guinea 
Ehiop,a 
Gbon 
Ganb,a The 
Ghana 

47 
16 
X 

85 
72 

x 
X 
X 

97 
96 

x 
69 

X 
X 

33 

X 
X 

50 
50 
55 

99 
X 
X 
X 

47 

X 
96 
X 
X 

63 

x 
x 
x 
X 

17 

x 
x 
X 
X 

22, 

X 
46 
90 
X 

60 

X 
X 
X 
X 
92 

x 
X 
X 
X 

45 

X 
534 
328 

X 
817 

X 
1896 

X 
x 
X 

X 
5,907 
3.366 

X 
X 

Gu,rva 
Guinea Bssau 
Kenya 
Lesolho 
Lberia 

69 
18 
85 
37 
50 

62 
19 
X 
X 

100 

2 
8 

15 
11 
25 

15 
22 
X 

40 
23 

54 
21 
89 
13 
X 

X 
29 
X 

22 
6 

I 
13 
19 
14 
X 

X 
18 
X 

20 b 
2 

x 
x 
x 
x 

39 

X 
X 
x 
X 
50 

X 
X 
X 
X 
30 

X 
122 

2 151 
X 

221 

X 
785 

17 193 
X 

1 152 

X 
X 

4581 
X 

350 
Loya 
Madagascar 
Malaw, 
Mah 
Maurnrana 

X 
80 
77 
37 
80 

100 
81 
66 
48 
73 

X 

37 
0 

85 

90 
ill 
49 
17 
X 

100 
9 

100 
,'9 
5 

100 
12 

x 
100 

8 

72 
X 

81 
X 
X 

53 
X 
X 
X 
X 

X 
56 
80 
15 
30 

x 
X 
X 
X 
X 

x 
x 
X 
X 
X 

5019 
X 

262 
349 
142 

5 50 
X 

1286 
5223 
1230 

1 018 
X 

351 
308 
200 

Mauritus 
Morocco 
Mozambique Peoples Rep 
Niger 
Nigeria 

100 
X 
X 

41 
X 

100 
"' 
)0 
35 

100 

98 
X 
x 

32 
X 

98 
17 
12 
49 
20 

100 
x 
x 

36 
X 

100 
63 
80 
X 
X 

90 
x 
X 
3 
X 

95 
13 
40 
X 
5 

1C3 
70 
30 
4' 
40 

100 
100 
x 

99 
75 

100 
50 
x 

30 
30 

X 
4908 

x 
160 

11294 

x 
22207 

x 
7248 
74033 

X 
467 

X 
6,611 
20.150 

Rwanda 
Senegal 
Sierra Leone 
Somala 
Suulh Africa 

48 
77 
50 
X 
X 

;9 
79 
86 
57 
X 

55 
25 

2 
X 
X 

4E 
38 
20 
22 
X 

60 
100 
31 

x 
X 

77 
87 
85 
44 

x 

50 
2 
6 
x 
X 

55 
X 

20 
5 
x 

27 
x 
x 
27 
X 

60 
X 
x 
5 
X 

25 
X 
X 
15 
X 

'63 
311 
262 
325 

X 

X 
1 393 
2 830 
3416 

X 

1.550 
X 
X 
X 
X 

Sudan 
Swaziland 
Tanzania 
Togo 
Tunisia 

100 
X 
X 
70 

100 

90 
100 
80 
100 
100 

31 
X 
X 

31 
17 

20 
7 

38 
41 
52 

73 
X 
X 

24 
100 

40 
100 
90 
31 
84 

X 
X 
x 

10 
X 

5 
25 
78 
9 

16 

51 
x 
76 
53 
90 

90 
X 
99 
x 
00 

40 
X 
72 
x 
83 

2.095 
33 
x 

229 
3453 

'2986 
477 
X 

1973 
9353 

X 
160 
X 
X 

11831 
Uganda 
Zaire 
Zambia 
Zinbabwe 

x 
x 
x 
X 

45 
54 
76 

100 

X 
x 
X 
X 

12 
20 
41 
14 

X 
X 
X 
X 

40 
X 

76 
100 

X 
X 
X 
X 

10 
9 

34 
14 

61 
216 
'5 
71 

90 
40 
X 

100 

5 
17 
X 

62 

x 
X 

880 
X 

X 
X 

5655 
X 

X 
X 

2.773 
3,238 

NO.TH & CENrRAL AMERIC. 
Barbados 
Canada 
Cosla Rica 
Cuba 
Dominican Rep 

99 
X 

100 
X 

85 

100 
;00 
100 
X 

72 

98 
X 

82 
X 

34 

100 
100 
82 
X 

24 

X 
X 

99 
X 

25 

100 
X 

100 
X 

72 

X 
X 

84 
x 
4 

100 
x 

88 
X 

59 

X 
x 

80 
X 
80 

X 
X 

100 
X 
X 

X 
X 
63 
X 
X 

225 
48860 

2539 
18850 
3 555 

1 134 
85 539 

5400 
35062 
5 184 

X 
X 
X 
X 
X 

E, Salvador 
Gualemala 
Haiti 
Honduras 
Jamaica 

67 
90 
51 
93 
50 

76 
89 
59 
51 
99 

40 
18 
8 

40 
46 

47 
39 
32 
49 
93 

48 
45 
42 
49 
12 

89 
73 
42 
22 
92 

26 
20 
10 
26 

2 

35 
42 
14 
38 
90 

56 
34 
'0 
73 
X 

8" 
47' 
80 
85 
X 

40 
25 
-0 
65 
x 

1 604 
3544 

810 
2 800 
1 115 

5.038 
9093 
2537 
6 300 
4 675 

1 214 
X 

102 
614 

X 
Merco 
Nicaragua 
Panama 
Tinidad and Tobago 
Unted Slates 

90 
67 

100 
100 

X 

95 
77 

100 
100 

X 

40 
6 

62 
93 

x 

50 
13 
64 
93 
X 

77 
34 
83 
96 
X 

77 
35 
99 

100 
X 

12 
X 

59 
88 
X 

15 
16 
61 

100 
x 

45 
83 
80 
X 
x 

x 
100 
95 
x 
X 

X 
60 
64 
x 
X 

X 87398 
2 110 5917 
2 167 5 475 
1 213 4.521 

'1 200 3,212.700 

3207 
250 
410 

X 
X 

SOUH AMERICA 
Argerlna 
Bohwa 
Br0zt 

61 
69 
83 

63 
81 
86 

17 
10 
51 

17 
27 
53 

80 
37 
x 

76 
51 
33 

35 
4 
1 

35 
22 

2 

71 
63 
X 

80 
90 
x 

21 
36 
X 

80 100 
4032 

122818 

30505 
1066 

110052 

X 
X 
X 

Chde 
Colorbia 

1CD 
93 

97 
100 

17 
73 

22 
7, 

100 
93 

79 
96 

10 
4 

21 
13 

x 
60 

X 
x 

X 
X 

9684 
23520 

32150 
44 520 

X 
X 

Ecuador 
Guyana
Pardiuay 
Peru 
Suriname 

79 
100 

39 
68 
100 

83 
100 
49 
73 

100 

20 
60 

9 
18 
.9 

33 
60 
8 

17 
94 

73 
'3 
95 
57 

100 

79 
100 
66 
67 

100 

1l 
80 
80 
0 

79 

311 
87 
10 
13 

100 

62 
89 
61 
X 
X 

90 
x 

90 
X 
X 

30 
X 

38 
17 
X 

11.033 
125 

2.453 
18200 

306 

14 794 
887 

3564 
14,900 
1400 

X 
X 

195 
X 
X 

Uruguay 
Venezuela 

96 
93 

95 
88 

2 
53 

2;' 
65 

59 
60 

59 
57 

6 
12 

59 
5 

80 
x 

X 
X 

X 
X 

5 756 
24083 

3000 
15214 

2,300 
4.342 
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Health Services, 1980s Table 16.4 

Numbers of Trained 
Percentage of Population with Access to Modca Personnel 

Safe Dnnijng Water Sanitation Services Health Services Nurses 

Urban Rural Urban Rural 1980 87 and 

1980 19851a) 1980 1985{a} 1980 1985(a) 1980 1985(a) All Urban Rural Doctors Midwives Other 

ASA 

Afghanistan 28 38 8 17 X 5 X X 29 80 17 2,957 2 135 329 
Bahrain X 100 x 100 X 100 X 100 X X X 518 i148 19 
Bangladesh 26 25 40 66 21 20 1 6 45 X x 14,944 11797 X 
Bhutan 50 ,00 5 24 X 100 X 7 19 X X 52 164 242 
China X X X x X x X X x X X 926603 759 485 1 784425 

Cyprus x 100 X 100 x 100 X 100 X X X 911 2165 725 
India 77 79 31 85 27 40 1 4 X X X 297228 429315 X 
indonesia 35 41 19 37 29 32 21 38 75 X X 16698 122.945 37730 
Iran,IslamicRep 
Iraq 

82 
X 

90 
35 

50 
X 

60 
85 

96 
X 

90 
95 

43 
X 

24 
70 

78 
93 

95 
97 

60 
78 

16918 
9442 

43 291 
9931 

2488 
1 465 

Israel X 100 x 97 X 99 X 95 x x X 11895 26895 17010 
Japan 
Jordan 

X 
100 

x 
100 

X 
65 

x 
88 

x 
94 

x 
91 

x 
34 

x 
91 

x 
97 

x 
98 

x 
95 

181101 
2958 

651 66;0 
2596 

x 
623 

Kampuchea.Dem X X x X X X X X 53 80 50 X X X 
Korea. Dem People s Rep X 100 X 100 x 100 X 100 X X x 45 120 x x 

Korea Rep 86 90 61 48 100 100 100 100 93 97 86 35657 77 783 x 
Kuwait 86 100 100 100 100 100 100 100 100 X X 2804 8831 1 134 
Lao People s Dem Rep 
Lebano;. 

28 
X 

X 
100 

20 
X 

x 
100 

13 
x 

x 
94 

4 
X 

X 
18 

X 
X 

X 
X 

X 
X 

551 
3953 

6 753 
X 

2088 
x 

Malaysia 90 100 49 66 100 100 55 67 x x x 4938 12841 2152 
Mongolia X 100 x 100 X 100 X 190 X X X 3 881 8083 15 381 
Nvvanmar 38 37 15 2, 38 35 15 26 33 100 11 19931 41 590 x 
Nepi 83 77 7 24 16 54 1 I X x x 497 1707 X 
Oman X 90 x 55 16 88 1 25 91 100 90 1240 3460 89 
Pakistan 72 84 20 28 42 5b 2 5 55 99 -15 34 850 20 295 2 050 
Philippines 49 81 43 68 81 76 67 66 x x X 8 132 19880 x 
Qatar 76 100 43 100 X 100 X 100 x x X 646 1672 95 
Sauej Arabia 
SmgaPoe
Sri Lanka 

92 
100 
65 

100 
100 
82 

87 
NA 
18 

01 
NA 
35 

81 
80 
80 

100 
99 
69 

50 
NA 
63 

33 
NA 
41 

97 
100 
93 

100 
100 

x 

88 
X 
X 

17544 
1 086 
1.914 

3' 670 
4 967 

11 346 

1 291 
890 
x 

Syrian Arab Rep 98 91 54 r8 74 72 28 55 75 92 60 8593 12550 2 487 
Thailand 65 57 63 78 64 81 41 57 70 x X 8.058 62.585 x 
Turkey 
United Arab Emirates 

95 
95 

100 
100 

62 
81 

70 
100 

56 
93 

95 
00 

X 
22 

90 
7 

x 
90 

x 
x 

x 
X 

36427 
1278 

48.841 
3328 

X 
97 

VietNam X 70 32 39 x 8 55 X 80 100 75 19861 101448 43 763 

Yemen Arab Rep 100 90 18 30 60 66 x x 30 75 24 1 234 2965 X 
Yemen. People s Dem Rep 85 86 25 35 70 70 15 30 30 x X 4 942 2022 X 

EUROPE 

Albania X 100 X 35 X 100 X 100 X X X 2641 13372 3110 
Austria X 100 X 100 X 100 X 100 x X X 19451 27.655 X 
Belgium X 100 X 700 X 100 X 100 x x X 29 776 x x 
Bulgaria X 100 x 96 X 100 x 100 x X x 24718 57500 X 
Czechoslovakia X 100 X 100 x 100 x 100 X X X 55,871 106968 X 

Denmark X 100 x 00 x 100 x 100 X x X 12806 X X 
Finland X 99 X 90 X 100 x 100 X x x 11071 8295 X 
France X 100 X 100 X 100 X 100 X X X 173116 X 89276 
German Dem Rep X 100 x 700 x 100 8 100 X x X 37943 116,600 X 
Germany Fed Rep X 100 x 100 X 95 x 83 X x X 153895 269.301 X 

Greece X 100 x 9." X 100 x 95 X x X 28212 21811 8.379 
Hungary 100 X 95 X 100 X 100 X x X 34 758 61 422 X 
Iceland x 100 x 100 x 100 X 100 X X X 545 2 724 293 
Ireland A 100 X 700 X 100 X 100 X x X 5 180 X 1131 
Italy X 100 x 100 x 100 x 100 X x x 245 116 X 3697 

Luxembourg X 100 X 100 X 100 x 100 X X X 663 102 X 
Malta X 100 X 100 X 100 x 100 X X X 413 3187 453 
Netherlands X 700 X 100 x 100 x 100 X X X 32193 971 X 
Norway X 100 x 100 x 100 x 100 X x x 9.176 72.448 K 
Poland x 94 x 82 x 100 8 100 X X X 73 199 198934 X 

Portugal X 97 x 90 X 100 x 95 X X X 24629 X X 
Romania X 100 x 90 x 100 X 95 x X X 40.050 X x 
Spain X 100 x t00 x 100 x 100 X 8 x 121362 148312 x 
Sweden X 100 x 10D x 100 x 700 x X X x X X 
Switzerland X 100 x 100 x 100 x 700 x x X 9.298 x 3 i17 

United Kingdom X 100 X 100 x 100 X 100 X X X 92172 182897 17472 
Yugoslavia X 100 x 65 x 78 x 46 X X X 42.365 91.253 50036 

U.S.S.R. X 100 X 100 X I00 X 110 X X X 1,170,000 X X 

OCEANLA 

Australia X x X x X x 8 X X X X 36610 139434 X 
Fiji 94 x 66 x 85 x 60 X y X X 325 1,342 X 
New Zealand X x x X x 700 X x X x X 5 747 40.950 X 
Papua New Guinea 55 95 10 15 96 99 3 35 X X X 269 3.941 301 
Solaron Islands 96 91 45 60 80 90 21 X X x X 38 301 y 

Sources] World Health Organization and the UniEd Nations Population Division 
Note a Data are from 1985 unless otherwise indicated ,n the Sources aid Technical Notes b)Sewerage only 

0 = zero or less than halt of one percent X , not available NA not applicable 
For additional information, see Sources -nd Technical Notes 
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Table 16.5 Fertility, Education, and Child Health, 1980-87 

Average 'uu..tuer Births 
Adult Adult of Children L/ Attended ORS Useja) Low.Bilh-

Female Male Mother's Years Couples By Trained (Ilies per Weight Percent of 1-Year-Olds 
Literacy Literacy of Education Using Personnel 100 dirrhea Infants Fully lmmunized, 1986 87, 

(percent) ,orcen) (1985) Contracepton (percent) eopsodes) (percent) Against 
1970 1985 1970 1985 none > 6 years (percent) 1983-87 1986 1982-87 TB DPT Polio Measles 

WORLD 

AFRICA 
Algeria 11 37 39 63 X X X 8X 9 95 66 66 59
Angola 7 X 16 49 X X X 15 20 17 29 10 16 55
Benin 3 16 23 37 7 4 4 3 9 2 34 7 10 67 52 52 38
Botswana 44 69 37 73 X X 278 52 19 8 99 86 88 91
Burkina Faso 3 6 13 21 X X X 37 67X 18 34 34 68 
Burund, 10 26 29 43 X X 8 7 12 12 14 89 73 76 58
Cameroon 19 55 47 68Cape Verdeq X X XA 6 4 5 2 2 4 X 3 13 77 45 43 44'A A XA A 'A A XA XA XA ' 
Central African Rep 6 29 26 53 X X X X 23 15 53 24 24 30
Chad 2 11 20 40 X X X 7X 11 40 12 12 33 
Comoros X X X X X X X X X X ' X 'X XCoingo 19 55 50 1 X X 12 71 69X X 8 86 71Coe d I'o're 10 31 26 53 7 4 5 8 2 9 20 17 14 53 7' 71 85
Djibout, X X X X X X x X XX X X' X
Fgypt 20 30 50 59 X X 29 7 24 24 7 72 82 88 76 
Equatorial Guinea X X x x X XX x X X X X X X
Ethiopia 1 X 8 X X X X 38 9 X 28 16 15 13Gaborn 22 53 43 70 X X X 92 27 16 79 48 48 55Gambia The X X X X X X X X XX X X X X
Grana 18 43 43 64 6 8 5 5 9 5 73 26 17 71 37 34 51 
G.nrra 17 21 40 X X X X 4 18 46 15 8 43G nea Bssau 6 17 13 4t X 'X X 16 5 20 82 47 48 60kera 29 49 44 70 8 3 7 3 170 X 21 13 86 75 75 60
Lesotho 74 84 4 , 62 6 2 4 8 5 3 28 25 10 84 77 77 79
Liberia 8 23 27 47 X X 6 5 89 X X 68 28 28 55 
Libya 13 50 60 81 x X X 76 49 77 62 625 50
Madagascar 43 62 56 74 x X X 62 8 10 42 30 24 10
Malawi 18 31 42 52 x 7 0 59 39X 10 92 55 50 53Mah 4 11 11 23 X X 50 27 3 17 29 8 8 IlMaurlania X X X X X X 0 8 23 1 10 91 32 61 69 
Mauritlus 59 7' 77 89 X X 754 90 18 9 87 85 85 68
Morocco 10 22 34 45 6 4 4 2 359 X I1 9 87 78 78 76
Mozambique Peoples Rep 14 22 29 55 X X 28X 54 15 59 51 38 46
Niger 2 9 6 19 x X X 47 X 20 28 5 4 27
Nigeria 14 31 35 54 6 6 4 2 4 8 X 2 41 20 2125 31 
Rwarda 21 33 43 61 X X 10 1 X X 17 85 78 80 63
Seegal 5 19 18 37 7 3 11 7 X I 92 53 534 5 10 70S&erra Leone 8 18 X X 46 7321 38 X 25 14 30 30 50
Somala 1 6 5 18 X X X 2 50 X 33 25 25 29
South Aftr,ca X X X X X X 48 0 X X 12 X X X X 
Sudar 6 14 28 33 6 5 3 4 4 6 20 40 15 46 29 29 22Swaziland X X X X X X XX X X X X x X
Tanzania 18 38 48 93 X X X 74 42 14 95 81 80 78
Togo 7 28 27 53 X X X 15 23 20 66 41 40 48
Tunisia 17 41 44 68 X X 41 1 60 3 7 94 89 89 79 
Uganda 30 45 52 70 X X X 21 10X 74 39 40 48Zaire 22 45 61 79 X X X X 19 X 54 36 
 36 39

Zambia 37 67 66 84 X X X X 32 14 92 66 61 58
Z,mbav,,e 47 67 63 81 x X 38 4 69 5 15 86 77 77 73 
NORTH & CENTRAL AMERICA 
Barbados X X X X X X 465 X X X X X X XCanada X X X X X 73 1 99 X XX 6 80 80 85Costa Rica 87 93 88 94 5 2 7 695 93 49 9 81 91 89 43 
Cuba 87 96 86 96 X X 600 X 166 8 96 87 86 99

Dominican Rep 65 77 69 78 7 3 500 57 21 16 51 80 79 71 
El Salvador 53 69 61 -5 x X 47 3 35 180 I5 55 53 57 48
Guatemala 37 47 51 ' X X 250 19 17 10 34 16 18 24
Hait 17 35 26 40 6 2 8 6 9 20 1I 17 45 20 28 23

Honduras 50 58 55 61 X 
 x 34 9 50 48 20 66 58 61 57
Jamaica 97 93 96 90 6 2 4 8 89 18 8 81 82 6251 4 92 
Me.,co 69 88 78 92 81 3 3 53 0 X 14 15 71 62 97 54

Ncaragua 57 X 58 X X 270 X 202
X IS 93 43 85 44
Panama 81 88 81 89 7 3 582 83 18 j 89 73 74 78Trndad and Tobago 89 95 95 97 4 6 3 2 51 6 90 2 x X 79 80 60
United Slates 99 x 99 x X x 680 100 X 7 X 37 24 82 

SOUTH AMERICA
 
Argenhna 92 95 94 96 X X X 12
X 6 ql 75 85 81
Boliva 46 65 68 84 X x 260 36 59 15 . 1 24 26 33
Brazi 63 76 69 79 Y x 660 73 31 8 68 57 90 55 
C8de 98 96 90 97 X X X 97 X 7 97 93 95
Colomba 76 87 79 89 7 650 51 22 80 58 

92 
2 6 15 82 59
 

Ecuador 68 80 75 85 7 8 2 7 442 27 34 
 10 85 51 51 46

Guyana 89 95 94 97 6 6 4 8 314 93 23 11 69 67 77 52Paragjua, 75 85 84 91 8 2 2 9 44 8 22 21 6 66 58 93 56 
Peru 60 78 81 91 73 3 3 458 55 7 9 61 42 45 35
Suriname X X X X X X X X X X X X X X 
U.uguay 93 94 93 93 X 
 X X X 17 8 98 70 70 99
 
Venezuela 71 85 79 88 7 
 2 6 493 82 73 9 86 54 64 57
 

WorldResoulce, 1990-91 

262 



Population and Health 16
 

Table 16,5 
Average Number Births 

Adult Adult of Children by Attended ORS Usela Low-Birh-
Female Male Mother's Years Couples By Trained (Irtres per Weight Percent oft -Year-Olds 

Literacy Literacy of Education Using Personnel 100 diarrhea Infants Fully Immjnized. 1986-87, 
(percent) (percent) (1985) Contraception (percent) episodes) (percent) Against 

1970 1985 1970 1985 none >6 years (percent) 1983-87 1986 1982-87 TB DPT Polio Measles 

ASIA 

Afhanstan 2 8 13 39 X X 16 X 22 19 27 25 25 31 
X X X X X X X X X X X X X X 

Bangladesh 12 22 36 43 6 1 5 252 X 25 31 14 9 8 6 
Bhutan X X X X X X 3 20 X 38 27 27 23 
China X 56 X 82 X X 740 X X 6 85 75 77 77 

Cyrus 
India 

X 
20 

X 
29 

X 
47 

X 
57 

X 
X 

X 
X 

X 
340 

X 
33 

X 
18 

X 
30 

X 
46 

X 
58 

X 
50 

X 
17 

Indonesia 42 65 66 83 X X 480 43 14 14 82 69 70 61 
Iran, Islamic Rep 17 39 40 62 X X X 82 25 9 56 74 74 76 
Iraq 18 87 50 90 X X 145 50 26 9 99 76 76 69 
Israel 83 93 93 97 X X X 99 X 7 X 92 93 88 
Japan 99 X 99 X X X 643 100 X 5 85 83 95 73 
Jordan 29 63 64 87 93 49 265 75 23 7 2 89 89 87 
Kampuchea, Dem 
Korea, Dem People's Rep 

23 
X 

65 
X 

X 
X 

85 
X 

X 
X 

X 
X 

X 
X 

47 
99 

32 
X 

X 
X 

54 
69 

37 
62 

35 
70 

54 
35 

Korea. Rep 81 88 94 1, 57 34 704 X X 9 47 76 80 89 
Kuwait 42 63 65 76 X X X 99 23 7 4 94 94 95 
Lao People s Dem Rep 28 76 37 92 X X X X 72 39 60 28 10 33 
Lebanon 58 69 79 86 X X 530 45 15 10 X 91 91 81 
Malaysia 48 66 71 81 53 32 51 4 82 17 9 99 59 62 20 

Mongolia 74 86 87 93 X X X 99 X 10 53 79 74 61 
Myanmar 57 X 85 X X X X 97 12 16 45 23 13 14 
Nepal 3 12 23 39 X X 138 10 23 X 78 46 40 22 
Oman X 12 X 47 X X x 60 74 14 95 77 77 78 
Pakistan 11 19 30 40 65 3 1 76 24 80 25 72 62 62 53 
Philippines 80 85 83 86 54 38 450 X 10 18 92 73 73 68 
Qatar X X X X X X X X X X X X X X 
Saudi Arabia 2 12 15 35 X X X 78 97 6 9- a9 89 80 
Singapore 55 79 82 93 X X 742 100 X 7 92 98 97 94 
Sri Lanka 69 83 85 91 X X 620 87 24 28 F1 61 62 47 

Syrian Arab Rep 20 43 60 76 8 8 4 1 198 37 12 9 81 70 70 73 
Thaiand 72 88 86 94 X X 660 33 26 12 97 80 80 60 
Turkey 35 62 69 86 59 21 510 78 42 7 34 71 70 50 
United Arab Emirates 7 38 24 58 X X X 96 35 X 78 75 75 56 
Viet Nam X 80 X 88 X X 200 99 14 18 59 51 54 42 
Yemen Arab Rep 1 3 9 27 86 54 b 1 0 12 25 9 28 14 14 15 
Yemen Peoples Dem Rep 9 25 31 59 X X X 10 103 13 41 25 25 35 

EUROPE 

Albania X X X X X X X X v 7 92 96 94 96 
Austria X X X X X X 71 4 X X 6 90 90 90 60 
Belgium 
Bulgaria 
Czechoslovakia 

99 
89 
X 

X 
X 
X 

99 
94 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

81 0 
760 
950 

100 
t00 
100 

X 
X 
X 

5 
6 
6 

90 
99 
99 

95 
99 
99 

19 
'9 
98 

90 
99 
93 

Denmark X X X X X X 630 X X 6 85 89 94 X 
Finland X X X X X X 800 X X 4 90 94 78 :1 
France 98 X 99 X X X 78 7 X X 5 96 97 97 t5 
German Dem Rep X X X X X X X X X 6 99 93 94 93 
Germany, Fed Rep X X X X X X 779 X X 5 30 30 80 30 
Greece 76 88 93 97 X X X X X 6 X 82 97 81 
Hungary 98 X 98 X X X 73 1 99 X 10 99 99 99 99 
Iceland X X X X X X X 100 X 3 X 99 99 100 
Ireland X X X X X X X X X 4 80 45 90 63 
Italy 93 96 95 93 X X 780 X X 7 30 88 81 21 

Luxembourg 
Malta 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

Netherlands X X X X X X 76 0 X X 4 X 95 95 96 
Norway X X X X X X 710 100 X 4 90 35 90 87 
Poland 97 X 98 X X X 750 X X 8 95 97 98 91 

Portugal 65 80 78 89 35 1 8 663 X X 8 71 96 78 66 
Romania 91 X 96 X X X 580 99 X 6 95 90 90 90 
Spain 
Sweden 

87 
X 

92 
X 

93 
X 

97 
X 

x 
X 

X 
X 

594 
78 1 

96 
100 

x 
X 

X 
4 

A 
l*' 

88 
99 

80 
98 

83 
94 

Switzerland X X X X X X 712 100 X 5 X 90 95 60 

UnitedKingdom 
Yugoslavia 

X 
76 

X 
86 

X 
92 

X 
97 

X 
X 

X 
X 

830 
550 

98 
X 

X 
X 

7 
7 

96 
84 

67 
90 

85 
89 

71 
92 

U.S.S.R. 97 X 98 X X X X 100 X 6 93 85 99 95 

OCEANIA 

Australia X X X X X X X 99 X 6 X X X 68 
Fiji X X X X X X 41 0 X X X X X X X 
New Zealand X X X X X X 695 99 X 5 20 72 74 67 
Papua New Guinea 24 35 39 55 ;X X X 34 8 25 70 41 41 34 
Solomon Islands X X X X X X X X X X X X X 

Sources: United Nations Children s Fund an-,' 'he United Nations Population Division 
" 

Notes. a Oral Rehydration Salts b Atlend,. some school 
0 =zero or less than half the unit of measure X = not available 
For additional information, see Sources and Technical Notes 
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Table 16.6 Selected Causes of Death, 1980s
 

Deaths per 100,000 Population 

Infectious/ Malignant 
All Parasitic Neoplasms Circulatory Respiratory Digestive Injury 

Total Male Female Male Female Male Female Male Female Male Female Male Female Male Female 

WORLD 

AFRICA 

Mauritius 8831 1,1282 6797 244 133 755 702 5350 3239 1098 532 634 159 732 328 

NORTH & CENTRAL AMERICA 
Barbados 
Canada 
Costa Rica 
Cub, 

5962 
5045 
6030 
5778 

7078 
6603 
733 7 
647 1 

5118 
3790 
494 5 
5063 

161 
3 7 

243 
102 

160 
25 

138 
84 

1124 
1698 
15,"4 
1274 

1116 
111 5 
1154 
948 

3106 
2637 
241 0 
2623 

2048 
1444 
164 7 
2200 

416 
539 
78 " 
558 

182 
243 
564 
472 

187 
23 7 
325 
23 1 

138 
146 
24 2 
188 

589 
68/ 
/86 
923 

11 
258 
20 1 
458 

Guatemala 10235 1.1145 9335 2270 2052 479 658 1284 111 0 1778 152 1 459 278 103 1 209 
Trinidad and Tobago 8999 10490 7761 221 181 1083 948 4623 3486 808 501 539 234 933 308 
United States 5593 7277 426 1 11 7 64 1636 '099 2983 1738 573 290 265 i59 828 28 1 
SOUTH AMERICA 

Argentina 
Chile 
Guyana 
Surname 
Uruguay 

6870 
6852 
7923 
8642 
6770 

8544 
8672 
9648 

1 1082 
8484 

54. q 
5380 
6362 
6848 
5299 

266 
299 
280 
567 
21 5 

187 
183 
154 
284 
150 

1505 
141 2 
549 
81 7 

201 6 

976 
1124 
516 
874 

1198 

3774 
230 1 
3537 
3295 
2879 

2480 
1628 
2195 
1983 
1970 

530 
996 
614 
872 
6 1 5 

300 
578 
.119 
461 
282 

436 
766 

1224 
625 
32 1 

230 
334 
5/3 
340 
195 

685 
121 0 
862 

1625 
740 

239 
328 
247 
490 
269 

ASIA 

Bahrain 
Israel 
Japan 
Korea Rep 
Kuwait 

7722 
5662 
402 1 
6951 
6156 

8220 
6537 
5284 

1 0074 
6749 

7072 
488 7 
3049 
4870 
5263 

136 
123 
8 / 

386 
201 

80 
107 
45 

150 
161 

846 
1174 
1508 
149 1 
835 

51 5 
99 7 
778 
64 5 
639 

3083 
2/49 
1738 
321 5 
2949 

2163 
2022 
1159 
1689 
2239 

5ti9 
452 
558 
4;9/ 
56i1 

.1I3 
0 0 

24 ' 
.44 9 
185 

1/3 
1;9 
2!) 
9t8 
15i 

194 
12 1 
110 
28 1 
128 

490 
55 U 
546 
90 1 
1,01 

168 
300 
21 4 
31 9 
19.3 

Singapore 
Sri Lanka 

6332 
8110 

/890 
9252 

5089 
6872 

290 
669 

144 
459 

1873 
382 

1103 
407 

2666 
1560 

1942 
847 

1499 
136 

.2 
44Z 

220 
253 

106 
109 

480 
1261b 

202 
4t,0 

EUROPE 

Austria 
Belgium 
Bulgaria 
Czechoslovakia 
Denmark 

5604 
5904 
761 3 
7893 
5759 

738 7 
7755 
925 1 

1041 7 
7293 

4329 
4481 
60q 6 
5946 
4539 

39 
58 
92 
40 
53 

14 
35 
53 
27 
29 

1745 
2048 
1339 
2268 
181 8 

111 0 
1110 
839 

1204 
1389 

3244 
2649 
500 7 
5063 
3032 

201 0 
1591 
3678 
3112 
1674 

389 
;30 
754 
798 
51 8 

16 1 
234 
420 
389 
2/3 

455 
269 
35 1 
468 
26 7 

20 1 
165 
146 
208 
15 7 

88 1 
744 
198 
886 
/13 

31 8 
337 
25 1 
365 
362 

Finland 
France 

5770 
5246 

8061 
7267 

4107 
367.1 

67 
87 

37 
53 

1600 
208 

931 
91,., 

391 1 
2098 

2008 
1159 

590 
462 

222 
20 1 

220 
442 

118 
208 

1039 
91 0 

295 
37 7 

German Dem Rep 
Germany FedRep 
Gree:e 

6716 
5335 
5053 

8723 
720 1 
6129 

5402 
408 1 
4109 

42 
56 
46 

23 
3 1 
29 

164/ 
1825 
1435 

102/ 
111 8 

79 1 

4272 
3089 
254 7 

2859 
1760 
1936 

592 
465 
31 3 

221 
169 
20 7 

X 
3/0 
224 

x 
18 7 
11 3 

X 
544 
539 

X 
233 
212 

Hungary 
Iceland 
Ireland 
Italy 
Luxembourg 

8273 
4638 
6690 
549 1 
6198 

1.0950 
5653 
8492 
7230 
8143 

6179 
3772 
5205 
4145 
4722 

11 0 
36 
74 
37 
48 

40 
03 
35 
20 
61 

2355 
1369 
1744 
1939 
2282 

1302 
1303 
1260 
1005 
1162 

4976 
2584 
4003 
2792 
3239 

3083 
1358 
2293 
1/78 
2083 

552 
440 

1154 
54 7 
53,/ 

222 
3'4 
67 1 
20 / 
175 

734 
116 
203 
49 1 
410 

322 
98 

139 
213 
233 

1302 
660 
565 
544 
813 

508 
249 
21 1 
208 
355 

Malta 
Neltherlarfis 
Norway 
Poland 
Porlugal 

6118 
5083 
5100 
7650 
5958 

7335 
6822 
6779 

1,0344 
771 5 

5091 
3772 
3726 
5620 
4559 

39 
40 
49 

125 
88 

42 
28 
30 
52 
42 

1436 
2002 
1475 
2002 
1402 

933 
1088 
101 
1073 

82 7 

4421 
2716 
9077 
4859 
2756 

3107 
1393 
1485 
2846 
1902 

438 
548 
458 
589 
546 

244 
210 
282 
199 
255 

194 
194 
183 
334 
50 1 

137 
137 
108 
173 
188 

239 
389 
667 
967 
624 

83 
197 
215 
261 
294 

Romania 
Spain 
Sweden 
Switzerland 
United Kingdom 

8296 
4973 
481 7 
4584 
5599 

9862 
6473 
6252 
614 3 
7161 

6927 
3757 
3636 
3376 
4416 

125 
87 
42 
72 
38 

60 
49 
36 
3 7 
27 

1253 
1582 
1275 
1735 
1828 

826 
812 
978 
994 

1275 

4964 
2412 
3083 
2335 
3243 

4084 
1648 
1626 
1280 
1813 

1263 
590 
445 
35 1 
716 

805 
248 
24 1 
139 
368 

553 
444 
176 
21 2 
189 

286 
187 
91 
112 
150 

949 
548 
624 
779 
404 

324 
175 
238 
322 
173 

Yugoslavia 7490 916 7 611 0 I5 11 5 1488 872 3995 304 1 595 370 408 184 768 253 

U.S.S.R. 780.1 1,068.3 599.5 X X X X X X X X X X X X 

OCEANIA 

Australia 5108 6602 3883 38 20 1626 1034 2866 171 7 51 4 208 222 128 636 244 
New Zealand 5964 7619 4606 53 33 1729 1206 3307 1903 786 432 193 124 '97 313 

Source World Health Organization 
Note For additional intormation, see Sources and Technical Notes 

Sources and Technical Notes 

Table 16.1 Size and Growth of h-oje(Iit,,n.. 1985-2-5)(11,0, Geneva, ties Ilot s owl if)thtese( tables are often ill-

Population and Labor Forx,:e, 19X6i). luth( it Worl and regional taoles. 
numbersI'olilath refers to tlte ti(lyear popula- May of tit t in "l'ali, 16. 11960-2025 t ion. Most data are est itmates flaSeIf il 16,3 are est iiatecd tlsinig delligr aphic 

)ollulatio n cesutselSe anllI surveys. All pro- Itnlels based il it c lintry's piu)latlion 

Sources: Unite(d Nations Populatiot Divi- jectiotns are for the ttelitttm-case scelnar o size, age anti sex (list rifiution, tetility and 
s1o1. World Poplllllil 'rospl'cts I!88 (see tit' fllhowitng dfiscussil). Ti avur- ilnrtalitv rat'sIby age and sex gollfls. 
(U.N., New York, 1989): Internatiinal .ab- age annual growtfh rate takes into a('coutnt growth rates (if fbth orban and rural )op
our ()rganisation (11.()), A.conomicll"Ac- tfe effects oi itternal onal nigrat ill. f)ata uIlatiot, and tfie levels of internal and Iin
tl' IePopulllon AltIaIt(t,' I950j-1 

98,', on1 several stinall countries cili( otiler enti- teritatitnal inigratlont. 

World243o4ce$ 1990-91 
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Recent population censuses and stir- ,luses andt 	 adjusts vated by tihe pregnancy, including aborlabor force surveys. I1.() 

veys are used to calculate or estimate oational lalor force statistics when neces- tion. Most official laternal lortality rates
 
these paralmeters. The Jilited Natiois Pop- sary to conform to ihteruational Ilefilli- are underestimate( iecauise causes of
 
ulation Iv)iision I)ep.,rtrnlent ol iterna- tions. death are often incorrectly classified or 
ional Econonlic and Social Affairs (I)IESA) una ailable. Ill some countries, over 60
 

colpiles and evaluates ceulsii; ald :,ur- Table 16.2 Trends in Births, percent of women's leaths are registered
 
vey results froni all ciLlntries. These data Life Expectancy, Fr !!,-y and without a specified cause. Maternal mor
are adjuslI fori tcertnu1eratiln - Age Structure, 1965-90 tality is highest ill wor,en age(l 1It-15
vt 

dreUeratio of certainageand sex AgeStructureyears, 	 Wolllil over 410years, and In 
groups kinfants. feniale chilren,youg Source: IUnitel Nations fPopullat ()ivi- women witL five or more children. Data
 
males), isreporting of age and sex (listri- sion, lorldPolaltiono'rospects 1,98 are provided ",)
UNICEF by W-10 and refer
 
butioiis. chaiges illdefinitions, and soi (U.N. New York, 198)). to a single year betwep it 1980 and 1987.
 
fhirth, 	 '[Thecrude birth rtue is derived by divid- Wasting indicates cutrent acute inalnuwhen necessary. These a(djustlmentits 

inlcorlrate (lata from civil registrations, ing the iniuber of live births ili trition and refers to the percentage of chila given 

pp)ultion surveys. earlier censuses.a.d, year by the iidyear pol)ulation. This ratio (len between the ages (f 12 and 23

whein necessary, oil)ltion lodhels is then multilliedl by 1,000. months whose weight-for-height is less
 
based oilinforulation front soLi- Life expectanCv (t birth is t lie average 
 than 77 lI)ercent of tie median weight-for
ec1nomically simnilar countries. (Because numb111 baby is
er of years that a iiewlbiorl height of Ole reference poniat (in of tie 
the figures have beein aIjusted, they are expected to live ifthe ag,-specific mortal- U.S. Natil ii al Centeor for Health Statistics 
not strictly comparalble to tIheofficial sta- ity rates effective at the year of birth (NCHS). Stunting, an indicator of chronic 
tistics colpilhd by til' I ujtid Nations Sta- apply throughlt his or li'r lifetime. undernutrition. refers to the percentage ')i
tistical (Mlice and published inthe The total .ertility rate is allestimate of chilre:i between the ages of 24 and 59 
Ih'nog.!wp/it 	 Yearb'hk ) tieinumbier of children that aniaverage ntionths whose height-for-age is less ti; i
 

Alter any adjustlent, tie data are wia Woul hve ifcurreft age-s)ecific 77 percent tif tie median. NCIIS, alliong
 
scrled ti 190.Similar estimatestar Inide fertility others, has found that healthy children
rates reniaiiied .'onstant during 

fi)rach .ive-year between 1953 herieriodreprl;duct ive year:;. uider tile age of five years (to not differ ap
aiidlI() list trical ifala art' used when The age structure shows the penetitge pretiatbly in weight o,height. WH O has ac1 
deeiled accurate, wiih adjustmlents and lfflhe poulation i spec1( age grotIps. cepted die NCtIS weight-for-ake and
 
scaling. Foir nany (hveloini countries. 0-14. 15-(5 ani over 65 years. weight-for-height stanards. Children with
accurate historical (ita (himt exist. The For addlitional details.' rfr the 	 a high risk ofit low weight-for-age are at 

'opitulation I)ivisitl estilliates for these sources or to t lit Technical Note for Tall mortality. i)ata oulwasting and stunting,
 
ciuntries list' availileh inforlation alld( 16. 1. The United Natiolls ilclules in re- tIrovidle(I to UNICEF by Wilt), refer to a sini
demolgraplhic mdels. gional and woirl(d totals small countries 
 gle year between 1980 anid 1987. It should
 

I'roj 'ctionsare based oil estimates of1 anid other elltities hot showii here. 
 be note(] that iiiany cloltries do not re-

Ill(' and sex-specific
19A polpulation. Ago- port data to UNICEF or WH().

iiortality rates are aplied t tihe1980 
 The average caloriesaa'ilable(.is) per
pt tulati .1oto letermine tet number of TP'3}le 16.3 Mortality, Morbid- centage of need are calhries frot all food
survivors at t'e end to[each five-year I)e- ity, and Nutrition, 1980s sources: domilestic irodluction, interna
riod. Births are projected by applying age- tional trade, stock drawdtowns, and for
speiific fertility rates t'the )rojected Sourcez! Crude death rate and infant mor- eign aid. ''i'e quantity of food av. lable for
 
felliale population. lie births art -liven ain tality data: United Nations Popullation f)ivi- hunlal conulillptioll,itas estimated by

assumedi sex ratio,a(I ithe sioll,apl)protriate World PopulationProspects 1988 FAt). is that vh ch reaches the consumer.
 
age- and sex-speific survival rales are all- (U.N., New York, 1989); Child and iater-
 Te allIunt actually consumed may be 
plied. Future migration rates are also esti- nal mortality,wasting, stunting, a1(1 ac- lower than the figures shown,depending
iiated oilan1age- allt sex-spcitit" basis. ce',s to health services: Uii,d Nations on how IlLuch is ltst inhoiiie storage, 
Cobilltning f11turtfertility, iitortality, and ('hilren's Fund (I NICEF), State offthe preparation, ad cooking,and how iutch 
imigration rates yiels It" projected size W'rlds children 1989 ('JNICEF, New York, is fed to pets and domestic animals or dis
and copllitsition oi theIopulatioll. 1989) C'alorie supply ;-s percentage of re- carded. 

ASSup)ttions about futuret quireiielts. I:oiil A:,dAgriculture O-ganlii ortality, ftr-
tility, aild illigraltinl zation of the United Natiii,s (FAO),rates art, mad' oIlit 
coUlitry-by-coulltry basis aiit when possi- unIi -ii!-'Lelddata, September 1986. table 16.4 Access to Safe 
bit, are based oilhistttrical trends. Four '1he 'rude death rate is derived by divid- Drinking Water, Sanitation, and 
sceiiarios of pioipulation growth (high, ie- irg the 1num111lber Health Services, 1980sofdeaths in a given year 
diun, low.and constant) are created by the midyear l)opulation, ad multiply
using different assumptions about these ing by 1,0I0.
 
rates. The ineliui,-'ase scenario, for ex- The infant death rate is dferived by clividl- Sources: Drinking water and sanitation:
 
ample,assumes inediuii levels of fertility. ing the number of babies who die before World Health )rganlzation (WHO), The In
mortality, al11 migration, ass,nfItions their first birthday in a given year by the ternationalDrinking WaterSupply andSani
that iiiuy vary among the countries, number of live births in that year, and mul- tation Decade. Review of lid-Decade 
The labor force includes all i)eople who tiplying by 1,000. Progress(asat December 1985) (WHO, Ge

prolu-:e ecinmlliic goods aiit services, It ('iild deaths are derivel by dividing the neva, Septetnbei 1987): W1HO, The Interna
includes all employedl people (emplovers. number of chilhren under five years of age tional Drinking WaterSupply ind Sanitation 
th(- self-'llooyed, salaried e:mployees. who (lieiii a given year by the number of Decade. Review ofNuai't,i BaselhieData: 
waige earners, unpaid famlily workers, live births ill that year, and multiplying by December 1980 (WHO, Geneva, 1981): 
in -mibers of iroducer colperatives,aid 1,0(1. These ifata are i)rovided to UNICEF WHO, Global .Stratekvfor tleulthforAIl. 
lemlers of the arined forces ),and the un- by the Uniteli Nations Population fivisioi Monitorinig 1988-1989. Detailed analysis of 
enilflyed (experience(d workers and ant the United Nations St;etistical Office. global indicators (WHO, Geneva, May 
those loolking ftr work for fte first timi). Maternaldel/isare the numbter tif 1989); and unb)ullished data (WHO, Ge-

Ilie I.1 (leriinies the average annual deaths frot pregnancy-or childliirth-re- ieva, Septemter 1986). Urban an( rural 
growth ofthe labor force by multiplyihg the fated causes per 100,000 lve births. A ia- fractins of total )opl1ulation: United Na
activity rates of age/sex groups (the eco- ternal leath Is currently definied by the Iions Populaliou f)ivision, 77e Prospectsof 
hroically active fraction of an age/sex Worhl Ilealth Organization (WI O) as the World Ujrbanization,Revised (isof 1981-85 
group) by the lllller tif peolle inthose death of a womian while pregnant or (U.N., New York, 1987). Nuilbers othealth 
groulis. Estimates otfactivity rates are within 12 (lays of termination of preg- care i)ersonnel: WHO, 1988 World lealth 
based i ihfrnlation front national ten- nancy from any cause rlated to or aggra- Statistics Annual (WIHO, Geneva, 1988). 
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WPO collected data oin drinking water 
and .anitation from national governments 
in 1980, 1983, and 1985. using question-
naires conpletird by pubic health offi-
cials, WII( exp,,rts, and Resident 
Representatives of the United Nations De-
velol ent Progranne. Responses to atm 
least one questionnaire were received 
front I 1-1developing countries, represent-
ing about 70 percent of the developing 
world population. Data are shown also for 
14 developed countries. 

WHO released updated informnation in 
1989. Most new data, shown under "1985," 
were gathered irr 1985. Dlata for 49 coun-
tries were gathered during 198-.88, and 
inforuatit from lebano,, in 1981). For sev-
eral countries iii Alrica, ilates were not 
shown. 

Urban alnd rural p)opulation were de-
filed by each national government. 

WH(I defines reasotnable access to sfte 
drinkin I water in all urban area as access 
to piped water or it public standpipe 
within 2111 ieters dfa dwel ing or housing 
unit. It rura! areas, reasonable access til-
plies that a fanily nenber need niot 
spend ailispoportiotate part of the day 
fetching water. "Sale' drinking water iii-
'l(I :?s treated surface water and l-
tredtei water Iron pntected springs, 
)o rvh les, and saiiitary wells. 

Ui barr areas with access to satiltttion 
sert's are (lefiied as urban populations 
served 'ycnr ntections to public sewers 
or hutuselhc:ld systems suchias pit privies, 
Iour-flush latrines. siptic tanks, conunu-

nal toilets, alt( ithe such facilities. Rural 

lopulations with access were defined as 

those with adequate disposal such as pit 

privies. ptir-flush latrines. and so forth. 

Application of these idefinitiors riay vary, 

and contparisons cat therefhre be sis-

leading. 

The ltoltulat ion with actess to health ser-
vices is teinedity UNICEF its tlie percent-
age o tile po)fulation that can reach 
appropriate lot al health services by tie 
usual ltcal means of transport in no more 
thall One huttr. 

The data til mtnhers oftramed miedical 
personnel are tile latest available to WHO 
regional offices at tile Ieginrnirg of 1988. 
Most are fror 1983-,6: however, some go 
back to 1177. Comparisons should be . 
rmade with care, as calegories and defini-
tioris vary alri trig countries. 

Health-care ptersonnel have been com-
bilned int three categories: 
* doctors: all pfhysicians or surgeons; 
* nrursesaid utdtires all those regis-
tereil nurses arid others ilr categories in 
whichtlete ern' "nurse" or "nursing" ap-
pears: all midwives, birth attendants, andothers in categories in which t i.eteril 

tridwihrapgpears: thave 


i ofher all others directly involved in 
diagnousis. treatlrent, and prevention of 
disease (e.g.. dentisls, netical assistants, 
acuntctunrists), ard all other reported 
tateg ries (e.g.. pharlacists, laloratory 
Iecnti tians, anl hospital atdinistra-
totrs ) 
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Access to health personnel call vary 
stubstantially within a country. The degree 
of access in Individual countries canl be 
partly inferred front other health data 
(e.g., Infant mortality, immunizations) pre-
sented in this chapter. 

Table 16.5 Fertility, Education,
and Child Halth, 1980-87 

Sources: Number of children by mother s 
years of education: Utited Nations f''lia-

tili Division, "Education in Fertility," fer-
iity llehaviorin the (ontext of 
Developnent:Evidence from teie World ler-
tilt' Surve, Population Studies 100 (U.N., 
New York, 1987); Contraceptive preva-
lence: United Nations Population i)vsio , 
Recent Levels and Trends ofContraceptive 
I se as Assessed in 1987 (U.N., New York, 
1988); Contraceptive prevalence data for 
Malawi, Mali. Guatemala, Mexico, Brazil, 
Colombia, Indonesia, the Philiplines, Thai-

-land, and Yemen: United Natins Iopula 
tion l)ivision, Levels and Trends of 
Contraceptive I/se (is Assessed ill 1988 
(U.N.. New York, 1989); Conitraceptive 
prevalence data for Ctub a, Indioa ali Viet 
Nain: National Family Planning ait Chil 
Survival Study Project, ulnpu )lished data 
(Centel' for Population arid Family Health, 
Columbia University, New York, March 
1988); Adult literacy arid heallh indica-
tors: United Nations Children's Fund (UNI-
CEF), State ofthe World's Children 1S9. 
(UNICEF, New York, 1989); Canada-DPT. 
polio, measles intnunization: Health and 
Welfare Canada, ptursunal comiunicatitrn, 
May 1989; Iceland-low birlhweight, at-
tended births, imriunizations: Ministry of 
Health and Social Services, personal on-
itunication, May 1989; New Zealattd-nea
sles iniunization (dat a frot 1987): 
)epartment of Health, personal counuti-

cation. May r989; Switzerlard-attended 
birtihs: Federal (Officeof Public t-baith, per- 
sonal contrruication, April 1989. 

Adult fe-nale and ritale literacy rates 
refer toI the percentage of personls over 
the age of 15 who can read ard write. UN-
ESCO recomniends defining as illiterate a 
persotn who cannot both read with under-
standing and write a short and sinlle 
stateten on his or her everyday life. 
This corcept is , idely accepted, but its iI-
terpretation and applcation vary. Actual 
definitlons of adult literacy are not 
strictly contparable among countries. 

The average rrrnuberof children kl 
nmothers years ofedtcatio !, shown for 
wormen wht have colpleted less than 
one year of school and tIlose wit Ihseven 
or more years of education. InI gene al,the latter ritarry nearly four years liter, 

approxiately 25 percent higher co-
traceptive use, and breast-feed their ft-
bies for it shorter period. Education is 
also rassociated with lower maternal and 
child itrirtatity. (For this reas:in aild oth-
ers, education may riot always have a net 
negative effect l rntbers itt children 
who are born or who survive.) 

Contraceptive prevalence is the percent-
age of couplies rsing controception when 

the woman is of childbearing age. The 
data were obtained from nationally repre
sentative sample surveys conducted over 
several years of married or coliabiting 
women tietween the ages of 15 and 49 
years. The ages of women in some sur
veys varied slightly from this range. 
These surveys were conducted as part of 
the World Fertility Survey (WFS), contra
ceptive prevalence surveys (CI'Ss), and ini
dependent national surveys on fertility 
and family lanning. 

"he pter.:tntage of births attendedby 
trt redpersonnelincludes all health per
sonnel accepted by national authorities 
as part of the health system. Personnel in
cluded var) by country. Some countries 
inclde tratiinal birthing assistants and 
midwives; ol hers. only doctors. 

ORS use reiers to lste of oral rehydra
tion salts for children to contbat d iarrheal 
disease leading to dtehydrat ion or nlhnu
trition. 

The percentage of low-birth-weight in
fnts refers to all babies weighing 2,500 
grains r less at irtI. WlO has adopted 
tile standard that healthy babies should 
weigh suire than 2,500 grains at birth. 
These data refer to a single year betweei 
1982 alnd 1987. 

Imruinnizatito data show the perc'ntrge 
of I-vear-olds fully inunizedagainst: TB 
(tuberculosis); I"T(dipltheria, pertussis 
[whooping cough] , and tetanlu. ;polio, 
and neusles. Immunizatiln ilaia are sup
plied by WHO and UNICEF field offices. 
Data for some countries are otutsid the 

Table 16.6 Selected Causes of 

Death, 1980s 

Source: Wrld IHealth )rganizatitn 
(WII(O), 19'," Vorldl ealth Statistics (WHO, 
Geneva, 1988). 

The data or, deaths per ft0,000popl.a
tion show ulderlying causes of death iii of
ficial statistics transinitted to WIlt) by 
appropriate national authir ides. Rela
tively few countries cormpile these data 
and report thel tit WHO. Figures for pro
visional causes of death are used occa
sitnally; final statistics are substituted as 
soon as possit le. Data are standardized 
by age, thereby c-itrolling for tie effect 
of differences IniCtntries' age structtres. 
'ie present table uses tite "world" popula
tion figures; WOI) also reports "European" 
poplation, which has a Ic.r'r proplrtiton 
in age groups up to the age oi 30 tid 
higher numrbers tic'reafter. 

The data fior mtaligtnf teoplastns ilr-
Clude, but are not limited to, those of thestomach, trachea, brornchus, lungs, and te
male breast. Circuhtlo disease includes, 
arrong ot hers. ischenlic heart disease aind 
cerebrovascIular disease. Chrunilc and un
specified bronchitis, eptlihysemrta, ard 
asthina are li(}lrg the diseases in the re
spiralor colulrrr: digesive diseases In
ctlude cinronic liver disease and cirrhosis. 
Mot:r vehicle accidents, suicide, and self
inflicted wounds are aiong tite causes of 
death in tie Injury coltrrnrr. 



17. Land Cover and Settlements
 
The data in this chapter show the nature of and 
changes in the relationship of people to land. Informa-
tion on country size, population density, land use pat-
terns over time, urban populations, labor force, and 
population movements is included. 

Data in Table 17.1 show that the growth in cropland 
has slowed, rising only 2.7 percent between 1975-77 
and 1985-87. There was agreater percentage increase 
in many of the count es of Africa, Asia, Latin Amer-
ica, and Oceania, however, partly because of increas-
ing )opulation p1e.sure. On the other hand, the 
amount of land devoted globally to permanent pas-
ture remained relatively static (0.2 percent decline), 
although it increased dramatically in Latin America. 

Table 17.2 shows that urbanization continues to 
grow in both developed and developing countries, 
though the rate; are generally higher in developing 
countries. Some of this growth is caused by rural mi-
gration, but much results from high endogenous 
urban growth rates. People. seek improvements in 
their lives when they move to urban areas. Many find 
them; others cannot satisfy even the most basic 
needs. Increasing urbanization can present addi-
tional, significant hazards to life and health and to a 
fragile social and economic fabric. The foremost of 
these dangers is probably disease caused by crowd-
ing, poor sanitation, and poverty 

In32 African and Asian nations, the urban percent-
age of the total poInulation has risen by at least 50 per-
cent from 1975 to 1990. It has increased by an average 
of 5percent annually in the past 30 years in all of Af-
rica, 3.7 percent in South America, and 3.2 percent in 
Asia. Annual urban growth rates are now 10 percent 
or more in Botswana, Cape Verde, Swaziland, Tanza-
nia, and the United Arab Emirates. 

In many developing co-. ',ries,a significant portion 
of the population now lives in urban areas. For exam-
pile, -3 )ercent of the Egyptian people live in 21 cities 
with populations over 100,000, and almost hali the 
country's total population is in urban areas. In other 
countries, however, the population remains heavily
rural despite the existence of large numbers of major 
cities. China has 17 cities with populations of at least 
2 million, and 234 cities with populations of more 
than 100,000; however, residents of urban areas repre-
sent only 21.4 )ercent of China's total population. In 
South Amcrica, 76 percent of the population is urban, 
ranging from a high of 91 percent in Venezuela to a 
low of 35 percent in Guyana. Indeed, South America is 
the most urbanized of the world's major regions. 

Changes in the labor force have paralleled those in 
the urban/rural mix of the population. In 1960, 60 per
cent of the world's workers were agricultural. By 
1980, only slightly over half were agricultural work
ers, and the proportion in agriculture has declined in
all regions, despite increasing cropland. 

The worldwide increase from 18 to 21 percent em
ployed in industry obscures changes that range from 
a 10-percent increase in the U.S.S.R. and smaller in
creases in Africa and Asia, Lo no change in Europe 
and reductions in North and Centra! America. In west
ern economies, in which heavy industry often has 
been modernized or abandoned, and from which 
many industries have moved to less expensive labor 
markets, the portion of the work force in the service 
sector has risen significantly-up 14 percent in Eu
rope. Indeed, the proportion of the population in the 
service sector has risen everywhere, with large in
creases in Oceania and South America. 

Table 17.3 presents information on migrations. 
Some of the urban population rise results from move
ments of people from rural areas to cities, as well as 
the natural growth of urban populations. Some of 
these migrants from rural to urban areas are escaping
deterioration of the natural environment or limited 
land resources in their native areas. Because of these 
deprivations, the migrants' basic needs, such as food, 
safe water, and shelter, cannot be met, or they cannot 
earn their livelihoods; and many of these people are 
searching for a better life. Some migrants are "refu
gees" fleeing internal or international armed conflicts 
that endanger their lives; some are seeking political 
freedom. In1988, 14.4 million refugees left their own 
countries, seeking sanctuary from the vicissitudes of 
war and banditry. Many African and Asian countries 
not only lost large numbers of people as refugees, but 
also received significant refugee populations, further 
stressing already strained resource bases. InAfrica 
and in Asia, significant movements of "internally dis
placed refugees" reflect both environmental and politi
cal deterioration. 

Regardless of the legal, physical, and financial barri
ers to immigration, asurprisingly high prol)ortion of 
many countries' populations is foreign born. The pres
ence of immigrants often benefits the host country,
because they may supply needed skills or take jobs
that indigenous people reject. However, in develcping 
countries, the burden on public services, already 
strained by movements of their own nationals, may
become heavier when immigrants arrive. 
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Table 17.1 Land Area and Use, 1975-87 
Land Use (000 hectares) 

Cropland Permanint Pasture Forest and Woodland Other Land Wilderness Area 
Population Percentage Percentage Percentage Percentage Percentage 

Lard Density Change Ctnge Change Change of Total 
Area 1989 Since Snck Since Since Land 

(000 ha) (per 1,000 ha) 1985-87 197577 1985-87 1975-7,' 1985-87 1975-77 1985-87 1975-77 Total Area 

WORLD 13,076,536 398 1.473,059 2.7 3215.463 (0.21 4,074.427 (2.1) 4,313,035 1.3 .0c8,e'n1 39 

A'TICA 2.963.627 212 184,964 4.6 787,934 (OJI) 689,254 (4.0) 1,301.475 1.9 917,767 31 

Algeria 238.174 103 7.528 (09) 31.132 (14.?) 4,594 115 194.920 25 140.424 59 
Angola 124.670 78 3.517 05 29.000 0 0 53 2e6 (I 6) 38,933 23 27.050 22 
Benin 11.062 415 1.839 33 442 00 .670 (120) 5.111 95 1.209 11 
Botswana 56,673 22 1.360 07 44.000 02 932 00 10.351 (08) 31.255 54 
Burkina Faso 27.380 320 3.087 194 10,000 00 6.40 (8 1) 7,453 1 3 750 3 
Burundi 2.565 2,065 1,329 5.3 911 63 65 9.6 260 (328) X X 
Cameroon 46.540 235 6.983 72 8,300 00 24.980 (42) 6,277 112 1,320 3 
Cape Vede 403 913 40 00 25 00 1 00 337 00 X X 
Central African Rep 62.298 46 1.997 5 1 3.000 00 35,840 (03) 21.461 (00) 20.917 34 
Chad 125.920 44 3.188 4.0 45.000 00 13.050 (57) 64.682 I 0 61,254 48 

Comoros 223 2.256 98 8.5 15 00 35 00 75 (92) X X 
Congo 34.150 57 678 27 10.000 00 21.240 (09) 2.232 9 1 11,837 35 
Cole dIvoire 31,800 380 3,613 224 3.000 00 6.880 (42 1) 18.307 31 2 4,268 13 
Dibouti 2,318 170 X X 200 00 6 00 2,112 00 X X 
Egypt 99.545 530 2.525 (75) 0 X 31 00 96.989 02 42.540 43 
Equatorial Guinea 2.805 153 230 00 104 00 1,295 00 1,176 00 X X 
Ethiopia 110,100 415 13.930 14 45.100 (1 1) 27,500 (35) 23,570 59 19.716 19 
Gabon 25.767 44 452 130 4,700 (14) 20.000 00 615 24 7.333 27 
Gambia, The 1.000 835 16- 10 1 90 00 180 (24 7) 563 84 X X 
Ghana 213.002 633 2,850 55 3.410 (28) 8,350 (7 7) 8.392 84 X X 
Guinea 24.586 273 1.577 04 3.000 00 10.060 (85) 9,949 1(". X X 
Guinea.Bisvau 2.812 344 330 158 1,080 00 1,070 00 332 (1.,l X X 
Kenya 53.697 425 2,387 5.6 3,740 (10) 3.680 (75i 46.890 04 11,221 19 
Lesotho 3.035 568 307 (94) 2,000 00 0 00 728 4 5 2.133 70 
Liberia 9.632 257 371 09 240 00 2.103 00 6.918 (00) 1.420 13 
Libya 175,954 25 2,136 3 7 13.300 90 660 16 1 :59.858 (08) 65,497 37 
Madagascar 58,154 200 3,057 8 5 34.000 00 14.'200 9 7) 6,197 28 1 691 1 
Malawi 9.408 866 2.376 43 1.840 00 4.410 (132) 782 2722 781 8 
Mali 122,0q 74 2.075 46 30,000 00 8.560 j45 81,334 04 58,814 47 
Mauritania 102.522 19 198 00 39.250 00 15.000 (09) 48.074 03 71.370 69 

Mauritius 185 5.892 107 03 7 00 58 00 13 (25) X X 
Morocco 44,630 549 8,443 9 0 20.900 7 7 5.200 0 2 10.087 (179) X X 
Mozambique, People's Rep 78.409 194 3,090 0 3 44,000 0 0 14,970 (6 0) 16.349 6.2 6.130 8 
Niger 126,670 54 3.537 320 9.253 (84) 2.540 (19 1) 111,340 0 5 65,633 55 
Nigeria 91.077 1.199 31.252 3 8 20.970 0 8 14.600 (170) 24.255 7 5 1.526 2 

Rwanda 2.495 2,801 1,113 186 410 (273) 503 (55) . 469 18 X X 
Senegal 19,253 372 5.225 3 5 5,700 0 0 5.939 (4 2) 2,389 37 1.586 8 
Sirrra Leone 7,162 565 1.793 93 2,204 0 0 2.083 (23) 1.082 (87) X X 
Somalia 62,734 117 930 30 28850 00 8.850 (53) 24,104 2.0 10,460 17 
South Aftrica 122,104 282 13,169 (17) 81.378 02) 4,515 88 23042 02 X X 
Sudan 237,600 103 12.478 18 56.000 0 0 47.080 (62) 122.042 24 79.377 32 
Swaziland 1.720 444 164 0 8 .152 (3 7) 105 0 3 299 168 X X 
Tanzania 88,604 297 5.212 2 9 35 ;0 00 42.545 (2 7) 5.847 21.6 7,053 8 
Togo 5.439 616 1.429 10 -0 0 0 1,400 (263) 2,410 253 X X 
Tunisia 15,536 511 4.766 (3 6) 3.035 8 3 560 9 3 7.175 (14) 1.901 12 

1Iqanda 19.955 892 6.670 21 4 5.000 0 0 5.760 (79) 2.525 (2131 530 2 
Z.ire 226.760 154 6,647 8 2 9,221 0 0 175,630 (1 9) 35.262 8 7 11.763 5 
Zambia 74.072 110 5.195 3 8 35,000 0 0 29.290 (30) 4,587 183 '5,075 20 
Zimbabwe 38,667 244 2,757 9 1 4.856 00 19 "0 0.0 11,124 (2 0) X X 

NORTH A CENTRAL AMERICA 2137,796 197 273,829 2.1 367.020 25 684,544 (2.2) 812,403 0.5 900,665 42 
Barbados 43 6.023 33 0 0 4 00 0 00 6 0 0 X X 
Canada 922.097 29 46,010 5 4 31.500 324 352.000 5 9 492.587 (57) 640.587 65 
Costa Rica 5.106 576 525 6 1 2,293 34 1 1,640 (229) 648 (164) X X 
Cuba 11.086 923 3.305 5.9 2,752 3 0 2.739 132 2.290 (20 3) X X 
Dominican Rep 4.838 1,451 1.473 132 2.092 0 0 623 (31) 650 (18 9) X X 
El Salvador 2.072 2.478 733 89 610 0.0 106 (354) 623 (1 0) X X 
Guatemala 10.843 824 1.848 10.2 1.360 79 4,070 (16.4) 3,565 174 X X 
Haiti 2.756 2.316 905 4 4 496 (7 6) 52 (161) 1 303 1 0 X X 
Honduras 11.189 445 1.783 59 2.520 8 3 3.580 (185) 3.306 185 1,126 10 
Jamaica 1,083 2,293 269 2 2 195 (86) 189 (50) 430 56 X X 
Mexico 190.869 454 24,703 3 0 74.499 0 0 44,620 (11 9) 47,047 126 3050 2 
Nicaragua 11.875 315 1.268 3 1 5,200 118 3,820 (226) 1.587 500 1.521 10 
Panama 7,599 312 572 45 1,310 8 2 3.990 (7.0) 1,727 11 3 X X 
Trinidad and Tobago 513 2.462 119 3 2 11 0 0 224 (4.3) 159 4.1 X X 
United States 916.660 270 189.915 0.9 241,467 (0.2) 265,188 (88) 220.090 142 44.058 5 

SOUTH AMERICA 1,75.3,473 166 141.221 14.1 472,777 4.0 904,F28 (4.5) 234,847 3.1 42,270 24 

Argentina 273,669 117 35.950 32 142.600 ,07) 59.600 (1 1) 35,519 16 14976 5 
Bolivia 108.439 66 3,398 30 26.800 (1 2) 55.830 (1 3) 22.411 4.5 1-9.100 16 
Brazil 845,651 174 76,717 22 7 167,000 I.4 560.420 (42) 41,514 03 21.2,061 24 
Chile 74,880 173 5.553 4 0 11.900 I 7 8.680 0 0 48.747 (0 8) 23,086 31 
Colombia 103,870 300 5,299 3 2 39.804 7 3 51,507 (5 5) 7,260 1 5 15.156 13 
Ecuad,r 27,684 379 2.594 1 4 4900 61 5 12.098 (196) 8.092 14.9 X X 
Guyana 19,685 52 495 21 3 1.230 170 16,369 (7.7) 1.591 2232 12.204 57 
Paragupy 39.730 105 2,173 712 19,152 ',350 16,564 (204) 1,839 (25.2) 7726 19 
Peru 128,000 170 3.710 128 L7.120 00 69.400 (3 5) 27,770 8 1 3E,.,60 29 
Surname 16.147 25 65 492 20 229 14.8F0 (0 3) 1,203 2.1 11.080 68 

Uruguay 17.481 178 1 444 (00) 13 544 (06) 666 7 6 1,827 2 3 X X 
Venezuela 88.205 218 5,815 60 17,500 34 31.335 (85) 35.555 6 3 29742 33 
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Table 17.1 
Land Use (000 hectares) 

Cropland Permanent Pasture Forest and Woodland Other Land Wilderfnss Area 
Population Percentage Percentage Percentage Percentage Percentage 

Land Density Change Change Change Change of Total 
Area 1989 Since Since Since Since Land 

(000 ha) (per 1,000 ha) 1935-87 1975-77 1985-87 1975-77 1985-87 1975-77 1985-87 1975-77 Total Area 
ASIA 2,Z6M,63 1.139 451.030 0.8 m78,540 (1.2) 530,890 (1.5) 4.009,375 1.1 372,454 14 
Afghanistan 65.209 241 8.054 0.1 30,000 0.0 00 25.255 (0.0) 141.900 	 8.740
Bahrain 	 68 7.324 2 0.0 4 0.0 0 0.0 62 0.0 X X
Bangladesh 13,391 8.404 9.154 03 600 0.0 2,126 (3.4) 1,511 3.0 X X
Bhutan 4,700 316 102 19.0 218 2.0 3,295 2.5 1 n95 (P91 1.179 75
China 	 932.641 1,:01 97,674 (2.9) 5 0.0 0.0 C38 C.2 22123 210.776 

Cyprus 924 751 
 158 (0.8) 11,978 (5.4) 67.129 10 49,210 (1 6, X X
India 297.319 2.811 169.002 05 11,817 (25) 121.494 (0.4) 26.740 (3.0) 1,161 0Indonesia 181,157 981 21.107 8.1 44.000 00 18.020 01 86.750 1.3 11.761 6
Iran. Islamic Rep 	 163.600 336 14.830 (6.9) 4.000 0.0 1.893 (1.6) 32,394 (0.4) 15.685 10Iraq 	 43.737 418 5,450 30 818 0.0 110 (5.2) 673 (1.5) 6,477 15 
Isra.9 2.033 2.219 432 39 626 23.5 25,105 0.4 7.188 1.3 X XJapan 37.652 3.265 4.733 (6.0) 791 01 70 14.8 7.618 (04) X X
Jordan 8,893 461 414 55 580 00 13.372 0.0 644 (1 5) X XKampuchea. Dem 17.652 456 3,056 0.3 50 0.0 b.970 0.0 639 (243) X XKorea, DoemPeople's Rep 12.041 1.862 2.382 9.4 83 1500 6.518 (1.4) 1,129 13.8 X X 
Korea. Rep 9.873 4,366 2.'43 (42) 134 0.0 2 00 1.642 (0.2) X X
Kuwait 1.7? 1.131 4 266.7 800 0.0 13.100 (7 1) 8.280 13.0 X XLao People's lrem Rep '3.080 172 900 5.9 10 00 80 (11.1) 633 67 437 20 8Lebanon 
 1,023 2.832 300 (9.0) 27 0.0 19.82C il ) 8.633 35.6 X X
Malavyxa 32.855 516 4,375 3 1 123,338 (5,0) 15,178 (0.3) 16.652 57.9 2.844 9 
Mongolia 156.500 ',4 389 00 0.3 (0.9)1,332 362 32.272 23,051 24.131 15
Myanmar 	 65.754 621 10,067 07 319.080 00 116,848 1 0 399,039 04 2.547 4
Nepal 13.680 1,366 2,326 00 1.984 .u 2,308 (05) 7,061 (2 1) X XOman 21.246 67 47 246 1.000 00 0 00 20.199 (0.0) 4,769 18Pakistan 77.088 1.541 20.690 40 5,000 0.0 3.150 100 48.248 (22) 2.737 3 
Philippines 	 29.817 2,043 7.920 65 1.180 262 11.150 (16,0) 9.567 17 1 X XQatar 1.100 322 4 100.0 50 0.0 0 0.0 1,046 (02) X XSaudi Arabia 	 214.969 63 1.178 67 85,000 00 1.200 (21.1) 127.591 0.2 67,889 28
Singapore 61 43,536 4 (50.0) 0 00 3 00 54 8.0 X X
Sri Lanka 5,474 2.625 1.883 (1 0) 439 0.0 1.747 (2.2) 2,405 2 5 X X 
Syria. Arab Rep 18406 655 5,627 1 3 8,299 (3.1) 524 162 3,956 2.9 X XThailand 5' 089 1,075 19.920 17.1 740 32.1 14.662 (184) 5.956 26 2.809 6Turkey 	 76.963 709 27.658 (04) 3.800 (13.7) 20.199 0.2 .,.0 

7 
78 X X

United Arab Emirates 8.360 185 18 61 8 2.) 00 3 50.0 8.139 (0.1) 1.^33 26
Vie! Nam 32.536 2.019 6.494 15 310 14.0 13.000 (37) 12,732 30 X X
 
Yamen Arab Rep 19.500 398 1,355 0.3 7,00" 
 0.0 1,600 00 9.545 (0.0) 2,067 11
 
Yemen. People's Dem Rep 33.297 
 72 119 9.2 9.065 0.0 1.540 (6 1) 22,573 0.4 9,639 34
 
EUROPE 472960 1,050 139,903 (1.0) 83,979 (3.4) 157.184 1.3 91.96" 2.5 18.941 4
 
Albania 	 2,740 1,164 713 4 9 398 (2.5) 1,043 3 1 586 (84) 0 0Austria 	 8.273 906 1.516 16,3) 1 983 (5.9) 3.207 (1 6) 1.567 219 0 0Belgium 	 3.282 3,026 815 (8.5) 703 (10.4) 698 (0 6) 1.066 179 0 0
Bulgaria 11.055 814 4.133 (45) 2,034 135 3.867 1.0 1,021 (95) 0 0

Czechoslovakia 12.538 1.247 5.144 (22) 1.642 (52) 
 4,597 1.9 1.156 9.6 0 0
 
Denmark 4.237 1.208 2.606 (20) 214 (220) 493 14 924 12.9 0 0

Finland 30,461 163 2.404 
 (23) 130 (19.4) 23,222 (02) 4.704 2.9 2,939 9France 	 55.010 1.018 19.232 21 12.074 (89) 14.642 05 9.063 86 0 0
German Dem Rep 	 10.524 1.582 4.955 (0.7) 1.252 (4 1) 2.977 08 1.362 (0.7) 0 0
Germany, Fed Rep 24,428 2,482 7.464 (1 2) 4.528 (7.7) 7.328 07 5.108 94 0 0 
Gree... 13,085 767 3.940 2- 5.255 00 2.620 01 1,270 (6.2) 0 0Hungary 9.234 1.145 5.290 (3 2) 1.234 (43) 1,659 64 1.051 138 0 0
Iceland 	 10.025 25 8 0.0 2.274 (02) 00 7.623 00 29120 	 2,975
Ireland 	 6.889 535 1.008 (167) 4,6E1 38 333 98 867 (0.1) 0 0
Italy 29.406 1.948 12.1.O (1 6) 4,966 (42) 6.525 49 5.685 1.9 0 0
 
Luxembourg 	 259 1.417 X X 0 0.0 0 00 0 0.0 0 0
Maltj 32 10.938 13 (2.5) 0 0.0 0 0.0 19 18 0 0
Netherlands 3,392 4.334 907 68 1.108 (9.3) 300 (081 1,077 64 0 0
Norway 	 30,683 137 856 76 99 (2.6) 8.330 00 21,399 (03) 5,627 17
Poland 	 30,446 1.255 . 14.753 (20) 4,060 (1 2) 8.730 12 2,904 86 0 0 
Portugal 	 9,195 1,116 2,757 (34) 530 00 3.641 00 2.267 45 0 0Romania 	 23.034 1,006 10.649 12 4,402 6,340 03 1,644(08) 	 (67) 0 0
Spain 49.944 785 20.420 (1 3) 10.270 (64) 15.671 3 3 3,582 152 0 0Sweden 41.162 203 2.969 (1 1) 568 (21 8) 28.015 06 9.610 03 2,315 5
Switzerland 	 3977 1,6381 412 4 1 1.609 (1 0) 1.052 00 904 (0.0) 0 0 
United Kingdom 24.160 2.354 7.031 0.8 11.573 00 2.298 12.6 3,292 (85) 0 0Yugoslavia 25.540 928 7.774 (28) 6,360 0.4 9,344 2.7 2,061 (2.6) 0 0 
U.S.S.FL 	 ?27200 120 232,473 (0.0) 373,667 0.2 042,667 1.9 678,3=3 (2.0) 752,O22 34 

OCEA 788O.0 33 49,633 14.0 451,539 (3.8) 158,21 (8.7) 1M.375 14.3 P0,348 30 
Australia 761,793 2? 47.885 14.1 437,136 (40) 106,000 (96) 170.772 15.9 229.431 33Fij 1.827 !J4 240 37 60 (7.7) 1.185 0.0 342 (1.1) 0 0
New Zealand 26.867 125 518 21 2 13.857 07 7,213 24 5.279 (6.3) 3.723 14
Papua New Guinea 45.286 86 385 89 87 (18.5) 38.270 (0.5) 6.545 3.0 3.903 8
Solomon Islands 2,754 115 56 106 39 0.0 2.560 0.0 144 (3.6) 0 0 
Sources: Fooc and Agriculture Organization of the United Nations, United Nations Population Division, and Sierra Club. 
Notes: 	 0 = zfio or less than half the unit o1measure X = not available; negative numbers are shown in parentheses 

For a Idiional information, s- .Rources and Tecl,nical Notes. 
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Table 17.2 Urban and Rural Populations, Settlements, and
 
Average Annual 

Population Percrntage of Population Total 
Urban Pc;jlaton Change i'i Urban Areas by Labor 
as a Percentage 1960-90 Oizo of Area (000)(a) Year Force Pwcentage of La.'r Force in 

of Total (a) (percent) 50- 110- 250- 500- 1.000- of 1985 Agriculture Industry Services 
1960 1975 1990 Urban Rural 1,0 250 500 1,000 2,000 2.000+ Datalb} (000) 1960 1980 1960 1980 1960 1980 

WORLD 342 38.5 42.7 2.6 1.4 2,163,644 60 61 18 21 22 28 

AFRICA 10.3 25.3 34.5 5.0 2.1 213.792 78 60 8 12 14 19 
Algeria 
Angola 

304 
104 

403 
178 

447 
283 

4.2 
59 

2 1 
1 7 

X 
X 

35 
00 

1.7 
54 

2.5 
00 

8.0 
0.0 

0.0 
00 

77 
70 

4,834 
3,719 

67 
69 

31 
74 

12 
12 

27 
10 

21 
19 

42 
17 

Benin 
Botswana 
Burkina Fa-,, 

9,5 
18 
47 

21.5 
120 
63 

420 
236 
9.0 

77 
126 
46 

10 
25 
22 

X 
X 
X 

36 
97 
25 

0,0 
0,0 
44 

0.0 00 
00 00 
00 00 

00 
00 
00 

81 
87 
83 

!,964 
381 

3.765 

54 
92 
92 

70 
70 
8" 

9 
i 
5 

7 
13 
4 

37 
5 
3 

23 
17 
9 

Burundi 22 30 73 63 19 X 4.6 00 0( 00 00 87 2.520 40 93 3 Z 7 5 
Cameroon 
CapeVerde 

13.9 
67 

269 494 
302 61 5 

68 06 
100 (08) 

X 
177 

23 
0 

00 
00 

6,. 
0 

104 
00 

00 
00 

86 
80 

3.95b 
121 

87 
70 

70 
52 

5 
12 

8 
23 

8 
18 

22 
26 

Centil Alrican Rep 227 342 466 45 08 X 00 184 0. 00 00 84 1.282 94 72 2 6 4 21 
Chad 70 152 333 75 10 X 36 00 00 00 00 72 1,790 95 83 2 5 3 12 
Comoros 4.1 21 3 276 9 7 20 X 00 00 00 00 00 X 204 89 83 4 6 7 11 
Congo 330 358 422 33 19 X 171 343 00 00 00 84 710 52 62 17 12 31 26 
Cote dIvore 19% 2 466 72 2.7 X 00 28 00 145 00 75 4,053 89 65 2 8 9 27 
Otlbout 496 685 807 73 22 170 00 00 00 00 00 70 X X X X X X X 
Egypt 379 435 488 33 18 26 40 48 15 40 19.1 86 12,837 58 46 12 20 30 34 
Equatorial Guinea 
Ethiopia 

255 
64 

466 
95 

641. 
129 

51 
46 

(06) 
20 

X 
X 

00 
03 

00 
07 

00 
00 

00 
37 

00 
00 

83 
87 

169 
19,12 

82 
88 

66 
80 

6 
5 

11 
8 

12 
7 

23 
12 

Gabon 
Gambia. The 

174 
124 

306 
166 

457 
225 

63 
51 

15 
26 

50 
122 

00 
171 

00 
00 

00 
00 

00 
00 

00 
00 

67 
80 

5"' 
307 

85 
89 

75 
84 

7 
5 

11 
7 

8 
7 

14 
9 

Ghana 23.3 298 330 39 22 19 12 25 54 00 0.0 70 4.963 64 56 14 18 22 26 
Guinea 9.9 163 256 54 1.5 X 32 00 00 00 00 67 2.846 88 81 6 9 6 10 
Guinea-Bissau 136 208 308 48 13 X 123 00 00 00 00 79 427 87 82 2 4 11 14 
Kenya 
Lesotho 

7. 
34 

129 
108 

236 
203 

88 
87 

40 
17 

1.2 
X 

0.7 
00 

21 
00 

00 
00 

56 
00 

00 
00 

79 
72 

8.389 
733 

86 
93 

81 
86 

5 
2 

7 
4 

9 
5 

12 
10 

Liberia 1',.6 304 440 6 1 18 X 00 192 0.0 0.0 0.0 84 806 80 74 10 9 10 16 

Libya ."27 468 702 81 09 X 29 78 153 00 0.0 73 904 53 18 17 29 30 53 
Madagascar 10.6 163 250 57 22 X 00 38 00 00 00 71 4,510 93 81 2 6 5 13 
Malavi 44 77 148 72 25 X 34 48 0.0 00 00 87 3.074 92 83 3 7 5 9 
Mali 11.1 '32 192 43 20 15 00 52 00 00 o0n 76 2.598 94 86 3 2 3 13 
Mauritania 67 196 421 89 08 X 00 0.0 00 00 00 76 590 91 69 3 9 6 22 
Mauritius 332 436 423 25 12 174 130 00 0.0 00 00 86 390 40 28 26 24 35 48 
Morocco 293 378 485 43 1 5 X 63 107 89 00 11 0 81 6.676 62 46 14 25 24 29 
Mozambique 37 86 268 95 16 X 1.3 1.8 63 00 00 86 7.671 81 85 r8 7 11 8 
Niger 5.8 106 195 69 21 X 3.7 0.0 00 00 00 77 3.203 95 91 1 2 4 7 
Nigeria 14.4 234 35.2 65 24 X 37 17 0.9 1 1 00 75 36.568 71 68 10 12 17 20 
Rwanda 2.4 t0 7 7 74 3 1 X 19 0 ,00 00 00 78 3,063 95 93 1 3 4 4 
Senegal 31.9 34.2 384 36 27 33 35 00 124 00 0.0 76 2.897 84 81 5 6 11 13 
SierraLeine 130 21.1 322 52 12 X 00 130 00 00 00 85 1.35' 78 70 12 14 10 16 
Somalia 173 256 364 58 23 X 49 00 00 00 00 72 1,9911 88 76 4 8 8 16 
South Africa 46.6 505 589 32 15 X 83 00 161 14.1 00 85 10,831 32 17 30 35 38 49 
Sudan 103 189 220 54 23 X 40 21 26 00 00 80 6.991 86 71 6 8 8 21 
Swaziland 39 140 331 106 18 X 00 00 00 00 00 76 273 89 74 4 9 7 17 
Tanzania 47 101 328 103 22 X 32 1 00 49 00 85 10.913 89 86 4 5 7 10 
Togo 98 158 257 61 21 X 50 00 00 00 00 70 1.244 80 73 8 10 12 17 
Tunisia 360 476 543 36 1 1 X 33 00 84 00 00 84 2.224 56 35 18 36 26 29 
Uganda 51 83 104 60 33 X 00 21 00 00 00 69 7.054 89 86 4 4 7 10 
Zaire 
Zambia 

223 
172 

322 
363 

395 
556 

47 
75 

19 
12 

X 
X 

32 
84 

19 
9.0 

35 
80 

18 
00 

89 
00 

84 
80 

11,666 
2,242 

83 
79 

72 
73 

9 
7 

13 
10 

8 
14 

16 
17 

Zimbabwe 126 194 276 59 25 X 2.3 49 78 00 00 83 3,410 69 73 11 11 20 17 

NORTH &CENTRAL AMERICA 63.2 67.1 71.0 1.9 0.7 176,055 10 12 32 29 50 58 
Barbados 
,'' ada 

"ostaRica 

354 
689 
366 

386 
756 
422 

447 
764 
536 

12 
1 7 
43 

(01) 
04 
20 

348 
79 
00 

00 
98 
00 

0.0 
1.0 
152 

00 
173 
00 

00 
54 
00 

00 
243 
00 

80 
86 
70 

127 
12.i,3 

904 

26 
13 
5, 

10 
5 

31 

27 
34 
19 

21 
29 
23 

47 
52 
30 

69 
65 
46 

Cuba 549 642 749 23 (07) 53 9.9 63 00 3.0 203 86 3.987 39 24 22 29 39 48 
Dominican Rep 302 453 604 5 1 .8 6 1 3.9 00 131 00 00 70 '.962 67 46 12 15 21 39 
ElSalvador 383 404 444 29 21 63 00 61 0J 0 0 00 71 1.832 62 43 17 19 21 37 
Guatemala 
Haiti 

330 
156 

371 
221 

420 
303 

37 
42 

2.4 
13 

X 
X 

00 
00 

00 
00 

95 
112 

30 
00 

0.0 
00 

81 
84 

2,261 
2,822 

67 
80 

57 
70 

14 
6 

17 
8 

19 
14 

26 
22 

Honduras 227 323 436 56 22 49 24 91 137 00 00 85 1,303 70 61 11 16 19 23 
Jamaica 338 441 523 30 04 00 00 00 224 00 00 82 1,095 39 31 25 16 36 52 
Mexico 508 628 726 41 09 30 63 87 53 17 244 80 26.080 55 37 20 29 25 35 
Nicaragua 
Panama 

39 6 
412 

503 
491 

598 
548 

4 7 
35 

18 
16 

8 0 
X 

0 0 
102 

0 0 
199 

186 
00 

0 0 
30 

00 
00 

79 
86 

993 
760 

62 
51 

47 
32 

16 
14 

16 
18 

22 
35 

38 
50 

Trinidadand Tobago 225 484 691 53 (1 7) 341 00 00 00 00 00 82 450 22 10 34 39 44 51 
United States 700 736 740 1 3 06 X 82 8.7 106 105 390 86 116,800 7 4 36 31 57 66 

SOUTH AMERICA 51.7 64.5 76.1 3.7 (0.0) 93./76 44 29 22 26 33 45 
Argentina 736 806 862 20 (07) 61 48 54 61 68 351 80 10,884 20 13 36 34 44 53 
Bohvia 393 415 514 35 18 22 46 119 156 00 00 85 1,987 61 46 18 20 21 34 
Brazil 449 618 769 43 (05) 35 00 00 00 00 00 85 49,642 52 31 15 27 33 42 
Chile 678 783 856 26 (09) 94 155 68 34 1 00 00 85 4,276 30 17 20 25 50 58 
Colombia 482 608 703 37 05 27 108 45 50 98 145 85 9.195 51 34 19 24 30 42 
Ecuador 344 424 569 48 16 X 75 00 98 116 00 86 2.839 57 39 19 20 24 42 
Guyana 
Paraguay 

290 
356 

296 
390 

346 
475 

26 
40 

18 
23 

' 

31 
196 
00 

03 
0 3 

00 
195 

00 
00 

00 
0.0 

76 
82 

337 
1.223 

38 
56 

27 
49 

27 
19 

26 
21 

35 
25 

47 
31 

,'eru 463 614 702 42 07 73 57 o6 54 00 254 85 6,204 53 40 20 18 27 42 
Suriname 473 448 475 1 1 1 1 X 4,16 03 00 00 0.0 64 117 30 20 22 20 48 60 

Uruguay 801 830 85,F 09 (04) 63 00 00 00 414 00 85 1.171 21 16 30 29 49 55 
Venezuela 664 778 9ut 43 (10) 67 C ) 90 91 140 188 07 5.871 35 16 22 28 43 56 
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Labor Force, 1960-90 Table 17.2
 
Average Annual 

Populabon Percentage of Population Total 
Urban Population Change in Urban Areas by Labor 

as a Percentage 1960-90 Sizeof Area (O00)la) Year Force Percentage of Labor Force in 
of TotaJ(a) (percent) 50- 100- 250 500- 1,000- of 1985 Agriculture Industry Services 

1960 1975 1990 Urban Rural 100 250 500 1.000 2.000 2,000+ Datalb) (000) 1960 1980 1960 1980 1960 1980 
ASIA 21.5 25.3 29.9 3.2 1.7 12W,138 75 66 10 15 15 19 
Afghanist , 80 131 217 49 09 X 31 00 00 79 00 86 4,971 85 X 6 X 9 X 
1ahrain 786 79.3 82.9 42 33 206 252 00 00 00 00 81 181 14 3 45 35 42 62 
Bangladesh 5.1 91 136 62 24 1.1 14 00 00 14 34 81 28.845 87 75 3 6 10 19 
Bhutan 25 35 53 45 18 X 00 00 00 000 00 77 632 95 92 2 3 3 5 
China 190 202 214 22 1 7 X 12 20 32 31 123 82 617,906 X 74 X 14 X 12 
Cyrus 356 434 528 20 (04) 380 00 00 00 00 0.0 86 312 42 26 27 34 31 40 

Inda 180 21,5 280 37 18 16 25 18 27 07 47 81 293,194 74 70 11 13 15 17

I donesia 146 194 288 4 5 15 X 1 5 1 7 12 23 5 1 80 63,430 75 57 3 13 17 30 

Islamic 336 22 2.5 128Iran. Rep 457 549 52 34 87 46 81 82 13.023 54 36 23 33 23 31 
Iraq 429 614 742 54 07 X 41 41 00 12,5 00 70 4.259 53 30 18 22 29 48 
Israel 770 866 916 32 (08) X 226 201 00 38.0 0.0 86 1,610 14 6 35 ?2 51 62 
Japan 625 757 770 16 (07) 120 16 1 162 4,9 142 00 86 59,772 33 11 30 34 37 55
Jordan 427 554 681 47 1 1 86 40 79 231 0.0 00 85 799 44 10 26 26 30 64 
Kampuchea. Dem 103 103 116 18 14 X 00 54 00 0.0 00 62 3,602 x x x x x x 
Korea. DoemPeople's Rep 658 X X X X X X X X X X X 9.084 62 43 23 30 15 27 
Korea, Rep 06 07 1 1 39 19 3.2 8.1 77 54 34 368 85 16.790 66 36 9 27 25 37 
Kuwait 723 838 956 80 06 X 135 00 00 00 0.0 75 677 1 2 34 32 65 67
Lao P . .,,esem Rep 79 114 186 5 1 1; X 32 00 00 00 00 66 2,014 83 76 4 7 13 17 
Lebanon 396 686 837 41 (28) X 48 00 352 00 00 70 769 38 X 23 X 39 X 
Malaysia 252 305 423 43 17 X 113 19 00 00 00 80 6.171 63 42 12 19 25 39 
Mongolia 357 487 512 42 20 X 00 270 00 00 00 87 894 70 40 13 21 17 39 
Myanmar 19.3 239 246 30 20 X 23 00 14 00 66 83 16,699 X 53 X 19 X 28 
Nepal 3.1 48 96 63 22 11 14 00 00 00 00 81 6,870 93 93 2 1 5 7 
Oman 3.5 61 106 79 37 X 00 00 00 00 00 60 361 X 50 X 22 X 'S 
Pakistan 221 264 320 43 26 X 18 09 35 11 81 81 29.801 61 55 18 16 21 30 
Philppines 303 356 424 39 21 96 85 53 34 46 123 86 '9.874 52 1561 16 24 33 
Qatar 724 836 895 80 38 X 690 00 00 00 00 86 146 18 3 24 28 59 69 
Saudi Arabia 297 587 773 76 ' 4 X 55 32 106 00 00 74 3.405 71 48 10 14 19 37 
Singapore 1000 1000 1000 17 U0 X 00 0.0 00 00 1028 87 1.226 8 2 23 38 69 61
SriLanka 179 220 214 25 17 X 34 00 42 00 00 86 5.920 57 53 13 14 30 33 
SyrianArabRep 368 454 518 46 25 12 76 41 00 239 00 87 2,596 54 32 19 32 27 36
Thailand 125 152 226 46 21 13 10 00 00 00 91 80 26,657 84 71 4 10 12 19 
Turkey 297 416 484 41 13 66 65 57 28 3.0 156 85 21.385 79 58 11 17 10 25 
Uniled Arab Emirates 400 708 778 125 b5 X 354 200 00 00 00 80 683 X 5 X 38 X 57 
Viet Nam 147 188 219 36 19 X 50 05 00 2.1 100 79 28.755 81 68 5 12 14 21 
YemenArao Rep 34 110 250 93 15 X 20 00 00 0.0 00 75 1.676 70 69 15 9 15 22 
Yemen, People'sDemRep 280 343 433 39 16 X 00 12.7 00 00 0.0 X 558 83 41 7 18 10 41 
EUROPE 60.9 68.8 73.1 1.1 (0.7) 228.373 28 14 39 39 33 47 

Albania 306 328 353 29 21 X 73 00 00 00 00 86 1.398 71 56 18 26 11 18 
Austria 499 531 577 07 (04) 10 50 146 00 197 00 86 3.504 24 9 46 41 30 50 
Belgium 92.5 946 969 04 (26) 73 99 49 9.9 00 00 86 4.092 8 3 41 36 44 61 
Bulgaria 386 575 703 25 (19) X 106 71 00 123 00 85 4.483 57 18 25 45 18 37 
Czechoslovakia 469 587 686 1.7 (I3) 60 39 714 00 76 00 85 8,181 26 13 46 49 28 37 
Denmark 737 821 864 09 118) 25 87 00 00 264 00 86 2.784 18 7 37 32 45 61
Finland 381 551 679 23 (1 8) 238 00 105 196 00 00 86 2,488 36 12 31 35 33 53 
France 624 730 741 13 (06) 65 107 3.8 38 41 156 82 24.639 22 9 39 35 39 56 
German DoemRep 723 752 780 01 (09) 78 93 36 64 73 00 85 9.518 18 11 48 50 34 39 
Germany, Fed Rep 774 831 864 07 (14) 70 107 57 88 78 00 86 29,403 14 6 48 44 38 50 
Greece 429 553 626 19 (08) X 37 00 71 00 306 81 3,780 56 31 20 29 24 40 
Hungary 400 501 603 16 (1 2) 75 1052 00 00 01 195 86 5.215 39 18 34 44 27 38 
Iceland 803 868 905 16 (12) 405 " 00 00 0J 00 85 127 25 10 36 37 39 53 
Ireland 458 536 591 18 (00) 21 42 00 254 J0 00 81 1.367 36 19 25 34 39 48 
Italy 594 656 686 09 (04) 94 89 44 25 67 49 81 22.763 31 12 40 41 29 48 
Luxembourg 621 737 843 16 (24) 210 00 00 00 00 00 85 155 15 5 44 35 41 60
Malta 700 807 871 10 (23) X 00 00 00 00 00 80 139 10 5 41 42 50 53 
Netherland: 850 884 885 10 (00) X 146 4.6 14.9 71 00 86 5,861 11 6 43 32 46 63 
Norway 321 682 "44 34 (2 7) 60 115 109 00 00 00 87 2,039 20 8 37 29 44 62 
Poland 47. 552 632 18 (03) 75 118 65 7.5 45 00 86 19.221 4F 29 29 3, 23 33 
Portugal 225 278 333 18 00 41 00 32 79 00 00 81 4.563 44 26 29 37 27 38 
Romania 342 462 504 21 (02) 52 93 95 00 86 00 85 11,418 65 31 15 44 20 26 
Spain 566 696 784 20 (1 5) 84 145 85 65 44 00 86 13.725 42 17 31 37 27 46 
Sweden 726 827 840 09 (14) 1"' 132 55 85 174 00 87 4,237 14 6 45 33 41 62 
Switzerland 510 557 596 12 00 4f 00 204 131 00 00 86 3,173 11 6 50 39 39 55 

7

UniledKingdom 85 898 925 05 (1 9) 12 318 154 35 18 121 85 27.432 4 3 48 38 48 59
Yugoslavia 279 385 502 29 (04) 37 62 31 28 47 00 81 10.484 63 32 18 33 19 34 

U.&S.R. 48.8 80.0 07.5 21 (0.5) X 9.0 9.0 7.5 8.1 6.5 86 143,289 4 20 29 3Et 29 41 

OCEANIA 66.3 71.8 70.9 2.1 1.2 11.211 27 20 3.' 28 41 52 
Australia 806 859 855 18 06 27 56 44 63 137 402 85 7.364 11 7 '0 32 49 61 
Fiji 297 367 440 35 14 171 204 00 00 00 00 86 231 60 46 17 17 23 37 
NewZealand 760 828 842 15 (02) 113 63 188 250 00 00 87 1.458 15 11 37 33 48 56 
Papua New Guirea 27 119 158 87 20 22 40 00 00 00 00 86 1.685 89 76 4 10 7 14 
SolomonIslands 84 175 21R 58 19 X 00 00 00 00 00 76 X X X X X X X 

Sources. United Nations Statistical Office. Internatoral Labo "Organsatlion. and The World Bank 
Notes a Urban population totals do notagree because definitions vary, moreover, data are ofvarying ages and from different sources 

b Year shown is that of most recent city.size data 1985 total country population figures were used to calculate percentage 
0 . zero or less than halt the unit ofmeasurement. X = not available, negative numbers are shown in parentheses Totals may not add due to rounding 
For additional information, see Sources and Technical Notes 
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Table 17.3 Population Movements 

Go-ommont 1988 

Foreign-Bon Population Perception ot Refugees in Need of Permanent Internally 

(c. 1980) Significant Immi- Protection and/o Assistat..,o Refugee "RetLee*-Iiko Displaced 

Sex-Ratio Migration graton Country Country Settlemernt Populations 'Refugees' 

Number Percent (M/F) 4 1984 of Asylum of Ongin 1975-87 1988 1988 

WORLD 14,421.800 X 

AFRICA 4,088260 X 

Algeria 
Angola 
Benin 

X 
X 

41.000 

X 
X 

12 

X 
X 

1 10 

X 
X 
X 

167.000 
95.700 

3000 

0 
395.700 

0 

X 
X 
X 

X 
X 
X 

X 
975,000 

X 
Botswana 16,000 1 7 1 30 X 2.700 0 X X X 
Burkina Faso 111.000 2 1 091 X 200 0 X X X 

Buiund 83,000 2 1 104 X 76,000 186.600 X X X 
Cameroon 218,000 3 1 123 X 4700 0 X X X 
Cape Verde 
Central African Rep 
Chad 

X 
45.000 

X 

X 
2 5 
X 

Y 
096 

X 

X 
X 
X 

0 
3.0L,C 

0 

0 
0 

41,300 

X 
X 
X 

X 
X 
X 

X 
X 

225.000 

Comoros 45.000 4 1 088 -X 0 0 X X X 
Congo X 4 1 X X 2.100 0 X X X 
Cote d Ivoire 1474.000 220 146 * X 800 0 X X X 
Djbouli 
Egypt 

X 
115.000 

X 
03 

X 
142 

* X 
X 

2.000 
5660 

0 
0 

X 
X 

X 
60,000 

X 
X 

Equatorial Guinea X X X * X 0 0 X X X 
Ethiopia 
Gabon 

X 
X 

X 
X 

X 
X o 

X 
X 

700.500 
100 

1.036.200 
0 

X 
X 

X 
X 

1,100,000 
X 

Gambia, The 54,000 11 1 1 57 XK 0 0 X X X 
Ghana 562.000 66 136 XX 100 500 X X X 

Guinea X X X X 0 0 X X X 
Gu neaBissau 13,000 1 7 100 X 0 5000 X X X 
Kenya 
Lesotho 

157.000 
X 

10 
X 

1 10 
X 

X 
X 

10.600 
4.000 

0 
0 

X 
X 

X 
X 

X 
X 

Libena 59.000 40 1 51 X 200 0 X X X 

Libya 197,000 88 2 13 X 0 0 X 24.000 X 
Madagascar 
Malawl 

X 
289,000 

X 
5 2 

X 
0 95 

X 
X 

0 
630.000 

0 
0 

X 
X 

X 
X 

X 
X 

Mall 146.000 2 3 101 X 0 3 X X X 
Mauritania 28,000 2 1 1 4 X 0 0 X X X 

Mauritius 14.000 1 7 1 17 X 0 0 X X X 
Morocco 62.000 0 3 X X 800 0 X X X 
Mozambique. Peoples Rep 
Niger 
Nigeria 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

400 1,147.000 
0 0 

5.000 0 

X 
X 
X 

X 
X 
X 

1.750.000 
X 
X 

Rwanda 42.000 0 9 104 X 20.600 217.800 X X X 
Senegal 
Sierra Leone 
Somalia 

X 
79,000 

X 

X 
3 0 
X 

X 
X 
X * 

X 
X 
X 

5.200 
100 

365.000 

0 
0 

350.000 

X 
X 
X 

X 
X 
X 

X 
X 

600,000 
South Alrica 963.000 3,9 194 X 180000 24.900 X X 3.570.000 

Sudan 
Swaziland 

248.000 
26.000 

1 8 
5 3 

1 02 
090 

XX 
X 

693.600 
70.700 

355,000 
0 

X 
X 

X 
X 

2.600,000 
X 

Tanzania 416.000 2 4 1 12 X 266.200 0 X X X 
Togo 
Tunisia 

60,000 
42.000 

3 1 
0 6 

X 
X 

X 
X 

500 
100 

0 
0 

X 
X 

X 
X 

X 
X 

Uga,; a X X X * X 125,000 9,200 X X 225,000 
Zaire X X X XX 325.700 53700 X X X 
Zambia 231,000 4 1 1 10 X 149000 0 X X X 
Zimbabwe X X X * X 171.500 0 X X X 

NORTH & CENTRAL AMERICA 263,440 X 

Barbados 19.000 76 076 X 0 0 X X X 
Ganada 3.867,000 16 1 098 + 173.476 0 0 223.637 130,000 X 
Costa Rica 22.000 1 2 1 14 + X 38.700 0 X 175,000 X 
Cuba 128000 1 5 245 X 2.000 200 X X X 
Dominican Rep 32.000 0 9 191 X 6.000 0 X 375,000 X 

El Saladcr 32.000 0 9 097 X 400 152,500 X X X 
Guatemala 40.000 0 7 078 X 2,100 43,280 X X X 
Hail 11.000 0 3 103 X 0 8.000 X X X 
Honduras X X X X 38,540 0 X 125.000 
Jamaca X X X X 0 0 X X X 

Mexico 269.000 0 4 100 X 162.600 0 X X X 
: caragua 
Panama 

22.000 
47.000 

1 2 
2 6 

109 
1 17 

x 
X 

7.600 
1.400 

54.760 
0 

X X 
K4X 

X 
X 

Trinidad and Tobago 
United Slates 

60.000 
14.080,000 

6 5 
62 

0 94 
088 * 

X 
545.722 

0 
0 

0 
0 

X 
1.166.188 

X 
1.662.000 

X 
X 

SOUTH AMERICA 16.410 X 

Argentina 
Bolivia 

1,912.000 
54,000 

6 8 
1 2 

100 
1 10 

72.000 
X 

a 4,900 
300 

0 
0 

X 
X 

X 
X 

X 
X 

Brazil 1.811,000 10 1 17 X 250 0 X X X 
Chile 84.000 0 8 104 X 450 5.100 X X X 
Colombia 83.000 34 108 X 410 0 X X X 

Ecuador 57.000 0 9 X X 700 0 X X X 
Guyana 
Pirjguay 
Peru 

6000 
16C.000 
67.000 

08 
56 
0 4 

125 
111 
109 

X 
X 
X 

0 
0 

700 

0 
0 
0 

X 
X 
X 

X 
X 
X 

X 
X 
X 

Suriname X X X X 0 8.000 X X X 

Uruguay 
Venezuela 

132.000 
1.039.000 

4 7 
72 

0 96 
110 

X 
32.000 a 

200 
500 

0 
0 

X 
X 

X 
X X 
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Table 17.3
 

Government 1988 
Foreign-Bom Population Perception of Refugees in Need of Permanent Internally 

(c. 1980) Significant Immi Protection and/or Assistance Refugee "Refugee'-like Displaced 
Sex-Ratio Migration gratron Country Country Settlement Populations 'Refugees* 

Number Percent (MJF) + 1984 ofAsylum of Origin 1975-87 1988 1988 
ASLI 9.990890 X 
Afghanistan 
Bahrain 
Bangladesh 
Bhutan 
China 

x 
112,000 
759.000 

X 
x 

X 
320 

1 1 
X 
X 

X 
309 
X 
X 
X 

X 
xK 
X 
X 
X 

0 
0 
0 
0 
0 

5.927.180 
0 

48,500 
0 

112,000 

X 
X 
X 
x 
X 

X 
X 
X 
x 
X 

2,000.000 
X 
X 
x 
X 

Cyprus
India 
Indonesia 
Iran. Islamic Rep 
Iraq 

x 
7.938,000 

125.000 
179.000 

x 

x 
12 
0 1 
05 
X 

X 
1 12 
X 

1 19 
X 

* 

251 
X 
X 
X 
X 

0 
246.820 

2,310 
2.807.000 

_75.000 

0 
0 
0 

348,900 
508,200 

X 
X 
X 
X 
X 

X 
X 
X 
X 

20.000 

265.000 
6.000 

X 
1.000.000 

750.000 
Israel 
Japan 
Jordan 
Kampuchea Dem 
Korea. Dem People's Rep 

1.422.000 
669.000 

x 
X 
A 

425 
06 

X 
X 
X 

0. 92 
106 
X 
X 
x 

-
X 
X 
X 
X 

844.7C0 
520 

870.490 
0 
0 

0 
0 
0 

354.190 
0 

X 
X 
X 
X 
X 

. . 
X 
X 
X 
X 

X 
X 
X 
X 

Korea, Rep 
Kuwait 
Lao People s Dem Rep 
Lebanon 
Malaysia 

549.000 
576.000 

X 
x 

750,000 

1 5 
424 

y 
x 

5 

1 22 
200 

X 
X 

1 14 

. 
X 
X 
X 
X 

120 
0 
0 

294.080 
102.880 

0 
0 

78,890 
0 
0 

X 
X 
X 
X 

350.000 
X 
X 
X 

x.................... 
X 
X 

650,000 
X 

Mongolia 
Myanmar 
Nepal 
Oman 
Pakistan 

x 
X 

234.000 
x 
x 

X 
X 

I 6 
X 
X 

X 
X 

044 
X 
X . 

X 
X 
xX 
X 
X 

0 
0 

12.000 
0 

3.594,600 

0 
20.800 

0 
0 
0 

X 
X 
X 
X 

. . 
X 
X 
X 
X 

. X 
6.000 

X 
X 
X 

Pilippines 
Qatar 
Saudi Arabia 
Sngapore
Sr Lanka 

426.000 
x 

791.000 
527000 
48 000 

09 
x 

118 
21 8 

03 

1 70 
x 

201 
102 
143 

* 

X 
X 
xX 
X 
X 

20.920 
0 
0 

290 
0 

90.000 
0 
0 
0 

91.500 

X 
x 
X 
X 
X 

X 
x 

70.000 
X 
X 

200,000 
X 
X 
X 

450.000 
Syrian Arab Rep 
Thailand 
Turkey 
United Arab Emirates 
Viet Nam 

210.000 
273,000 
868000 

356 
X 

33 
0 6 
1 9 

639 
X 

1 07 
1 28 
1 01 
3 75 
X 

* 
X 
X 
X 
X 
X 

265,220 
439,860 

301.200 b 
0 

25.000 

0 
0 
0 
0 

74.400 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

Yemen Arab Rep 
Yemen. People's Dem Rep 

x 
X 

X 
X 

X 
X 

" X 
X 

" 62.000 
0 

0 
5j,000 

X . 
X 

. 
X 

K. 
X 

EUROPE 54,8001 X 
Albania 
Austria 
Belgium 
Bulgaria 
Czeclioslovakta 

X 
291.000 
879.000 

x 
74.000 

x 
39 
8 9 
X 

05 

X 
X 

120 
X 

068 

X 
X 

47.002 
X 

1.451 

0 
15700 

0 
0 
0 

0 
0 
0 
b 

2.700 

X 
16.716 

X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

Denmark0
inl3nd 
France 
German Dem Rep 
Geimany, Fed Rep 

160.000 
39.000 

6001.000 
X 

4.535.000 

3 1 
08 
111 
X 

74 

086 
088 
1 09 

X 
1 36 

17.949 
11.686 
51.425 

X 
437.093 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

26.537 
X 

169.452 
X 

71.348 

X 
X 

54,500 
X 

103.000 

X 
X 
X 
x 
X 

Greece 
Hungary 
Icelard 
trelan"l 
Italy 

127.000 
x 

6,000 
232.000 
937.000 

13 
X 

26 
68 
17 

1 14 
X 

081 
X 

0 75 

X 
318 

1.939 
15.400 
77,002 

4.600 
10.000 

0 
0 

13.000 

0 
5.000 

0 
0 
0 

X 
X 
X 
X 
X 

X 

X 
X 
X 

X 
X 
X 
X 
X 

Luxembourg 
Malta 
Netherlands 
Norway 
Poland 

87.000 
X 

552.000 
82.000 

2.087000 

238 
x 

38 
20 
64 

094 
X 

I 32 
1 10 
085 

X 
X 

58.627 
19.688 
1,559 

0 
0 
0 
0 
0 

' 

0 
0 
0 

3900 

x 
X 

15.115 
9.141 

X 

x 
X 

14.000 
X 
X 

-X 
X 
X 
X 
X 

Portugal 
Romania 
Spain 
Sweden 
Switzerland 

284.000 
X 

365.000 
422.000 

1 064.000 

29 
X 

1 I 
5 1 

16 7 

091 
X 

092 
1 06 
)93 

X 
X 

19.135 
29.245 
58.617 

100 
0 

9.200 
0 
0 

0 
12.200 

0 
0 
0 

XK.x..........X 
X X 

30.571 X 
66.753 19,000 
19.986 17,000 

X 
X 
X 
X 

United Kingdom 
Yugoslavia 

3390.000 
296.000 

63 
I 3 

098 
x 

201,100 
96 

0 
1.400 

0 
0 

X 
x 

8.000 
x 

X 
x 

U.S.S.R X X X X 0 0 X X 156,000 

OCEANIA 8,000 X 
Australia 
Fill 
New Zealand 
Papua New Guinea 
Solomon Islands 

3,004.000 
15.000 

464.00 
1.000 
5.000 

206 
25 

148 
00 
25 

1 07 

1 04 
1 07 
1 17 

lot 980 
X 

31.330 
X 
X 

0 
0 
0 

8000 
0 

0 
0 
0 
0 
0 

150,859 
X 

9.255 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

Sources: United Nalion'.. U S. Committee cn Refugees. World Bank, and Council of European Statisticians 
Notes: There v.'c. a total of 81.400 Namibian and 2.273 (i90Palestinian refugees needing protection and or assistance during 1988 25.260 Vietnamese sought

asylum in Hong Kong, 440 in Macao, and 180 on the Islaird of Taiwan Belize provided asylum to4.100 Central Americans. French Guiana hosted 8,000
Suriramese. The Gaza Strip and the Wesl Bank arecounled as ccntrolled -yIsrael There were an addilional 62.61( igees whose origin is not defined 
a Estimates for 1970 75 b There could be an additional 250 000 ethnic Tu.ks from Bulgaria taking refuge in Turkey 
. . significant migration info a country. - = significant migration out of a country. 0 =zero or less thanhalf of the unit of measure. 
X = not available, negai.ve numbers are shown in parentheses for additional information see Sources and Technical Noles 
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17 Land Cover and Settlements 

Sources and Technical Notes 

Table 17.1 Land Area and Use, 
1975-87 

Sources: Land area and use: Food and Agri-
culture ()rganizatiotn (ofthe United Nations 
(FAtO), un pulblished data (FAO,Rome, June 
1989); P)pulatioldensity: calculated from 
FAt) and United Nations Population Divi-
sitn, WIorldl opolulion Irospt,'ts 1988 (iN., 
New York, 1989): Wilderlness area: .1.Mi-
chael Mc('loskey andI Htther Spalding,"A 
Recoiln ia issaice-level Inven tinry of lie 
Anmiount of Wilderness Reiiaining intIlie 
Wiirl,"A,imbo,.Vi. 18, Ni i.,(1989). ant {re-
gitnlal alid glbal totals) The Sierra ('hil, 
tnpullisied data. taiiuary 1988. 

difficult for countries to assess because itin-
chldes wili land used for pasture. lii adli-
tion, few Coulntries regul.arly rel))rt data oil 

permanent piasture. As a result, the absence 
of a tchange in permianent ipasttire area (e.g,, 
zero percent change for many African and 
Asian countries) may iniot reflect actual coil-
ditions, but indicate d ifferences in land clas-
sificatin antI data repoirting. (;rassland not 
isetI for forage is inclutdeI under other lund. 
Forest andwoodland includes land under 

natural or plaited stalls tif trees, as well 
as lgged-over areas that will fe refiiresteI 
in the near fhture. 

()th11rlnd includes uiCnltivated lan d, 
gra.slandi
1n0tised for iastuire, liuilt-Lili 

Lmdlrea an(d land Its( ata are I)roivide(dareas, wetlands, wasteland, and roais. 
to FA() by iationllal gioverlnmlenlts ill re-
soiise to antiual questtioniaires. FA( also 
compif)lies data fromt iiational agricultural 
( ensuses. When official inforiaitT 1 Ilak-
tinv,. FAt pret'pares its owi estilafes or ri'-

oiluniflicial data. Several contllries use 
(h,liii ( t if ftal area andI land use that 
difer fri ittlis used in this chalter.Ref'r 
to the soiirces for details. 
FA) tften adijusts it'e lefinitiouns of landi 

us:e categories anid sonetiites sutbsiaitially 
revises earlier data. Ftir exaiile, in1985, 
FAt Ibegan ito exclude fri the cropland 
categiory land used for shiuftig culttivaton 
btut currenlly lying fallow. In addtfition, FAt )'s 
1986 data oil tie area of i)errmaien t pasture 
iii Alrica were 19percent lower than tie 
1983:-85 aver;age. Iecause these chaliges re-
flet't data-refirting )r)ce(dures inadditon 
to actiial !andl-usechanges,apparenl trends 
shoul e iterfpreted withl caution. 

.andl use data art' periodically revised 
alid iay clhang' significaitly froln year to 
year For lte lutist rt'( elilanI use statis-

lit's 


fits, see the latest I-)()Prodt'lton )earhook. 
Lundarea dfata are ftir 1987. Thev exclule 

iiajoir ii(and water fit(iesnatonal claims 
fo the cointinental shelf.Iaind Extlusive Eco-
ntilit' Zo)nies. (See Chapter 2:3. "Oceans and 
Coasts,"'able 2:1.1.J Antarctica is excluded 
from tlie world toital 
The population densit'v and (landuse fig-

ures for t lie world refer to t lie six ilhateiled 
continentls. Populatioin diensity was derived 
by using the I.OlUlatio figires for 1989 
Iullished by the U.N. PIopulation )ivisio)in 
and 1987 land area dat a from FA(). Altlhough 
tile iolpulation figures were published in 
1989. actual censusses and estimates were 
Ina(d" in prior years. For afditional iforvia-
tin oilfotpultion ald met hodIology, see 
tile 'eclLnical Notes tt TablefiI, I16('hap-
ter 16. 

Croplandincludes land under temporary 
and periialientf crops,tepiirary iit'aiiJws, 
market atitl kitclh'n gartlens, and tenfporary 

fallow. Perlanenit crioilanl is land uiider 
crops that io not eel ti be replaned after 
each harvest, suc as cocoa,coffee, rubber, 
fruit, andi vines. (ft excludes land used to 
grow trees for wood or tiniber.) 

Perilanenltpasture is land used five or 
more years for forage, incding natural 
crops and cultivated crops. This cate.oiy is 
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Wj:lderriess area refers to lanis shiwinig 
no evidence of develiilett, Siich as settle-
iients. roads,buildings, airptrls, railroads. 
I)iipeies, pIowerlines, and reservoirs. The 
data were di'rivedt friomn65 detailedI,aero-

nautical, navigatiitial Iuiaps iub)lsihed in 
the 'arly aii(f ni iI-198ls US.I)einsey lthe 
Mafllping Agelicy at scales if 1:2.1li,,0) and 
1:1,)(l)(,001(f!. The ltinps show liunall coii-
str ticts in reltie areas ito priovidfe orienting 
lanidiarks for iiaviqattirs. Althotugh the 
nafis ifi ni it always shiw ag'tricultural devel-

i)int'iit or Ii gging, these activities usually 

of data collectioLi aid estimation, refer to 
t lii Technical Note wrTable 16.1, in Chap
ter If. "Po)1ulatio and Health." 

Tibe 1I'rcentaI of population in urban 
41rea[s b' s.ize of are'awas calculated using 
figures fbir populations o)fcities and urban 
aggregations reported in I lie l)emo.graphic 

e)arbook and total national population pro
jections for 199)0 in World Population Pros
peels. hittile I)emoiiraphic Yearbook, the 
ilitei Nat ions reports populations of cities 
anid urlban agglomerations whose piopula
tions are 100,)00 or larger, as well as the 
i)l)ulations oif capiital cities (regardless of 

size). Where tibe siource contained( data for 
fitith a tity tiltl, t urbai aggloiieration of 
which it is a part, we used t laitter, unless 
tihe city-only data were considerably more 
recent. 

For sime countries, all ot the figures for 
urbai i)Ol latiou sizes are several years 
old. FIr miany other conlitiries, recent lig
tires were available for some cities but not 
hir it hers. The differences may be as niuch 
as 10 years i imore. linthese cases, the year 
il flit' itist receit data is shown (yearof 
dla'rhertfire,the figures fir tie percent
age of the iopfiulation that lives in cities of 
varying sizes, which were calcuated using 
lite city-size data described aiid 1985 na

octcur near roads anti self leients. The inili- liiilial 1)01)0lation figures are low for many 
1110 unit if wilderliess surveyed was ..,I1(10 
square kilotniters because it was ilnfiossi-
ble to iifentifysmtialler wild(erness areas 
frion tiese iiapis. 

Wi lderness artas iiclude areas classifiet 
as forest and wioidlanids tor ither lani by 
FA). 


Table 17.2 Urban and Rural 
Populations, Settlements, and 
Labor Force, 1960-90 

Sources: Urianf iollulation its l)ercenltage if 

total: Uitetf Nations Iouliation I)ivisioi, 
World Population Prospecls (U.N., New York, 
1989); Areas witl 50,000-]100,001) il)iulh-
tion: I I.N.,Department oi hIternatinal Ec()-
nomic and Social Affairs, Statist ical Office, 
('ompendium of hfutnan .de/tl,,ii'nt."111t1tu's 
1983 (U.N., New York, 1985); Areas with fIp)-

ilation of 10(0,000 to 2 iiio lioi ir liiore: [I.N. 
Statistical Office, i)ern(oiu'phw Yearbook 
/987 (U.N., New York, 198!#); Ttal lahior 
force: Iiternatioal Labiiur t)rganisatiio 
(I1.0), Econoiicall A't ue 'opulation.Es1-
niates. 1950-1980, Projit'tions: 1985-2)25 
(11.t), sect'r:Geneva,.1986); I.abor ft(rce biy 
The World Bank, Wlorld I)e'elopnent Report 
1984 and Wold Deeloproi'n Report 19." 
('rlie World Bank, Washingtln, I).'.. 1984 
(1965 data) and 1988 ( 1980 data)). 

irhan )oiilutionas perce'ntage oftloil is 

dlefieI as the otirtlof othe toltaliO Ula-
tion residing in urbait areas. '[herest olithe 
piopulation is defined as rura. l).finitions of 
urban vary froi couitry to culitry. For it 
list of Ititivilual counitry defilitios, see lite 
sources. Averaige ainrultiopulton ,'hiitute 
was calculated by the World Resources Ri-
port.For add itioixnal infrlmiatii)r olio ntlitods 

c(luntries-and proably extremiely low for 
solme. Mo)reover, somie countries that had 
ii(i urba aggregations of 50,000 or of 
100,00(01) the data year iiow haveor more ii 
cities iffthose sizes. 
The United Nations (felines a "city 

proper" as "alocality with legally fixed 
bouidaries and alladmiinistratively rec()g
nized iirbaii status which is usually clharac
terized by sone form of local government," 
and anl"urban agglhimeratioin" as "compris
iig the city or town prioper and also tbe sub
urbanifringt or thickly settled territiiry 
lying outsid,"of, but adjacent fittle city 
b30uidaries.For soume coutries otr areas, 
tile dat', relate to entire admiinistrative divi
iOns kiiti w , for example, as sli or 

riunicifiiis which are couiposed of a [)opu
lated centre aind adtjolning territory, sole 
oif which may cuontain ther quite separate 
ur)i1 localities or be distinrctly rural li 
character.' For aditional information, refer 
toithe source. 

The data on ,itiesif 50,O0-100,000 popu
hlati(n iire fioor for Africa (only 10 countries 
relport data) and Asia ( I Icountries report
ihig.), altlhough hese lata are fairlycoU
Ilt'te ft r lost of the rest oftlhe wirld. A 
iew otthese data refer to cities with popula
tioiis raingiig from undet 50I,000 to 00,000.t 
Niote that if one adds the Iercentages of 
l)titilation by size of urian areas, the total 

niy not corresI)tnd to tile total percentage 
oif f)oliation fhatis urban. These two sets 
tif data represeit piotentially differing defini
tions ol"urbahn" eni are fromllifftre-it time 
periods. The dlati on tte lercentage iftile 
iopuliili in cities oif certaii sizes include 
urbuan agglieratlions thai may not corre
sl)otlid with other lefiniins of urban. EstlI
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mates of t, - prop, :tion of population that of Immigration on a receiving country, the this definition has been somewbat broad
is urban-and of the size of urban areas- absolute impact can be even more striking. ened, at least in Afric., io include "external 
also could have been made by different ob- Each of these numbers summarizes this aggression, occupation, foreign domination, 
servers, with differing purposes. All of century's civil and international wars, politi- or events seriously disturbing to the public
these factors, especially year of estimate cal developments, legal and illegal Immigra- order. "This table includes all the refugees
and definitional variation, may give rise to tion, labor migration, refugee movements, registered with the United Nations High

the observed discrepancies. relative economic conditons, and percep- Commissioner on Refugees (UNHCR) and
 

All people who work or are seeking work tions of areas of opportunity. One o! the with the United Nations Relief and Works 
to produce economic goods and services powers of using data on place of birth or na- Administration (UNRWA) In the Middle
 
comprise the total labor force. which in-
 tionality is that It Includes all movements of East. The U.S. Committee (;n Refugees has
 
cludes employed people and the unem- people even when they are otherwise not also included in these data those who
 
ploye(l (both experienced workers who are easily categorized (e.g., the large move- 
 clearly would be registered as refugees iiwithout work and those' ooking for work for ments that resulted from the partition of the country of refuge had asked UNHCR to 
the first time). The data for tota; labor India). assist them. Therefore, for example, the
force, as well as percentage of labor force in The sex-ratio gives a picture of the partici- 328,500 people from Kampuchea and 20,600
agriculture, industry, and senices, take into pation of each sex in these international from Myaninar encamped in Thailand are 
account information on tie economically ac- movements. It is derived by dlividing the counted as refugees even if unregistered by
tive population obtained from national cen- number of males by the number of females. the UNHCR. Each country's refugee popula
suses of lOpUlation, labor force sample A sex-ratih of 1.0 indicates that the sexes tion is shown (countries of asylutn) as well 
sI veys, and other surveys conducted are represented equally. While for many as each country's contribution to that popu
through 1985. Est,:nates are based on mid countries tfie number of male migrants is lation (countries of origin). "he country of
 
year, medi1urn variant population figures greater than tie number of female ii-
 asylum is not the country of ultimate settle
(see Chapter 16, "l':)pulation and Health," grants, in global terms the sexes are just ment.
 
for further information on population pro- about equally represented. In the country Several outcomes are possible for refu
jectilins), with the largest foreign-born population, gees, including repatriation, continuing sta

the United States, females make up 53 per- tus as a refugee in the country of asylum,
Table 17.3 Popuiation cent of the foreign-born population. and permanent resettlement in a third coun-
Movements The United Nations maintains a data base try. The data on permanently resettled ren,

on goverm.;ent perceptions of migration gees (permanent relugee settlee,nt) show
Sources: Foreign born population, sex ratio and its desirability. These data report gov- tile cumulative totals, where available, for 
(niale/feinale) of foreign born population, ernment perceptions concerning whether tie period 1975-87. These people are not in
significant imnmigration and emigration: immigration or emigration is significant in cluded in the totals on refugees in need of 
United Nations Department of International thL:r countries. In governmentperception of assistance and protection. While develop-
Economic and Social Affairs (DIESA), World significant migration, a plus sign indicates a ing countries are the countries of asylum
'Popuk'ion7rends and Policies: 1987 Monitor- perception of significant migration Into the for most of the world's refugees, few are 

tig Rit ,rt (t!.N., New York, 1988). hnimigra- country, and a minus sign indicates a per- able to extend permanent status to their 
ti(o: John J.Kelly, "Improving the ception of signi'icant migration out of the charges.
Comparability of International Migration Sta- country. Blank, indicate that the govern- Some people (1988 "refugee '-ike popila
tistics: Contributions by the Conference of ment does not feel that either is significant. lions) fall outside of the narrow definition of 
European Statistici.ans from 1971 to Date," Some countries report both significant imi- refugee, but nonetheless fear persecution
Internationl Migration Reviwu, Vol.21, No.4 migration and emigration. In the absence of or death if they were to return to their own 
(19 1, pp.1017-1037. Inmmigraticn for Argen- detailed data on numerical importance of countries (and thus are not merely eco
tiia an(i Venezuela: Gurushr , Swamy Popu- current international migration, these quali- nomic migrants, even if their countries of 
lation and International Migration(World tative assessments provide data on its polit- residence consider them such). Because 
Bank Staff Working{ Papers Number 689, ical importance an( on the perception tf they are undocumented, estiiates,of their 
Washiigton, D.('., 1985). Refugees ih need reality. nu ibers vary. In any case, they ,:learly fall 
of protection and/oi assistance, permanent Mig'ation data are limited, in part, be- outside ot national and internationai protec
refugee settlem, nt. "refugee-like" popula- cause of differences in def;nitions. The data lions afforded refugees.
tions, and internally displaced "refugees": (primarily from the Economic Council of F-a- The primary leg'listic definition of a refu-
U.S. Committee for Refugees, World Refugee rope) on migration in 1984 have been ad- gee includes movement across an interna
.Surv'v-1988 in Reviw (U.S. Committee for justed, where necetsary, to correspond to tional border. Millions of people, however,
Refugees. Washington, D.C.. 1989). internationally recommended definitions of flee from place to place within their ovn 

The nunber and percentage of the foreign- long-term migrants, although only countries countries for the same reasons (such as 
born population is one of tie few measures of destination are shown, fear of persecution) that motivate interna
of international migration commonly avail- The definition of a refugee i; limited and tional refugees. Ili this table, estimates of in
able from natioial censuses. These particu- specifically ir cludes refugees in need ofpro- ternallydispluced "refugees" include people
lar data represent the most recent available tection and/or assistance. The 1951 United forcibly resettled for reasons that would 
census or alien registration data and (late Nations Convention classifies a person in have made them refugees If they had 
from between 1970 and 1984, although the flight froni a country as a "refugee" if the crossed a national border. These move
majority of countries (581.) datt" from 1980)- flight is based on "a well-founded fear of mients are fueled primarily by armed con
84. No attempt has been made to project being persecuted for reasons of race, rell- flict, and these people 'ire ineligible for 
these data to the present. While the percent- gion, nationality, mier.bership [in] a partici- much of the assistance given refugees. Esti
age o the population that is foreign born lar social group, or political opinion." The mates of displaced people vary and are ,un
gives some idlication of the relative impact U.S. Committee for Refugees reports that available in most parts of the world. 
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18. Food and Agriculture
 
The success of the agricultural and pastoral season is 
the essential resource question for the vast majority
of humankind. (nly after provision is made for indi-
vidual survival can people afford to plan for sustain-
able management of other resources. A woman 
growing maize in Kenya, asmallholder planting rice in 
Indonesia, and a farmer producing wheat in the 
United States-all put varying pressures on the re-
source base and, depending on the agricultural pro-
duction system, may contribute to desertification, 
deforestation, or nitrate pollution of groundwater. 

The world's agricultural production of food and 
other commodities has increased during the past de-
cade and outpaced population growth. (See Table 
18.1.) Regional and national data show that this in-
crease did not occur everywhere. South America's 
per capita food production remained stagnant, while 
North and Central America saw general declines, as 
did Africa. Only in Asia, Europe, and the U.S.S.R. has 
food production grown faster than the population. De-
spite a 23 percent increase in cereal productior. 
Africa's per capita food output has dropped by 8 per-
cent in the past decade. A large percentage of the 
growth in European and North American cereal pro-
duction has been used to f%'ed livestock. 

Yield figures demonstrate great differences in the in-
tensity of agricultural activity.On a global average, 
L.ne hectare yielded about 2.5 metric tons of cereals 
and 12.5 metric tons of roots and tubers. South Ameri-
can and Asian numbers range close to this average. It 
took Africa roughly twice and Europe half the area to 
produce these quantities. 

Differences in yields are partly caused by differ-
ences in agricultural inputs. (See Table 18.2.) Euro-
pean agriculture applies two and ahalf times more 
fertilizer per hectare of cropland than the global aver-
age, while South America uses one third and Africa 
one fifth of the world average. Low rates of fertilizer 
applications are caused by lack of financial resources, 
iow crop prices compared with fertilizer prices, and 
poor distribution structures. Other inputs show sim-
ilar distributions. 

Two thirds of the world's agricultural machinery is 
concentrated in North America and Europe, which 
farm one third of the world's cropland. Africa, in con-
tiast, with 10 percent of the world's crop area, owns 
only 2 percent of the world's tractors, mdny of them 
out of operation because of high fuel prices at 2 a lack 
of spare parts. 

Outside of mechanized agricultural systems, live
stock continue to supply traction power for cultiva
tion and harvest and are an important source for 
food, raw materials, fertilizer, and energy. Table 18.3 
shows that the number of cattle in Europe and North 
America declined in the past decade but increased in 
Mexico, many Central American nations, Africa, Asia, 
and South America. 

The world's agricultural production systems are in
tegrated in the world market for commodities and the 
flows of food aid. (See Table 18.4.) Many countries de
pend on agricultural trade to earn foreign exchange, 
but a steady decline in world commodity prices (see 
Chapter 15, "Basic Economic Indicators," Table 15.3) 
means increasing exports or decreasing export earn
ings. The same decreases in commodity prices, how
ever, have made food imports more affordable for 
nations with agricultural deficits. The trade in food 
products has grown decisively in the past decade. Eu
rope is now anet exporter of cereals, with the U.S.S.R. 
and Japan absorbing the greatest quantities of the 
world's trade in cereals. 

Food aid often links agricultural areas producing 
subsidized surpluses with countries in need. The 
United States, Canada, and the European Community 
are the world's largest donors of cereals. Cape Verde, 
Jamaica, Mauritania, El Salvador, and [)jibouti lead 
the world with the greatest cereal receipts per capita.
All five countries have witnessed growing cereal re
ceipts per capita over the past 10 years. Asia's agricul
tural success is underlined by a 32 percent decline in 
cereal receipts during the same period. 

The inherent fertility of soils and the climatic re
gime together determine which crops can be grown, 
what inputs are required, and what outputs are possi
ble. The physical and chemical characteristics of 
soils also determine the land's susceptibility to envi
ronmental degradation and constrain the choice of ag
ricultural methods. 

Table 18.5 presents country data on the extent of 
soils with physical and chemical fertility limitations 
for agriculture. Many of these constraints can be over
come by increased quantities of nutrients and strin
gent soil conservation methods. Soil capabilities vary
widely among regions and within countries. For exam
ple, Africa contains large areas of soils with no inher
ent fertility limitations. In most of these lands, 
however, a shortage of moisture prevents rainfed agri
culture, as can be seen in Table 18.6. 
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18 Food and Agriculture
 

Table 18.1 Food and Agriculture Production, 1976-88 
7- - Aerg Average_ Average Yields------

Index of Agrlaji-ural Index of Food "reduction Cerls Yields Cereals Roots and Tubers 
Production Production (000 Percent Kilograms Percent Kiograms Percent 

(1979-81 = 100) (1979-81 . 100) metric Change Per Change Per Change 
Total Per Capita Total Per Capita tons) Since Hectare Since Hectare Since 

1976-78 1986-88 1976-76 198888 1976-78 1966-88 1976-78 198-88 1986-88 1976.78 1986-88 1976-78 198-88 1976-78 

WORLD 94 116 90 , 02 lie6 go ' ,0,37 ,94 102 

AFRICA 96 116 108 94 94-A116 10 96 iS4.225 23;2 
Algeria 90 121 99 98 90 121 99 98 2.082 25 756 34 8,446 27 
Angola 103 102 114 85 98 104 109 87 364 (26) 377 (45) 4,182 9
Benin 93 142 102 115 94 136 101 110 491 44 810 10 8.425 9 
Botswana 110 93 123 73 111 93 123 73 13 (57) 407 (7) 5.385 6 
BurkinaFaso 90 144 97 121 91 141 98 18 1,882 72 715 34 7,898 18 
Burundi 93 122 99 100 98 123 104 101 489 49 1,193 5 7.427 (4)
Cameroon 98 116 106 96 99 116 108 96 907 6 963 13 2,402 7 
Cape Verde 87 136 90 115 87 137 90 116 14 175 522 4 2,843 (36)
Central African Rep 95 102 102 87 94 102 100 86 122 29 814 48 5,109 58 
Chad 98 121 104 103 94 120 100 102 725 16 625 20 5.334 25 

Comoros 93 121 103 97 93 121 102 97 23i 33 1,092 (7) 3,182 (7)
Congo 92 114 99 95 92 114 99 95 10 (46) 676 15 7,142 18 
Cote d'voire 85 122 97 91 85 127 96 95 1,084 34 857 14 5,672 29 
Djibouti X X X X X X X X X X X X X X 
Egypt 94 134 102 Ill 96 143 104 lil 8,881 12 4,661 18 21,303 31
 

Equatorial Guinea x xX )( X X x X X . .X 2,8 (1;r
Ethiopia 89 105 95 92 88 106 94 94 5.824 28 1,236 22 3,013 ('1,
Gabon 91 110 105 84 91 110 105 83 11 18 1,464 (2) 6:581 11 
Gambia,The 114 121 125 99 115 123 127 100 105 73 1,188 24 3,000 (5)
Ghana 97 134 103 105 97 135 103 106 960 54 931 12 6,779 6 
Guinea 98 109 t05 93 98 109 105 93 622 15 819 (I) 7,184 1 
Guinea-Bissau 95 152 110 132 95 152 110 132 222 182 942 42 6,154 14
 
Kenya 100 127 112 96 103 123 115 92 3,084 1 1.575 4 9.226 20
 
Lesotho 105 100 113 82 107 98 115 80 161 (27) 659 (44) 15,000 14
 
Liberia 94 117 103 93 94 120 103 96 288 16 1.213 (2) 7.180 9
 
Libya 77 110' 89 88 77 119 89 88 282 14 660 67 7,098 24
 
Madagascar 97 117 107 94 97 117 106 94 2,364 11 1.757 2 6,419 5
 
Malaw 95 106 104 85 95 103 104 83 1,390 (7) 1,103 (9) 3.278 (28)

Mal 91 125 97 103 91 124 97 102 1,959 69 997 26 8,938 (3)

Mauritania 90 110 97 91 90 110 97 91 Ill 194 638 47 1,916 45
 
Mauritius 109 117 116 105 Ill 117 117 105 5 218 3,932 46 19,916 28 
Morocco 96 138 103 115 96 138 103 115 6.733 51 1,282 39 14.818 22 
Mozambique, People s Rap 97 101 106 85 97 101 106 85 514 (29) 587 (24) 5,843 21 
Niger 86 109 93 88 86 109 93 88 1,917 31 420 12) 7,302 (10)
Nigeria 89 126 99 100 88 127 98 100 12,062 77 1,230 43 10,551 6 
Rwanda 86 103 95 82 86 99 95 79. . .284. 13 1,109 0 7,216. (12)
Senegal 110 134 122 113 110 135 122 113 955 26 786 15 4.237 8
SierraLeone 99 110 106 93 101 110 108 93 527 (17) 1.333 (7) 3,344 (21)
Somalia 96 127 112 99 96 127 112 99 541 110 753 76 10,557 (5)
South Africa 91 101 97 86 91 101 97 87 11,140 (3) 1,641 18 11,876 (2)
 
Su-. 93 113 162 91 90 112 100 90 366 24 521 (24) 2,573 (24)

Swaziland 85 125 94 100 86 127 94 101 97 2 1,428 (7) 1,889 34)

Tanzania 01 116 101 89 90 116 99 90 3.904 51 345 34 ,
 
Togo 89 110 96 89 90 106 97 86 411 62 805 () 8548 24
 
Tunisia 98 120 106 101 98 120 106 101 967 6 797 21 11,574 21
 
Uganda III I 05 123 83 1-1 104 82 (33) 6 29i 122 1,040 1,259 5.686 
Zaire : SC 120 105 96 95 119 105 96 1,145 48 846 15 7,288 8 
Zambhil 116 118 129 89 117 118 130 89 1,309 (21) 1.748 19 3.577 3 
Zimbaliwe 103 119 113 96 107 Ito 118 90 2,463 14 1,326 (6) 4,981 26 

NORMh&CENTRALAMERICA, 93 loo ge 9-~4 go9 t'.343453 3 3600 ~i11 , v0 96 91 100- 92 -~ 19.=6,v *174z 
Barbados 89 80 90 78 89 80 90 78 2 0 2,500 (4) 8,260 (20)
Canada 100 113 104 106 101 113 104 106 47.985 12 2,238 1 25,729 15 
Costa Rica 94 112 103 92 97 108 106 89 312 6 2,284 13 7,103 (11)
Cuba 90 109 92 106 89 109 91 105 606 tO 2.559 8 6.485 7 
Dominican Rep 98 107 106 90 99 109 106 92 565 39 3,519 33 5,920 (1) 
El Salvador 89 84 94 77 96 100 101 91 68 13 1,708 11 14,162 39 
Guatemala 95 106 103 86 6 118 102 97 1,400 40 1.665 20 5.488 43 
Haiti 94 106 99 93 95 108 101 95 399 1 1,144 16 4.110 (7)
Honduras 8e 110 94 86 88 108 98 85 559 11 1,476 54 7.456 121 
JamaIca 101 113 105 102, lOt 113 105 102 _ 7 _(401 1,447 (24) 12,426 25 
Moxico 90 ill 97 94 89 112 96 95 22.6886 28 2,280 26 14,009 11 
Nicaragua 115 82 124 64 111 87 120 68 541 60 1,839 61 12,091 161 
Panama 92 117 98 101 93 115 99 99 296 27 1,643 30 9,030 to 
Trinidad and Tobago !40 75 148 67 141 76 149 68 9 (81) 2,501 (16) 9,386 (22)
United States 94 97 98 91 94 98 97 91 267,364 0 4,383 16 31,610 12 
SOUTH AMERICA - ZI,9 .16 96, 10~-8 ~ 101~-:9 022, 2 ,3 2 , 5t82,lsm7 

Arinina 96 107 lot 97 95 107 100 97 23,548 (4) 2,457 -13 17,358 38 
Bol 96 114 104 94 95 114 103 95 808 39 1,322 19 5459 (12)
Brazil 88 123 95 106 91 1.5 98 108 41.341 44 1,801 32 12.190 5 
Chile 89 117 94 104 89 1,t 94 104 2764 70 3,370 90 14,083 44 
Colombia 91 113 97 97 91 116 97 99 3,406 14 2,554 11 .1,300 9 
Ecuador---------------5 119 103; 97, 94 1-18 103 98 967 57 1,458 7 6.430 (35)G•#i,:uyana .99 B5 105 

; 
74 q9 85 105 : 74 239 (15) 2,644 •14 7,023 3 •+iParaguay 87 133 96 106 87 134 96 108 1.275 171 1,671 20 15,575 10 

Peru 102 116 flu 97 105 119 114 99 2.179 41 2,446 30 8,138 15 
Suriname 80 108 79 100 80. 108 79 100 291 45 3,922 1 6,427 7 
Uruguay 96 110 98 105 97 108 99 102 1,049 16 2,105 70 5,773 18 
.VenezuJa 92 114 101 94 91 113 t00 93 2,351 89 1,999 13 8,220 9 
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Table 18.1 
Average Average Average Yields 

Index ofAgniculural Index oIFood Production Cereals Yields Cereals Roats and Tubers 
Production Production (000 Percent Kilograms Percent Kilograms Percent 

(1979+81 a 100) (1979.81 = 100) metric Change Per Charg Per Change 

Total Per Capita Total Per Capda tons) Since Hectwe Since H4ectare Since 
1976-78 1986-88 1976-78 1986-88 1976 78 1986-88 1976-78 1986-88 198688 197678 198688 1976.78 198688 197678 

ASIA 91 129 96 113 91 128 96 113 782,291 33 2,572 33 13,96 2
 

Afghanistan X X X X X X X X 4.496 3 1334 3 15.833 12
 
Bahrin X X X X X . X X X X X X 16225 (31)

ill 92 92 10398 2Bangladesh 94 103 94 Ill 102 23812 24 2 177 16 
Shulan 93 134 98 118 93 134 98 117 193 31 1591 10 8371 25
 
China 87 139 90 128 87 138 90 126 355.480 39 3945 51 15.375 Q2)
 
Cyprus 99 96 101 88 99 96 101 88 112 29 2 061 36 24.055 
 4
 
Inda 97 125 10.1 10: 97 126 103 108 165 125 23 1627 25 14417 17
 
Indonesia 84 134 89 118 84 135 90 119 46443 69 3 573 45 11038 26 

f c Rep 120 120 1308Irallslar 93 103 92 92 101 92 12 351 4:3 11 16341 12
 
Iraq 106 134 118 104 106 134 118 105 2259 27 909 0 15911 34
 
Israel 101 110 109 q7 107 116 114 102 268 14 2 295 32 39003 17
 
Japan 108 103 111 99 '08 105 111 101 14735 ilI1 5671 .11 25934 13 
Jordan 86 149 97 114 87 151 98 116 96 26 921 126 22.381 39
 
Kamlpuchea Der 139 173 135 145 136 169 133 141 2049 17 1 243 6 902 4 
Korea Dem People s Rep 91 129 98 109 91 129 98 109 11528 19 4 570 20 13299 4
 
Korea Rep 
 110 107 115 97 108 109 113 98 8672 (9) 5685 14 22334 31
 
Kuwari X X X X X X X X 3 5910 5723 152 18800 22
 
LadOPeople s Dom Rep 71 138 74 117 71 138 73 118 1252 73 2071 66 10060 3 
Leoanon X X X X X X X X 24 (59) 1.874 81 21 016 174 
Malaysia 89 141 95 120 03 157 89 134 I 733 (5) 2670 2 9379 6 
Mongolia 97 114 105 94 98 118 106 97 797 110 1255 62 10491 37 
N.yanmar 87 141 93 121 87 142 93 123 14 700 47 2810 50 9590 80 
Nepal 97 117 105 98 98 119 106 99 4 455 22 1 600 (3) 5.660 5 
Ornan X X X X X X X X 1 (51) 1 100 4 13440 (9)a
Pakislan 87 140 94 108 88 136 96 104 19390 32 1 737, 19 9871 f12) 
Philippines 89 107 96 89 b, 107 97 89 13 185 31 1880 28 6424 8 
Qtar x X X X X X X X 2 381 3 120 15 8568 112)Saudi Araba 118 312 137 231 119 315 137 233 2858 876 4035 462 15836 94 a 
Singapore 107 92 110 86 106 93 110 86 X X X X 11.190 
 (3)

Sri Lanka 87 102 92 91 83 102 87 91 2444 48 2.973 49 9.072 50
 

Syrian Arab Rep 81 119 89 93 78 119 86 93 3.507 50 1223 41 16.976 28 
Thailand 88 115 94 101 89 115 96 101 23.544 31 2052 13 13639 (5)
Turkey 95 115 101 97 94 116 100 98 21,875 23 2179 21 21.440 39 
United Arab Emirates X X X X X x X X 5 1.731 3.866 167)a 10.591 (41
V.,91Nam 85 135 91 115 85 135 90 115 16.058 41 2.647 34 5.911 (14) 
Yemen Arab Rep 100 121 108 99 100 121 108 99 713 i11) 859 2 16.724 46 
Yemen Peoples Dem Rep 101 107 109 88 100 106 107 87 120 9 1 727 12 14.984 12 

EUROPE 93 108 94 106 93 108 94 106 293,126 25 4,280 29 21,982 16 

Albania 91 109 97 95 93 109 99 95 1010 14 2911 16 9.085 20
 
Austra 95 105 95 105 95 105 95 105 4.971 14 4,919 17 26 791 13 
Belgium 91 114 91 113 
 91 114 91 114 2,211 13 5881 35 41.747 20 
Bulgaria 93 102 94 101 92 104 93 103 7878 0 3.818 8 10302 (9)

Czechoslovakia 98 121 100 119 98 121 100 119 11.481 13 4602 20 19.072 10 
Denmark 93 120 94 119 93 120 94 119 7.756 12 4.976 31 33.782 45 
,inland 102 106 103 103 102 106 103 103 2.945 11l) 2.486 (5) 16820 (0)

France 89 104 91 100 89 104 90 100 53 177 36 5.689 41 33.281 46 
German Dem Rep 91 117 91 117 91 116 91 117 10900 22 4.427 26 24.991 58 
Germany Fed Rep 95 112 95 113 95 112 95 113 25495 18 5366 32 34439 27 
Greece 92 95 91 100 97 3683 48104 100 94 5351 40 16683 13 
Hungary 93 107 94 '08 93 108 94 108 14.368 16 5028 23 17077 23 
Iceland 97 00 100 93 97 101 100 94 X X X X 11.000 5 
Ireland 98 110 102 104 98 110 102 104 2045 26 5646 30 22766 112)
Italy 91 102 92 101 91 102 92 101 18 193 12 3861 18 18.769 13 

Lu.embourg X X X X X X X X X X X X X X 
Malta 102 107 109 111 102 107 110 111 10 78 3.834 37 6.842 (14)
Netherlands 90 117 92 113 90 117 92 113 1.198 (1) 6.641 30 42.644 24 
Norway 93 109 94 J6 93 109 94 106 1226 21 3.688 10 22665 (6)
Poland 103 112 106 106 103 112 106 106 25.200 22 3017 15 18.926 (0) 

Portugal 96 108 100 103 95 109 99 103 1580 25 1.' jo 64 8.296 (7)
Rcmania 97 121 100 117 97 121 99 117 31.022 62 %oO0 65 24.062 63 
Spain 91 115 94 111 92 115 94 111 20.247 4 2.610 34 17473 21 
Sweden 97 98 97 97 97 98 97 
 97 5311 141 3M1370 11 31.830 19 

109 106 106 35,917 10Swlzerlard 95 95 95 109 95 1.004 30 5471 23 
UnitedKingdom 89 108 89 107 86 108 89 107 22.383 42 5651 34 37230 32 
Yugoslavia 97 106 99 101 97 106 99 101 16,163 4 3.872 14 8.196 (10) 

U.S.S.R. 105 117 Ica 109 105 118 108 Ill 196,906 (7) 1,806 6 11,995 (0) 

OCEANIA 100 M11 105 99 101 108 106 97 23,095 16 1,557 13 11,040 9 
Australia 100 ill 105 101 101 106 105 97 22.023 16 1.510 13 27.046 28 
Fij, 79 98 83 86 79 98 83 86 28 48 2 181 9 8452 6 
New Zealand 98 11 98 105 101 114 101 1o.. 1.032 18 4.586 14 29,218 15 
Papua New Guinea 92 116 100 97 94 117 102 97 3 110) 1.546 5 6.967 0
Solomon Islands 79 110 87 85 79 110 87 85 4 125) 4.000 32 16.057 19 

Source Food and Agricultu ganization of theUnited Natons 
Notes: a Two years of dat 

0 = zero or less tha all of the untlof measure X not avalable negative numbers are shown in parentheses 
For addional inlow. it'on,see Sources and Technical Notes 
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Table 18.2 Agricultural hiputs, 1975-87
 

Cropland Irngated Land Average Annual Average Annual Tr.clors i arvosters 
Hectares as a Fertilizer Use PestIde Use Annual Percent Annual Percent 

Total Per Percentage at (lulograms per (metric tons Average Change Average Change 

(000 hea.. ) Capta Cropland hecLao atcropland) adrve ingredient) Number Since Number Since 
1987 1989 197577 I985 87 1975 77 198587 197577 1982 84 198587 1975-77 198587 1975-77 

WORLD 1.473,699 0.28 14 15 67 91 X X 2.252.192 31 3,963208 28 

AFRICA 185.424 0.30 5 6 14 19 X X 535,798 29 51,846 42 
Algeria 7540 031 3 5 19 37 16.4b,' 21.400 81.373 95 8073 107 
Angola 3 550 036 X X 4 4 X X 10263 8 0 X 
Benin 1 84C 040 0 0 1 6 X X 118 29 0 X 
Bolswana 1360 , 10 0 0 2 0 X X 2157 14 84 37 
Burkna Faso 3 140 0 3h 0 0 3 a 5 X x 121 35 0 X 

Buurund, 1 332 025 5 1 b 2 22 59 53 379 0 X 
Cameroon 6995 064 0 0 3 7 X x 920 197 0 X 
CipeVerde 
Central ArficanRep 
Chad 

40 
2.005 
3.205 

0 11 
0 71 
058 

5 
X 
0 

x 
0 

2 
I 
2 

3 a 
1 b 
2 

X 
X 
X 

X 
X 

16 
185 
162 

66 
44 
17 

0 
13 
17 

X 
60 
11 

Co'cros 
Congo 

98 
679 

0 19 
035 

X 
0 

X 
1 

0 
4 a 

0 
5 

X 
X 

X 
X 

X 
687 

X 
5 

X 
45 

X 
73 

Cote d Irete 3640 C30 1 2 14 9 X X 3350 41 53 112 
D;bou X X X X 0 0 X X 7 25 0 X 
Egypt 2560 0 05 100 100 188 347 26970 19.567 44.000 100 2250 12 
Ecualor,7Gunea 230 0 53 x X 0 0 X X 99 3 0 X 
Ethiopia 
Gabon 
Ga a The 
Ghana 

13.930 
452 
170 

2.870 

0 30 
040 
z 20 
020 

x 
7 
0 

1 
x 
7 
0 

2 
1 
9 
10 

4 
4 

21 
4 

6r, 
X 
X 
X 

b 993 
X 

101 a 
A 

3.900 
1.373 

43 
3800 

6 
31 
(7) 
17 

151 
0 
4 

427 

11 
X 

44 
110 

1577 024 4 4 1 0 X X 180 80 0 X 
Gr'eaBissau 
Kenya 

335 
2420 

0 35 
0 10 

X 
2 

X 
2 

I a 
22 

l b 
46 

X 
935 a 

X 
1307 

48 
8536 

40 
41 

0 
520 

X 
22 

Lesotho 320 0 19 X X 5 12 X X 1650 45 31 31 
Lbena 371 0 15 1 1 15 5 1223 310 318 22 0 X 

Loy, 
Madagascar 

2145 
3 067 

049 
026 

10 
18 

11 
28 

21 
3 

24 
4 

2610 
X 

b 2017 
1630 

29567 
2.800 

98 
14 

0 
138 

X 
41 

Maiawo 2 377 029 1 1 io 17 X X 1.350 34 0 Y 
Mah 2076 323 6 9 5 15 X 683 833 8 47 Z8 
Maurtana 199 0 10 6 6 7 7 11 a X 315 43 0 X 

Maunritus 107 0 1u 14 16 225 268 753 bcd 981 bcd 344 13 0 X 
Morocco 
Mozamoque People s Rep 

8462 
3.090 

035 
C20 

14 15 
3 

23 
4 

36 
2 

2225 
x 

a 3350 
x 

32000 
5 750 

45 
4 

3187 
u 

14 
X 

Niger 3540 051 1 1 b 1 451 159 a 172 117 0 X 
N'gera 31 335 029 3 3 2 10 X 400n a 10533 37 0 X 
Rwanda 1120 0 16 0 0 0 1 X X 85 7 0 X 
Senegal 5,225 0 73 3 3 9 4 x X 467 22 147 24 
Siefra Leone 
Somalia 
SouthAirica 

1 801 
933 

13169 

3 45 
3 13 
038 

1 
11 

r 

2 
12 

9 

1 
4 p 

31 

2 a 
3 

6' 

x 
. 

19292 

x 
X 

11 053 

483 
2043 

182 767 

200 
50 

3 

6 
0 

32000 

240 
X 

42 
Sudan 12478 051 14 15 0' 4 A x 19000 110 1 190 25 
Swaziland 164 021 34 38 61 55 16 b X 3385 43 0 X 
Tanzania 
Togo 
Tunisia 

5230 
1 431 
4 680 

020 
043 
059 

1 
0 
3 

3 
0 
5 

6 
2 
10 

9 
7 

21 

2991?cd 
X 
x 

5; 3 cd 
, 

1 330 

18550 
320 

26 100 

2 
167 

7 

0 
0 

2587 

X 
X 
9 

Uganda 
Za4e 
7ant-: 
2,nbabve 

6 705 
6690 
5208 
2 769 

038 
0 14 
0 f.4 
029 

0 
0 
0 
3 

0 

0 
7 

0 
1 

1? 
48 

0 
1 )b 

16 
56 

X 
X 
X 

865 a 

23 c 
x 
X 

207 b 

3800 
2277 
4410 

20333 

109 
52 
5 
6 

13 
0 

278 
583 

41 
X 

12 
16 

NORTbI A CENTRAL AMERICA 273.853 0.65 9 9 84 83 X X 5.667,780 (0) 831,109 0 
Barbado7, 33 0 1.) X X 127 103 x X 592 18 "1 x 
C irada 
Costa Rica 

45990 
526 

1 75 
0 18 

1 
8 

2 
21 

33 
127 

49 
166 

26 98 
3 02" 

54 7F 
3667 

72809' 
6 250 

15 
10 

15794i 
1090 

(2) 
18 

Cuba 3.320 032 2' 26 118 192 '817 9567 62462 11 4212 11 
Domincan Rep 1475 021 11 14 51 4' 1 %,,1 3297 2270 10 C X 
ElSalado, 733 0 14 6 15 149 111 310 2838 b 3397 14 370 37 
Guaterala 
Hat, 
Hondura. 

1 865 
905 

'765 

021 
0 14 
0 36 

4 
8 
5 

4 
8 
5 

5C 
3 a 

14 

6; 

19 

4 62? 
rI5t,d 

94c 

5 111, 
X 

859 

4120 
572 

3.1;o 

10 
27 
16 

2900 
0 
0 

21 
X 
X 

Jamaica 269 0 11 '2 '3 60 66 8t1 1 420 299" 16 0 X 
Me.,co 24 ;J5 028 20 2' 45 -3 19 148 27630 160000 60 17700 36 
Nicaragua
Panama 

1 268 
575 

034 
024 

6 
4 

7 
5 

31 
43 

49 
58 

2 943 
' 542 

2003 
2 393 

7453 
6 150 

84 
46 

0 
'850 

X 
91 

Trinidad arid Tobago 120 0 10 17 19 60 52 x X 2 603 21 3 X 
United States 189915 0 77 9 10 102 93 459 400 373 333 4 676 000 181 645 000 (0) 

SOUTH AMERICA 141,972 0.49 5 6 28 39 X X 1,169,119 X, 110,302 21 
Argenla 
Boivia 
Brazl 
Chile 

35.750 
3.399 

77500 
5580 

1 12 
048 
0 53 
043 

4 
4 
2 

23 

5 
5 
3 

23 

2 
1 

4' 
20 

4 
2 
49 
46 

7448 
6Q, 

59292 
1838 

14 313 
833 

46 ,2 
1800 

206 000 
790 

775000 
37 843 

14 
13 
148 
10 

46.500 
278 

42000 
8500 

13 
42 
31 
9 

Colombia 53'8 0 17 6 9 49 81 19344 16100 33813 36 2417 28 
Ecuador 2 646 0 25 20 2 26 34 5 445 3 110 8000 52 700 29 
Guyana 495 048 30 ?6 26 32 '05 658 3560 5 419 4 
Paraguay 2176 052 4 3 1 5 2957 3423 9900 175 0 X 
Peru 3725 0 1/ 35 33 3P 43 2.370 2 753 14933 19 0 X 
Suriname 68 0 17 79 88 F5 178 974 a 1 720 b 1 703 38 134 18 
Uruguay 1444 047 7 43 41 1390 1 517 32603 3 4,617 (5) 
Venezuela 3865 020 8 9 44 143 5 923 8 143 44667 43 4 733 92 
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Table 18.2
 

Cropland Imgaled Land Avarage Annual Average Annual Tractors Harvesters 
Hectarns as a Fertilizer Use Pesticide Use Annual Porcant Annual Percent 

Total Per Percentage of (klograms per (metric tWs Average Change Average Change 

(000 hectares) Capia Cropland hectare ofcropland) active ingredient) Number Since Number Since 

1987 1989 1975-77 1985-87 1975-77 1985-87 1975-77 1982-84 1985-87 1975-77 19M5-87 1975-77 

ASIA 450,920 0.15 28 31 42 93 X X 4,790,874 128 1,248,829 113 

Afghanistan 8.054 051 31 33 6 9 1.000 b 605 a 770 8 0 X 
Bahrain 2 000 50 50 1tb 567 X X X X X X 
Bangladesh 9,164 008 15 23 29 68 X 234 4,950 52 0 X 
Bhutan 103 007 X X I 1 X X X X x x 
China 96,976 009 43 46 74 195 150,467 159.267 876.591 110 33,107 125 

Cyprus 157 023 19 19 87 123 X X 13.405 35 535 67 
India 168,990 020 20 25 22 52 52,506 53,087 651.424 153 2.839 265 
Indonesia 21.220 012 26 34 27 100 18,687 16,344 12.511 37 16.471 30 
Iran Islamic Rep 14.830 027 36 39 23 63 X X 111.667 123 2,863 11 
Iraq 5,450 030 30 32 8 36 X X 40,305 101 2,977 (37) 

Israel 438 0 10 45 64 183 219 600 847 25,697 22 317 7 
Japan 4,708 004 63 61 398 431 33.960 32,000 1.863,857 123 1.153,540 118 
Jordan 414 0 10 9 11 16 34 X X 4.840 24 340 70
 
Kampuchea Dem 3.056 0 38 3 3 0 0 1,593 833 1.358 I 20 0 
Korea. Dem People's Rep 2.392 0 11 44 48 244 328 4.000 b X 72.667 179 0 X 
Korea Rep 2.143 005 48 58 334 395 4,675 12.273 16.140 1.856 15.825 23.402
 
Kuwait 4 000 100 27 100 b 139 X x 91 361 0 X
 
Lao People sDem Rep 901 023 6 13 0 2 a X X 800 100 0 X
 
Lebanon 301 0 10 26 29 74 81 X X 3.000 0 90 0
 
Malaysia 4.380 026 7 8 68 154 X 9.730 o 11.567 83 0 X
 

Mongolia 1,335 062 3 3 6 16 X X 11,267 31 2,728 19
 
Myannar 10.060 025 10 11 5 18 3,721 15.2JC 10.282 28 38 84
 
Nepal 2,339 0 13 12 28 6 20 X 1. 2.843 80 0 X 
Oman 48 0 03 92 87 12 96 X X 127 67 27 158 
Pakistan 20.760 0 17 70 77 32 81 2,120 1.856 170.000 250 737 83 
Phlhppnes 7.930 0 13 14 18 34 50 3.547 a 4.415 19,767 53 587 59 
Qatar 4 001 X X 133 160 X X 86 109 0 X 
Saudi Arabia 1.180 009 34 36 7 337 X X 1.750 108 563 88 
Srnpapore 3 000 X X 375 1.391 X X 56 61 0 X 
Sri Lan a 1,887 0 11 25 30 ,19 106 X 697 27.958 76 5 56 

Syrian Arab Rep 5.630 047 10 12 1 42 X 4.892 v.c 47.977 154 2.890 37 
Thailand 20,050 037 15 20 14 26 13.120 22,289 130333 347 0 X 
Turkey 27,927 051 7 8 40 59 X 9.000 b 609623 117 12.289 16) 
United Arab Emirates 19 001 44 27 85 153 X X X X X X 
Viel Nan 6.470 010 1 28 58 61 1.693 683 a 41 500 344 0 X 

Yemen Arab Rep 1,360 018 17 18 3 10 325 Cd 1.614 acd 2.180 66 0 X 
Yemen. reoples Dem Rep 119 005 48 48 7 13 X x 3,021 56 15 25 

EUROPE 140,100 028 9 12 207 228 X X 9,912,318 33 838,235 4 

A.bania 714 022 50 57 104 133 4 510 5 183 10.587 8 1421 18 
Ausltra 1.510 020 0 0 219 220 3449 4',48 326 060 10 30.314 12) 
DeIgium 818 008 0 0 511 517 8.847 13263 122.350 13 8.872 113) 
Bulgaria 4.131 046 26 30 160 195 28.287 32.400 54327 i17) 7.985 124) 
Czechoslovakia 5.134 033 3 4 317 324 13967 14970 138,625 (2) 20.459 3
 

Denmark 2600 051 8 16 248 241 4998 7729 166612 ili1 34.183 (19) 
Finland 2,411 049 2 3 186 216 1 768 2639 240000 25 47000 15 
France 19.459 035 4 6 256 301 83 017 98 773 1523896 11 150405 (W 
German Dem Rep 4934 030 3 3 354 333 11900 14133 161 351 17 17470 43 
Germany.Fed Rep 7476 0 12 4 4 436 425 23 693 29836 1478 858 2 150000 (13; 

Greece 3940 039 24 29 126 172 30570 29240 181000 76 6499 25 
Hungary 5.289 0 50 5 3 270 258 26.267 27595 54257 111 11554 18 
Iceland 8 003 X X 3578 3061 3 ec 5 ec 13167 13 17 ,, 
Ireland 983 027 X x 423 655 1 721 2250 160.000 34 5.153 (1) 
Italy 12,167 0 21 22 25 127 178 83 724 98496 1270.569 47 42 597 47 

LuKerbourg x X X X 0 0 X X X x X X
 
Malta 13 004 8 8 30 49 X X 447 25 10 11
 
Netherlands 924 006 52 59 751 748 6593 9670 190 133 19 5711 13j 
Norway 856 020 6 11 290 273 1 494 1508 151601 38 17.884 21 
Poland 14.739 039 1 1 240 232 11360 15277 985 8b5 126 61.449 155 

Portugal 2.755 027 22 23 89 96 24 375 16016 77552 54 4.703 16
 
Romania 10.686 046 16 30 110 130 29 397 17 .2? 184,489 43 52352 '1 
Spain 20425 052 14 16 77 92 55267 71 533 656572 64 4C.590 4 
Sweden 2.953 035 2 4 176 138 5 454 5 736 183943 21 4t *86 (5) 
Swtzerland 412 0 06 6 6 380 423 1945 1b99 10-. 138 25 4,464 113 

UnitedKingdom 6.988 0 12 1 2 275 364 25 137 34 147 521 846 7 54.509 (9 
Yugoslavia 7.766 033 2 2 94 131 19091 315"7 951 324 267 9937 (101 

U.S.S.R. 232,570 0.81 7 9 76 114 348,767 535.400 2.755,333 15 012.000 18 

OCEANIA 48,860 1.67 4 4 34 34 X X 420,9-6 (2) 60,888 (4) 

Australia 47 105 285 4 4 22 26 60638 65200 332000 0 57.100 i2) 
Fiji 240 033 0 0 52 79 x x 4.450 31 0 X 
New Zealand 522 0 16 37 51 1250 740 1651 1793 81 414 (11) 332F ie6l 
Papua New Ounea 386 0 10 X X 20 30 X X 1163 0 450 38 
Solomon Is'nds 57 0 18 X x 0 0 X X X X X X 

Sources: Food and Agriculture Organization ofthe United NafilunS United Nations Industral Developm.nt Organization United Natiors Population Division. a~d country sources 
Notes. a Two years ofdata b One year ofdata c May not be active ingtedienl d Imports ofpeslicides e Sales of pesticides 

0 = zero or less than hal'Ofthe unit of measure. X = not available negative numbers are shown in parentheses 
For additional iniiriation, see Sources and Technical Notes 
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Table 18.3 Livestock Populations, 1976-88 

Cattle Shoep and Goats Pgs Equines Buffaloes arid Camels Chickens 
Annual Percent Cattle Annual Percent Annual Percent Annual Percent Annual Percent Annual Percent 

Average Change per Average Change Average Change Average Change Average Change Average Change 
(000) Since Capita (000) Since (000) Since (000) Since (000) Since (millions) Since 

1986-88 1976-78 1986-88 1986-88 1976-78 186.88 1976-78 1988.88 1976-78 1986-88 197678 J98688 1976-78 
WORLD 1.268.516 5 0.3 1,661,928 12 828,813 17 121.717 4 156,603 17 9,665 56 

AFRICA 179.654 11 0.3 362,046 15 12.830 42 17,507 3 16,573 16 797 52 
Algeria .1,7 2 00 17.860 42 5 23 816 (0) 128 (9) 22 32 
Angola 3391 21 04 1,230 9 475 30 6 0 0 X 6 17 
Benin 903 24 02 1.859 7 622 55 6 10 0 X 23 152
Bolswana 2.350 t20, 2 0 1265 75 9 (291 173 32 0 X 1 48
Burkna Faso 2.890 1I1 )3 7934 87 500 217 270 0 5 '2) 21 101 

Burundi 399 t49 0 1 1072 20 72 104 0 X U X 4 32 
Carneron 4.362 51 04 5368 19 1289 33 C2 20 0 X 14 55 
Cape Verde 12 (0) 00 81 27 69 175 9 (3) 0 x 0 275
Central Alican Rep 2.224 118 08 1 247 42 371 106 0 X 0 K 3 79
Chad 4.021 6 08 4413 t5) 12 77 405 (3) 504 .8 4 26 
Comoros 85 12 02 105 14 0 X 4 30 0 X 0 48
Congo 70 9 00 249 49 47 1 0 X 1, X 1 45
Cole dIvoile 923 68 0 ' 3000 41 447 61 2 0 0 X 16 33 
Djibouti 68 109 02 912 2 0 x 8 35 56 74 0 XEgypt 1.892 115, 00 2759 121l 1 5 I 1,920 18 2.620 7 30 11 
E ualonal Guinea 5 1 00 42 9 5 9 0 X 0 X 0 64
Elnuopia 30333 18 0 7 40467 1 19 14 7015 3 1 037 8 57 9
 
Gabon 9 174 00 145 111) 153 18 0 X 0 X 2 53
 
Gambia,The 298 3 04 394 35 12 33 
 4 1 0 X 0 38
Ghana 1245 60 0 1 5092 31 680 81 2) 0 0 X II (11) 
Guinea 1.800 13 03 920 15 49 41 4 0 0 X 13 125 
Guinea-Bissau 338 24 04 412 32 289 30 4 8 0 X 1 9.
 
Kenya 9,433 (31 04 '5467 61 100 56 2 0 787 32 22 32
 
Le.rolho 522 10) 03 2 450 51 69 IIl 244 27 0 X 1 21
 
Liberia 42 17 00 475 32 137 44 0 X 0 X 4 83
 
LUbya 212 14 0 1 6625 15 0 X 105 46 182 154 34 632

Madagascar 10,550 Is 1 0 1 633 .9) 1 391 131 1 (48) 0 X 20 46

Malaw 1.000 39 0 1 1 147 31 198 4 1 30 0 X 8 7 
Malh 4,668 11 0 5 1C833 14) 59 67 612 16 241 19 18 47 
Mauritana 1.217 5 0 7 - 167 2 0 X 166 (5) 810 13 4 23 
Mauritus 31 19 00 10C 32 11 97 0 0 0 0 2 61 
Morocco 3.110 (12, C 1 20 70' 3 8 2 1.468 125) 59 (72) 36 73 
Mozambique.Peoples Rep 1.350 0 0 1 4b- is 155 48 20 0 0 X 21 41 
Niger 3433 21 0 5 10950 23 37 31 804 2F 416 27 15 80 
Nigeria 12.190 
 6 0 1 39 133 13 1.300 37 950 0 18 6 177 87
 
Rwanda 641 1 0 1 1415 43 90 7 0 X 0 
 X I 40
 
Senegal 2212 19. 0 3 4 800 78 448 171 418 (I) 8 25 11 62
 
SierraLeone 330 1 0 1 507 39 49 62 0 X 0 X 5 
 51 
Somala 5.090 29 0 7 32 667 22 '0 23 49 12 6527 21 3 22
 
SouthAfrica 11.790 (9. 0 4 35490 ,) 1 453 4 454 1 0 Y 36 33
 
Sudan 22347 43 1 0 32954 21 0 X 674 3) 2.898 15 30 26

Swazdand 648 2 09 344 21 19 1 16 1 0 X I 38
 
Tanzania 13063 10 05 11 116 25 182 S 171 
 6 0 X 25 67 
Togo 285 27 0 1'80 16 296 '4 4 88 0 X 2 (3)
Tunsia 607 i29, 0 1 6 943 2 4 34 349 7 182 5 17 36 
Uganda 4 338 .14, 0 3 4602 34 387 130 17 4 0 X 17 25 
Za,re 1373 20 30 3353 15 7"1 13 0 X 0 X 19 52 
Zambia 2768 33 1)4 41 ' 26 198 '41 1 40 0 x 14 (28)
Zanbabwe 5575 .12 6 2 167 15) 180 (25) 123 12 0 X 10 12
 

NORTH & CENTRAL AMERICA 166,630 (9) 0.4 33,214 (1) 84,521 2 26,762 6 9 13 1,732 35 

Barbados 18 112. 'i 89 18 49 7 5 0 0 X 1 104 
Canada 11866 1" 5 -23 22 10408 59 344 (31 0 X 104 16
Costa Rica 2288 19 C 16 76 228 6 126 5 0 X 5 (21)
Cuba 5004 .9, 05 491 12 2433 53 755 11) 0 X 26 26 
Dorm',car Rep 2092 10 0: 606 49 389 t46; 582 40 0 X 19 140 
EiSalador 1094 12, 07 19 13 424 .121 118 6 0 X 4 4 
Guatemala 2 150 54 03 736 16 8r," 37 154 2 0 X 15 29
Hai, 1 473 "0 02 I 243 9 783 56. 728 8 0 X 12 154 
HOnduras 2829 52 0.3 34 13 577 10 260 3 0 X 8 84 
Jalla,ca 290 5 01 440 27 247 26 37 111) 0 X 5 13 
Me,:co 31 160 20 04 16215 6 17873 21 12.';63 13) 0 x 231 56 
N.caagua ' 837 .33, 05 9 748 8 317 (1) 0 X 5 31 
Pan1a 1 447 5 06 7 15 240 23 1;3 4 0 X 7 53 
''iidad and Tobago 78 5 0 1 b2 17 84 49 5 lb) 9 13 8 16 
UnitedStates 102 154 .1. 04 I2 037 15i 48 773 .9) 10.645 20 0 X 1 266 33 

SC',,.rTH,AMERICA 256.446 12 0.9 130,026 7 53.671 5 21.020 8 1.056 200 036 54 
Argentina :o.982 .12, 1 7 32281 .15, 4 067 8 3.288 (5) 0 X 52 62 
Bolivia 5377 44 08 11817 6 1697 31 1,093 '15) 0 X 11 40 
Brazil 134 027 27 09 30636 21 32573 (6) 9.044 14 1,056 200 520 54 
Chnle 3282 14. 03 6 870 8 1270 36 528 7 0 X 20 19 
Colomra 23957 ,11 08 3547 2d 2512 34 3200 21 0 X 37 39 
Ecuador 3885 45 0 4 2 086 .14, 4 167 42 736 27 0 X 49 .4, 
Guyana 207 '17 02 197 13 183 43 4 (7) 0 X 15 37
i'arar-ua, 7435 30 I 9 540 9 1806 56 367 (0) 0 x 15 50 
Peru 3 ; 51 02 14940 .111 2291 12 1,365 2 0 X 50 33 
Suriname 7 152 10 19 0 0 502 0 8 20 X .'3 

Uructgay 9.8u4 .3, 3 2 24599 54 210 152) 475 (6) J x 7 33Venezuela 12390 29 0 7 1808 12 2864 47 1,007 (0) 0 X 56 71 
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Table 18.4 Food Trade and Aid, 1975-87
 

Average Annual Net Trade in Food Average Ann: al Donations or Receipts of Food Aid 
Cereals Oils Pulses Cereals Oils Milk 

(000 metric tons) (metric tons) (metric tons) (000 metric tons) Kg Per Capita (metric tons) (metric tons) 
1975-77 1985-87 1975-T7 1985-87 1975-T7 1985-87 1975-77 1985-87 1975-T7 1985-87 1985-87 1985-87 

WORLD 

AFRICA 9,563 25,130 613,067 2,162,65& (124,732) 178,133 2832 6,587 7 11 158,900 121,899 
Algeria 
Angola 
Benin 
Botswana 
Furkma Faso 

1.873 
130 
37 
26 
33 

4.581 
241 
62 

141 
136 

187.103 
14.533 

(14.289) 
(877) 
716 

357.292 
29,348 

(14 902) 
(5.-17) 
12,453 

39,089 
3.180 
(280) a 
(933) 

(6.988) 

102.265 
16,254 

250 
5,236 

(2.620) 

13 
11 

9 
5 

29 

3 
68 
13 
44 
89 

1 
2 
3 
6 
5 

0 
8 
3 

39 
11 

320 
3,723 

825 
3,858 
5.018 

1.185 
4.107 
1.292 
3.409 
6,069 

Burundi 
Camproon 
Cape Verde 
Central African Rep 
Chad 

10 
86 
42 
10 
13 

15 
204 

70 
32 
64 

866 
(3.626) 

344 
359 
397 b 

2.508 
(6,.11) 
2,306 

263 
X 

186 a 
(
2 7 

5) 
3.126 

6 
6 a 

X 
(32) 

2,721 
165 b 

X 

5 
5 

29 
1 

28 

8 
10 
53 

9 
91 

1 
1 

101 
1 
7 

2 
1 

158 
4 

18 

393 
570 
626 
100 

3,343 

675 
82 

957 
117 

3,032 
Comc!)s 
Congo 
Cote dIvoitre 
Djibouli 
Egypt 

12 
41 

150 
19 

4.319 

24 
94 

582 
50 

8.825 

X 
2.757 

(9'.665( 
1.266 

403,831 

283 
8.816 

(137.735) 
4,373 

719,725 

X 
52 

1,423 
X 

116.108 

13 a 
134 
195 
783 

48.525 

4 
3 
0 
1 

1.628 

8 
1 
0 

17 
1.909 

12 
2 
0 
4 

44 

17 
1 
0 

47 
39 

185 
65 
21 

137 
13.545 

233 
9 

40 
205 

14.087 
Equatorial Guinea 
Ethiopia 
Gabon 
Gambia, The 
Ghana 

2 
115 
49 
27 

117 

8 
767 
58 
80 

163 

X 
1.331 
2.874 

(17.011) 
17,404 

X 
35.817 
3.593 

(4.652) 
19,847 

X 
(86.016) 

48 
2 a 

2,986 

X 
163 
37 
X 

143 

0 
79 

0 
8 

57 

5 
746 

0 
18 

86 

0 
3 
0 

14 
6 

11 
17 
0 

23 
6 

78 
26.289 

0 
433 

3.955 

80 
20.775 

1 
936 

1,832 
Guinea 
Guinea-Bissau 
Kenya 
Lesotho 
Liberia 

61 
23 

(40) 
75 
52 

165 
28 
67 

118 
114 

3,543 
193 

47.013 
1.467 

(3.447) 

4.700 
2.930 

113,506 
3.000 
2.168 

X 
104 

(15,674) 
(4.549) 

125 

X 
47 

(21.992) 
4,300 

200 

27 
16 
9 

17 
1 

66 
19 

195 
48 
33 

6 
24 
I 

14 
1 

1I 
21 

9 
3u 
15 

161 
248 
828 

2.834 
150 

691 
273 
571 

3,281 
0 

Libya 
Madi.gascar 
Malawi 
Mali 
Mauritania 

582 
89 
28 
38 

131 

1,442 
180 
(45) 
194 
222 

35,953 
14,264 
3.077 

(2,100) 
3,786 

69.483 
14,301 
5,751 
1.167 

18,270 

6.904 
(15.516) 

(6,882) 
(751) 

6 b 

7.433 
(3,403) 

(26.454) 
X 

303 

0 
8 
1 

24 
36 

0 
92 

7 
142 
101 

0 
1 
0 
4 

24 

0 
9 
1 

17 
55 

0 
9.862 

87 
1.317 
3,954 

0 
2,007 

181 
1.858 
4,587 

Mauritius 
Morocco 
Mozambique, People's Rep 
Niger 
Nigeria 

142 
1,302 

184 
17 

862 

177 
2,005 

424 
133 

1.331 

16.478 
139.520 
(11.350) 

(1.844) 
59.815 

24,977 
232.512 
34.613 
7.933 

184,194 

6,253 
(118,091) 

(8.682) 
(22,516) 

1.453 

9.658 
(20.512) 
14.554 

(13.067) 
13.385 

13 
105 
96 
50 

1 

10 
424 
328 
113 

0 

15 
6 
9 

11 
0 

9 
19 
23 
18 
0 

9 
22,553 

7,246 
1.669 

0 

201 
5,400 
4.626 
3,414 

37 
Rwanda 
Senegal 
Sierra Leone 
Somalia 
South Africa 

13 
349 
35 

168 
(2.521) 

23 
480 
132 
311 

(1,090) 

4.050 
(213.709) 

(7.154) 
13.224 
36,158 

16,762 
(13.114) 

3.426 
23.833 

183.206 

(46) a 
278 
134 a 
217 

(688) 

2.447 
533 

10 a 
4.067 
1,198 

12 
71 
6 

69 
0 

25 
109 
37 

182 
0 

3 
14 
2 

21 
0 

4 
17 
10 
27 
0 

2.009 
793 
680 

16,609 
0 

3.093 
4.459 
1,367 
8,289 

0 
Sudan 
Swaziland 
Tanzania 
Togo 
Tunisia 

38 
14 

228 
30 a 

487 

644 
38 

233 
65 

1.071 

(11.526) 
600 

19,891 
(221) 

(16,597) 

56,64 
723 

27,188 
2,728 

78.109 

(1.697) 
X 

(13.369) 
(1) 

(15.689) 

20,333 
X 

(8.333) 
177 

3.748 

64 
0 

115 
11 

126 

881 
1 

82 
13 

223 

4 
1 
7 
5 

22 

39 
1 
3 
4 

30 

10.074 
177 

2.545 
1,061 

834 

5.426 
170 

4.591 
1.758 
4,532 

Uganda 
Zaire 
Zambia 
Zimbabwe 

12 a 
345 
108 

(500) 

21 
369 
154 

(236) 

1.689 a 
155,933) 
19.017 

(477) 

1,183 
(22.000) 
15,195 
22,968 

57 a 
156 a 
726 

(3.304) 

650 a 
2,500 L 

484 a 
(837) 

0 
21 
16 
0 

18 
98 

105 
56 

0 
1 
3 
0 

1 
3 

14 
7 

2,484 
225 

6.637 
371 

1.135 
449 
215 
166 

NORTH & CENTRAL AMERICA (87,085) (88,793) (836,824) (741,501) (265,021) (497,342) (6.311) (7,402) (18) (18) (375,143) (183,734) 
Barbados 
Canada 
Costa Rica 
Cuba 
Dominican Rep 

42 
(16,362) 

80 
1.695 

271 

65 
(23.508) 

155 
2.179 

551 

4,520 
(22,041) 

8.337 
87,653 
44.571 

5.286 
(289.626) 

11.159 
131.966 
79.071 

1.419 
(77.520) 

615 
99.650 
4,893 

782 
(281.738) 

625 
97,945 
6.300 

0 
(1.031) 

1 
0 

25 

0 
(1.133) 

112 
0 

116 

1 
(45) 

1 
0 
5 

0 
(44) 
41 
0 

18 

0 
(49,286) 

98 
1,243 

39.049 

18 
(5,517) 

294 
1.278 
3,741 

El Salvador 
Guatemala 
Haiti 
Honduras 
Jamaica 

120 
129 
135 
74 

342 

197 
217 
199 
131 
380 

19.270 
10.400 
23,324 
11.039 
24,264 

37,864 
51.303 
46.905 

(12.P67) 
1 .844 

4.469 
3.328 

476 
(2,099) 
1.560 

2.392 
1,187 
4.000 

410 
380 

4 
12 
50 
17 
48 

233 
90 

108 
130 
253 

1 
2 

10 
5 

23 

48 
11 
18 
29 

107 

21,834 
14,990 
9.344 
1.538 
1,985 

7,466 
9,754 
5,345 
5.056 
2,996 

Mexico 
Nicaragua 
Panama 
Trinidad & Tobago 
United States 

2.512 
49 
66 

211 
(76,661) 

4,099 
123 
106 
239 

(74.158) 

57,418 
(1.306) 
17,772 
14.760 

(1.146.933) 

327.348 
36.123 
26.518 
19,629 

(1.248.287) 

(52,080) 
(1,111) 
2.896 
8.966 

(266,716) 

103,488 
6.894 
7.647 

12,012 
(466,818) 

0 
2 
2 
0 

(5.442) 

7 
39 

1 
0 

(7,357) 

0 
1 
1 
0 

(25) 

0 
12 
0 
0 

(30) 

9,547 
1,744 

24 
0 

(427,252) 

30.672 
1,972 

10 
0 

(246.818) 

SOUTH AMERICA (6,173) (4,228) (577.887) (2.131,413) (66,100) (88,373) 199 446 1 2 17383 44,217 
Argentina 
Bolivia 
Brazil 
Chile 
Colombia 

(11.498) 
221 

1.279 
811 
378 

(14.470) 
366 

4,975 
323 
848 

(346.349) 
7,131 

(585,302) 
59,279 
64.204 

(1,776,759) 
7,181 

(868,151) 
65,285 

119,796 

(141,528) 
272 

44.396 
(36.160) 

4.344 

(201,331) 
1.427 

57,778 
(70.717) 
44,906 

(16) 
14 
3 

138 
20 

(40) 
207 

b 
13 

4 

(1) 
3 
0 

13 
1 

(1) 
32 

0 
1 
0 

0 
5,368 

18 
470 
240 

3 
7,277 

16.839 
6,926 

585 
Ecuador 
Guyana
Paraguay 
Peru 
Suriname 

181 
(30) 
36 

1,098 
(16) 

317 
(3) 
38 

1,463 
(71) 

37,464 
5,682 

(26.292) 
58.533 
3,658 

34.565 
4,107 

(37,C72) 
53.284 

835 

950 
3.776 

X 
(1,349) 
1.219 

24 
3.933 

33 
8,639 
3,183 

5 
0 
6 
28 

0 

25 
15 
3 

211 
0 

1 
0 
2 
2 
0 

3 
16 
1 
10 
0 

3.052 
644 
60 

7,531 
0 

1.063 
965 
282 

10,198 
0 

Uruguay 
Venezuela 

(195) 
1,556 

(181) 
2.161 

(8.007)
151.528 

(10.296) 
274,633 

1,208 
56.527 

1,680 
61,569 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

80 
0 
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Table 18.4
 

Average Annual Net Trade inFood Average Annual Donations or Receipts of Food Aid 
Cereals Oils Pulses Cereals Oils Milk 

(000 metric tons) (metric Ions) (metric tons) (000 metric tons) Kg Per Capita (metric tons) (metric tons) 
1975-77 1985-87 1975-77 1985-87 1975-77 1985-87 1975-77 1985-87 1975-77 1985-87 1985-87 1985-87 

ASIA 47,053 6-,336 (426.647) (641,534) 35,219 (185,999) 4,284 2,899 2 1 238.158 70,135 
Afghanistan 24 77 16266 47.733 (2.667'i (10.000) 38 108 3 7 0 0 
Bahrain 53 74 1.367 7,382 1.238 1.972 0 0 0 0 0 0
 
Bangladesh 1.544 1.864 89.212 320,734 301 a 13.062 1.155 1.463 15 14 23.305 19

Bhutan 2 20 3.300 4.200 X X 0 4 0 3 137 277
 
China 5.555 7.863 172,957 532,662 (49.157) (292,721) (48) 172 (0) 0 1,899 3.593
 
Cyprus 213 432 8.472 14,492 1.652 789 15 1 24 2 0 134 
India 5,209 (460) 369.850 1.447,898 6,278 365.967 605 204 1 0 76,738 26.094 
Indonesia 2.135 1.587 (421.941) (795,160) 248 19,822 633 233 5 1 387 4.475 
Iran, Islamic Rep 2,010 4.468 272.008 516.955 11,112 10,955 0 10 0 0 0 33 
Iraq 897 3,679 92.553 282.052 24,325 76,300 3 0 0 0 0 0 
Israel 1.641 1.806 4.217 34.347 13.317 19.950 67 6 19 1 0 38 
Japan 20.444 26.857 399,282 458,415 190.580 170,154 (79) (413) (1) (3) (511) (231) 
Jordan 32:, 733 10.606 35,308 (1.507) 18.445 120 31 45 9 684 1.189 
Kampuchea. Dem 41 a 72 X X X X 0 21 0 3 1.067 0 
Korea. Dem People's Rep 53 228 a 3.599 12.433 X X 10 0 1 0 0 0 
Korea. Rep 3,263 7.662 147.800 310.287 7 18,538 483 0 13 0 0 0 
Kuwait 205 443 6.698 20.889 6.309 8.542 0 0 0 0 0 0 
Lao People's Rep 83 37 146 b X 14 b X 16 4 5 1 8 0Dem 
Lebanon 585 530 25.210 58.347 10,751 32.500 68 29 24 11 2.345 1.988 
Malaysia 984 2.076 (1.462.972) (4,647.637) 24.719 41.197 0 0 0 0 0 0 
Mongolia 71 124) 1.005 1.540 X X 0 0 0 0 0 20 
Myanmar (526) (548) 28081 27616 (32.235) (81.888) 7 0 0 0 0 8 
Nepal (99) )1 ) 20.400 10 42b (2.385) (13.886) 3 13 0 1 436 1.972 
Oman 77 23:1 5.008 14.713 1.999 3,581 0 7 0 0 0 0 
Pakistan 256 (20) 277,313 946.701 94 a 60.809 464 417 6 4 127.903 5.850 
Philippines 851 1.1.39 (737.840) l992,002) 1.546 11.016 66 199 2 4 978 17.117 
Qatar 29 92 1.354 6.229 634 2.153 0 0 0 0 0 0 
SaudiArabia 791 7,658 38 922 177.330 14.023 40,528 (3) (93) 10) (8) 0 0 
Singapore 593 649 J3,156 101.540 8.403 9.153 0 0 0 0 0 0 
Sn anka 1.163 736 139,619) t33.830) 1.808 39.385 348 309 25 19 468 3.500 

Syrian Arab Rep 322 1,091 20,611 70.601 J30.821) (3.758) 85 31 11 3 536 2,154 
Thailand (4.021, (7.181) 14.373 (15.396) 1114.345) (233,579) 1 37 0 1 450 120 
Turkey (152) 436 105.407 249,039 177.263) (547.576) (7) 3 (0) 0 74 211 
United Arab Emirales 153 455 6.452 45.439 7.628 17.713 0 0 0 0 0 0 
VietNam 1.085 583 11.645 (4.600) X (18.333) 194 38 4 1 869 943 
Yemen Arab Rep 224 839 2.821 61.317 505 300 28 58 5 8 147 223 
Yemen. People s Dem Rep 116 267 2.9j 5 32,017 1.776 1.933 11 14 7 6 537 409 

EUROPE 32,492 (13,025) 1,678,553 1,142,741 521,613 817,072 (574) (1,125) (1) (2) (14,052) (3,505) 
Albania 17 (13) 4.967 10.600 X (417) 0 0 0 0 0 0 
Austria 113 (770) 99.363 106.506 5.567 5.705 0 (20) 0 (3) 0 (584)
Belgium 3.056 2.161 109.205 (85,339) 31.513 213.460 (48) (52) (5) (5) 0 (45)
Bulgaria 59 971 (19707) 10.492 (6.605) 1.118 0 0 0 0 0 0 
Czechoslovakia 1.460 312 60.991 45.249 6783 7.333 0 0 0 0 0 0 
Denmiark (279) (1 366) 17.445) 1l,,879 (3.236) (178.517 (28) (17) (6) (3) (103) (1,128)
Finland (204) 402) (779) (10.095) 2.431 873 (35) (22) (7) (4) (1.324) (1.167)
France (11.203) (25.998) 374.010 273.276 55.417 (444.781) (168) (202) (3) (4) 0 0 
German Dem Rep 3.408 1.706 91.969 48.963 9,972 874 0 0 0 0 0 0 
Germany, Fed Rep 5.053 1.591 192.438) j200,905) 75.503 526.916 (158) (242) (3) (4) (5.371) (1.889) 
Greece 636 (247) (5.307) (84.813) 3.173 23.755 0 (10) 0 (1) 0 0 
Hungary (1.121) (1.674) (33.817) (198.100) (43.217) (109,334) 0 0 0 0 0 0 
Iceland 28 24 2.109 2,822 33' 320 0 0 0 0 0 0 
Ireland 600 156 1.564 35.474 8,0., 13.536 (4) (4) (1) (1) (33) (1,447'
Italy 6,986 4.506 402.529 416,924 107.138 252.356 (54) (137) (1) (2) (148) (209) 

Luxembourg X X X X X X X X X X X X 
Malta 139 133 3.734 6,250 1.262 1.054 2 0 5 0 0 67 
Netherlands 3,528 3,741 106.173 (9,512) 99.298 563.760 (84) (128) (6) (9) (3,310) (4.665)
Norway 655 388 (60.020) (15.857) 6.,'13 5,256 (10) (41) (2) (10) (45) 0 
Poland 5.280 2.340 54,957 80.801 7.424 (62.593) 0 24 0 1 4,196 10,055 

Portugal 1.949 1.871 33,199 (70,440) 15.057 10.827 217 0 23 0 44 504 
Romania (238) 190 (119.076) (41.440) (3,771) (10,733) 1 0 0 0 0 0 
Spain 4.418 1.678 (16,606) (315,678) 60.857 79.344 0 (29) 0 (1) (6) 0 
Sweden (1,1C71 (1.251) 26.725 32.595 3.028 8.529 (91) (77) (11) (9) (7757) (7)
Switzerland 1.326 919 46.412 46.680 5.813 11,598 (34) (38) (5) (6) (93) (2.804) 
United Kingdom 7.809 (3.196) 511,482 844,076 67.846 (102,278) (79) (129) (1) (2) (100) (185)
Yugoslavia 190 (802) 104.539 67.695 5.574 (890) 0 0 0 0 0 0 

U.S.S.R. 12,832 32,118 (177,572) 856,328 (43,416) (41,070) 0 0 0 0 0 0 

OCEANIA (11,185) [21,068) (298,378) (391,910) (18,492) (249,889) (85) (392) (4) (16) (1,533) (694) 
Australia (11.450) (21.251) (143,912) (106,242) 9,071 (202,320) (94) (39J) (7) (25) (1.537) (526)
Fiji 62 89 (10,583) (611) 2.883 4.200 10 0 16 0 0 0 
New Zealand 21 1211) (75.903) (89.978) (31.100) (53.863) 0 0 0 0 0 (168)
Papua New Guinea 96 177 (50.324) (157.648) 71 103 0 0 0 0 4 0
Solomon Islands 6 17 (2.758) (14.325) 10 12 0 0 0 2 0 0 
Sources: Food and Agriculture Oroanization of the '-ied Nations and United Nations Population Division. 
Notes: a Two years ofdata b One year ofdata 

Imports and foodaid receipts are shown as poritive numbers exports and food aid donations are represented by negative numbers inparentho3es. 
0 = zero or less than half of the unit of measure; X = notavailable; negative numbers are shown inparentheses. 
For additional information, see Sources and Technical Notes. 
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Table 18.5 Physical and Chemical Soil Constraints in Selected 
No 

Total Inherent Chemical Constraints (000 hectares) 
Land Soil Physical Constraints (000 hectares) Low Aluminum Phosphorus Low Excess of Excess 

Area (a) Constraints Steep Shallow Poor illage Nutrient Toxic~ty Fxaticn Potassium Soluble o1 Sulphate 
(000 ha) (000 ha) (b) Slopes Soils Drainage Problems Retention Hazard Hlazarer Reserves Salts Sodium Acidity 

WORLD 

AFRICA 3,011.330 442,733 260,864 397.812 198,239 111,779 396,629 508,304 205,079 614,926 51,325 4,440 3,690 
Algeria 238.174 63.374 24.652 56.208 490 537 83 0 0 80 5.153 0 0Angola 124.670 3.679j 6.008 5,958 16.422 1.028 43.930 36.925 10.859 56.045 252 58 0 
Benin 11.062 227 516 995 1,178 111 964 0 10 10246 1.284 0
Botswana 56,673 3,344 822 1,650 2,897 4,918 27,584 203 37 9.311 4.859 646 0Burkina Faso 27.380 6.497 1.273 2.739 4.285 2.596 1,948 671 264 696 0 0 0 
Burundi 2.565 66 356 108 252 100 0 1,369 1,21P 1.945 46 0 0
Cameroon 46.540 1.774 4.784 1.109 5.334 341.932 2,041 1.232 33,419 34.643 10 34Cape Verde 403 43 166 229 0 6 12 0 0 0 0 0 0
Central African Rep 62.298 800 2.222 3.476 5,504 179 13.080 33.182 10,564 43546 85 0 0
Chad 125.920 30,976 5,879 31.399 7.344 8.453 19.678 2,322 28 4.814 3.640 473 0 
Comoros 223 9 76 51 " 0 42 17 86 0 00 0 
Congo 34.150 0 204 58 10.b4. 0 11.255 16.348 2.549 20.149 27 0 0
Cote dIvoire 31.900 137 1.118 1.912 1,723 107 1,098 20.517 17.512 21.491 0 0 11
Dibouti 2.)118 679 13 1.240 23 0 0 0 0 0 101 0 17
Egypt 99.545 20.939 12,236 21.481 1.405 78 0 3 0 0 6.787 85 0 
Equatorial Guinea 2,805 21 138 145 593 0 292 1.462 41 1.658 1 0 2Ethiopia 110,100 14.751 35.017 14.788 622 11.190 2.055 6.153 3,869 12.012 2.001 0 147
Gabon 25.767 0 1.3'a 443 3.234 0 3.557 13,102 3.062 14.616 174 0 348
Gambia. The 1.000 355 4 29 217 0 0 174 0 174 66 0 99
Ghana 23.002 277 9S8 2.554 2,167 365 936 6,425 5.132 7.145 18 0 0 
Guinea 24.586 369 3.680 10,773 1.395 59 517 8.390 4.155 9.. 0 101 0 305
Guinea-Bissau 2.812 0 492 818 268 0 168 417 0 671 225 0 528Kenya 56.697 6.109 8.582 8.823 2.153 2.581 2.059 2,973 1.011 5.677 5,127 0 0
Lesolho 3.035 1 1,910 1.526 226 0 0 0 0 146 ;0 0 
Liberia 9.632 174 751 1.004 1.835 0 957 7.653 2.854 7.531 0 0 0 
Libya 175,954 45.230 9.626 20,828 274 142 78 0 0 0 2.427 6 0
Madagascar 58.154 2.220 6.460 3.018 3,601 743 4,447 21.118 8.519 23.296 512 0 528
Malawi 9,40. 2.573 556 452 969 691.097 1,917 167 2.700 3.400 0 ')
Mali 122.019 34.752 7.693 18,326 6.385 1.238 17.1*' 1,600 669 2.551 29 0 0
Mauritania 102,522 28.299 6.558 25.375 238 171 9.598 0 0 0 777 0 131 
Mauritius 185 7 44 41 5 8 0 21 16 57 0 0 0Morocco 44.630 9,059 11.469 10.716 844 0 0 0 271.212 2.017 0
Mozambique. People s Rep 78.409 4.348 5.655 6.780 2.981 1.952 13.674 15.844 7.611 19.480 1.203 0 168
Namibra 82.329 4,260 8,667 11,303 1.257 5.521 18.789 25 0 5.227 3.478 140 0
Niger 126.670 48.232 7.329 14.690 3.259 1.474 36.128 0 0 0 1.079 57 0 
N,geria 91.077 8.937 6.079 13.108 12,000 1.756 11,647 16,.61" 5.7u.4 19.068 1.206 636 763
Rwanda 2.495 91 983 218 239 12 0 7 b 736 1,664 0 0 0
Senegal 19.253 3.120 773 2.707 2.321 416 5.503 1,43 0 916 243 0 376Sierra Leone 7.162 180 946 1.552 587 0 388 3.975 66 4,003 63 0 193 
Somalia 62.734 3.417 4.078 6.277 1,043 1.825 790 790 2 903 755 03.204 4.453 
South Africa 122.104 1,273 17.589 23.851 5.682 6.146 25.294 3.070 2.287 1 1.158 536 0139
Sudan 237,600 74.780 1 i.129 31,642 19,380 42 336 21,729 12.104 4.539 .,'56 1.504 11 31
Swaziland 1 720 0 414 326 238 23 125 418 293 547 0 0 0
Tanzania 88.604 2.981 16,124 6.902 8.389 5.649 7.549 30.356 25.922 41,165 490 0 9
Togo 5.439 276 450 979 525 182 70 364 20 607 0 0 0 
Tunisia 15.536 1.684 3.563 3.611 313 523 0 0 1.349 00 0 
Uganda 19.955 592 2.255 2,158 2.480 804 701 11.486 3.606 12.460 26 0 0
Zairj 226.760 1.219 6.267 1.057 40.630 596 64.918 162,158 63.182 169.673 156 0 0
Zambia 74.072 3,241 14,112 2.594 18.809 10.8951.786 5.345 30.025 32.712 0 800 0
Zimbabwe 38,667 893 2.997 4.984 1.341 2,598 5.985 1.221 644 5.6"9 349 44 0 
CENTRAL AMERICA 273.999 58,592 68.810 44,139 15,417 .6,671 689 24,157 15.1,7 27,335 436 1.934 650 
Barbados 43 0 1 3 7 0 0 06 6 0 2 0
Belize 2.280 66 373 167 495 402 28 .648 266 456 0 20 35
Costa Rica 5.106 1.132 868 0 1,015 0 3584 306 118 1.277 1.477 12
Cuba 11.086 310 1.108 752 1,564 1.605 186 1.924 1.084 2.778 0 264 143
Dominican Rep 4.838 454 1.514 681 287 563 0 737 61 773 0 0 8 
ElSalvador 2.072 253 743 223 52 310 0 188 33 470 0 2 2
Guatemala 10.843 3.223 1.349 17 742 0 1469 1.049 1.219 1.276 1.342 54
Haiti 2,756 263 1.035 419 53 106 0 466 75 793 0 0 10
Honduras 11.189 628 3.843 1,026 970 205 0 3.497 2.642 2,738 0 45 81
Jamaica 1,083 114 357 137 52 161 0 184 11 218 0 0 10 
Mexico 190.869 55,092 49.125 37,263 6.660 12.492 458 5.086 3,030 6.978 436 1,413 61
Nicaragua 11,875 493 3.571 909 1.870 1.068 0 4.724 3,154 4.624 0 50 112
Panama 7.599 161 2.152 651 1,075 127 3.486 2,479 4.038 72 1510 0
Trinidad and Tobago 513 113 0 0 34969 38 0 349 349 0 0 0 
SOUTH AMERICA 1,898.326 207,647 328,981 19Z612 212,775 26,96 117.192 842.7/4 599,694 913,587 24,313 25,13a 2,090 
Argentna 273.669 129.242 32.985 24,903 31,052 4,266 30 1.385 2.027 4.058 14.613 19,432 0
Bohivia 108.439 8.645 27,382 21.841 15.422 748 2,621 30.582 24.055 27,063 454 1,854 0
Brazil 845.651 22.627 109.234 51,435 98.796 10.373 106.245 580.354 423.041 668.226 1.237 276 1,111
Chile 74.880 4.443 33.369 26.425 3,780 847 370 4.186 0 1.686 2,896 0 0 
Colombia 1(" 870 5.053 26.806 9.369 11.652 1.114 1.122 59.891 41.488 54.043 460 0 0 
Ecuador 27.684 2.000 8.560 5.375 1.969 806 8,136 5.988 9.099 0 040 168 

Guyana 19.685 868 3,855 4,094 1.685 0 1,166 12.024 6.988 12,865 108 0 153
Paraguay 39,730 10,730 0 0 17.475 1.401 895 18.401 9,142 16.929 620 3,576 0 
Peru 128.000 13.487 65.030 36.115 12,905 1.069 2.139 54.800 35,798 48.640 798 0 0
Suriname 16,147 378 31 62 1,537 0 955 9.956 9.749 13.458 75 0 212 
Uruguay 17.481 6.139 912 4,247 2.791 3.738 0 34 29 29 75 0 37

Venezuela 88.205 3.838 20.817 8,746 13.410 2.614 1.501 54.584 34.108 48,973 785 0 501
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Countries 	 Table 18.5
 
No 

Total Inherent Chemical Constraints (000 hectares) 
Land Sail Physical CLrnstraints (000 hectares) Low Aluminum Phosphorus Low Excess of Excess 

Area (a) Constraints Steep Shallow Poor Tillage Nutrient Toxicity Fixation Potassium Soluble of Su!phate 

(000 ha) (000 ha) (b) Slopes Soils Drainage Problems Retention Hazard Hazard Reserves Salts Sodium Acidity 

ASIA, SOUTHEAST b97,615 33,111 261,439 90,678 108,628 75,797 30,008 241,317 190,538 257,455 17.265 1,160 6,711 

Bangladesh
Bhutan 
India 
Indonesia 

13.391 
4.700 

297.319 
181.157 

908 
28 

15.184 
7.525 

1,538 
2.347 

42.183 
68,288 

181 
748 

33.151 
11,095 

8.198 
0 

14.725 
37.008 

0 
0 

67.431 
3.459 

0 
532 

8,858 
11,979 

'.219 
1.807 

22,491 
60,812 

843 
1,599 

16.126 
51.591 

1.195 
1.748 

32.338 
72.814 

104 
0 

1.505 
575 

0 
0 
0 
2 

352 
0 

562 
1.076 

Kamouch 3. Dem 17652 '80 3.933 661 6.250 605 260 9.555 7.457 9.1.10 33 354 206 

Lar People', Dem Rep 
Maysa 

23.080 
32.855 

37 
283 

17.463 
15.710 

2.337 
735 

1.241 
6.403 

195 
358 

2 
223 

18.404 
21.183 

16.175 
17.828 

17.699 
20.523 

0 
67 

109 
0 

0 
('9t 

Myar,.nar 
Nepal 
Pakistan 

65,754 
13,680 
77.088 

3.436 
1.060 

964 

31.272 
5,239 

31.451 

5.880 
2.909 

24,493 

9.297 
1,096 
1,202 

1.622 
0 

77 

0 
40 

6.580 

33.210 
4,167 

108 

29.647 
1.416 

108 

34.463 
1.736 
108 

710 
0 

7.035 

0 
0 
0 

1,247 
0 
0 

Phihiopinics 
Singapore 
Sri Lanka 

29.. 7 
61 

6,474 

197 
0 

488 

8.594 
0 

638 

1,908 
0 

639 

3,519 
5 

1.510 

776 
0 

44 

162 
0 

135 

13,111 
53 

1,182 

6.227 
48 

821 

15.048 
53 

1.233 

0 
0 

138 

0 
0 

298 

0 
0 

17 
Thailand 51.089 983 17.702 3,127 12.443 707 764 33.103 23.619 30.271 0 363 1.027 
Viet Nam 32.536 1.238 14 753 2.814 5.570 523 47j 19.600 16,760 18,801 98 34 1.526 

ASIA, SOUTHWEST 678,017 45,577 161,378 173,856 6,070 6,421 37,003 4,119 2,090 4,099 49,049 0 0 
;.lghams'an 65.209 132 28,812 23.889 310 0 4,178 0 0 0 3.970 0 0 
Bahrai, 68 12 6 12 0 0 0 0 0 0 6 0 0 
Iran. !'.lamic Rep 
Iraq 
Israel 

163.600 
43.737 
2,033 

3.045 
4.080 

13 

66,071 
3.853 

236 

46.672 
6.839 

557 

2,436 
292 

12 

100 
3.137 

342 

43 
1,548 

0 

98 
0 
0 

49 
1 
0 

49 
1.300 

0 

22.001 
5.286 

52 

0 
0 
0 

0 
0 
0 

Jordan 8.893 2.968 1.582 2.741 8 83 384 0 0 0 229 0 0 
Kuwait 1.782 21 117 235 14 0 430 0 0 373 128 0 0 
Lebanon 1,023 19 524 261 4 133 0 0 0 0 0 0 0 
Oman 21,246 2.915 2,374 4.749 200 0 731 0 0 0 1.316 0 0 
Qatar 1,100 290 246 493 98 0 64 0 0 0 317 0 0 

Saudi Arabia 214,969 20.774 16,873 48.629 686 0 26.499 0 0 336 12.138 0 0 
3yrian Arab Rep 
Turkey 
Untied Arab Emirates 

18,406 
76.963 
8.360 

858 
A462 
199 

2,296 
33,551 

372 

3.735 
20.742 

504 

61 
1,424 
525 

1.083 
1,543 

0 

0 
0 

861 

0 
4.021 

0 

0 
2.341 

0 

0 
2.041 

0 

5P 
353 

1,119 

0 
0 
0 

0 
0 
0 

Yemen. Arab Rep 19,500 2.512 1.972 7.929 0 0 862 0 i 0 601 0 0 

Yemen, People s Dem Rcp 33.297 3.277 2.493 5.869 0 0 1,403 0 0 0 1,480 0 0 

Sources: Food and Agriculture Organization ofthe United Nations and North Carolina Stale University. 
Notes: Extent ofsoils without and with dillerent constraint (rows)may not be summed per country or region, because some soils have more than one constrailt: 

columns (extent forany constrainl) may be summed over countries 
a Regional totals differ from thosein Table 17 1 because of ditieprences in methodology. 
b Areas with no inherent soil constrainls occur in dilerent climates and with different growing periods; some ofthese prevent rainted cultivation; see Table 18.6. 
For additional aformation,
see Sources and Technical Notes 

Table 18.6 	Physical and Chemical Soil Constraints By Region 
and Climatic Classes 

No 
Total Inhcrent 	 Chemical Constraints (000 hectares) 
Land Soil Physical Constraints (000 hectares) Low Aluminum Phosphorus Low Excess ot Excess 

Area (a) Constraints Steep Shallow Poor Tillage Nutrient ToxicityFixation Potassium Soluble ot Sulphate 

(000 ha) (000 ha) Slopes Soils Drainage Problems Retention Hazard Hazard Reserves Salts Sodium Acidity 

AFRICA 3,011,330 442,733 260,864 397.812 198,239 111,779 396.629 508,304 205,079 614.926 51.325 4,440 3,690 

Arid 1.503.665 374.457 126.971 275,757 20.941 34.054 152,652 4.918 3.814 22.354 41,769 2.041 423 
Semi-arid 491.109 44.140 46.047 54.312 53.744 52.865 79.346 40.548 21.155 55.914 6.431 1.929 650 
Humid 1.006.797 23.569 82.763 64.558 123.554 24.373 164.629 462.805 180,047 535,868 3,063 470 2,617 
Cold 9.759 567 5.083 3.185 0 487 2 33 33 790 62 0 0 

CENi'RAL AMERICA 273,999 58,592 68,810 44,139 15,417 18,671 689 24,157 15.107 27,335 436 1,934 650 

Arid 105,296 42.451 27.522 24.247 1.253 2.726 77 110 11 145 388 968 6 
Semiarid 60.398 9.148 15,449 9.566 2.857 6.54 " 268 3.403 1,435 4.975 14 256 145 
Humid 107,592 6,939 25,523 10.253 11295 9.387 344 20,536 13.609 22,110 34 710 499 
Cold 713 54 316 73 12 9 0 108 52 103 0 0 0 

SOUTH AMERICA 1,898,326 207,647 328,981 192.612 212.775 26,976 117,192 842,774 599.694 913,587 24,311 25,138 2,090 

Arid 249.471 67,551 60.731 53.047 7.936 2.665 2.704 7.887 3.180 8.811 12389 4.295 21 
Semi-arid 330.715 52.346 38.835 35.908 39.776 6.837 9.784 85.539 65,663 104,076 2,437 10,378 118 
Huiii,d 1.257.359 81.258 190.060 75.176 164.945 17.474 104.704 749.073 530,851 800,700 7.095 10.465 1,951 
Cold 60.781 6,492 39,355 28,481 118 0 0 275 0 0 2.390 0 0 

ASIA, SOUTHEAST 897.615 33,111 261,439 90,678 108,628 75.797 30,008 241,317 190,538 257,455 17.265 1,160 6,711 

Arid 107392 946 18.800 16,065 2,467 5,903 14.561 0 11 11.054 0 35 
Semi-arid 188.274 10.160 19,760 17.998 7.817 56.130 373 9.015 6,639 11.413 4.054 121 65 
t!umid 554.777 19.858 195.412 36,296 97.789 13.764 14.712 229.720 181,966 244.062 1.982 1.035 6.611 
Cold 	 47.172 2.147 27,407 20.319 555 0 362 2.582 1,933 1.969 175 0 0
 

ASIA. SOUTHWEST 676.017 45,577 ;81,378 173,856 6,070 6,421 37,003 4.119 2,090 4,099 49,049 0 0 

Arid 462.101 38.839 104,094 129.954 3,544 1.681 36,990 0 0 2.009 47.030 0 0 
Semi-arid 79.818 5.882 47.870 39,129 1.224 3.508 6 1,274 545 545 1.538 0 0 
Humid 22.431 855 9,414 4.773 1.302 1.232 7 2.845 1,545 1.545 481 0 0 
Cold 113.667 0 0 0 0 0 0 0 0 0 0 0 0 

Sources: Food and AgricultureOrganizationofthe United Nationsand NorthCarolinaStateUniversity. 
Notes: a Regional totals differ frori those in Table 171because ofdifferences inmelhodology. 

i"or additional information, see Sources and Technical Note,. 
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Sources and Technical Notes 

Table 18.1 Food and Agricul-
tural Production, 1976-88 

Source: Food and Agriculture Organiza-
tion of the United Nations (FAO), unpub-
lished data (FAO, Rome, July 1989).

Inlexes of agriculturaland food pro(duc-
lion portray the disposable output (after
deduction for feed and seed) of a 
country's agriculture sector relative to 
the base period 1979-81. For a given ycar
;nd country, the index is calculated i.'ol-
lows: the dispusabk average output oi a 
coinmmo1dity in terms of weight or volume 
during tie period of interest is mnultiplied
by the 1979-81 average national producer 
price per unit. The product of this equa-
tion represents tie total value of the coin-
iodlity for that period in terms of the 
1979-SI price. The values of allcrop and 
livestock products are totaled to inaggre-
gatedI value of agricultural production in 
1979-1 prices. The ratio of this aggregate
for a given year to that for 1979-81 is moul-
tiplied by 100 to obtain the index numer. 

The multiplication of dis posable out-
puts with the 1979-81 unit value elimni-
nates inflationary or deflationary 
distortion. Iowever, the )ase period's rel-
ative prices among the individual com-
modities are also preserved. Especially in 
econinies with high,inflation, price pat-
terns among agricultural commodities can 
change decisively over time. To overcome 
the latter problem, FAt) generally shifts 

the base period every fiv, years. 


The continental an(i world inlex oum-
bers for a given year are calculated by to-
taling th disposable outputs of all 
relevant countries for each agricultural 
commolity. Each of these aggregates is 
multiplied with a respective 1979-81 aver-
age "international" prolucer price and 
summed inia total agricultural output 
value for that region or the world in terms 
of I979-81 prices. The total agricultural 
output value for a given year is then di-

vided by the "international" 1979-81 out-

put value and multiplied by I00)to obtainl

the continental and world index numbers, 
This method avoids distortiom caused by
the use of international exchange rates. 
The agricultural production index in-

cludes all crop and livestock products
originating ineach country. The food pro-
duction inidex covers all edible agricul-
tural prodlucts that contain nutrients. 
Coffer and tea have virtually no nutritive 
value amnioare thus excluded. 

Crop yields (average yields cercals and 
average yields roots and tubers) are calcu-
latel from production and area data. Aver-
age production cereals include cereal 
productioni for feed and seed. Area refers 
to the area harvested. Cereals comprise
all cereals harvested for dry grain, exclu-
sive of crops cut for hay or harveste(d 
green. Roots and tubers cover all root 
crops grown principally for human con-
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sumption; root crops grown principally
for fced are excluded. 

Most of the data in Tables 18.1-18.5 are 
supplied by national agriculture minis-
tries in response to annual FAO question-
naires or are derived from agricultural 
censuses. FAO compiles data from more 
than 200 country reports and from many
other sources and enters then, into acom-
puterized data base. FAO fills gaps in the 
data by preparing its own estimates. As 
better information becomes available, 
FA) corrects its estimates and recalcu-
lates the entire time series when neces-
sary. 

Table 18.2 Agricultural Inputs,
1975-87 

Sources: Food and Agriculture Organiza-
tion of the United Nations (FAO). unpub-
lished data (FAO, Rome, July 1989).
Population ata: United Nations Popula-

tion )ivision, World Populution Prospects 

1988 (United Nations, New York, 1989).
Pesticide consumption: United Nations i-
dustrial Development Organization 
(UNII)O) Industrial Statistics and Sectoral
Surveys Branch. Policy and Perspectives 
Division, pesticide data base specifically 
prepared for UNIDO's study Global Over-
view ofthe Pesticide Industry.Sub-Sector 
(UNIDO, Sectoral Working Paper PPD.98,
Vienna, 2December 1988). Pesticide con-
suniption for Mauritius, Tanzania, 
Uganda: Environment Liaison Centre, Af-
rica Seminaron the Use and HandlingofAg-
riculturo and OtherPest Contr(clChemicals 
(October:30 to November 4, 1983, Nairobi, 
Kenya). Pesticide consumption for Haiti: 
Data are 1972-74 pesticide imports: U.S. 
AID, Draft EnvironmentalProfile of taiti 
(U.S. AID, Washington, D.C., 1979). Pesti-

cide consumption for El Salvador (1975-

77 data are for 1974-76; 1982-84 data are 

for 1979) and Suriname (1975-77 data are 

for 1979-810; 1982-84 data are for 1981):

)avid K.Burton and Bernard J.R. 
Philogene, An Overview ofPesticide Usage 
in Lwtin America (Canadian Wildlife Ser-
vice Latin American Program, Ottawa, un-
dated). Pesticide consumption for 
Afghanistan (1975-77 data are for 1980; 
1982--4 data are for 1981-82) and the Phil-
ippines (1975-77 data are for 1980-81): Re-
gional Network for the Production, 
Marketing, and Control of Pesticides in 
Asia and the Pacific (RENPAP), formerly
Regional Network for the Production, Mar-
keting, and Control of Pesticides in Asia 
and the Far East (RENPAF), RENPAFGa-
zette. Supply ofPesticides in Nine Countries 
(RENPAF, Bangkok, July 1985) and 
RENPAP Gazette: Pesticide Data Collection 
.ysten--SecondlReport (RENPAP, Bang-
kok, October 1988). Pesticide consump-
tion for Malaysia: Data are 1988 estimate 
by Malaysian Agrochemical Association 
(MACA) provided by the Ministry of Scd-
ence, Technology and Environment 

(Kuala Lumpur, 1989). Pesticide consump
tion for Syria (1982-84 data are for 1983
84): L'Office Arabe de ?resse et de 
Documentation, Rapport Economique
Syrien 1983-84 (L'Office Arabe de Presse 
et de Documentation, Damascus, 1984).
Pesticide consumption for Yemen (1975
77 data are for 1972-74; 1982-84 data are 
for 1975-76): U.S. AID, Draft Environmental 
Report on Yemen (U.S. AID, Washington,
D.C., 1982). Pesticide consumption for Ice
land: Nordic Council and the Nordic Statis
tical Secretariat, Yearbook of Nordic 
Statistics 1985 (Nordic Council and Nordic 
Statistical Secretariat, Oslo, 1986). 

Croplandrefers to land under tempo
rary and permanent crops, temporary
 
meadows, market and kitchen gardens,
 
and temporarily fallow land. Permanent
cropland is land under crops that do not 
need to be replanted after each harvest, 
such as cocoa, coffee, rubber, fruit trees, 
and vines. Human population data, used 
to calculate hectares percapita, are for
 
1989. For trends 4rcropland area, see
 
Chapter 17, "L.and Cover and Settle
meris,"Table 17.1.
 

n) 

refers to areas purposely provided with
 

Irrigated nd as apercentage ofcropland
 

water, including land flooded by river
 
water for crop production or pasture im
provement, whether this area is Irrigated
 
several times or only once during the
 
year.
 

Average annual fertilizer use refers to ap
plication of nutrients in terms of nitrogen
 
(N), phosphate (P205) and potash (K20).

The fertilizer year is Julv I-June 30; data
 
refer to the year beginning in July.

Data on average annual pesticide use 
were compiled by UNIDO. In their study,
UNIDO assessed production, trade, and 
consumption of pesticides for 119 court
tries and 14 geographical subgroups. The 
calculations were based on trade statis
tics of pesticide finished products. These 
statistics were published by the Statist
cal Office of the United Nations (UNSO).
and cosumption and trade data were 
compiled by the Food and Ag;culture Or
ganization of the United Nations (FAO).
For one third of the couptries, UNIDO had 
to estimate net weight of active ingredient
in the pesticides consumed, because coun
try level data were only quantified for fin
ished products or not available at all. 
rime series were complete(] by interpola
tion and extrapolation or, in some cases, 
by an econometric need model. Parame
ters in this model included country-spe
cific factcrs such as climatic zone, degree 
of development of agriculture, area -nder 
crop product!9n, crop structure, and the 
frequency of pesticideapplications. For 
additional Information, refer to UNIDO's 
Global Overview ofthe Pesticide Industry
Sub-Sector. 

Data are expressed in net weight of ac. 
tive Ingredients In the pesticides con
sumed. The active ingredients in a 
pesticide are those chemicals with pestl
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cidal properties. Active Ingredients are Food aid data: FAO, FoodAidin Figures, (FAO, Rome, November 1989). Method 
often mixed with Inert ingredients, which Nr. 6 (FAO, Rome, 1988). Population data based on Fertility Capability Classification 
dilute or deliver the active ingredients, in 1976 and 1986: United Nations Population system (FCC) developed by North Caro
a formulated pesticide. !,iert Ingredients Division, World PopulationProspects:Esti- lina State University, P.A. Sanchez, W. 
can exert toxic effects of their own In the mates andProjectitnsas Assessed in 1982 Couto, S.W. Buol, "The Fertility Capability 
environment. (United Nations, New York, 1985) and Soil Classification System: Interpretation, 

Active ingredients vary widely in po- United Nations Population Division, World Applicability and Modification," 
tency; information oil tile ingredients of Population Propects 1988 (United Nations, Geoderma, Vol. 27 (1982), pp. 283-309. 
pesticides is necessary to ensure accurate New York, 1989). Agroclimatic data from Land arid Water 
application and to minimize harmful envi- Figures shown for food trade are net in- Development L.'sion, FAO, Renort on the 
ronmental impacts. For exariple, 1metric ports or exports: expots were subtracted Agro-Ecological Zones Project, Vol. 1,Meth
ton of the modern synthetic pyrethreid in- from imports. odology and Results forAfrica, World Soil 
secticide "permeth'in" isas potent apesti- Two definitions of trade are used by Resources Report 48/1 (FAQ, Rome, 1978); 
cide as 3-5 metric tons of carbLamate or countries reporting trade data. "Special Vol. 2,Results for Southwest Asia, World 
organophosphate, or 10-30 metric tons of trade" reports only imports for denestic Soil Resources Report 48/2 (FAQ, Rome, 
DDT. The data siown in this table do not consumption and exports of domestic 1978); Vol, 3,Methodology and Results for 
describe the potency of the active ingredi- goods. "General trade" records total hn- South and Central America, World Soil Re
ents used. As a result, two countries with ports and total exports, including re-ex- sources Report 48/3 (FAO, Rome, 1981); 
similar levels of pesticide consumption ports. Trade figures for Czechoslovakia, Vol. 4, Results for Southeast Asia, World 
may be treating different amounts of land the German Democratic Republic, Hung- Soil Resources Report 48/4, (FAO, Rome, 
and getting very different results. Increas- ary, Poland, Romania. and the U.S.S.P. in- 1980). Soil data from FAO Geographical In
ingly potent pesticides have been devel- clude goods purchased by the country formation System, based on the FAO
oped in recent years; thus, adecline in the that are re-exported to a third country UNESCO Soil Map ofthe World (FAO and 
amount of active ingredients used may without ever entering the purchasing United Nations Educational, Scientific ai.d 
not indicate a reduction in tile amount of country. Fur ;nformation on the definition Cultural Organization, Paris, Vol. 1,1974; 
toxic materials introduced into the envi- used by aparticular country, see FAO Vol. 3, 1975; Vol. 4, 1971; Vol. 6, 1977; Vol. 
ronment. Trade Yearbook 1987 (I-AO, Rome, 1988). 7, 1977; Vol. 9, 1979). Land area data: FAO, 

For additional information on pesticide Average annual donations or receipts of unpublished data (FAO, Rome, July 1989). 
data, see E.J. Ta!t and A.B. Lane, "Insecti- food aid are shown as either positive or Chemical anti physical characteristics 
cide Production, Distribution and Use: An- negative numbers: Receipts are shown as of soils are crucial determinants of agro
alyzing National and International positiv,' numbers: donations are -x- nomic management and the productivity 
Statistics" in Joyce Tait and Banpot pressed in negative figures. For some of anation's agiculture. The properties of 
Napomppeth, eds., Management ofPests countries that are both recipients and do- many soils can restrict crop production, 
and Pesticides: Faroners'Prceptions and nors of food aid, donations were sub- and high yields are possible only if these 
Practices (ffstviev Press, Boulder, Colo- tracted from receipts. constraints are overcome. The extent of 
rado, United States, and London, 1987). Trade Incereals includes wheat and land with soil constraints is an important 

Tractors generally refer to wheel and wheat flour, rice, barley, maize, rye, and indicator of agricultural costs, the poten
crawler tractors used in agriculture. Gar- oats. Trade in oils includes oils from soy- tial and success of future expansion, and 
den tractors are excluded. Harvesters beans, groundnuts (peanuts), olives, cot- the comparative advantage of anation's 
refer to harvesters and threshers. tonseeds, sunflower seeds, rapeseeds, agricultural production. 

colza, mustard seeds, linseeds, palns, co- Data on the extent of physical and chem-
Table 18.3 Livestck Popula- conuts, palm-kernels, castor beans, and ical soil constraints were calculated from 
tions, 1976-88 maize, as well as animal oils, fats, and the electronic version of the FAO-UNESCO 

greases. Trade inpulses includes all kinds Soil Maps of the World. Each mapping unit 
of dried leguminous vegetables, with the was interpreted, applying the fertility ca-

Sources; Livestock data: Food and Agricul- exception of vetches and lupins. pability classification (FCC) system devel
ture Organization of the United Nations Food aid refers to the donation or con- oped by North Carolina State University. 
(FAO), unpublished data (FAO, Rome, July cessional sale of food commodities. Cere- The conversion to FCC units is based on 
1989). Human population data: United Na- als include wheat, rice, coarse grains, the soil units data, which integrate the 
tions Population Division, World Popula- bulgur wheat, wheat flc,ur, and the cereal mapping units and their associated re
lion Prospects 1988 (United Nations, New component of blended foods. Cereal dona- gimes. 
York, 1989). tions or receipts (kilograms percapita) The FCC system was developed to 

Data on livestock include all animals in are the result of dividing the three-year av- group soils according to their chemical 
the country, regardless of place or pur- era.ges by the respective 1976 and 1986 and physical propertieL that are relevant 
pose of their breeding. Data oil livestock population. Oils include vegetable oil and for fertility and management purposes. It 
numbers are collected by FAO; estimates batter oil. Alilk includes skimmed milk emphasizes quantifiable topsoil parame
are made by FAO for countries that either powder and other dairy products (mainly ters, as well as subsoil properties directly 
to not report data or only partially report cheese). Regional totals include only relevant to plant growth. The system inter
data. Human popultion data, used to cal- listed countries andtdo not reflect dona- prets three categories: topsoil texture 
culate cattle per capita, are for 1989. FAO tions by the European Community, the Or- (sandy, loamy, clayey, or organic soils), 
notes that the reported number of chick- gauization of Petroleum Exporting subsoil texture (sandy, loamy, clayey, and 
ens in some countries (toesnot seem accu- Countries (OPEC), and tie World Food rock or other hard root-restricthg layer), 
rate. For some countries, data on Program. and 15 modifiers, identifyilg chemical and 
chickens cover all poultry. Equines in- Food aid data are reported by donor physical properties of the soils. In the 
cludes horses, mules, anti asses. For mome countries and international organizations. past 10 years, the FCC system has proven 
information oIn FAO agricultural surveys, a meaningful tool for describing fertility 
see the Technical Note for Table 18.1. Table 18.5 Physical an-d Chemi- limitations to crop yield responses in a va-

Table 18.4 Food Trade ant cal Soil Constraints in Selected riety of soils and crops.
lThedata in Table 18.5 show some of the 

Aid, 1975-87 Co,.ntries major soil constraints to crop production, 
four physical constraints and seven chemni-

Sources: Data and interpretation: W. cat constraints, calculated as tile total area 
Sources: Trade data: Food and Agriculture Couto, Consultant to Land and Water De- presenting those constraints on the basis 
Organization of the United Nations (FAO), velopment Division, Food and Agriculture of all mapping units for each country and 
unpublished data, (FAO, Rome, July 1989. Organization of the United Nations (FAO) region. All soils are Included, whether oc-
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curring as dominant soil, associated soil, 
or inclusions. Areas of nonsoil, such as 
glaciers, )are rock, or moving dunes, are 
excluded. Extent of soils without and with 
different constraints (rows) may not be 
summed per country or region, because 
some soils have more than one coi.-
straint. Columns (extent for any one con-
straint) may be summed over countries. 

None of the FCC constraint -applies for 
soils with no inherent soil constraints. How-
ever, such areas with no fertility limita-
tions occur in different climates and 
lengths of growing period; part of these 
prevent rainfed cultivation, 

.Steepslopes are classified as steeply dis-
sected to mountainous. Dominant slopes 
are over 30 percent. 

Shallow soils are mostly lithosoils and 
other soils presenting restriction for deep 
root penetration or mechanized tillage. 
High priority should be given to erosion 
control when co)mbined with steel) relief. 

Soils with poordrainage are saturated 
with water during part of the year and 
might be prone to waterlogging. These 
soils require drainage to improve crop 
growth and generally provide a good soil 
for rice production. 

Tillage problems result from clayey tex-
tured topsoils with shrink and swell prop-
erties. These soils tend to he hard when 
dry and sticky when wet. Adequate prac-
tices are needed to till them at the correct 
time. These soils can he highly produc-
tive, hut cannot be farmed with trad, 
tional technology. Improved soil tillage 

practices can contribute to expanded agri-
culture on these soils. 

Low nutrient retention occurs in soils 
with a low ability to retain nutrients, 
mainly potassium, calcium, and magne-
slum, against leaching. Heavy applications 
of these nutrients, as well as nitrogen fer-
tilizers, can overcome this constraint. Fer-
tilizers should be split In more than one 
application. Subsistence agriculture re-
quires a long fallow period. The reduction 
or elimination of the fallow period results 
in rapid drop of fertility. 

Aluminum toxicity hazard is prevalent 
mostly in soils of the subhumid and 
humid tropics. Plants such as soybeans 
and corn ai e sensitive to aluminum-toxic-
ity, and their growth will be affected. This 
hazard can be overcome by applying 
large quantities of lime or planting more 
resistant crops, such as certain varieties 
of rice, cowpeas, and sorghum. 

Soils with phosphorus fixation hazard re-
suit in crop phosphorus deficiency. These 
soils can produce a satisfying yield for 
subsistence farmers; but when used for 
commercial agriculture, they require high 
levels of phosphate application and spe-
cial management practices to increase 
productivity, 

Soils with lowpotassium reserves result 
in potassium deficiency that constrains 
crop growth. This can be overcome by ap-
plication of potassium fertilizers. 

An excess ofsoluble salts requires spe-
cial management to avoid damage to salt-
sensitive crops or the use of salt-tolerant 
species and cultivars. Saline soils have 

low potential productivity and need recla
mation measures to become productive. 

Soils with an excess ofsodiurn demand 
special soil management practices for al
kaline soils. Drainage and gypsum applica
tion can help to reduce this constraint. 

Soils constrained by sulphate acidity re
quire plants tolerant to high water tables. 

Table 18.6 Physical and Chemi
cal Soil Constraints by Region
and Climatic Classes 

Sources: Food and Agriculture Organiza
tion of the United Nations and North Caro
lina State University; please refer to 
Technical Note of Table 18.5 for a detailed 
listing of sources and definitions of soil 
constraint classes. 

Climatic classes are calculated by 
length of growing period. Length oi grow
ing period is defined as the number of 
days when both temperature and mois
ture permit crop growth. Days with mean 
temperatures of more than 5' C and with 
soil moisture resulting from rainfall at 
least equivalent to half potential evapo
transpiration are considered favorable to 
growth. A "normal" growing period in
cludes a humid period, during which pre
cipitation exceeds full potential 
evapotranspiration. Climatic classes in 
Table 18.6 refer to length of growing pe
riod as follows: arid 90 days; semi-arid 90
179 days; humid 179 days; cold =0 days 
(mean temperature is 5' C while moisture 
Is available). 
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19. Forests and Rangelands
 
The extent of the world's forest has declined steadily 
as agriculture has expanded around the world. Today 
about one third of the world's land area is covered by 
foresis. Stretching from the evergreen iorests of the 
moist tropics to the vast boreal forests v,the subarc-
tic, forests include a broad variety of ecosystems. For-
ests provide habitat for millions of plant and animal 
species, recycle nutrients, protect soils and water-
sheds, and provide many products and services to 
people. Some societies have used their forests in a 
sustainable fashion; others have exploited forest prod-
ucts and lands excessively, leaving only poor rem-
nants of the original stands. Too often a short-term 
utilitarian view has con!ributed to the decline in for-
est cover. 

Table 19.1 presents data for the early 1980s on the 
extent of forests, trends in deiorestation, and manage-
ment status. The rate of global deforestation can be 
used as one indicator of how fast the world is extin-
guishing species, destroying watersheds, manipulat-
ing microclimates, and affecting the carbon and 
nutrient cycles. 

Since the 1980 TropicalForestAssessment, the first 
global tropical forest resource assessment, corn-
pleted in 1982 by the Food and Agriculture Organiza-
tion of the United Nations (FAO) and the United 
Nations Environment Programme (UNEP), almost a de-
cade has passec with no new comparable data on a 
global level. Asecond assessment, the 1990 ForestAs-
sessment, is currently under way; results are prom-
ised in 1992. Over the past seven years, how ever, FAO 
has reviewed the 1980 assessment, revised estimates 
for some countries, and added estimates for some 
missing countries. Table 19.1 includes these revised 
numbers. Data on deforestation are missing for Eu-
rope, North America, the U.S.S.R., and other areas, be-
cause FAO focused on tropical deforestation in the 
previous assessment. According to the Organisation 
for Economic Co-operation and Development (OECD), 
total forest cover is not declining in Europe and Can-
ada. The Forest Service of the U.S. Department of Agri-
culture reports a slight reduction in U.S. forest area 
for the past 10 years. Periodic inventories for the 
U.S.S.R. imply that the total forest area is increasing, 
but improved survey techniques and inclusion of pre-
vious uncharted areas may have inflated these data. 

Because data from the 1990 assessment will not be 
puolished until 1992, the World Resources Institute 
obtained recently published estimates on deforesta-
tion from independent and national research agen-

cies. (See Chapter 7, "Forests and Rangelands," New 
Estimates on Tropical Deforestation.) These sources 
suggest that tropical deforestation has accelerated 
throughout the 1980s. Table 19.1 shows updated de
forestation rates for Brazil, Cameroon, Costa Rica, 
India, Indonesia, Myanmar, the Phiiippines, Thailand, 
and Viet Nam. 

'Fable 19.2 presents data on the harvesting and pro
cessing of wood. The total harvest of wood, classified 
as roundwood production, refers to all wood in the 
rough and is destined for either fuel or industrial uses 
(e.g., sawlogs, veneer logs, and pulpwood). Global pro
duction of rounciwood increased by 22 percent in the 
past decade, and the production of fuelwood and 
charcoal grew faster than that of industrial round
wood. Data on the production of fuelwood and char
coal must be viewed with caution. Inthe case of 
countries that do not report these data, FAO has esti
mated consumption per head of population to calcu
late total fuelwoocl production. 

In Africa, South America, and Asia, most round
wood is used for fuel, whereas in North America, Eu
rope, Oceania, and .heU.S.S.R. it is produced for 
industrial use. This difference can also be observed 
for the top six roundwood producers: the United 
States, the U.S.S.R., China, India Brazil, and Canada, 
which together remove roughly half of the world's tim
ber from their own territory. Canada, the United 
States, and the U.S.S.R. harvest most of their wood for 
industrial purposes and were net exporters of round
wood in 1985-87. China, Brazil and India, each cutting 
roughly the same quantities of roundwood as West
ern Europe, used most o!their wood for fuel and im
ported more roundwood than they exported in 
1985-87. Both in 1975-77 and in 1985-87, Japan led 
the world as the largest net importer of roundwood. 

Thq production of processed wood-sawnwood 
and panels-is concentrated in developed countries 
and in the wood-rich and most industrialized develop
ing countries. For example, production of panels 
showed large growth rates in the past decade for 
China, India, and Brazil. In 1987, Indonesia was the 
largest producer of wood-based panels in the develop
ing countries, following the United States, the U.S.S.R., 
Japan, Canada, and the Federal Republic of Germany. 

A similar concentration can be observed for the pro
duction of paper, where most dcveloping countries re
main dependent on imports. One exception in the 
developing world is China, which was the fifth largest 
producer of paper in the world in 1985-87. 
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19 Forests and Rangelands
 

Table 19.1 Forest Resources, 1980s 

Average Managed Protected 
Extent of Forest anJ Aveiage Annual Deforestation, 1980s Annual Closed Closed 
Woodland, 1980s Closed Forest Open Forest Total Forest Reforestation Forest Forest 

(000 he.ares) Extent Extent Extent 1980s 1980s 1%8D.; 
Closed Open Total (000 ha) Percent (000 ha) Percent (000 ha) Percent (000 ha) (000 ha) (300 ha) 

WORLD 2,838,770 1,242,768 4.081,538 

AFRrCA 219,811 464,591 684,402 1.359 0.6 2,406 n.5 3,022 0.6 355 2,327 9,434 
Algeria 1.518 249 1.767 X X X X 40 2.3 66 X 8

Angola 2.900 50,700 53.600 44 1 5 50 0.1 94 0.2 4 X X
 
Benin 47 3.820 3,867 1 26 66 1 7 67 1.7 0 X X
 
Bolswana 0 32,560 32,560 X X 20 0 1 20 0.1 X X 0
 
Burkina Faso 271 4.46. 4735 3 1 1 77 17 80 1.7 3 X X
 
Burund, 27 14 41 1 26 0 29 1 27 3 X 9
 
Cameroon 16,500 a 6.800 a 23.300 a 100 b 06 90 b 13 190 b 08 2 X X
 
Cape Verde X X X X X 
 X X X X 1 X X
Central African Rep 3,590 32.300 33,890 5 0 1 50 U,2 55 02 X X X
 
Chad 500 13.000 13.500 X X 80 06 30 06 0 X 0
 
Corclos 16 16 3 1 X 3 1 X
X 1 X 1 0 X
Congo 21.340 X 21.340 22 0.1 X X 22 0 1 0 X 130
Cote dvoire 4.458 5376 9.834 290 6.5 220 4 1 .10 52 8 1 648 
Djibouti 2 68 70 X X X X X X XX X 
Egypt X X X X X X X X X 2 X X 
Equatorial Guinea 1,295 X 1,295 3 02 X 3 02 XX X X 
Ethiopia 4.350 22.800 27,150 8 02 80 04 88 03 13 X X

Gabon 20.500 75 0.575 15 0 1 X X 15 01 1 X X
 
Gambia.Tre 65 150 215 2 3 4 3 
 2 0 5 24 0 X X
 
Ghana 1.718 6.975 8.693 22 1 3 50 0 7 72 0.8 2 1.167 397
 
Guinea 2.050 8600 10.650 36 1 8 50 06 66 0 8 0 X 0
 
Guinea Bissau 6bO 1,445 2.105 17 26 40 28 57 27 0 X X

Kenya 1.105 1.255 2.360 19 1 7 20 16 39 17 13 70 405
 
Lesolho X X X X X X X X X I X X
 
Liberia 2.000 40 2040 46 23 X 46 23 X
X 3 X
 
Libya 134 56 190 X X X X X X 39 X X

Madagascar 10,300 2.900 13.200 150 1 5 02 156 1 2 X 930
6 15 
Mala,., 186 1.085 4271 X X 150 3 7 150 35 X 146
Ma 500 6,750 7.250 X X 36 0 5 36 05 1 X X
Mauritania 29 525 554 1 2 4 13 2 4 13 24 0 X X
 
Mauritius 3 3 33 X 3 3 X
X 0 X 0 0 X
Moroccu 1.533 1,703 3.236 X X X X 13 04 16 421 7 
Mozambique. People s Rep 935 14,500 15435 10 1 1 110 08 120 08 5 X 25
 
Niger 100 2.450 2.550 3 25 65 2 6 67 26 3 X X
 
Nigeria 5,950 8.800 14,750 300 50 too 1 1 400 2 7 32 0 X
 
Rwanda 120 110 230 3 26 1 8 5 23 X
2 4 11
Senegal 220 10,825 11,045 X X 50 0.5 50 0 5 4 0 63
 
Sierra Leone 740 1,315 2,055 6 08 X 6 0.3 X
X 0 X 
Somalia 1.540 7.510 9.050 4 0? 10 0 1 14 0.1 2 X X

South Afica 300 X 300 X > X X X X 63 10 290
 
Sudan 650 47,000 47.650 4 06 500 1 1 504 1 1 17 50 X

Swaziland 4 70 71 X X X X 0 X 7 X X
 
ianzania 1.440 40.600 42.040 10 0 7 120 03 130 03 
 11 0 410
T0go 304 1.380 1684 2 0 7 10 0 7 12 07 I X X
 
Tunisia 186 111 297 X X X X 5 17 4 163 X
 
Uganda 765 5.250 6.015 10 13 40 08 50 08 2 440 45 
Zaire 105.750 71.340 177590 182 02 188 03 370 0.2 .X 5.690
Zambia 3010 26.500 29.510 40 1 3 30 0 1 70 02 3 5 220
Zimbabwe 200 1S520 19.820 0 X 80 0 4 80 04 6 X X 

NORTH &CENTRAL AMERICA 541,009 261,276 802,205 1,072 0.2 20 0.0 1,251 (.1 2,552 102,884 36,812 
Barbados X X X X X X X X X X X X 
Canada 264.10O 172.300 436.400 X X X X X X 720 X 4,870
Costa Rrcca 1.638 160 1,798 124 c 76 X X 124 69 1 X 320 
Cuba 1.455 X 1.455 2 0 2 X X 2 0 1 14 200 X 
Dominican Rep 629 X 629 4 06 X X , 06 1 X X 
El Salvador 141 X 141 5 3 2 X X 5 32 0 X X 
Gaatemala 4.442 100 4,542 90 20 X 90 20 X 62X 10 
Haiti 48 X 48 2 38 X X 2 38 0 X X
Honduras 3.797 200 3.997 90 23 X X 90 2.3 X 58 X
Jarmaica 67 67 30 X 3.0 XX 2 X 2 1 2 
Mexico 46,250 2.100 48 350 595 13 2C 10 615 13 28 X 360 
Nicaragua 4.496 X 4.496 121 27 X X 121 27 1 250 X 
Panama 4.165 X 4,165 36 09 X X 36 0.9 1 X X
Trinidad and Tobago 208 X 208 1 0 4 X X 1 0.4 t 14 X
United Slates 209.573 d 86.416 d 295989 d X X X X 159 e 0A 1,,75 102,362 31,198 
SOUTH AMERICA 653,605 204,520 858,125 9,837 1.5 1,293 0.6 11,180 1.3 760 0 16,761 
Argentina 44,500 X 44,500 X X X X X X 50 X 2.594 
Bolivia 44.010 22.750 66.760 87 02 30 0.1 117 02 2 X 
Brazil 357.480 157.000 514.480 8.000 1 22 1.050 07 9.050 1 8 561 0 4,660
Chile 7.550 7.550 X X 0 7 XX X X 50 93 845 
Colombia 46.400 5.300 51.700 820 1 8 70 1 3 890 1 7 11 X 2.280 
Ecuador 14.250 480 14.730 340 2 4 0 X 340 23 6 Y 350 
Guyana 18475 2e0 18.695 2 00 1 0 2 3 00 0 X 12
Paraguay 4.070 15640 19.710 190 4 7 22 01 212 1.1 I X g0
Peru 69,80 960 70.640 270 0 4 0 X 270 0.4 8 X 850 
Suiname 14.830 170 15.000 3 00 X X 3 00 0 X 580 

Uruguay 490 X 490 X X X X X X 6 X X 
Veq,izuela 31 870 2,000 33.870 125 0 4 120 6 0 245 0.7 24 X 4,500 
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Table 19.1
 

Average Mana -1d Protected 

Extentof Forest and Average Annual Deforestation, 1980s Annual Closed Closed 
Woodland. 1980s Closed Forest Open Forest Total Forest Roe ostation Forest Forest 

(O00 hectares) Extent Extent Extent 19L'3s 199s 1980s 
Closed Open Total (000 ha) Percent (004,1 Percent (000 ha) Percent (000 ha) (000 ha) (000 ha) 

AtSIA 409.418 82.147 491,565 3,931 1.0 57 0.1 4,405 0.9 5,708 48,705 19,417 
Afghanistan 810 400 1.210 X X X X 0 X X 100 X 
Bahrain X X X X X X X X X X X X 
Bangladesh 927 X 927 8 0.9 X X 8 0 9 21 795 52 
Bhutan 2,100 40 2,140 1 01 X X 1 0 1 1 0 X 
China 97,847 17.200 115 047 X X X X 0 X 4.552 X 1.635 
Cyprus 153 24 177 X X X X X X X 173 25 
India 36,540 g 27,6,0 g 64,200 g 1.500 h 4 1 X X 1,500 2 3 173 31,917 6.743 
Iindonesia 113.895 3.000 116,895 900 i 0 8 20 0 7 920 0 8 164 40 5.430 
Iran. Islamic Rep 2.750 1,000 3.750 X X X X 20 0 5 X 400 120 
Iraq 70 1.160 1.230 X X X X X X X X X 
Israel 80 20 100 X X X X X X 2 56 7 
Japan 23,890 1,390 25.280 X X X X X X 240 X X 
Jordan X 501 50 X X X X 0 X 3 X X 
Kampuchua. Dem 7,548 5.100 12.648 25 0.3 5 0 1 30 0 2 0 X X 
Korea. Dem People's Rep 4,800 X 4.800 X X X X X X 200 X X 
Korea, Rep 4,887 X 4.887 X X X X X X 84 X X 
Kuwait X X X X X X X X >1 X X X 
Lao People's Dem Rep 8.410 5.215 13.625 100 1 2 30 0 6 130 1 0 2 X X 
Lebanon X 20 20 X X X X 0 X X X X 
Malaysia 20,9913 X 20.996 255 1 2 X X 255 12 25 2.499 959 

Mongolia 9.528 X 9,528 X X X X X X X X X 
Myanmar 31,941 X 31 941 677 I 21 X X 677 21 0 3.419 299 
Nepal 1.941 180 2.121 84 43 X X 84 40 5 X 330 
Oman X X X X X X X X X X X X 
Pakistan 2.185 295 2,480 7 C3 2 0.7 9 0.4 9 410 15 
Philippines 9.510 X 9.510 143 k 1 5 X X 143 1.5 63 X 690 
Qalar X X X X X 8 X X X X X X 
Saudi Arabia 30 170 200 X X X X 0 X X X X 
Singapore X X X X X X X X X X X X 
Sri Lanka 1,659 X 1.659 58 3 5 X X 58 35 16 X 193 

Syrian Arab Rep 60 90 150 X X y X 0 X X Co A 
Thailand 9.235 6,440 15.675 X X X X 397 I 25 31 X 2,220
Turkey 8,856 11.343 20.199 X X X X X X 82 8,856 139 
United Arab Emirates X X X X X X X X X X X X 
VietNam 8.770 1.340 10.110 173 m 20 X X 173 17 36 X 560 
Yemen Arab Rep X 10 I0 X X X X 0 X X X X 
Yemen, People's )em Rep X X X X X X X X X X X X 

EUROPE 137.005 21.887 158,892 X X X X X X 1,031 74.628 1,732 
Albania 1.280 0 1,280 X X X X X X X X 
Austria 3.754 0 3.754 X X X X X X 21 1.489 0 
Belgium 682 80 762 X X X X X X 19 272 0 
Bulgana 3,328 400 3,728 X X X X X X 50 3.600 100 
Czechoslovakia 4.43t 145 4.580 X X X Y X )x 37 4.435 X 

Denmark 466 18 484 X X X X X 8 X 330 56 
Finland 19.885 3,340 23.225 X X X X X X 158 10.578 294 
France 13.875 1.200 15,075 X X X X X X 51 2.957 92 
German Dem Rep 2.700 285 2.985 X X X X X X X 2,697 85 
Germa.,y, Fed Rep 6.989 218 7,207 X X X X X X 62 3.886 X 
Greece 2.512 3.242 5,754 X X X X X X X 1.603 55 
Hungary 1.612 25 1,637 X X X X X X 19 1.612 41 
Iceland X 100 100 X X X X X X X X X 
Ireland 347 33 380 X X X X X X 9 298 0 
Italy 6.363 1.700 8.063 X X X X X X 15 699 162 
Luxembourg X X X X X X X X X X "" 0 
Malta X X X X X X 8 X X X 8X. 
Netherlands 294 61 355 X X X X X X 2 22t 0 
Norway 7.635 1,066 8,701 X X X X X X 79 1.130 60 
Poland 8.588 138 8,720 X X X X X X 106 8.099 103 
Porlugal 2.627 349 2.976 X X X X X X 4 X 7 
Romania 6,265 410 6.675 X X X X X X X 5,940 X 
Spain 6,906 3.905 10.811 X X X X X X 92 2.007 40 
Sweden 24.400 3.442 27.842 X X X X X X 207 14.301 230 
Switzerlan 935 189 1.124 X X X 8 X X 7 627 7 
United Kingdom 2.027 15t 2.178 X X X X X X 40 1.505 0 
Yugoslavia 9.100 1.390 10,490 X x x x X X 53 6,300 400 
U.S.S.R. 791,600 137,000 928,600 X X X X X X 4,540 791,600 20,000 

OCEANIA %,8,.22 71,347 157,669 25 0.0 1 0.0 25 0.0 117 0 55 
Australia 41.658 65.085 106.743 X X X X X X 62 X X
Fiji 811 0 811 2 02 X X 2 02 9 X X 
New Zealrind 7.200 2,300 9,500 X X X X X X 43 X X 
Papua New Guinea 34230 3.945 38.175 22 01 1 00 23 0.1 2 0 55 
Solomon Islands 2.423 17 2,440 1 00 X X 1 00 I X X 

Sources: Food and Agriculture Organization of the United Nations, United Nations Ecr'nomc Commission for Europe. and country data sources 
Notes: a Stocks for 1986. b. Annual deforestation for 1976-86 c Annual deforestation for 1977-83 0 Stocks for 1987 e. Annual deforestation for 1977-87. f Annual 

deforestation for 1987. please refer totechnical noles for otherestimates on deforestation g Stocks for 1982 h Annual deforestation for 1975.82. i Annual 
deforestation for 1979-84 I Annual deforestation for 1975-81 k Annual deforestation for 1981-88 I Annual deforestation for 1978.85. ii Annual deforestation 
for 1976-81. Deforestation of total forest area for some countries may not match, because of missing information in some classes 
Regional and world totals include listed countnes with data only 
0 = zero or less than hall the unit of measure, X = not available. 
For additional information, see Sources and Technical Notes 
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Table 19.2 Wood Production and Trade, 1975-87 

Roundwood Production (000 m3) Processed Wood Production (000 m3) Papor Production Average Annual 
Total Fuel and Charcoal Industrial Roundwood Sawnwood Panels (000 metric tons) Net Trade 

Change Change Change Change Change Change Arundwood (a) 

Since (%) Since (%) Since (%) Since (%) Since (%) Since (%) (000 m3) 
1985-87 1975-77 1985-87 1975-77 1985-87 1975-77 1985-87 1975-77 1985-87 1975-77 1985-87 1975-77 1975-77 1985-87 

WORLD 3.255,039 22 1.680.540 28 1,574,499 17 482,975 12 117289 25 202,438 41 

AFRICA 449.503 33 396,196 35 53,307 21 8.200 31s 1.878 63 2.387 89 (5,678) (3,261) 
Algeria 1,945 35 1.709 '36 237 J3 13 0 50 0 117 289 60 249Angola 5.020 24 4006 33 1.013 (3) 5 (95) 7 (70) 15 15 0 0Benin 4.543 33 4,310 34 233 29 10 11 0 0 0 0 0 0Botswana 1.225 47 1,149 46 76 48 0 0 0 0 0 0 X XBurkina Faso 6.931 25 6,618 25 314 25 (25) 0 1,1 0 0 0 0 
Burundi J 742 28 3697 27 45 39 3 246 0 0 0 0 X XCamroon 12,165 '46 9391 31 2.774 62 650 107 73 0 5 0 (489) (533)Cape Verde X X X X X X X X X X X X X XCentral African Rep 3,426 24 2,990 32 436 (13) 54 j32) 72 0 0 (56)5 (112)Chad 3655 25 3.139 25 517 25 1 (17) 0 0 0 0 X X 
Comoros x X X X X X X X X X X X X XCongo 2,525 39 1,634 30 891 6260 13 58 2 0 0 (142) (296)Cole d Ivoire 11,870 9 8.255 44 3.615 (31) 764 2), 236 151 0 0 (2,974) (1,010)Djibouti 0 0 0 0 0 0 0 0 0 0 0 X XEgypt 2.058 29 1.962 29 95 029 0 44 8 150 32 101 235 
Equatoral Guinea 607 44 447 14 160 445 47 231 10 900 0 0 X XEthiopia 38.927 28 37.114 28 1813 35 45 (48) 15 7 10 33 0 iGabon 3.873 9 2573 16 1.300 (2) 126 47 228 142 0 0 (1.309) (1,1(u)Gambia, The 856 835 21 18 6 106 2 0 0 0 0 X XGhana 9.590 20 8 496 39 1,094 365 65 0 0(42) (20) (3) (413) (208) 
Guinea 4,351 24 3,737 26 614
Guinea-Bissau 561 9 422 

17 90 0 2 0 0 0 0 (8)
5 139 24 16 0 0 0 0 00 0Kenya 33.764 50 32,195 51 1.589 46 181 15 69 459 105 153 (50) 0Lesotho 539 28 539 28 0 0 0 0 0 0 0 0 X XLiberia 5.131 39 4.405 47 726 2 257 56 5 150 0 0 (361) (293) 

Libya 635 15 536 6 99 103 31 151 0 0 6 25 X XMadagascar 7,068 34 6.261 32 807 50 234 37 1 0 10 75 (1i (1)Malawi 6.725 34 6.414 35 311 2211 (42) 4 j39) 0 0 0 0Ma 5.052 30 4,733 30 319 27 6 0 0 04 0 X XMauritania 12 33 7 40 5 25 0 0 0 0 0 0 X X 
Mauritius 25 (42) 17 (25) 8 j60) (63) 0 X 02 0 X XMorocco 2.063 49 1292 45 772 56 149 96 105 84 108 87 217 214Mozambique, Peoples Rep 15255 41 14270 44 985 8 32 (82) 57 898 2 33 18) (1)Niger 4.041 32 3.791 32 243 32 0 0 0 0 0 0 X XNigeria 98.603 44 90,735 41 7.868 83 2.712 186 223 64 394 (37)147 (59) 
Rwanda 5.842 5602 240 1313 10 300 465 2 0 0 0 X XSenegal 4,099 30 3.539 28 560 37 11 106 0 0 0 X0 XSierra Leone 7,922 18 7,781 19 141 1 13 (44) 0 0 0 0 0 0Somalia 4,531 4.463 6840 40 21 14 0 2 0 0 0 2 0South Africa 18.761 12 7.078 1 11.683 19 1.662 (1) 398 9 1.647 82 (14) (73) 
Sudan 20.099 34 18206 34 1,893 32 13 (8) 2 (62) 9 60 X XSwaziland 2.223 (13) 560 16 1.663 119) 136 37 8 129 0 0 (217) (198)Tanzania 23,892 42 22.398 42 1.495 10652 90 6 (36) 0 0 (6) 0Togo 789 31 621 32 168 28 5 0 0 0 10 0 0
Tunisia 2.849 26 2,729 26 120 41 3 0 97 260 54 208 49 40
 
Uganda 12.935 38 11.247 39 1.688 34 23 (32) 6 362 2 62 
 0 0Zaire 31.381 34 28.843 34 2539 34 121 28 53 117 2 33 (46) (155)Zambia 9.946 25 9.418 25 528 24 50 16 13 274 2 0 1 9Zimbabwe 7,391 39 6.0 i3 38 1,388 45 149 19 34 140 77 103 1 (3) 
NORTH&CENTRAL.AMERICA 723.881 41 159,739 154 564,141 25 158.046 27 40.949 22 82,283 31 (17.626) (18,918) 
Barbados x X X X X XX X X X X X X XCanada 179.536 34 6.623 75 172.913 33 57.201 .3 6.253 43 15.255 35 145 i424)Costa Rica 3.124 (8) 2,617 32 508 (64) 398 (34) 48 (16) 13 76 0 1Cuba 3.294 41 2,707 44 587 32 109 4 132 X 143 36 X XDominican Rep 982 113 976 116 6 (33) 0 0 10 7 00 0 37 
El Salvador 4,902 34 4.820 34 82 6 44 27 0 0 16 220 0 0Guatemala 7.012 24 6871 32 141 (70) 99 (67) 8 (41) 16 (18) (2) (2)Haiti 6.055 27 5.816 28 239 0 14 0 0 0 0 0 5 0Honduras 5.505 26 1.683 41 822 (21) 45 (30) 8 (32) 0 0 (22) (2)Jamaica 127 114 13 86 114 118 29 (6) 4 (51) 21 V 11 2 
Meyico 21.497 22 14.182 31 7.315 7 2,253 6 162 2,473 86 13774 (3)Nicaragua 3.675 26 2.795 37 880 0 222 (45) 14 40 0 0 2 0Panama 2.047 26 1708 14 339 163 45 18) 12 11 25 55 2 7Trinidad and Tobago 62 (37) 22 38 40 (52) 20 (39) 0 0 0 0 2 2United States 485.760 46 105.756 346 380.005 23 97.178 14 33.698 17 64,312 28 (17.697) (18,573) 
SOUTH AMERICA 313,783 36 221,104 25 92,679 75 25,297 52 3,757 40 7,076 89 (59) (1,768) 
Argentina 11,177 23 5.755 13 5.422 37 1.067 62 398 25 947 65 8 1Bolivia 1.348 13 1.199 31 149 (46) 94 128) 5 (44) 1 100 (1) 0Brazil 237.779 39 171.670 25 66.109 95 17.969 58 2.538 31 4,395 121 23 44Chile 16.185 48 6.169 17 1005 77 2.341 84 235 294 400 49 (57) (1,794)Colombia 17.526 17 14.853 24 2,673 il) 721 (23) 113 12 460 68 (7) 0 
Ecuador 
 8.670 48 6,140 48 2,530 4b 1 243 59 171 290 41 21 0 0Guyana 218 18 18 80 200 14 61 (18) 0 0 0 0 (28) (18)Paraguay 8,100 62 4.987 27 3,113 189 795 139 92 468 8 743 (2) 0Peru 7.733 6 6,523 18 1.210 (32) 535 (10) 39 (44) 155 5 4 0Suriname 205 (311 14 (49) 191 (29) 67 0 13 (53) 0 0 (11) (9) 
Uruguay 3.283 3,026 257 5722 28 (19) (48) 13 (11) 56 70 13 0Venezuela 1,307 15 684 36 623 (2) 327 (6) 140 76 612 43 20 12 
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Table 19.2
 

Roundwood Production (000 m3) Processed Wood Production (000 r,3) Paper Production Average Annual 
Total Fuel and Charcoal Industrial Roundwood Sawnwood Panels (000 metrictons) Net Trade 

Change Change Change Change Change Change Roundwood (al 
Since (%) Since (%) Since (%) Since (%) Since (%) Since (%) (000 m3) 

1985-87 1975-77 1985-87 1975-77 1985-87 1975-77 1985-87 1975-77 1985-87 1975-77 1985-87 1975-77 1975-77 1985-87 

ASIA 1.001,413 18 750,331 18 251,081 19 100,830 21 23.318 53 40,434 81 28,630 43,144 
Alghanr"tan 6.734 10 5.163 12 1.572 6 400 6 1 0 0 0 X X 
Bahrain X X X X X X X X X X X X X X 
Bangladesh 
Bhutan 
China 

27,849 
3,224 

269.062 

30 
12 
28 

26,099 
2.946 

174.088 

32 
12 
22 

849 
278 

94.974 

(15) 
17 
40 

86 
5 

26,287 

t53) 
0 
55 

13 
0 

1,877 

(71) 
0 

364 

1i1 
0 

9,563 

113 
0 

178 

0 
0 

898 

0 
(7) 

7,018 
Cyprus 
India 
Indonesia 
Iran. Islamic Rep 
Iraq 

80 
250,279 
158075 

6.757 
141 

(37) 
23 
22 

2 
21 

23 
226.321 
129.600 

2,381 
91 

(11)
22 
22 
4 
36 

57 
23958 
28475 
4.376 

50 

144)
41 
22 
0 
0 

60 
17.460 
7.875 
163 
8 

(1) 
133 
164 
3 
0 

24 
442 

5,722 
54 
2 

0 
135 
X 

(57) 
0 

0 
1.759 
640 
78 
28 

0 
86 
954 
8 
12 

1 
(55) 

(18.561) 
168 
X 

6 
378 
(825) 
117 
X 

Israel 
Japan 

118 
32.650 

3 
(7) 

11 
573 

(31 
(30) 

107 
32.077 

4 
(7) 

0 
29,245 

0 
(23) 

146 
9.084 

9 
5 

147 
21.356 

38 
43 

125 
50.846 

189 
43,425 

Jordan 
Kampuchea Den 
Korea. Dear People's Rep 

9 
5,423 
4.596 

4 
7 
16 

5 
4.856 
3.996 

33 
7 
18 

4 
567 
600 

(20) 
8 
0 

0 
43 

280 

0 
0 
0 

0 
2 
0 

0 
0 
0 

13 
0 
80 

117 
0 
0 

2 
(6, 
X 

28 
0 
X 

Korea.Rep 
Kuwait 

6.713 
X 

(29) 
X 

4.395 
X 

(37) 
X 

2.318 
X 

(10) 
X 

3.575 
X 

43 
X 

1.247 
X 

(34) 
X 

2.749 
X 

232 
X 

6.437 
X 

6.582 
X 

Lao Peoples Dem Rep 
Lebanon 
Malaysia 

4.228 
484 

40.185 

24 
0 
27 

3.898 
459 

7.745 

21 
12) 
26 

330 
25 

32.441 

71 
25 
27 

16 
33 

5.768 

(69) 
(1) 
15 

5 
46 

1.337 

154 
(4) 
58 

0 
43 
65 

0 I1) (25) 
(4) 34 16 

244 (14.684)(20,480) 
Mongolia 
Myanmar 
Nepal 
Omnan 

2.390 
19,069 
"6.127 

X 

0 
24 
25 
X 

1,350 
16,158 
15567 

X 

0 
22 
26 
X 

1.040 
2,911 
560 
X 

0 
40 
0 
X 

470 
496 
220 
X 

0 
29 
0 
X 

4 
15 
0 
X 

0 
29 
0 
X 

0 
20 
1 
X 

0 
97 
(14) 
X 

(57) 
(62) 

(119) 
X 

0 
(149) 
(126) 

X 
Parislan 21,399 38 20.059 33 1.340 187 55 (14) 64 146 84 104 49 27 
Philippines 
Qaltir 

35.822 
X 

5 
X 

30,027 
X 

28 
X 

5,794 
X 

(46) 
X 

1.091 
X 

(30) 
X 

562 
X 

(6) 
X 

191 
X 

(29) 
X 

(3.105) 
N 

(582) 
X 

Saudi Arabia X X X X X X A X X X X X X X 
Singapore X X X X X X X X X X X X X X 
Sri Lanka 8.697 21 8020 20 678 36 21 (37) 12 (49) 24 26 (1) (37) 

Syrian Arab Rep 
Thailand 
Turkey 
United Arab Emirales 

48 
36.900 
16.235 

X 

7 
17 
(541 
X 

15 
32,442 
10.448 

X 

36 
23 
(63) 
X 

34 
4.458 
5,786 

X 

(2) 
(14) 
(15) 

X 

9 
1,027 
4,923 

X 

575 
(39) 
70 
X 

27 
311 
781 
X 

118 
161 
97 
X 

5 
485 
436 

X 

81 
124 
23 
X 

31 
(211) 
36 
X 

18 
24 
62 
X 

VietNam 25,356 24 22.072 24 3,284 24 354 (36) 40 135 68 34 X X 
Yemen Arab Rep X x X X X X X X X X X X X X 
Yemen, People s Dem Rep 296 30 296 30 0 0 0 0 3 0 0 0 0 4 

EUROPE 353,415 13 57,568 13 295,847 13 84,473 4 32,665 8 57,875 37 16.933 16,310 
Albania 
Austria 
Belgium 
Bulgaria 
Czechoslovakia 

2.330 
13.981 
3.376 
4.581 

18,907 

0 
11 
26 

2 
10 

!.608 
1.413 
538 

1.769 
1,449 

0 
45 
149 
72 
(20) 

722 
12.568 
2,838 
2.812 

17.458 

0 
9 
15 
(19) 
14 

200 
5.921 
832 

1.464 
5.226 

0 
3 
25 

112) 
18 

12 
1.365 
2.060 
573 

1,398 

0 
23 
16 
17 
52 

8 
2,235 
841 
451 

1.262 

(1) 
65 
15 

0 
15 

0 
1.839 
2.274 
354 

(2,411) 

X 
4.205 
2.509 
309 

(1,521) 
Denmark 
Finland 
Fance 
German Dem Rep 
Germany. Fed Rep 

2,236 
41.393 
39.890 
10,841 
31.583 

32 
27 

7 
28 

4 

4C2 
3,089 

10.428 
661 

3.702 

512 
(46) 
(2) 
,15 
22 

1.834 
38.304 
29.462 
10,181 
27,880 

13 
42 
10 
27 

2 

879 
7.346 
8,814 
2,462 
9,700 

14 
24 
(3) 
9 
(4) 

342 
1.356 
2,542 
1.223 
6.879 

(8) 
1 

(12) 
36 
(I) 

296 
7,669 
5.522 
1,319 
9.508 

37 
75 
25 
11 
56 

(427) 
4.271 

3 
580 
(537) 

(670)
4,304 
(3.593) 

(48) 
(960, 

Greece 
Hungary 
Iceland 

2.897 
6.836 

X 

4 
22 
X 

1.948 
3,035 

X 

(2) 
24 

949 
3,801 

X X 

19 
21 

396 
1.262 

X 

6 
14 
X 

393 
387 
X 

44 
24 
X 

282 
511 

X 

32 
35 
X 

295 
917 

X 

236 
(236) 

X 
Ireland 
Italy 

1.256 
9,398 

219 
41 

46 
4.792 

590 
52 

1.210 
4.606 

212 
31 

300 
2.141 

317 
8 

64 
2,498 

(48) 
(6) 

34 
4.700 

(71) 
15 

(29) 
5.775 

214) 
5,273 

Luxembourg X X X X X X X X X X X X X X 
Malta X X X X X X X X X X X X X X 
Netherlands 
Norway 

1.118 
10,397 

19 
19 

109 
875 

190 
74 

1.008 
9.521 

11 
15 

405 
2.283 

50 
12 

89 
683 

(50) 
18 

2,038 
1.589 

34 
33 

387 
1.390 

188 
1.462 

Poland 23.663 8 3.905 118 19.758 (2) 6.575 (22) 2.113 16 1.333 0 (934) (1.500) 
Portugal 
Romania 
Sl.,ain 
';werien 
Switzerland 

9.320 
24.459 
16.596 
52.507 
4,767 

19 
16 
39 
11) 
23 

598 
4.571 
2.844 
4.424 
883 

1 
(13( 
37 
69 
24 

8.722 
19888 
13.752 
48.083 
3.884 

20 
25 
39 
(5) 
23 

1.640 
4.425 
2,483 

11.565 
1,676 

(8) 
(21 
4 
4 
16 

759 
1.632 
1.909 
1.341 
657 

144 
12 
27 
(31) 
11 

639 
801 

3,105 
7.390 
1.083 

68 
17 
53 
52 
56 

211 
(185) 
887 

1,852 
(:42) 

(247) 
(47) 
665 

5.643 
266 

United Kingdom 
Yugoslavia 

5.082 
16.002 

39 
11 

151 
4.328 

1 
7 

4,931 
11.673 

40 
13 

1.782 
4.696 

24 
26 

1.115 
1.275 

58 
27 

3,935 
1.324 

(1) 
67 

408 
142 

(105) 
488 

U.S.S.R. 374,857 (3) 86,800 6 288,057 (5) 100,400 (11) 13,340 37 10,095 14 (18.415) (17,6T7) 

OCEANIA 38,189 23 0,802 30 29,387 22 5,730 (2) 1.383 34 2,288 28 (5,659) (9,670) 

Australia 
Fiji 
New Zearand 
Papua New Guinea 
Solomon Islands 

19,907 
249 

9,341 
7.917 
589 

36 
49 
) 

31 
30 

2.878 
37 
50 

5.533 
210 

ill 
200 
(80) 
14 
9 

17.029 
212 

9.291 
2.384 
379 

28 
37 

1 
101 
46 

3.200 
91 

2,275 
117 
17 

(8) 
7 
9 

118) 
t03 

925 
9 

429 
19 
1 

30 
26 
47 
(13) 
313 

1.593 
0 

695 
0 
0 

36 
0 
14 
0 
0 

(3.620) 
0 

(1, 
26 3 

) 
(537) 
(241) 

(6.912) 
(4) 

(1,033) 
(1.414) 
(297) 

Source: 	 Food aind Agriculture Organization of lhe United Nations 
Notes: 	 a Imports ofroundwood are shown as posilive numbers, exports are represented by negative numbers. 

0 = zero or 'ess than halt of the unit ofmeasure. X = not available. negative numbers are shown in parentheses: m3 = cubic meters. 
For addtio.al information, see Sources and Technical Notes 

World Resources 1990-91 

295 

http:addtio.al


19 Forests and Rangelands 

Sources and Technical Notes 

Table 19.1 Forest Resources, 
1980s 

Sources: Developing countries: Food and 
Agriculture Organization of the United Na-
tions (FAO) Forest Resources Division, An 
Interim Report on the State of the Forest Re-
sources in the Developing Countries (FAO, 
Rome, 1988). Developed countries, Cy-

Northwest Research Station, Portland, Or-
egon, United States, 1989). Deforestation 
data (1977-87) for the United States: per-
sonai communication (Forest Service, U.S. 
Department of Agriculture, December 
19)89). 

Reforestation data for China: State Statis-
tical Bureau, China:A Statistics Surve , in 
198.5 (New Worl Press, Beijing, 1985). Re-
forestation data for Jordan: Library of Con-

planted for nonindustrial uses, such as vil
lage wood lots. Reforestation data often 
exclude this component. 

Data for developing countries are b., ;ec 
on the 1980 Tropical Forest Resources As
sessment, a joint project of FAO and the 
United Nations Environment Programme 
(LINEP). The survey assessed the tropical 
forests of 76 tropical developing coun
tries, covering 97 percent of the total area 

prus, Israel, and Turkey: FAO and United 
Nations Economic Commission for Europe 
(EICE), iTe ForestResources of the ECE Re-
glon (E:CF, Geneva, 1985). 

Deforestation data (1987) for Brazil: Al-
bertoc Waingort Setzer. Marcos dia Costa 
Pereira, Alfredo dai Costa Pereira, Jr., and 
Si'rgio Alberto de Oliveira Ahneida, 
"Relat6rio die Atividades (doProjeto IBDF-
INPE "SE)"-Ano 1987," unpublshecl 
paper (Ilstituto Nacional dI-Pesquisas Es-
Iaciais (INI I'). Siro Jos6 dos Camplos. Sabc 
ParIc, Brazil. May 1988). l)eforestation 
data (1977-83) for Costa Rica: Steven A. 
Saler andiAriond T. Joyce, "leloresta-
lion Rates ani Trends in Costa Rica, 19140 
to 1983,- Biotropica,Vol. 20, No. 1, 1988. 
Stocks ( 198() and deforestation data 
(1976- 6()Ior Camieroon: loint Iteragency 
'lming and Review Mission for t lie For-

estry Sector, 'uneroon TropicalForestn' 
.tction P/an (Joint Interagency, Rome, 
1988). Stocks (1982) and deforestation 
data (1975-82) for Inclia: B.B. Vohra, "Con-
fursioi on the Forestry Front," tllpl)b-
lished paper (Deceircer 1987). based oh 
reconciliation of figures in National Re-
mote Sensing Agency, Mappingof Forest 
Corer in Inia fron Sateltite Inager, 1972-
7.5& 1980 V-) (Government of India, 
Hydetabad, 1983). Deforestation data 
( 1979-84) for Indonesia: World Bank Asia 
Regional Office, Indonesia: Forests,Land 
and Water Issues in Sustainable Devvelop-

enrt (August 10, 1988) pp. 2-1. l)eforesta-
tion data (1975-81) for Myaimar: Kyaw, 
U.S., "National Report: Burma," in Proceed-
rags of..d hoc FA0/ECE/FINA'II)A Meeting 
of ELerts on Forest Resource Assessment, 
Kotka, Fihnlod,26-30 October 1987 (Finn-
ish Interi ticrical Development Agency, 
Helsinki, 1987). l)eforestation data (1981-
88) for the Philipl)ines: Philippines Forest 
Management Bureau, Department of Lnvi-
ronent and Natural Resources, unpub-
Iishbed mimegralled tables (August 
1988). Deforestation data (1978-85) for 
ThailanL Royal Forestry Department of 
Thailanc, Planning Division, ForestryStatis-
tics of 7ailid. 19,ti, Center for Agricul-
tural Statistics, Office of Agricultural 
Economics, Ministry of Agriculture anci Co-
operatives. Deforestation data (1976-81) 
for Viet Nami: Professor Vo Quy, Univer-
sity of I linci, "Vietnam's EcoIlcgical Sit ua-
tion Tolay," in ESC4PEnvironinent News, 
Vol. 6, No. 4, )ctober-f)eceniber 1988, 1p5. 
Stocks (1187) United States: Waddell, K.L., 
Oswald, l.D., Powell, D.W., Forest Statistics 
of the UnitedStates 1987 (Forest Service, 
U.S. Department of Agriculture, Pacific 

gress, Science and Technology Division,
l)raft EnvironcmentalReport on Jordan (Li-
brary of Congress. Washington, D.C., Au-
gust 1979). Reforestation data for 
Yugoslavia: Socijalisticka Federativna 
Republika .lugoslavija Savenzi Zavod Za 
Statistiku, Statisticki Godisnjak Jugoslat'ija 
1983, 19841, 1985 (Savenzi Zavod Za 
Statistiku, Belgrade, 1984, 1985 1986). 

E'tent of forest and woodland refers to 
natural stands of woody vegetation iir 
which trees predomirate. FA() and ECE 
use slightly different definitions of open 
and closed forest. FAO defines clos.id fo-
est as land where trees cover a high pro-
portion of tile ground and where grass 
does not form a contiirous layer on the 
forest floor. ECE cefines a forest as closed 
when tree crowns cover more than 20 per-
cent of the area and when the area is used 
primarily for forestry. Open forest, as de-
fined by FAO, consists of rIixed for-
est/grasslands with at least 101percent 
tree cover and acontinuous grass layer. 
As defined by ECE, openc forests are not 
used for agricultural purposes; have 5-2(0 
percent of their area covered by tree 
crowns; have no more than hall a hectare 
covered by groups of trees; or have 
shin!bs or stunted trees covering more 
than 20 percent of their area. 

lii both FAO acc ECE clefinitions, "natu-
ral" means all stands except plantations 
and includes stands that have been de-
graded to some degree by catastrophic 
fire, logging, agriculture, or acid precipita-
tion. "Frees are distinguished from shrubs 
oni tire basis of height: a mature tree has a 
single well-defined sten and is taller than 
7 meters, and a mature shrub is usually 
less than 7 meters tall. 

Average annual deforestation refers to 
the permanent clearing of forest lands for 
use in shifting cultivation, permanent agri-
culture, or settlements. As defined here, 
deforestation does not include otiher alter-
ations suchias selective logging, which 
can substantially affect forests, forest soil, 
wildllife and its habitat, and the global car-
bon cycle. For an analysis of tropical die-
forestation basec on a broader definition 
of dleforestation, see Norman Myers, The 
Prinian',Socrce (Norton, New York, 1984). 

Average annual reforestation refers to 
tie establisiment of plantations for inchus-
trial and noninclustrial uses. Reforestation 
does not include regeneration of old tree 
crops (through either natural regenera-
tion or forest managemelt), although 
some countries may report regeneration 
as reforestation. Many trees are also 

of developing countries in the tropics.
t)ata for the study were collected from re
search institutes; correspondence with na
tional forestry services; visits to national 
forestry, land use, and survey institutions 
in some of the lmajor forestry countries; 
visits to FAO regional offices; photo
graphic surveys of all or part of five coun
tries: satellit- imagery of all or part of 19 
countries: and side-looking airl)orne radar 
surveys of four additional countries. 
Three countries (Myairar, :ndia, and 
Peru) pirepiare(d their own national re-
Iorts. In utiliy cases, FAO adjusted data 
to fit common delinitions an(i to corre
spOni to' the baseliie year of 1980. 

The F \) /988 Interim Report exl)anlded 
the country coverage of tue 1980 assess
meit to 129 developing countries. In that 
document, FAO evalu,-ted the overall reli
ability of data on closed forest areas and 
deforestation rates for the original 76 de
veloping countries. FAO classified their es
tinates on closed forest areas and 
deforestation as very gool or good for IS 
countries or parts of countries (contain
ing 411percent of the closed forest areas 
of the 76 tropical countries). These coun
tries or parts of countries are Benin, Bra
zil (north), Cameroon (south), Colombia, 
Cote d'lvoire, The Ganibia, Haiti, Liberia, 
Malaysia (peninsular), Nepal, Paraguay 
(east), Sierra L[eone, Togo, Trinidad and 
Tobago, and Venezuela. For 40 countries 
or parts of countries (covering an acdli
tional 40 percent of closecl forest area), 
FAO assessed their data on forest cover 
as very good or good aiid their data on de
forestation as satisfactory or poor. These 
countries or parts of countries are Angola, 
Bangladesh, Belize, Bhutan, Bolivia, 
Burkina Faso, Burundi, Congo (north), 
Congo (south), Costa Rica, )ominican Re
public, El Salvador, French Guiana, Guate
ciala, Guinea, Guinea Bissau, Guyana, 
Honduras, India (15.), Jamaica, 
Kampuchea, Laos, Madagascar, Malaysia 
(Sbah), Malaysia (Sarawak), Mexico, Mo
zainbique, Myarinar, Namibia (north 
west), Nigeria, Panamna, Papua New 
Guinea, Peru, Philippines, Senegal, Sri 
Lanka, Sudan, Thailand, Viet Nam, ;di 
Zaire. Estimates on tie forest cover and 
rate of deforestation intihe remaining 21 
countries or parts of conntries (compris
ing about 20 percent of the total forest 
area and 29 percent of the total area of 
open forest) were judged as satisfactory 
or poor. 

Recently published estimates were used 
inplace of deforestation rates for closed 
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forests from the kIte in Report fr Brazil, land and Cameroon. The nunmbers on the ielandcharcoalproduction covers all
 
Costa Rica, Indonesia, Myaninar, the Phil- extent of forests in Cameroon and 
 Idia, rough wood used for cooking, heating,
ippines anti Viet Nanmi. and on the loss of closel forests in Inilla, and power lprocuction. Wood intended for 

The deforestation rate for Brazil is were substituted as well. The estimate for charcoal production, pit kilns, and porta
based on the analysis of satellite images, the average annual deforestation of ble ovens is includeI.
 
which assessed areas burned in the Legal Thailand's total forest area was provided hhstrialroindunood production con-

Amazon (huring the (try season of 1987. by the Royal Forest ry Department and is prises all roundwoodlprodicts other than

The authors of that analysis estimated based on IANDSAI imagery. The Camer- fuelwood and charcoal: sawlogs, veneer
 
that at least 40 percent of the land being (oonstudy estimated the 1986 area of logs, sleepers, pitprops, pulpwood, and

turned was recently cut forest, indicating closed and open forests by extralpolation other industrial prolucts.
 
a loss of 8 million hectai es because of from 1975 satellite images. It found that IProcessedwood production includes
 
widespread deforestation in 1987. How- between 1.8 and 2 million hectares had sawnwood and panels, as follws.
 
ever, 1987 was considered a year of wide- been deforested between 1976 and 1986. 
 Sawnwood is wood that has been sawn,
 
spread deforestation in the Brazilian I1dia's National Remote Sensing Agency 
 planed, or shaped into products suc i asAmazon. It was tile last year before tax calculated the new deforestation rate and )lanks, beams, boards, rafters, or railroad

laws that favored those who cleared Area- the 1982 estinates for olpen aiid closed tics. Wood flooring is excluded. Sawn
zon land were suspended. A follow-up forests. The Agency used satellite imagery woo(I generally is tlicker than 5 millime
study by Alberto Setzer of INPE in 1988 collected from 1980 to 1982 and fo(ii ters.
 
showed a drop in to- area being defor-
 that 10.1 million hectares of closed forest Parels include all wood-based panel

ested in the L.egal Amazon to 4.8 nillion were lost during the seven years front commodities suchi as veneer sheets, ply
hectares. Another study, conducted by 1975 to 11982. Please refer to country woo(d, particle board, and compressed or
 
INPE, used I.ANDSAI Thieniiatic Mapper inn- sources for additional information. noncompressed fiberboard.
 
ages and calculated a different deforesta- The FAO/ECE survey covered all types Paperproduction includes newsprint,

(ion rate for the Legal Aniazon. The of forests in the 32 muemer countries of printing and writing palper, and other
 
author concluded that 17.6 inillion hect- the ECE. Data for this study were drawn paper and paperboard. 
ares were deforested between 1978 arid froni four types of sources: official data Average annual net trade of roundwood
1988, with an average an nual rate of 1.7 suppliel in response to questionnaires; es- is tihe balance of imports viiinus exports.
million hectares; Roberto Pereira (Ia ti iriates by experts iii somie countries; re- Trade in roundwood(includes sawlogs
Cunoha, "Deforestation Estimates Through cent ECE and FAO pub1)lications, country anid veneer logs. huelw ii d, putlpwO(l,
Remote Sensing: The State of the Art in reports, and official articles; and esti- other industrial roundwoold, and the
the Legal Amazon" (INPIE, Society of Latin rnates by the professional staff conduct- roundwo(od ecluivalent of trade in char-
Anerican Remote Sensing Specialists ing the study. Most data refer t( the coal, wood residutLes, anll chips arnd iarti
(SELPIER), Sio .Jos6 (Ios Camlos, Silo period around 1980, hut no attempt was 'les. All trade (lata refer to both 
['aulo, Brazil, 1989). made to adjust the (lata to a taseline coniferous and n(loncoiferous wood. fll-

Costa Rica's deforestation rate was ob- year. ports are usually on a cost, insurance,

tainecl using digital analysis of iials For an evaluation and detailed coripari- freight basis. Exports are generally on a

basedt on 
satellite (LANDSAT) multispect- son of forest statistics, see Alan Grainger, free-on-board basis. 
ral scanner iniages for 1977 and 1983. "Quantifying Changes in Forest Cover in FAO compiles forest products data from

The World Bank calculatedl deforesta- the Humid Tropics: Overcoming Current responses to annual (Liestionnaires sent 
tion in Intonesia by estimating the total Limitations," Journal of World ForestRe- to national governments. Data froni other 
area lost to shifting cultivation, govern- source Managemient Vol. 1, pp. 3-23 sources, such as national statistical year
mnent-sl)onsored tree crop projects, trans- (!984); and J.M. Melillo, C.A. Palm R.A. books, are also used. lin some cases, FAO 
migration progranis, logging, and forest Houghton, et al., "AComparison of Two prepares its own estimates. FAO continu
fires. Recent Estinriates (f Disturbance in Tropi- ally revise.s its (lata using new inforina-

The deforestation rate for Myaniar is cal Forests," Environmental Conservation, tion; the litest figures are subject to 
based on aerial photographs, field stud- Vol. 12, No. 1(1985). revision. 
ies, and satellite imagery. Statistics oni the production of fuelwood
 

Philippine deforestation is derived froni 
 and charcoal are lacking for many coun
a comlarison of 1980 LANDSAT data with Table 19.2 Wood Production tries. FAO uses piopulation data anll coun
land cover statistics that had lbeen pre- and Tra try-specific, per capita consumption 
parel hy the Swedish Space Corporation adT de, 1975-87 figures to estimate fuelwood and charcoalusing a remote sensing technilue. productioil. Consumltion of rionconifer

T[he University of Hanoi data came from Source: Food and Agriculture Organiza- 1us fuelwood ranges froni a low of 0.0016 
the Forest Inventory and Planning Insti- tion of the United Nations (FAO), unpub- cubic ieters per capita per year in Jor
tute (FIPI) of the Ministry of Forestry in lished data (FAO, Rome, May 1989). dan to a high of 0.9783 cubic meters per
Hanoi. It estiriiates that between 1976 and Total roundwuood production refers to all capita per year in Benin. Consumption
1981 Vltt Nam's are of rich hroadleat for- wood in the rough, whether destined for was also estimated for coniferous fuel
est was reduced by 865,000 hr -tares. It industrial or fuelwood uses. All wood wood. For both coniferous anti nonconifer
suggests that the current forest loss is felled or otherwise harvested froni forests ous fuelwood, the per capita consumption 
even higher, at about 2)),000 hectares an- and trees outside the forest with or with- estimates were multiplied ty the number 
nually. out bark, round, split, roughly squared, or of people in the country to determine na-

Recently published estimates on the other forms such as roots and stumps is tioral totals. 
loss of total forest area were used for Thai- included. 
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20. Wildlife and Habitat
 

Population growth, the expansion of agriculture and 
livestock raising, the building of cities and roads, and 
pollution are among the many pressures that dimin-
ish the quantity and quality of natural habitat remain-
ing in the world. Along with illegal hunting, habitat 
reduction and its degradation threaten biodiversity 
and the economic, scientific, and cultural values it 
represents. 

Most countries recognize the need to protect natu-
ral habitats, but few agree on the extent of that protec-
tion. Table 20.1 shows the area protected for each 
country. "National Protected Systems" total 3.7 per-
cent of he Earth's land area, but the total area pro-
tected in each country varies from a high of 38 
percent for Ecuador to less than 1 percent for 55 coun-
tries. The number and extent of areas under "Interna-
tional Protection Systems" have risen over the years.
However, legal protection alone cannot ensure actual 
protection. Limited resources, lack of political will,
and other factors often limit the amount of enforce-
ment possible. Even when an area is protected, activi-
ties just outside its boundaries can have a severe 
impact on its fragile ecosystems. 

The data in Table 20.2 are at least partial measures 
of pressure on habitat and a country's ability to de-
clare and enforce habitat protection. InAlgeria, for 
example, 15 of the 97 known mammalian species (15.5
percent) are in jeopardy In contrast, only 32 of 
Mexico's 439 mammal species (7.3 percent) are simi-
larly categorized. Data on indigenous animals are 
often hard to assemble, as is indicated by the lack of 
information on nonmammals in Africa and on Asian 
species in general. (In this table, swallowtail butter-
flies, widely distributed and highly visible, represent
invertebrate species.) As new information becomes 
av,7ilable, it is clear that, throughout the world, the 
numbers of species reported as known and threat-
ened represent only a fraction of those that exist. 

The trade in animals and animal products can have 
devastating effects on wildlife populations. Parties to 
the Convention on International Trade in Endangered 
Species of Wild Flora and Fauna (CITES) pledge to 
abide by certain regulations and to report trade in 
designated animals and animal products to the World 
Conservation Union (formally the International Union 
for Conservation of Nature and Natural Resources 

[IUCN]). Tahlc 20.3 details CITES membership and 
reporting history, as well as the trade in live primates, 
cat skins, raw ivory, live parrots, and reptile skins. 

These numbers, representing elephants, cats, and 
large reptiles killed, and parrots and primates
trapped (with associated mortality in capture and 
transport), show primarily the legal international 
trade, with large gaps in information worldwide. Ille
gal and domestic commerce would greatly increase 
these figures and would indicate an even greater re
dLuction in wild populations. 

The loss of habitat probanly is the principal threat 
to the survival of endangered plants and animals. 
Table 20.4 attempts to show some of the changes in 
habitat that have been caused by human activity. Al
though generalized maps of habitat change are com
mon and detailed studies of change in specific areas 
are available, country-level data are difficult to ob
tain. This table is a first attempt to detail habitat loss
globally by country. Subsequent volumes should im
prove on this coverage and detail. It is undeniable 
that much critical habitat has already been lost (e.g.,
70 percent of Greece's forests, virtually all of the tall 
grass prairie in the United States, 91 percent of 
Sudan's moist forests), and that which remains can 
be degraded or tamed. 

Table 20.5 attempts to show the zoo populatiops of 
animals that are endangered, vulnerable, rare, or ex
tinct in the wild. Estimating wild populations is diffi
cult, and for many threatened species little is known 
of their potential for recovery. Fewer than half of the 
most threatened animals are held and propagated in 
zoos. The survival of a species represented by small 
populations in a limited number of zoos is at risk 
from chance events, disease, diminished genetic di
versity, genetic drift, and even the chance variation 
from the optimal sex ratio. 

Propagation in zoos often has the goal of the ulti
mate reintroduction of these populations into the 
wild. Returns to the wild are complex and expensive
and have had mixed resUlts. They are not even possi
ble unlef- , suitable habitat either survives or is reha
bilitated. (See Chapter 8, "Wildlife and Habitat," 
sections on Biodiversity and Habitat Loss and A Last 
Resort: Zoos and Botanical Gardens.) 

Wo,l Rlesources1990-91 
QU,5 46299 



20 Wildlife and Habitat
 

Table 20.1 National and International Protection of Natural
 

National Protection Systems International Protection Systems 
Percent of Natural World Wetlands of 

AllPiotected National Manne and Coastal Biosphere Heritage International 

Areas Land Area Protected Areas Only Reserves Sites Importance 

Number Area (ha) .,octd Number Area (ha) Number Area (ha) Number Number Area (ha) 

WORLD 5.289 529,081.551 4.0 977 211,405,562 276 149,251,700 78 432 28,473.698 

AFRICA 521 101.e75,251 3.4 43 9.569.657 40 19,919,499 20 31 3,208,004 

Algeria 
Angola 

17 
3 

496,687 
889,700 

02 
0.7 

1 
2 

2.392 
61.700 

1 
0 

7.200,000 
0 

1 2 8,400 

Berin 2 843,500 76 0 0 1 880,000 0 
Botswana 9 10,025,000 17.7 NA NA 0 0 
Burkina Faso 7 738.900 27 NA NA 1 16.300 0 

Burundi 
Cameroon 

0 
12 

1) 
1,702.200 

00 
36 

NA 
1 

NA 
160.000 

0 
3 

0 
850,000 

0 
1 

Cape Verde 
Central African Rep 

0 
7 

0 
3,904,000 

00 
63 

(V 
NA 

0 
NA 

0 
2 

0 
1.640,200 

0 
1 

Chad 1 114.000 0 1 NA NA 0 0 ... 

Comoros 0 0 0.0 0 0 0 0 
Congo 
Cole o Ivoire 

t0 
t0 

1.353.100 
1,958.000 

4,0 
6.2 

1 
1 

300.000 
30.000 

2 
2 

172.000 
1,480.000 

0 
3 --

Djibouti 
Egypt 

1 
9 

10,000 
685.300 

0.5 
0.7 

0 
3 

0 
62.200 

0 
1 

0 
1.000 0 2 105.700 

Equatorial Gu,nea 0 0 0.0 0 0 0 0 .- 2 105,700 
Ethiopia 25 6.872.600 6.2 1 200.000 0 0 1 
Gabon 6 1.753,000 68 2 1.058,000 1 15.000 0 3 1,080.000 
Gambia. The 0 0 00 0 0 0 0 0 
Ghana 8 1.175,075 5 1 0 0 1 7,770 0 1 7.260 

Guinea 1 13.000 0 1 0 0 2 133,300 1 
Guinea-Bissau 0 0 00 0 0 0 0 
Kenya 30 3,094,979 54 3 6,500 4 851,359 
Lesotho 1 6,805 02 NA NA 0 0 
Liberia 1 130,700 1 4 0 0 0 0 

Libya 
Madagascar 

3 
31 

155.000 
1.031.312 

0.1 
1.8 

0 
1 

0 
1.750 

0 
0 

0 
0 

0 
0 

Malawi 9 1,066,900 11.3 NA NA 0 0 1 
Mai 6 1176.100 07 NA NA 1 771.000 0 3 162,000 
Mauritania 2 1,483.000 1 4 0 0 0 0 0 1 1.173.000 

Mauritius 1 3,611 2.0 1 3.611 1 3,594 
Morocco 10 298.359 0 7 2 13.025 0 0 0 4 10,580 
Mozambique, People's Rep 0 0 0.0 0 0 0 0 0 
Niger 4 1.654.240 1.3 NA NA 0 0 0 1 220,000 
Nigeria 4 960.082 1.1 0 0 1 460 0 

Rwanda 2 262,000 10.5 NA NA 1 15.065 
Senegal 9 2.177,259 t13 4 81,009 3 1,093,756 2 4 99,720 
S.erra Leone 3 100.700 1.4 0 0 0 0 
Somalia 0 0 0.0 0 0 0 0 
South Africa 152 5,801,751 4.8 13 151,947 0 0 -- 7 208,04., 

Sudan 13 8.115.500 34 0 0 2 1.900.970 0 
Swaziland 3 39,545 2.3 NA NA 0 0 
Tanzania 20 11,913,075 134 0 0 2 2,337.600 4 
Togo 6 463.000 85 0 0 0 0 
Tunisia 6 44,780 03 1 4.030 4 32.425 1 1 12,600 

Uganda 
Zaire 

18 
9 

1.332.029 
8.827.000 

67 
3.9 

0 
0 

0 
0 

1 
3 

220,000 
297.700 

0 
4 

15,000 

Zambia 19 6.359.000 8.6 NA NA 0 0 0 
Zimbabwe 19 2.760.267 71 NA NA 0 0 1 

NORTH &CENTRAL AMERICA 890 193,08,695 9.1 214 135.780,803 64 93,327,040 21 55 15,001,629 

Barbados 0 0 0.0 0 0 0 0 
Canada 311 33,885,111 3.7 48 7.105,715 5 842,738 6 30 12.937,549 
Costa Rica 25 609.770 12.0 7 .94,490 2 728.955 1 
Cuba 15 866.743 7.8 6 226.813 4 323,600 0 
Dominican Rep 13 550.434 11.4 7 269,554 0 0 0 --

El Salvador 7 22.151 1.1 0 0 0 
Guatemala 13 99.083 0 9 3 13.400 0 0 1 
Haili 2 7,700 0.3 0 0 0 0 0 
Honduras 15 580.369 5 2 1 350.000 1 500,000 1 --
Jamaica 0 0 0.0 0 0 0 0 0 

Mexico 47 5,58?,625 29 11 1.119.301 6 1.288.454 1 1 47.480 
Nicaragua 6 43.300 0.4 1 4.000 0 0 0 
Panama 14 1.311.382 173 6 897,888 1 597.000 1 
Trinidad and Tobago 6 16,088 3.1 2 3,308 0 0 
Un;ted States 396 79,039,521 8.6 107 54.317.034 45 19.046.293 11 7 970.090 

SOUTH AMERICA 453 80,123,051 4.6 94 24,716,645 23 10,834.241 8 4 216,877 

Argentina 69 1,.974,795 4 0 7 1.498.648 4 2.004,980 2 
Bolivia 12 4.837.143 4 5 NA NA 3 435,000 0 
Brazil 160 20,096,133 24 20 2,031.530 0 0 1 
Chile 69 11.983,013 1C0 32 10,049.838 7 2.406,633 0 1 4,877 
Colombia 35 5,613,965 54 9 615.400 3 2,514,375 0 

Ecuador 13 10,619,171 38.4 5 8,975.200 2 1.446.244 2 
Guyana 
Paraguay 

1 
9 

11,655 
1.120,538 

0 1 
2.8 

0 
NA 

0 
NA 

0 
3 

0 
0 

0 
0 

Peru 22 5,482,935 4.3 4 709,978 3 2.506.739 3 
Suriname 13 734.800 4.6 5 128,400 0 0 1 12,000 

Uruguay 7 30,278 0.2 1 3,290 1 200,000 1 200.000 
Venezuela 43 8.618.625 9.8 11 704,361 0 0 1 9,968 
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Areas, 1989 	 Table 20.1
 

National Protection Systems 
Percent of 

Intemational Protection Systems 
NaturalWorld Wetlands of 

AllProtected National Marine and Coastal Biosphere Heritage International 

ASIA 

Areas 
Number Area (ha) 

1,126 61,367,197 

Land Area Protected Areas Only 
Protected Numt-r Area (ha) 

2.3 189 13,987,130 

Reserves 
Number Area (ha) 

34 6,070,242 

Sites 
Nujier 

8 

Importance 

Number Area (ha) 
34 i,480,35 

Afghanistan 
Bahrain 
Bangladesh
Bhutan 
China 
Cyprus
India 
Indonesia 
Iran. Islamic Rer 
Iraq 

4 
0 
8 
5 

179 
3 

2Cr 
141 
30 
0 

142.438 
0 

96,787 
876,058

7,903,526 
7,449

13,170,318 
14.067,051
3,626,271 

0 

0.2 
0.0 
0.7 

18.6 
0.8 
0.8 
44 
7.8 
2.2 
00 

NA 
0 
3 

NA 
20 
0 

14 
68 

3 
0 

NA 
0 

32,386 
NA 

1,183,524 
0 

473.802 
8,940,87

725,130 
0 

0 
0 
0 
0 
6 
0 
0 
6 
9 
0 

0 
0 
0 
0. 

1,602,305 
0 
0 

1,482,400
2,609.731 

0 

0 

0 

1 
0 
5 

0 
0 

2 

18 

119,373 

1,297.550 

Israel 
Japan 
Jordan 
Kampuchea. Doem 
Korea. Dem People's Rep 
Korea, Fiep 
Kuwait 
Lao Peole'. DoemRep 
lebanon 
Malaysia 
Mongolin
Myanrrar
Nepal 
Oman 
Pakistan 
Philippines
Qatar 
Saudi Arabia 
Singapore
Si Lanka 

19 
61 

7 
0 
2 

17 
0 
0 
1 

39 
13 
2 

11 
2 

57 
32 
0 
5 
1 

38 

236.003 
2,400,781 

92,900 
0 

57.890 
557.766 

0 
0 

3.500 
1,101,353 

317.840 
173.070 
958.500 
54,000 

7,583,390 
520.816 

0 
807,650 

2,715 
739.771 

11.6 
64 
1.0 
0.0 
0.5 
5.7 
00 
0.0 
03 
34 
0.2 
03 
7.0 
0.3 
9.8 
1.7 
0.0 
0.4 
4.8 
11.4 

1 
30 
0 
0 
0 
3 
0 

NA 
0 
9 

NA 
0 

NA 
1 
1 
5 
0 
2 
0 
6 

30,900
637,055 

0 
0 
0 

284,671 
0 

NA 
0 

52,225 
NA 

0 
NA 

1,000
15,540 
30.639 

0 
475,000 

0 
303,484 

0 
4 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
2 

0 
I 1f,000 

0 
0 

132,000 
37.430 

0 
0 
0 
0 
0 
0 
0 
0 

31.355 
23,545 

0 
0 
0 

9,376 

-
0 

0 

0 
0 
0 

-
2 
0 
0 
0 
0 
0 

1 

2 
1 

1 

9 

.... 

5.571 
7.372 

17.500 

20,990 

Syrian Arab Rep
ThMiland 
Turkey
United Arab Emirates 
Viel Nam 
Yemen Arab Rep
Yemen. People's Dem Rep 

0 
75 
15 
0 

56 
0 
0 

0 
4,676,757 

246,026 
0 

. .8.354 
0 
0 

00 
91 
0.3 
0.0 
2.6 
00 
0.0 

0 
10 
3 
0 
2 
0 
0 

0 
625,204 
113,785 

0 
33,743 

0 
0 

0 
3 
0 
0 
0 
0 
0 

0 
26,100 

0 
0 
0 
0 
0 

0 
0 
2 

0 
0 
0 

1 12,000 

EUROPE 

Albania 
Austria 
Belgium
Bulgaria 
Czechoslovakia 
Denmark 
Finland 
France 
German Dm Rep 
Germany. Fed Rep 
Greece 
Hungary
Iceland 
Ireland 
Italy 
Luxembourg
Malta 
Netherlands 
Norway 
Poland 
Portugal 
Romania 
Spain 
Sweden 
Switzerland 
United Kingdom
Yugoslavia 

U.S.S.R. 

1,347 

13 
129 
5 

39 
66 
58 
34 
73 
20 
86 
61 
46 
19 
5 

too 
3 
0 

47 
65 
75 
27 
18 

110 
68 
19 

84 
76 

171 

31,326,547 

54.500 
1,593,894 

83.920 
129.125 

1,985,974 
282,028 
806,450 

4,500,922 
70,189 

2,756.757 
534,231 
511,149 
789.050 
24.151 

1,266,395 
64,900 

0 
150,914 

4.761.838 
2,192.965 

619,707 
152,322

2.561,133 
1,706.892 

120,989 
2,569.026
1,035,626 

20,773,)79 

6.6 

2.0 
19.3 
2.6 
1.2 

15.8 
6 7 
26 
82 
0.7 

113 
4.1 
5.5 
7.9 
0.4 
4.3 

25.1 
0.0 
4.4 

15.5 
7.2 
6.8 
0.7 
5.1 
4.1 
3.0 

10.6 
4.1 

0.9 

180 

5 
NA 

0 
(1

NA 
3 
0 

27 
5 
9 

13 
0 
5 
0 

18 
NA 

0 
10 
12 
4 
8 
0 
9 
5 

NA 
35 
12 

22 

7,699.895 

27.500 
NA 

0 
0 

NA 
11,600 

0 
848,549 

7.532 
724,840 
84.420 

0 
509,000 

0 
211.165 

NA 
0 

53,521 
3,508,478 

73,091 
132,325 

0 
75,160 
11,640 

NA 
1,194.354

226.720 

4,925,038 

81 

0 
4 
0 

17 
4 
1 
0 
6 
2 
1 
2 
5 
0 
2 
3 
0 
0 
1 
1 
4 
1 
3 

10 
1 
1 

13 
2 

19 

3,761,665 

0 
27,600 

0 
25,201 

176,974 
70.000,000 

0 
485,927 

24,960 
13.100 
8,840 

128,884 
0 

8,808 
3,798 

0 
0 

260,000 
1,555,000 

25,836 
395 

41.213 
614,977 
96,500 
16,870 
44,258

390.000 

9,331,366 

11 

--

2 

0 
0 
1 
0 
0 
2 
0 

0 
0 
0 

0 
1 
0 

1 
0 
0 
3 
4 

0 

277 

5 
6 
4 

38 
11 

1 
8 

20 
11 
13 
1 

14 
45 

1 
11 
14 
5 
2 

3 
20 

2 
40 

2 

12 

2,668.185 

102.369 
9.607 
2.097 

734,202 
101,343 
85.000 
46,187 

313,600 
107.400 
110,594 
20,000 

9,112 
54,458 

6 
306.34, 

16,256 
7,090 

30.563 

52.392 
271,075 

1,816 
168,576
18,094 

2,987,185 

OCEANLA 
A stralia 
Fiji
New Zealand 
Papua New Guinea 
Solomon Islands 

774 
625 

2 
122 

3 
0 

39,499,579 
36,481,224 

5,342
2,828.078 

7.323 
0 

4.7 
48 
03 

10.5 
0.0 
00 

229 
184 
1 

32 
0 
0 

14,547,462 
1
3
,035,061 

4,020
1,385,626 

0 
0 

12 
12 
0 
0 
0 
0 

4,743.M 
4.743.223 

0 
0 
0 
0 

10 
8 

2 

31 
29 

2 

3,319,634 
3,304,690 

14,944 

Source: 	 World Conservation Monitoring Centre. 
Notes: 	 0 = zero or less than half the unit ofmeasurement; NA = not applicable;- country is nota party to the Convention. 

For additional information. see Sources and Technical Notes. 
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Table 20.2 Globally Threatened Animal Species, 1989 

Swallowtail 

Mammals Birds Reptiles Amphibians Butterflies 

Number of Number of Number ot Number of Number of 

Species Number Species Number Species Number Speaes Number Speos Number 

Known Threatened Known Threatened Known Threatened Known Threatened Known Threa._.-l 

WORLD 

AFRICA 

Algeria 97 15 X 4 X 2 X X X X 
Angola 275 13 X 12 X 7 X X 27 1 
Benin 187 7 X X X 5 X X X X 
Botswana 162 8 1.044 3 X X X XI X 
Burkina Faso 147 6 X X X X X X X X 

1BurLndi 103 6 X 4 X I X X 15-20 
Carneroon 297 18 848 16 X 5 X 1 39 2 
Cape Verde 9 3 X 4 X 3 X X X X 
Central Alrican Rep 208 8 X 1 X 3 X X 24-29 1 
Chad 131 11 X 1 X 3 X X 7-8 0 

1 2 
Congo 198 12 
Comoros X X 	 X 9 X X X 3-4 

X 3 X 7 X X 37-38 1 

Cote d Ivoire 232 23 756 6 X 6 X I X X 
22 6 X 1 X X X X 6-7 0 

Egypt 105 12 X 2 X 
Djibouti 

4 X X X X 

Equatorial Guinea 182 13 X 3 X 4 X 1 13-21 1 
Ethiopia 242 11 847 10 6 3 X X 15-16 0 
Gabon 190 X X X X9 5 7 25-31 1 
Gambia. The 108 5 X X X 5 X X X X 
Ghana 222 10 721 7 X 7 X X X X 

Guinea 188 13 X 4 X 4 X I X X 
Gu neaBissau 109 11 X 2 X 7 X X X X 
Kenya 307 12 860 12 106 97 4 305 5 
Lesotho 33 2 X 4 X X X X X X 

Liberia 193 14 X 9 X 6 X 1 X 1 

I X 3 X X X X 
Madagascar X X X 29 X 11 X X 13 3 

Malawi 192 5 624 9 X 1 X X 22 0 
Mai 136 11 X 2 X 

Libya 76 9 	 X 

2 X X X X 
Mauitania 61 10 X 2 X A X X5 	 X 

X 6 X X 2 1 
Morocco 108 13 X 3 X X X X 
Mauritius X 2 	 X 8 

4 	 X 

Mozambique. Peoples Rep 183 6 X 16 X 5 X X 16 0 
Namibra 161 12 X 6 X 2 X X X X 
Niger 131 9 X 1 X 1 X X X X 

Nigeria 274 57 831 8 114 9 19 3 X 1 

Reunion X X X 2 X 3 X X 2 1 
Rwanda 147 9 X 6 X 2 X X 18-21 2
 

Sao Tome 7 0 X 7 X 1 X X X X 
Senegal 166 13 X 3 X 8 X X X X 

Seychelles X X X 10 X 2 X 3 X X 
Sierra Leone 178 11 X 7 X 6 X X X 1 
Somalia 173 14 639 6 X 4 X X 12 0 
South Africa 279 20 X 10 X X X XX X 
Sudan 266 19 X 5 X 3 X X 20 	 0 

Swaziland 46 3 X 4 X 1 X X X X 
Tanzania 310 15 1016 27 X 7 X X 34 1 
Togo 196 6 x 0 x 6 X x x X
 

Tunisia 77 14 	 X 2 X 2 X X X X 
X X 31-32 2Uginda 	 311 10 989 14 X 2 


Western Sahara 15 7 X 3 X 2 X X X X 
Zaire 409 24 1086 27 X 6 X X 48 3 
Zambia 228 6 728 8 X X X 232 0 
Zinbabwe 194 7 6.15 7 X 1 X X X X 

AMERICAS 

927 18 204 7 '24 1 36-37 1Argentina 	 255 26 
Bahamas 	 17 218 39 62 8 18 0 5 0 

Belize 121 9 504 1 107 8 26 0 X X 
Bermuda X I X 1 X X X X 1 	 0 

2Bolivia 	 267 24 1177 5 180 10 96 0 43-44 

19 487 1 74 8Brazil 	 394 42 1567 35 467 
1 	 0
Canada 	 210 7 426 14 42 41 0 18 


Cayman Islands X X X 3 X 5 X X 3 0 

Chile 90 10 393 f 82 3 38 0 2-3 0 
Colombia 	 358 25 1665 28 383 24 375 0 59 0 

8 1 X X 

Cuba 39 9 236 14 100 10 40 0 13 1 

Ecuadora} 280 21 1447 17 345 36 350 0 64 
X 
0 

El Salvador 129 7 432 3 92 7 38 0 X 
French Guiana 142 

Costa Rica 	 203 10 79r 5 218 151 

11 628 3 136 14 89 0 29-31 3 

Greenland (Denmark) 26 7 X 2 X X X X X X 

Guatemala 174 9 666 8 204 10 99 0 X X 
105 0 30-31 1Guyana 198 12 728 3 137 14 

Hispaniola 23 3 211 2 134 6 53 0 8 2 

Honduras 179 8 672 5 161 9 57 0 X X 

Jamaica 29 2 223 5 38 4 20 0 7 2 

Lesser Antilles 37 4 193 29 94 14 15 0 3 0 
52 2Mexico 439 32 261 123 717 35 284 4 

Netherlands Antilles 9 0 171 0 22 3 2 0 X X 
Nicaragua 177 9 610 4 162 9 59 0 X X 
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Table 20.2 

Swallowtail 
Mammals Birds Reptiles Amphibians Butterflies 

Number of Number of Number of Number of Number of 
Species Number Species Number Species Number Species Numbar Species Number 
Known Threatened Known Threatened Known Threatened Known Threatened Known Threatened 

Panama 	 217 13 920 6 212 10 155 2 X XParaguay 	 157 
 14 630 8 110 8 69 0 26-32 0Peru 
 359 30 1642 10 L97 15 235 
 0 58-59 2
Purto Rico 	 17 
 1 220 11 46 15 26 
 1 	 2-3 0
Suriname 200 11 670 3 131 12 99 0 30-31 1
 
Tobago 29 b 6
2 157 b 39 8 b 8 0 b 13-14 0 bTrinidad 85 X 347 X 76 X 15 0 X X
United Slatr's 466 49 1.090 
 79 368 26 22? 8 30-31 1Uruguay 	 77 7 367 3 66 9 37 1 7-8 0Venezuela 	 305 18 1295 8 246 20 183 0 35-39 1 
ASIA
 
A ghanislan X 10 X 
 2 X 2 X X 19 1Bangladesh 	 X 5 X 4 X 8 X X 10-15 XBhutan 	 X 12 X 3 X 1 X X 22-30 2Brunei 	 X X6 	 X X 3 X X 35-37 1China 	 X 30 X 7 X X X X 131-136 7 
India 
 341 29 1,178 135 400 12 181 
 X 91 2
Indonesia 	 X 22 X 14 X 11 X X 121 14Iran, Islamic Rep 	 X 9 X 3 X 6 X X 7.9 0Iraq X 	 8 Y 3 X 1 X X 6.7 0Japan 	 186 4 632 35 85 3 58 1 22 0
 
Korea, Dem Rep 	 X 8 X 10 X 	 X X X 14 0Korea, Rep 	 X X8 	 9 X 	 X X X 14-15 0Malaysia 	 X 8 X 7 X 	 7 X X 54-56 3Mongolia Y 	 6 X 4 X X X X 11 1Myanmar 300 14 1.000 3 360 8 X X 70 1
 
Nepal X 17 X 2 X 4 X 
 X 37-38 1
Pakistan 	 X 13 X 6 X 9 X 	 X 14 0Philippines 	 96 7 541 2 197 1 60 X 49 9Sri Lanka 	 X 7 X 2 X 34 X 4 15 1Turkey 	 124 
 2 217 36 X X X 
 1 X 1 
Viet Nam 273 X 774 X 180 X 80 X X X 
EUROPE 11 2 
Austria 83 38 201 121 X X X X X IBelgium 	 X X X 	 X X X X X X 0Czechoslovakia 	 x X 390 X X X X X X XDenmark 	 49 14 190 41 5 0 14 3 XFinland 62 7 232 14 5 1 5 1 X 

0 
I 

France 113 59 342 136 36 14 29 18 X 2Germany. Fed Rep 
 94 	 44 305 98 12 9 19 11 X 1
Greece 
 X X X X X X X X X IIreland 31 5 139 33 1 0 3 1 X 0Italy 
 97 	 13 419 60 46 
 24 28 13 X 2 
Luxembourg 60 140X 	 54 8 7 16 11 X 0Netherlands 	 60 25739 	 85 7 6 15 10 X 0Norway 	 54 4 220 
 23 5 1 5 2 X 
 1
Portugal 	 56 25 288 
 113 24 X 17 X X
Spain 135 17 357 	

0 
22 64 1 24 1 X I 

Sweden 
 65 10 250 17 6 0 13 5 X 1
Switzerland 	 86 X 190 74 15 X 20 X X 1United Kingdom 	 77 24 233 35 11 5 14 2 X 0Yugoslava X 	 X X X X X X X X 1 
U.S.S.R. 	 357 78 80
765 	 144 37 34 9 42-44 3 

OCEANIA 
Australia 320 43 700 23 550 9 150 6 19 0Fiji 	 X X X 	 5 X 5 X X 1 0New Caledonia 	 X 1 X 4 X X X X 3-4 0New Zealand 69 14 282 16 39 7 5 XPapua New Guinea X 10 X 1 X 7 X 

0 0 
X 37 9 

Solomonlslands X 1 X 3 X 5 X X 15 3Vanuatu 	 X 1 X 1 X 	 2 X X 4 0Western Samoa X 	 X X 1 X 1 X X 1 0 
Sources: World Conservation Monitoring Centre. Organisation for Econon'" Co-operation and Development, and United Nations Economic and Social rmmission for 

Asia and the Pacific. 
Notes: 	 a. Includes the Galapagos Islands b Refers to both Trinidad and Tobago. 

X = not available. 
For additional information, see Sources and Technical Notes. 
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Table 20.3 CITES-Reported Trade in Wildlife and Wildlife
 

CITES Mammals Birds Reptiles 

Reporting 1986 1986 1988 1986 1986 

Requirement Live Primates Cal Skins Raw Ivory (b) Live Parrots Reptile Skins (c) 

Met (a) (number) (number) (kilograms) (number) (number) 
(percent) Imports Exports Imports Eaports Imports Exports Imports Exports Imports Exports 

WORI.D 51,256 51,256 192,402 192,402 429,549 429,,58 698,002 618.539 10,480,79 10.80,796 

AFRICA 423 8,879 753 2,272 2,254 130.391 14,255 169,233 65,980 399,56 

Algeria 
Angola (d) 

33 
NA 

1 
X 

0 
X 

X 
X 

X 
X 

8 
X 

0 
X 

1 
0 

0 
5 

X 
X 

X 
X 

Benin 0 X 1 0 3 X X 0 1 0 40.009 
Bolsvana 67 0 34 449 32 38 0 1.083 0 X 5 
BurkminaFaso{d} NA X X X X X I 1 X X 

Burundi X X X 0 2 X X 0 34 X X 
Cameroon 100 3 84 3 6 0 2,538 2 10.320 0 86,407 
Cape Verde (d) 
Central African Rep 
rfha. 

NA 
43 

NA 

X 
0 
X 

X 
1 

X 

X 
0 
X 

X 
37 
X 

X 
0 
X 

X 
260 

X 

0 
0 
0 

1 
1.085 

0 

X 
0 
X 

X 
37 
X 

Com,ros jdj 
Cong. 

NA 
100 

X 
0 

X 
4 

X 
0 

X 
2 

X 
0 

X 
18.806 

0 
10 

0 
32 

X 
0 

X 
343 

Cote d lvoire jd} NA 0 1 X X 201 476 4 1.705 0 15 
Djibouti {d} NA X X X X 0 10.901 0 0 X X 
Egypt 0 2 1 X X X X 1.598 2 65 1 

Equalorial Guinea (di NA X X X X X X 0 0 X X 
Ethiopia X 0 1,883 0 1 0 2,160 X X X I 
Gabun X 0 3 X X 0 13.542 1 4 0 4 
Garmria. The 30 X X X 0 X X 0 0 X X 
Grana 73 0 152 0 2 X X 0 6.561 0 127 

Guinea 17 X 6 0 33 X X 0 1,990 0 2.323 
Gunea.Bissau {d} 
Kenya 

NA 
25 

X 
2 

X 
5.074 

X 
1 

X 
20 

X 
X 

X 
X 

0 
2 

2 
26 

X 
259 

X 
1 

Lesolho jd) NA 1 0 0 I X X 0 0 X X 
Libera 100 0 1 0 2 X X 1 9,368 X X 

Libya (d) 
Madagascar 

NA 
92 

6 
0 

X 
23 

X 
X 

X 
X 

X 
X 

X 
X 

21 
1 

2 
9,434 

3 
0 

X 
676 

Malawi 80 X X 0 2 38 782 0 0 0 684 
Mal (d) NA X X 0 500 X X 21 3,144 0 135.648 
Mauriananad) NA X X X X X X X X X X 

Maurtius 83 4 400 X X X X 1.060 0 20,000 0 
Morocco 18 389 24 X X 30 0 19 3 92 X 
Mozambique. People's Rep 67 X X 0 3 0 7,302 2 0 0 1 
Niger 33 1 0 0 0 X X 1 7 30.000 50.000 
Nigeria 0 1 0 0 42 X X 0 39 0 31.136 
Rwanda 17 X X X X X X 0 3 X X 
Senegal 
Sierra Leone{d) 

90 
NA 

4 
0 

470 
20 

X 
3 

X 
1 

22 
X 

0 
X 

12 
0 

28,430 
0 

0 
0 

153 
65 

Somalia 100 0 4 X X 0 22.638 X X X X 
Soulh Africa 92 9 19 208 931 1.914 8.791 8,122 8.050 15,488 1.614 

Sudan 25 X X 0 4 X X 54 1 0 33,053 
Swaziland (d) NA X X 7 0 X X 1,464 0 X X 
Tanzania 71 0 287 0 342 0 22.581 0 84.228 0 763 
Togo 63 0 365 X X X X 0 4.199 0 5.140 
Tunisia 100 X X 16 0 X X 3 I 71 X 

Uganda{d) 
Zamre 

NA X 
X 

10 
12 

0 
0 

2 
3 

X 
0 

X 
11.009 

1 
27 

1 
108 

0 
0 

1.002 
6 

,'ambia J3 X X 0 47 0 1.622 0 0 0 2.954 
2imbabwe 67 X X 6 93 3 6,983 66 450 0 7.086 

NORTH &CENTRAL AMERICA 23,588 6,756 38,683 89.590 5,051 126 318.162 26,550 1,388.169 600.161 

Barbadcs (d) NA 0 439 X X X X 113 0 X X 
Canada 100 1,757 380 21.109 24.104 187 62 9,551 151 41.473 20,251 
Costa Rica 67 3 0 2 1 X X 18 4 0 1 
Cubajd) NA 12 0 X X X X I X X X 
Dominican Rep X 4 0 X X X X 128 57 X X 

El Salvador (d) NA X X X X X X 0 17 0 70.000 
Guatemala 86 X 30 0 2 X X 0 3.628 2 0 
Hamti{d) NA X X X X X X 1 2 19 0 
Honduras 100 0 1 0 2 X X 42 15.816 X 4 
Jamaica 1d) NA X X X X X X 4 300 100 X 

Mexico (d) NA 128 3 29 59 61 0 363 221 81.557 5.211 
Nicaragua 30 0 13 0 2 X X 0 2.389 0 113 
Panama 78 X X X X X X 212 54 0 123.120 
Trinidad and Tobago 
United States 

0 
83 

3 
21.675 

X 
5725 

X 
17,543 

X 
65.419 

X 
4,803 

X 
64 

17 
305,997 

2 
3,853 

X 
1,265.018 

X 
381.461 

SOJTH AMERICA 82 6,135 11 6.150 3 X 2j'811 256,634 47.191 1,403,942 

Argentina 100 5 t 7 0 X X 25 177.992 2.100 1,153.967 
Bolivia 50 0 361 0 6.124 X X 0 17 0 97.922 
Brazi 33 24 20 2 1 X X 36 75 23,906 16 
Chile 50 15 X X X 3 0 532 1,347 X X 
Colornoa 50 30 2 1 2 X X 4 30 5,597 0 

Ecuador 67 X X 0 11 X X 0 6 X X 
Guyana
Paraguay 

60 
40 

0 
3 

5.305 
0 

0 
0 

3 
1 

X 
X 

X 
X 

2 
0 

30.324 
42 

0 
11,398 

52,333 
17,212 

Peru 83 0 311 1 4 X X 296 17,032 127 2,852 
Suriname 101 1 120 0 1 X X 1,912 8,737 X X 

Uruguay 
Venezuela 

67 
56 

2 
2 

X 
4 

X 
0 

X 
3 

X 
X 

X 
X 

0 
0 

20.967 
9 

363 
3.700 

77 
79,563 
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Products, 1980s Table 20.3
 

CITES Mammals Birds Reptiles 
Reporting 1986 1986 1988 1986 1986 

Requirement Live Pnmates Cal Skins Raw Ivory 1b) Live Panels Reptile Skins (c) 
Mel (a) (number) (number) (kilograms) (number) (number) 

ASIA 
(percent) Imports 

7,921 

Exports 

24,662 

Imports 

16.093 

Exports 

72,969 

Imports 

355.782 

Exports 

269,655 

Imports 

60,r35 

Exports 

126,538 

Imports 

4,68360 

Exports 

6.878,809 
Afghanist:m 
Bahrain id) 
Bangladesh 
Bhutan (d) 
China 

0 
NA 
100 
NA 
too 

X 
X 
8 
X 

89 

X 
X 
0 
X 

1.029 

X 
X 
0 
X 
I 

X 
X 
I 

X 
68274 

X 
X 
X 
X 

50.384 

X 
X 
X 
X 
0 

X 
432 
110 

0 
11 

X 
1 

9.939 
500 
500 

X 
X 
0 
X 

24 

X 
X 

20.000 
X 
0 

Cyprus 
Hong Kong 
India 
Indonesia 
Iran, Islamic Rep 

42 
10 
100 

88 
113 

1 
110 
21 
12 
X 

1 
30 
2 

10,569 
X 

1 
1.081 

0 
X 
X 

0 
85 
2 
X 
X 

3 
179.608 
3,879 

X 
X 

0 
135,938 

0 
X 
X 

662 
7.017 
162 
146 

1 

1 
318 

15,445 
58.832 

0 

101 
179.215 

0 
0 
X 

0 
52.818 

809 
3.081,313 

X 
Iraq fd} 
Israel 
Japan 
Jordan 
Kampuchea. Der d) 
Korea. Deor People's Rep (d) 
Korea. Rep 1d) 
Kuwait {d) 
Lao People's Dem Rep(d)
Lebanonid) 

NA 
0 

100 
0 

NA 

NA 
NA 
NA 
NA 
NA 

X 
107 

4,795 
X 
X 

7 
4 
9 
0 
X 

X 
0 
49 
X 
X 

0 
U 
0 

95 
95 

X 
81 

14,321 
X 
X 

X 
339 

X 
X 

28 

X 
4.573 

31 
X 
X 

X 
0 
X 
X 
0 

X 
X 

100.985 
X 
X 

X 
100 

X 
X 

71 

X 
X 

33.149 
X 
X 

X 
0 
X 
X 
0 

1 
2.545 

27.790 
375 

X 

X 
1 

1.741 
X 
5 

0 
0 

26 
1 

X 

X 
150 

9 
7 
I 

X 
3,311 

802.397 
X 
X 

X 
46,393 

2 
X 
0 

X 
25,675 

160.181 
X 
X 

X 
16 
X 
X 

100 
Malaysia 
Mongolia (d) 
Myanmar 
Nepal 
Oman id} 

Pakistan 
Philippines 
Qatar {d) 
S .udi Arabia (d)
Singapore 

71. 
NA 

X 
75 

NA 

100 
100 
NA 
NA 

X 

2 
X 
0 
X 
1 

4 
0 
X 

51 
e 

8 
X 

50 
X 
0 

0 
12,502 

X 
0 

227 

X 
X 
X 
X 
X 

X 
X 
X 
2 
0 

X 
X 
X 
X 
X 

X 
X 
X 
I 
1 

2 
X 
X 
X 
X 

7 
27 
X 
X 

17.722 

0 
X 
X 
X 
X 

0 
u 
X 
X 

100.568 

652 
X 
X 

18 
366 

329 
6 

839 
2.061 
6.566 

15.012 
X 
X 
0 
4 

3 
488 

2 
70 

6.756 

268 
X 
X 
X 
X 

0 
110.150 

X 
265 

2.856,468 

3.919 
X 
X 
X 
X 

2 
17.559 

X 
0 

1.6Z7.061 
Sri Lanka 
Syrian Arab Rep{d) 
Taiwan (d) 
Thailand 
Turkey (d) 

38 
NA 
NA 
75 

NA 

17 
X 

2.459 
207 

X 

8 
X 

20 
70 
X 

X 
X 

17 
X 

222 

X 
X 
0 
X 
0 

5 
X 

2.955 
34 
X 

0 
X 
0 
0 
X 

348 
2 

4.819 
359 

3 

3 
4 

13.840 
4.619 

1 

X 
X 

623.543 
46 

59.409 

X 
X 

75.789 
1.650.317 

500 
United Arab Emirates (e)
Viet Nam id) 
Yemen Arab Rep 8di 
Yemen. People's em Rep id) 

NA 
NA 
NA 
NA 

14 
X 
X 
1 

0 
2 
0 
0 

0 
X 
X 
X 

1 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 

2,845 
X 
X 
X 

7 
X 
X 
X 

767 
X 
1 

X 

152,750 
X 
X 
X 

EUROPE 16,063 4,781 136,736 18,335 53.197 28,394 298,073 37,234 4,070,201 1.193.904 
Albania (d) 
Austria 
Belgium 
Bulgaria td) 
Czechoslovakia (d) 

NA 
100 
t00 
NA 
NA 

X 
131 
806 

2 
33 

X 
I5 
75 
0 

11 

X 
1.262 

227 
X 
X 

X 
660 
182 

X 
X 

X 
355 

38.730 
6 
X 

X 
0 

2,.,34 
0 
X 

X 
3.087 

20.357 
13 
36 

X 
43 

13.126 
0 

1.253 

X 
98,949 
15,200 

X 
X 

X 
14,931 
12.501 

X 
X 

Dermarti 
Finland 
France 
German Dem Rep 
Germany. Fed Rep 

tOO 
64 
100 
55 

100 

48 
1 

1.870 
176 
538 

0 
8 

229 
6 

310 

7.976 
220 

7.701 
1 

82.240 

1.048 
77 
45 

2,744 
4,164 

X 
6 

4.486 
X 

1,168 

X 
0 

2.479 
X 
0 

7.982 
0 

18.843 
65 

60.499 

98 
2 

1.053 
3.263 

458 

307 
2,427 

755,617 
0 

42.813 

5 
0 

177.893 
28 

128.651 
Greece (d)
Hungary 
Icr0and Idl 
Ireland 1d) 
Italy 

NA 
50 
NA 
NA 
100 

1 
33 
X 
2 

1.150 

0 
1 

X 
1 
4 

1.897 
22 
X 
1 

9.505 

13 
0 
X 
0 

651 

270 
X 
X 
X 

424 

0 
X 
X 
X 

39 

775 
2.371 

X 
50 

8.607 

2 
850 

X 
0 

12 

14.955 
33 
X 
X 

1.026,928 

0 
0 
X 
1 

183,998 
Luxembourg 
Malta 
Netherlands 
Norway 
Poland Idl 

100 
X 

100
t00 
NA 

0 
30 

2,786 
1 

57 

I 
0 

2.797 
t 
4 

X 
42 
13 
20 
X 

X 
22 

1 
0 
X 

2 
Y1 

1,213 
11 
X 

0 
X 
0 
J 
X 

1 
407 

27,822 
68 

154 

0 
0 

13.809 
4 
0 

1 
825 

348.175 
5 
X 

0 
0 

10,826 
0 
X 

Portugal 
Romania (d) 
Spain 
Sweden 
Switzerland 

United Kingdom 
Yugoslavia (d) 

17 
NA 
100 
100 
100 

100 
NA 

28 
29 

141 
511 
268 

5,811 
1.600 

0 
0 

17 
116 
ilt 

1.048 
0 

4 
X 

2,261 
265 

6.657 

16,400 
X 

0 
X 
3 

297 
7.622 

806 
X 

X 
X 

2.231 
15 
58 

4.222 
X 

X 
X 
0 
0 
0 

1,842 
X 

4.217 
2 

11.406 
16.454 
3.582 

34.520 
4 

58 
2 

207 
2.792 

67 

129 
0 

1.102 
X 

1,009.054 
19 

201.955 

551.281 
555 

0 
X 

112.987 
0 

78,564 

473.519 
X 

U.S.S.R. 73 2,953 2 2 2.855 X X 225 0 2 0 

OCEANIA 127 84 17 0 67 X 304 266 734 25.363 
Australia 
Fiji (d
New Zealand 
Papua New Guinea 
Solomon Islands (d) 

100 
NA 

X 
73 

NA 

117 
X 
9 
1 
X 

65 
X 

19 
0 
X 

14 
X 
3 
X 
X 

0 
X 
0 
X 
X 

67 
X 
X 
X 
X 

0 
X 
X 
X 
X 

180 
X 

124 
0 
X 

244 
X 

14 
8 
X 

134 
X 

600 
0 
X 

400 
X 
0 

24.963 
X 

Source: World Conservation Monitoring Centre 
Notes: a. Includes all trade reported by members of the Convention on International Trade in Endangered Species of Wild Flora and Fauna (CITES) b. World and Asiantotals for raw ivory include 13,195 kg imported into Macao and 995 kg exported from Macao c Reptile skins include skins of snakes, lizards, and crocodilians.

d. Not a member ofCITES e. Sudan reported exports of 63.679 kg of raw ivory in 1987. none in 1988. 1 Withdrew from CITES in 1988 
X = not available, NA = not applicable For additional information, see Sources and Technical Notes 
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Table 20.4 Habitat Loss, 1980s 

Habitat Types (areas in square kilometers) 

Forests Savanna), Dosort/ Wetlands/ 

All Forests Dry Forests Moist Fo;ests Grassland Scrub Marsh Mangroves 

Current % Current % Current % Current % Current % Cunent % Current % 

sq km Lost sq km Lost sq km Lost sq km Lost sq km Lost sqkm Lost sq km Lost 

WORLD X X X X X X 26,153,072 X X X X 50 X X 

AFRICA X X X 38 X X 19,253,575 X X X X X X X 

Algeria 
Angola 
Benin 
Botswana 

X 
514,284 
47,420 

112,926 

X 
45 
59 
62 

X 
402,614 
44,060 

112.926 

X 
45 
55 
62 

X 
111,670 

3.360 
0 

X 
48 
80 

0 

X 
245,902 

0 
122,470 

X 
17 

0 
53 

X 
4,560 

0 
0 

X 
20 

0 
0 

7,296 
X 
0 

23.310 

X 
X 
0 

10 

X 
1.100 

0 
0 

X 
50 
0 
0 

Burkina Faso 49.640 80 49,640 80 0 0 7.680 70 0 0 0 0 0 0 

Burundi 
Carreroon 

1.540 
184.678 

88 
59 

1.140 
29,490 

91 
69 

30 
155.188 

95 
56 

2,460 
3.760 

80 
72 

0 
0 

0 
0 

140 X 
160 80 

0 
4,860 

0 
40 

Cape Verde 
Central African Rep 
Chad 

X 
279.328 

58,480 

X 
55 
80 

X 
146.670 
58,480 

X 
51 
80 

X 
132.658 

0 

X 
59 

0 

0 
0 

119,580 

0 
0 

72 

0 
0 
0 

0 
0 
0 

0 0 
0 0 

660 90 

X 
0 
0 

X 
0 
0 

Cornoros X X X X X X X X X X X X X X 
Congo 
Core d Ivoire 
Dliboutl 

174.420 
68,630 

0 

49 
78 

0 

0 
35,620 

0 

0 
60 

0 

174,420 
33.010 

0 

49 
85 
70 

0 
0 

10.000 

0 
0 

50 

0 
0 

1.200 

0 
0 

20 

2,900 
320 

0 

X 
X 
0 

0 
640 
90 

0 
60 
70 

Egypt X X X X X X X X X X 8,085 X X X 

Equatorial Guinea 
Ettropa 
Gabor, 
Gambia, The 
Ghana 

12.850 50 
55.700 86 

172.870 35 
840 91 

46.220 80 

0 0 
55,700 86 

0 0 
720 90 

26,700 71 

12,850 50 
0 0 

172,450 35 
120 95 

19,520 86 

0 
274,685 

0 
0 
0 

0 
61 

0 
0 
0 

0 
5.250 

0 
0 
0 

0 
30 

0 
0 
0 

0 
0 
0 
0 

8,532 

0 
0 
0 
0 
X 

120 
0 

1,150 
510 
630 

60 
0 

50 
70 
70 

Guinea 
GuineaBissau 

74.400 
5.120 

69 
80 

17,990 
0 

71 
0 

56,410 
5.120 

69 
80 

0 
0 

0 
0 

0 
0 

0 
0 

5.250 
0 

X 
0 

1.200 
3,150 

60 
70 

Kenya 
Lesolho 
Lberia 

22,738 
8,510 

14.240 

71 
67 
87 

21 298 
8,510 

80 

67 
67 
20 

1,440 
0 

14,160 

90 
0 

87 

276.816 
1.410 

0 

43 
70 

0 

0 
0 
0 

0 
0 
0 

0 
0 

400 

0 
0 
X 

930 
0 

360 

70 
0 

70 

Libya 
Madagascar 
Malawi 
Mal, 
Mauritania 

X 
130,490 
39,770 
76.700 

60 

X 
75 
56 
78 
90 

X 
114,006 
39,770 
76700 

60 

X 
62 
56 
78 
90 

X 
16,484 

0 
0 
0 

X 
84 

0 
0 
0 

X 
15.094 

0 
83.676 
46,100 

X 
78 

0 
80 
88 

X 
0 
0 
0 
0 

X 
0 
0 
0 
0 

X 
1,970 
1,120 

20,000 
0 

X 
X 

60 
X 
0 

X 
1,302 

0 
0 
0 

X 
40 
0 
0 
0 

Mauritius X X X X X X X X X X X X X X 
Morocco X X X X X X X X X X 333 X X X 
Mozambique Peoples Rep 
Niger 
Nigeria 

331.365 
22.780 

210.420 

57 
80 
76 

331,365 
22,780 

143390 

57 
80 
70 

0 
0 

67.030 

0 
0 

83 

6.960 
109.850 

4.980 

20 
75 
80 

0 
0 
0 

0 
0 
0 

1,710 10 
380 80 
420 80 

2.760 
0 

12.200 

60 
0 

50 

Rwanda 
Senegal 
Sierra Leone 
Somalia 
South Africa 

1,840 
25.200 

7,440 
6,420 

204.440 

80 
82 
88 
67 
46 

1840 80 
22.500 80 

480 40 
6420 67 

204.440 46 

0 
2,700 
6.960 

0 
0 

0 
90 
89 

0 
0 

1,570 
11.200 

0 
363.740 
322.572 

90 
80 

0 
40 
62 

0 
0 
0 

7,120 
8.800 

0 
0 
0 
4 
0 

800 
15 
0 
0 
0 

X 
X 
0 
0 
0 

0 
420 

3.400 
540 
450 

0 
40 
50 
70 
50 

Sudan 
Swaziland 
Tanzania 
Togo 
Tunisia 

153,672 
7.720 

31.365 
19.300 

X 

74 
56 
40 
65 
X 

151.620 
7.720 

358,665 
16.220 

X 

73 
56 
39 
57 
X 

2,052 
0 

2,700 
3.080 

X 

91 
0 

80 
83 
X 

360,069 
0 

143.522 
0 
X 

68 
0 

49 
0 
X 

0 
0 
0 
0 
X 

0 
0 
0 
0 
X 

111,695 
0 

15,454 
0 

8,683 

X 
0 
X 
0 
X 

0 
0 

2.120 
0 
X 

0 
0 

60 
0 
X 

Uganda 
Zaire 
Zambia 
Zimbabwi. 

33.714 
832,548 
446,060 
171.688 

79 
57 
30 
56 

20.620 
91,346 

446,060 
171.688 

67 
54 
30 
56 

13.094 
741.202 

0 
0 

86 
57 

0 
0 

10.420 
54.0b0 
81,750 

0 

71 
30 
18 

0 

0 
0 
0 
0 

0 
0 
0 
0 

14,200 
2,150 

11,060 
0 

X 
50 
10 

0 

0 
1,250 

0 
0 

0 
50 
0 
0 

NORTH & CENTRAL AMERICA X X X X X X X X X X X X X X 

Barbados X X X X X X X X X A 0 X X X 
Canada 
Costa Rica 

4,426,060 X 
XX 

X 
X 

X 
X 

X 
X 

X 
X 

276.629 
X 

X 
X 

X 
X 

X 
X 

1.270,000 
818 

X 
X 

X 
390 

X 
X 

Cuba XX X X X X X X X X 17,465 X 4.000 X 
Dominican Rep XX X X X X X X X X 48,442 X 90 X 

El Salvador X X X X X X X X X X 768 X 450 X 
Guatenala 
Haiti 

X 
X 

60 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

2,202 
1.129 

X 
X 

500 
180 

60 
X 

Honduras X X X X X X X X X X 6,490 X 1,450 X 
Jamaica 1,841 X X X X X X X X X 138 X 7n X 

Mexico 
Nicaragua 
Panama 

384,608 
X 
X 

66 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

1.000.000 
X 
X 

X 
X 
X 

32,640 
20,532 

6,472 

X 
X 
X 

6.600 
600 

4.860 

X 
X 
X 

Trinidad and Tobago 
United States 

X 
2.994.780 

X 
26 

X 
X 

X 
X 

X 
X 

X 
X 

X 
30.000 

X 
100 

X 
X 

X 
X 

213 
870,000 

X 
54 

40 
X 

X 
X 

SOUTH AMERICA X X X X X X 7,890,629 X X X X X X X 

Argentina 
Boliia 

360.000 
X 

50 
X 

X 
X 

X 
X 

X 
X 

X 
X 

1,300 
X 

X 
X 

X 
X 

X 
X 

61,689 
24,191 

X 
X 

X 
X 

X 
X 

Brazl X X X X X X X X X X 296,903 X 25.000 X 
Cnde 
Colombia 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

88,267 
19,281 

X 
X 

X 
4.400 

X 
X 

Ecuador 
Guyana 
Paraguay 
Peru 

X X 
167,322 X 

XX 
X X 

X 
X 
X 
X 

X 
X 

X 
X 

27.000 
X 
X 

280 

89 
X 

X 
X 

X 
X 
X 
X 

X 
X 

X 
X 

X 
X 
X 
X 

X 
X 

X 
X 

9,926 
8,139 

57,236 
13,033 

X 
X 
X 
X 

1.601 
1,500 

X 
280 

X 
X 
X 
X 

Suriname X X X X X X X X X X 16.250 X 1,150 X 

Uruguay 
Venezuela 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

6,250 
145,006 

X 
X 

X 
X 

X 
X 
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Table 20.4
 

Habitat Types (areas insquaro kilometers) 
Forests Savanna/ Dosort Wetlands/ 

AllForests Dry Forests MoistForests Grasland Scrub Marsh Mangroves 
Current % Current % Current % Current % Current % Cu'ront % Current % 
sq kn Lost sq kn Lost sq kn Lost sq km Lost sq km Lost sq krn Lost sqkn Lost 

ASIA X X X X X X 2.678,653 X X X X X X X 
ATghanistan
Bahrain 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

400 
X 

X 
X 

X 
X 

X 
X 

Bangladesh 
Bhutan 
China 

4.820 
34.500 

X 

96 
34 
X 

0 
7,000 

129,313 

0 
30 
41 

4,820 
15,980 

X 

96 
35 
X 

0 
0 
X 

0 
0 
X 

0 
0 

3,916.800 

0 
0 
X 

680 96 
65 X 

42.000 X 

2,9t0 
0 
X 

73 
0 
X 

Cyprus
India 
Indonesia 
Iran, Islamic Rep 
Iraq 

X 
499.285 

X 
X 
X 

X 
78 
51 
X 
X 

X 
357.846 
105.029 

X 
X 

X 
81 
27 
X 
X 

X X 
141.43956 
498.996 54 

X X 
X X 

X 
0 
0 
X 
X 

X 
0 
0 
X 
X 

X 
85.266 

0 
X 
X 

X 
88 

0 
X 
X 

101 X 
9,408 79 

118,71739 
14.175 X 
19.205 X 

X X 
1,894 85 
21.011 45 

X X 
X X 

Israel X X X X X X X X X X 1.697 X X X 
Japan
Jordan 
Kampuchea, Oem 
Korea, DoemPeople's Rep 

X 
X 

38,850
X 

X 
X 
78 
X 

X 
X 

16.078 
X 

X 
X 
81 
X 

X 
X 

22,772
X 

X 
X 
74 
X 

X 
X 
0 
0 

X 
X 
0 
0 

X 
X 
X 
0 

X 
X 
X 
0 

2,500 
10 

3.893 
1,360 

X 
X 
45 
0 

4 
X 

156 
X 

X 
X 
5 
X 

Korea, Rep
Kuwait 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

837 X 
X X 

X 
X 

X 
X 

Lao Poople's Dem Rep 
Lebanon 

68.972 
X 

68 
X 

37.943 
X 

67 
X 

31.029 
X 

75 
X 

0 
X 

0 
X 

0 
X 

0 
X 

0 
X 

0 
85 

0 
X 

0 
X 

Malaysia 180.077 42 28.524 19 151,553 45 0 0 0 0 22.142 35 7.310 32 
Mongolia 
Myanmar 
Nepal
Oman 
Pakistan 

X 
241,305 
53,813

X 
7,635 

X 
64 
54 
X 
86 

X 
120.002 

8.820 
X 

1.835 

X 
68 
16 
X 
96 

X 
121.303 
44,993

X 
5.800 

X 
65 
58 
X 
27 

X 
12,025 

0 
X 
0 

X 
74 
0 
X 
0 

X 
286 

0 
X 

28.108 

X 
93 
0 
X 
69 

17.082 X 
490 98 

2.907 X 
X X 

3.'00 74 

X 
1.714 

0 
X 

1.540 

X 
58 
0 
X 
78 

Philippines 
Qatar 
Saudi Arabia 
Smnapore 
Srianka 

63,429 
X 
X 
X 

6.095 

79 
X 
X 
X 
86 

10.942 
X 
X 
X 

4.464 

60 
X 
X 
X 
76 

52.487 
X 
X 
X 

1.631 

81 
X 
X 
X 

94 

0 
X 

1.200.000 
X 
0 

0 
X 
X 
X 
0 

0 
y

>705,00J 
(

4.951 

0 
X 
X 
X 

75 

13,220 
X 
X 
2 

5.122 

X 
X 
X 
X 
X 

777 
X 
X 
5 
0 

61 
X 
X 
X 
0 

Syrian Arab Rep
Thailand 
Turkey 
United Arab Emirates 

X 
131,071

X 
X 

X 
73 
X 
X 

X 
83.299 

X 
X 

X 
78 
X 
X 

X 
47.772 

X 
X 

X 
57 
X 
X 

X 
0 
X 
X 

X 
0 
X 
X 

X 
0 
X 
X 

X 
0 
X 
X 

375 X 
832 96 

13.910 X 
X X 

X 
191 

X 
30 

X 
87 
X 
X 

VietNam 67,584 76 21.048 68 46.536 79 0 0 0 0 260 100 1,468 62 
Yemen Arab Rep X X X X X X X X X X X X X X 
Yemen. People's DoemRep X X X X X X X X X X X X X X 
EUROPE X X X X X X X X X X X X X X 
Albania 
Austria 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

327 
294 

X 
X 

X 
X 

X 
X 

Belgium
Bulgaria
Czechoslovakia 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

66 X 
145 X 
694 X 

X 
X 
X 

X 
X 
X 

Denmark 
Finland 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

7,159 
3.000 

X 
X 

X 
X 

X 
X 

France X X X X X X X X X X 11.714 X X X 
German DoemRep
Germany. Fed Rep 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

3,531 
11.128 

X 
X 

X 
X 

X 
X 

Greece 
Hungary
Iceland 
Ireland 
Italy 

80,940 
X 
X 
X 
X 

70 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

865 
937 

4.427 
1.150 

30.000 

X 
X 
X 
X 

94 

X 
X 
X 
y
X 

X 
X 
X 
X 
X 

Luxembourg
Malta 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
1 

X 
X 

X 
X 

X 
X 

Netherlands 
Norway
Poland 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

3,534
1.516 
1.942 

X 
X 
X 

X 
X 
X 

X 
X 
X 

Portugal
Romania 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

847 
4.825 

X 
X 

X 
X 

X 
X 

Spain 
Sweden 
Switzerland 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
(

X 

4,450 
20.976 

1.780 

X 
X 
X 

X 
X 
X 

X 
X 
X 

United Kingdom
Yugoslavia 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

4.464 X 
881 X 

X 
X 

X 
X 

U.&S.R. 375,730 38 X X X X X X X X 28,372 X X X 

OCEANIA X X X X X X X X X X X X X X 
Australia 
Fiji
New Zealand 

420,000 
X 
X 

X 
X 
X 

155.000 
X 

188.069 

76 
X 
69 

X 
X 
X 

X 
X 
X 

4.100.000 X 
X X 

65.000 -90 

5.500.000 
X 
X 

X 
X 
X 

17.000 -95 
X X 

322.404 90 

11,617 
197 
198 

X 
X 
X 

Pap jaNew Guinea 
Solomon Islands 

X 
X 

X 
X 

3500 
X 

X 
X 

236.000 
X 

X 
X 

28.000 
X 

X 
X 

X 
X 

X 
X 

50.000 
X 

X 
X 

6.000 
X 

X 
X 

Sources: World Conservation Union and otliur sources 
Notes: X =notavailable 0 = zero or less than hall the unit ofmeasure 

For additional intormalion. see Sources and Technicil Notes. 
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Table 20.5 Rare Species of Animals in Zoos, 1980s
 

Zoo Census 1986 (1988)(a) 
Number Number of Capie Animals Origins Captive 

IUCN Number Native of Not (percont) Births(c) 
Status(b) in Wild to Zoos Male Female Known Wild Captive 1985 1988 

Horse. Przew.lski's wild (de) Ex 0 China, Mongolia 101 283 377 0 0 100 75 29 
Addax (e)
Anoa, lowland {de)
Anoa. mountain )e)
Ass, African wild (d)
Aye.aye 

E 
E 
E 
E 
E 3 

N.Africa 
Indonesia 
Indonesia 
N.E Africa 
Madagascar 

50 
8 
4 
2 
2 

116 
14 
8 

14 
3 

255 
16 

5 
21 

4 

38 
0 
0 
0 
0 

0 
0 

54 
X 

tOO 

100 
100 
46 
X 
0 

91 
30 

7 
4 
X 

49 
1 
0 
0 
0 

BandicooL rabbit-eared 
Bear, Baluchistan 
Botlong, brush-talled (d.o)
Bilby, greaterle)
Cat, Pakist-r sand (d) 

E 
E 
E 
E 
E 

-300 

Australia 
Iran. Pakistan 
Australia 
Australia 
Pakistan 

3 
X 

13 
3 
4 

3 
X 

77 
3 
6 

5 
X 

84 
5 
6 

0 
X 
5 
0 
0 

50 
X 

100 
50 
0 

50 
X 
0 

50 
100 

1 
X 

42 
X 
1 

X 
X 
2 
X 
X 

Chimpanzee. West African )e)
Cougar, Florida 
Deer, Bactrian 
Deer. Manipur brow-antlered 
Deer, P.i(,ian tallow (d) 

E 
E 
E 
E 
E 

<17,000 
>30 

West Africa 
United States 
Afghanistan, Nepal
India 
Iraq. Iran 

8 
2 

13 
13 
5 

60 
1 

16 
43 
17 

79 
t 

16 
41 
41 

tO 
0 
0 

10 
0 

28 
50 
9 
0 
0 

57 
50 
91 

100 
100 

X 
X 
2 
4 
7 

0 
0 
3 
0 
X 

Deer. swamp {d)
Deer, Thailand brow-antlered 
Drill (do)
Dutker, Jentnks 
Elephant. Asian je) 

E 
E 
E 
E 
E 

Unknown 

India, Nepal
S.E Asia 
Cameroon, Bioko, Nigeria
Cote dlvoire, Liberia 
Asia 

27 
1 

17 
3 

81 

102 
1 

21 
4 

36 

192 
3 

30 
5 

202 

15 
0 
0 
0 
0 

0 
0 
0 

33 
53 

100 
100 
too 
67 
20 

54 
X 
3 
3 
0 

9 
1 
X 
0 
1 

Fox, Rodrigues Ilying
Fox. Seyclolles flying 
Gazelle, Cuvier's (d)
Gazelle, Saudi goitered
Gazelle. slender-horned id) 

E 
E 
E 
E 
E 

Rodrigues Island 
Aldabra Island 
N.W. Africa 
Arabia 
N.Africa 

3 
1 
5 
4 
7 

12 
3 

37 
27 
28 

12 
3 

38 
29 
37 

55 
0 
0 
0 
0 

13 
X 
0 
0 
X 

87 
X 

100 
100 

X 

75 
X 

75 
56 
67 

27 
0 
4 
8 

29 
Gibbon, Javan 
Gibbon, Kloss's 
Uorilla. eastern lowland (e)
Gorilla, mountain o)
Lemur, broad-nosed gentle (e) 

E 
E 
E 
E 
E 

3,000-5.000 
370.440 

Indonesia 
Indonesia 
Zaire 
Rwanda, Uganda. Zaire 
Madagascar 

14 
2 
2 
1 
I 

21 
2 
5 
1 
l 

21 
0 
5 
0 
1 

1 
0 
0 
0 
0 

67 
X 

50 
X 

too 

33 
X 

30 
X 
0 

1 
X 
X 

25 
X 

2 
3 
0 
X 
0 

Lemur, Sclater's (de)
Leopard. snow do)
Lion. Asiatic (d,e)
Macaque. lion-tailed (d,e)
Markhor, straight-horned 

E 
E 
E 
E 
E 

-1.000 
-250 

>2.000 

Madagascar
Asia 
India 
S. India 
Afghanistan, Pakistan 

1 
71 
31 
54 
X 

4 
145 
85 

15' 
X 

1 
147 
98 

175 
X 

0 
0 

13 
6 
X 

X 
0 

100 
0 
X 

X 
100 

0 
100 

X 

X 
34 

213 
30 
15 

2 
27 
0 

23 
X 

Marmoset, buffy-headed
Marmoset, buffy-tufted-ear
Monkey, Central American squirrel 
Monkey. Ntigiri leaf 
Monkey, red-shanked douc (d) 

E 
E 
E 
E 
E 

-50 Brazil 
Brazil 
Costa Rica, Panama 
S. India 
Laos, Viet Nam 

1 
2 
5 
6 
8 

2 
9 
7 

15 
20 

1 
6 
9 

16 
21 

0 
3 
0 
0 
0 

X 
33 
6 

87 
33 

X 
67 
94 
13 
67 

X 
3 
4 
0 
3 

X 
0 
0 
0 
0 

Monkey, Tonkin leaf 
Muntlac, Fea's 
Orangutan (de)
Oryx, Arabian (d,e
Oryx. scimitar-horned (e) 

E 
E 
E 
E 
E 

S.E. Asia, China 
Myanmar, Thailand 
Borneo, Sumatra 
Asia, Saudi Arabia 
N.Africa 

7 
1 

13 
20 
54 

4 
1 

18 
105 
191 

4 
4 

30 
138 
349 

0 
9 
0 
5 
4 

36 
60 
0 
X 
0 

64 
40 

100 
X 

100 

3 
X 
9 

248 
-544 

7 
X 

16 
59 
93 

Rabbit, volcano 
Rhinoceros, black (d,e)
Rhinoceros. great Indian (d,e)
Rhinoceros, northern square-lipped (d.e)
Rhir'oceros. Sumatran (de) 

E 
E 
E 
E 
E 

-3,500 
1,200 

>500 

Mexico 
Africa 
India, Nepal
Zaire, Sudan 
SE, Asia 

1 
46 
30 
5 
3 

3 
55 
40 

7 
0 

3 
75 
26 

7 
0 

3 
0 
0 
0 

13 

23 
45 
30 
71 
X 

77 
55 
70 
29 
X 

4 
6 
4 
X 
X 

0 
5 
1 
0 
0 

Saki, southern bearded 
Seal. Hawaiian monk 
Sika, Formosan 
Solendon, Haitian 
Tamarn, cotton-top Id.e) 

E 
E 
E 
E 
E 

>500 
Brazil 
United States 
Taiwan 
Hispaniola 
Colombia 

1 
1 

17 
1 

79 

0 
2 

100 
1 

407 

1 
0 

175 
0 

357 

0 
0 

18 
0 

63 

X 
0 
X 
X 
0 

X 
100 

X 
X 

100 

X 
X 

71 
X 

187 

X 
X 

23 
X 

19 
Tamarin. golden lion (e)
Tamarin, golden-headed lion 
Tamarin, golden-rumped lion 
Tapir. Malayan (do)
Tarsir, Philippine 

E 
E 
E 
E 
E 

>25 
-200 

-100 

Brazil 
Brazil 
Brazil 
S.E. Asia 
Philippines 

61 
5 
1 

49 
4 

223 
18 
X 

57 
14 

229 
9 
X 

70 
15 

5 
0 

21 
0 
0 

0 
70 
X 

30 
83 

100 
30 
X 

70 
17 

86 
22 

1 
13 
X 

52 
27 
X 
3 
2 

riger (d.e)
Wolf, red (do)
Zebra. Grevy's (d,e) 

E 
E 
E 

-15,000 
0-50 

Asia 
United States 
Ethiopia. Kenya 

X 
8 

67 

461 
36 

125 

437 
52 

264 

0 
1 
0 

-5 
0 

21 

-95 
100 
79 

205 
16 
56 

41 
9 

33 
Anteater, giant (de)
Armadillo, giant
Ass, Asiatic wild )d)
Babirusa (de)
Banleng id) 

V 
V 
V 
V 
V 

C.and S.America 
South America 
Asia 
Indonesia 
SE. Asia 

44 
2 

-9 
12 
30 

X 
2 

150 
23 
79 

X 
2 

248 
24 

126 

107 
0 
7 
0 
4 

76 
X 
0 
0 
X 

24 
X 

100 
100 

X 

2 
X 

50 
5 

-209 

4 
X 

14 
5 
7 

Bat, ghost )e)
Bear. polar (d,e)
Bear, spectacled (d.e
Bison, European (d)
Bonlebok 

V 
V 
V 
V 
V 

>10.000 

1377 

Australia 
Arctic 
S. America 
Poland, U.S SR, 
S. Africa 

1 
66 
37 

I 
16 

2 
70 
52 
X 

25 

1 
116 
44 
X 

57 

2 
14 
0 

1,329 
0 

40 
30 
27 

0 
0 

60 
52 
73 
96 

100 

X 
26 
12 
76 
10 

X 
6 
5 
4 
6 

Camel, wild Bactrian 
Cal, little spotted (e)
Chamois. Abruzzo 
Cheetah )d.e.f)
Chimpanzee. central and eastern (e) 

V 
V 
V 
V 
V 

>1.500 
<163,000 

China, Mongolia
C.and S. America 
Italy
Africa, ME.. Iran, U.S.S.R. 
Equatorial Africa 

41 
5 
1 

112 
86 

58 99 
8 6 
3 6 

235 252 
946 1,024 

2 
0 
8 
3 

to 

X 
73 
23 
42 
18 

84 
27 
77 
58 
53 

82 
0 
3 

30 
51 

17 
0 
X 

35 
64 

Chimpanzee, pygmy (do0)
Civet, Malagasy
Deer, Calamin 
Deer, marsh 
Desman. Russian 

V 
V 
V 
V 
V 

-13,000 Zaire 
Madagascar
Philippines
C.and S.America 
U.S.S.R. 

11 
1 
2 
3 
1 

27 
1 
6 
3 
1 

32 
0 
4 
5 
1 

0 
0 
0 
0 
0 

34 
0 

50 
62 
X 

66 
100 
50 
38 
X 

5 
X 
0 
2 
X 

1 
0 
X 
X 
X 
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Table 20.5
 

Zoo Census 1986 (1988)[a) 

Number Number of Captive Animals Origins Captive 

IUCN Number Native of Not (percent) Births(c) 

Status(b In Wild to Zoos Male Female Known Wild Captive 1985 1988 

Dhole e) 
Dog, African wild 

V 
V 

Asia 
Africa 

11 
55 

26 
129 

18 
128 

0 
8 

20 
0 

80 
100 

6 
34 

0 
19 

Dog. bush {d) V S. America 14 27 39 0 0 100 17 8 
Dolphin, Amazon River (Bolo) 
Dugong 

V 
V 

South America 
Indian and Pacific Oceans 

I 
1 

1 
1 

0 
1 

0 
0 

t0 
X 

0 
X 

X 
X 

0 
X 

Duiker. zebra V Cofe d'voire. Liberia, Sierra Leone 3 4 7 0 55 45 6 0 
Echidna, long.beaked V -300.000 New Guinea 3 3 3 0 X X X 0 
Elephant, African V -600.000 Africa 76 25 167 0 82 0 2 0 
Fox. Mauritian flying V Mauritius 1 3 3 0 X X 2 X 
Gaur (d) V -1.000 S E Asia 22 75 98 0 0 100 173 32 
Gazelle, Daria V N Africa 20 44 97 0 0 100 141 34 
Gazelle. Dorcas 
Gazelle, mountain 

V 
V 

N. Africa, M. East 
Arabia, Middle East 

6 
6 

37 
39 

59 
52 

0 
0 

0 
X 

100 
X 

3 
91 

6 
1 

Gazelle, red-fronted 
Gazelle, Speke's 

V 
V 

Senegal and Ethiopia 
Somalia. Ethiopia 

1 
6 

5 
26 

9 
54 

0 
0 

36 
0 

64 
100 

4 
80 

X 
5 

Gibbon, black (de V China, SE Asir 17 25 24 1 62 38 4 4 
Gibbon. Hoolock V India Mvanmar I 0 1 0 100 0 X 0 
Gibbon. pileated 
Gorilla western lowland (do) 
Guenon. owl-faced (Monkey) 

V 
V 
V 

35.000-40,000 
Unknown 

SE Asia. Thailand 
Africa 
Rwanda. Uganda. Zaire 

14 
111 

10 

24 
221 
20 

23 
277 

22 

0 
1 
7 

70 
59 
33 

30 
41 
67 

2 
X 
7 

0 
0 
1 

Hippopotamus, pygmy )d.e} 
Hyaena. brown (d) 

V 
V 

W Africa 
S Africa 

69 
14 

70 
19 

121 
13 

0 
0 

24 
56 

76 
41 

15 
X 

3 
0 

Jaguar le) 
Lemur. black )e) 
Lemir. mongoose (e) 

V 
V 
V 

-200 
- 100 

Americas 
Madagascar 
Madagascar, Comoros 

72 
26 
21 

95 
88 
46 

100 
86 
34 

7 
0 
0 

X 
0 
0 

X 
100 
100 

69 
11 

3 

12 
18 
10 

Leoupard. clouded )d.e) V Asia 49 83 77 0 22 78 9 13 
Loris. pygmy V S E Asia 7 21 19 2 47 45 X 5 
Macaque Barbary 
Manatee. Amazonian 

V 
V 

12.000-23.000 North Africa 
Braz!l 

39 
2 

438 
2 

605 
1 

54 
0 

0 
X 

100 
X 

174 
X 

3 
X 

Manateq. West Indian V N . C ,and S. America 4 7 8 0 87 13 X X 
Mangaboy. collared V Unknown West Africa 19 92 149 0 25 75 38 X 
Mangabey. crested 
Mangabey. sooty )dj 

V 
V Unknown 

Kenya, Tanzanij 
W Afica 

6 
27 

1I 
62 

74 
106 0 

19 
19 

28 
81 

3 
X 0 

Mangabey. white-crowned V W Africa 5 9 16 0 76 24 X 2 
Margay V C & S America 34 42 39 0 49 51 2 4 

Markhor 
Marmoset. tassel-eared 

V 
V 

W Himalaya 
Brazil 

18 
1 

56 
1 

77 
1 

0 
0 

0 
X 

100 
X 

27 
X 

X 
0 

Monkey, black sp,der 
Monkey. Diana 1d) 
Monkey, Geoffroy s spider 

V 
V 
V 

Unknown 
-20,00 

South America 
West Africa 
Central America. Mexico 

5 
63 
58 

64 
83 
94 

113 
103 
202 

15 
5 
0 

60 
24 

X 

40 
76 
X 

9 
15 
39 

3 
5 

16 

Monkey. long-haired spider V South America 10 6 12 0 62 28 3 0 
Monkey. L hoes!s 
Monkey. proboscis 

V 
V 

Unknown Rwanda. Burundi 
Indonesia 

2 
5 

2 
6 

3 
11 

2 
0 

71 
29 

29 
71 

4 
X 

0 
2 

Monkey, Sichuan golden snub-nosed id) V China 16 22 24 0 59 41 X 0 
Monkey. woolly V South America 29 37 51 0 68 32 3 5 

Ocelot (e) V N.. C & S. America 30 35 55 0 X X 22 6 
Otter, European {d.e) 
Otter, giant 

V 
V 

Europe, Asia 
South America 

30 
6 

54 
7 

66 
4 

0 
0 

37 
X 

63 
X 

17 
X 

3 
X 

Otter, La Plata V South America 3 3 2 0 X X X X 
Possum. Le,-dbeaters {e} V Australia 3 29 36 1 36 64 18 0 
Saki. white-nosed V Brazil 1 1 0 0 X X X 0 
Seow. Formosan V Taiwan 2 8 5 0 61 39 2 X 
Sifaka. diademed (golden-crownedl 
Tahr. Nilgiri 

V 
V 

Madagascar 
India 

1 
5 

I 
17 

2 
26 

0 
2 

33 
0 

67 
100 

X 
45 

1 
5 

Takin, golden V China 3 3 3 u 0 100 X 0 
Tapir. Central American (d) V C. and N.W. South America 5 9 7 0 44 56 1 2 
Tapir. mountain V N.W. South America 2 5 3 0 37 63 0 1 
Tree-kangaroo. Doria's(e) 
Tree-kangaroo. Goodfellows (e) 
Uakan. black-headed 

V 
V 
V 

New Guinea 
New Guinea 
Brazil. Colombia, Venezuela 

5 
11 
2 

5 
11 
2 

7 
16 
1 

1 
16 

0 

87 
50 
X 

13 
50 
X 

X 
1 

X 

0 
1 
0 

Uakani.red and white 
Vcuna Id) 

V 
V -80,000 

Brazil, Colomba, Peru 
S.America 

1 
18 

1 
53 

1 
44 

0 
0 

X 
0 

X 
100 

X 
8 

0 
1 

Waterbuck. Lechwe (d) 
Wolf. grey 

V 
V 

S Africa 
North Am ,M. East. Eurasia 

23 
56 

136 
159 

247 
149 

2 
4 

0 
X 

100 
X 

49 
164 

50 
32 

Wolf. maned (d,o) V S America 51 104 93 7 18 82 29 10 

Zebra. Harlmann's mountain )d.e) V Angola. Namibia 22 33 84 0 18 82 16 19 

Ar ope, Hunter's R Kenya. Somalia. Tanzania 3 7 4 0 27 73 X 0 
Bu,. on. Geloda R <880,000 Ethiopia 25 41 92 1 0 100 13 3 
Baboon, Hamadryas 
Bettorg,. burrowing 

R 
R 

Unknown Eihiopia. Somalia, Saudi Arabia 
Australia 

19 
X 

84 
X 

119 
X 

17 
X 

4 
X 

87 
X 

200 
X 

22 
0 

Deer, Kuhl's R Indonesia 2 9 14 10 85 15 293 X 

Deer Bawean R Indonesia 2 9 14 10 X X 3 X 
Lemur. Coquerel's dwail le) 
Marmoset, Goeldi's (d) 

H 
R 

Madagascar 
South America 

1 
33 

10 
124 

12 
118 

0 
8 

18 
0 

82 
100 

7 
60 

9 
52 

Monkey. golden leaf R Bhutan, India 2 4 4 0 75 25 X X 
Panda, giant (d,e) R -1.000 China 6 X X 17 89 11 0 0 

BIRDS 

Rail, Guam (e) Ex 0 Oceania 12 36 34 13 X X 18 13 

Amazon. St. Lucia E -645 St Lucia 3 5 5 5 93 7 1 5 
Condor, California lei E 0 United States 7 31 29 8 X X 1 0 
Crane. whooping E -150 Canada, United States 3 22 21 14 35 65 7 5 
Eared-phep. ant. brown E China 5 8 8 0 6 87 25 0 
Kesrel Mauritius E -50 Mauritius X X X 29 X X 16 X 
Pheasant, cheer E India. Nepal, Pakistan 4 II 7 4 X 90 47 6 
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Table 20.5 Rare Species of Animals in Zoos, 1980s
 
(continued) 

ZooCensus 1986 (1988)(a) 
Number Number of Captive Animals Origins Captive 

Pheasant. Elliot'c 
Pigeon. Mauritius pink (d) 

IUCN 
Staus(b) 

E 
E 

Number 
inWild 

<20 
China 
Mauritius 

Native 
to 

of 
Zoos 

9 
7 

Male Female 
12 10 
33 20 

Not 
Known 

6 
3 

(percent) 
Wild Captive 

X 92 
11 89 

Birthsc) 
1985 1988 

77 14 
47 X 

Barbel, toucan 
Conure, golden
Crane, hooded (de)
Crane, red-crowned de,g)
Crane, Siberian (d) 

V 
V 
V 
V 
V 

7,000 
1.400 
2.700 

Colombia, Ecuador 
Brazil 
Asia, U.S.S.R. 
Asia, U.S.S.R. 
Asia, U.S.S.R. 

X 
28 
23 
61 

7 

X 
53 
28 

103 
26 

X 
47 
36 

112 
13 

X 
54 
12 
46 
3 

X 
56 
55 
24 
50 

X 
44 
45 
76 
50 

1 
25 

8 
29 
3 

0 
2 
5 
6 
0 

Curassow, blue-billed 
Duck, while-winged
Eared-pheasant, while fd)
Falcon, peregrine
Fish-eagle, white-taled (e) 

V 
V 
V 
V 
V 

-30 

>9.000 
>1,200 

Coombia 
India, S.E. Asia 
Myanmar, China, India 
Global 
Palearclic 

2 
13 
14 
X 

56 

8 
59 
27 
X 

44 

12 
56 
27 
X 

57 

0 
47 
13 
X 

40 

16 
0 
X 
X 

85 

58 
100 

X 
X 

15 

1 
59 
28 
3 
4 

0 
22 
13 

360 
1 

Goose, Hawaiian (None)
Goose, ruddy-headed
Parrot, thick-billed {e)
Peacock-pheasant, Palawan, 
Peafowl. green (e) 

V 
V 
V 
V 
V 

-425 
<1.000 

-250 

United States 
X 
Mexico 
Philippines 
S. Asia 

49 
13 
18 
22 

7 

114 
13 

33 
38 

9 

106 
15 

29 
28 

6 

15 
0 
9 

19 
1 

3 
1 

46 
3 
0 

89 
96 
54 
92 

100 

184 
16 
4 

24 
24 

37 
1 

11 
28 
4 

Pelican, Dalmatian 
Pheasant. Bulwer's 
Pheasant. Edwards's 
Pheasant, Mikado 
Pheasant, Swinhoe's 

V 
V 
V 
V 
V 

>1.300 

-5,000 
-5,000 

W. Palearctic 
Indonesia. Malaysia
Viet Nam 
Taiwan 
Taiwan 

4 
4 
8 
5 

16 

2 
8 

10 
8 

16 

1 
10 
5 

10 
19 

5 
0 
0 
0 
1 

25 
0 
X 
X 
X 

75 
100 
66 
94 
72 

3 
7 

22 
73 

141 

0 
0 
1 

10 
9 

Teal, New Zealand brown 
Whistling-duck, West Indian 

V 
V 

>2,200 New Zealand 
Caribbean Islands 

7 
13 

31 
11 

29 
18 

8 
3 

0 
X 

100 
78 

20 
159 

X 
1 

Eagle, harpy
Lorikeet, Tahiti 
Moorhen, Gough
Parakeet, scarfet-chestad 
Parrot, golden-shouldered 

R 
R 
R 
R 
R 

>1,500 

-250 

S. and C. America 
French Polynesia
United Kingdom
Australia 
Australia 

17 
1 
X 

14 
3 

20 
3 
X 

17 
16 

20 
6 
X 

22 
6 

0 
2 
X 
6 
0 

100 
15 
X 
X 
5 

0 
81 
X 

95 
95 

1 
1 
7 

85 
9 

9 
1 
X 
5 
9 

REPTILES 
Aligator, Chinese (deg)
Boa, Puerto Rican 
Boa, Round Island kqel-scaled
Cobra, central Asian 
Crocodile, Cuban 
Crocodile, estuarine 
Crocodile, Morelet's 
Crocodile, Siamese 
Gecko, Gunther's 
Gharial 

E 
E 
E 
E 
E 
E 
E 
E 
E 
E 

-300 

-1.000 
-27,000 
>2,000 
-200 

-270 

China 
Puerto Rico 
Round Island 
C.Asia 
Cuba 
Asia, Australia, W. Pacific 
C. America 
S.E. Asia 
Round Island 
S.E. Asia 

24 
12 
1 

19 
23 
3 
7 
4 
5 
3 

X 
30 
3 

13 
13 

I 
9 
6 

12 
5 

X 
26 
6 

13 
27 
2 

10 
4 

85 
10 

122 
7 
8 

24 
43 
5 

49 
2 

15 
0 

47 
35 
53 
84 
50 
25 
29 
50 

8 
X 

53 
65 
47 
16 
50 
12 

71 
16 
92 
73 

14 
11 
8 
5 

18 
51 

7 
3 

19 
112 

0 
14 
7 
0 
1 
a 
0 
0 
0 
0 

Gharial, false E S.E. Asia a 7 11 16 29 1A 9 0 
Boa, Jamaican 
Gila monster, banded 
Gila monster, reticulate 
Iguana, Fii crested 
Lizard, sail-finned 

V 
V 
V 
V 
V 

Jamaica 
Mexico, United States 
Mexico, United States 
Fili 
Philippines 

20 
7 

59 
5 
9 

44 
10 
20 
8 
2 

34 
4 

20 
6 
8 

63 
16 
35 
0 
7 

0 
63 
72 
64 
47 

100 
37 
28 
36 
41 

44 
1 
5 
1 

14 

3 
0 
0 
0 
2 

Python, Indian 
Rattlesnake, ridge-nosed
Snake, Eastern indigo
Tortoise, desert 
Tortoise, Galapagos giant 

V 
V 
V 
V 
V 

S.and S.E. Asia 
Mexico, United States 
United States 
Mexico, United States 
Galapagos 

5 
3 

14 
11 

27 

2 
7 

22 
16 
66 

3 
4 

12 
17 

47 

1 
2 

19 
15 
47 

X 
46 
13 
52 
52 

83 
54 
50 
10 
48 

88 
9 

14 
2 

26 

0 
0 

15 
0 
0 

Tortoise, Hermann's 
Tortoise, r.diated (e)
Turtle, yellow-spotted sideneck 
Viper, Lebetine 

V 
V 
V 
V 

Europe
Madagascar 
Brazil 
Greece 

5 
42 
X 
9 

21 
X 
X 
9 

21 
X 
X 
9 

21 
361 

X 
0 

49 
63 
X 

28 

42 
37 
X 

72 

10 
17 
6 
9 

15 
34 

2 
0 

Rattlesnake, Aruba Island (d,e)
Skink, Round Island 
Tortoise, Travancore 
Tuatara 
Turtle, bog 

R 
R 
R 
R 
R 

-100,000 

Aruba 
Round Island 
India, Indonesia 
New Zealand 
United States 

8 
3 
1 
6 
7 

32 
5 
0 

14 
14 

35 
9 
1 

13 
14 

0 
76 
7 

16 
20 

13 
0 
X 

63 
40 

87 
100 
87 
37 
60 

13 
26 
4 
9 
2 

0 
0 
2 
0 
2 

Viper, Armenian R Iran, Turkey, U.S.S.R. 11 9 12 8 79 21 10 0 
Viper, Transcaucasianlong-ncsed R Turkey, U.SS.R. 6 9 11 2 77 23 7 0 
AMP, IIBIANS 
Salamander, Texas bl;nd E United States 1 0 0 11 0 100 X X 
Toad, Houston E United States 1 50 50 0 0 100 X X 
Frog, Goliath V Cameroon, Equatorial Guinea 1 0 0 3 X X X X 
Salamander. Japanese giant R Japan 20 10 11 86 63 37 2 X 
Sources: 	 Inlernntional Unior for Conservation ot Nature and Natural Resources (IUCN, the World Conservation Union), International Species Inlormation System (ISIS),

International Zoo Yearbook, The Peregrine Fund, International Crane Foundation, International Council for Bird Preservation, and American Association of Zoological
Parks and Aquariums (AAZPA).

Notes: 	 a. Numbers shown in italics from ISIS. u).3latus from the World Conservation Union (IUCN), Ex: Extinct, E:Endangered, V: Vulnerable, R: Rare. 
c. tirths in 1985 and 1988, less deaths within first 30 days. d. Studbook exists. e. Species Survival Plan(s) (SSP) or equivalent(s).

I. Broeding group of inknown size at Pretoria, South Africa. g. Unknown numbers in Chinese zoos.
 
0 =zerc or less than hall the unit of measure; X = not available. For additional information, see Sources and Technical Notes.
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Sources and T )chnical Notes 

Table 20.1 National and Inter- blogographical province, large enough to Environnental Profile (IUCN, Cambridge, 

national Protection of Nat'ural be an effective conservation unit. For fur- 1987); Mexico: Conservation International 
ther details, refer to M. Udvardy, A Classifi- (CI), Mexicos Living Endowment. An Over-

Areas, 1989 cation of the Biogeographicol Provincesof view of Biological Diversity (Cl, n.p., April 
the World (IUCN, Morges, Switzerland, 1989); Panama (bird species known): 

Sources: Protected Areas Data Unit of the 1975), and to World Resources 1986, Chap- James R. Karr, Acting Director, Smithson-
World Conservation Monitoring Centre ter 6. Each reserve also must include a ian Tropical Research Institute, Septem
(WCMC), unpublished data (WCMC, Cam- minimally disturbed core area for conser- be; 25, 1987 (personal communication); 
bridge, United Kingdom, July 1988 [ma- vation and research and may be sur- Canada, United States including Carib
rine and coastal protected areas], rounded by buffer zones where bean and Pacific islands, Europe, Turkey, 
December 1988 [all protected areas], and traditional land uses, experimental ecosys- Japan, and New Zealand (all species 
December 1989 [areas under "Interna- tern research, and ecosystem rehabilita- known and threatened), and Australia 
tional Protection Systems."]). tion may be permitted. (birds, reptile, and amphibian species 

NationalProttection Systems in Table 20.1 Natural World HeritageSites are areas of known): Organisation for Economic Co-op
combine natural areas in five World Con- "outstanding universal value." (A World eratlon and Development (OECD), OECD 
servation Union management categories Heritage Site can include structures, but Environmental Data Compendium 198.9 
(areas are at least 1,000 hectares; access the table includes only "natural" sites.) (OECD, Paris, 1989); Viet Nam: Vo Quy, 
is at least partially restricted): Any party to the World Heritage Conven- "'Viet Nain's Ecological Situation Today," 
* Scientific reserves and strict nature re- tion may nominate sites that contain ex- ESCAP Environment News, Vol. 6, No. 4 
serves possess outstanding, representa- amples of a major stage of the earth's (October-December 1988); Czechoslova
tive ecosystems. A reserve's size is evolutionary history; a significant ongoing kia (bird species known): CSWR Red Data 
determined by the area required to en- geological process; a unique or superla- Book, 1988; U.S.S.R.: A.V. Yablokov, Os

sure the integrity of the site. In many re- tive natural phenomenon, formation, or troumov, Okhrana Zhivoi Prirody(The Con

serves, natural perturbations (e.g., insect feature; or habitat for threatened species. -;ervationofLiving Nature), Moscow, 1983. 
The World Conservation Union classifepidemics and forest fires) are allowed. Any party to the Convendon on Wet-

SNational parks and p~rovincial parks are lands of International Importance Espe- ies threatened and endangered species in 

cially as Waterfowl Habitat (Ramsar, Iran, six categories:relatively large areas of national or inter-
1971), who agrees to respect the site's in- 0 Endangered. "Taxa in danger of extincnational significance not materially al-

tion and whose survival is unlikely if thetered by humans. Visitors may use them tegrity and to establish wetland reserves, 
can designate Wetlands of InternationalIm- causal factors continue operating."Io- recreation and studny. portance. U Vulnerable. "Taxa believed likely to 

N Natural monuments and natural land- Because categories overlap, the total move into the Endangered category in the 
marks contain unique geological forma- number of protected sites is less than the neair future if the causal factors continue 
tions, special animals or l)lants, or sum of all the categories. Sites in small operating." 
unusual habitat. countries not in the table are included in N Rare. "Taxa with world populations that 
* Managcd nature reserves and wildlife continental and world totals (i.e., Baha- are not at present Endangered or Vulnera
sanctuaries are protected for specific pur- mas, Antarctica, Greenland, the Nether- ble, but are at risk." 
poses, such as conservation of a signifi- lands Antilles, Taiwan, and Nandibia). The * Indeterminate. "Taxa known to be En
cant plant or animal species. Some areas United States and Canada share one dangered, Vulnerable, or Rare but where 
require management. World Heritage Site, as do Guinea and there is not enough information to say 
H Protected landscapes and seascapes CCte d'lvoire. These sites are counted which of the three categories is appropri
may be entirely natural or may include cul- only once in continental and world totals. ate." 
tural landscapes (e.g.. scenically attrac- I Out of Danger. "Taxa formerly included 
tive agricultural areas). Examples would In one of the above categories, but which 
include coastlines, lake shores, and hilly Table 20.2 Globally Threat- are now considered relatively secure be
or mountainous terrain along scenic highways. ened Animal Species, 1989 cause effective conservation measures 

was.e and coastal protected areas onlv have been taken or the previous threat to 
Marie ad costa nlytheir proectd sur'vival has been removed."aras 


refer to all protected areas with littoral, Sources: International Union for Conserva- thIrsufialha oen " 
coral, island, marine, or estuarine compo- tion of Nature and Natural Resources p InsoLdciently Known. "Taxa that are sus
iients. The area given is the whole pro- (IUCN), The IJUCNMaminalRed Data Book, pected but not deinitely known to belong 
tected area. Part/ (IUCN, Gland, Switzerland, 1982); In- to any of the above categories." 

The figures in Trable 20.1 (to not include ternational Council for Bird Preservation The number of threatened species 
locally or provincially protected sites, pri- (ICBP)/IUCN,Threatened Birds ofAfrica listed for .most countries includes species 

vately owned areas, or tesit where con- and Related Islands (ICBP/IUCN,Cam- that are endangered, vulnerable, rare, in
sumptive uses of wildlife are permitted bridge,United Kingdom, 1985); IUCN, determinate, and insufficiently known, but 

National lists usually include sites that Threatened SwallowtailButterflies of the excludes introduced species. The total 
are listed under International Protection World (IUCN, Gland, Switzerland, 1985); number of .ipecies includes introductions. 

Stvsterns. World Conservation Monitoring Centre The data on mammals exclude cetaceans 

Biosphere Reserves are representative of (WCMC), series of reports on Conserva- (whales and porpoises). 

terrestrial and coastal environments that tion of Biological Diversity (for some data 
have been internationally recognized on Botswana, C6te dlvoire, Ethiopia, 
under the Man and the Biosphere Pro- Guinea-Bissau, Kenya, Nigeria, Senegal, Table 20.3 CITES-Reported 
grammne of the United Nations Educa- India, Myanmar, and the Philippines) Trade in Wildlife and Wildlife 
tional, Scientific, and Cultural (WCMC, Cambridge, 1988 and 1989); un- Products, 1980s 
Organization. They were selected for their published data (WCMC, Cambridge, 
value to conservation and are intended to United Kingdom, 1988). 
foster the scilntific knowledge, skills, and Africa (bird species known): Jeffery A. Sources: World Conservation Monitoring 
human values to support sustainable de- Sayer, Simon Stuart, IUCN, Environmental Centre (WCMC), unpublished data 
velopment. Each reserve must contain a Conservation,Vol. 15, No. 3 (Autumn (WCMC, Cambridge, United Kingdom, Au
diverse, natural ecosystem of a specific 1988); Madagascar: IUCN, Madagascar:An gust 1989); "Interpretation and Implemen-
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tation of the Convention: Trade illIvory 
from African Elephants," re)ort from the 
Seventh Meeting of the Conference of the 
Parties to the Convention on International 
Trade in Endangered Species of Wild 
Fauna and Flora (CITES), Lausanne, Swit-
zerland, October )-20, 1989. 

CITES members agree to prohibit coin-
mnercial international trade in endangered 
species and to closely monitor trade in 
stwcies that may become depleted by 
t, ide. Species are listed in the appendixes 
to CITES based on the degree of rarity and 
of threat from trade. Trade is )rohil)ited 
for about 675 species in Aippendix I and is 
regulated for at least 27,000 species in Ap-
pendix II.Appendix III(seldom used) al-
lows countries to Iprohibit trade in 
nationally threatened species. Parties to 
the Convention are reqiiired to submit an-
nual repiorts. inc luding trade records, to 
the CITES-United Natioms Enviroinment 
Programme Secretariat it Switzerlaid. 
WCNC coiipiles these (lata friini those re-
ports. Figures refer primarily to legal 

trade,thou gh illegal trade is included 

when known. 

The ('1TES reporting requirement met col-

umnil refers to the percentage of years for 
which a country hts submitted an annual 
reliport to the CIITES Secretariat since it bt-
caitle i party to t lie Convention, through 
1986.Countries that had ratified the CTI'TS 
Convention ibvJtme 30, 1989, are listed as 
mcembers of CITES. 

Live primates (1986) include all captive-
bred and wild-caught spPeCilnenS cit all noi-
Iihu mami primiate species. 
Cat skins (1986) include skilus of all spe-

cies of Felidae, excluocing a simall Inumiiber 
of skills reported only by weight or 
length. 
Raw icot' (1988) refers tii trade inAfri-

can elephant ivory, reported by weight. 
Trade froi Singapoire comes froni a CI'ES-
registered stockpile. 
Live parrots (1986) include captive-bred 

an wiild-caught ildividuals Of allIpsitta-
cine species (parrots, macaws, cockatoos, 
eli'.) ixcelit the budgerigar alld the cocka-
tiel. 

Reptile skins (1986) include wh)le skills, 
reported by iiumier, of all crocodilians 
and many commonly traded lizard amid 
snake species. About 56 percent of the 
global reptile skilis total is lizards, 26 per-
cenitis snakes, and 18 percent is crcctil-
iaiis. 
This table stcws gross trade. The totals 

generally overestinmate the actual iiuiitier 
of specimens tradted because the samie 
specimen could be imported and reex-

ported by a number of countries ini
a sin-
gle year. However, the impact of 
int..rnaticinal trade on aiuarticular species 
can be greater thanithe numbers reported 
because ot mortality (during capture, tran-
sit, and quarantine), illegal trade, trade to 
or from countries that are not CITES nmem-
hers, ain(Iomission of domestic trade 

data. 


Table 20.4 Habitat Loss, 1980s 

Sources: Except as noted, data are from 
John T,a.nid Kait hy MacKinnon, Review of 
the Protected Areas in thellAfrotrapical 
Realin and Review of the IrotectedAreas 
Svsten if, the ndo.Malaya'n Realm (Interna-
tional Union for Conservation of Natuire 
and Natural Resources (IUCN), Gland, Swit-
zerland, 1986). 

All forests: Africa, "potential forest" and 
extent remaining: K.J. Gregory and I).E. 
Walling, eds., Ihlman Activitv and Environ-
mental Processes (John Wiley & Sons, 
Chichester, United Kingdom, 1987); ('an-
ada, "forest regions," 48 percent if total 
land: I).F.W. Pollard and M.R. McKeclie, 
World C'nseratinStrotegy-(auada(Envi-
ronnment Canada, ()ttawa, 1986); Guate-
mala: 'The Interliatinal News," ,Aciture 
("',iserva' 'M.fgazine, Vol. 39, No. 3 
( 1)89) Jaiiaica aiind Mexico: Rolert C. 
West and Jobnt ).Angelli, liddh,Amenren: 
Its Lands and Peoples (IPrentice- lI, Engle-
wood ('lifts, N.J., 1966): United States, con-
tiginis states: Michael Williams, "The 
)eath and Rebirthif the Ameritan Fiorest: 

Clearing and Reversion inthe United 
States," ili John F.Richards and Richard I'. 
Tcker, eds., World I)eforestotion in the 
20th ('entun (l)uke University Press, )cir-, 
ham, N.C., 1988); Argentina: iistituto For-
cstal Naccii nn, lgentino forestal.Sintesis 
au.la .tuacion actual, politico ' pro, 
yecciones (IF()NES, Corrientes, Argentina, 
1988); Guyana, "forested p)rtion": Derek 
A. Scott and Montserrat Carbonell,compil-
c rs, A Dir'cton'of ,'eotropical Wetlands 
(IUCN, World Comservation Monitoring 
Centre (WCMC), and Ilternational Water-
fowl Research Bureau, Camibridge anl 
Slimbridge, United Kingdom, I9.;'): China: 
Kenneth Ruddle and Wu Cliunjuii, eds., 
Land Resources of thi' Peoples Republic of 
China (Ulnited Nations University, Tokyo, 
1983); Cyprus, "forest cover" a)ove 1,00)0 
feet, aid Greece: J.V. Thirgocid, 1lon and 
the .editvrraleon Forest. A tlisto''c ofRe-
source l)epletion (Academic Press, Loll-
ion, 1981): Saud i Arabia: A.A. Ab)l El 

Ralh an, Deserts of lhe Arabian Pell-'f"The 
insila," inMichael Evenari, Imanuel Noy 
NIuir, andIDavid Goolall. ecs., Ecos'svstemcs 
ofthe World. 12A. hot I)es'erts cnd Arid 
.Shrubhlds(Elsevier, Amsterlam, 1985); 
U.S.S.R., European piortion: .T.RichardIs, 
"World enviroimental history ald] eco-
noniic developmelit," ill William C.Clark 
and R.E.Munm, ects., Siustainahle t)e'et j.-

ment of thc' Biosphere (Cambri(cIg Univer-
sity Press, Camlbridlge, Unit#i(' Kingdom,
1986); Australia: .I). ()vingtiin, ed.,Ecosvs-
lens of the World It). Temnperate Brocad-
Leaved E'r'reen Forests (Elsevier, 
Amsterdam, 1983): New Zealand, "native 
ish",: the E'u1-C.P. (;lasby, "Mification c)t 

vironment inNew ZealanicI,' Ambio,Vol. 
XV, No.5 (I 9819); Paptna New Guinea: Nor-
man Myers, "ThreatenedBiotas: 'Hot 

spots' in rropical Forests," The Environ
mentalist,Vol. 8, No. :3(1988). 

Moist Forests: Western Ecuador, lowland 
forest: Norman Myers, "''hreatened Bio
tas: 'Hot Spots' in Tropical Forests," The 
Environmentolist, Vol. 8, No. 3 (1988); 
Papua New Guinea: IUCN/United Nations 
Environment Programme (UNEP), Review 
of the Protected Areas .Ststemn in Oceania 
(IUCN, Gland, Switzerland, 1986). 

Saatnina/grassland: World, Africa, South 
America, Asia (India ard Southeast Asia, 
percent of land surface): Monica M. Cole, 
Tie Savannas. Biogeographv and 
Geobotany (Academic Press, London, 
198i); Canada, grassland, 3 iercent of 
total land: ).F.W. Pollard anl M.R. McK
eclinie, World ConservationStrategyian. 
oda (Environment Canada. ()ttawa, 1986); 
United States: I-dward C. Wolf, On ?Pe 
Brink ofl'tinction:Conseriling the 1)ivey.ity 
of Life, Worldwatch Papier 78 (Worldwatch 
Institute, Washington D.C.,.Ime 1987); 
China, "current grazing area": Kenneth 
Ruddle and Wit Chanjii, eIs., Land Re
solircesof tie Peoples Republic of C'hina 
(1Uniled Nations University, Tokyo, 1983); 
Sandi Arabia, "natural grasslad": A.A. 
Abol RIaliman, "TheDeserts of the Ara
bIiac
leninsuila," inMichael Evenari, lilt
anuel Noy Moir, anid )avil (;odall, els., 
l'cosysteims of the World. 12A. hot Deserts 
andArid Shrhlands (Elsevier, Amsterdam, 
1985); Australia: J. Walker and A.N. Gilli
s(;n, "Australian Savannas," ii BJ, luntley 
ami] 13.11.Walker, eds., .'cologi of Tropical 
.S'av'annas(Springer-Verlag, Berlin, 1982); 
New Zealand, Soiuth Island only: J'T. Rich
ards, 'World Environientail Ilistory amid 
Ecconiic Developnen." iniWillianm C. 
('lark and R.E. Murn,eds.,SustainableDe
relopmentof the Biosphere (Cambridge 
University Press, Cambridge, United King
doi, 1986); Papua New Guiniea: 
IUCN/UNIP, Review of the Protected Areas 
,S'stem in Oceania (IUCN, Gland, Switzer
land. 1986). 

Desert/scrub:Egypt, western coastal des
ert: Emily E.Whitehead et at., eds., Arid 
Londs Todav and Tomorrow. Proceedings 
of an Internatioial ResearIh and Develop
mient Conference (Westview Press, Boul
der, Colorado, 1988); Mexico, arid and 
semi-arid lands inScinoran, Chiliuaiuan, 
(tuerehii, Hidalgueiise, Poblan, 
Guerrerense, Oaxacan, and Yucatec 
zones: F.Medellin-leal and A. Gomez-Gon
zalez, "Mamagement of Natural Vegetation 
intlieSenii-Arid Ecosystems of Mexico," 
in B.11. Walker, ed., ucnagemoent ofSemi-
Arid l'c'osvstems (Elsevier, Amslerdam, 
1979); Argenti:a, sontheastern coastal 
desert: Daniel H.K. Aiiran and Andrew W,
Wilson, ecds., Coastal Deserts. TheirNatural 
(ndllinim Env'ironmnents (University of Ar
izona, 'l'c:;o, 1973); China, current ex
tenl of "desert, snow,rocks": Kenneth 
Ruddle and Wu Cliianjuu. Land Lvsources 
of the People ' Republic of China (United 
Nations University, 'T'kyo, 1983); Saudi 
Aral;ia: A.A. Abol El RaImian, "The Deserts 
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of the Arabian Peninsula," in Michael United Kingdom, 1986); New Zealand: G.P. givep vegetation type (e.g., peatlands, as 
Evenarl, Imanuel Noy Muir. and David Glasby, "Modification of the Environment opposed to wetlands) may be discussed. 
Goodall, eds., Ecosystems of the World. in New Zealand," Ambio, Vol. 15, No. 5 Some data were not used because they 
12A. Hot Deserts and Arid Shrublands (1986); Papua New Guinea: IUCN/UNEP, Re- could not be disaggregated to specific 
(Elsevier, Amsterdam, 1985); U.S.S.R.: M.P. view of the Protected Areas System in Ocea- countries. The determination of the ex-
Petrov, "Land Use of Semi-Desert in the nia (IUCN, Gland, Switzerland, 1986). tent of vegetation types in a country Isdif-
U.S.S.R.," in B.H. Walker, ed., Management Mangroves: North and Central American ficult, and estimates vary significantly. 
ofSemi-Arid Ecosvy.tems (Elsevier, Amster- countries, Colombia, Guyana, Peru, Sur- Some data on current extent of habitat 
dam, 1979); Australia: A.D. Wilson and miname, may include restorations, although theJapan, United Arab Emirates, Aus-
R.D.Graetz, "Management of the Semi- tralia, Fiji, New Zealand: Working Group vegetation may differ significantly trom 
Arid and Arid Rangelands of Australia," in on Mangrove Ecosystems of the IUCN the original. In addition, the table cannot 
B.H. Walker, ed., 1979, Management of Commission on Ecology, in cooperation distinguish pristine habitats from those 
Semi-Arid Ecosystens (Elsevier, Amster- with UNEP and the World Wildlife Fund, that are significantly degraded. Though 
dam, 1979). Global Status ofMangrove Ecosystems, the information in this table is as com

W;,tlands/niarsh:World: John Zelazny Committee on Ecology Papers No. 3 plete as possible, much is missing; and 
and J. Scott Feieraband, eds., National (UCN, Gland, Switzerland, 1983); Singa- the data must be consideied to be preliml-
Wildlife Federation, Corporate Conserva- pore: Miguel D.Fortes, "Mangrove and narv. 
tion Council, Proceedings.Wetlands. Increas- Seagrass Beds of East Asia: Habitats U 1-brests:estimates for "forests," not fur
ing Our Wetland Resources (National Under Stress," Ambio, Vol. 17, No. 3 ther defined, in this category, and aggre-
Wildlife Federation, Washington, D.C., (1988); Papua New Guinea: IUCN/UNEP, Re- gated MacKinnon forest data. 
1988); Burundi, Congo, CBtc d'lvoire, Libe- view ofthe Protected Areas System in Ocea- U Dry forests and moist forests: forest types 
ria,Madagascar, Rwanda, Senegal, nia (IUCN, Gland, Switzerland, 1986). In the MacKinnon studies and other for-
Uganda, Guyana, China, Japan, Demo- Classifications of habitat within biogeo- ests, where the correct category Is 
cratic People's Republic of Korea (all num- graphical divisions and vegetation map- known. This distinction usually applies to 
hers are for peatlands, 1984): Edward ping are Inexact arts. Several different tropical forests. 
Malt by, Waterlogged Wealth. Why Itaste maps exist of biogeographical divisions. * Savanna/grassland. excludes areas 
the World's Wet Places? (International Inst. The MacKinnons followed the United Na- whose original vegetation is known to 
tute for Environment and Development, tions Educational, Scientific, and Cultural have been other than grassland (e.g., cut 
London, 1986); Tanzania (Malagaresi, Organization/AETFAT/United Nations Sta- forests, irrigated desert, drained wet-
Kilombero, and Rufiji flood plans and tistical Organization vegetation map of Af- nds)..rica with classiiications by F.White for els /s
swamps), Mali (Niger Central Delta), 

Sudan (Mochan Swamps, Sudd, Kenamuke the Afrotropical Realm. For the In- exeetlandsmarsh: Many estimates of t e
 

domalayan Realm, they generally followed extent of wetlands are likely to be low.Swamp), Ghana (Volta River): Royal Tropi-
cal Institute (RTI), Rural Development Pro- the classifications of Miklos Udvardy, the 

gram, A Resource Planning Data Review on maps by T.C. Whitmore for the Malesian clude peatlands, whose inclusion could in 

Major African Inland Swamp and Flood section and Indo-China, and the maps by crease total wetlands, especially in 
Plain Ecos'sterms (RTI, Amsterdam, 1987); H.G. Champion and HK. Seth for the In- Finland, Ireland, Norway, Poland, and Swe-
North and Central America except Can- dian subcontinent. 'lease see the sources den. Some wetland figures may Include 
ada, Palearctic Mexico, and United States, for additional details, lakes, ponds, streams, and areas that are 
South America except Guyana: Derek A. The MacKinnons relied on field Investi- periodically flooded; others note only per-
Scott and Montserrat Carbonell, compil- gations, interviews and other personal manently Inundated areas. 
ers, A Directory of Neotropical Wetlands communications, and published sources. F1 Mangroves: These estimates refer specif
(1UCN/CMC and InternatiGnal Waterfowl In a few cases (e.g., for China), other Ically to mangrove forests or swamps. 
Research Bureau, Cambridge and sources supplement their data. The cate- For additional information, please refer 
Slimbridge, United Kingdom, 1986); Can- gories shown in Table 20.4 ar,! aggregated to the sources cited for this tal)le, to 
ada: National Wetlands Working Group, from the MacKinnons' data. -.FRICA: all for- other tables In this chapter (especially 
Canada Committee on Ecological Land ests: areas under the forest categories Table 20.1), and to Chapter 8, "Wildlife 
Classification, Wetlands of Canada. Ecologi- below; dry forests: upland montane for- and Habitat." Readers are invited to sub
cal Land Clas. ification Series No. 24 (Poly- est/nonforest, dry forest, woodland; moist mit data to expand or improve this table. 
science Publications Inc., ;i.p., 1988); forests: lowland rainforest; savanna/grass-
United States: U.S. Congress, Office of land: salt-pan vegetation, brush- Table 20.5 Rae Species of 
Technology Assessment, Technologies to land/thicket, shrubland, grassland, Animals in Zoos, 1980s 
Maintain BiologicalDiversity (U.S. Govern- halophytic; desert/scrub: desert; wetlands: 
ment Printing Office, Washington, D.C., wetland; mangroves: mangrove for
1987); Bhutan, Republic of Korea, Mongo- est/swamp. ASIA: dry forests: sub-alpine, Sources: Species, status, distribution: In
lia, Nepal, Philippines, Singapore, Sri dry dipterocarp, mixed deciduous, sub- ternational Union for Conservation of Na-
Lanka: Derek A.Scott, compiler, A Direc- montane dry evergreen, forest on lime- ture and Natural Resources (IUCN), 1988 
ton,ofAsian Wetlands OUCN, Gland, Swit- stone, Himalayan dry temperate, IUCN Red List of Threatened Animals 
zerland, 1989); Japan: Zbigniew subtropical dry evergreen, tropical dry de- (UCN, Gland, Switzei land, and Cam-
Karpowicz, Wetlands in East Asia-A Pre- ciduous; moist forests: subtrop!cal broad- bridge, United Kingdom, 1988). Studbook 
liminary Review and Inventory (Interna- leaved hill, ironwood, lowland rain, information: P.J.S. Olney, Pat Ellis, and 
tional Council for Bird Preservation, July tropical moist deciduous, montane wet Benedicte Sommerfelt, eds., International 
1985); wetlands of international impor- temperate, tropical semievergreen, sub- Zoo Yea 'ook 27 (The Zoological Society 
tance in Afghanistan, Albania, Algeria, Cy- tropical pine, tropical montane evergreen, of London, London, 1988). Common 
prus, Egypt, European co,ntries, Iran, moist lowland (TL), tropical dry ever- names in the list of animals are shown as 
Iraq, Israel, Jordan, Malta, Morocco, Syria, green, heath, monsoon, tropical montaie they appear in the IUCN Red List. 
Tunisia, and Turkey: Erik Ci ), compiler, deciduous, forest on ultrabasic; sa- Number in wild (mammals): African pri-
ADirectory of Western Palec.ctic Wetlands vanna/grass.',nd: savanna forest; de- mates: IUCN, Threatened Primates ofAf
(UNEP, Nairobi, and IUCN, Gland, Switzer- ert/scrub:tropical thorn forest, rica: The IUCN Red Data Book (IUCN, 
land, 1980); Au.tralia, southern portion: desert/semi-desert, tropical thorn sc-ub; Gland, Switzerland, 1988); long-beaked 
J.F. Richards, "World Environmental His- wetlands: freshwater swamp, peat swamp, echidna, brush-tailed bettong, ghost bat, 
tory and Economic Development," inWil- seasonal marsh/seasonal salt marsh; man- golden lion tamarin, golden-headed lion 
liam C.Clark and R.E. Munn, eds., groves: mangrove. tamarin, golden-rumped lion tamarin, red 
Sustainable Development of the Biosphere Most other sources use similar nomen- wolf, polar bear, Florida cougar,vicufia, 
(Cambridge University Press, Cambridge, clature.Insome ca only a portion of auses, buffy-headed marmoset, Hawaiian monk
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seal, Chinese alligator, Morelet's croco-
dile,estuarine crocodile, Cuban crocodile, 
Siamese crocodile, gharlal, tuatara: IUCN, 
Mammal Red Data Book, Part I(IUCN, 
Gland, Switzerland, 1982); aye-aye, black 
ard mongoose lemurs: Captive Breeding
'ipecialist Group, Species Survival Commis-
slon, IUCN, annual meeting,Stuttgart, 
B.R.D., September 1988; tiger (all five spe-
cies, upper end of range): AAZPA Newslet 
ter, Vol. 30, No. 1 (January 1989): 
lion-tailed macaque: D.A. Lindberg, A.M. 
Lyles, and N.M. Czekala, "Status and Re-
productive Potential of Lion-Tailed Ma-
caque in Captivity," Zoo Biology, Supp. 1, 
1989; cheetah: Laurie Marker and Stephen 
J. O'Brien, "Captive Breeding of the Chee-
tah (Acinonyxjubatus) in North American 
Zoos (1871-1986)," Zoo Biology, Vol. 8, No. 
1(1989); buffy-headed marmoset: Russell 
Mittermeier, et l.,"Conservat ion oi pri-
mates in the Atlantic forest region of east-
ern Brazil," International Zoo Yearboc.k, 
Vol. 22 (Royal Zoological Society, Lcndon, 
1983); snow leopard: Seneca Zoo Society, 
Zoonewsletter (September 1989); gaur: 
S.M.Junior et al.,"Techniques for Collec-
tion and Cryopreservation of Gaur (Bos 
Gaurus) Semen," AAZPA 1989 Regional Pro-
ceedings; Asiatic lio,.:S.J. O'Brien et al., 
"Evidence for African Origins of Founders 
of the Asiatic .ion Species Survival Plan," 
Zoo Biology, Vol. 6, No. 2 (1987); black, Su-
matran, and Indian rhinoceros: Jeffry 0. 
Colin, "Halting the Rhino's Demise," Bio 
Science, Vol. 38, No. I1 (1988); giant 
panda: Discover, Vol. 10, No. 9 (September 
1989); African elephant' World Wildlife 
Fund, TRAFFIC (U.S.A.), Vol. 9, No. 2 (June 
1989); scimitar-horned oryx: IUCN, World 
Conservation Monitoring Centre (CMC), 
unpublished data (CMC, Cambridge, 
United Kingdom, December 1988); 
banteng: Tiger Paper, December 1988; Eu-
ropean bison, AAZPA Newsle!ier, Vol. )30, 
No. 10 (October 1989). 

Number in wild (birds, reptiles, amphibi-
ans): Dalmadan pelican, white-winged 
duck, New Zealand brown teal, ruddy-
headed i oose, white-tailed fish-eagle, p're-
grine fa, :on (includes members of five 
other endangered or rare falcon subspe-
cies), Mikado pheasant, Swinhoe's pheas-
ant, green peafowl, Tahiti lorikeet, 
golden-shouldered parrot: Warren B. King, 
Endangered Birds of the World-The ICBP 
Red Data Book (Smithsonian lntutl;u 
Press, Washington, D.C, 1981); St. Lucia 
Amazon: "The St. Lucia parrot Amazona 
versicolor 1975-1986: Turning the tide for 

a vanishing species," The Dodo. Journal of 
the Jersey Wildlife Preservation Trust, No. 
23 (1986); Mauritius pink pigeon: Diane J. 
Bell and John R.M. Hartley, "An Investiga-
tion into Current Captive Breeding 
Problems with the Pink Pigeon Nesoenas 
Mayeri," The Dode. Journal of the Jersey 
Wildlife Pres-rvationTrust, No. 24 (1987); 
Hawaiian goose: J. Michael Scott et al., 
"Conservation of Hawaii's Vanishing 
Avifauna," BioScience, Vol. 38, No. 4 
(1988); Mauritius kestrel: The Peregrine 
Fund. World Centerfor Birds ofPrey. News-
letter, No. 17 (Spring 1989); whooping, Si-
berian, and red-crowned cranes: 
International Crane Foundation, Baraboo, 
Wisconsin, United States (ICF), personal 
communication, November 1989; hooded 
crane: Scott R. Swengel and George W. 
Archibald, "The status of crane breeding 
in 1986," Proceedings of the Fifth World Con. 
ference on Breeding Endangered Species (in 
press, 1.89). 

Number of zoos, number ofcaptive ani-
mals (1986), captive births (1985): P.J.S. 
Olney, Pat Ellis, and Benedicte 
Sommerfelt, eds., InternationalZoologlcal 
Yearbook 27 (The Zoological Society of 
London, London, 1988). Number ofzoos 
and number of captive animals (1988) of 
species and/or subspecies not listed in In-
ternational Zoo Yearbook, and 1988 cap-
tive births: ISISSpecies Distribution Report. 
Abstract. Mammals, Birds, Reptiles, Amphib-
ians. As of3I December 1988. (4 volumes) 
(International Species Information Sys-
ten, Apple Valley, Minnesota, United 
States, 1989)(all ISIS data are shown in ital-
ics). 

Additional number ofzoos, number of 
captive animals, or captive births: whoop-
ing, hooded, red-crowned, and Siberian 
cranes: ICF, personal communication, No-
vember 1989; American peregrine falcon: 
The Peregrine "und (PF), Boise, Idaho, 
United States, personal communication, 
June 1989; Mauritius kestrel: PF, The Pere-
grine Fund. Annual Report October 1, 1.987-
September30, 1988 (PF, Boise, Idaho, 
United States, 1989); red-crowned and Si-
berian cranes: Scott R. Swengel and 
George W. Archibald, "The status of crane 
oreeding in 1988," in Proceedings of the 
Fifth World Conferenceon Breeding Endan-
geredSpecies in Captivity(in press, 1989); 
European bison, radiated tortoise, giant 
anteater, and Chinese alligator: AAZPA 
Newsletter, Vol. 30, No. 10 (October 1989). 

Studbooks, usually maintained by zoos, 
for Individual species or subspecies, pro-

vide a history of every captive animal. 
These data enable mate selection for ge
netic diversity. Species Survival Plans 
(SSPs, or their equivalent) are plans for 
the propagation and preservation of wild 
animals, considering both genetic diver
sity and demography. Each SSP attempts 
to bring together all of the zoos in a coun
try or group of countries that hold the 
animal. 

World ConservationUnion Status: All spe
cies or subspecies that the World Conser
vation Union explicitly lists as 
endangered, vulnerable, or rare, and that 
are held in zoos are included. (See 
Sources and Technical Notes for Table 
20.2.) If an entire species is not jeopard
ized, data are shown here only for those 
subspecies at risk. 

Number in the wild: The MammalRed 
Data Book, Threatened Primates ofAfrica: 
The IUCN Red Data Book, and Endangered 
Birds of the World-The ICBP Red Data 
Book contain the most complete wild pop
ulatlon figures. Population estimates are 
often several years old and must be 
treated with extreme caution. The wild 
populations of some species or subspe
c;es have increased because of release of 
captive-bred animals. 

Area native to: The countries in which 
species and subspecies live in the wild 
appear as shown in the Red Data Book. 

Number ofzoos, nimber ofcaptive ani
mals, origins ofcaptive populations, captive 
births: The number of zoos holding each 
animal, populations in zoos, and captive 
births in 1985 were taken from the Intema
tionalZoo Yearbook, when available. Its 
census data are from 1986, and data on 
captive births from 1985. It has a wide geo
graphic coverage, with reports from over 
500 zoos. Data from the International Spe
cies Information System (ISIS) network are 
used for species not in the Yearbook. In 
the fall of 1989, 347 zoos (housing 106,455 
live animals) made up the ISIS network. 
Approximately two thirds were in North 
America; and the remainder were in Eu
rope, Asia, and Australasia, with a small 
number in South America. Figures for ori
gins of captive population from the Year
book and from ISIS are generally similar; 
discrepancies may be caused by the fact 
that data are from different years. Num
bers are approximate. Numbers of captive 
births are the total births or hatchings 
minus deaths within the first 30 days of 
life. This criterion for survival is used by 
increasing numbers of zoos. 
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21. Energy, Mateiais, and Wastes
 
Energy use on a grand scale fuels modern economies 
and brings fundamental improvements to the lives of 
millions on our planet. Differences in energy use, how-
ever, contribute to disparities in industrial develop-
ment among and within countries; and the profligate 
combustion of fossil fuels bears environmental costs, 
including growing concentrations of carbon dioxide, 
urban air pollution, and acidification of water, soils, 
and vegetation. (See Chapter 24, "Atmosphere and Cli-
mate.") Data in the following tables can differ in detail 
from those of other sources, including the British Pe-
troleum data cited in Chapter 9,primarily because of 
differences in definitions. 

The world's production of commercial energy (see 
Table 21.1) has grown by 15 percent in the past de-
cade, declining only in 1980-82. Liquid fuels, 42 per-
cent of all commercial production, are still the 
dominant commercial fuels. Although their global 
production dropped by 4 percent between 1977 and 
1987, it increased in 1979 and again in 1984 and has 
been on the rise in the past two years. In contrast, 
gaseous fuels, the least polluting fossil fuels, showed 
the greatest increase in production during that pe-
riod, with a temporary decline in 1982. 

Globally, 1987 per capita consumption of commer-
cial energy fell back to its 1977 level of 56 gigajoules 
per capita. The U.S.S.R., Africa, and Asia each wit-
nessed a rise of over 20 percent in per capita con-
sumption of commercial energy. Rates of growth in 
Africa and Asia, however, mask differences both be-
tween and within countries of these regions. In 
poorer countries, the impoverished depend mainly 
on fuelwood and other biomass for domestic heating 
and cooking. Detailed consumption statistics for 
these noncommercial fuels are not available. 

Energy intensity is defined as the amount of energy 
consun, d for each dollar of gross national product. A 
decline in energy intensity indicates energy efficiency 
improvements, or a structural shift to a less energy-
intensive economy (e.g., amore service-based econ-
omy), or a combination. In North America, Japan, and 
most countries of the European Community-which 
together use about half the world's commercial en-
ergy--energy intensity has declined 15 to 25 percent 
in the past decade. 

About 5 percent of global commercial energy issup-
plied by primary electricity production. (See Table 
21.2.) In 1987, fossil fuel-fired plants accounted for 
over 60 percent of the world's total production of elec- 
tricity.About 16 percent of the world's electricity in 

1987 came from nuclear sources, showing an increase 
of 233 percent over the past decade. 

The current extent of the world's energy reserves 
and resources (see Table 21.3) determines future en
ergy mixes, sets priorities in development, and gov
erns both costs and environmental impacts. Coal has 
the most abundant reserves of all fossil fuels. Three 
countries, China, the United States, and the U.S.S.R. to
gether control more than 75 percent of the known bi
tuminous coal reserves. 

The production and consumption of metals (see 
Table 21.4) are central to many modern industrial pro
cesses. Both production and consumption can create 
avariety of environmental impacts, such as the cre
ation of large volumes of waste; discharge of pollu
tants to land, air, and water; and the accumula'don of 
certain metals in the biosphere. The United States, 
the U.S.S.R., Japan, and countries of the European 
Community consume the majority of the world's met
als. Aluminum, the most abundant metal, has a life 
index (the ratio between 1988 world reserves and the 
1988 world production level) of 224 years. But the 
known reserves of lead, mercury, tin, and zinc should 
be exhausted in less than 25 years, assuming 1988 pro
duction levels. 

Roughly one sixth of the world's countries operate 
commercial nuclear reactors, but over half of the 
world's net capacity is installed in the United States, 
the U.S.S.R., and France. (See Table 21.5.) One of the 
challenges to the management of present and future 
nuclear power production isthe safe and final dis
posal of spent fuel. At present, the world's spent fuel 
is stored in interim facilities, nearly all at the reactor 
site, with the exception of Finland, West Germany, 
and Sweden, where a centralized site away from the 
reactor is used. The United Kingdom leads the world 
in spent fuel inventories in relation to its land area. 

Industrial development creates large quantities of 
wastes. The data on the generation of wastes in Table 
21.6 must be viewed with caution, because the defini
tions used by countries may vary considerably. The 
gradual exhaustion of space for waste landfills and 
growing disposal costs create incentives to ship toxic 
materials to other countries, legally or clandestinely. 
Highly publicized trade in toxic wastes in recent 
years has led to an international convention banning 
all exports o! hazardous materials without prior con
sent of the importing country. (See Chapter 25, "Poli
cies and Institutions.") Table 21.6 shows some of the 
legal international trade in toxic wastes. 
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Table 21.1 Commercial Energy, 1977-87
 

Total 1a) 
Change 

Since (%) 
1987 1977 

Production (petajoutes) 
Solid Liquid 

Change Change 
Since (%) Since (%) 

1987 1977 1987 1977 

Gas 
Change 

Since (%) 
1987 1977 

Total 
(peta- Change 
joules) Since (%) 
1987 1977 

Consumption 

Poi Capita 
(giga- Change 

joules) Since (%) 
1987 1977 

Per Constant 
1980 $US of GNP 
(kilo- Change 

joules) Since (%) 
1987 1977 

WORLD 294,526 15 91.091 27 123,175 (4) 66,698 39 282.924 20 56 0 X X 

AFRICA 16,989 7 4,126 88 10,859 (16) 1,833 215 7,353 68 12 20 X X 
Algeria 
Angola 
Benin 
Botswana 
Burkina Faso 
Burundi 
Cameroon 
Cape Verde 
Cenval African Rep 
Chani 

Comoros 
Cnirgo 
Cote d'vorre 
Djibouti 
Egypt 

Equatorial Guinea 
Ethiopia 
Gabon 
Gambia, The 
Giona 

Guinea 
Guinea-Bissau 
Kenya 
Lesotho 
Lberia 

Libya 
Madagascar 
Malawi 
Mali 
Mauritania 

Mauri us 
Morocco 
Mozambique, People's Rep 
Niger 
Nigeria 

Rwanda 
Senegal 
Sierra Leone 
Somalia 
South Africa 

3,627 
744 

15 
X 
0 
0 

369 
0 
0 
0 

0 
265 

41 
0 

2,132 

0 
2 

335 
0 

17 

I 
0 
8 
X 
1 

2.179 
1 
2 
I 
0 

1 
29 

1 
2 

2.756 

1 
0 
X 
0 

3.956 

45 
146 

X 
X 
X 
X 

6,050
X 
X 
X 

X 
249 

4,000 
X 

94 

X 
100 
(29) 

X 
6 

X 
X 

167 
X 
0 

(50) 
0 

100 
X 
X 

X 
0 

(96) 
X 

(38) 

0 
X 
X 
X 

92 

0 
0 
0 
X 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
X 
0 

0 
0 
0 
0 
0 

0 
22 

1 
2 
4 

0 
0 
0 
0 

3.939 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
5 

(90) 
X 

(50) 

X 
X 
X 
X 

92 

2,313 
733 

15 
X 
0 
0 

360 
0 
0 
0 

0 
264 

37 
0 

1.941 

0 
0 

326 
0 
0 

0 
0 
0 
X 
0 

2,007 
0 
0 
0 
0 

0 
1 
0 
0 

2.600 

0 
0 
0 
0 
0 

2 
148 

X 
X 
X 
X 

17.900 
X 
X 
X 

X 
252 

X 
X 

89 

X 
X 

(31) 
X 
X 

X 
X 
X 
X 
X 

(53) 
X 
X 
X 
X 

X 
0 
X 
X 

(40) 

X 
X 
X 
X 
X 

1.313 
6 
0 
X 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

169 

0 
0 
7 
0 
0 

0 
0 
0 
X 
0 

!73 
0 
0 
0 
0 

0 
3 
0 
0 

144 

0 
0 
0 
0 
0 

473 
100 

X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 

293 

X 
X 

(450) 
X 
X 

X 
X 
X 
X 
X 

14 
X 
X 
X 
X 
X 
0 
X 
X 
0 

X 
X 
X 
X 
X 

975 
24 

6 
X 
6 
3 

85 
0 
4 
3 

1 
22 
70 

4 
991 

1 
36 
36 

3 
55 

14 
2 

66 
X 

10 

339 
12 
8 
6 

42 

17 
230 

14 
10 

495 

6 
28 

8 
12 

3.154 

192 
20 
50 
X 

100 
200 
270 

(100) 
100 

0 

0 
1,000 

35 
100 
110 

0 
140 
80 
50 
10 

17 
100 
16 
X 

(47) 

220 
(14) 
(11) 

0 
500 
89 
53 

(56) 
100 
80 

200 
0 

14 
9 

44 

,12 
3 
1 
X 
1 
1 
8 
0 
1 
1 

2 
12 

6 
11 
20 

2 
1 

34 
4 
4 

2 
2 
3 
X 
4 

83 
1 
1 
1 

23 
16 
10 
1 
2 
5 

1 
4 
2 
2 

83 

110 
0 
0 
X 
X 
X 

167 
(100) 

0 
0 

(33) 
1.100 

(14) 
57 
67 

j33) 
X 

21 
33 

(20) 

' 
'JO 
25) 
X 

(64) 

108 
(50) 
(50) 

0 
360 

60 
25 
(67) 
100 
25 

X 
(20) 

0 
0 

15 

18,881 
X 

4.341 
X 

3,009 
2,644 
7,499

0 
4.511 

X 

6,293 
10,327 
6.753 

X 
32.254 

X 
7.704 
9,987 
9,898 

11.609 

7,299 
15.444 
7.63. 

X 
10.812 

16.263 
4,131 
5.380 
2.954 

56,627 
10.109 
11.004 
9.040 
4,621 
5.460 

4,318 
7.815 
7,184 

16,852 
37.868 

(2) 
X 
8 
X 

21 

134 
50 

(100) 
87 
X 

(40) 
509 

8 
X 

23 

X 
93 

152 
12 
(3) 

(5) 
59 

(24) 
X 

(39) 

334 
(12) 
(38) 
(24) 

387 
27 
16 
X 

82 
97 

89 
(19) 

(0) 
(4) 
17 

Sudan 
Swaziland 
Tanzania 
Togo 
Tunisia 

Uganda 
Zaire 
Zambia 
Zimbabwe 

NORTH & CENTRAL AMERICA 
Barbados 
Canada 
Costa Rica 
Cuba 
Dominican Rep 

El Salvador 
Guatemala 
Ha iti 
Honduras 
Jamaica 

Mexico 
Nicaragua 
Panama 
Trinidad and Tobago 
Unled States 

SOUTH AMERICA 

2 
X 
2 
0 

226 

2 
76 
42 
151 

75,881 

4 
9.739 

10 
39 

3 

6 
10 
1 
3 
0 

7.317 
2 
7 

496 
58.242 

11,705 

0 
X 
0 
X 

18 

(33) 
15 

(1i 
50 

13 

300 
27 

100 
225 

X 

100 
900 

0 
50 
X 

143 
X 
X 

(16) 
4 

28 

0 
X 
0 
0 
0 

0 
3 

11 
142 

20.85 

0 
1,394 

0 
0 
0 

0 
0 
0 
0 
0 

233 
0 
0 
0 

19,258 

597 

X 
X 
X 
X 
X 

X 
(25) 
35) 
60 

25 

X 
104 

X 
X 
X 

X 
X 
X 
X 
X 

69 
X 
X 
X 

21 

143 

0 
X 
0 
0 

209 

0 
54 

0 
0 

29,932 

3 
3.699 

0 
37 

0 

0 
8 
0 
0 
0 

5.990 
0 
0 

338 
19,857 

8,021 

X 
X 
X 
X 

16 

X 
15 
X 
X 

18 
200 

17 
X 

236 
X 

X 
X 
X 
X 
X 

169 
X 
X 

(32) 
2 

9 

0 
X 
0 
0 

17 

0 
0 
0 
0 

20,920 

1 
3.229 

0 
1 
0 

0 
0 
0 
0 
0 

1.011 
0 
0 

158 
16,519 

2,002 

X 
X 
X 
X 

55 

X 
X 
X 
X 

(7) 

X 
9 
X 
0 
X 

X 
X 
X 
X 
X 

76 
X 
X 

72 
(13) 

92 

43 
X 

27 
5 

145 

12 
61 
55 

189 

81,089 

11 
7.518 

41 
426 

83 

27 
41 

9 
26 
74 

4,130 
30 
39 

207 
68,079 

8,311 

(14) 
X 
4 

(17) 
63 

0 
15 

(17) 
49 

0 
38 

9 
11 
17 
19 

(13) 
(15) 

0 
0 

(25) 

66 
(17) 

X 
7 

(3) 

34 

2 
X 
1 
2 

19 

1 
2 
7 

21 

197 

43 
291 

15 
42 
12 

5 
5 
1 
6 

31 

50 
9 

17 
169 
280 

30 

(33) 
X 

(50) 
(33) 
27 

0 
0 

(46) 
11 

(13) 

34 
(2) 

(17) 
11 
(8) 

(29) 
(38) 
(50) 
(25) 
(34) 

32 
(36) 

X 
(9) 

(12) 

7 

6.637 
X 

4.947 
4.767 

13.598 

6.024 
5,746 

16.725 
29,279 

X 
12,785 
23,629 
8,237 

X 
12,413 

8.502 
5.434 
6.446 
9.681 

29.484 

20.129 
15.008 
9.708 

41.908 
20,645 

X 

0 
X 

(11) 
(26) 

6 

15 
12 
(6) 
9 

T 

11 
(20) 

(6) 
X 
(5) 

1 
(22) 
(15) 
(23) 
(18) 

2? 
11 
X 
1 

(25) 

X 
Argentina 
Bolivia 
Brazil 
Chile 
Colombia 

Ecuador 
Guyana 
Paraguay 
Peru 
Suriname 

Uruguay 
Venezuela 

1,736 
13 

2.152 
197 

1,479 

392 
0 
10 

438 
10 

15 
5.137 

39 
2 

168 
13 

175 

(1) 
X 

900 
84 

233 

150 
(8) 

9 
0 

138 
46 

397 

0 
0 
0 
4 
0 

0 
2 

(31) 
X 

68 
21 

268 

X 
X 
X 

300 
X 

X 
(50) 

967 
43 

1.228 
74 

820 

373 
0 
0 

368 
7 

0 
4.141 

3 
(38) 
256 
25 

167 

(4) 
X 
X 

88 
X 

X 
(18) 

657 
91 

114 
34 

171 

3 
0 
0 

25 
0 

0 
908 

143 
42 

185 
(37) 
101 

50 
X 
X 

32 
X 

X 
78 

1.745 
61 

3.178 
345 
717 

182 
14 
32 

343 
14 

59 
1,616 

31 
9 

36 
17 
43 

96 
(46) 
100 
19 

(50) 

(23) 
43 

56 
9 

22 
28 
24 

18 
14 
8 

17 
36 

19 
88 

12 
(18) 

5 
0 

14 

50 
(56) 
33 
(6) 

(54) 

(30) 
6 

33.475 
23.830 
11.301 
12,069 
18.041 

15,658 
38.965 
6.155 

14.595 
20.815 

6.285 
23,118 

36 
25 
(7) 

(12) 
(0) 

63 
(15) 
26 
(8) 

(32) 

(31) 
44 
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Table 21.1
 
Consumption 

Production (petajoules) Per Constant 

Total jai Solid Liquid Gas Thtaj Per Capita 1980 $US ofGNP 

Change Change Change Change (peta- Change (giga- Change (kilo- Change 

Since (%) Since (%) Since I%) Since (%) joules) Since (%) joules)Since (%) joules) Since (%) 

1987 1977 1987 1977 1987 1977 1987 1977 1987 1977 1987 1977 1987 1977 

ASIA 73,824 (2) 27,132 65 37,768 (32) 6,623 144 63.353 54 21 24 X X 

Afghanistan 121 21 5 0 0 X 113 22 60 100 4 100 X X 
Bahrain 269 26 0 X 100 (17) 168 83 200 94 430 26 X X 
Bangladesh 
Bhutan 

144 
0 

324 
X 

0 
0 

X 
X 

5 
0 

X 
X 

137 
0 

328 
X 

202 
1 

138 
X 

2 
1 

100 
X 

12,101 
X 

61 
X 

China 25.930 63 19.407 72 5.616 43 547 16 23.469 65 22 47 42.962 (33) 

Cyprus 
India 

0 
6.114 

X 
94 

0 
4.379 

X 
73 

0 
1,273 

X 
199 

0 
235 

X 
370 

49 
6,462 

69 
78 

72 
8 

53 
33 

15,516 
26,037 

(6) 
14 

Indonesia 
Iran. Islamic Rep 
Iraq 

3.863 
5.464 
4.424 

6 
(56) 

(9) 

51 
36 

0 

629 
38 
X 

2,706 
4,783 
4,275 

(22) 
(59) 
(12) 

1.080 
622 
146 

567 
(16) 

217 

1.382 
1.932 

367 

60 
35 
70 

8 
38 
22 

33 
(7) 

22 

13.795 
X 
X 

(3) 
X 
X 

Israel 2 (33) 0 X 1 0 2 0 358 58 82 32 13,977 14 
Japan 
Jordan 

1.440 
1 

41 
X 

336 
0 

(31) 
X 

26 
1 

0 
X 

86 
0 

(28) 
X 

13.367 
117 

7 
193 

110 
31 

0 
107 

9,718 
28.432 

(29) 
72 

Kampuchea. Dem 
Korea. Dem People'sRep 

0 
1.482 

X 
22 

0 
1.377 

X 
19 

0 
0 

X 
X 

0 
0 

X 
X 

6 
1.698 

500 
32 

1 
79 

X 
3 

X 
X 

X 
X 

Korea, Rep 
Kuwait 

.628 
2,919 

85 
(33) 

467 
0 

40 
X 

0 
2,719 

X 
(36' 

0 
200 

X 
40 

2.173 
501 

85 
169 

52 
269 

63 
60 

19.903 
14,711 

(9) 
162 

Lao People's Den Rep 
Lebanon 
Malaysia 

4 
2 

1,525 

100 
(33) 
290 

0 
0 
0 

X 
X 
X 

0 
0 

1.030 

X 
X 

174 

0 
0 

477 

X 
X 

3,569 

4 
109 
609 

0 
54 
132 

1 
39 
38 

0 
51.) 
90 

X 
X 

19,476 

X 
X 
39 

Mongolia 
Myanmar 
Nepal 

88 
92 
2 

132 
35 
100 

88 
2 
0 

132 
100 

X 

0 
42 

0 

X 
(25) 

X 

0 
44 
0 

X 
389 

X 

107 
78 
12 

88 
44 
140 

53 
2 
1 

43 
0 
X 

X 
10.381 
4,401 

X 
(8) 
67 

Oman 1.512 113 0 X 1,427 101 85 X 327 1.944 245 1.189 20.992 778 
Pakistan 542 121 48 100 85 305 353 96 814 119 7 40 22.117 13 

Philippines 70 438 23 283 12 X 0 X 450 (2) 8 (20) 12,487 (19) 
Qatar 809 (16) 0 X 624 (31) 184 192 210 173 642 63 59,257 309 
Saudi Arabia 
Singapore 
Sri Lanka 

9,697 
0 
8 

(50) 
X 

100 

0 
0 
0 

X 
X 
X 

8.790 
0 
0 

(55) 
X 
X 

907 
0 
0 

3,679 
X 
X 

2.328 
366 
61 

531 
5 

56 

185 
140 

4 

302 
(6) 

33 

X 
20,129 
11.310 

X 
(48) 

(3) 

Syrian Arab Rep 
Thailand 

522 
343 

34 
1.806 

0 
75 

X 
1.150 

509 
89 

33 
X 

7 
164 

600 
X 

337 
770 

99 
87 

30 
14 

43 
56 

25,493 
16,359 

62 
4 

Turkey 823 113 635 158 110 1 11 X 1.536 56 29 21 18,900 7 
UnitedArab Emirates 
Viet Nam 

3.862 
171 

(7) 
(7) 

0 
164 

X 
(10) 

3.222 
0 

(21) 
X 

640 
0 

1.064 
X 

803 
217 

703 
27 

552 
3 

289 
0 

36,909 
X 

589 
X 

Yemen Arab Rep 38 X 0 X 38 X 0 X 40 233 5 150 7,913 60 
Yemen. People's Dem Rep 0 X 0 X 0 X 0 X 61 144 27 93 89,931 153 

EUROPE 41,672 25 18,893 2 9,186 145 9,296 5 64,362 9 1130 5 X X 

Albania 186 59 34 143 126 54 15 7 116 61 38 31 X X 
Austria 
Belgium 
Bulgaria 
Czechoslovakia 

246 
271 
613 

1.990 

(19) 
15 
48 

3 

31 
17 

542 
1.861 

(24) 
(38) 
45 
(1) 

45 
0 
12 

6 

(40) 
X 

140 
20 

42 
1 
5 

26 

(57) 
0 
X 

(19) 

883 
1.616 
1,557 
2,879 

7 
(2) 
30 

3 

118 
163 
173 
185 

8 
(2) 

27 
(1) 

10,475 
12.415 

X 
X 

(11) 
(16) 

X 
X 

Denmark 292 1.290 0 X 193 819 99 X 802 1 157 1 10.847 (14) 
Finland 
France 
German Dem Rep 
Germany, Fed Rep 

142 
1,967 
2.812 
4.438 

129 
36 
17 
(4) 

22 
526 

2.671 
3.178 

144 
128) 
18 

(10) 

0 
154 

2 
159 

X 
90 
(33) 
(30) 

0 
137 
92 
558 

X 
(54) 
(17) 
(17) 

824 
6,064 
3,849 

10.023 

18 
(6) 
14 

1 

167 
109 
231 
165 

14 
(10) 
14 

2 

13.317 
8,176 

X 
11.087 

(16) 
(22) 

X 
(17) 

Greece 316 129 250 91 51 X 5 X 718 34 72 24 16,656 15 
Hungary 
Iceland 
Ireland 

645 
15 
116 

3 
67 
176 

253 
0 

49 

(15) 
X 
26 

116 
0 
0 

5 
X 
X 

236 
0 

63 

8 
X 
X 

1.187 
39 
367 

9 
11 
35 

112 
157 
101 

10 
0 

22 

48,542 
10,055 
19.200 

(8) 
(24) 
17 

Italy 587 12 12 9 165 251 556 6 5,991 21 105 18 11.453 (6) 

Luxembourg 
Malta 

0 
0 

X 
X 

0 
0 

X 
X 

0 
0 

X 
X 

0 
0 

X 
X 

120 
18 

(18( 
64 

326 
52 

(19) 
63 

15.725 
12.700 

(46) 
7 

Netherlands 2.420 (19) 0 X 196 188 2.611 (23) 3.107 28 213 22 16.689 11 
Norway 
Poland 

3,657 
5,287 

280 
5 

11 
5.108 

(15) 
: 

2,087 
7 

268 
(56) 

1,187 
158 

865 
(35) 

830 
5.320 

30 
15 

199 
141 

26 
5 

11,653 
88.829 

(10) 
X 

Portugal 
Romania 
Spain 
Sweden 
Switzerland 

40 
2.676 
769 
504 
202 

(5) 
6 

29 
91 
30 

7 
630 
424 

1 
0 

17 
58 
8 
X 
X 

0 
450 
69 

0 
0 

X 
(29) 
97 
X 
X 

0 
1.551 

27 
0 
0 

X 
6 
X 
X 
X 

398 
3,109 
2.401 
1.225 
726 

37 
16 
(0) 
(11) 

6 

39 
136 
62 
147 
111 

26 
10 
(6) 

(12) 
4 

14.415 
X 

9.821 
8.828 
6.025 

5 
X 

(16) 
(26) 
(13) 

United Kingdom 
Yugoslavia 

9,732 
1.046 

55 
39 

2,500 
666 

(16) 
59 

5,182 
167 

223 
1 

1.837 
90 

20 
14 

8,522 
1.663 

6 
38 

150 
71 

6 
29 

13.327 
22.084 

(15) 
15 

U.S.S.FL 68,457 34 15,522 1 26,175 14 25,295 110 54,724 35 194 24 X X 

OCEANIA 5,997 82 3,937 97 1,203 32 727 160 3,730 30 147 12 X X 

A,-stralia 
Fiji 

5.671 
1 

83 
X 

3,883 
0 

100 
X 

1.147 
0 

30 
X 

589 
0 

162 
X 

3.243 
8 

33 
(20) 

201 
11 

16 
(35) 

18,727 
7.032 

1 
(26) 

Now Zealand 
Papua New Guinea 
Solomon Islands 

323 
2 
0 

62 
100 

X 

53 
0 
0 

(7) 
X 
X 

56 
0 
0 

93 
X 
X 

138 
0 
0 

146 
X 
X 

373 
34 

2 

13 
48 
100 

113 
9 
7 

7 
13 
40 

15.085 
11.554 
11,331 

1 
16 
12 

Sources: 	 United Nalions Statistical Office. United Nations Population Division. and The World Bank. 
Notes: 	 a. Total includes primary electricity (hydro. nuclear, geothermal), which accounts forabout 5 percent of global commercial energy production The production of 

primary electricity was assessed at the heat value of electricity (Ikilowatt hour = 36 million joules at 100 percent efficiency). See Table 21.2 forelectricity production. 
1petalioule = 1.000.000,000,000.000 joules = 947.800,000,000 Btus; 1 gigajoule = 1.000.000,000 joules= 947.800 Btus. 
0 = zero or less than half of the unit of measure, X = .or available: negative numbers are shown in parentheses; GNP = gross national product. 
For additional information, see Sources and Technical Notes, 
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Table 21.2 Production and Trade of Electricity, 1977-87
 

Production (gigawat-hours) Trade (g9gawatt.hours) 
Total Fossil-Fucl Fired Hydroeectric Geothermal Nuclear Impon Export 

1987 

Change 

Since (%) 

1977 1987 

Change 

Since (%) 

1977 1987 

Change 

Since (%) 

1977 1987 

Change 

Since (%) 

1977 1987 

Change 

Since (%) 

1977 1987 

Change 

Since (%) 

1977 1987 

Change 

Since (%) 

1977 
WORLD 10,487,157 43 8,699.488 27 2.037,585 38 35,461 297 1,894,813 233 244,316 106 ZATM0 97 

AFRICA 

Algeria 
Angola 
Benin 
Botswana 
Burkid Faso 

Burundi 
Cameroon 
Cape Verde 
Central African Rep 
Chad 

250,698 

13,400 
1,800 

5 
X 

125 

54 
2,392

28 
92 
51 

73 

204 
38 
0 
X 
79 

5,300 
78 

367 
59 
9 

2(2,875 

13,100 
465 

5 
X 

125 

2 
67 
28 
lb 
51 

108 

216 
33 
0 
X 
79 

100 
8 

367 
1.700 

9 

43,494 

300 
1,335 

0 
X 
0 

52 
2,325

0 
74 
0 

(9) 

15 
41 
X 
X 
X 

X 
81 
X 

30 
X 

369 

0 
0 
0 
X 
0 

0 
0 
0 
0 
0 

X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

3,3 

0 
0 
0 
X 
0 

0 
0 
0 
0 
0 

X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

29111 

120 
0 

160 
X 
0 

75 
0 
0 
0 
0 

(65) 

X 
X 

119 
X 
X 

159 
X 
X 
X 
X 

2(575 

170 
0 
0 
X 
0 

0 
0 
0 
0 
0 

1115 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

Comoros 
Congo 
Cote dlvoire 
Djibouli 
Egypt 

14 
235 

2,200 
172 

32,500 

133 
91 
77 
93 

131 

12 
2 

910 
172 

26,500 

100 
(97) 
(11) 
93 

428 

2 
233 

1,290 
0 

6.000 

X 
270 
481 

X 
34) 

0 
X 
0 
0 
0 

X 
X 
X 
X 
X 

0 
X 
0 
0 
0 

X 
X 
X 
X 
X 

0 
53 
0 
0 
0 

X 
X 
X 
X 
X 

0 
0 
0 
0 
0 

X 
X 
X 
X 
X 

Equatorial Guinea 
Ethiopia 
Gabon 
Gambia. The 
Ghana 

Guinea 
Guinea-Bissau 
Kenya 
Lesotho 
Liberia 

Libya 
Madagascar 
Malawi 
Mal 
Mauritania 

17 
810 
876 
44 

4,758 

500 
14 

2.629 
X 

825 

14,260 
504 
578 
204 
120 

(15) 
37 
98 
42 
7 

25 
17 

136 
X 

(8) 

403 
38 
79 

158 
38 

15 
160 
201 

44 
82 

333 
14 

359 
X 

506 

14,260 
234 

14 
42 
95 

(17) 
(26) 
42 
42 
55 

15 
17 
(1) 
X 

(15) 

403 
26 

(46) 
8 
9 

2 
650 
675 

0 
4,676 

167 
0 

1.911 
X 

319 

0 
270 
564 
162 
25 

0 
73 

124 
X 
6 

52 
X 

155 
X 
6 

X 
49 
90 

305 
X 

0 
0 
0 
0 
0 

X 
0 

359 
X 
0 

0 
0 
0 
0 
0 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

0 
0 
0 
0 
0 

X 
0 
0 
X 
0 

0 
0 
0 
0 
0 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

0 
0 
0 
0 
0 

0 
0 

176 
X 
0 

0 
0 
0 
0 
0 

X 
X 
X 
X 
X 

X 
X 

(35) 
X 
X 

X 
X 
X 
X 
X 

0 
0 
0 
0 

281 

0 
0 
0 
X 
0 

0 
0 
1 
0 
0 

X 
X 
X 
X 
57 

X 
X 
X 
X 
X 

X 
X 

(67) 
X 
X 

Mauritius 
Morocco 
Mozambique, People's Rep 
Niger 
Nigeria 

488 
7.120 

500 
157 

9.905 

27 
90 

(90) 
80 

141 

348 
6.500 

440 
157 

7.695 

6 
171 

(2) 
80 

592 

140 
620 
biU 
0 

2,210 

150 
(54 
(99 

X 
(26) 

0 
0 
0 
0 
0 

X 
X 
X 
X 
X 

0 
0 
0 
0 
0 

X 
X 
X 
X 
X 

0 
0 

330 
135 

0 

X 
X 

95 
207 

X 

0 
X 
0 
0 

100 

X 
X 

(100) 
X 

127 
Rwanda 
Senegal 
Sierra Leone 
Somalia 
South Africa 

174 
752 
196 
255 

122,465 

15 
43 
3 

311 
63 

4 
752 
196 
255 

117.790 

0 
43 

3 
311 
61 

170 
0 
X 
0 

7", 

16 
X 
X 
X 

(64) 

0 
0 
0 
0 
0 

X 
X 
X 
X 
X 

0 
0 
0 
0 

3,930 

X 
X 
X 
X 
X 

8 
0 
0 
0 
0 

300 
X 
X 
X 

(100) 

3 
0 
0 
0 

300 

X 
X 
X 
X 

69 
Sudan 
Swaziland 
Tanzania 
Togr 
Tunisia 

1.C55 
X 

874 
40 

4,549 

17 
X 
27 
(38) 
164 

539 
X 

264 
46 

4,436 

17 
X 
58 
(36) 
162 

516 
X 

610 
4 

113 

17 
X 
17 
(50) 

277 

0 
X 
0 
0 
0 

X 
X 
X 
X 
X 

0 
X 
0 
0 
0 

X 
X 
X 
X 
X 

0 
X 
0 

238 
0 

X 
X 
X 

118 
X 

0 
X 
0 
0 
3 

X 
X 
X 
X 
X 

Uganda 
Zairn 
Zambia 
Zimbabwe 

NORTH & CENTRAL A ERICA 

655 
5,295 
8,479 
7,645 

3341,488 

(10) 
28 
(2) 

95 

27 

11 
139 
38 

5.150 

2,190,118 

(15) 
85 

(73) 
1.010 

17 

644 
5.156 
8.441 
2.495 

51, ,7 

(10) 
27 
(1) 

(28) 

28 19,1 

0 
0 
0 
0 

X 
X 
X 
X 

31 7 5 

0 
0 
0 
0 

531 

X 
X 
X 
X 

92 

0 
3 

20 
1,350 

50,949 

X 
(70) 

300 
(48) 

1' 

107 
110 

1,500 
0 

54,578 

(61) 
83 

(42) 
(100) 

140 
Barbados 
Canada 
Costa RPica 
Cuba 
Dominican Rep 

El Salvador 
Guatemala 
Haiti 
Honduras 
Jamaica 

Mexico 
Nicaragua 
Panama 
Trinidad and Tobago 
United States 

425 
496,335 

2.930 
13,594 
5,296 

1.900 
1,770 

450 
1,08i 
2.385 

104.791 
1,063 
2.902 
3,315 

2,685,627 

61 425 
52 102,752 
60 50 
76 13.550 

136 4,346 

46 130 
23 1.090 

109 130 
59 205 
0 2,260 

99 82,024 
(7) 495 
X 870 

110 3.315 
21 1,961,145 

61 
33 

(89) 
78 
99 

(68) 
(8) 

155 
(4) 
(0) 

149 
(51) 

X 
110 
13 

0 
316,322 

2,880 
44 

950 

1.030 
680 
320 
880 
125 

18,435 
268 

2.032 
0 

254,695 

X 
42 

111 
(40) 

1,567 

96 
160 
95 
88 
15 

(4) 
99 
X 
X 

14 

0 
0 
0 
0 
0 

740 
0 
0 
0 
0 

4,332 
300 

0 
0 

14,517 

X 
X 
X 
X 
X 

97 
X 
X 
X 
X 

632 
X 
X 
X 

305 

0 
77,261 

0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
X 
0 

455,270 

X 
191 

X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 

81 

0 
3.471 

175 
0 
0 

0 
0 
0 

160 
0 

117 
200 

0 
0 

46,826 

X 
29 
X 
X 
X 

X 
X 
X 

1,500 
X 

117 
953 

X 
X 

132 

0 
47,427 

100 
0 
0 

0 
0 
0 
2 
0 

2,042 
10 

0 
0 

4,995 

X 
138 

X 
X 
X 

X 
X 
X 

(89) 
X 

3,827 
0 
X 
X 

82 
SOUTH AMERICA 

Argentina 
Bolivia 
Brazil 
Chile 
Colombia 

Ecuador 
Guyana 
Paraguay 
Peru 
Suriname 

390,861 

52,165 
1,520 

202,287 
15.636 
35,368 

5,668 
385 

2,825 
14,195 

1,330 

96 

61 
21 
101 
60 

130 

151 
(11) 
440 
65 
(6) 

89,42 

23,791 
391 

15.770 
3,489 
9,810 

1.094 
380 

5 
3,145 

395 

60 

(5) 
11 

115 
7 

103 

(29) 
(12) 
(96) 
21 
(33) 

293,3 

21.909 
1.129 

185.546 
12,147 
25,558 

4,574 
5 

2,820 
11.050 

935 

113 

280 
24 
98 
87 

143 

534 
X 

588 
83 
13 

0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

7,436 

6,465 
0 

971 
0 
0 

0 
0 
0 
0 
0 

354 

295 
X 
X 
X 
X 

X 
X 
X 
X 
X 

17,006 

180 
2 

16,813 
0 
0 

0 
0 
10 
0 
0 

10=,20 

122 
X 

88,389 
100) 

(100) 

X 
X 
X 
X 
X 

23 

7 
0 

10 
0 
0 

0 
0 
X 
0 
0 

() 

250 
X 

(93) 
X 

(100) 

X 
X 
X 
X 
X 

Uruguay 4,526 57 316 (76) 4,210 169 0 X 0 X 0 (100) 6 X 
5nezut;a54,7U4 133 30.604 150 24.100 115 0 X 0 X 0 (100) 0 (100) 
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Table 21.2 

Production (gigawatt-hours) Trade (gigawatt-hours) 
Total Fossi -Fuel Fired Hydroelectric Geothermal Nuclear Import Export 

Change Change Change Change Change Change Change 
Since (%) Since (%) Since (%) Since (%) Since (%) Since (%) Since (%) 

1987 1977 1987 1977 1987 1977 1987 1977 1987 1977 1987 1977 1987 1977 

ASIA 2034.571 84 1.403,797 64 356.248 64 6.400 1.003 28,128 77 1.216 66 3,062 675 
Afghanistan 1.257 57 493 94 764 40 0 X 0 X 0 X 0 X 
Bahrain 3.020 172 3,020 172 0 X 0 X 0 X 0 X 0 X 
Bangladesh 5,895 205 5.365 258 530 21 0 X 0 X 0 X 0 X 
Bhutan 21 31 13 44 8 14 0 X 0 X 10 233 0 X 
China 497.267 123 397.260 126 100.007 110 0 X 0 X 0 X X X 

Cyprus 1.512 76 1,512 76 0 X 0 X 0 X 0 X 0 X 
India 217.500 120 154.182 163 57.918 52 0 X 5.400 138 16 167 30 (3)
Indonesia 34.810 244 27.310 229 7,290 301 210 X 0 X 0 X 0 X 
Iran, Islamic Rep 37.910 111 31.510 125 6,400 60 0 X 0 X 0 X 0 X 
Iraq 22.860 256 22.250 280 610 6 0 X 0 X 0 X 0 X 
Israel 17.491 57 17,491 57 0 X 0 X 0 X 0 X 359 166 
Japan 698,970 31 423,490 (0) 84,070 10 1.600 176 189.810 500 0 X 0 X 
Jordan 3.486 480 3,467 477 19 X 0 X 0 X X X 364 X 
Kampuchea. Dem X X X X X X X X X X 0 X 0 X 
Korea. Dem People's Rep 50,200 67 21.100 69 29.100 66 0 X 0 X 0 X 0 X 

Korea. Rep 80,250 186 35,592 34 5,344 284 0 X 39.314 55.272 0 X 0 X 
Kuwait 18.400 185 18.400 185 0 X 0 X 0 X 0 X 0 X 
Lao Peoples Dem Rep 1,100 144 50 178 1.050 143 0 X 0 X 20 233 755 327 
Lebanon 4,600 188 3,990 399 610 (24) 0 X 0 X 40 X 0 X 
Malaysia 17,387 131 12.477 85 4.910 538 0 X 0 X 0 X 23 X 
Mongolia 3.153 165 3,153 5F.5 0 (100) 0 X 0 X 70 X 0 X 
Myanmar 2,279 107 1.158 5 1.121 X 0 X 0 X 0 (100) 0 X 
Nepal 538 243 26 44 512 268 0 X 0 X 32 10 21 250 
Oman 3.793 590 3,793 590 0 X 0 X 0 X 0 X 0 X 
Pakistan 33,475 208 17.723 236 15.250 194 0 X 502 19 0 X 0 X 
Philippines 23.852 58 14,100 9 5,220 147 4,532 X 0 X 0 X 0 X 
Qatar 4,420 331 4,420 331 0 X 0 X 0 X 0 X 0 X 
Saudi Arabia 37.100 411 37,100 411 0 X 0 X 0 X 0 X 0 X 
Singapore 11,814 131 11,814 131 0 X 0 X 0 X 0 X 0 (100) 
Sri Lanka 2,707 110 530 1.028 2,177 76 0 X 0 X 0 X 0 X 

Syrian Arab Rep 7,161 251 5.661 1.959 1,500 (15) 0 X 0 X X X 130 X 
Thailand 29,992 157 25,917 208 4,075 25 0 X 0 X 416 135 18 200 
Turkey 44,353 116 25.677 114 18,618 117 58 X 0 X 572 16 0 X 
United Arab Emirates 13,100 343 13.100 343 0 X 0 X 0 X 0 X 0 X 
Viet Nam 5,300 53 3,300 15 2,000 233 0 X 0 X 0 X 0 X 
Yeme, Arab Rep 718 755 718 755 0 X 0 X 0 X 0 X 0 X 
Yemen. Peoples Dem Rep 465 100 465 100 0 X 0 X 0 X 0 X 0 X 

EUROPE 2,620,577 33 1.427,274 5 4W,834 10 6,863 173 695,606 332 172,178 100 140,824 85 
Albania 3.840 34 490 (27) 3,350 52 0 X 0 X 0 X 650 1.200 
Austria 50,220 35 14.640 14 35,580 45 0 X 0 X 3,997 66 9.606 51 
Belgium 62,375 32 19.925 (43) 477 5 6 X 41.967 252 5,660 9 7.778 18 
Bulgaria 43.470 46 28.497 40 2,538 (28) 0 X 12,435 111 5.326 32 952 35 
Czechoslovakia 85.825 29 58.707 (5) 4.904 12 0 X 22,214 19,386 11.931 122 8.510 202 
Denmaik 29,398 31 29.186 30 29 32 183 X 0 X 4,172 65 1,758 (7)
Finland 53,464 69 20.024 17 13,794 15 0 X 19,646 683 6,104 339 507 1 
France 356,200 70 37.000 (68) 67.900 (11) 0 X 251.300 1,301 8,700 (28) 38.400 428 
German Dem Rep 114,180 24 101,244 18 1.726 38 0 X 11.210 115 7,451 181 3,664 70 
Germany. Fed Rep 415,812 24 265,033 (6) 18.932 16 0 X 131.847 266 22,177 29 18,370 64 
Greece 30.087 58 27.305 60 2,779 45 3 X 0 X 977 1,358 362 1.348 
Hungary 29,749 27 18,594 (20) 169 14 0 X 10,986 X 12,610 133 1,997 107 
Iceland 4.21) 61 5 (93) 3.957 57 248 1,450 0 X 0 X 0 X 
Ireland 12,636 40 11.520 39 1.116 49 0 X 0 X 0 X 0 X 
Italy 198,292 20 155,627 44 39.505 (23) 2,986 19 174 (95) 24,818 342 1,672 (41) 
Luxembourg 573 (50) 473 (55) 100 18 0 X II X 4,003 47 440 122 
Malta 944 126 94A 126 0 X 0 X ) X 0 X 0 X 
Netherlands 68,411 17 64,852 19 1 X 2 X 3.556 (4) 3,644 270 21 (91)
Norway 103,810 44 514 124 103,296 44 0 X 0 X 2,932 11 3,311 ill 
Poland 145,832 33 141.779 33 4,053 69 0 X 0 X 10,422 235 8,703 182 
Portugal 20,101 46 10,949 187 9,151 (8) 1 X 0 X 3,700 871 675 (27) 
Romania 73,090 22 60,500 20 12,590 35 0 X 0 X 3.100 78 0 (100) 
Spain 133,168 44 63.908 37 27,999 (29) 0 X 41.261 532 3.171 126 4.704 101 
Sweden 146,625 63 6,810 (59) 72,233 35 6 X 67,576 239 2.169 (35) 6.185 19 
Switzerland 56.976 27 958 (49) 34,317 (3) 0 X 21,701 181 10,859 96 20.314 29 
United Kingdom 300.247 7 240.974 1 4,035 3 0 X 55,238 38 11.672 X 37 X 
Yugoslavia 80.792 66 46.616 92 26,253 8 3.428 X 4.495 X 2,583 660 2.208 47 

U.S.S.R. 1,664,924 45 1.258,115 30 219,825 50 0 X 186,984 437 300 (68) 35,I00 180 

OCEANIA 164,071 52 127,877 64 34.244 19 1,950 53 0 X 0 X 0 X 
Austrelia 132,172 60 117.926 71 13,406 (2) 840 X 0 X 0 X 0 X
 
Fiji 430 54 80 (71) 350 X 0 X 0 X 0 X 0 X
 
New Zealand 27,030 27 6.210 15 19.710 35 1,110 (13) 0 X 0 X 0 X
 
Papua New Guinea 1,797 72 1,359 80 438 52 0 X 0 X 0 X 0 X
 
Solomon Islands 30 67 30 67 0 X 0 X 0 X 0 X 0 X
 

Source: United Nations Statistical Office
 
Notes: 0 = zero or less than half ofthe unit of measure; X= not available; negative numbers are shown inparentheses.
 

For additional information, see Sources and Technical Notes. 
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Table 21.3 Reserves and Resources of Commercial Energy
 
Bituminous Coal 

(million metric tons) 
Lignite and Subbirtuminous 
Coal (million metric tons) 

Crude Oil 
(miltion t) 

Natural Gas 
(billion m3) 

Uranium (metnc tons) 
Recover Recover- Hydroelectric 

1987 
Proved Proved 

1987 
Proved Proved 

Proved 

Recoverable 
Proved 

Rocovorable 

able at 

Less Than 

able at 

$80 130 
(megawatts, 

Installed 

WORLD 

Reserves Recoverable 

in Place Reserves 

1.696,519 1,075,473 

Reserves 

in Place 

749,747 

Recoverable 

Reserves 

522,C07 

Reserves 

1987 

123.559 

Reserves 

1987 

109,326 

$80 per kg 

1987 

1,676,820 

per kg 

1987 

679,125 

Technical 

Potential 

X 

Capaty 

1987 

584,977 

AFRICA 

Algeria 
An,,ola 
Benin 
Bolwana 
Burkina Faso 

Burundi 
Cameroon 
Cape Verde. 
Central African Rep 
Chao 

Comoros 
Congo 
Cote a ivoire 
Djbouti 
Egypt 

Equatorial Giinea 
Ethiopia 
Gabon 
Gamba. The 
Ghana 

Guinea 
Guinea Bissau 
Kenya 
Lesotho 
Lberira 

L bya 
Madagascar 
Miaaw' 
Mah 
Mauritania 

Mauritus 
Mo'occo 
Mozamobque. Peoples Rep
N,ger 
Ngera 

Rwanda 
Senegal 
Sierra Leone 
Somalia 
South Africa 

Sudan 
Swaziland 
Tanzania 
Togo 
Tunisia 

Uganda 
Zaire 
Zambia 
Zimbabwe 

133,861 

X 
X 
X 

7,000 
X 

X 
X 
Y 
X 
X 

X 
X 
X 
X 

25 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
1 000 

25 
X 
X 

X 
134 

X 
X 
X 

X 
X 
X 
X 

121,218 

X 
2,020 

304 
X 
X 

X 
600 

X 
1.535 

62,631 

43 
X 
X 

3500 
X 

X 
X 
v 
X 

X 

X 
X 
X 
X 

13 

X 
X 
X 

X 
X 

X 
X 
X 
X 
X 

X 
X 

12 
X 
X 

XX 
45 

240 
70 
21 

X 
X 
X 
X 

55.333 

X 
1.820 

200 
X 
X 

X 
600 

X 
734 

X 

X 

X 

1,518 

X 
X 
X 
X 

X 
X 

4 

X 
X 
X 
X 
X 

X 
23 
X 

X 

X 
X 
X 
X 
X 

X 
75 

x 
X 
X 

44 
x 
X 

338 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 

69 
965 

X 

X 

X 

279 

X 
X 
X 
X 

X 
X 
X 
4 

X 
X 
.X 
X 

40 

X 
11 
X 

X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

IX 
X 
X 
X 

169 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 

55 
X 

8,033 

1.593 
156 

X 
X 

X 

X 
71 

x 
X 

X 

X 
98 
16 
X 

600 

X 
X 

130 
X 

3 

X 
X 
X 
X 
X 

2,865 
X 
X 
X 
X 

X 
X 
X 
X 

2.200 

X 
X 
X 
X 
X 

41 
X 
X 
X 

245 

X 
15 
X 
X 

7.249 

3.000 
50 
X 
X 

X 

X 
110 

x 
X 
X 

X 
70 

100 
X 

290 

24 
24 
17 

X 
X 

X 
X 
X 
X 

X 

728 
X 
X 
X 
X 

X 
2 

65 
X 

2,380 

40 
X 
X 
6 

28 

85 
X 

116 
X 

85 

X 
1 
X 
X 

639.410 

26.000 
X 
X 
X 
X 

X 
X 

8.000 
X 

X 
X 
X 
X 
X 

X 
X 

14,000 
X 

X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 

170.710 
X 

X 
X 
X 
X 

324.800 

X 
X 
X 
X 
X 

X 
1.800 

X 
X 

138,950 

X 
X 
X 
X 
X 

X 
X 
x 

8,000 
X 

X 
X 
X 
X 
X 

X 
X 

4.650 
X 

X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 

2.200 
X 

X 
X 
X 

6.600 
101.500 

X 
X 
X 
X 
X 

X 
X 
X 
X 

X 

287 
17.220 a 

500 
I 

200 

289 a 
23,000 a 

X 
2.000 

30 

10 
10.000 a 
3.000 

X 
3.210 

2.000 
4,000 b 
6,500 a 

X 
2.000 

5.000 
60 

841 a 
450 

2.000 

X 
7,800 

900 
2.000 

X 

65 
2.453 

15.000 
235 

12.400 

600 
500 

1.300 
50 
X 

380 a 
600 

4.000 a 
270 

65 

1,200 
120,000 
12.000 
3.500 a 

18,029 

285 
400 

0 
X 
0 

12 
528 

0 
22 
0 

1 
120 
885 

0 
2,700 

1 
230 
125 

0 
1,072 

47 
0 

354 
X 

81 

0 
45 

146 
45 
0 

59 
619 

1.523 
0 

1.900 

56 
0 
2 
0 

572 c 

225 
X 

259 
4 

64 

156 
2.486 
2,245 

633 
NORTH A CENTRAL AMERICA 

Barbados 
Canada 
Costa Rica 
Cuba 
Dominican Rep 

El Salvador 
Guate,iala 
Hati 
Hondurz.s 
Jamaica 

Me.ico 
Nicaragua 
Panama 
Trinidad and Tobago 
Untied States 

233,097 

X 
5.585 

X 
X 
X 

X 
X 
X 
X 
X 

1.569 
x 
X 
X 

225.943 

118,055 

X 
3.831 

X 
X 
X 

X 
X 
X 
X 
X 

1.252 
X 
X 
X 

112.972 

220,598 

X 
15.205 

27 
X 
X 

X 
X 

13 
21 
X 

793 
X 
X 
X 

204,539 

106,038 

X 
3.135 

X 
X 
X 

X 
X 
X 
X 
X 

634 
X 
X 
X 

102.269 

13,132 

1 
960 

X 
X 
X 

X 
6 
X 
X 
X 

7.703 
X 
X 

77 
4.385 

10,708 

X 
2.730 

X 
X 
X 

X 
X 
X 
X 
X 

2.119 
X 
X 

294 
5.565 

269.500 

X 
148.000 

X 
X 
X 

X 
X 
X 
X 
X 

4,500 
X 
X 
X 

117.000 

368,240 

X 
95.000 

X 
X 
X 

X 
X 
X 
X 
X 

3.240 
X 
X 
X 

270.000 

X 

X 
118.596 a 

9.472 a 
X 

503 a 

664 a 
8.674 a 

152 
4.800 a 

67 a 

34,400 a 
4,106 
3.031 

X 
183.287 

154,418 

0 
56.848 

736 
49 

165 

233 
445 

70 
130 
25 

7.780 
103 
551 

0 
87.192 

SOUTH AMERICA 

Argetina 
Bolivia 
Brazil 
Chile 
Colombia 

Ecuador 
Guyana 
Paragua! 
Peru 
Suriname 

17,245 

X 
X 
X 

79 
16.524 

X 
X 
X 
X 
X 

11,074 

X 
X 
X 

31 
9.666 

X 
X 
X 

960 
X 

7,999 

195 
X 

3.276 
4.500 

X 

28 
X 
X 
X 
X 

2,648 

130 
X 

1.245 
1.150 

X 

23 
X 
X 

100 
X 

8,973 

308 
22 

361 
40 

216 

157 
X 
X 
75 
X 

4.658 

670 
143 
105 
120 
110 

12 
X 
X 
18 
X 

172,200 

9.200 
X 

163.000 
X 
X 

X 
X 
X 
X 
X 

4,165 

2.600 
X 
X 

45 
X 

X 
X 
X 

1,520 
X 

X 

37.208 d 
18.000 

150.322 a 
26,487 a 
83,640 a 

36.000 a 
12,620 a 
4,585 a 

60,000 
2.334 

67,083 

6.591 
295 

40.106 
2,279 
4.675 

917 
2 

3.340 
2,150 

189 
Uruguay 
Venezuela 

X 
642 

I 
417 

X 
X 

X 
X 

X 
7.794 

X 
3,480 

X 
X 

IX 
X 

2.000 a 
37.186 a 

1,039 
5,500 
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Table 21.3
 

Bituminous Coal Lignite and Subbituminous Crude Oil Natural Gas Uranium (metric tons) 

(million metric tons) Coal (million metric tons) (million t) (billion m3) Recover- Recover- Hydroelectric 

1987 1987 Proved Proved able at able at (megawatts) 

Proved Proved Proved Proved Recoverable Recoverable Less Than $80-130 Installed 

Reserves Recoverable Reserves Recoverable Reserves Reserves $80 per kg per kg Technical Capeacy 

in Place Reservas in Place Reserves 1987 1987 1987 1987 Potential 1987 

ASIA 807,793 674352 146,927 131,344 82,323 37,536 34.580 21.4C X 109270 

Afghanistan 
Barain 
Bangladesh 
Elulan 
China 

112 
X 

1.054 
X 

650,220 

66 
X 
X 
X 

610.800 

X 
X 
X 
X 

120.220 

X 
X 
X 
X 

120.100 

X 
17 
0 
X 

2.451 

64 
195 
360 

X 
895 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

25,000 
X 

800 
X 

436,197 d 

281 
0 

197 
3 

28.000 

Cyprus 
India 
Indonesia 
Iran, Islamic Rep 
Iraq 

X 
129.154 

X 
3,754 

X 

X 
60.648 

1,000 
193 

X 

X 
2,100 

X 
2,295 

X 

X 
1,900 
2.000 

X 
X 

X 
657 

1,142 
13,048 
13,600 

X 
500 

2,068 
13.864 

745 

X 
34,580 

X 
X 
X 

X 
10.960 

X 
X 
X 

4.700 b 
41.000 d 

141.800 a 
11,200 a 

X 

0 
17.003 
1.600 
1.804 

100 

Israel 
Japan 
Jordan 
Kampuchea. Dam 
Korea, Dem People's Rep 

X 
8,348 

X 
X 

2,000 

X 
856 

X 
X 

30C 

X 
175 
X 
X 

300 

X 
17 
X 
X 

300 

0 
6 
1 
X 
X 

0 
29 
0 
X 
X 

X 
X 
X 
X 
X 

X 
6.600 

X 
X 
X 

X 
26.840 a 

17 a 
10,000 

X 

0 
34.650 

11 
10 

4,600 

Korea, Rep 
Kuwait 
Lao People's Dam Rep 
Lebanon 
Malaysia 

238 
X 
X 
X 
15 

158 
X 
X 
X 
4 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
12,700 

X 
X 

434 

X 
1,05C 

X 
X 

1,462 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

2,000 
X 

28,000 
200 a 

11,846 a,e 

2,236 
0 

200 
246 

1.090 

Mongolia 
Myanmar 
Nepal 
Oman 
Pakistan 

12,000 
5 
X 
X 
X 

X 
2 
X 
X 
X 

12.000 
X 
X 
X 

145 

X 
X 
X 
X 

102 

X 
8 
X 

550 
13 

X 
:38 
X 

270 
635 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
32.000 a 
28,800 a 

X 
3,106 a 

0 
258 
161 

0 
2,901 

Philippines 
Qatar 
Saudi Arabia 
Singapore 
Sri Lanka 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

170 
X 
X 
X 
X 

82 
X 
X 
X 
X 

2 
430 

22.712 
X 
X 

X 
4,440 
3,963 

X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

6.598 a 
X 
X 
X 

1,253 d 

2.153 
0 
0 
0 

801 

Syrian Arab Rep 
Thailand 
Turkey 
United Arab Emirates 
VietNam 

X 
X 

593 
X 

300 

X 
X 

175 
X 

150 

X 
1.663 
7.847 

X 
12 

X 
914 

5,929 
X 
X 

235 
13 
37 

13,340 
X 

144 
105 
25 

5,765 
X 

X 
X 
X 
X 
X 

X 
X 

3.900 
X 
X 

1,2E2 
3,428 a 

43,000 a 
X 

18.000 

827 
2.256 
5,004 

0 
320 

Yemen Arab Rep 
Yemen. Peoples Dem Rep 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

0 
0 

EUROPE 306,251 59,99 163,272 99,508 Z797 6,656 91,130 90,310 X 161,485 

Albania 
Austria 
Belgium 
Bulgaria 
Czechoslovakia 

X 
X 

715 
36 

5,400 

X 
X 

410 
30 

1,870 

15 
350 
X 

4,418 
6.100 

X 
65 
X 

3,700 
3,500 

27 
11 
X 
2 
4 

7 
12 
X 
5 
13 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

2,800 a 
11,360 d 

X 
5.282 I 
2,165 d 

680 
10,575 
1,328 
1,975 
2,890 

Denmark 
Finland 
France 
German Dam Rep 
Germany. Fed Rep 

X 
X 

790 
X 

44.000 

X 
X 

213 
X 

23,919 

63 
X 

181 
47,000 
55.000 

X 
X 
45 

21,000 
35,150 

62 
X 

30 
1 

36 

125 
X 

34 
190 
179 

X 
X 

50.030 
X 

800 

27.000 g 
1,500 

11,760 
X 

4,000 

14 a 
3.620 a 

20,395 d 
X 

4.200 a 

10 
2.586 

24.100 
1.844 
6.760 

Greece 
Hungary 
Iceland 
Ireland 
Italy 

X 
1.407 

X 
7 
X 

X 
596 

X 
5 
X 

5,312 
8.306 

X 
12 
75 

3.000 
3.865 

X 
9 

39 

3 
39 
X 
X 

91 

4 
125 

X 
26 
300 

400 
X 
X 
X 

4.800 

X 
X 
X 
X 
X 

4.140 a 
900 a 

12,800 a 
X 

13,000 a 

2,137 
46 
756 
512 

17,879 

Luxembourg 
Malta 
Netherlands 
Norway 
Poland 

X 
X 

1.406 
X 

63.800 

X 
. 

497 
X 

28.700 

X 
X 
X 

38 
13.000 

X 
X 
X 

10 
11,700 

X 
X 

26 
1,543 

2 

X 
X 

1.770 
2.773 
130 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 

100 d 
34,000 a 
2.400 d 

1,132 
0 
2 

25,394 
1,9/6 

Portugal 
Romania 
Spain 
Sweden 
Switzerland 

8 
70 
532 
X 
X 

3 
X 

379 
X 
X 

38 
3,900 
700 

4 
X 

33 
X 

391 
1 
X 

X 
175 

5 
X 
X 

X 
235 

14 
X 
X 

7,100 
X 

26,000 
2.000 

X 

1,400 
X 

7.650 
37.C03 

X 

7,184 d 
7.600 a 

12,440 a 
10,00 a 
8,200 a 

3.173 
4,640 

14,453 
16,700 
11,510 

United Kingdom 
Yugoslavia 

190.000 
80 

3,300 
70 

1,000 
17,760 

500 
16,500 

710 
30 

630 
84 

X 
X 

X 
X 

1.120 
13,600 

d 
a 

1.409 
7,000 

U.S.S.R. 130,000 104,000 157.000 137,000 8,000 41,0e0 X X 766,200 d 62695 

OCEANIA 68,273 45,369 52,433 45,690 301 1,439 470,000 50,000 X 11,997 

Australia 
Fiji 
New Zealand 
Papua New Guinea 
Solomon Islands 

66,220 
X 

49 
X 
X 

45.340 
X 

27 
X 
X 

50.600 
X 

1,833 
X 
X 

45,600 
X 

90 
X 
X 

279 
X 
22 
X 
X 

1,261 
X 

130 
28 
X 

470,000 
X 
X 
X 
X 

56,000 
X 
X 
X 
X 

5,050 d 
103 a 

12,182 d 
19,600 a 

X 

7,029 
80 

4,648 
140 

0 

Sources: World Energy Conference, The World Bank, and United Nations Statistical Office. 
Notes: Global and regional totals include countries not listed. 

All data on exploitable and theoretical hydropotential assume use of 5,000 hours per year as representative for all hydropower (57pern itload factor), 
Exploitable potential at small-scale site (under 1 megawatt) only. c. Figure for South Africaa. Exploitable potential at large-scale sites (over 1megawatt) only. b 

includes Botswana, Lesotho, Swaziland. and Namibia. d. Expleolabln potential, e.Refers to Peninsular Malaysia only. I. Theoretical potential. g Includes Greenland.
 

0 =zero or less than hail otthe unit of measure: X = not available; I = metric tons; m3 =cubic meters: bill:on = one thousand million
 

For additional information, see Sources and Technical Notes.
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Table 21.4 Production, Consumption, and Reserves of Selected
 

Annual Production (000 metric tons) Annual Consumption (000 metric tons)
1973 1978 1983 1988 
 1973 1978 
 1983 1988 

ALUMINUM (a)
Australia 17,595.1 24,293,0 24,372.0 35,000.0

Guinea 


United States 5,0767 4,978.1 4,221.0 4,612.43,048.0 10.4560 12,421.0 15,600.0 Japan 1,574.1 1,656.1 1.820.8 2,123.2Brazil 849.4 1,1600 7,199.0 8.750.0 U.S.S.R. 1,480.0 1,830.0 1,850.0 1,800.0Jamaica 13,599.2 11,7770 7,6830 7,408.0 Germany, Fed Rep 855.7 952.3 1,085.0 1,232.6U.S.S.R. 4,267.2 4.600,0 4.600 0 4,600.0 France 450.1Suriname 7,110.0 5,188.0 3,400.0 
532.7 613.4 650.0

3,394.0 China 230.0 560.0 600.0China 600.0762.0 1,5000 1,600.0 3,200.0 Italy 336.0Yugoslavia 2,167.0 2,565 0 3,500.0 
404.0 430.0 581.0

3,034.0 United Kingdom 491.5 402.2 323.4India 1,292.4 1,6630 1,923 0 3,011.0 Canada 
427.4 

331.8Hungary 2.599.9 2.8990 2.917.0 2,9060 
338.8 248.0 421.6

India 1485 224.0 218.5 337.0 
Ton Countries 53,290.1 66,101.0Total 69,615.0 86,903.0 Ten Counties Total 10,974.4 11,878.2 11.410.1 12,785.2World Total 70,351.9 79,851.0 78,634.0 97,144.3 World Total 13,600.6 15,325.8 15,352.0 17,683.3Bauxite. World Reserves 1988 (000 metric tons) 21,800,000 World Reserves Life Index (years) 224
Bauxite, World Reserve Base 1988 (000 metric tons) 232,000.000 World Reserve Base Life Index (years) 2,388

CADMIUM 
U'S S.R. 
 2.5 2.5 3.0 3.0 Japan 1.5 1.1 4.8Japan 3.2 2.3 2.2 1.9

2.6 United States 5.7 4.5 4 1 4 2United States 3.4 1 5 1.1 1.9 U.S.S.R. 1.9 2.5 2.5 2.6Canada 
 1.4 10 1.5 1.7 Belgium 1.4 1.5 2.3 2.1Belgium 1.1 1.1 1.3 1.5 United Kingdom 1.6 1.4 1.4 1.5Germany, Fed Rep 1.2 1 1 1.1 1.2 France 1.2 1.1 1.1Mexico 1.00.2 0.8 0.6 0.9 Germany, Fed Rep 2.2 1.8 1.5 1.0Australia 0 7 03 1.1 0.9 China 
China 0'1 

X X 0.3 0.40.2 03 0 7 Brazil 0.1 01 0.3 0.40 2 06 0.6 07 ItalyFinland 
0 4 0.5 0.4 0.4Ten Countries Total 14.0 11.8 12.7 14.9 TonCountries Total 15.9 14.5 15.8 18.5World Total 17.2 15.7 17.4 19.8 World Total 17.8 16.9 18.3 21.2Worm Reserves 1988 (000 metric tons) 535 World Reserves Life Index (years)

World Reserve Base 1988 (000 metric tons) 
X b 

970 World Reserve Base Life Index (years) bX 
COPPER
 

Chile 735.4 1,0355 1.2575 1,472.0 United States 2,221.2 2,193.1 1,803.9 2,268.4United States 1,5585 1.3576 1,0381 1,419.7 Japan
Canada 1,201.8 1,241.4 1,216.3 1,330.7824.0 6594 653.0 756.5 U.S.S.R. 1,100.0 1,3300 1,300 0 1,250.0U S.S R. 700.4 865,0 570 0 640.0 Germany, Fed Rep 727.2 780.0 737.0Zaire 797.54886 4238 536.5 5300 China 283.0 367.0 380.0 465.0Poland 155.0 321.0 402.3 440.0 Italy 300.0 344.0 325.0Zambia 445.07066 643 0 541.0 400.0 France 407.8 319.0 390.0 408.9China 99.8 2000 175.0 300.0 United Kingdom 541 2 501.6 358.0Peru 327.72027 366.4 3188 298.3 Belgium 164.4 289.5 258.2 317.8Mexico 80.5 872 196.0 280.2 Korea, Re 23.8 73.5 152.3 266.3
Ton Countries Total 5,551.4 5,958.9 5,688.2 6,536.8 Ten Countries Total 6,970.4 7,439.1 6,920.7 7,877.3World Total 7,116.9 7,832.9 7,661.8 8,453.4 World Total 8,763.3 9,449.2 9,102.7 10,659.8
World Reserves 1988 (000 motre. Ions) 350,000 World Reserves Life Index (years) 41World Reserve Base 1988 (000 metric tons) 560,000 World Reserve Base LifeIndex (years) 66
 

LEAD

Austraia 402.8 4003 480.6 475.0 United States 1,093.2 1,398.7 1,134.8 1,201.0U.S.SR. 471 7 520.0 435.0 440.0 U.S.S.R 600.0 760.0 9050 790.0United States 547 1 529.7 465.6 394,0 Japan 267.3 2bb.5 35'9 6Canada 4,.53878 3198 251.5 368.4 Germany, Fed Rep 293.7 335.8 318.3China 373.599.8 1450 160.0 255,0 United Kingdom 282.2 336.5 292.9Mexico 302.51793 170.6 1843 170.2 China 170.0 210.0 215.0 250.0Peru 1834 182.7 207.4 149.0 Italy 180.2 251.0 234.0 246.0Korea, Dem People's Rep 90.7 105.0 75 0 110.0 France 213.7 211.7 196.1 215.6Yugoslavia 1193 124.5 114,0 100.0 Korea, Rep
Bulgaria 1050 117.0 95.0 

X 27.5 41.2 146.0
97.0 Yugoslavia 69.6 82.0 133.3 128.9Ten Countries Total 2,586.9 2,614.6 2,468.4 2,558.6 Ton Countries Total 3,169.9 3,879.7 3,730.2 4,060.0World Total 3,487.0 3.478.7 3,358.3 3,381.3 World Total 4,441.6 5,372.4 5,248.1 5,665.4World Reserves 1988 (000 metric tons) 75,r.,O World Reserves Life Index (years)

World Reserve Base 1988 (000 metric tons) 
22 

125,000 World Reserve Base Life Index (years) 37
 
MERCURY
 
U.S.S R. 18 2.1 2.2 23 United States 1,9 20 1.7 XSpain 2.1 0 1.51.4 U.S.S.R. 0.8 1.8 XUnited States X0.1 
 0.8 0.9 X China 0.5 0.5
Algeria X X05 1.1 0.3 0.7 India 0.2 0.4 0.2 XChina 09 0.7 0.7 0.7 Italy 0.6 0.4 0.1 XCzechoslovakia 0 0.2 0.1 02 United Kingdom 0.7 0.4 0.3Finland 0,0 0.0 0.1 

X
0.1 Germany, Fbd Rep 0.8 0.4 0.3Mexico X01 01 02 0'1 Romania 0.1 0.3 X XTurkey 0.3 02 02 0.1 Japan 0.6 02 0.3Yugoslavia X0.5 X 0.1 0.1 South Africa 0.1 0.1 X XTen Countries Total 7.2 6.2 6.2 5.7 Ton Countries Total 6.2 6.5 2.8 XWorld Total 9.3 6.3 6.2 5.7 World Total 7.9 7.7 7.4 XWorld Reserves 1988 (000 metric Ions) 128 World Reserves Life index(years)


World Reserve Base 1988 (000 metric tons) 
22
 

241 World Reserve Base Life Index (years) 42 
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Metals, 1973-88 Table 21.4
 

Annual Production (000 metric tons) Annual Consumption (000 metric tons) 
1973 1978 1983 1988 1973 1978 1983 1988
 

NICKEL 
Canada 2440 1383 1281 199.0 Japan 111.2 990 114.8 161.7 
U.S.S.R. 135.2 147.9 1696 190.0 UnitedStates 179.4 163.9 136.9 141.2 
New Caledonia 107.4 66 1 46.2 677 U.S.S.R. 100.0 127.0 145.0 130.0 
Australia 40.6 824 766 62.4 Germany, Fed Rep 54.8 67.4 63.0 89.4 
Indonesia 208 31 9 494 530 France 29.6 35.5 32.9 39.6 
Cuba 36.5 370 376 44.0 Italy 20.4 24.5 22.5 28.6 
South Africa 194 225 20.5 348 China 18.0 19.0 18.0 27.5 
Dominican Rep 30.1 14 3 19.6 293 United Kingdom 31.5 32.0 21.8 26.7 
China X 100 130 270 Sweden 26.8 20.0 16.4 17,1 
Botswana 05 160 182 26.5 Spain 5.3 8.8 8.3 17.0 

Ten Countries Total 634.5 566.4 578.8 733.6 Ten Countries Total 577.0 597.1 579.6 678.8 
World Total 710.0 660.4 674.7 835.1 World Total 649.4 699.6 687.4 851.7 

World Reserves 1988 (000 metric tons) 54,000 World Reserves Life Index (years) 65 
World Reserve Bass 1988 (000 metric tons) 120.600 World Reserve Base Life Index (years) 144 

TIN 
Brazil 5.4 7.0 133 43.7 United States 61.1 50.4 35.6 376 
Indonesia 223 274 26.6 30.6 Japan 38.8 29.5 30.4 32.2 
Malaysia 723 627 41.4 289 U.SS R. 19.0 240 29.0 300 
China 200 14.0 15.0 25.0 Germany. Fed Rep 16.9 15.0 14.2 19.4 
U S.S.R. 29.0 34.0 220 16.0 China 14.0 54.7 130 14.0 
Thailand 20.9 302 19.9 14.2 United Kingdom 18.4 13.9 10.2 10.2 
Bolivia 30.3 309 253 10.5 France 11.7 9.9 7.6 78 
Australia 108 11.9 9.3 7.2 Korea, Rep 1.0 2.1 2,6 7.3 
United Kingdom 3.8 2 8 4.0 4.5 Brazil 3.9 5.8 4.3 6.7 
Peru 0.2 08 28 44 Italy 8.4 68 4.1 60 

Ten Countries Total 215.1 221.6 179.5 185.0 Ten Countries Total 193.2 212.1 151.0 171.2 
World Total 233.8 241.4 196.6 200.8 World Total 254.3 232.8 205.6 235.3 

World Reserves 1UG6(C_00metric tons) 4,260 World Reserves LifeIndex (years) 21 
World Reserve Base 1988 (000 metric :or.3) 4,280 World Reserve Base Lie Index (years) 21 

ZING
 
Canada 1,226.6 1,0669 1,069.7 1,351.7 United States 1,363.9 1,021 0 933.0 1,110.3 
U.S.S R 671.3 7700 805.0 8100 U.S.S.R. 840.0 990.0 1,050.0 1,080.0 
Australia 480.5 473.3 699.0 765.7 Japan 814.9 732.5 770.8 774.2 
China 99.8 160.0 160.0 527.0 Germany, Fed Rep 438.2 391.0 405.2 445.6 
Peru 411.9 457.5 576.4 488.8 China 190.0 185.0 290.0 385.0 
Mexico 271.4 2449 266.3 262.2 France 290.4 281.7 270.5 290.0 
United States 434.4 3027 296.7 2564 Italy 220.0 221.0 208.0 250.0 
Spain 87.3 1468 167.7 255.5 United Kingdom 305.4 247.6 177.2 192.5 
Korea, People'sRep 159.7 145.0 1400 2250 Belgium 18C1 139.8 1657 174.8
 
Sweden 118.5 1628 2042 186.9 Korea, Rep 23 1 58.0 113.2 173.0 

Ten Countries Total 3,961.3 3,929.9 4,385.0 5,129.1 Ten Countries Total 4,666.0 4,267.6 4,383.6 4,875.4 
World Total 5,709.4 5,928.2 6,367.6 6,976.7 World Total 6,267.1 6,192.8 6,272.8 7,114.5 

World Reserves 1988 (000 metric tons) 147,000 World Reserves LifeIndex (years) 21 
World Reserve Base 1988 (000 metric tons) 295.000 World Reserve Base Lie Index (years) 42 

IRON ORE 
U.S.S.R. 216,094.1 246,2398 245,1892 251.0000 U.S S.R 181,5830 c 198,160.0 202,384.0 204,000.0 d 
Brazil 50,503.3 84.981.3 88,712.0 145,040.0 China 61,581.0 c 125,812.0 118,045.0 169,300.0 d 
China 55,880.0 70,0024 71,1200 105,000.0 Japan 144,639.0 127,086.0 117,845.0 118,3530 d 
Australia 84,823.8 83,1301 71,034.7 96,084.0 United Stales 130,314.0 111,901.0 62,203.0 61,051.0 d 
United States 89.071.7 82,8883 38,163.0 57,515.0 Germany, Fed Rep 58,825.0 47,369.0 41,829.0 44,210.0 d 
India 35.5610 38,835.6 38,798.0 52.3220 Brazil 20,600.0 c 18,001.0 18,734.0 37,411.0 d 
Canada 50,210.7 41,7485 33,493.5 38,742.0 France 39,868.0 34,169.0 24,074.0 22,7620 d 
South Africa 10,9545 24,2052 16,6045 25,2480 Italy 15,803.0 17,926.0 16,213.0 19,781.0 d 
Sweden 34,7259 21,485.4 14,264.6 20,4400 Poland 13,304.0 20,509.0 17,307.0 18,167.0 d 
Venezuela 23.1089 13.5148 9,715.0 18,76980 Czechoslovakia 15,1340 17,993.0c 046.0 17,832.0 d 

Ten Countries Total 650,933.9 707,031.4 627,094.5 810,180.0 Ton Countries Total 681,651.0 718,926.0 636,680.0 712,867.0 d 
World Total 845,660.5 848,724.7 740,166.2 916,431.0 World Total 845,660.5 84,724.7 740,166.2 952.896.0 d 

World Reserves 1988 (000 metri, tons) 153.416,000 World Reserves Life Index (years) 167 
World Reserve Base 1988 (000 metric tols) 216.408,000 World Reserve Base Life Index jyears) 236 

STEEL, CRUDE 
US.S.R. 131,4314 151,4380 152,516.6 163,000.0 U.S.S.R 137,554.0 b 153,436.0 157,578.0 163,1990 d 
Japan 119.3240 102.1063 97,1802 105,681 0 United States 144,120.0 b 145,013.0 94,011.0 101,642.0 d 
Uniiad Slates 136,804.9 124,3145 76,762.7 90,6500 China 25,980.0 b 42,511.0 51,909.0 78,092.0 d 
China 27,216.0 31,7801 39,9531 59,2000 Japan 78,976.0 b 66,652.0 65,614.0 75,757.0 d 
Germany, Fed Rep 49,521 3 41,2540 35,729.2 41.0230 Germany, Fed Rep 34,860.0 b 33,294.0 30,242.0 29,100.0 d 
Brazil 7,149.6 12,107.5 14,6604 24,5360 Italy 23,651.0 b 19,601.0 18,815.0 23,428.0 d 
Italy 20,9953 24,283.0 21,673.9 23.6680 Poland 17,379.0 b 19,511.0 14,812.0 15,752.0 d 
France 25,264.6 22,841.5 17,623.3 19,0030 India 8,7000 b 11,131.0 12,385.0 15,536.0 d 
Korea, Rep 1,157.6 3,1389 11,915.2 19,113.0 Korea, Rep 3,256.0 b 7,010.0 8,620.0 15,070.0 d 
Poland 14,0571 19,251 7 16,236.2 17,0000 United Kingdom 24,268.0 b 19.5090 14,200.0 15,021.0 d 

Ten Countries Total 532,951.9 532,515.5 484,250.7 562,874.0 Ten Countries Total 498,744.0 b 517,668.0 468,186.0 532,597.0 d 
World Total 697,703.0 709,933.0 662,794.0 777,784.0 World Total 704,392.0 b 720,897.0 668,272.0 740,527.0 d 

Sources: U.S. Bureat, c, Mines, World Bureau of Metal Statistics (Ware. United Kingdom), and other sources
 
Notes: World reserves Iil indexequals 1988 world reserves divided by 1988 world production.
 

World reserve base life index equals 1988 world reserve base divided by 1988 world production
 
a.Production refers to bauxite, consumption data to aluminum b A life index would be misleading because production data include secondary metal. 
c. Data refer to 1974. d Data refer to 1987. e Data refer to 1979
 
0 = zero or less than half the unit ofmeasure: X = not available. For additional information, see Sources and Technical Notes.
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Table 21.5 Nuclear Power and Waste, 1970-89 
Net Capacity of 

Commercial Reactors Reactor Spent Fuel 
Number of Numcer of Commercial Reactors Number (Megawatts) Years of Inventories 
Commercial (as of December 31. 1988) of Undor Experience (rmimnlative (kg 

Rea tors Under Research Opera- Opera- Cons- (to Decem- tons of per 000 
Operable Opera- Cons- Shut- Sus- Can- Reactors ble ble truction ber 31, 1988) heavy metal) h.) 

1970 ble truction down ponded celed 1989(a) 1970 1988 1988 Years Months 1970 1988 1988 
WORLD 66 429 105 37 16 38 324 15,471 310,822 84,871 5,040 9 X x X 

AFRICA 0 2 0 0 0 0 5 0 1,842 0 8 3 0 100 X 
Algeria 
Egypt 
Libya
South Africa 
Zale 

0 
0 
0 
2 
0 

0 
0 
0 
2 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

1 
1 
1 
1 
1 

0 
0 
0 
0 
0 

0 
0 
0 

1,842 
0 

0 
0 
0 
0 
0 

0 
0 
0 
8 
0 

0 
0 
0 
3 
0 

0 
0 
0 
0 
0 

0 
0 
0 

100 
0 

0.0 
0.0 
0.0 
0.8 
0.0 

NORTH A CENTRAL AMERCA 14 126 15 14 a 33 110 6,433 107,458 13,337 1.467 10 151 28,606 X 
Can,,da 
Cuba 
Jamaica 
Mexico 
United States 

1 
0 
0 
0 

13 

18 
0 
0 
0 

108 

4 
2 
0 
2 
7 

3 
0 
0 
0 

11 

0 
0 
0 
0 
8 

0 
0 
0 
0 

33 

14 
0 
1 
3 

92 

22 
0 
0 
0 

6,411 

12,185 
0 
0 
0 

95.273 

3,524 
816 

0 
1.308 
7,689 

206 
0 
0 
0 

1.261 

0 
0 
0 
0 

10 

96 11.000 
0 0 
0 0 
0 0 

55 17.606 

11.9 
0.0 
0.0 
0.0 

19.2 
SOUTH AMERICA 0 3 2 0 0 0 15 0 1,561 1.937 27 4 0 0 X 
Argentina 
Brazil 
Chile 
Colombia 
Peru 

0 
0 
0 
0 
0 

2 
1 
0 
0 
0 

1 
1 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

5 
4 
2 
1 
1 

0 
0 
0 
0 
0 

935 
626 

0 
0 
0 

692 
1,245 

0 
0 
0 

20 
6 
0 
0 
0 

7 
9 
0 
0 
0 

0 
0 
0 
0 
0 

X 
X 
0 
0 
0 

X 
X 

0.0 
0.0 
0.0 

Venezuela 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0.0 
ASIA 6 59 26 1 1 2 57 1,658 40,7,!6 18,131 564 4 0 7200 X 
9angladesh 
China 
China Taiwan 
fndba 

Indonesia 

0 
0 
0 
2 
0 

0 
0 
6 
6 
0 

0 
3 
0 
8 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

1 
9 
5 
5 
3 

0 
0 
0 

400 
0 

0 
0 

4,924 
1,154 

0 

0 
2.148 

0 
1,760 

0 

0 
0 

44 
72 

0 

0 
0 
1 
8 
0 

0 
0 
0 
X 
0 

0 00 
0 0.0 

900 254.2 
X X 
0 00 

lran Islaric Rep 
Iraq 
Israel 
Japan 
Korea Dem Peoples Rep 

0 
0 
0 
4 
0 

0 
0 
0 

38 
0 

2 
0 
0 
12 
0 

0 
0 
0 
1 
0 

0 
0 
0 
0 
0 

2 
0 
0 
0 
0 

1 
2 
2 
18 
1 

0 
0 
0 

1,258 
0 

0 
0 
0 

28.253 
0 

2,392 
0 
0 

10.931 
0 

0 
0 
0 

394 
0 

0 
0 
0 
0 
0 

0 
0 
0 
X 
0 

U 
0 
0 

5.600 
0 

0.0 
0.0 
0.0 

148.7 
0.0 

Korea, Rep 
Malaysia 
Pakistan 
Philippines 
Thailand 

0 
) 
0 
0 
0 

8 
0 
I 
0 
0 

1 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
I 
0 

0 
0 
0 
0 
0 

3 
1 
1 
I 
1 

0 
0 
0 
0 
0 

6.270 
0 

125 
0 
0 

900 
0 
0 
0 
0 

36 
0 

17 
0 
0 

4 
0 
3 
0 
0 

0 
0 
0 
0 
0 

700 
0 
X 
0 
0 

71.3 
0.0 

X 
0.0 
0.0 

Turkey 
Viet I"Jam 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

2 
1 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0.0 
0.0 

EUROPE 35 183 36 19 7 1 107 b 5,942 125,402 30,236 2,285 10 0 55,100 X 
Austria 
Belgiun 
Bulgaria 
Czechoslovakia 
Denmark 

0 
0 
0 
0 
0 

0 
7 
5 
8 
0 

0 
0 
2 
8 
0 

0 
1 
0 
1 
0 

0 
0 
0 
0 
0 

1 
0 
0 
0 
0 

3 
5 
1 
3 
2 

0 
0 
0 
0 
0 

0 
5,480 
2.585 
3.264 

0 

0 
0 

1.906 
5,120 

0 

0 
86 
43 
44 
0 

0 
7 
8 
1 
0 

0 
0 
0 
0 
0 

0 
700 

X 
X 
0 

0.0 
84.6 

X 
X 

00 
Finiand 
France 
German Dem Rep 
Germany Fed Rep 
Greece 

Hungary 
Italy 
Netherlands 
Norway 
Poland 

0 
3 
1 
1 
0 

0 
2 
1 
0 
0 

4 
55 

5 
23 
0 

4 
2 
2 
0 
0 

0 
9 
6 
2 
0 

0 
0 
0 
0 
2 

0 
5 
0 
6 
0 

0 
2 
0 
0 
0 

0 
0 
0 
0 
0 

0 
3 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

1 
20 
5 

21 
2 

3 
6 
2 
2 
3 

0 
1.190 

70 
328 

0 

0 
397 

52 
0 
0 

2.310 
52,588 

1,694 
21,491 

0 

1,645 
1,1' 

r 

5u, 
0 
0 

0 
12,245 
3,432 
1,520 

0 

0 
0 
0 
0 

880 

39 
488 

72 
279 

0 

14 
77 
35 

0 
0 

4 
1 
5 
3 
0 

2 
10 

9 
0 
0 

0 
X 
X 
X 
0 

0 
X 
x 
0 
0 

400 
12,7C0 

X 
3,300 

0 

X 
1.400 

200 
0 
0 

13.1 
230.9 

X 
135.1 

0.0 
X 

47.6 
59.0 

0.0 
0.0 

Porlugal 
Romania 
Spain 
Sweden 
Switzerland 

0 
0 
1 
0 
1 

0 
0 

10 
12 
5 

0 
5 
0 
0 
0 

0 
0 
0 
1 
0 

0 
0 
4 
0 
0 

0 
0 
,3 
0 
0 

1 
2 
0 
2 
4 

0 
0 

153 
0 

350 

0 
0 

7519 
9,693 
2.952 

0 
3.300 

0 
0 
0 

0 
0 
d2 

135 
68 

0 
0 
7 
2 

10 

0 
0 
X 
0 
X 

0 
0 

2.800 
1.900 

700 

00 
0.0 

56.1 
46.2 

176.0 
United Kingdom 
Yugoslavi 
U.S.S.R. 

25 
0 

11 

40 
1 

56 

2 
0 

26 

3 
0 
3 

0 
0 
0 

0 
0 
2 

15 
3 

28 

3,402 
0 

1,438 

1;,921 
632 

33,823 

1.833 
0 

21,230 

810 
7 

687 

10 
3 
2 

X 30,900 
0 100 
X X 

1.279.0 
3.9 
X 

OCEANIA 0 0 0 0 0 0 2 0 0 0 0 0 0 0 X 
Australia 0 0 0 0 0 2 0 0 0 0 0 0 0 0.0 
Sources: Internaton'ral Atomic Energy Agenc,. U S Department of Energy and Food and Agriculture Organizaton of the United Na ans 
Notes: a Data as of September 1989 

b The total 'nsludes one research reactor in operation under the Commisson of European Communities (CEC)
0 = zero or less than half of the unit of measure. X - not available 
For additional information, see Sources and Techn cal Notes 

World Resources 1990-91 

324 



Energy, Materials, and Wastes 21 

Table 21.6 Waste Generation and Trade in Selected Countries 

Annual Industial Waste Generation 
Per Million 

$US of 
Annual Municipal Waste Generation Industrial Annual Hazardous and Special Waste Generation 

Per Per Unit Gross Per Unt Per Unit 
Capita Area Year Domestic Area Year Total Area 

Total (000 metric tons) (kg) (I per km2) ol Total Product (Itper of (000 I (Itper Imports Experts 
1975 1980 1985 1985 198' Estimate (0001) (t) km2) Estimate per year) km2) (0001) (0001) 

AFRICA 

Guinea 
Nigeria 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

15.0 
4.0 

X 
X 

South Africa X X X X X X X X X X X X 0.0 X 
Zimbabwe X X X X X X X X X X X X 6.9 a X 

AMERICAS 

BraI 
Canada 

X 
X 

X 
12,600 

X 
16,000 

X 
630 

X 
1 7 

X 
1980 

X 
61.000 

X 
730 

X 
66 

X 
1980 

X 
3.290 

X 
04 

400 
1309 

X 
659 

CostaRica 
Haiti 

X 
X 

X 
X 

534 b 
X 

216 b 
X 

105 b 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

) 
4 E 

X 
X 

Mexico X X 32 0 0 0 1986 192 4 0 1 X X X 7 0 X 
Unled States 140.000 160.000 178.000 b 762 b 194 b 1985 628,000 513 685 1985 265,000 289 453 2034 
Venezuela X X X X X X X X X X X X 2 0 X 

ASIA 

Cyprus 
Hong Kong 
Inda 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

1985 
1987 

X 

56 
6 
X 

X 
1 

X 

6 0 
6 1 

X 

X 
X 

1980 

X 
X 

35.722 

X 
X 

120 

X 
X 
X 

X 
X 
X 

Israel X X 1,400 331 689 X X X X X 30 1 5 X X 
Japan 38.074 41,511 41.530 344 1103 1985 312.000 573 8286 1986 666 1 8 3 0 a X 

Korea. Rep X X 15,746 b 396 b 1595 b 1981 7.030 274 71 2 1981 180 1 8 X X 
Lebanon X X X X X X X X X X X X 2 4 X 
Malaysia X X X X X X X X X 1985 419 c 1 3 d X X 
Singapore X 1,082 1,498 585 2,455 7 X X X X X X X X X 

EUROPE 

Austria 1.407 e 1.673 1 1.727 b 231 b 209 b 1983 13.258 510 1603 1983 200 24 03 34 
Belgium 
Bulgaria 

2.900 
X 

3.082 
X 

X 
6.773 

313 g 
756 

939 g 
61 3 

1980 
X 

8000 
X 

186 
X 

2438 
X 

1980 
X 

915 
X 

279 
X 

9141 
X 

h 132 
X 

Czechoslovakia X X X X X 1982 80.910 X 6453 X X X X X 
D-rmark X 2,046 2.161 422 51 0 1985 1.317 95 31 1 1985 125 30 X 2(0 a 
Finland 
France 
German Dem Rep 
Germany. Fed Rep 

X 
X 
X 

20.423 i 

X 
14.000 

X 
21.417 

2,000 
15.000 

X 
19,387 1 

408 
272 

X 
317 I 

6 6 
273 

X 
794 1 

1985 
1984 

X 
1984 

15,000 
50000 

X 
5'932 

841 
301 

X 
198 

49 2 
909 

X 
2290 

1985 
1984 

X 
1985 

124 
2.000 

X 
5.000 

0 4 
36 

X 
205 

X 
959 

8143 
750 h 

2 8 a 
250) h 

y 
1,6956 h 

Greece X 2,500 X 259 g 191 g 1980 ..904 378 298 X X X X X 

Hungary 
Iceland 

X 
X 

X 
X 

7.000 
93 

657 
386 

758 
0 9 

1985 
1985 

21,146 
105 

2509 
X 

2290 
10 

1984 
X 

7.081 
X 

767 
X 

1 5 
286 

X 
X 

Ireland 555 640 1.100 1 309 i 160 I 1984 1.580 346 229 1984 20 03 X 200 I 
Italy 14,095 14,041 15.000 263 510 1980 35000 207 1190 1980 2.000 6 8 X 228 
Luxembourg 119 128 131 357 507 1985 135 X 522 1985 4 1 5 X 40 a 
Netherlands X 6.565 k 6.510 449 191 9 1986 3.942 66 1162 1986 1500 442 3200 a 2500 a 
Norway 
Poland 
Portugal 

1.700 
X 
X 

1,700 
X 

1,948 

1,970 
7.900 
2.246 

474 
212 
221 

64 
259 
244 

1980 
1985 
1980 

2.186 
274,885 
11200 

93 
X 

1.110 

71 
9028 
121 8 

1980 
X 

1986 

120 
X 

1.049 

04 
X 

114 

X 
X 
X 

03 
1 4 
X 

Romania X X "X X X X X X X X X X 4 0 a X 

Spain 
Sweden 

X 
2,400 

8,028 
2,510 

I 10.600 
2.650 

275 
317 

21 2 
64 

1986 
1980 

5.108 
4.000 

60 
102 

102 
9 7 

1987 
1980 

1,708 
500 

34 
1 2 

X 
X 

26 
150 m 

Switzerland 1,900 2,240 2.500 386 629 X X f X 1987 120 3 0 7 1 68.0 n 
United Kingdom 
Yugoslavia 

16,036 
X 

o 15.816 
X 

17.737 
X 

p 313 p 
X 

734 p 
X 

1984 
X 

50,000 
X 

327 
X 

2070 
X 

1986 
X 

3.900 
X 

161 
X 

825 
2 4 

X 
X 

U.S.S.R. X X X X X 1985 306,311 X 13.8 X X X X X 

OCEANIA 

Australia X 10,000 X 679 g 13 g 1980 20,000 386 26 1980 300 00 X 0.7 a 
New Zealand 1.150 2.106 q X 656 q 78 q 1982 300 38 1 1 1982 45 0.2 X 0.1 

Sources: Organisation for Economic Co-operatron and Development. United Nations Environment Programme. and other sources
 
Notes: a Refers to1983 b Refers o1983 c Thousand cubic meters per year d Cubic meters per year e Re'erslo 1973 f Refers ot1979 g Refers to1980.
 

h Refers to1985 1 Refers to 1977 1 Refers to 1984 k Refers to 1981 I Refers to 1978 rn Refers to 1980 n Refers to 1986 o Refers to 1976 
p Refers to1987 q Refers to 1982 
0 = zer or less Iran h'flf the unit of measure X = not available. I = reric tons krin2 = square kilometers 
For additional information. see Sources and Technical Notes 
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Sources and Technical Notes 

Table 21.1 Commercial En-
ergy, 1977-87 

Sources: Energy: United Nations Statisti-
cal Office, EnenyStatistics Yearbook 1980 
and 1987 (United Nations, New York, 1982 
and 1989), Gross national product: The 
World Bank, unpublished data (TheWorld 
Bank, Washington, ).C., April 1989). 

Energy data are compiled by the United 
Nations Statistical Office ( UNSt)) primarily 
from respo nses to questionnaires sent to 
national goveri I ieits, supplemented by 
official national statistical Iublications 
and data front intergovernmental organiza-
tions. When official nutmbers are riot avail-
able. UNS( irelares estimates based oi 
tie professional and commercial litera-
ture. 

Totalproduchonof commercially traded 
fuels inciudes tie production(of solid, liq-
uid. and gaselus fuels and the production 
of priiiary electricity. Electricity produc-
tion (ata are sh(wn inTable 21.2. Solid 
fLels iniclude iituminous Coal, lignite, 

peat, and oil slhale buri'd (Iirectly. Liquid
fuels include crude petroleuii and natural 
gas li(iu!ds. Gas includes natural gas and 
other petroleuiii gases. FUelWoOl. I)a-
gasse, charcoal, and all forms of solar en-
ergy are excluded front production 
figores, even when traded commercially. 

Consumption refers to "alilarent con-
stnptioiil aid is (efi'td as domiestic pro-
(Iutit Oi pl.; net imports. inlinus net stock 
increases, inuiIIis aircraft and marine bul-
kers. Total i'onsumptii includes energy 
fron solits, liquids,gases. aii priniary 
electricity. 
Alltie iro(tictiO dilti and tie total 

consumption data are inpetajoules (It) 
joules).)ne petali( e1is tit sili itl 
0.000978 Quads (11) British Thermil 
Units) and is tie equivalent of 16t3,.400 
"U.N. stanllardl barrels of oil or 34,1,40 
"U.N. standard" ietric tons o coal. The 
heat content of various tuels has been con-
verted to coial-equivalenlt aind then 
petajotIle-equivalent values using country-
and year-specific conversion factors. For 
exialile, a nietric toil Of tiit(liioIs coal 
pr(duced ii Argentina las allenergy
value of 0.843 ietric tons of standard coal 
equtivaletit (7 million kilocalorisi. A iet-
. ic tol of bituminous coal producet in 
Turkey has inCnergy value of 0.871 ilet-
rictons of standard coal equivalent. rhe 
Original national production data fir bitu-
ininous coal were IultilpliCd by these coll-
version factors ainiithei by 29.3(176, I0-
to yield petlajLle equiviilents. )ther fuels 
were converted to coal equivalen t and 
petajoule-etuivalent teris iil i similar 
manner. 
South Air l.a refers toIthe South Africa 

Custois Union: South Africa, Botswana, 
Lesotho,Swaziland ai(Niiiibia. 
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Table 21.2 Production and
Trade of Electricity, 1977-87 

Source: United Nations Statistical Office, 
Energi Statistics Yearbook 1980 and 1987 
(United Nations, New York. 1982 and 
1989). 

Electricity production data generally 
refer to gross production. Data for the Do-
ininican Republic,Finland, France (includ-
ing Monaco), Iceland, Mexico, 
Switzerland, tie LUnited States, Zanbia. 
and Zini)abwe refer to net production. 
Gross production is the aiount of electric-
ity produced by a generating station be-
fore consumltion by station auxilia' es 
and transformer losses within tie station 
are deducted. Net iroduction is tie 
aniount of electricity renaining after 
these deductions. "'ypically, net produc-
tion is 5-10 percent less than gross pro-
duction. Energy productiion from iulped 
stora#,isriotinctldedi ingross or net 
electricity generation. 
,' (igawatt hour of electricity is 10 watt-

1urs. A gigawatt-h10u r is the equivalent lif 
3,4 12 million British Thermal Units or 
3.t6y 1012 joules.


Electricity lroduction includes both 

ILl)li(' aii selt-produc pr
power plaits. 
IPultlic
power itiits produce electricity 

for many users. They may be operated by 

private, cooperative, o r governmental or-

gainizations. Self-prodUcer power ilants 

are operated by organizations or compa-

hies to produce electricity for intei nal ill)-

pliCatil(s, suchis factory operations. 


Table 21.3 Reserves and 

Resources ,fCommercial 

Energy

E rable 

Sources: World Energy Conference (WEC), 
1!)89 Sure 'vof Enerv Resources (WEC, 
London, 1989). Hydroelectric technical po-
tential: Tile World Bank, A Sur'e of the F-
Itre Role of ltydroelectricPower in 100 
Developing Countries (TheWorld Bank, 
Washington,I).C., 1984). Hydlroelectric in-
stalled caliacity: United Nations Statistical 
Office, 'nere 9!8'7rvStatistics Yearbook 
(United Nations,New York, 1989). United 
States (hydroelectric potential and in-
stalled capacity): U.S. Federal Energy Reg-
ulatory Commission (FE'RC), unpulished 
data (FERC, Washington,D.C., 1988). 

Energy resource estimiates are base( oni 
geological, economic, aiid technical cri-
teria. Resources are first graded accor(t-
ing to the degree of confidence ii the 
extent and location of the resource, based 
on available geological infiormat ion. .ludg-
nlients oii tie technical and ecomiilic feal-
sibility of exlohiiting the resource are then 
incorporated into the assessment. 

Proved reserves in place represent the 
total resource that is known to exist in 
specific locations and in specific qualities. 
Proved recoverable reserves are the frac
tion of proved reserves in place that can 
be extracted with existing technology 
under present and expected economic 
conditions. Additional energy resources, 
com)rising those that are currently sub
economic, are not shown, 

Bituminouscoul includes anthracite. An
thracite is probably only a simall fraction 
of tie total (:- percent), iut it is imposi-
Ible to calculate tie exact anount of all
thracite included inthe figures. 

In the ignite andsuhlhitnious coal ag
gregate, lignite acciunts for 67 percent of 
tie global proved reserves inplace and 75 
percent of tileglobal proved recoverable 
reserves.
 
Crude oil includes natural gas liquids 

and reservoir gas recovered inliquid form 
insurface separators tr plant facilities. 
Iranium data refer to known uraniumi
 

deliosits of a Size and quality that could
 
be recovertd witin spiciti'l production
 
cost ranges (under $80)per kilogram and 
$801-130 per kilogram) using currently 
provei mining and pIrocessing technol
ogy. 

Itydroelectrc tecinicai potential refers to 
the annual energy potential of all sites 
where it is physically possible to con
struct damns, with no consideration of eco
noinlic return oir of alverse impacts of site 
development. l)ata for 6i9 countries refer 
ti "exlploitable potential," the aninudl en
ergy that Could be generate(] by hydro
electric plants within the limits of current 
tchlinology aud under present and ex-
IpecteI lcal econoimic conditions. Data 
for one country refer to "theoretical poten
tial," y availthe annual energy piotentia 

in tie country if allnatLral water 
flows were turbinedt to sel level or to the 
water level of a cOlmitry's border with 100 
percent mechanical efficiency. Theoreti
cal potential is estimated fronl national 
precipitation and water runoff data and is 
riot limited by technical or economic cri
teria. Exi)loitable potential, tie most con
servative estimate of it country's 
ylidroelectric resources, is shown when 

available; theoretical potential is shown 
only when technical and exploitable poten
tialfigures are not available. All three 
types of estimates include sites where hy
droelectric generating plaints are cur
rently in place. All data on exploitable and 
theoretical hydroelectric potential as
suiie tise of 5,000 hours per year as repre
sentaltive for all hydropower (57 percent 
toad factor). Data oii technica! potential 
assigned site-sliecific load factors. 

Installed capaciU refers to the combined, 
generating caliacity of hydroelectric 
plants installed in the country is of De
ceiher 31, 1987. 
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Table 21.4 Production, Con-

sumptlon, and Reserves of 

Selected Metals, 1973-88 


Sources: Production data for 1973, 1978, 
and 1983: U.S. Bureau of Mines (U.S. 
BOM) 'finerals Yearbook 1975, 1980, and 
1986 (U.S. Government Printing Office, 
Washington, D.C., 1975, 1980, and 1986). 
ProduCtion data for 1988: U.S. BOM, un-
published data (U.S. BOM, July 1989).

Consumption data for aluminum, cad-
mium, copper, lead, nickel, tin, and zinc: 
World Bureau of Metal Statistics, World 
MetalStatistics (World Bureau of Metal Sta-
tistics, Ware, United Kingdom, February 
1979, December 1980, and August 1989). 
Consumption data for mercury: Roskill In-
formation Services Ltd., Roskill' Metals 
Databook,5th Edition 1984 (Roskill, Lon-
don, March 1984; Roskill Information Ser-
vices Ltd., Statistical Supplement to The 
Economics ofMercury, 4th Edition 1978 
(Roskill, London, 1980): Roskill Informa-
tion Services Ltd., The Economics of Mer-
cury,5th Edition 1984 (Roskill, London, 
1984). Consumption data for Iron ore: 
Unitr.d Nations Economic Commission for 
Eu: ope (ECE), Annual Bulletin ofSteelSta-
tistics for Europe 1976, 1982, 1986, and 
1987 (United Nations, New York, 1977, 
1983, 1987, and 1988); Organisation for 
Economic Co-operation and Development 
(OECD), The Iron and Steel Industry in 
1974. 1978, 1983, and 1987 (OECD, Paris, 
1976, 1980, 1985, and 1988); International 
Iron and Steel Institute, Steel Statistical 
Yearbook 1984 and 1988 (International 
Iron and Steel Institute, Brussels, 1984 
and 1988). Consumption daia for crude 
steel: International Iron and Steel Insti-
tute, .'teelStatisticalYearbook 1984 and 
1988 (International Iron and Steel Insti-
tute,Brussels, 1984 and 1988). 

Reserves and reserve base data: U.S. Bu-
reau of Mines (U.S. BOM), Mineral Com-
moditvSumnmaries 1989 (U.S. Government 
Printing Office, Washington, D.C., 1989). 

The U.S. BOM prepares trade, consump-
tion, and other data on commodities for 
the United States as well as for all other 
countries of the world (depending on 
availability of reliable data) based on in-
!ormation from government mineral and 
statistical agencies, the United Nations, 
and U.S. and foreign technical and trade 
literature. 


The World Bureau of Metal Statistics 
publishes consumption data for the met-
a!s presented, excluding mercury, iron, 
and steel. Data on the metals included 
were supplied by metal companies, gov-
ermnent agencies, trade groups, and sta-
tistical bureaus. Obvious~y Incorrect data 
have been revised, but most data were 
compiled and reported without adjust-
ment or retrospective revisions, 

The countries listed represent the top 
10 producers and the top 10 consumers of 
each material in 1988. 

The annua'production data are the 
metal content of the ore mined for copper, 
lead, mercury, nickel, tin, and zinc. Alurmi-
num (bauxite) and iron ore production are 

expressed in gross weight of ore mined 
(marketable product). Iron ore produc-tion refers to iron ore, iron ore concen
trates, and iron ore agglomerates (sinter 
and pellets). Cadmium Is the production 
of the refined metal. Crude steel produc-
tion Is defined as the total of usable in-
gots, continuously cast semifinished 
produLts, and liquid steel for castings. 
The United Nations definition of crude 
steel is tileequivalent of the term "raw 

steel" as used by the United States. 


Annual consumption of metal refers to 
the domestic use of refined metals. These 
metals include metals refined from either 
primary (raw) or secondary (recovered) 
materials. Metal used in a product that is 
then exported is considered consumed by 
the producing country rather than by the 
importing country. Data on mercury con-
sumption must be viewed with caution; 
they include estimates on consumption of 
secondary materials, which are generally 
not reported. Consumption of iron ore 
was calculated by adding net imports to 
the quantities of iron ore and concen-
trates reported as delivered to consuming 
industries. Data for Brazil, China, and the 
U.S.S.R. are calculated as apparent con-
sumption, the net of production plus im-
ports minus exports. Such aconsumption
number makes no allowance for stock in-
ventories. Because different countries re-
port different grades of iron ore, 
consumption data are not strictly compa-
rable among countries. Because world 
consumption of iron ore is roughly equal 
to world production, world production 
data were used for the world consump-
tion totals. Worldwide stock inventories 
are assumed to be negligible. Crudesteel 
consumption is calculated as appatrent 
consumption. The International Iron and 
Steel Institute converted imports and 
exports into crude steel equivalent by 
using a factor of 1.3/(1 +0.175c), where c 
Is the domestic proportion of crude steel 
that is continuously cast. Such ar adjust-
ment avoids distortion of the export or im-
port share relative to domestic 
production. 

The world reserve base life index and the 
world reserves life index are expressed in 
years remaining. They were comwouted by 
dividing the 1988 world reserve bose and 
world reserves by the respective world 
production rate of 1988. The underl, ing 
assumption is aconstant world prodtic-
tion at the 1988 level and capacity, 

The reserve base is the portion of the 
mineral resource that meets grade, qual-
ity, thickness, and depth criteria defined 
by current mining and production prac-
tices. It includes both measured and indi-
cated reserves and refers to those 
resources that are both currently eco-
nomic and marginally economic, as well 
as some of those that are currently sub
economic. 

Mineral reserves are the part of the re-
serve base that could be economically ex
tracted or produced at the time of the 
assessment. Reserves do not signify that 
extraction facilities are in place and opera-
tive. 

Table 21.5 Nuclear Power and 
Waste, 1970-89 

Sources: International Atomic Energy 
Agency (IAEA), Nuclear Power Aeactors in 
the World, April 1989 ed. (IAEA, Vienna, 
1989). Research reactors: International 
Atomic Energy Agency (IAEA), unpub
lished data (IAEA, Vienna, September 
1989). Spent fuel data: U.S. Department of 
Energy (DOE), Energy Information Admin
istration (EIA), World Nuclear Fuel Cycle 
Requirements (U.S. DOE/EIA, Washington, 
D.C., 1989) and U.S. DOE/EIA unpublished 
data (U.S DOE/EIA, Washington, D.C., 
1988). 

The number of commercial reactors in
eludes operable reactors, which produce 
electricity for the connercial electricity 
grid, although not necessarily at full 
power. 

Reactors under construction are those 
for which major placing of concrete, usu
ally for the base mat of the reactor build
ing, is done. The time period covered is 
up to December 31, 1988. Shut-down reac
tors are those officially shut (town by the 
owner and taken out of operation perma
nently. Reactors suspended are plants for 
which construction work has been sus
pended but not canceled. The number can
celed refers to power plants that were 
permanently canceled while under con
struction. The period covered for the cate
gories "suspended" and "canceled" is 1988 
only. 

The number of research reactors includes 
all research, test, and training reactors, as 
well as critical assemblies. Insome cases, 
prototype power reactors are included. 
Otherwise, the category might be called 
"nonpower reactors" as these reactors 
are sometimes referred to in the United 
States.
 

Under net capacity of commercial reac. 
tots, the electricity requirements of gener.. 
ating plants (usually about 5-10 pe'cent 
of gross generation) have been deducted. 
Capacity planned or underconstruction re
fers to the total additional capacity that 
would be possible ifall the reactors 
planned or under construction were com
pleted. 

Reactoryears of txperience is the opera
tion experience accumulated by operating 
and shut-down reactors. The reactor
years are counted from the (late of first 
grid connection up to December 31, 1988, 
for operating reactors and up to time of 
shut (lown for shut-down reactors. 

Spent fuel inventories are expressed as 
cumulative totals up to the years given 
and are net of reprocessing. Heavy metal 
refers to tileactinicle elements (uranium, 
plutonium, etc.) contained Inthe spent 
fuel. 

Table 21.6 Waste Generation 
and Trade inSelected Countries
 

Sources: Generation of municipal, Indus
trial, hazardous, and special waste InOr
ganisation for Economic Co-o:,eration and 
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Development (OECD) countries: OECD, En-
vironnentalData Compendium I,99 
(OECD, Paris, 1989). Bulgaria, Cyprus, 
Czechoslovakia, Hungary, Iceland, Poland, 
and the U.S.S.R.: United Nations Statistical 
Commission and Economic Commission 
for Europe (ECE), Environnent Statistics in 
Europe andAorth America (United Na-
tions, New York, 1987). Hong Kong, India, 
and Malaysia: United Nations Environ-
ment Programme (UNEP), Environmental 
Data Report (Basil Blackwell, Oxford, 
1989). Costa Rica: Gary Hartshorn, Lynne 
Hartshorn, Augustin Atinella, et al. Costa 
Rica: County EnvironmentalProfile (Tropi-
cal Science Center and United States 
Agency for International Development, 
San Jose, 1982). Mexico: 1.Fernando Ortiz 
Monasterio, ilanejode los 1)esechos Indus-
triales Peligrosos en Mexico (Universo 
Veintiuno, Mexico, 1987). Israel: Uri 
Marnov. State of Israel F:ivironmental Pro-
tection Service, personal conmunication 
(Jerusalem, Israel, 1988). Republic of 
Korea: Soo- Saeng Han, The State of the En-
virontnent in Korea (Office of Environ-
mnent, Republic of Korea, 1983). Singapore: 
Ministry of the Environment, Singapore, 
Annual Report "85(Ministry o' the Environ-
ment. Singapore, 1985). 

Inlorts and exports of hazardous 
waste: United Nations Environn ent Pro-
granne (UNEP), En'ironmentatDato Re-
port (Basil Blackwell, Oxford, 1989). 
Exports for Australia. Denmark, Finland, 
France, Ireland, Luxembourg, Sweden, and 
Switzerland and imports for West Ger-
many: OECI), Environmental Data Conipen-
diun 198,9 (OECD, Paris, 1989). Imports for 
Japan and Romania, and imports and ex-
ports for the Netherlands: Jim Vallette, 
7he International Trade in Wastes: A 
Greenpeace Inventorn, 4th ed. 
(Greenpeace, Washington, 1989). 

Indlustrial gross domestic product: The 
World Bank, lVorld Development Report 
1982-1988 (Oxford University Press, New 
York, 1982-1988). Geographical area: 
United Nations Food and Agricultural Or-
ganization (FAO), unpublished data (FAO, 
Rome,July 1989). Population data: United 
Nations Population Division, Word Popula-
tion Prospects:Astimates and Projections as 
Assessed in 1982 (United Nations, New 
York, 1985); United Nations Population )I-
vision, World Population Prospects !988 
(United Nations, New York, 1989). 

Waste data were collected by various 
means and are not strictly comparable 
among countries. OECD collects data 
using questionnaires completed by gov- 
ernment representatives. Refer to the 

Technical Note for Table 15.1 in Chapter 
15, "Basic Economic Indicators," for de-
tails concerning gross domestic product. 
Area data exclude inland bodies of water. 


Annual municipal waste generation re-

fers to the trash collected from house-
holds, commercial establishments, and 
small industries. Percapita and per unit 
area generation of municipal waste are for 
the most recent year available. Annual in-
dustrialiwastegeneration refers to both 
chemnic,'' and noncheroical materials. 
Amcgmts depend on the definition of 
waste used in a country, the levels of in-
dustrial )roduction, and the types of tech-
nology used. Waste generation permillion 
$US of industrial gross domnestic product is 
the portion of gross domestic product 
(GDP) contributed by industry. Annual 
hazardous and special waste generation re-
fers to waste known to contain potentially 
harmful substances. Definitions of hazard-
ous waste vary among countries. Nuclear 
wastes are not included in this table. 
Refer to Table 21.5 for data on spent fuel 
from nuclear reactors. 

The reported data for imports and ea-
ports of hazardous waste are preliminary 
estimates that may be subject to some 
variation. Because the quantity of wastes 
crossing borders is difficult to determine 
and because many transfrontier move-
ments take place illegally, only locu-
inented shipments are listed. Recent 
media reports on uncompleted or at-
tempted shipments of hazardous materi-
als indicate that the volume and extent of 
the toxic trade, especially to developing 
countries, is far greater than portrayed in 
this table. Thus the data reflect only the 
inadequacy of current worldwide notifica-
tion and documentation procedures. Most 
of tile entries for Europe are by classifica
tion from the exporting country. If not oth-
erwise noted, data refer to 1987. 

Country-specific information is pre-
seped alphabetically, as follows: 
U Australia-industrial waste includes haz-
ardous and special waste. 
U Austria-industrial waste includes hazard-
ous waste; exports include 400 metric 
tons of waste delivered for incineration. 
* Belgium-imports of hazardous waste in-
elude 14,400 metric tons of waste deliv-
ered for incineration and 893,010 metric 
tons from the Federal Republic of Ger-
many for sea disposal. Actual exports of 
hazardous waste may be less than the re-
ported value. The Federal Republic of Ger-
many Issued a permit for incineration of 
6,650 metric tons o wastes from Belgium, 

the Federal Republic of Germany, France, 
and Italy. The relative percentage of this 
total Is not known. All 6,650 metric tons 
are allocated to Belgium's export figure. 
S Bulgaria-municipal waste refers to house
hold waste only.
* Canada-hazardous waste is measured In 
wet weight.
* CzechoslovakIa-industrial waste data are 
obtained from infrequent surveys; cover
age is confined to national industrial enter
prises. 
p Denmark-includes ony hazardous waste 
that has been disposed of legally. 
t Finland-municipal waste includes only 

waste originating in households. 
N France-hazardous waste is the amount 
of toxic or hazardous waste. Special 
wastes, totaling 18 million metric tons per 
year, are not included. 
U Hong Kong-industrial waste includes 
ncrlchenical waste only. 
• l:-ingary-municipal waste weight is estl
mated from volume data. The hazardous 
waste figure is based on enterprise lecla
rations. 
U Iceland-municipal waste refers to nonin
dustrial solid waste. 
U Italy-the hazardous and special waste ex
port figure is greater than the listed total. 
Large quantities of wastes have been ex
portel to Africa and Southwest Asia, but 
no specific data are available. 
0 Netherlands-industrial waste refers to 
chemical waste. It includes wastes gener
ated only by enterprises employing 10 or 
more people and includes office and can
teen wastes; hazardous waste refers to 
"notifiable" wastes only. Most of the waste 
imports are halogenated solvents. 
m Newt Zealandindustrial waste isnon

chemical waste only.
* Norway-industrial waste includes clemi
cal waste only; export data are for haloge
nated substances only. 
hated tnesonly.
 

United Kingdom-municipal, industrial, 

England and Wales only. Hazardous waste 
refers to notifiable wastes. 
N United States-the 1983 municil)al waste 
figure is an OECD estimate. Industrial 
waste includes wastewaters that meet the 
U.S. definition of solid waste. 

For a more detailed discussion of haz
ardous waste data collection and reports 
on hazardous waste management in 12 
countries, see William S.Forester and
 
John H.Skinner,Internationullerspectives
 
on Hazardous Waste Alanagement (Aca
demic Press, London, 1987). 
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The world's supply of freshwater is limited and, like 
many other resources, is not equally distributed 
among the peoples of the world. But clean freshwater 
is essential for health, agriculture, and industry. Its 
control and distribution are ancient functions of gov-
ernment. 


Other than through desalinization, governments 
can control access to three sources of water. The re-
newable freshwater resource easiest to regulate is net 
precipitation (precipitation minus evapotranspira-
tion). (See Table 22.1.) Governments routinely regu-
late the use, quality, and control of runoff or 
groundwater resulting from precipitation within its 
boundaries. But precipitation can vary dramatically 
from year to year even in normal times, and during a 
period of climatic change this variability might be-
come more extreme. Many countries, particularly 
those in Southwest Asia and northern Africa, do not 
receive adequate precipitation to meet their needs 
and instead rely on a second source, river flows from 
neighboring countries, to supply the difference. 

The quality and quantity of runoff and groundwater 
from neighboring countries is less accessible to a 
government's control. Governments resort to interna-
tional agreements (such as that between Sudan and 
Egypt regulating the flow of the Nile) to protect their 
water supplies. 

Athird-and nonrenewable source-of freshwater 
are ancient aquifers. Whether closed or simply drawn 
down faster than they are recharged, the fossil waters 
of these aquifers can be tapped to fuel intensive irri-
gated agriculture and urban life (e.g., the Ogallala 
Aquifer in the United States and the Nubian Aquifer in 
Libya). Once these aquifers are depleted, the agricu!-
ture, industry, and settlements they support must ei-
ther find new sources or be abandoned. 

The amount of freshwater per capita that is with-
drawn (taken for use) from surface and subsurface 
sources is not correlated with either a country's eco-
nomic wealth or the size of its internal renewable 
water resources. Many arid countries, such as Afghan-
istan, Sudan, Egypt, People's Democratic Republic of 
Yemen, the Islamic Republic of Iran, and Iraq, annu-
ally withdraw over 1,000 cubic meters per capita; 
most of this water is used in irrigation. Countries that 
use almost all or even more than their total renew- 
able freshwater resources include: Egypt, Libya, Cy-
prus, Israel, Qatar, Saudi Arabia, United Arab 
Emirates, the People's Democratic Republic of Yemen, 
and Malta. Some temperate and developed countries 
also use large amounts of freshwater. The United 

22. Freshwater
 
States, for example, uses 2,162 cubic meters per ca
pita annually; its total use is higher than any other 
country. Canada, Bulgaria, the Netherlands, Portugal, 
Romania, the U.S.S.R., and Australia use over 1,000 
cubic meters per capita. 

Streams, rivers, and lakes are used for power gener
ation, fishing, recreation, and transportation. They 
also provide and nourish habitat for wildlife and af
fect the microclimates of whole ecosystems. But the 
flows of these streams and rivers, as well as lake and 
groundwater resources, can be depleted as water is 
withdrawn for agriculture, industry, and domestic 
use. Evaporation from artificial lakes or impound
ments can add a substantial fraction to t*is depletion, 
especially in arid countries. For most of the countries 
of the world, including some developed North Ameri
can and European countries, agriculture uses the 
greatest share of freshwater resources. Industrial 
uses and ordinary domestic uses take large shares of 
withdrawals in wetter countries (where irrigation is 
uncommon) and in the highly industrialized countries 
of the world. These uses tend to change the charz cter 
of freshwater that is ultimately returned for reuse far
ther downstream. Often this water is polluted chemi
cally, biologically, or thermally. (See Chapter 10, 
"Freshwater.') 

There is growing concern over the quality of fresh
water available to the world's peoples. Table 22.2 
shows some water quality data from selected monitor
ing stations that report to the only global water moni
toring entity, the United Nation's Environment 
Programme's Global Environment Monitoring 
System's Water Quality Monitoring Project 
(GEMS/WATER). GEMS water quality data are spotty, 
both spatially and temporally. Not all stations mea
sure or reoort on all water quality parameters, or 
even th: 3ame water quality parameters from year to 
year. Lake and grountdwater stations tend to report 
better quality of water than do rivers because they 
are usually used or constructed primarily for drinking 
water. 

Heavily polluted rivers (such as the Lerma in Mex
ico, the Sabarmati in India, and the Espierre in Bel
gium) show low levels of dissolved oxygen, high 
leve!s of L-iochemical oxygen demand, and high con
centrations of faecal coliforms, the sentinel organ
isms used to represent the presence of pathogens. 
Most people in the world depend on surface water 
and shallow groundwater. Improving the quality of 
these waters is a major public health effort. 
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Table 22.1 Freshwater Resources and Withdrawal
 
Annual 

Internal Renewable 
Water Resources 

1990 Annual River Flows Annual Withdrawal 
Per Capita From Other To Other Percentage Secloral Withdrawal 

Total (000 cubic Countries Countries Year of Total ofWater Per Capita (percent) 
(cubic kni) meters) (cubic km) (cubic lin) Data (cubic km) Resources (a) (cubic meters) Domestic Industry Agriculture 

WORLD ,0,673.00 b 7.69 1967 b 3296 8 660 8 23 69 

AFRICA 4,184.00 b 6.46 197 b 144 3 244 7 5 88 
Algeria 
Angola 

1890 
15800 b 

0.75 
15.77 

020 
X 

0.70 
X 

1980 
1987 b 

3.00 
048 

16 
0 

161 
43 

22 
14 

4 
10 

74 
76 

Benin 
Botswana 
Burkina Faso 

26.00 
1 00 

2800 b 

548 
078 
311 

X 
17.00 

X 

X 
X 
X 

1987 
1960 
1987 

b 

b 

0.11 
0.09 
0.15 

0 
1 
1 

26 
98 
20 

28 
5 

28 

14 
10 
5 

58 
85 
67 

Burundi 
Cameroon 
Cape Verde 
Central African Rep
Chad 

360 b 
20800 

020 
141 00 b 
38.40 b 

0.66 
18.50 
053 

4840 
676 

X 
X 

0.00 
X 
X 

X 
X 

000 
X 
X 

1987 
1987 
1972 
1987 
1987 

b 
b 

b 
b 

0 10 
0.40 
004 
007 
018 

3 
0 

20 
0 
0 

20 
30 

148 
27 
35 

36 
46 

9 
21 
16 

0 
19 
2 
5 
2 

64 
35 
89 
74 
82 

Comoros 
Congo 
Cole dlvoire 
Djibout, 
Egypt 

102 b 
18100 b 
7400 
030 
1.80 

197 
9077 
587 
0.74 
0.03 

0.00 
621.00 

X 
000 

56.50 

000 
X 
X 
X 

000 

1987 
1987 
1987 
1973 
1985 

b 
b 
b 
b 

001 
0.04 
071 
001 

5640 

1 
0 
1 
2 

97 

15 
20 
68 
28 

1.202 

48 
62 
22 
28 
7 

5 
27 
11 
21 
5 c 

47 
11 
67 
51 
88 c 

Equatorial Guinea 
Ethiopia 
Gabon 

30.00 
11000 
16400 

b 

b 

68 18 
235 

14005 

X 
X 
X 

X 
X 
X 

1987 
1987 
1987 

b 
b 
b 

001 
221 
006 

0 
2 
0 

11 
48 
51 

81 
11 
72 

13 
3 
22 

6 
86 
6 

Gambia The 300 350 1900 X 1982 002 0 33 7 2 91 
Ghana 5300 353 X X 1970 030 1 35 35 13 52 
Gunea 22600 b 32.87 X X 1987 b 074 0 115 10 3 87 
Gumnea-Bissau 
Kenya 

3100 b 
480 

31.41 
059 

X 
X 

X 
X 

1987 b 
1987 b 

001 
1.09 

0 
7 

18 
48 

31 
27 

6 
11 

63 
62 

Lesotho 
Liberia 

400 b 
23200 b 

225 
90.84 

X 
X 

X 
X 

1987 b 
1987 b 

0.05 
0.13 

1 
0 

34 
54 

22 
27 

22 
13 

56 
60 

Libya
Madagascar 
Malawi 
Mai 
Mauritania 

070 
4000 
900 b 

6200 b 
040 

0.15 
334 
107 
662 
0.20 

0.00 
000 

X 
X 

7.00 

0.00 
000 

X 
X 
X 

1985 
1984 
1987 b 
1987 b 
1978 

2.62 
1630 
016 
136 
073 

374 
41 

2 
2 

10 

262 
1.675 

22 
159 
473 

15 
1 

34 
2 

12 

10 
0 

17 
1 
4 

75 
99 
49 
97 
84 

Mauritius 
Morocco 
Mozambique, Peoples Rep 
Niger 
Nigeria 

220 
30.00 
5800 
1400 

261.00 

b 
b 
b 

199 
1.19 
3.70 
1.97 
231 

0.00 
0.00 

X 
3000 
4700 

0.00 
0.30 

X 
X 
X 

1974 
1985 
1987 
1987 
1987 

b 
b 
b 

036 
11.00 
0,76 
029 
363 

16 
37 

1 
1 
1 

415 
501 
53 
44 
44 

16 
6 

24 
21 
31 

c 
7 
3 

10 
5 

15 

c 
77 
91 
66 
74 
54 

c 

Rwanda 630 b 0.87 X X 1987 b 0.15 2 23 24 8 68 
Senegal 
Sierra Leone 
Somalia 
South Africa 

2320 
16000 

1150 
5000 

b 
b 

315 
38.54 

152 
142 

12.00 
X 

000 
X 

X 
X 
X 
X 

1987 
1987 
1987 
1970 

b 
b 
b 

136 
0.37 
081 
920 

4 
0 
7 

18 

201 
99 

167 
404 

5 
7 
3 

16 

3 
4 
0 

17 

92 
89 
97 
67 

Sudan 
Swazilan0 
Tanzania 

30.00 
6.96 

7600 
b 
b 

1.19 
882 
278 

10000 
X 
X 

56.50 
X 
X 

1977 
1987 
1970 

b 
1860 
0.29 
0.48 

14 
4 
1 

1.089 
414 
36 

1 
5 

21 

0 
2 
5 

99 
93 
74 

Togo 
Tunisia 

1150 
3.75 

333 
046 

X 
060 

X 
0.00 

1987 h 
1995 

009 
230 

1 
:J 

40 
325 

62 
13 

13 
7 

25 
80 

Uganda 
Zaire 
Zambia 
Zimbabwe 

66.00b 
1,019.00 b 

9600 b 
2300 b 

358 
2831 
1135 
2.37 

X 
X 
X 
X 

X 
X 
X 
X 

1970 
1987 b 
1970 
1987 b 

020 
070 
036 
1.22 

0 
0 
0 
5 

20 
22 
86 

129 

32 
58 
63 
14 

8 
25 
11 
7 

60 
17 
26 
79 

NORTH&CENTRALAMERICA 6,945.00 b 16.26 1937 0 697 10 1,692 9 42 49 
Barbados 
Canada 
Costa Rica 
Cuba 
Dominican Rep 

0.05 
2,901 00 

9500 
34.50 
20.00 

020 
109.37 
31.51 
334 
279 

000 
X 
X 

000 
X 

0.00 
X 
X 

0.00 
X 

1962 
1980 
1970 
1975 
1987 b 

0.03 
36.15 

135 
8 10 
297 

51 
1 
1 

23 
15 

117 
1,501 

779 
868 
453 

52 
18 
4 
9 
5 

41 
70 
7 
2 
6 

7 
12 
89 
89 
89 

El Salvador 
Guatemala 
Haiti 

18.95 
11600 
1100 

3.61 
1261 
169 

X 
X 
X 

X 
.( 
X 

1975 
1970 
1987 b 

100 
073 
004 

5 
1 
0 

241 
139 
46 

7 
9 
24 

4 
17 
8 

89 
74 
68 

Honduras 10200 1985 X X 1970 134 1 508 4 5 91 
Jamaica 830 329 000 0.00 1975 032 4 157 7 7 86 
Mexico 
Nicaragua 

35740 
17500 

4.03 
45.21 

X 
X 

X 
X 

1975 
1975 

54.20 
089 

,5 
1 

901 
370 

6 
25 

8 
21 

86 
54 

Panama 
Trinidad and Tobago 
United States 

14400 
5.10 

2,47800 
b 

5955 
3.98 
994 

X 
000 

X 

X 
0.00 

X 

1975 
1975 
1905 

1.30 
0 15 

467.00 

1 
3 

19 

744 
149 

2,162 

12 
27 
12 c 

11 
38 
46 c 

77 
3 
4k c 

SOUTHAMERICA 10,377.00 b 34.96 1987 b s33 1 476 18 23 59 
Argentina 
Bolivia 
Brazil 
Chile 
Colombia 

694.00 
30000 b 

5,19000 
46800 b 

1,07000 

21 47 
41 02 
3452 
3553 
3363 

30000 
X 

176000 
X 
X 

X 
X 
X 
X 
X 

1976 
1987 
1987 
1975 
1987 

b 
b 

b 

27.60 
1.24 

35.04 
16.80 
5.34 

3 
0 
1 
4 
0 

1,059 
184 
212 

1.625 
179 

9 
10 
43 

6 
41 

18 
5 

17 
5 

16 

73 
85 
40 
89 
43 

Ecuador 314.00 29 12 X X 1987 b 556 2 561 7 3 90 
Guyana 24100 b 231 73 X X 1971 540 2 7.616 1 0 99 
Paraguay 
Peru 
Sunnamr,. 

9400 
4000 

20000 

b 

b 

2198 
179 

49628 

22000 
X 
X 

X 
X 
X 

1987 
1S87 
1987 

b 
b 
b 

043 
6.10 
046 

0 
15 
0 

111 
294 

1,181 

15 
19 
6 

7 
9 
5 

78 
72 
89 

Uruguay 
Venezuela 

59.00 
85600 

b 1886 
4337 

65.00 
461.00 

X 
X 

1965 
1970 

065 
4 10 

1 
0 

241 
387 

6 
43 

3 
11 

91 
46 
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Table 22.1
 
Annual 

Internal Renewable 
Water Resources 

1990 Annual River Flows Annual Withdrawal 
Per Capita From Other To Other Percentage Sedtoral Withdrawal 

Total (000 cubic Countries Countries Year of Total of Water Per Capita (percent) 
(cubic kn) meters) (cubic kin) (cubic kin) Data (cubic kin) Resources 1a) (cubic meters) Domestic Industry Agriculture 

ASIA 10.485.00 337 1967 b 1,531.00 if, 526 6 8 8 
Afghanistan 50.00 3.02 X X 1987 b 26.11 52 1,436 1 0 99Bahrain 
 0.00 0.00 X X 1975 0.20 X 735 60 36 4
Bangladesh 1,357.00 11.74 1000.00 X 1987 b 22.50 1 211 3 1 96Bhutan 95.00 b 62.66 X X 1987 b 0.02 0 15 36 10 54China 2,800.00 247 000 X 1980 460.00 16 462 6 7 87
 
Cyprus 
 0.90 128 000 0.00 1985 0.54 60 807 7 c 2 c 91 cIndia 1,850.00 2.17 235.00 X 1975 380.00 18 612 3 4 93Indonesia 2,530.00 1402 X X 1987 b 16.59 1 96 13 11 76Iran. Islamic Rep 117.50 2.08 X X 1975 45.40 39 1.362 4 9 87Iraq 34.00 1.80 66.00 X 1970 42.80 43 4,575 3 5 92
 
Israel 1.70 037 
 0.45 0.00 1986 1.90 88 447 16 c 5 c 79 cJapan 547.00 443 000 000 1980 107.80 20 923 17 33 50Jordan 0.70 0.16 040 X 1975 045 41 173 29 6 65V rnpuchea, Dem 88.10 10.68 410.00 X 1987 b 0.52 0 69 5 1 94
Korea. Dem People's Rep 67.00 b 2.92 X X 1987 b 1416 21 1,649 11 16 73
 
Korea. Rep 63.00 1.45 X X 1976 1070 
 17 298 11 14 75Kuwait 0.00 0.00 0.00 X 1974 001 X 10 64 32 4Lao People s Dem Rep 270.00 6632 X X 1987 b 099 0 228 8 10 82Lebanon 4.80 162 000 086 1975 075 16 271 11 4Malaysia 456.00 26.30 X X 1975 942 2 765 23 30 

85
47
 

Mongolia 2460 1105 
 X X 1987 b 0.55 2 272 11 27 62Myanmar 1,082.00 2596 X X 1987 b 3.96 0 103 7 3 90
Nepal 170.00 888 X X 1987 b 268 2 155 4 1 95Oman 2.00 136 0.00 X 1975 0.43 22 561 3 3 94Pakistan 298.00 2.43 170.00 X 1975 153.40 33 2,053 1 I 98

Philippines 32300 518 000 000 1975 29.50 
 9 693 18 21 61Qatar 0.02 0.06 000 X 1975 0.04 174 234 36 26 38Saudi Arabia 2.20 0.16 0.00 X 1975 2.33 106 321 45 8 47Singapore 0.60 022 000 000 1975 0.19 32 84 45 51 4Sri Lanka 43.2J 2.51 0.00 0.00 1970 6.30 15 503 2 2 96
Syrian Arab Rep 7.60 27900.61 30.00 1976 3.34 9 449 7 10 83
Thailand 
 1100 197 6900 X 1987 b 31.90 18 599 4 6 90Turkey 191,00 700
352 6900 1985 1560 8 317 24 c 19 c 57 c
UnitedArab Emirates 
 030 0 19 000 X 1980 0.42 140 429 11 9 80
Viet Nam 376.00 b 560 X X 1987 b 5.07 1 81 13 9 78

Yemen Arab Rep 1.00 0 12 0.00 X 1987 b 1.47 147 X 4 2 94

Yemen, People's Dem Rep 150 0.60 
 000 X 1975 1.93 129 1,167 5 2 93

EUROPE Z321.00 b 4.66 1967 b 359 15 
 728 13 54 33
 
Albania 10.00 308 1130 X 1970 0.20 1 94 6 18 76
Austria 56.30 7.51 3400 X 1980 3.13 3 417 19 73 8Belgium 8.40 085 4.10 X 1980 9.03 72 917 11 85 4Bulgaria 1800 200 18700 X 1980 1418 7 1.600 7 38 55Czechoslovakia 28.00 1 79 6260 X 1980 5.80 6 379 23 68 9
 
Denmark 11.0O 2.15 200 X 1977 1.40 277
11 30 27 43
Finland 110.00 22.11 300 X 1980 370 3 774 12 85 3France 170.00 3.03 1500 20.50 1984 33.30 18 606 16 69 15German Dem Rep 17.00 102 1700 X 1980 913 27 545 14 68 18Germany. Fed Rep 79.00 1.30 82.00 X 1981 4140 26 671 10 70 20

Grep.e 45.15 4.49 13.50 3.00 1980 7.00 12 726 8 29 63
HL :g--y 6.00 0.57 10900 X 1980 538 5 502 9 55 36
Iceland 170.00 671.94 000 000 1987 b 009 0 349 31 63 6Ireland 50.00 1344 0.00 X 1972 0.40 1 135 16 74 10Italy 179.40 3.13 760 0.00 1981 46.35 25 811 14 27 59 
Luxembourg 1.00 2.72 4.00 X 1976 006 1 166 .12 45 13Malta 
 0.03 0.07 0.00 0.00 1978 0.02 92 68 76 8 
 16
Netherlands 
 10.00 0.68 80.00 X 1980 14.20 
 16 1,004 5 61 34Norway 405.00 9615 8.00 X 1980 2.00 0 489 20 72 8Poland 49.40 129 6.80 X 1980 16.80 30 472 16 60 24
 
Portugal 34.00 331 31.60 X 1980 10.50 16 1.062 15 37 48Romania 
 37.00 1.59 171.00 X 1980 25.40 
 12 1,144 8 33 59
Spain 110.30 280 ;.00 17.00 1985 2630 24 682 12 26 62
Sweden 176.00 21.11 4.00 X 1980 3.98 
 2 479 36 55 9
Switzerland 
 42.50 6.52 7.50 X 1985 3.20 6 502 23 73 4
 
UneilKingdom 12000 0.00
2 11 X 1980 2835 24 507 20 77
Yugoslavia 
 15000 629 11500 20000 1980 8.77 393 

3 
3 16 72 12
 

U.S.S.R. 4,384.00 15.22 300.00 X 1960 353.00 8 1,330 6 29 65
 

OCEANIA 2.011.00b 75.96 1967 b 
 23 1 907 18 18 76
 
Australia 
 343.00 2048 000
0 00 1975 1780 5 1,306 65 2 33
Fiji 2855 b 000
38.12 0.00 1987 b 0.03 37 20
0 20 60
New Zealand 39700 117.49 000 060 1980 1.20 0 379 46 10 44Papua New Guinea 801.00 b 199.70 X X 1987 b 0.10 0 25 29 22 49Solomon Islands 4470 b 149 CO 0.00 000 1987 b 0.00 0 18 40 20 40
 
Sources: Bureau of Geological and Mining Research, National Geological Survey, France; U.S Geological Survey; and Institute of Geography. 

NationalAcademy of Sciences. U.S S.R
Notes: a Water resources include both internal renewable resources and river flows from other countries. 

b Estimated by the Institute of Geography, U S.S R
 
c Sectoral percentages date from the year of other withdrawal data
 
0 zero or less than hall the unit of measure; X = not available.
 
For additional information, see Sources and Technical Notes.
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Table 22.2 Water Quality at Selected GEMS/WATER Stations,
 
Median 

Median Biochemical Median Median Median 
Dissolved Oxyen Faecal Dissolved Dissolved 
Oxygen 
(nVA) 

Dem 
(mg/I) 

D() Median 
pH 

Coliforms 
(noJ100 ml) 

Mercury 
(micrograrr/I) 

Lead 
(mgl) 

1979 1q82 1985 1979 1982 1985 1979 1982 1985 1979 1982 1985 1979 1982 1985 1979 1982 1985 
-81 -b4 -81 -81 -84 -87 -81 -84 -87 -81 -84 -87 -81 .84 -8, -81 -84 *87 

AFRICA 

KENYA-Thika X X 88 X X 3.0 X 7.5 71 X X X X X X X X X 
Nairobi X X 23 X X 300 X 7.3 76 X X X X X X X X X 
SUDAN-Blue Nile at Khartlum 70 7 7 85 26 2 1 3 1 78 8 1 79 X X X X X X 0.000 0.000 0.000 
TUNISIA-Sources ae Zaghojan Galerse 
TANZANIA Ruvu Mlandlzi 

94 
73 

90 
7 1 

X 
X 

33 
X 

X 
0.0 

X 
X 

75 7.5 
7.9 8 1 

X 
80 

2 
170 

7 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

NORTH &CENTRAL AMERICA 

CANADA-St Lawrence X X 103 X X X 8 1 79 82 X X X X X X X X X 
GUATEMALA.Pixcaya
MEXICO-Colorado 

70 
79 

68 
83 

X 
88 

200 
60 

39 
36 

X 
1 3 

79 
80 

81 
78 

X 
80 

1275 
240 

24000 
122 

X 
23 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

Blanco 49 4 7 34 98 143 65 76 80 77 1950u 4G0^ 4)000 X K X X X X 
Lerma 0 1 0 1 06 51 4 61 7 189 85 82 76 180000 100000 5965 X X X X X X 
PANAMA-San Felix 82 8 1 80 20 20 20 78 79 78 883 925 460 X X X X 0145 X 
AguasClaras 79 80 83 20 20 X 76 77 75 224 162 130 X X X X 0150 X 
UNITED STATES-Mssissippi 8 1 8 1 X X X X X X 299 925 X 0 10 025 X 0002 0002 X 
Sacramento 94 106 96 X X X X X X 37 50 X 005 010 010 0000 0.002 X 
Hudson 96 11 6 X X X X X X X 990 680 410 0.10 015 0 15 0002 0003 0.001 

SOUTH AMFRICA 

ARGENTINA-Parana Fiosario 7.5 59 73 25 1 1 21 X 7.0 74 X X 4300 X X X X X X 
Rio de la Plala Bunos Aires 76 74 76 09 1 I 10 74 72 73 620 310 230 X X X X X X 
Paraguay 69 49 X 08 09 X 73 74 X 493 614 X X X X X X X 

BRA2IL-Guandu (TomadadAgua) 
Paraiba do Sul (Barra Mansa) 
Jacui (JA0421 

79 
X 
X 

78 
76 
81 

77 
76 
77 

12 
X 
X 

08 
1 2 
10 

1 2 
16 
10 

70 
70 

X 

68 68 
6.9 69 
69 70 

2 
3 
X 

4900 
13000 

330 

4 
4900 
230 

X 
X 
X 

010 
0 10 
0.00 

X 
X 

000 

X 
X 
X 

0023 
0024 
0019 

X 
X 

0.013 

CHILE-Mapochoen Los Almendros 114 124 106 10 09 08 75 73 69 2 2 2 X X X X X X 
Maipo 114 140 128 10 1 2 08 8 1 81 80 330 855 1100 X X X X X X 

COLOMBIA-CaucaJuanchito X 51 54 X 22 22 X 7.1 71 X X X X X X X X X 
ECUADOR.Dauie X 70 X X 12 X 79 7.2 X 515 2400 X X X X X X X 
San Pedro 81 80 76 100 23 32 80 78 8.0 16000 11600 80190 X X X X X X 

PERU-Rimac 77 82 X X X X 80 79 X 1100 X X X X X X 0220 X 
URUGUAY-Santa Lucia X 90 70 X 20 12 X 7.4 73 X 0 0 X 0.00 X X 0000 X 
UruguaySalto X 89 80 X 12 08 X 69 73 X 20 23 X 0.00 X X 0000 X 
Rio de la Plata. Colona X 88 8.8 X 10 08 X 7.1 75 X 30 190 X 0.00 X X 0.000 X 

ASIA 

BANGLADESH-Brahmaputra 65 7.8 X 24 2.7 X 7.2 7.2 X 2300 1800 X X X X X X X 
Lower Ganges (Padha) 63 66 X 38 1 6 X 7.5 7.3 X 1900 X X X X X X X X 
Surma 63 70 X 30 2.7 X 72 7.0 X 1800 2600 X X X X X X X 

CHINA-Changliang 88 8 1 86 05 0.7 08 7.7 8.1 79 240 350 380 020 0.20 0.20 0005 0.005 0.005 
Huanghe 99 9.7 96 17 1.5 17 8.3 82 81 893 1153 920 0.20 0.20 020 0001 0002 0.002 
Zhujiang 74 77 79 05 06 06 80 8.0 81 505 600 405 010 0.10 010 0005 0001 0.002 

INDIA Sabarmali near Dharoi 94 94 90 1 8 2 0 1 7 83 8.0 82 270 220 79 X X X X X X 
Sabarmat at Ahmedabad 00 0 0 0 0 59.0 62 5 84 5 77 7.8 78 5400000 3500000 1700000 X X X X X X 
MahrinearSevalia 89 90 91 00 20 22 F4 83 8.5 2800 2400 750 X X X X X X 
MahI at Vasad. Baroda 82 8.7 85 22 1.6 20 8.4 83 86 3100 11000 590 X X X X X X 

INDONESIA-Citarum 71 X 32 25 X 64 77 X 71 1500n0 X 175000 0.00 X 0.67 0.021 X 0.008 

IRAN-ShuratTehran 89 92 X 13 14 X 78 81 X X X X K X X X X X 
Zayandeh at Isfanhan 84 8.1 X 16 14 X 7.9 7.8 X 1100 1100 X X X X X X X 
SelidRudDownstream 88 99 X 09 10 X 80 81 X 310 600 X X X X X X X 

JAPAN-Shinano at Zuiun Bridge 104 103 103 16 15 16 71 72 72 320 320 245 250 050 050 0014 X 0.020 
Kisoat Shimo-ochiai 11 1 11 1 110 08 09 06 71 71 7, 490 270 490 000 X X 0002 0002 0.002 
Kso at lnuyama 
Yodo at Hirakata 

109 
8 7 

107 
8 6 

103 
8 5 

1 0 
31 

1 1 
30 

09 
35 

71 71 
7.4 74 

7.1 
73 

500 
69500 

330 
59000 

665 
230000 

0.00 
0.50 

X 
X 

X 
X 

0.002 
0.010 

0.002 
X 

0.002 
X 

KOREA, REP-Han X 99 109 X 10 16 X 73 74 X 5 8 X X 002 X X X 
MALAYSIA-Klang 28 31 2.7 57 55 70 7.0 70 67 X X 525000 X X 000 X X 0.000 
Gombak 96 X X 04 0 7 X 7.0 72 X 3500 10000 X X X X X X X 
Muda 72 73 69 20 10 10 67 7.0 71 1800 1800 3000 X X X X X X 
PAKISTAN-Rai upstream Lahore) 72 70 66 1 0 10 2 0 73 7.4 7.3 426 333 227 0.00 X X 0.000 X X 
Ravi (downstream Lahore) 69 70 54 1 0 1.0 80 74 7.5 74 387 567 500 0.00 X X 0000 X X 
Indus at Kotri 75 75 60 45 6.0 40 75 74 7.5 100 110 109 000 X X 0.000 X X 
PHILIPPINES-Pampanga 8 3 67 X 1 4 33 X 7.9 8.0 X 7900 1700 X 005 000 X 0010 X X 
Cagayan 78 79 78 05 05 10 7.9 X X 4900 X X 0.11 X X X X X 

THA:LAND-Chao Phrya 63 66 61 1 1 11 10 73 73 75 780 1400 700 0.11 011 X 0.000 0.020 0.000 
Prasak 61 74 65 10 12 12 7.4 75 75 330 500 675 000 0.02 X 0000 0.030 X 
TURKEY-Cark Suyu Beskopruler 91 1U'J 9.c 1 5 13 14 8.0 79 80 X X 64 X X X X X X 
Sakarya. Adatepe 9 1 8 7 9 0 05 1.9 2.0 7.6 80 80 X X 10000 X X X X 0.018 X 
Porsuk 89 9.3 92 12 12 13 81 8.0 8.1 X X 360 X X X X X X 

EUROPE 

BELGIUM Lys 27 49 22 6.5 43 4.5 7.5 7.5 75 800 1000 61500 X X X X X X 
Espierre 0! U8 00 1950 960 1840 64 7.0 73 13000 53000 X X X X X X X 
FINLAND.Tornionjoki 126 123 121 X X X 6 b 68 68 X X X 000 X X 0.007 X X 
Kymjokl 114 102 11.0 X X X 66 66 65 X X X 0.00 X X 0.001 X X 
Kalkkinen 123 11 7 11 8 X X X 70 70 70 X X X 0.05 0.10 X 0001 0000 X 

HUNGAR',.Tisza at Szolnok 94 69 86 27 2.5 24 74 76 77 330 86 137 0.00 020 X 0000 0045 X 
Danube at Budapest 102 104 100 36 58 60 78 77 79 3500 3500 3000 000 020 X 0000 0.030 X 

NETHERLANDS-Rhine frontier) 8 8 0 X 3 0 3 0 X , 6 76 X 18000 8000 X X X X X X X 
Maas (frontier) 105 8 7 X 3 0 30 X " 8 7 7 X 17000 11000 X X X X X X X 

NORWAY-GlamaatAskim 100 X n X X X 69 69 68 41 28 45 X X X 0001 0001 X 

PORTUGALTejo at Santarem 89 8.5 85 27 1 8 15 72 75 74 920 4500 3850 0.20 X X 0.050 X X 
SPAIN-Minoen Pie Mayor Oroza 91 96 X 1.0 1.2 X 72 68 X 6000 X X X X X 0003 X X 
Gu&dianaen Pie Palmas 5.3 51 X 1 1 2.3 X 77 76 X 15 100 X X X X 0.003 0003 X 
Ebroen Mendava 9.2 93 X 38 38 X 7.8 77 X 2000 20000 X X X X 0002 X X 

UNITEDKiNGDOM-Thames 100 99 10.1 X X X 8.1 8.0 7.9 X X X X X X X X X 
Exe 114 110 120 14 1.8 X 73 75 76 1950 2000 550 X X X X X X 
Trent 101 9.8 102 X X X 7.6 78 7.9 X X X X X X 0010 0.003 0002 
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Freshwater 22 

1979-87 Table 22.2 
Median 

Dissolved 
Oxygen 
(mg/i) 

Median 
Biochemical 

Oxygn 
Demand (BOD) 

(ag/I) 
Median 

pH 

Median 
Faocal 

Colforims 
(no./ 100 ml) 

Median 
Dissolved 
Mercury 

(microgranl) 

Median 
Dissolved 

Lead 
(mg,1) 

1979 1982 1985 1979 1982 1985 1979 1982 1985 1979 1982 1985 1979 1982 19C5 1979 1982 1985 
-81 -84 -87 -81 -84 -87 -81 84 -87 -81 -84 -87 -81 -84 87 81 -84 -87 

RIVERS (wrjd 

OCEANIA 
AUSTRALIA-Murray at Mannurn 
FIJI.Wairnanu 
NEWZEALAND-WaikaloatTaupoGates 
Wailkato at Mercer Bridge 

73 
75 
94 
89 

76 
78 
97 
94 

75 
79 
98 
92 

X 
10 
04 
13 

X 
07 
04 
14 

X 
C9 
05 
1 1 

79 
69 
80 
74 

79 
70 
80 
75 

78 
71 
79 
73 

35 
0 
1 

700 

130 
1800 

1 
350 

80 
1875 

0 
250 

X 
X 

010 
010 

X 
X 
X 
X 

X 
X 
X 
X 

X 
X 

0005 
0005 

X 
X 
X 
X 

X 
X 
X 
X 

LAKES 

AFRICA 

KENYA Lake Victora, Kisumu 
SUDAN Jebel Aulia Reservoir 
TUNISIA-Reservoir Beni Mll 
TANZANIA Lake "ictoria South Pori 

65 
78 
90 
82 

7 7 
78 
83 

X 

X 
95 

X 
X 

X 
23 
80 

X 

X 
1 7 

X 
X 

X 
34 

X 
X 

77 
80 
70 
72 

82 
82 
70 
74 

82 
80 

X 
76 

X 
X 
0 

200 

X 
X 

2400 
X 

X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 

X 
0000 

X 
X 

X 
0000 

X 
X 

X 
0000 

X 
X 

NORTH &CENTRAL AMERICA 

CANADA Lake Ontario Mid-lake 
GUATEMALA Amatitlan 
MEXICO.Lago doeChapala 
Preia de laAmislad 

PANAMA Lagomaden Station 001 

128 
73 
70 
78 
60 

130 
46 
69 

X 
65 

128 
X 

73 
85 
59 

X 
14 7 
1 5 
16 

X 

X 
70 
12 
12 
X 

X 
X 

14 
1 1 
X 

82 
85 
88 
8 1 
74 

78 
82 
89 
82 
74 

81 
X 

87 
84 
77 

0 
97 
3 
X 
4 

0 
43 
4 
X 
8 

X 
K 
4 
X 
7 

X 
X 
X 
X 
X 

X 
K 
X 
X 
X 

X 
K 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

SOUTH AMERICA 
ARGENTINA-Embalse Salto Grande 
BOLIVIA WaterS-upplyStation001 
BRAZIL Reservatorio de Guarapiranga 
Reservalorio e Promissao 
Rio Paraguacu Peodra do Cavalo 

86 
63 

X 
X 
X 

X 
63 
76 
8 1 
66 

68 
X 

75 
87 
64 

X 
10 
X 
X 
X 

X 
10 
1 0 
1 5 
12 

X 
X 

20 
15 
16 

75 
73 

X 
X 
X 

X 
71 
68 
69 
74 

80 
X 

68 
75 
73 

X 
0 
X 
X 
X 

X 
0 

95 
50 
23 

1 
X 

30 
105 
17 

X 
X 
X 
X 
X 

X 
X 

000 
000 
020 

X 
X 
X 
X 

020 

X 
X 
X 
X 
X 

X 
X 

0001 
0001 
0050 

X 
X 
X 
X 

0050 

ASIA 
BANGLADESH Kapta, Lake 
CHINA LakeTa, 
HONGKONG.PloverCoveStation 
IRAN-Darush Kabr Reservoir and Dam 

60 
96 
84 

11 5 

71 
91 
85 

115 

X 
100 
80 

X 

20 
X 
X 

18 

16 
08 

X 
09 

X 
09 

X 
X 

73 
78 
74 
83 

74 
79 
77 
80 

X 
77 
80 

X 

40 
5 
0 
2 

30 
4 
2 
2 

X 
2 
0 
X 

X 
059 

X 
X 

X 
023 

X 
X 

X 
005 

X 
X 

X 
0002 

X 
X 

X 
0001 

X 
X 

X 
0002 

X 
X 

JAPAN-Sagami Reservoir 
LakeBiwaotfMiidera 

PAKISTAN Kair Lake 
PHILIPPINES-La Mesa Reservoir 
THAILAND-Sirikl Reservoir 

108 
107 
72 
78 
62 

I 1 
105 
72 
77 
70 

9 7 
110 
67 
63 
73 

1 4 
19 

X 
03 
10 

1 7 
17 
X 

04 
10 

1 4 
17 
X 

08 
1 0 

7 7 
80 
81 
7 7 
79 

74 
8 1 
82 
74 
74 

74 
79 
83 
74 
78 

130 
240 

1650 
X 

20 

225 
93 

1900 
X 

32 

170 
43 

1800 
X 

200 

X 
050 

X 
X 

002 

X 
X 
X 
X 

044 

X 
X 
X 
X 
X 

X 
0010 

X 
X 
X 

X 
X 
X 
X 

0015 

X 
X 
X 
X 
X 

EUROPE 

FINLAND-Paajarvi Lake Station 95 
Yh-Kilka Lake Staion 144 
HUNGARY Lake Balaton 
NETHERLANDS.ljsselmeer 

96 
101 
101 
123 

102 
94 

110 
120 

94 
98 

100 
X 

X 
X 

30 
39 

X 
X 

28 
30 

X 
X 

23 
X 

69 
71 
83 
8 5 

69 
71 
84 
85 

69 
68 
84 

X 

X 
X 
X 
X 

X 
X 
X 
2 

X 
X 
X 
X 

005 
000 

X 
X 

X 
X 
X 
X 

X 
X 

000 
X 

X 
0021 

X 
X 

X 
0000 

X 
X 

X 
X 
X 
X 

PORTUGAL Castel de Bode Reservoir 
SWEDEN-LakeVanern 
UNITED KINGDOM.Rutland Reservoir 
Tunstall Reservoir 

95 
11 7 
108 

X 

90 
11 5 
116 
107 

85 
11 5 

X 
104 

23 
X 

18 
X 

1 1 
X 
X 
X 

08 
X 
X 
X 

71 
72 
83 

X 

69 
72 
83 
71 

69 
72 

X 
69 

0 
X 
X 
X 

1 
X 
X 
X 

0 
X 
X 
X 

020 
X 
X 
X 

020 
X 
X 

0 10 

X 
X 
X 
X 

0050 
X 
X 
X 

0100 
X 
X 

0010 

X 
X 
X 

0003 

OCEANIA 
AUSTRALIA.Mount Bold Reservoir 84 80 X X 1 0 1 0 77 77 78 12 8 5 X X X X X X 
Lake Burragorang 80 76 84 X X X 76 75 75 2 X X 020 050 050 0602 1000 1900 

GROUNDWATER 

AFRICA 
TUNISIA-Medjerdah Sloughia 
Djouggar 
Cherichra 
Aintahouna 
TANZANIA-Makutopora Basin, Dodoma 

70 
89 
89 
60 
30 

58 
95 
80 
85 

X 

X 
X 
X 
X 
X 

19 
29 
46 
30 

X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

75 
75 
75 
70 
8 1 

75 
75 
70 
70 
8 1 

X 
X 
X 
X 

83 

0 
0 
0 
0 
X 

0 
15 
2 
0 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

NORTH & CENTRAL AMERICA 

MEXICO-Pozo Hacienda Tahdzibichen 
Pozo en Aguascalientes 
Pozoen aRegionLagunera 

39 
X 
X 

38 
K 
X 

48 
X 
X 

24 
X 
X 

29 
0 1 

X 

24 
04 

X 

7 7 
74 
76 

76 
74 
77 

72 
75 
75 

400 
X 
X 

430 
3 
X 

40 
3 
X 

X 
X 
x 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

SOUTH AMERICA 
ARGENTINA SaltaD o Anta(Tolloche) 
CHILE.Pozo en Panamericana 1377 
URUGUAY-AcufleroRivera 

84 
X 
X 

91 
38 
80 

X 
16 
71 

X 
06 

X 

39 
05 
07 

X 
X 
X 

84 
72 

X 

86 
74 
62 

X 
71 
62 

X 
2 
X 

0 
2 
0 

X 
X 
0 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

ASIA 
BANGLADESH.Ground Water 
Ground Water from Muladi 
INDIAWellatTarvai 
Well at Eluru near Awaye 
WellatPeddavoora 

X 
36 
30 
52 

18 
1 9 
31 
39 
46 

X 
X 

40 
46 
32 

X 
X 

17 
16 
20 

70 
08 
12 
09 
12 

X 
X 

20 
13 
15 

74 
7 7 
74 
66 
77 

74 
70 
73 
66 
76 

X 
X 

72 
70 
75 

0 
0 

150 
140 
210 

0 
0 
7 

92 
11 

X 
X 
7 

240 
7 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

INDONESIA-Well Near Cibeureum 
IRAN Well No I Teh'an 
Well No 5 in Shiraz 

JAPAN.Urawa Purfication Plant 
Suginami Filtration Plant 
TURKEY-Well in Eskisehir Plain 

20 
84 
8 7 
62 
70 
89 

X 
82 

X 
64 
73 
86 

35 
X 
X 

62 
8 1 
82 

X 
X 

12 
X 

17 
X 

X 
X 

06 
X 

( 7 
X 

04 
X 
X 
X 
X 
X 

75 
72 

9 
75 
6 2 
7 7 

73 
74 
77 
76 
6 1 
76 

76 
X 
X 

74 
61 
75 

3 
X 

540 
0 
0 
0 

X 
X 

49 
0 
0 
0 

0 
X 
X 
0 
1 
0 

000 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 

044 0021 
X X 
X X 
X X 
X X 
X X 

X 
X 
X 
X 
X 
X 

0001 
X 
X 
X 
X 
X 

EUROPE 
HUNGARY-Doee Well in Pest Country 
SWEDEN-Station 34014 at Drangsmirk 
Station70013atOdskolt 
Station23008atTarnsio 

00 
50 
98 

110 

X 
4 5 
92 

107 

01 
65 
99 

118 

X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 

80 
6 5 
58 
73 

X 
65 
57 
73 

X 
64 
57 
73 

0 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 

Source: Global Environmental Monitoring System 
Notes: 0 =zero or less than halt the unit of measure X =not available 

For additional informatior see Sources and Technical Notes 
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22 Freshwater 

Sources and Technical Notes 

Table 22.1 Freshwater 
Resources and Withdrawal 

Sources: Witer resources and withdrawal 
data as footnoted: J.Forkasiewicz and J. 
Margat, Tableau Mondial de Donioees 
A'ationales l'conoimie d IEa,.Ressour-
ces et Utilisation(t)epartement 
Hydrogi.ologie, )rl(ans, France. 1980). 
t)ata for Algeria, Egypt, libya. Morocco, 
Tunisia, Cyprus, Israel, Lebanon, Syrian 
Arab Republic, Turkey, Albania, France, 
Greece, Italy, Malta. Spain, and Yugosla-
via: J.Margat, Bureau de Recherclies 
G"ologiques et Minrires, ()rl~ans, France, 
April 1988 (personal commnication). Re-
source data as footnoted andi withdrawal 
data: Alexander V.Belyaev, Institute of Ge-
ography, U.S.S.R. National Academy )fSci-
ences, Moscow. September 1989 and 
January 1990 (personal communication). 
Withdrawal and Sectoral Use data for tie 
United States: W.B.Solley, C.F. Merk, and 
R.R. Pierce, "Estinated Use of Water in 
the United States, in 1985," 1'S. (;eological 
Survev Circular, No. 10)4 (U.S. (;eulogical 
Survey, Restoi. Virginia, United States, 
1988). Population: United Nations I'optula-
tion Division, World PIopulatin Prospects 
1988 (United Nations, New York. 1989). 

Margat compiles water resources and 
withdrawal data from published docu-
ments, including national, United Nations, 
arnd professional literature. )ata for small 
countries and countries inarid and semi- 
arid zones are less reliable than are those 
for larger and wetter countries. 

Belyaev compiles data on water re-
sources and withdrawals from the world's 
literature and estimates resources and 
consumption from models using other 
data, such as area under irrigated agricul-
ture. livestock populations, and precipita-
]ion, when necessary. 

Annual internal renewable waterre-
sources refers to the average annual flow 
of rivers and aquifers generated from en-
clogenous precipitation. Caution should 
be used when comparing different coun-
tries because these estimates are based 
on differing sources and dates. These an-
nuai averages also disguise large sea-
sonal, interannual. and long-term 
variations. When data for annual river 
flows to(and from other countries are not 
shown, the internal renewable water re-
sources figure mav include these flows. 

Water is withdrawn when it is taken 
from a surface or underground source 
and conveyed to the place of use. Annual 
withdrawal as apercentage of water re-
sources refers to totalwater withdrawal, 
not counting evaporative losses from star-
age basins, as a percentage of internal re-
newable water resources and river flows 
from other countries. Percapita annual m-
ternal renewable water resources data 
were c eated using 1990 populthtn esti-
mates. Per capita annual withdrawalfig-

WorldResources 1990-91 

ures were calculated using national popu-
lation data for the year of data shown for 
withdrawal. 

Sectoral withdrawal is classified in three 
categories: domestic (drinking water, 
homes, commercial establishments, pub-
licservices [e.g., hospitals], and miunici-
pal use or provision), industry (including 
water withdrawn to cool thermoelectric 
plats),and agriculture (irrigation and livestock). 

Withdrawal data are based on both na-
tional reports and models using estimates 
from other data (e.g., numbers of cattle, 
percentage of irrigated land and crop mix, 
etc.). Thus these data should bleused 
with care. Totals may not add clue to 
rounding error. 

Table 22.2 Water Quality at 
Selected GEMS/WATER Stations, 

1979-87 

Source: Global Environment Monitoring 
System, Water Monitoring Project 
(GEMS/WATER), provided by tIleCanada 
Centre for Inland Waters, unpublished 
data (Burlington, Ontario, Canada, Deceni-
ber 1989). Water quality guidelines: GEMS, 
Assessment of Freshwater Quality (United 
Nations Environment Progra,:nme (UNEP) 
and the World Health Organization 
(WHO), prepared by the Monitoring and 
Assessment Research Centre, London, 
1988); WHO, Guidelines forDrinking.Water 
Quality, Volume 1,Recommendations 
(WHO, Geneva, 1984). 

UNEP and WHO collaborate within 
GEMS to assemble and monitor water 
quality data oi a global hasis. The 
GEMS/WATER system includes 240 river, 
43 lake, amid 60 groundwater monitoring 
stations. 

GEMS water quality data are available 
from 1979 to present. Data shown in this 
table comprise asubset of the 50 indica-
ttrs of water quality that call be reported 
within the GEMS s)- em. Not all stations 
collect all data, and tilefrequency and 
physical accuracy of measurement vary 
between stations. The niedian value was 
selected to highlight general trends tiid 
to minimize tire importance of radical out-
liers that might be due to measurement 
error or relatively short-term pollution or 
degradation episodes. Three-year per-
tids were used to minimize seasonal and 
interannual variability and, agrin, to em-
phasize general trenas, if any. 

Mediun dissolved o.ygen is acritical fac-
tor in the health or potential health of 
aquatic organisms. In general, for life, 
growth, and reproduction, values of 2 
mug/I are required for scavenger fish and 4 
nig/l or more for game and other sensitive 
fish. Lower values of dissolved oxygen 
would indicate poor stocks of fish arid 
other oxygen-dependent organisms, 

Median biochemical oAygenm demand 
(BOD)stands for the biodegradability of 

the total organic matter dissolved or sus
pended in the water under study. Along 
with dissolved oxygen, this is the most 
commonly reported water quality indica
tor within the GEMS system. Sewage or 
other organic pollutants, especially In 
warmn waters already low In dissolved oxy
gen, could lead to severe oxygen deple
tion with adverse Impacts on aquatic life. 
While not adirect measure of pathogenic 
organisms, BOD is asurrogate for the po
tential health effects of untreated water. 
Rivers can be said to be seriously pal
luted if they have a BOD of 6.5 mg/I or 
more, that Is,if more than 6.5 mug of oxy
gen woul]l he required to oxidize the or
ganic matter inaliter of water. 

The median p~lvalue is a measure of the 
acid-base equilibrium of an aqueous sys
tem. The pH of most natural water 
sources varies between 6.5 and 8.5, which 
is the suggested guideline for drinking 
water. Highly acidified waters have values 
in the range of 4.5-5.5. The acidification of 
fresh waters, as aconsequence of acid 
precipitation, was first observed in Swe
den and Norway. Acidification has immedi
ate impacts on aquatic life, and it 
increases corrosion in water collection 
and distribution systems. Low pH values 
for water are associated with increased 
corrosion and increases in the dissolved 
concentrations of heavy metals including 
lead anti cadmium. 

Median faecal coliforms are most cam
monly associated with the faeces of ani
mals and humans. This measure Isused 
as asentinel indicator for the presence or 
potential presence of myriad other patho
genic organisms that are more difficult to 
observe and measure. The absence, or 
near absence, of faecal coliforms means 
tile
absence of most other pathogens. The 
exception is that in minimally treated 
water that destroys coliform organisms, 
the cyst forms of Giardia or Amoeba, inter 
alia, can survive. Water for human con
sumption should usually contain zero fae
cal coliforms per 100 ml sample. 

Median dissolved mercury concentra
tions are of importance for both direct 
human consumption of water and human 
consumption of fish and shellfish that 
have concentrated mercury Intheir tis
sues. The latter is the primary route for 
human health effects. Drinking water 
should not contain mercury in all forms 
that exceeds 0.001 mg/I. 

Median dissolved lead Is naturally pres
ent in much of the world's water supplies 
at about 1-10 micrograms per liter. The 
discharges from sewage and wastewater 
treatment plants are usually enriched In 
heavy metals, including lead. The pres
ence of large amounts of lead is usually a 
sign of Industrial pollution. Children, in
fants, fetuses In utero, and pregnant 
women are at most risk from lead poison
ing.Water should not contain more than 
0.05 mg/I of lead. 
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23. Oceans and Coasts
 
Oceans are vital to support life on earth. They modify 
climatic regimen, are a reservoir of dissolved gases
such as carbon dioxide, and provide habitat and 
food. People, in turn, are pivotal in maintaining the 
life and health of the oceans. People determine the 
rate of economic development in coastal zones, the 
quantities of food harvested from the seas, and the 
amounts of waste dumped into global waters. The ta-
bles in this chapter present data on some of these in-
teractions between humans and oceans. 

The impact of human activities is most dramatic in 
coastal waters and semi- enclosed seas. Table 23.1 
shows coastal pressures caused by demographic 
trends, maritime trade, and offshore oil and gas explo-
ration. 

Increasing numbers of people are settling along the 
world's coastline. Ifthe trend toward greater urbaniza-
tion persists, it will multiply impacts on fragile and 
productive coastal ecosystems. For most coastal na-
tions, growth will continue without appropriate 
coastal zone management, aggravated by inadequate 
resources to provide housing, sanitation, and employ- 
ment. 

Maritime trade connects the economies of the 
world. Used to ship vital raw materials such as crude 
petroleum and other petroleum products, ores, and 
cereals, as well as manufactured goods, maritime 
trade requires intensive investment in infrastructure 
and creates areas at high-risk of accidents arid envi-
ronmental damage in fragile coastal zones. (See Chap-
ter 11, "Oceans and Coasts," Box 11.1.) Europe as a 
region ships the largest volume of goods and gener-
ates heavy traffic in semi-enclosed seas such as the 
North Sea and the Mediterranean. 

The extraction of offshore oil and gas contributes 
to the economic value of the coastal zone, but creates 
waste and poses the risk of major oil spills. Roughly 
one fourth of the world's oil production comes from 
offshore areas. World offshore crude oil output in-
creased by 27 percent in the past decade, with the 
greatest production increases in Angola, Brazil, Mex-
ico, and the North Sea oil-producing countries. The 
worlo s offshore gas production grew by 19 percent in 
the past decade, showing an increase in all regions ex-
cept Africa and North and Central America. 

The continued health of the oceans and the long-
term livelihood of the millions employed in fishing de-
pend on harvests that do not exceed the sustainable 
yield. But many regional fisheries in fishing areas 
such as the Northwest Pacific and the Southern 

Ocean show signs of drastic overfishing. Table 23.2 
presents data on fisheries by country, and Table 23.3 
lists fisheries by oceans and their estimated sustain
able yields. 

Globally, the annual marine catch increased by 30 
percent over the past decade with the U.S.S.R. and 
Japan together landing one fourth of the world's 
total. 

Approximately 14 percent of the world fish catch 
comes from inland waters and the total freshwater 
catch, including aquaculture, is increasing. In Asia, 
the region with the world's largest share of aquacul
ture production, fish raised from aquaculture has con
tributed decisively to an increased supply of fish 
used for human consumption. Aquaculture competes 
with humans for land and clean water, and the nutri
ents generated by fish food and wastes degrade water 
quality. 

The statistics in Table 23.4 illustrate that the Antarc
tic fisheries turned from one species to another dur
ing the past 18 years as each harvested species has 
declined because of overfishing. The catch of Antarc
tic cod, for example, has dropped drastically, while 
the Antarctic icefish has become the dominant spe
cies of finfish caught. In 1987, krill represented 78 per
cent of the total catch in the waters of the Antarctic, a 
drastic rise from a mere 3 percent in 1970-74. 

Data on the discharge of pollutants into coastal wa
ters and measurements of marine pollutants have 
been collected in a variety of coastal areas. Few coun
tries, however, have prepared reliable estimates, and 
the methods of data collection vary widely. The North 
Atlantic Ocean and Arctic Ocean covered by the 1972 
Convention for the Prevention of Marine Pollution by
Dumping from Ships and Aircraft (Oslo Convention) is 
one area with a time-series of data with relatively con
sistent measurement methods. Table 23.5 depicts 
trends in waste dumping and the resulting input of 
heavy metals. 

The total of industrial wastes dumped in the Oslo 
Convention area has declined, primarily because of a 
reduction in the dumping of liquids, sludges, contain
erized wastes, and phosphogypsum wastes. Wastes 
from the production of titanium dioxide, as well as fly 
ash and colliery wastes, have remained more or less 
constant. The overall input of heavy metals from 
these sources has decreased. The Oslo Convention fig
ures, which are restricted to a relatively small re
gional area, represent the only current global data 
collection on ocean dumping. 
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23 Oceans and Coasts
 

Table 23.1 Coastal Areas and Resources 
Maritime Area Percentage Average Annual Offshore Ol and Gas Resources 

(000 square of Urban Volume of Goods Annual Production Proven Reserves 

Length kIometers) Population Loaded and Unloaded Gas O1 Gas 

of Shelf to Exclusivo in Large 1983-85 (000 metric tons) Oil (millon (million (bilon 

Coastline 200-m Economic Coastal Petroleum Dry (000 metric tons) cubic noters) t) m3) 

(kilometers) Depth Zone Cities Crude Product Cargo 1978 1988 1978 1988 11388 1988 

WORLD 594,008 21,427 115,484 X X X X 571,741 723,457 267,042 318,822 34.307 29,650 

AFRICA 37,908 1,326 11,981 X 326.806 46,620 258,392 56.504 100.614 3.025 2.787 4,65(1 3,818 

Algeria 
Angola 

1,183 
1,600 

137 
669 

137 2 
605 7 

74 
100 

24.589 
8.018 

a 27,211 
772 

16,923 
1.525 

0 
4.712 

0 
22.454 

0 
X 

0 
405 

0 
326 

0 
44 

Benn 121 X 271 100 0 278 728 X X X X 101 X 
Cameroon 402 106 154 54 6,146 1,121 3,299 X 9.317 0 0 551 35 
Cape Ver e 965 X 7894 0 0 123 266 0 0 0 0 0 0 

Corroros 340 X 2490 0 0 4 99 0 0 0 0 0 0 
Congo 
Cole d Ivore 

169 
515 

89 
103 

24 7 
1046 

33 
84 

5.147 
1,755 

376 
1.081 

3,255 
6,551 

2,612 
X 

6657 
769 

X 
X 

X 
14 

548 
35 

62 
10 

Djibouti 314 X 62 0 0 830 517 0 0 0 0 0 0 
Egypt 2.450 374 173 5 23 139.746 2,451 24.614 19.721 29.448 744 1,189 381 125 

Equatorial Guinea 
Ethiopia 

296 
1.094 

X 
47 7 

2832 
758 

0 
0 

0 
750 

24 
434 

a 128 
1.198 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

Gabon 885 460 2136 0 6,147 b 302 726 6.872 5.392 6 X 408 X 
Ganbia, The 80 X 195 100 0 32 222 0 0 0 0 0 0 
Ghana 539 209 218 1 72 1,05Sc 266 2329 249 11 X X 4 X 

Guinea 346 384 71 0 100 0 224 10684 0 0 0 0 0 0 
Guinea Bissau 274 X 1505 100 0 12 135 0 0 0 0 0 0 
Kenya 536 144 1180 25 1.953 224 3162 0 0 0 0 0 0 
Liberia 579 196 2297 100 500 88 16.114 0 0 0 0 0 0 
Libya 1 770 83 7 338 1 100 46.663 a 4.235 6,468 X 996 X X 109 42 

Madagascar 4,328 1804 12920 0 0 b 348 763 0 0 0 0 0 0 
Maurilania 754 442 154 3 100 0 b 108 9.037 0 0 0 0 0 0 
Maurtius 177 91 6 1 1830 100 0 236 1.494 0 0 0 0 0 0 
Morocco 1,835 62 1 278 1 59 4.557 c 138 c 31,192 0 0 0 0 0 0 
Mozarrbique. Peoples Rep 2470 1043 5620 86 405 165 c 4.852 0 0 0 0 0 0 

Nanibta 1489 X X 0 X X X 0 0 0 0 0 0 
Nigeria 
Reunion 

853 
201 

463 
X 

2109 
X 

20 
100 

56,580 
0 

b 1,425 
226 

12.284 
1.208 

19.142 
0 

23,486 
0 

2,274 
0 

1.179 
0 

1.999 
0 

3,413 
0 

Senegal 531 31 6 205 7 78 317 281 c 4.400 X X X X 41 X 
Seycni lles 491 X 1 349 3 0 0 86 116 0 0 0 0 0 0 

Sierra Leone 402 264 1557 100 161 14 d 1.72' 0 0 0 0 0 0 
Somalia 3,025 60 7 7828 100 176 38 690 0 0 0 0 0 0 
South Africa 2.881 143 4 1553 4 32 16,080 88 c 73,688 X X X X X 30 
Sudan 853 223 91 6 10 1.161 342 2-,21 0 0 0 0 0 0 
Tanzania 1.424 41 2 2232 68 580 636 1,995 X X X X X 57 

Togo 56 1 0 21 100 0 b 191 a 995 0 0 0 0 0 0 
Tunisia 1.143 508 85 7 100 3.866 b 1,403 11,347 2.252 1.410 X X 38 X 
Zaire 37 10 10 3 1,426 b 782 c f.237 944 674 X X 109 X 

NORTH A CENTRAL AMERICA 183,950 5,632 18,759 X 287,431 132,656 711.001 66,695 145,043 150,941 123,193 6,625 3,716 

Antigua and Barbuda 
Bahamas 

153 
3.542 

X 
85 7 

X 
7592 

0 
100 

0 
19.035 

61 
7266 

c 82 
3.370 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

Barbados 97 03 167 3 0 137 150 a 573 0 0 0 0 0 0 
Belize 386 X X 0 0 63 c 211 0 0 0 0 0 0 
Bermuda 103 X X 0 0 b 358 209 0 0 0 0 0 0 

Canada 90.908 29034 2.9394 15 8.959 6,565 180439 X 3 X X 279 300 
Cayman Islands 160 X X 0 1.179 32 96 0 0 0 0 0 0 
Costa Rica 1.290 158 2589 0 476 200 2,401 0 0 0 0 0 0 
Cuba 3.735 X 3628 76 5100 4.350 16.916 0 0 0 0 0 0 
Dominica 148 X 200 0 0 4 78 0 0 0 0 0 0 

Deniinican Rep 1.288 18.2 2688 77 1.559 653 3.464 0 0 0 0 0 0 
ElSalvador 307 178 91 9 0 614 65 a 1,099 0 0 0 0 0 0 
Greenland 44.087 X X 0 0 173 c 386 0 0 0 0 0 0 
Grenada 121 X 270 0 0 19 58 0 0 0 0 0 0 
Guadeloupe 306 X X 0 0 b 330 c 1.145 0 0 0 0 0 0 

Guatemala 
Haiti 

400 
1 771 

123 
106 

991 
1605 

0 
100 

540 
0 

349 
Ill 

3,906 
89 

n 0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

Honduras 820 53 5 2009 9 364 272 1,94 0 0 0 0 0 0 
Jamaica 1.022 40 1 2976 100 1.052 1.029 7.959 0 0 0 0 0 0 
Martinique 290 24 X 0 349 361 858 0 0 0 0 0 0 

Mexico 9.330 442 1 2.851 2 2 62.905 5.725 15,534 2.002 82.979 1,115 11,360 5.168 1.303 
Nicaragua 
Panama 

910 
2.490 

72 7 
573 

1598 
3065 

0 
66 

482 
1,447 

152 
622 

1.115 
1,201 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

Trinidad and Tobago 
United States 

362 
19,924 

292 
1.870 7 

76 9 
9.711 4 

0 
41 

8.535 
149.781 c 

3.477 
83.683 

5,198 
458,637 

8,742 
55,950 

5.837 
56,224 

4.429 
145,396 

3,872 
107,961 

79 
1,099 

256 
1.851 

SOUTH AMERICA 30.663 1,985 10,125 X 96,816 40.756 256.F24 57,338 73,583 601 14,373 2,392 1,114 

Argentina 4.989 7964 1 1645 58 X 3,871 36,583 X X X X 34 5 
Brazil 7,491 7686 3.1684 30 32,039 c 5.426 150.779 1.939 18,725 68t 4,693 639 116 
Chile 6.435 274 2.2882 86 1,913 124 14.682 X 450 X 934 71 65 
Colombia 2.414 679 6032 14 1.511 c 3,052 9.563 X X X 2,533 10 40 
Ecuador 2.237 470 1,1590 55 9,500 b 1,198 2,634 X X X X 10 30 

French Guiana 378 X X X 0 120 141 0 0 0 0 0 0 
Guyana 
Peru 

459 
2.414 

50 1 
827 

1303 
1.0269 

100 
73 

0 
1,351 

446 
1.101 

1.586 
11,818 

0 
1,440 

0 
5,156 

0 
X 

0 
X 

0 
30 

0 
3 

Suriname 386 X 101 2 100 0 700 c 6.757 0 0 0 0 0 0 
Uruguay 
Venezuela 

660 
2.800 

566 
88 1 

1193 
3638 

100 
19 

1,193 
49,157 b 

78 a 
24,666 

1.127 
20,944 

0 
53.958 

0 
49,252 

0 
X 

0 
6,213 

0 
1.599 

0 
854 
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Oceans and Coasts 23 

Table 23.1 
Mantime Area Percentage Average Annual Offshore Oil and Gas Resources 
(000 square of Urban Volume of Goods Annual Production Proven Reserves 

Length kilometers) Population Loaded and Unloaded Gas Oil Gas 
of Shell to Exclusivo in Large 1983-85 (000 metric tons) Ol (million (million (billion 

Coastline 200-m Economic Coastal Petroleum Dry (000 metric tons) cubic motors) I) m3) 
(kilometers) Depth Zone Cities Crude Product Cargo 1978 1988 1978 1988 1988 1988 

ASIA 163,609 6,763.6 20,258.5 878,838 228,114 1,073,957 287.919 213,338 23,169 55.194 16,247 10,342 
Bahrain 161 5 1 5.1 100 0 12,025 4,348 11,952 12,706 X X 177 XBangladesh 580 549 768 32 1.076 6.192691 0 0 0 0 0 0Brunei 161 X X 0 8,393 b 5,593 841 9.512 4.471 10.213 8.414 177 218China 14.500 8698 1,3558 X 24,650 5.108 80,619 100 145 X X X 28Cyprus 648 65 994 41 512 486 3,420 0 0 0 0 0 0 
Hong Kong 733 X X 100 0 b 5.088 43.074 0 0 0 0 0 0India 12.700 4521 2,014,9 27 19.638 4.094 c 43.995 3.075 30.787 36 4.476 381 411Indonesia 54.716 2,7769 5,4086 77 55.810 22.897 31.112 27.153 22,093 5.799 8.580 544 793Iran, Islamic Rep 3.180 1070 1;5 7 4 87.40E 9.3124.293 32.594 16.085 X X 3.907 793Iraq 58 07 07 0 A X X 0 0 0 0 0 0 
Israel 273 4.5 233 59 6.690 657 15,870 0 0 0 0 0 0Japan 13.685 4805 3,861 1 52 194.724 51.623 432.882 125 62 620 475 1 5
Jordan 
 26 X 0 7 0 0 0 13.104 0 0 0 0 0 0Kampuchea, Dom 443 X 556 0 0 0 b 110 0 0 0 0 0 0Korea. Dem People's Rep 2.495 X 1296 X 2.200 1.007 1.610 0 0 0 0 0 0 
Korea, Rep 2.413 2446 X 29 26.424 6.491 92.706 0 0 0 0 0 0Kuwait 499 120 120 100 28.357 b 20.250 7,959 0 0 0 00 0Lebanon 225 45 226 100 X 2.070391 c 0 0 0 0 0 0Macao 40 X X 100 0 207 588 0 0 0 0 0 0Malaysia 4,675 3735 4756 62 18.433 8.767 37.406 11.205 13,081 X 13.645 313 1.399 
Maldives 644 959 1 0X 0 5 85 0 0 0 0 0 0Myanmar 3.060 2295 5095 77 0 54 d 1.642 X X X X X 110Oman 2,092 611 561 7 0 19.522 44 c 3664 X X X X X 45Pakistan 1.046 583 3185 34 4.363 c 2 r29 10.881 0 0 0 0 0 0Philippines 22.540 1784 1,7860 64 7.542 c .90 23.189 X 297 0 0 3 X 
Oatar 563 240 240 100 14.193 654 2,412 12.949 9.462 X 1,018 299 4.399Saudi Arabia 2.510 779 1862 31 182,788 25,120 40.544 130,546 73,768 X 5,445 9.357 1.416Singapore 193 030 3 100 31 440 32.009 37.840 0 0 0 0 0 0Sri Lanka 1.340 268 5174 84 1.621 497 5.167 0 0 0 0 0 0Syrian Arab Rep 193 X 103 0 12.001 2,645 4.704 0 0 0 0 0 0 
Thailand 3.219 2576 858 94 7.215 2,605 25,401 X 959 X 5.685 54 227Turkey 
 7.200 504 236 5 48 51.742 3.014 26.030 0 0 0 0 0 0United Arab Emirates 1.448 593 593 100 51.735 4475 9.011 48.709 29.423 6.502 7.248 802 498Viet Nam 3,444 3279 722 1 52 0 163 ,.258 0 0 0 0 231 XYemen. Arab Rep 523 247 339 0 0 241 c 2.463 0 0 0 0 0 0 
Yemen. People's Dem Rep 1.383 X 550.3 100 2.500 c 1.925 1.124 0 0 0 0 0 0 
EUROPE 69,643 1,952 21,451 X 514,526 254.024 1,144,191 72,672 159,668 69,472 98,041 3,604 4,5%6 
Albania 418 55 123 0 0 129 1.628 0 0 0 0 0 0Belgium 64 27 2 7 20 3,384 19,102 93.832 0 0 0 0 0 0Bulgaria 354 123 329 18 12.500 644 16.001 0 0 0 0 0 0Denmark 3.379 68.6 1,464 2 94 6.847 6.995 27,909 423 2,910 X 1.768 46 96Finland 1.126 98 1 98 1 68 10,335 c 4,822 35.116 0 0 0 0 0 0 
France 3.427 1478 10.263 1 19 70.6 5 30,059 102.594 0 0 0 0 0 0German Dem Rep 901 X 96 6 0 3.295b 21.022 0 0 0 0 0 0Gormany, Fed Rep 1.488 408 408 13 21,868 12.190 94.922 X 533 X 75 1 5Gruece 13,676 247 505 1 80 10.154 a 2.681 20.904 X 1.206 X 93 99 XIceland 4.988 1338 8669 100 0 1.644505 0 0 0 0 0 0
 
Ireland 1.448 
 1259 3803 100 2.250 c 2.525 12.287 X X 19 3.070 X 40
Italy 4.996 144 1 552 1 38 97.828 39.090 88.698 215 3.105 393 1.067 68 96
Malta 140 130 662 0 2 d 403 c 1.278 0 0 0 0 0 0Nelhuilands 451 84 784 7 52 77,383 43,731 197.922 X 926 5.479 16.446 224 300Norway 5.832 1029 2.024 8 85 16,018 41.3026.626 17.752 45.170 14,213 28.945 1.469 2,871
 
Poland 
 491 285 28 5 10 743 2.131 46,999 0 0 0 0 0 0Porlugal 1 693 39 1 1.774 2 71 7,271 2.727 13.611 0 0 0 0 0 0Romania 225 244 31 9 0 12.548 a 5.096 20713 0 0 0 0 0 0Spain 4.964 1705 1.2194 54 42.382 14.865 82.751 996 i 505 8.787 857 39 23Sweden 3.218 1553 1553 77 14.079 14,976 62.697 0 0 0 0 0 0 
United Kingdom 12.429 4922 1.7853 39 99.424 38.603 137,760 53.286 104 315 40.581 45.720 1,651 1,150
Yugoslavia 3.935 36 7 52 5 8 7.501 2,584 22,508 0 0 0 0 5 15 
U.S.S.R. 46,670 1,249.5 4,490.3 12 75,217 110.14448,997 9,960 1,,040 10,996 13,748 571 4,531 

OCEANIA 61,565 2,514 28,420 X 7,987 13,020 228,682 20,655 21,169 8,755 11,486 219 1,539 
Australia 25,760 2,269.2 4,4963 98 6.564 9.059 204.426 20.655 20,120 8.755 8.685 171 1,048Cooklsland. 120 X 1.8300 0 0 9 27 0 0 0 00 0French Polynesia 2525 X 50300 0 0 226 310 0 0 0 0 0 0Fiji 1.129 2 1 1.1353 100 0 567 812 0 0 00 0 0Kiribati 1.143 X 3.550 0 0 0 6 32 0 0 0 0 0 0 
New Caledonia 2.254 X 1.7400 0 0 1.811355 0 0 0 0 0 0New Zealand 15.134 2428 4.8332 94 1.295 c 1.697 14,094 x 1.050 X 2.601 7 142Niue 64 X 3900 0 X X X 0 0 0 0 0 0Papua New Guinea 5,132 X 2.3666 100 0 b 587 c 3,000 X X X X 41 350Solomon Islands 5,313 X 1.340 0 0 0 45 523 0 0 0 0 0 0 
Tonga 419 7000 0X 0 15 58 0 0 0 0 0 0Tuvalu 24 X 3282 0 X X 0 0 0X 0 0 0Vanuatu 2.528 6800x 0 0 19 97 0 0 0 0 0 0 
Sources: United Nations Statistical Office. United Nations Office for Ocean Affairs and the Law of the Sea. and Offshore Magazine.
Notes: a. Two years of data. b Goods loaded c. Goods unloaded. d One year of data. 

0 = zero or less than half the unit of measure, X =not available, t = metric tons, billion = thousand million, m3 =cubic meters. 
For additional information, see Sources and Technical Notes. 
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Table 23.2 Marine and Freshwater Catches and Aquaculture 
Average Annual Average Annual 

Marine Catch Fioshwater Catch 

(000 Percent (000 Percent Average Annual Aquaculture Prooaition (00) metric tons) 

metric Change metric Change Freshwater Diadromous Marine 

tons) Since tons) Since Fishes Fishes Fishes Crustaooans Molluscs Other 
1985-87 1975-7- 1985-87 1975-77 1984-86 1987 1984-86 1987 1984-86 1987 1984-86 1987 1984-86 1987 1984-86 1987 

WORLD 70,9552 30 11,388.4 63 X X X X X X X X X X X X 

AFRICA 3.049.4 a 1,646.1 17 X X X X X X X X X X X X 

Algeria 68.7 77 0.1 X 0 0 0.0 X X X X 00 0.0 0.0 0.0 X X 
Angola 63.4 (44) 80 0 00 a 0.0 X X X X X X X X X X 
Benin 9.1 82 307 50 0.0 0.0 X X X X X X X X X X 
Botswana X X 17 19 X X X X X X X X X X X X 
Bikina Faso X X 7 0 24 0.1 0.0 X X X X X X X X X X 
Burundi X X 57 (68) 00 0.0 X X X X X X X X X X 
Cameroon 642 65 20.0 0 0 2 0.1 X X X X X X X X X X 
Cape Verde 7.9 65 00 X X X X X X X X X X X X X 
Central Atrican Rep X X 130 24 0.3 0.1 X X X X X X X X X X 
Chad X X 1117 2 X X X X X X X X X X X X 
Comoros 5 2 38 0.0 X X X X X X X X X X X X X 
Congo 17.3 7 130 63 01 01 X X X X X X X X X X 
Cote d Ivoire 78.2 9 27,9 489 06 08 X X X X X X X X X X 
Djibouti 0.4 62 0.0 X X X X X X X X X X X X X 
Egypt 41 7 46 1809 150 40 8 51 3 X X X X X X X X X X 
Equatorial Guinea 3.6 (10) 04 X X X X X X X X X X X X X 
Ethiopia 05 (55) 35 81 X X X X X X X X X X X X 
Gabon 19.0 236 19 373 00 0 0 X X X X X X X X X X 
,ambia, The 10.1 (15) 2 7 228 0 0 0 0 X X X X X X X X X X 

$xnana 272.8 29 50.0 22 0 4 0 4 X X X X X X X X X X 
Guinea 28.0 186 2.0 100 0 0 0.0 X X X X X X X X X X 
Guinea-Bissau 3.6 20 0 0 X X X X X X X X X X X X X
Kenya 64 48 112,6 244 01 01 01 0.1 X X 00 00 X X X X 
Lesotho X X 0 0 (35) 00 00 0 0 0 0 X X X X X X X X 
Liberia 11.4 87 40 0 0 1 01 X X X X X X X X X X 
Libya 7.9 116 0.0 X X X X X X X X X X X X X 
Madagascar 17.6 25 46.0 11 02 02 0.0 a 00 X X X X X X X X 
Malawi X X 74 5 4 01 01 X X X X 0.0 00 X X X X 
Mali X X 58.9 (39) 01 0 0 X X X X X X X X X X 
Mauritania 94.2 289 6 0 (44) X X X X X X X X X X X X 
Mauritius 14.4 102 00 11,100 0.0 0.0 X X 0.0 00 00 00 0.0 0.0 X X_
Morocco 519.6 103 13 181 0 0 0.0 0.0 0.0 X X X X 0.2 0.1 X X 
Mozambique, People's Rep 33 4 41 1 3 (73) 0.0 b 0.0 X X X X X X X X X X 
Niger X X 2.3 (68) 0 0 0 0 X X X X X X X X X X 
Nigeria 153.8 (38) 992 (59) 63 57 X X 03 b 03 X X X X X X 
Rwanda X X 1.3 14 0,0 0.1 X X X X X X X X X X 
Senegal 265.4 (16) 15.0 x 0.0 0.0 x x x x 00 0.0 0.0 0.0 x X 
Sierra Leone 36.8 (36) 162 1,326 0 0 0 0 X X X X X X X X X X 
Somalia 16.7 76 0 0 X X X X X X X X X X X X X 
SouthAfrica 709.8 22 08 700 X X X X 00 a 00 X X 0.1 a 0.2 X X 
Sudan 0 9 27 23.8 4 0.0 0 0 X X X X X X X X X X 
Swaziland X X 0.0 149 0.0 0 0 X X X X X X X X X X
Tanzania 449 (9) 263.1 37 0,0 0.0 X X X X X X X X X X 
Togo 14.5 53 0.7 (63) 0.0 0 0 X X X X X X X X X X 
Tunisia 93.6 91 00 X X X X X 0 0 01 X X 0.1 01 X X 
Uganda X X 1861 (0) 01 00 X X X X X X X X X X 
Zaire 20 (75) 1581 51 0 3 0 7 X X X X X X X X X X 
Zambia X X 68.0 23 05 1.0 X X X X X X X X X X 
Zimbabwe X X 17.5 304 0.0 0 0 0.1 0.1 X X 0.0 00 X X X X 

NORTH &CENTRAL AMERICA 8,306.2 68 278.0 ll X X X X X X X X X X X X 

Barbados 39 (6) 0.0 X X X X X X X X X X X X X 
Canada 1,4162 33 43.4 1 X X 2.4 38 01 b X X X 6.9 9.3 X X 
Costa Rica 20.1 51 0.3 426 01 0.1 00 0 0 X X 0,0 0.2 00 00 X X 
Cuba 209.2 21 17.1 848 15.0 160 X X X X X 0.3 11 1.1 X X 
Dominican Rep 16.9 217 1.7 232 01 0.2 X X X X 02 03 X X X X 
El Salvador 14,9 140 22 81 0.0 X X X 0.6 a 05 05 05 X X X X 
Guatemaa '.2 (31) 0 2 (60) 0 1 01 X X X X 03 0.5 X X X X,
Haiti - 101 03 0 X X X X X X X X X X X X 
Honduras i.. 15' 0.2 14 01 03 X X X X 06 18 X X X X 
Jamaica 9.2 (9) 1.3 X 0.9 1.5 X X X X 0 0 0.0 00 0.0 X X 
Mexico 1,181.3 146 1354 1,661 7.5 74 03 04 X X 0 4 06 405 50.7 X X 
Nicaragua 3.8 (62) 0.1 (74) 00 0.0 X X X X X 0 0 X X X X 
Panama 192.7 7 05 X 03 0.7 X X X X 3 4 2.8 X X X X 
Trinidad and Tobago 3 0 (31) 0.0 X X X X X X X X X X X X X 
United States 5,075.0 76 733 (2) 144.5 180.9 52.4 820 X X 34 1 44 5 136.9 1305 X X 

SOUIH AMERICA 12275.2 104 340.1 42 X X X X X X X X X X X X 
Argentina 453.4 65 8.7 (27) X X 0.2 03 X X X X 0.0 a 0,0 X X 
Bolvia X X 48 272 X 00 X 0.0 X X X X X X X X 
Brazil 607 5 9 2137 32 257 160 X X X X 14 15 0.1 01 X X 
Chile 5,062.6 322 03 X X X 1 3 28 X X X X 1 7 2.0 5 7 9.2 
Colombia 244 5 45.2 1 04 07 04 04 00 a 0, 15 a 22 X X X X 
Ecuador 922.2 189 09 X X 00 X X X X 315 73.0 X 0.0 X X 
Guyana 40.6 86 08 X 0.0 0.0 X X X X 00 0.0 X X X X 
Paraguay X X 10.2 251 0.0 00 X X X X X X X X X X 
Peru 4.7456 38 323 279 01 c 04 06 05 00 b 0,0 16 3. 22 03 X X 
Suiname 42 (23) 0.1 (43) X X X X X X 00 00 X X X X 
Uruguay 138 4 287 0.8 239 X X X X X X X X X X X X 
Venezuela 272.8 91 21.2 185 0.1 0.3 0.3 0.3 X X X 00 J 2 0.0 X X 
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Table 23.2
 
Average Annual Average Annual 

Manne Catch Freshwater Catch 
(000 Percent (000 Percent Average Annual Aquaculture Production (000 metric tos 

metric Change metric Change Freshwater Diadromous Marine 
tons) Since tons) Since Fishes Fishes Fishes Crustaceans Molluscs Other 

1985-87 1975--n 1985-87 1975-77 1984-86 1987 1984-86 1987 1984-86 1987 1984-86 1987 1984-86 1987 1984-86 1987 
ASIA 323 .6 35 7,725.4 92 X X X K X X X X X X X X 
Afghanistan X X 1 5 0 X X X ., X X X X X X X X
Bahrain 79 127 00 X X X Y" X X X XX X X X X
Bangladesh 2093 106 5849 8 1154 143.1 X X X X 132 22 1 X X X X
 
Bhutan X X 10 0 X X X 
 X X X X X X X X X
 
China 4,626.7 41 3,4150 220 2.3257 3,379,5 X X 140 295 500 1560 417.3 711.1 1.6042 1,324.5
 
Cyprus 25 137 01 65 00 00 01 00 00 00 X X X X X X

India 1,7109 19 1,1690 43 7320 7320 X X X X 120 120 2 3 23 X X
Indonesia 1.8608 73 6097 51 1644 1828 94,5 1044 4.1 43 37 7 426 X X 627 600

Iran, Islamic Rep 1127 83 272 275 X X X X X X X X X X X X
Iraq 52 138) 157 (8) 45 45 X X X X X X X X X X 
Israel 96 (0) 138 (91 11 4 13 1 02 04 07 0.6 00 00 X X X X
 
Japan 11,5321 18 2100 4 252 258 758 818 1877 
 2081 2.3 30 3612 4052 5752 5022

Jordan 01 38 00 X X 01 X X X X X X X X X

Kampuchea, Dem 63 (41) 630 (15) 1 6 

X 

16 X X X X X X X X X X


Korea, Dem People s Rep 1,5967 50 1033 87 X X X X X X 110 110 880 880 6200 6200
 
Korea. Rep 2,8213 553 17 10 16 01 02
40 236 51 31 18 364,5 4493 4525 4173
Kuwait 6 3 69 0 0 X X X X X X X X X X X X X
Lao Peoples Dem Rep X X 200 0 2 5 2 5 X X X X X X X X X X

Lebanon 1 5 (19) 01 0 X 03 0 4 X X X X
X X X X X
Malaysia 6093 14 92 275 80 91 04 08 01 01 02 03 513 457 X X
 
Mongolia X X 
 04 31 X X X X X X X X X X X X
Myanmar 5243 43 1477 10 49 55 X X X X X X X X X X 
Nepal X X 9 7 252 31 54 X X X X X X X X X X
 
Oman 1042 (33) 00 X X X X X X X X 00 X X X X
 
Pakistan 333 7 73 836 182 100 100 
 X X X X X X X X X X
 
Philippines 1.3782 15 5451 115 482 837 2040 1975 X X 310 369 338 
 220 1646 2208
 
Qatar 24 4 00 X X X X X X X X X X X XX 
SaudiArabia 449 93 00 X 00 b 0.0 
 X X 00 b 00 00 b 30 X X X X

Singapore 194 24 02 (66) X X 02 02 01 02 03 05 06 1 0 X X

Sr Lanka 1476 23 349 169 03 00 X X X X 02 04 X X XX 

Syrian Arab Rep 0 7 35) 42 137 1 5 16 01 0 1 X X X X X X, X X

Thailand 2.1354 29 1734 21 697 783 07 
 13 04 06 191 355 354 359 00 a 00 
Turkey 5510 332 445 139 18 21 08 10 00 b 00 X X X X X X 
United Arab Emirates 79.1 21 00 X X 00 X X 00 00 30 a X X XX X
Viet Nam 5931 46 2416 38 2320 2300 X X X X 183 286 X X 171 4 

Yemen Arab Rep 213 32 00 X X X X 
 X X X X X X X X X
 
Yemen. Peoples Dem Rep 493 (10) 00 X X X X X X X X X X
X X X 
EURCr.E 12,296.0 (4) 449.2 53 X X X X X X X X X X X X 
Albania 91 127 32 X 03 00 00 00 b X X 1.5 X03 00 13 X
Austria X X 46 99 1 1 12 3 0 3 0 X X X X X X X X

Belgium 411 (11) 04 X 01 02 03 04 X X X X X X X X

Bulgaria 93 7 (36) 129 57 112 110 1 2 1 5 X X X X 00 
 02 X X
Czecnoslovakia X X 207 19 191 196 11 1 1 X X X X X X X X 
Denmark 1.7465 141 223 45 X X 239 259 X X X X X X X X
Finland 1248 328 X X 102 X36 45 12 7 X X X X X X X
France 8196 7 348 X 78 a 74 256 310 01 02 00 00 1793 1873 00 Xa 
German Dem Rep 1803 (34) 207 41 
 134 132 63 77 X X X X X X X X 
Germany.Fed Rep 1858 (57) 241 58 60 54 140 145 
 X X X X 375 294 X X 
Greece 1151 23 97 12 02 03 19 19 01 b 01 X X 02 04 X X
Hungary X X 366 13 175 175 02 c 04 X X X X X X X
leland 1 656 3 48 0 6 21 X X 02 0 6 X X X X X X X 

X
X

Ireland 2352 155 02 X X 14 29 X X XX X 120 153 X X
Italy 514.7 36 514 143 23 20 264 335 44 40 X X 473 48.9 X X 
Luxembourg X X 00 X X X X X X X X X X X X X
Malta 1 5 2 00 X X X X X X X X X X X X X
Netherlands 4603 47 44 21 01 0 3 0 2 0 4 X X X X 884 991 X X
Norway 1.9818 (36) (12) X 368 562 00 X X 01 X04 X X 02 b X
Poland 6368 (10) 297 21 180 189 1 6 16 X X X X X X X X 
Portugal 3640 6 14 1,287 X 
 X I 0 12 0 7 08 X X 5.0 70 X X 
Romania 1940 122 63 7 26 38 0 38 0 X X X X 00 0.0 X X X X
Spain 1,4095 (21 274 61 X X 133 121 05 a 04 01 c 3.3 2446 2492 X X
Sweden 2198 12 33 (68) 00 a X 29 48 X X 00 00 07 2.6 X X 
Switzerlan-d X X 46 18 X X 0 3 0 3 X X X X X X X X 
United Kingdom 8936 (10) 139 X 01 01 190 265 X X X 00 03 2.1 X X 
Yugoslavia 523 53 256 4 133 130 02 03 00 01 X X 20 2.6 X X 
U.S.S.R. 10,040.5 12 940.3 13 244.8 261.9 22.9 27.0 0.1 0.0 X X 0.1 0.2 3.5 3.5 

OCEAN~i 682.3 144 11.1 406 X X X X X X X X X X X X 
Australia 1772 54 24 62 02 b 02 09 15 X C 93 0.1c X 00 00 94 0.1
Fiji 265 375 14 557 00 00 X X X 00 00 00 00 00 0.5 a 14 
New Zealand 3600 
 409 02 86 X X 03 09 X X X X 128 178 X X 
Papua New Guinea 107 (1I) 50 5841 X X X X X X X X X X X X 
Solomon Islands 48 0 118 0 C X X X X X X X 00 00 X X X X
 

Source: Food and Agiiculture Organization Nationsof the United 
Notes Total ofaquaculture production is included in the country totals formarine and freshwater (except States)catches United 


a Two years ofdata b One year ofdata c Nurrber may not match total of1987 because ofmissing data insome classes
 
0 = zeroor less than halt of the unit of measure X mnot available, nrigative numbers are shown inparentheses
 
For additional information. see Sources and Technical Notes
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Table 23.3 Annual Catch and Sustainable Yield of Regional
 
Marine Fisheries 

Estimated Estimated 
Average Annual Sustainable Average Annual Sustainable 

Catch(a) Yield(b} Caich(a) Yield(b} 
(000 metric tons) (000 metric (000 metric tons) (000 metric 

1975-77 1985-87 tons per year) 1975-77 1985-87 tons per year) 
ALL MARINE FISHERIES 60.948 78.955 62,250-95,950 
Atlantic, Northwest Atlantic, Northeast 

Total catch 3.372 2.930 3.400-4.300 Total catch 12585 10.690 10,100-12,300
Cods,hakes haddocks 867 881 Cods, hakes, haddocks 4.143 3.580

Herrings sardines, anchovies 613 503 Herrings, sardines, anchovies 1.923 1,747

Clams. cockles, arkshells 226 4t8 Redfishes. basses. congers 1.162 1.275

Redlishes. basses. congers 251 209 Jacks, mullets, sauries 3.2t7 1,740

Founders. halibuts, soles 236 212 Mackerels. snoeks. cutlassfrshes 757 580
 
All others 1.179 708 All others 1.381 1.768
 

Atlantic. Western Central 
 Atlantic. Eastern Central 
Total catch 1 510 2.168 3,200-5,100 Total catch 3613 3.047 2.900.3,700
Herrings, sardines, anchovies 650 992 Herrings. sardines anchovies t.386 1180 
Miscella ieous marine lishes 134 275 Jacks, mullets, sauries 648 405
Shrirps prawns 169 186 Miscellaneous marine fishes 371 353

Oysters 176 194 Redfishes. basses, congers 340 298

Redishes. basses congers 150 115 Tunas. bonitos billfishes 243 246
All others 232 405 All others 626 565
 

Atlantic, Southwest 
 Atlantic, Sourheast 
Total catch 893 1.847 2.600-3.900 Total catch 2.656 2.303 2,500-3.100
Squids cu'lleishes. octopuses 6 456 Herrings. sardines, anchovies 994 837
Cods. hakes haddocks 236 593 Jacks, mullets, sauries 612 645 
Redlisies basses, congers 215 277 Cods, hakes, haddocks 686 510
 
Herrings. sardines. anchovies 172 143 Miscellaneous marine fishes 63 68

Shrimps, prawns 45 76 Redfishes, basses, congers 99 78

All others 218 301 All others 202 166
 

Indian Ocean, Western Indian Ocean, Eastern

Total catch 2.051 2,605 2.700-4.200 
 Total catch 1,190 2,277 1,500-2,200
Redishes basses congers 426 491 Miscellaneous marine fishes 607 983
Tunas, bonitos, billishes 158 446 Redfrshes. basses, congers 129 214
Miscellaneous marine fishes 344 524 Herrings. sardines, anchovies 119 191

Herrings. sardines, anchovies 339 379 Jacks. mullets, sauries 58 127

Shrimps. prawns 242 240 Shads 3 112
 
All others 543 524 All others 274 649
 

Pacific, Northwest Pacific, Northeast 
Total catch 17,668 25.187 13,500-16.500 Total catch 2,142 3,156 2.600-3,200
Herrings sardines, anchovies 1.888 5.831 Cods, hakes, haddocks 1,228 1,933
Cods.hakes. haddocks 3.950 5.282 Flounders. halibuts, soles 368182 
Miscellaneous marine fishes 3.634 4.716 Salmons, trouts smelts 182 383

Mackeres. snoeks cullassflishes 2.176 1,869 Redfrshes. basses. congers 177 154
 
Redishes basses. congers 1,470 1.399 Herrings, sardines, anchovies 112 78

All others 4.549 6.091 All others 262 240
 

Pacific, Western Central Pacific, Eastern Central 
Total catch 5.447 6.369 5,800-7.800 Total catch 1,506 2.623 2,200-3.000
Misceilaneous marine fishes 1,812 1,657 Herrings, sardines, anchovies 742 1,350
Tunas bonitos billfishes 621 1.184 Tunas, bonitos. billishes 436 534

Jacks. muliets sauries 729 840 Miscellaneous marine fishes 97 246

Herrings sardines anchoves 570 683 Shrimps. prawns 75 11

Redfishes. basses. congers 544 637 Mackerels, snoeks, cutiasslishes 4 lbil

All others 1,170 1,368 All others 152 191 

Pacific, Southwest Pacific, Southeast 
Total catch 387 745 1.2002.000 Total catch 4,098 10.628 3.700-10,300
Cods hakes haddocks 98 169 Herrings, sardines, anchovies 3.590 7663 
Jacks mullets, saures 42 124 Jacks, mullets, saures 532 2,294

Redlishes basses congers 148 haddocks
58 Cods. :.J-"s. 161 173

Miscellaneous marine fishes 21 72 Redfishes. basses, congers 49 100
 
Squids cuttlefishes octopuses 32 112 Mackerels. snooks, cutlasslishes 
 108 66 
All others 136 120 All others 258 332 

Mediterranean and Black Sea Antarctic
Total catch 1.225 1.966 1.090-1.410 Total catch 172 416 X
Henrrrgs sardines, anchovies 584 852 Krill. planktonic crustaceans 55 338 
Jacks mullets, sauries 95 216 Redfishes. basses, congers 108 73
Redfishes, basses, congers 117 150 Jacks. mullets. sauries 1 1
 
Miscellaneous marine fishes 113 130 Miscellaneous marine fishes 8 3

Mussels 22 96 Miscellaneous marine molluscs 0 0

All others 294 521 All others 1 0 

Sour.: Food and Agriculture Organization of the United Nations 
Notes- a Catch includes all fish. crustaceans, and molluscs harvested in marine fishing areas b Estimated sustainable yields refers to marine fish. crustaceans, and 

cephalopods Itercludes ocean pelagic species (about 3-5 percent of total potential) and molluscs Figures may not add because of rounding
 
0 =zero or less than half the unit of measure. X = not available
 
For additional information, see Sources and Technical Notes
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Table 23.4 Antarctic Fisheries, 1,970-87
 
Average Annual Catch 

1970-74 1975-79 1980-84 1985 1986 1987 
(000 Percent (000 Percent (009 Percent (000 Percent (000 Percent (000 Percent 

Antarctic Main Fishing metric of metric of metri. of metric of metric of metric of State of 
Marine Area Species Countries, 1987 tons) Total tons) Total tons) Total tons) Total tons) Total tons) Total Exploitation 

Southern Atlantic Greyrockcod 
Humped rockcod 
Marbled rockcod 
Patagonian rockcod 

U.S.S.R. 
Poland. U.S.S.R. 
Poland, U.S.E.R. 
U.S S.R 

0 
0 

83 
0 

0 
0 

90 
0 

2 
8 
7 
3 

1 
4 
4 
2 

0 
7 

11 
18 

0 
2 
3 
5 

1 
8 
2 

12 

0 
4 
1 
5 

0 
2 
0 

16 

0 
0 
0 
3 

0 
3 
0 
9 

0 
1 
0 
2 

Unknown 
Heavily exploited 
Severely depleted 

Unknown 

Mackerel icefish U S S.F,., Poland 3 3 62 33 63 17 16 7 14 3 72 17 Heavily exploited 
Other fishes FRG, Poland, U.S.S.R. 1 1 16 8 17 5 8 4 4 1 5 1 
Total fish catch 87 95 98 52 116 31 47 21 36 8 89 21 
Krill U.S.S.R., Japan. Chile 5 5 92 48 253 69 181 79 426 92 326 79 Lightly exploited 

Total catch 92 100 190 100 369 100 228 100 462 100 415 100 
Southern Indian Greyrockcod U IS.R 22 23 11 14 7 6 7 23 3 8 3 7 Heavily exploited 

Marbled rockcod U.0 SR. 47 49 13 16 5 4 2 6 1 3 0 0 Severey exploited 
Mackerel icefish US SR,. t-rance 24 25 28 35 10 8 8 26 17 45 4 10 Heavily exploited 

Other fishes USS.R 3 3 1 1 1 1 8 26 1 3 3 7 
Total fish catch 96 100 53 66 23 18 25 81 22 58 10 24 
Krill U.S.S.R, Japan 0 0 27 34 104 82 6 19 16 42 31 76 Lightly exploited 
Total catch 96 100 80 100 127 100 31 100 38 100 41 100 

Southern Pacilic Other fishes 0 0 0 0 0 0 0 0 0 0 0 0 
Total fish catch 0 0 0 0 0 0 0 0 0 0 0 0 
Knill Japan 0 0 1 100 5 100 5 100 4 100 2 100 Lightly exploiteo 
Total catch 0 100 1 100 5 100 5 100 4 100 2 100 

TOTAL ANTARCTIC 188 271 501 264 504 458 

Source: Food and Agriculture Organization of the United Nations. 
Notes: 0 = zero or less than halt the unit of measure, FRG = Federal Republic of Germany. For additional information, see Sources and Technical Notes. 

Table 23.5 Waste and Metals Dumped in Oslo Convention Area 

Total Input (000 metric tons) Metals 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 
Industrial wastes 7,202.7 7,501.0 8.5009 9,900.3 9,100.8 8,700.1 7,840.1 7,400.2 5,500.0 5,900.0 5,840.0 

Liquid wastes and sludges 1,400.0 1,600.0 1,700.0 1,700.0 1,500.0 1.100.0 940.0 1,100.0 1,100.0 1,000.0 1,100.0 

Cadmium (1) 0.1 02 02 02 0.1 0.1 0.0 00 0.0 0.1 0.0 
Copper (t) 140 3.1 2.8 130 6.6 110 5.5 44 2.1 2.4 2.9 
Lead (1) 2.1 9.8 10.6 9.3 1.7 2.5 1.8 1.8 0.3 1.9 1.8 
Mercury (t) 0.1 0.1 0.1 0.1 0.1 0.2 0.0 0.0 00 0.0 0.0 
Zinc (1) 460.0 5300 5600 390.0 27.0 31 0 72.0 190 14.0 14,0 6.8 

'Deep water" solid wastes 2.7 1.0 0.9 0.3 0 8 0.1 0.1 0.2 0.0 0.0 0.0 
Ti2 production wastes 	 1,900.0 2,1000 2,200.0 2,800.0 2,300.0 2,700.0 2.400.0 2,500.0 2,400.0 2,400.0 2,200.0 

Cadmium (t) X X X X 0.2 01 0.1 0.1 0.4 0.0 0.1 
Copper (t) X X X X 2.5 3.7 1.1 0.6 1.3 0.7 0.6 
Lead (t) X X X X 68 8.5 4.1 3.5 48 3.4 3.7 
Mercury (t) X X X X 0.0 00 0.0 0.0 0.0 00 0.0 
Zinc (t) X X X X 73.0 84.0 49.0 80.0 80.0 820 72.0 

Phosphogypsumwasles 	 1,700.0 2,000.0 2.6000 3,100.0 3,300.0 2.900.0 2,600.0 1.600.0 1,600.0 800.0 640.0 

Cadmium (t) 9.6 3.9 46 52 4.6 3,9 1.9 1.1 2.1 0.9 1.8 
Copper (1) 21.0 6.6 7.6 7.6 3.9 3.5 3.0 2.6 3.7 1.7 1.5 
Lead (t) 15.0 5.6 58 7.0 10.0 5.9 4 6 1.3 1.8 0.1 0.3 
Mercury (t) 0.3 0.1 0.1 0.2 0.3 0.2 0.2 0.2 0.2 0.1 0.0 
Zinc (t) 73.0 22.0 28.0 22.0 17.0 14.0 6.7 5.2 12.0 3.0 3.5 

Fly ash and colliery wastes 	 2,200.0 1.8000 2.0000 2.3000 2,0000 2,000.0 1,900.0 2,200 0 400.0 1,700.0 1,9000 

Cadmium (1) X X X 0.1 , , 0.3 0.4 0.3 0.0 0.1 0.2 
Copper (t) 77 0 66.0 2G00 230.0 180.0 1900 190.0 2200 430 160.0 200.0 
Lead (t) 25.0 190 220 0 250.0 240 0 250.0 240.0 280.0 48.0 210.0 250.0 
Mercury (t) X X X 0.3 0.3 0.3 0 4 03 0.0 0.2 0.2 
Zinc (t) 45.0 44.0 420.0 4900 440.0 450 0 460.0 540.0 110.0 4000 490.0 

Sewage sludge 7,600.0 8,200.0 8,700 0 8,8000 9,200.0 8,600.0 8,200.0 7,400.0 7,600.0 7,700.0 8,200.0 
Cadmium (1) 11.0 12.0 91 9.0 100 69 56 4.1 4.1 3.7 3.5 
Copper(t) 260.0 280.0 2500 2600 24U.0 2200 220.0 170.0 160.0 150.0 1500 
Lead (t) 150.0 170.0 220.0 2100 1900 1700 180.0 160.0 160.0 1700 1700 
Mercury (t) 42 4.0 3 0 2.9 18 2.6 1.6 16 1.0 1.3 1.1 
Zinc (t) 790.0 810.0 920.0 1,000 0 730.0 690,0 500.0 460.0 510.0 330.0 490.0 

Dredged materials 72,000.0 77,000 0 85,000.0 65,0000 110,0000 110.0000 100,0000 150,000.0 71,000.0 100,000.0 91,000.0 
Cadmium (t) 42.0 50.0 630 430 72.0 63.0 53.0 ;3.0 34.0 31.0 22.0 
3opper (t) 1,300.0 1,100.0 1.4000 1.3000 1,900.0 1,700 1,6000 1,600.0 1,300.0 1,500.0 1,300.0 
Lead (1) 2,7000 2.300.0 2,7000 2,7000 4.0000 3,800,0 3,400.0 3,600.0 2,700.0 2,800.0 2,600.0 
Mercury (1) !9 0 16.0 43.0 34.0 40.0 35.0 31.0 34 0 27.0 28.0 40.0 
Zinc t) 9,8000 9,700.0 '1,0000 10,000.0 15.0000 16,000.0 14,000.0 13,0000 9,700.0 10,000.0 11,000.0 

TOTAL METALS 	 CADMIUM (1) 62.7 66.1 76.9 57.5 870 74.3 61.0 78.6 40.6 35.9 27.6 
COPPER (I) 1,672.0 1,455.7 1,860.4 1,810.6 2,3,13.0 2,128.2 2,019.6 1,997.6 1,510.1 1,814.8 1,655.0 
LEAD () 2,892.1 2.504.4 3,156.4 3,176.3 4,448.5 4,2"36.9 3,83.5 4,046.6 2,914.9 3,185.4 3,025.8 
MERCURY (t) 23.6 20.2 46.2 37.5 44.5 38.4 33.2 36.1 28.2 29.6 41.4 
ZINC(t) 11,168.0 11,106.0 12,928.0 11,902.0 16.287.0 17,269.0 15,087.7 14,104.2 10.426.0 10,829.0 12,062.3 

Source. Oslo Comn-;ssion. 
Notes: Tie2 = Titanium dioxide. 

0 - zero or less than half of the unit of measure; X = not available; I = metric tons. For additional information, see Sources and Technical Notes. 
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Sources and Technical Notes 

Table 23.1 Coastal Areas and 
Resources 


SoLces: Lcngth of marine coastline: 
Jnited Nations Ofi -e of Ocean Affairs and 
the Law of the Sea, unpublished data 
(United Nations, Nt w York, lone 1989): 
U.S Central Intelligenc. Agency, 71we 
WorlFactbook 1988 (U.S. Government 
Printing Office, Washington, t).C., 1988). 
Shelf area to 200-meter depth: John 1'.Al-
hers. M. t)evereux Carter. Allen L.Clark, 
et al.,.Suinna, Petlmhu and SelectedMm-
eral Stalistics For 120 ('ountries, Including 
Offshore Areas ((I.S. Government Printing 
Office, Geological Survey Professional 
Paper 817, Washington, D.C., 1973). Exclu-
sive economic zone: United Nations Office 
of (OceanAffairs and tie l.aw of the Sea, 
unpublished data (U..ited Nations. New 
York, June 1989); French Polynesia and 
New Caledonia: Aithonmy Bergin, "Fisher-
ies Surveillance in the South Pacific," 
Ocean & Shorelne Maement Vol. I I 
(1988). p. 468. 

Coastal pop11ulation: LInited Nations P)ol)-
ulatinm )ivisiou, vebmngraphi ")earbook 
/987 (tUnited Nations, New York, 1989); 
The Tiae.s Atlas of the World (John 
Bartholomew & Son limited and Times 
Book l.imited, l.ondon, 1988); U.S. )efense 
Mapping Agency, lydrographic"/Topo-
graphic Center, World Port Index (U.S. Gov-
ermnent Printing Office, Washington, D.C., 
1984). 

Volume of goods loaded and unloaded: 
United Nations Statistical Office, Depart-
ment of International Economic and Social 
Affairs, Statistical Yeai. i)ok1985/86 
(United Nations, New York, 1988). 

Offshore oiland gas resources: Offshore 
Magazine (PennWell Publishing Company, 
Tulsa, Oklahoma, United States, June 20, 
1983; and June 1989); 1978 offshore gas 
production for Spain arid tile United 

States: 198,8 Envey S'tatistics.(;,ir-cebook 

(PennWell Publishig Company, "l'ui,. 

Oklahoma, United States. 1988). 
The United Nations Office for Ocean A 

fairs and the Law of time Sea compiles in-
formation concerning coastal claims from 
the following sources: the U.N.Legislative 
Series; official gazettes: communications 
to the Secretary General; legal journals; 
ann other publications. National claims to 
maritime zones fall irhto five categories: 
territorial sea, contiguous zonme, exclusive 
economic zone (EEZ), exclusive fisiiing 
zone, and continental shelf. Tire extent of 
the continental shelfto 200-reter depth 
and tire exclusive economic zone for those 
countries with marine coastline are pre-
sented in Table 2:3.1. Only the potential 
and not the actual established area of the 
EEZ are shown. At present, half of the 
world's countries have established a full 
EEZ. Please refer to WorldResources 1988-
89, Table 22.1, for a listing of nazi;oal 
claims to territorial seas, EEZs, and conti-
nental shelf. 

W -.. 'enoumCes1990-91 

An ITZ may be established by anation 
out to 200 nautical miles to claim all the 
resources within the zone, including fish 
and all other living resources; minerals; 
and energy from wind, waves, and tides. 
Nations may also claim rights to regulate 
scientific exploration, protect the marine 
environment, and establish marine termi-
nals an( artificial islands. The EEZ data 
shown do not reflect the decisions of 
some countries, such as those in the Euro-
pean Community, to collectively manage 
EEZs in some areas. When countries' E-7s 
overlap--such as those of the United 
States and Cuba, which both have 200-
mile EEZs, yet are only 90 miles apart-
they must agree on a maritime boundary 
between them, often a halfway point. 

The shelf area to the 200-meter isobath 
represents one indicator of potential off-
shore oil ain( gas resources because of 
sedimentation from continental areas. 
Other indicators includle geology andige
ography. Questions of accessibility adi(l 
water depth affect the economics of - )[o-
ration and production and may constrain 
operations in water in depths greater 
than 21(1neters. Significant deep-water 
olperatioms currently take place inthe 
North Sea. 

The percentage of urban population in 
large coastal cities was calculated using 
data on cities and urban agglomerations 
whose populations are 100,000 or larger, 
reported in the DemographicYearbook. 
The total p(pulation living inurban cen-
ters with more than 100,000 leople lo-
cated at the coast was divided by the 
total population living in urban centers 
with more than 100,0)0 people. Thus, 100 
percent means that all inhabitants of 
urban centers of 100,000 or larger are liv-
ing at the coast. "Coastal centers" were de-
fined by 77e Times Atlas and usually are 
no more than 20 kilometers inland. Major 
ports located farther inland, such as Ham-
burg, are included as well. Data on urban 
agglomeration were preferred over that of 
component cities. The data are the most 
recent country-level estimates available, 
but range from 1970 to 1986. Tile percent-
age of urbanr population in large coastal 
cities can be used as an indicator of popu-
lation and development pressures exerted 
on coastal resources, 
The United Nations Statistical Office 

based its csiiates of average annual vol. 
une ofgoods loaded and unloaded inmari-
tir,' transport mostly on information 
available inexternal trade statistics. Petro-
/euinproducts exclude bunkers and those 
lrodulcts not generally carried by tanker, 
namely: paraflin wax, petroleum coke, as-
phalt, and lubricating oil, which are in;-
cluded with tiledata for dry 'aqo. 

Offshore, Magazine annually queries na-
tional govej nnients for statistics oi off-
shore oil andgas resources. These data are 
supplemented with figures from oil- and 
gas-producing companies, expert sources, 
and published literature. National govern-

ments often have difficulty providing off
shore gas production figures; the data are 
more frequently obtained from alternate 
sources. Figures for offshore oil and gas 
production in Middle Eastern countries 
are particularly difficult to obtain and, as 
a result, are less reliable. 

The regional total for Asian offshore oil 
production includes production witb n 
the Neutral Zone, an area of disputed sov
erelgnty that lies between Saudi Arabia 
and Kuwait. Profits fron. production in 
the Neutral Zone are shared by the two 
countries. 
Proven reserves of offshore crude oil 

and gas represent the fraction of total re
sources that can be recovered in the fu
ture, given the present, and expected, 
economic conditions and existing techno
logical limits. Please refer to Table 21.3 
for data on both offshore and onshore rt:
serves.
 

Table 23.2 Marine and Fresh
water Catches and Aquaculture
 

Sources: Fishcatch: Food and Agriculture 
Organization of the United Nations (FAO), 
Yearbook of Fishery Statistics 198.1 and 
1987 (FAO, Rome, 1986 and 1989). Aqua
culture: Food and Agriculture Organiza
tion of the United Nations (FAO), 
Fisheries Department, Aquaculture Produc
tion (1984-1987) (FAO, Rome, November 
1989). 

Average Annual Marineand freshwater 
catch data refer to marine and freshwater 
fish killed, caught, trapped, collected, 
bred, or cultivated for commercial, indus
trial, and subsistence use. Crustaceans, 
molluscs, an! miscellaneous aquatic ani
nrals are included. Statistics for naricul
ture, aquacultuF e and other kinds of fish 
farming at, ir cluded in the country totals. 
Quantities taken in recreational activities 
are excluded. Figures are tire national to
tals averaged over a three-year period; 
they include fish caught by a country's 
fleet anywhere in the world. Catches of 
freshwater species caught in seas with 
low salinity are included in ttie statistics 
of the appropriate marine area. Catches 
of diadromous (migratory between salt 
and freshwater) species are shown either 
in the marine or inland area where 
caught. 

Data are represented as nominal catch, 
which is the landings converted to a live 
weight basis, that is, weight when caught. 
Landings for some countries are identical 
to catches. 

International fishery data are continu
ally revised. Tie Yearbook of FisheryStatis
tics 1987, tilelatest edition, contains 
FAO's most up-to-date published figures. 

Data are provided annually to the FAO 
Fisheries Department by national fishery 
offices arid regional fishery commissions. 
Some countries' data arc only provisional 
for tire latest year; for otrer countries, no 
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data are available. If no new data are sub- and bonefish. The species groups listed Table 23.5 Waste and Metals 
miltted, FAO uses the pevious year's fig- represent tile top five categories caught in Dumped In Oslo Convention
 
ures or makes estimates based on other each fishing zone in1987. Years shown
 
Information, are three-year averages. (Refer to the Area
 

Years refer to calendar years except for Technical Note for Table 23.2 for tile (tell-
Antarctic fisheries data, which are for nitiou of nominal fish catch and additional
 
split years (July I-June 30). Data for Ant- information on FAO's fishery data base.) Source: Oslo Commission, 7hirteenthAn
arctic fisheries are given for the calendar Data on estimatedsustainabke yield are nul Report (Oslo Commission, London,
 
year in which the split year ends (see FAO estimates of marine fisheries' hiologi- 1989).
 
Table 23.4 for trends in Antarctic fisher- cally realizable potential. These estimates Ocean dumping data are reported to tile
 
ies). refer to the maximum harvest that can be Oslo Commission by 13 western European
 

Average annual aquaculture production sustained by a fishery year after year, countries (Belgium, Denmark, Finland,
 
refers to the farming of aquatic organ- given average environmental conditions. France, Federal Republic of Germany, Ice
isms, including fish, molluscs, crusta- Ail assumed level of incidental take (catch- land, Ireland, Netherlands, Norway, Portu
ceans, and aquatic plants.Farming is ing one species while fishing for another) gal, Spain, Sweden, and ti., United
 
defined as the active intervention in tile issubtracted from estimates (,fpotential. Kingdom)who are contracting parties to
 
rearing process of aquatic organisms, The figures exclude tile potential harvest tile 1972 Convention for the Protection of
 
such as regular stocking, feeding, and pro- from culturing mariine fish. Maximum sus- Marine Pollution by Dumping hom Ships

tection from predators. For statistical pur- tainable yield estimates are not strictly and Aircraft (Osic Convention). The Oslo
 
poses, aquaculture includes only aquatic comparable to tile catch data shown be- Convention applies to dumping in the 
organisms that are harvested by an indi- cause they exclude molluscs. Estimates of North Atlantic aind Arctic Ocean bounded 
',idual or corporate body that has owned oceanic pelagic species (about 3-5 per- by 36* north latitude, 42' west longitude, 
them throughout their rearing period, cent of tile total marine potential) are un- and 51' east longitude. Dumping else-
Aquatic organis:ns that are exploitable by available at the regional level and are also where in the world, as well as in internal 
the public as a conimon propcrty re- excluded, waters, such as harbors and estuaries, 
source, with or without appropriate li- lies outside the limits of tile Oslo Conven
censes, are tireharvest of fiiheries. tion area. It is covered under tle 1972 Con-

FAO's global collection o! aquaculture Table 23.4 Antarctic Fisheries, vention on the Prevention of Marine 
statistics by questionnaire was begun in 1970-87 Pollution by Dumping of Wastes and 
1984; today, these data are a regular fea- (OtherMatter (L.ondon Dul)ping Conven
ture of tile annual FAO survey of world tion). 
fishery statistics. Source: Food and Agriculture Organiza- Tile Oslo Convention bans the dumping 

FAO's 840 "species items" are suimna- tion of the United Nations (FAO), Review of certain dangerous substances, except 
rized in six categories. Freshwater fishes in- ofthe State of World lishery Resources when they occur in wastes intrace quanti-
Clude carps, barbels, tilapias and other (FAO, Fisheries Circular No. 7111, Revision ties, hecause of their toxicity, persistence, 
freshwater fishes. Diadrornous fishes in- 6,Rome, 1989). and bioaccumulation. These include 
elude, among others, sturgeons, river The Antarctic fisheries comprise three crude oil, mercury, cadmium, and high
eels, salmons, trouts, and smelts. Marine FAO fishery zone, (Antarctic mrnrie level radioactive wastes. Other hazardous 
fishes include a variety of species such as areas). "SouthernAtlantic refers to FAO substances such as arsenic, lead, and cop
flounders, halibuts, ant redfishes. Crusta- Region 48, an area bounded by 70"west per may be (lumcd but require special 
ceans inclu(le, among others, freshwater longitude and 30"east longitude, and ex- permits. 
crustaceans, crabs, lobsters, shrimps, and tending north from tile Antarctic coast to The Oslo Commission secretariat rr
prawns. Molluscs include freshwater mol- 50'south and 60'south latitudes. "South- co :Ispermits for Incineration of chemical 
luscs, oysters, mussels, scallops, clam-, ern Indian" refers to FAO Region 58, an wastes at sea and dumping permits for 
and squids. Other includes fregs, turtles, area bounded by 30' east longitude and three types of waste: industrial waste, sew
and aquatic plants. Data on whales and 150" east longitude, and extending north age sludge, and dredged materials. 
other mammals are excluded from this from the Antarctic coast to 45' south and Industrial wastes in Table 22.5 have been 
table. For a detailed listing of species, 55' south latitudes. "outhern Pacific" re- divided into five waste categories: 
please refer to tile most recent FAO Year- fers to FAO Region 88,an area bounded Liqui' wastes and sludges include liquid 
book of Fishery Statistics. by 150' east longitude and 70' west !ongi- waste products from a variety of indus

tude, and extending north from the Antarc- tria, processes such as caustic washing 
tic coat to 60' south latitude. Main fishing from oil refining, sugar refining wastes,

Table 23.3 Annual Catch and countr, s lor these areas are listed for and brine frolm herbicide manufacture. 
Sustainable Yield of Regional 1987. "Deepwater"solid wastes refer to the dis-

Most of tile Antarctic average annual posal of containerized solid waste at aMarine Fisheries catch is composed of krill and two enI- United Kingdom deep water dumpsite in 
denlic families of finfish: Antarctic cod the Atlantic. 

Sources: Marine fishery production: Food (Nototheniidae) and icefish "TO-,productionwastes refer to titanium 
and Agriculture Organization of the (Channichthyidae). Catches of other fill- dioxide, one of tile top 20 (by quantity) in-
United Nations (FAQ), Yearbook ofFishery fish are very low. Over 90 percent of the organic chemicals currently produced in 
Statistics 1981 and 1.987 (FAO, Rome, 1983 total 1987 Antarctic catch canie from wa- tile world. Titanium dioxide is used pri

,
and 1989). Estimated fishery potential: ters around the islands of South C. -gia marily as a white pigment in the manufac-
M.A. Robinson, Trends and Prospects in and South Orkney in Region 48 (Jouthern ture of paints, plastic, paper, rubber, and 
World Fisheries (FAO, Fisheries Depart- Atlantic). Data are for split years (July 1- artificial fibers. Depending oil tile selected 
ment,Rome, 1984). June 30) and are given for tile calendar technology, titanium diraw materials anld] 

FAO divides the world's oceans into 19 year inwhich the split year e ds. Refer to oxide production generates waste prod

marine statistical areas and organizes av- the Technical Note for Table 23.2 for the ucts such as copperas (red mud), spent 
eragle annual catch data by 840 "species definition of nominal catch and additional acid (sulfuric acid), and metal chlorides. 
items," species groups separated at the information oil FAO's fishery data base. Under unfavorable hydrodynamic condi
family, genus, or species level. The spe- hi'hescientific body responsible for the tions, tile dumping of titanium dioxide 
cies groups shown In Table 23.3 are FAO Antarctic area is the Conmission for tile wastes call hari marine flora and fauna. 
groupings, which Include species siniflar Conservation of Antarctic Marine Living Belgium, the Federal Republic of Ger
to those named. For example, the group Resources. It collects data o catch and ef- many, Italy, and the Netherlands have de
designated "herrings, sardines, and ancho- ('ort, assesses the fish stock, and recom- cided that future discharges of Ti02 will 
vies" also includes menhadens, pilchards, mends management measures, be prohibited. 
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Phosphogypsumn wastes, a byproduct 
from the manufacture of phosphoric acid, 
contain residual free acid (phosphoric 
acid) and a number of impurities originat-
ing from phosphate rock, such as fluo-
rides, heavy metals, and radium. The 
disposal of phosphogypsuI to tile seas 
can result in a reduction of pH in the sea 
water immediately adjacent to the dis-
charge area and a bLuild-up of metals in 
the water column and in marine organ-
isms, especially where there is no regular 
and significant tidal flow. 

Fly ash and collier wastes include two 
kinds of wastes. Fly ash, tile refuse from 
coal-fired power stations, consists of 
large, fused lumps of clinker and a consid-
erable amount of very fine powder. It is 
composed mainly of silicon dioxide with 
oxides of aluniinim and iron, andi a vari-
ety of metals are present in trace concen-
trations. Colliery wastes are predlon-
illantly Made up of natural stone, hut in-
clude small fragments of coal and thus 
have a high metal content. Dumping 
grounds receiving fly ash or colliery 
wastes have shown extreme imlpoverish-
ment of tie marine fauna because of tile 
smothering effect of these wastes. 

Sewage sludge'ctains much of tie 
solid material separated from liqiid efflu-
ent during the treatment Of llnicipal 
wastes. It can containIboth toxic 1olhl-
tants, such as metals and organic chemni-
cals, as well as nontoxic )ollutants, such 
as fecal bacteria, viruses, and nutrients. 

Dredged materialsinclude sediments 
from harbors, estuaries, and navigation 

channels that are dumped at sea. Dredged 
materials do not usually contain high 
levels of contaminants, but dredge spoils 
from harbors ten( to contai higher lev-
els than dredge spoils from other sources. 
Disposal of dredged materials varies 
considerably from year to year, depend-
ing on the frequency of maintenance 
dredging. 

The effects of metals in the marine envi-
roiment and the resulting impacts oil hu-
moans are both wide ranging and complex. 
Transition metals such as copper and 
zinc may be toxic in high concentration. 
but are essential nutrients at low concen-
tration. Heavy metals such as cadmium, 
lead, and mercury may also be required in 
low concentration for cell metabolism, 
but are toxic at slightly higher concentra-
tions. Heavy metals teld to build up in 
sediment and living organisms. Shellfish 
are especially efficient at concentrating 
metals from tile water and sediment in 
which they live. For a detailed discussion 
of potential harmful effects of cadmium 
and lead in tile marine environment, 
please refer to Joint Group of Experts on 
tile Scientific Aspects of Marine Pollution 
(GESAMP), Reports andStudies No. 22, Re-
view ofPotentiallyIlarmful.Substances-
Cadmium,. iead and 7Tn (World Health 
()rganization, Geneva, 1985). 

The quality of the data presented omi 
metal inputs varies over time and among 
waste categories. Analytical metlhods, 
measuring the concentration of metals in 
waste, have improvel lin tile past decade. 
Data analysis is seriously compromised 

when the sample's metal content Is less 
than the Instrument's detection limit. In 
such cases, the instrument's lowest detec
tion limit is reported as the sample's 
metal content. Different instruments, mea
suring low metal concentrations, can give 
different results, reflecting only differ
ences in tile quality of the Instruments In
stead of differences In the concentration 
of metals. Measurements at tile beginning 
of these time series also tend to be based 
on less frequent analyses and less accu
rate instruments than do those taken 
more recently. 

Trend data for metal input from fly ash, 
colliery waste, phosphogypsun wastes, 
and titanium dioxide production wastes 
are closely related to the tonnage of 
wastes dumped. Their metal content de
pends oil tile raw materials used, which 
tend to fluctuate only between certain 
narrow limits. 

Large errors can occur in estimating the 
concentration of heavy metals in dredged 
materials, especially when a poor esti
mate, based on an inadequate sampling 
technique, is multil)lied by large quanti
ties of dredged materials. Furthermore, 
some dredged materials originate from 
sea channels andI thus do not represent 
new inputs. 

A large proportion of trace metals mea
sured in solid wastes is actually bound to 
a mineral matrix. Analytical techniques 
produce overestimates of the quantities 
of metals directly available to the marine 
environment. 
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24. Atmosphere and Climate
 
The earth's atmosphere is not a limitless sink for 
human wastes. Emissions from fossil fuel production 
and consumption, deforestation, agriculture, indus-
try, and other activities that serve humankind con-
tinue to increase and. accumulate. These emissions 
could change our planet's climate, destroy the protec-
tive stratospheric ozone layer, acidify rainfall, and di-
recdy affect the health of people, plants, and animals. 
This chapter provides data that give some context to 
potential risk as well as each country's contribution 
to that risk. (See Chapter 2, "Climate Change: A Global 
Concern," for further information.) 

Table 24.1 details how much each country contrib-
utes to the greenhouse effect through the emission of 
carbon dioxide (CO2 , shown as the amount of elemen-
tal carbon it contains), methane (CH4), and 
chlorofluorocarbons (CFCs). The industrialized coun-
tries emit most of the C02 from the burning of fossil 
fuels, especially the United States, which ranks first, 
and the U.S.S.R., which ranks second. But data on the 
destruction of forests, a surprising range of human 
economic activities that produce CH4, and the emis-
sion of CFCs show that even developing countries can 
emit large quantities of greenhouse gases to the atmo-
sphere. Brazil, for example, ranked third in the world 
in 1987 as a producer of C02 because of massive de-
forestation. 

The data in Table 24.1 show emissions from the mix 
of fossil fuels for each country, contributions from ce-
ment production and land use change, CH4 emissions 
by source, and an estimate of CFC use. C02, CH4, and 
CFCs make up about 86 percent of the contribution to 
current greenhouse heating. Other importanit green- 
house gases include nitrous oxide, the emiss;ons of 
which are poorly understood, and tropospheric 
ozone, produced by reactions involving other pollu-
tants. 

Both CO2 and CH4 have large sources and sinks that 
are independent of human activities and which had 
been in reasonable balance until the past few hun-
dred years. Emissions resulting from human activities 
have upset this balance leading to increases in the 
concentrations of both C02 and CH4. (See Table 24.3.) 
The increases in concentrations total less than the 
amount emitted by human activity, so sinks for both 
C02 and CH4 must have also increased, 

The total emission of C02 caused by human activi-
ties in 1987 was about 8.6 billion metric tons (ex-
pressed in terms of the total carbon content of the 
C02), but the total in the atmosphere increased by 
only about 3.7 billion metric tons. For CH4 the ratio 
was even larger. Methane er!ssions in 1987 were 

about 255 million metric tons, but the atmosphere 
had a net increase of only about 43 million metric 
tons. Table 24.2 attributes these atmospheric in
creases to countries in proportion to the fraction of 
'he total C02 and CH4 emissions that can be assigned 
to each. 

Each country's share of increases of CH4 and CFC in 
the atmosphere can be expressed in terms of the 
amount of C02 that would produce the same green
house heating effect. These equivalents, together 
with their share of increases in C02 concentrations, 
are each country's share of the increasing greenhouse 
effect. 

The United States, U.S.S.R., and Brazil are also the 
largest contributors to the annual increase in the 
greenhouse effect, China is fourth because of equal ef
fects from of C02 and CH.4, and India is fifth, primarily 
because of its emissions of CH4. Japan is the sixth larg
est contributor. 

Table 24.3 shows the increasing load over time of at
mospheric pollutants that potentially threaten our cli
mate and the stratospheric ozone layer. These trends, 
if unbroken, foreshadow even higher concentrations 
that could lead to climate change and increased ultra
violet radiation reaching the earth from the sun. In
creases in atmospheric C02 concentrations shown in 
Table 24.3 reflect increasing emissions shown in Table 
24.4. Total annual emissions of C02 from the burning 
of fossil fuels and cement production have increased 
over threefold since 1950. 

Other eiissions more directly affect human health, 
but they are difficult to estimate or are not measured 
in many places. Emission of these pollutants is con
centrated in urban environments. Table 24.5 shows re
ported levels of sulfur dioxide, suspended particulate 
matter, and smoke in selected cities in the Global Envi
ronment Monitoring System (GEMS) of the United Na
tions Environment Programme. Data on most cities, 
even those with notorious air pollution such as Mex
ico City and Los Angeles, are not available within 
GEMS. Available data point to the special risk for peo
pie living in the developing countries of Asia in large 
cities such as Shenyang and Calcutta. In contrast, 
even S~io Paulo and Santiago appear healthful. 

Table 24.6 shows estimates of the total amount of 
selected air pollutants dumped into the atmosphere 
by selected countries. Of special interest are declines, 
among those reporting, in industriali,ed countries of 
sulfur dioxide and oxides of nitrogen, both causes of 
acid rain. These declines are due in part to the delib
erate conversion to lower sulfur fuels as well as to pol
lution controls in industry and transport. 
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24 Atmosphere and Climate
 

Table 24.1 Sources of Current Greenhouse Gas Emissions
 

Authropogenc Additions to the Carbon Dioxide Flux Anthropogenic Additions to the Methane Flux CFC 
(000 metic Ions carbon) c 1987 Use Per 

1987 
c 1987 

Land Use 
Per Capita 

(metric Solid 
(000 metnc tons of methane) Per Capita 

Hard Wet Pipeline (metric 
Capita 
1986 

WORLD 
Cement 

140,000 

Solid Liquid 

2,300,000 2,300,000 
Gas 

900.000 
Flaring 

50,000 
Change 

2800,000 

Ions) 

1.7 

Waste Livestock 

44,000 76,000 
Coals 

16,000 
Rice 

66.000 
Leakage 

53.000 
tons) 

0.06 
(kg) 

02 

AFRICA 6.600 74,000 64,000 16.000 11,000 390,000 0.9 1.800 9,000 910 1,700 4,500 0.03 0.0 
Algeria 
Angola 
Benin 
Botswana 
BurkinaFaso 

880 
48 
41 

0 
0 

820 
0 
0 

420 
0 

5,800 
450 
99 

0 
120 

9,000 
81 

0 
0 
0 

2.800 
660 

0 
0 
0 

X 
5,500 
2.500 

700 
4200 

08 
07 
06 
I 0 
05 

52 
20 

9 
2 

16 

150 
120 
42 

110 
120 

0 
X 
X 
X 
X 

X 
6 
1 
A 
I 

3.700 
X 
X 
X 
X 

0 17 
002 
001 
0 10 
002 

0 1 
X 
X 
X 
X 

Burundi 
Cameroon 
Cape Verde 
Central African Rep 
Chad 

Comoros 
Congo 
Cole d voire 
Djibouti 
Egypt 

0 
0 
0 
0 
0 

0 
8 

89 
0 

1.400 

4 
1 
0 
0 
0 

0 
0 
0 
0 

800 

41 
1,600 

9 
71 
56 

13 
420 

1300 
72 

16000 

0 
0 
0 
0 
0 

0 
1 
0 
0 

2,300 

0 
0 
0 
0 
0 

0 
46 

0 
0 
0 

12) 
34.000 

X 
3.500 
4.200 

X 
3.200 

100,000 
X 
X 

00 
34 
00 
13 
08 

00 
20 
9 1 
02 
04 

11 
22 

1 
6 

12 

1 
3 

23 
1 

110 

25 
150 

1 
58 

170 

3 
4 

41 
9 

200 

X 
0 
X 
X 
X 

X 
X 
X 
X 
X 

2 
8 
X 
4 
7 

5 
I 

1I0 
X 

230 

X 
X 
X 
X 
X 

X 
X 
X 
X 

460 

001 
002 
000 
003 
004 

003 
000 
003 
003 
002 

X 
X 
X 
X 
X 

X 
00 
01 

X 
01 a 

Equatorial Guinea 
Ethiopia 
Gabon 
Gambia The 
Ghana 

0 
34 
19 
0 

37 

0 
0 
0 
0 
2 

19 
700 
660 

49 
780 

0 
0 

90 
0 
0 

0 
0 

610 
0 
0 

250 
7.800 
1,800 

200 
7500 

06 
02 
30 
03 
06 

1 
84 

3 
1 

31 

0 
1,200 

1 
12 
49 

X 
X 
X 
X 
X 

X 
X 
X 
4 

17 

X 
X 
X 
X 
X 

000 
0 03 
000 
003 
001 

X 
X 

00 
X 

01 
Guinea 
Guinea Bssau 
Keiya 
Lesotho 
Liberia 

Libya 
Madagascar 
Malawi 
Marl 
Mauriania 

Mauiius 
Morocco 
Mozambique. People s Rep
Niger 
Nigeria 

0 
0 

180 
X 

12 

370 
5 

10 
3 
0 

0 
520 
61 

5 
480 

0 
0 

67 
X 
0 

I 
10 
19 
0 
4 

52 
1.200 

46 
48 
79 

260 
33 

1100 
x 

170 

4600 
220 
110 
100 
860 

270 
3800 

210 
150 

6.900 

0 
0 
C 
X 
0 

1900 
0 
0 
0 
0 

0 
45 

0 
0 

1.900 

0 
0 
0 
X 
0 

420 
0 
0 
0 
0 

0 
0 
0 
0 

6.200 

8.700 
3 n00 
1.600 

X 
7.500 

X 
23.000 
16.000 
2100 

X 

X 
X 

7.000 
1,600 

58.000 

14 
13 
0 1 

X 
33 

18 
2 1 
2 1 
03 
05 

03 
02 
05 
03 
07 

13 
2 

46 
X 
5 

9 
23 
16 
18 
4 

2 
53 
33 
14 

220 

69 
9 

530 
X 
4 

47 
380 
36 

300 
130 

2 
220 
49 

210 
610 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
4 
0 
0 
1 

200 
52 

8 
X 

47 

X 
430 

9 
38 

2 

X 
1 

38 
6 

150 

X 
X 
X 
X 
X 

360 
X 

50 
X 
X 

X 
X 
X 
X 
X 

006 
008 
003 
003 
006 

0 10 
0 10 
002 
005 
008 

000 
001 
001 
004 
001 

X 
X 

00 
X 

01 

X 
X 
X 
X 
X 

X 
00 

X 
X 

01 
Rwanda 
Senegal
Sierra Leone 
Somalia 
South Aflica 
Sudan 
Swaziland 
Tanzania 
Togo 
Tunisia 

0 
51 
0 
0 

1.700 
27 

0 
41 
50 

460 

0 
0 
0 
0 

67.000 
0 

120 
3 
0 

66 

99 
580 
150 
260 

9.300 
870 

0 
520 

75 
2.300 

0 
0 
0 
0 
0 
0 
0 
0 
0 

400 

0 
0 
0 
0 
0 
0 
0 
0 
0 

28 

290 
2.900 

990 
990 

X 
27.000 

X 
4.800 

690 
X 

01 
05 
03 
02 
23 
12 
02 
02 
03 
04 

14 
15 

8 
13 

630 
50 

2 
50 

7 
17 

30 
97 
14 

580 
980 

1.000 
23 

560 
17 
64 

X 
X 
X 
X 

880 
X 
X 
0 
X 
X 

1 
16 
70 

1 
0 
1 
X 

120 
4 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

001 
002 
005 
009 
008 
005 
003 
003 
001 
001 

X 
0.1 

X 
X 

0.1 
X 
X 
X 

0.0 
0.1 

Uganda 
Zaire 
Zambia 
Zimbabwe 

3 
54 
51 
0 

0 
210 
280 

3,600 

190 
700 
410 
590 

0 
0 
0 
0 

0 
0 
0 
0 

2.200 
35,000 

4,200 
4,100 

0 1 
11 
06 
09 

36 
79 
14 
19 

200 
52 
86 

200 

X 
1 
3 

20 

10 
12) 

4 
X 

X 
X 
X 
X 

002 
001 
001 
003 

X 
00 

X 
0,1 

NORTH &CENTRAL AMERICA 16,000 470.000 680,000 280.00 6,300 90.000 3.8 18,000 10,000 3,900 700 27,000 0.15 0.6 
Barbados 
Canada 
Costa Rica 
Cuba 
Dominican Rep 

27 
1,700 

71 
480 
150 

0 
26.000 

0 
120 

0 

210 12 
52.000 29.000 

660 0 
8.600 12 
1600 0 

0 
1.400 

0 
0 
0 

X 
0 

15,000 
49 
99 

10 
4 3 
57 
09 
03 

1 
1.700 

6 
24 
14 

1 
760 
92 
240 

77 

X 
150 

X 
X 
X 

X 
X 
6 

83 
48 

X 
7.800 

X 
X 
X 

001 
040 
004 
003 
002 

0.3 
0.8 
0.1 
01 
0.1 

El Salvador 
Guatemala 
Haiti 
Honduras 
Jamaica 

83 
180 
27 
54 
34 

0 
0 
0 
0 
0 

470 
770 
160 
460 

1,600 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

180 
10.000 

26 
9.800 

58 

01 
13 
00 
22 
07 

13 
19 
12 
9 
5 

35 
97 
61 
89 
14 

X 
X 
X 
X 
X 

2 
2 
5 
3 
0 

X 
X 
X 
X 
X 

0.01 
001 
002 
002 
001 

0.1 
00 
00 
0.0 a 
0.1 

Mexico 
Nicarapua 
Panama 
Trinidad and Tobago 
United States 

2,700 
14 
48 
43 

9,800 

5.700 
0 
4 
0 

430.000 

58.000 
560 
700 
740 

540,000 

14.000 
0 
0 

2,100 
240,000 

1.200 
0 
0 

1,900 
1.800 

32.000 
17.000 
5,400 

87 
6.000 

14 
49 
27 
40 
50 

180 
8 
5 
3 

16,000 

1.500 
75 
55 

3 
7.000 

42 
X 
X 
X 

3.700 

22 4.500 
11 X 
13 X 
0 X 

510 15.000 

0.08 
0.03 
0.05 
0.01 
0.17 

0.1 
01 
0.1 
03 
0.8 

a 

a 
SOUTH AMERICA 6,700 16,000 92000 27,000 3,700 240,000 5.8 620 13,000 100 850 2,300 0.07 0.1 
Argentina 
Bolia 
Brazil 
Chile 
Colombia 
Ecuador 
Guyana
Paraguay 
Peru 
Suriname 

860 
41 

3.500 
200 
810 
270 
0 
20 
270 

7 

1.000 
0 

10.000 
1.300 
3.400 

0 
0 
0 

160 
8 

17.000 
840 

38,000 
5,100 
7.200 
3600 
280 
430 

5600 
330 

10,000 
160 

1.500 
450 

2.300 
36 

0 
0 

340 
0 

1.300 
78 
' l 
. 3 

240 
22C 

0 
0 

94 
0 

X 
6,800 

1,200.000 
X 

120,000 
39.000 

340 
7.400 

45.000 
350 

b 

1.0 
1.2 
91 
06 
46 
44 
06 
2 0 
2 5 
1 8 

70 
15 

320 
29 
68 
22 

2 
8 
45 

1 

3.100 
220 

7.500 
180 
890 
140 
12 
190 
190 

2 

2 
X 

37 
8 

53 
X 
X 
X 
1 

A 

18 
14 

490 
6 

180 
21 
14 

6 
36 
35 

540 
50 

510 
130 
110 

X 
X 
X 
X 
X 

0.12 
005 
0.08 
0.03 
004 
0.02 
0.06 
0.06 
002 
0.11 

0.1 
00 
0.1 
0.1 
0.1 
0 1 
00 
0.0 
0.0 
0.1 

a 

Uruguay 55 1 890 0 0 X 0 3 8 460 X 13 X 0.17 01 
Venezuela 730 130 12.000 12.000 1.100 18.000 24 40 450 0 19 980 0.08 0.1 
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Table 24.1
 

Anthropogenic Additions to the Carbon Dioxide Flux Anthropogpnic Additions to the Methane Flux CFC 
(000 metric tons carbon) c. 1987 Use Per 

c.1987 Per Capita (000 metric tons of methane) Per Capita Capita 
1987 Land Use (metric Solid Hard Wet Pipeline (metric 1986 

Cement Solid Liquid Gas Ftanng Change tons) Waste Livestock Coals Rice Leakage tons) (kg) 
60,000 770.000 460,000 0,000 19,000 870,000 0.8 8,700 23,000 5.500 62.000 8,300 0.04 0.0 

Afghanistan 14 120 550 320 92 X 0 1 42 270 100 X 0031 XBahrain 0 0 2,100 2.300 0 94X 1 0 X X 70 0 15 0 2Bangladesh 42 34 1.500 1.800 0 1.900 0 1 230 1.400 X 4,600 X 0 06 0.081rutan 0 1 8 0 0 220 0 2 3 13 X 18 X 003 XChina 24.000 480.000 84.000 7300 810 X 0 6 2,500 4.400 4.200 18.000 X 0.03 00 a 
Cyprus 120 110 870 0 0 X 16 2 6 X X X 001 XIndia 5.000 110,000 35.000 3,200 1.700 140.000 0 4 1.800 10,000 830 18.000 180 004 0.0 aIndonesia 1,600 2,200 21 000 3.400 6.700 220.000 1 5 380 430 9 4.900 400 004 0 0 aIran. Islamic Rep 1.700 1 100 26.000 8.400 2.500 X 0 8 100 540 4 250 1.100 0.04 01

Iraq 1.400 1 8.600 520 2700 X 0 8 36 130 X 25 X 001 0 1
 
Israel 280 2.500 5.300 21 0 X 19 120 22 X X X 003 0 7Japan 9,500 75.000 1.10.000 23.000 X 2.400 260 1.200 00324 2 1 80 X 0 5 aJordan 310 0 2.400 0 0 0 4X 6 10 X X X 000 XKampuchea. Dem 0 0 120 0 0 4.800 0 6 17 83 X 840 X 0 13 X

Korea. Dem People's Rep 1,100 36.000 2.800 0 0 
 X 1 9 47 42 200 430 X 004 X 
Korea. RvO 3,500 23.000 20000 1200 0 X 1 1 96 83 120 630 X 002 0 1 aKuwait 140 0 4.500 4100 360 X 49 4 8 X X 580 032 06 aLao People's Dem Rep 0 0 56 0 0 85.000 224 10 66 X 240 X 0.09 XLebanon 120 0 2.200 0 0 X 08 5 4 X X X 000 XMalaysia 390 360 7700 2.300 610 38.000 3 1 36 37 X 320 50 003 01 a 
Mongolia 27 1.800 670 0 0 X 12 4 250 3 X X 012 XMyanmar 53 79 730 600 27 150 000 4 0 89 450 0 2.300 X 0.08 00Nepal 14 62 150 0 0 6.700 04 38 490 X 660 X 007 XOman 0 0 4.500 1.100 320 X 44 3 14 X X 640 041 X
Pakistan 930 1.800 6.700 4.700 420 770 01 220 1.500 10 970 X 
 003 00
 
Philippines 480 1.200 8.200 
 0 0 68.000 13 130 230 6 1.800 X 004 00Qatar 41 0 580 2.500 0 X 95 1 1 X X 480 147 XSaudi Arabia 1,300 0 32000 12.000 1000 X 3 7 26 X X 4.800 0359 039Singapore 210 11 7.600 0 0 30 6X 2 X X X 000 08Sri Lanka 81 0 1000 0 0 1.700 02 37 110 X 340 X 003 X 
Syrian Arab Rep 570 1 6.700 99 190 X 0 7 23 100 X X X 001 X
Thailand 1,200 10000 0 2 1 
2,100 2.200 94.000 120 470 X 4.500 X 0 10 00 aTurkey 3.000 18.000 16000 150 0 X 0 7 t10 980 18 26 X 002

United Arab Emirates 340 0 4.700 7.100 1.900 

01
 
X 96 3 8 X X X 001 09Viet Nam 210 1,200 0 1 03.700 0 58.000 140 220 28 2.800 X 0.06 X
 

Yemen Arab Rep 100 0 810 0 0 X 01 15 57 X X X 
 001 X
 
Yemen. People's Dem Rep 0 0 1.500 0 0 
 X 06 5 22 X X X 001 X
 
EUROPE 33,000 560,000 440,000 170,000 5.100 0 2.4 9.200 9,200 2,300 220 6,300 
 0.05 0.6 
Albania 120 1,000 1,300 200 0 0 09 47 47 X 2 X 003 XAustria 620 3.900 7,700 2.600 0 0 20 150 160 X X X 004 0 7 aBelgium 790 8.900 13.000 4.100 0 0 2 7 210 140 28 X X 004 09 aBulgaria 770 18.000 12.000 2.900 0 0 3 7 X 1 9 X 01200 0.02
Czechoslovakia 1.400 46,000 13000 5.200 0 0 4 2 250 300 130 X X 004 01 
Denmark 270 8.500 7.300 810 6 0 33 100 170 X X X 005 0.9 a
Finland 220 4.800 8800 820 0 0 3 0 97 96 X X X 004 07France 3.200 21,000 56.000 14.000 0 0 1 7 1 100 1.500 82 7 1.500 008 09 aGerman Dem Rep 1.600 71.000 13.000 4.300 0 0 54 300 360 X X X 004 07Germany. Fed Rep 3,400 79,000 73.000 26.000 0 0 3 0 1.200 920 440 X X 004 09 a 
Greece 1.800 7.100 7.200 70 0 0 16 200 140 X 10 X 003 09 aHungary 560 8.800 6.200 5.300 0 0 20 170 150 12 6 220 0.05 01Iceland 15 61 420 0 0 0 20 5 1 X X 006X 04Ireland 190 3,800 2.900 840 0 21 70 3600 0 X X 012 09 aItaly 4.900 15.000 63.000 19.000 0 0 18 1.100 590 X 100 20 0.03 09 a 
Luxembourg 42 1.000 990 210 0 0 61 7 41 X X X 0.13 09 aMalta 0 130 250 0 0 0 11 8 1 X X X 002 XNetherlands 420 7.300 7.300 21.000 45 0 25 290 350 X X 2.200 0.19 0.9 aNorway 230 840 6.900 840 3.500 0 2.9 82 76 3 X 510 0 16 0.2 aPoland 2,200 110.000 11.000 5.500 0 0 34 600 800 960 X X 0.06 02 
Portugal 790 1.900 5.800 0 0 0 08 200 100 1 17 X 003 09 aRomania 1.900 21,000 13000 22.000 460 0 25 370 560 44 23 X 004 0.0
Spain 3,200 17,000 25.000 1.600 38 0 1 2 770 450 80 42 X 0 03 0 9 aSweden 300 3.000 12,000 150 0 0 19 170 110 0 X X 003 04 aSwitzerland 540 460 9,000 870 0 I 70 130 120 X X X 004 09 
United Kingdom 1.800 71,000 52.000 31.000 1.100 0 28 1.100 950 540 X 1.800 008 09 aYugoslavia 1,200 19,000 11.000 3,200 0 0 1t5 460 420 5 X 0042 02 
U.S.S.R. 19.000 370,000 340,000 W0,000 5,100 0 3.7 4,400 8.100 2,600 320 3.700 0.07 0.4 a 

OCEANIA 960 36,000 26.000 9800 27 2,700 3.1 1,100 680 59 1,100 0.62,90 0.24 
Australia 810 35,000 21.000 7.900 0 0 40 1.000 1.900 670 52 770 027 08 aFiji 13 12 130 0 0 X 02 2 7 X 6 X 002 01New Zealand 120 1.200 2.600 1.900 27 0 18 64 960 11 X 370 043 06Papua New Guinea 0 1 640 0 0 2,700 09 9 6 X X 000X XSolomonIslands 0 0 37 0 0 X 01 1 1 X I X 001 X 
Sources: Carbon Dioxide Information Analysis Center R.A Houghton. R D Boone. J R Fruci. et al . World Resources Institute, Other sources 
Notes: a. Reported see Technical Notes. b Brazil land use change data are due to rampant deforestation activity in 1987. A 1988 deforestation estimate using

similar methodology would result in total carbon emissions from land use change of 800,000,000 metric tons A Brazilian Space Agency IINPE) estimate of average
annual deforestation from 1978 to 1988 would lead to an estimate of average carbon emissions totaling 380.000.000 metric tons 
0 = zero or less than half of the unit of measure; X= not available negative numbers are shown ir.parentheses.

Regional totals can include countries not shown on this list. For additional information, see Chapters 2,7. 19. and the 2nur, es and Technical Notes
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Table 24.2 Net Additions to the Greenhouse Heating Effect
 

Attributed Atmospheric Concentration Increases (000 metnc tons) 
Carbon Dioxide Emissions (000 t. carbon) Methane Emissions 1986 CFC Use 

Equiv-Jent Equivalent Net Total 
Fossil Fuels Annual Net Annual Net Annual Carbon Dioxide Net Annual Carbon Dioxide Atmospheric 
and Cement Land Use Atmospheric Atmospheric Heating Effect Atmospheric Heating Effect Increase 

1987 Change Increase Increase (000 t. carbon) Increase (000 t. carbon) (000 t. carbon) 

WORLD Z500.000 1,200,000 3,700,000 43.000 800,000 771.5 1,400.000 5.900.000 

AFRCA "5.000 170.000 240.000 3.000 57,000 23.8 42,00 340.000 
Algeria 
Angola 
Benir, 
Botwana 
Burkina Faso 

8.400 
540 
61 
190 

54 

X 
2.400 
1.100 
310 

1.800 

8.400 
2.900 
1.100 
490 

1.900 

650 
25 

9 
20 
25 

12.000 
470 
160 
370 
470 

2 3 
0 0 
0 0 
0 0 
0 0 

4.100 
X 
X 
X 
X 

25,000 
3.400 
1.300 
860 

2.400 
Burundi 
Cameroon 
Cape Verde 
Central African Rep 
Chad 

20 
720 

4 
31 
24 

(1) 
15.000 

X 
1.500 
1.800 

19 
16.000 

4 
1,600 
1.900 

6 
31 

0 
11 
31 

120 
5b0 

5 
210 
590 

0 0 
0 0 
0 0 
0 0 
0 0 

X 
X 
X 
X 
X 

140 
16,000 

9 
1.800 
2.400 

Comoros 6 X 6 2 31 0 0 X 37 
Congo 
Cole d Ivoire 
Djibouti 
Egypt 

210 
630 
31 

9.000 

1.400 
43.000 

X 
X 

1,600 
44.000 

31 
9.000 

1 
29 

2 
170 

26 
550 
32 

3.100 

0 0 
1 1 
0 0 
2 9 a 

X 
2.000 

X 
5.100 

1,600 
47.OO 

64 
17.000 

Equatorial Guinea 
Ethiopia 
Gabon 
Gambia, The 

8 
320 
600 
22 

t10 
3.400 

780 
85 

120 
3.700 
1,400 

110 

0 
220 

1 
3 

4 
4.000 

12 
53 

00 
00 
0 0 
0 0 

X 
X 
X 
X 

120 
7.800 
1.400 

160 
Ghana 360 3.300 3,600 16 300 1 4 2.400 6.300 
Guinea 
Guinea-Bissau 
Kenya 
Lesoiho 
LPberia 

110 
14 

610 
X 

81 

3,830 
1.300 
680 

X 
3.300 

3.900 
1.300 
1.300 

X 
3,400 

47 
11 
99 

6 
9 

890 
200 

1.800 
120 
180 

0 0 
0 0 
0 0 
0 0 
0 2 

X 
X 
X 
X 

410 

4.800 
1,500 
3.100 

X 
4.000 

Libya 3,200 X 3,200 70 1.300 0 0 X 4.500 
MaJagascar 
Malawi 
Mali 
Mauritania 

100 
58 
46 
380 

10.000 
6.800 
910 

X 

10.000 
6.900 
960 
380 

140 
19 
59 
23 

2.600 
350 

1.100 
430 

0 0 
0 0 
0 0 
0.0 

X 
X 
X 
X 

13.000 
7,300 
2,100 
810 

Maurtius 
Morocco 
Mozambique. People's Rep 

140 
2,400 
140 

X 
X 

3.000 

140 
2.400 
3.200 

1 
46 
20 

15 
860 
380 

0 0 
00 
00 

X 
X 
X 

160 
3.300 
3.600 

Niger 89 700 790 38 720 0 0 X 1.500 
Nigeria 6.800 25.000 32.000 160 3.100 102 18.000 53.000 
Rwanda 43 130 170 8 140 0 0 X 310 
Senegal 
Sierra Leone 
Somalia 
South Atrica 

270 
66 
110 

34.000 

1,300 
430 
430 

X 

1.500 
500 
550 

34.000 

21 
16 
100 
420 

400 
290 

1,900 
7.800 

0 7 
00 
0 0 
33 

1.200 
X 
X 

5.800 

3.100 
790 

2.400 
47.000 

Sudan 390 '2.000 12.000 180 3,300 0 0 X 15.000 
Sv.a :'.., 
Tanzania 

53 
250 

X 
2,100 

53 
2,300 

4 
120 

78 
2.300 

0 0 
0 0 

X 
X 

130 
4.600 

Togo 54 300 360 5 87 00 X 440 
Tunisia 1.400 X 1.400 14 250 0 8 1.300 3.000 
Uganda 
Zaire 
Zambia 
Zirnbabwe 

86 
420 
320 

1.800 

950 
15.000 
1.800 
1,800 

1,000 
16.000 
2,10P 
3.6(.0 

42 
42 
18 
40 

780 
790 
340 
760 

0 0 
0 0 
0 0 
0 9 

X 
X 
X 

1.500 

1,800 
16.000 
2.500 
5.900 

NORTH & CENTRAL AMERICA 630,000 39,000 670..J00 10,000 190,000 2272 400,000 1,300,000 

Barbados 110 X 110 0 5 0 1 130 250 
Canada 
Costa Rica 
Cuba 
Dominican Rep 

48.000 
320 

4.000 
770 

X 
6.600 

21 
-13 

48.000 
7.000 
4.000 

810 

1.700 
17 
59 
23 

33.000 
330 

1.100 
440 

20 7 
03 
1 0 
07 

36 000 
490 

1.800 
1.200 

120,000 
7,800 
6,900 
2.400 

El Salvador 
Gualemala 
Ha ti 
Honduras 
Jamaica 

240 
410 
82 

220 
700 

79 
4.300 

12 
4300 

25 

320 
4800 

93 
4.500 

720 

8 
20 
13 
17 
3 

160 
370 
250 
320 

31 

0 5 
0 0 
0 0 
02 a 
0 2 

860 
X 
X 

350 
420 

1.300 
5.100 
340 

5.200 
1.200 

Mexico 
Nicaragua 
Panama 
Trinidad and Tobago 
United States 

35.000 
250 
330 

2.100 
530.000 

14.000 
7300 
2.400 

38 
2600 

49.000 
7500 
2 700 
2.100 

540.000 

1100 
16 
12 

t 
7 100 

20.000 
290 
230 
20 

130.000 

52 a 
0 4 
0 2 
0 4 

1974 a 

9.100 
610 
400 
640 

350,000 

78.000 
8.400 
3.300 
2.800 

1.000.000 

SOUTH AMERICA 64,000 640,000 710,000 2,900 54,000 19.4 34.000 800,000 
Argentina 13000 X 13.000 630 12.000 3 1 5.500 31.000 
Bolivia 
Brazil 
Cn',e 

490 
23000 

3 100 

2900 
540000 

X 
b 

3400 
560000 

3 100 

51 
1 500 

59 

950 
28.000 

1.100 

0 0 
8 9 a 
1 3 

X 
16,000 
2200 

4,400 
610.000 

6.400 
Colombia 6 100 54000 60,000 220 4.100 3 0 5,200 69.000 
Ecuador 
Guyan.a 
Paraguay 

1800 
120 
200 

17000 
150 

3.200 

19000 
270 

3400 

31 
5 

34 

570 
89 

640 

1 0 
0 0 
0 0 

1.700 
X 
X 

21,000 
360 

4.100 
Peru 2.800 19000 22000 47 870 0 0 X 23000 
Suriname 150 150 300 6 120 0 0 68 490 
Uruguay 410 X 410 81 1.500 0 3 540 2.500 
Venezuela 12.000 7.700 19.000 250 4 700 I 8 3.200 27.000 
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Table 24.2 
Attnbuted Atmospheric Concentration Increases (000 metric tons) 

Carbon Dioxide Emissions (000 1.carbon) Methane Emissions 1986 CFC Uce 
Equivalent Equivalent Net Total 

Fossil Fuels Annual Net Annual Not Annual Caibon Dioxide Not Annual Carbon Dioxide Atmospheric 
and Cement Land Use Almospherc Atmosphenc Heating Eflect Atmospheric Healing Effect Increase 

1987 Change Increase Increase (000 1. carbon) Increase (000 t. carbon) (000 1. carbon) 

610,000 30,000 990,000 10,000 340,000 111,2 190,000 1.500,000 
Afghanistan 480 X 480 70 1.300 0 0 X 1.800Bahrain 	 i.900 1,900 220X 	 12 01 160 2.300
Bangladesh 1,500 850 2,300 1,100 20,000 00 X 22,000
Bhutan 	 4 97 100 6 110 00 X 210
China 260,000 X 260.000 4.800 90.000 180 a 32,000 380.000 
Cypus 480 X 480 1 24 00 X 500
India 	 67,00 61,000 130.000 5,200 98.000 04 a 700 230.000Indonesia 15,00) 95,000 110.000 1.000 19.000 54 a 9.500 140.000
Iran. Islamc Rep 17.000 17.000X 340 6,400 5 1 9,000 33,000
Iraq 5.700 X 5.700 32 590 1 7 3.000 9.300 
Israel 3.500 X 3.500 23 440 3 1 5,400 9.300
Jpan 110,000 X 110.000 650 12.000 575 a 100.000 220.000J3rdan 	 1,200 X 1.200 3 51 00 X 1.200
Kampuchea. Dem 	 52 2.100 2.100 160 3.000 00 X 5.100
Korea. Dem People's Rep 18.000 X 18.,0')0 120 2.300 0.0 X 20.000 
Korea. Rep 21.000 X 21.00') 162 2.900 3 1 a 5,400 29.000
Kuwait 4,000 X 4.000 100 1.900 10 a 1.800 7.600Lao People's Dem Rep 24 37.000 37,000 53 1.000 00 X 38.000
Lebanon 1.000 X 1,000 2 30 00 X 1,000
Malaysia 5.000 17,000 22,000 74 1.400 14 a 2.500 26.000 
Mongol.a 1.100 X 1.100 42 790 00 X 1.900
Myanmar 650 67,000 68.000 480 9.000 00 X 77.000
Nepal 98 2.900 3,000 200 3.800 00 X 6,800
Oman 2.600 X 2.600 110 2,100 00 X 4,700
Pakistan 	 6.400 330 6.700 460 8.600 00 X 15.000 
Philippines 4,300 29.000 34.000 360 6.700 00 X 40.000

Qatar 1.400 X 
 1.400 81 1.500 00 X 2.900
Saudi Arabia 	 20,000 X 20.000 820 15.000 3 8 6.600 42,000
Singapore 3.400 	 3.400 1 26 2 1 3.700 7.100
Sri Lanka 	 480 720 1.200 82 1.500 00 X 2,700
 
Syrian Arab Rep 3.300 X 3,300 21 400 00 X 3.700

Thailand 6,800 41.000 48,000 850 16.000 20 a 3,500 67,000

Turkey 16.000 X 16.000 190 3,600 
 53 9,200 29.000
United Arab Emirates 6.100 X 6 100 2 35 1.3 	 8.4002.300
Viet Nam 2.200 25.000 28.000 540 10.000 0,0 X 38.000
 
Yemen Arab Rep 400 400 230
X 12 0.0 X 630
 
Yemen. Peoples Dem Rep 630 X 630 5 87 00 X 720
 
EUROPE 	 520,000 X 520,000 4.600 85.000 274.8 480,000 1,100.000
 
Albania 1.200 X 1,200 
 16 300 00 X 1.500Austria 6.500 X 6.500 51 960 52 a 9.100 17.000
Belgium 	 12.000 X 12.000 64 1.200 70 a 12.000 25.000
Bulgaria 	 15,000 15.000X 	 35 660 0,9 1.600 17,000
Czechoslovakia 29.000 	 29.000 2.200X 110 16 2.700 33.000
 
Denmark 7,400 X 7.400 46 860 36 a 6.300 
 15.000Finland 6.400 X 6.400 33 610 35 6.100 13.000France 	 41.000 X 41.000 710 13.000 393 a 69,000 120,000
German Dem Rep 39.000 X 39,000 110 2,100 t16 20,000 62,000
Germany. Fed Rep 79,000 X 73.000 430 8.000 42.9 a 75.000 160,000 
Greece 7.000 X 7.000 59 1.100 7 1 a 12.000 20.000Hungary 	 9.100 X 9.100 94 1.800 1.1 1,900 13.000
Iceland 210 X 210 3 51 01 170Ireland 3.400 3.400 1.300 

440
X 	 72 2.6 a 4,500 9.200

Italy 45.000 X 45,000 310 5,800 404 a 71,000 120.000 
Luxembourg 990 it 990 8 150 0.3 a 450 1.600
Malta 	 170 170 27X 	 1 00 X 200
Netherlands 16,000 X 16,000 470 8,800 103 a 18,000 43,000
Norway 5,300 X 5,300 110 2.100 07 a 1.200 8,700Poland 	 56.000 X 56.000 400 7,400 7.5 13.000 76,000 
Portugal 3.700 X 3.700 55 1,000 72 a 13,000 17,000
Romania 	 25,000 X 25.000 170 3.100 0.0 X 28,000
Spain 21,000 X 21.000 230 4.200 275 a 48,000 73.000 
Sweden 6,900 X 6,900 47 870 36 a 6.300 14.000
Switzerland 4,700 	 4.700X 42 790 59 10,000 16,000 
United Kingdom 69.000 X 69,000 740 423 a14.000 71,000 150,000 
Yugoslavia 15.000 X 15.000 150 2.800 4 7 8.200 26,000 
U.S.S.R. 	 450,000 X 450,000 3,200 60,000 101.0 a 180.000 690,000 

OCEANIA 	 32,000 1,200 33,000 990 19,000 14.1 25,000 76,000 
Australia 	 28&000 X 28.000 750 14.000 12.0 a 21.000 63.000Fiji 66 X 66 2 45 01 130 240
New Zealand 	 2,500 X 2.500 240 4.400 20 3.500 10.000
Papua New Guinea 280 1.200 1,400 2 45 00 X 1,500
Solomon Islands 16 X 16 0 8 00 X 24 
Sources: Carbon Dioxide Information Aialysis Center R A Houghton. R D Boone. J R Fruci, Mtal , World Resources Institute, Other sources 
Notes: 	 a Reported b 1987 may have been an anomalously high year An e imate for 1988. using a similar methodology, would 

have added 340.000.000 metric tons to the carbon flux from land use change A Brazilian Space Agency (INPE) 
study of average annual deforestation from 1978 to 1988 wcjld show an an addition of 161,000.000 metric tons 
0 = zero or less than half of the unit measure, X = not available, negative numbers are shown in parentheses. I = metric ton 
For further information see Chapters 2. 7. 19. and the Sources and Technical Notes 

WorldResources1990-91 

349 



24 Atmosphere and Climate
 

Table 24.3 	Atmospheric Concentrations of Greenhouse and 
Ozone-Depleting Gases, 1959-88 

(parts per (parts per trillion) 	 (parts per billion) 
million) Carbon Methyl 
Carbon letra- chloro- Total Nitrous Carbon 
Dioxide chloride form CFC-11 CFC-12 CFC-22 CFC-113 Gaseous Oxide Methane Monoxide 

Year (CO2) (CC14) (CH.'CCt3) (CCI3F) (CCI2F2) (C '1IF2) (C2CI3F3) Chloine (N20) (CH4) (CO) 
Preindustrial c280 0 0 0 0 0 0 0 0 c2850 c.700 X 

1959 3158 X X X X X X X X X X 
1960 3t68 X X X X X X X X X X 
1961 3175 X X X X X X X X X X 
1962 3183 X X X X X X X X 1.354 X 
1963 3188 X X X X X X X X X X 

1964 X X X X X X X X X X X 
1965 3199 X X X X X X X X 1,386 X 
1966 321 2 X X X X X X X X 1.338 X 
1967 322.0 X X X X X X X X 1,480 X 
1968 322,8 X X X X X X X X 1,373 X 

1969 323.9 X X X X X X X X t1385 X 
1970 3253 X X X X X X X X 1,431 X
 
1971 3262 X X X X X X X X 1,436 X
 
1972 3273 X X X X X X X X 1.500 X
 
1973 3295 X X X X X X X X 1,624 X 

1974 330.1 X X X X X X X X 1,596 X
 
1975 331.0 104 70 120 200 X X 1,202 2914 1.541 X
 
1976 3320 106 78 133 217 X X 1.290 2933 1-490 X
 
1977 3337 115 86 148 239 X X 1,416 2946 1,471 X
 
1978 3353 123 94 "59 266 X X 1.544 2964 1.531 X
 

1979 336.7 116 112 167 283 46 X 1.621 296.3 1,545 X
 
1980 338,5 121 126 179 307 52 X 1,755 2976 1.554 X
 
1981 339.8 122 127 185 315 59 X 1.797 2985 1.569 72
 
1982 341.0 121 133 193 330 64 X 1.863 301 0 1,591 72
 
1983 342.6 126 144 205 350 71 24 1.983 3009r 1,615 70
 
1984 344.3 130 150 213 366 76 27 2,072 3004 1,629 73
 
1985 345.7 130 158 223 384 85 31 2.163 301 5 1.643 75
 
1986 3470 127 169 232 404 98 35 X 3025 1.656 75
 
1987 348 7 133 168 247 421 105 41 X 3045 1.673 X
 
1988 351.3 133 182 263 439 X 52 X 3063 1,697 X
 

Sources: Scripps Institute of Oceanography and Oregon Graduate Center 
Notes: X = not available. c circa All estimates are parts by volume For additional information, see Sources and Technical Notes 

Table 24.4 	 World Carbon Dioxide Emissions from Fossil Fuels 
and Cement Manufacture 

Global Emissinns of Carbon Dioxide to the Atmosphere
 
Fossil Fuel Consumption, Gas Flaring, and Cement Manufactunng


(millions of metric tons of carbon)
 

Year 	 Total Solid Liquid Gas Gas Flanng Cement 

1950 1,638 1-078 423 97 23 18 
1951 1,775 1,137 479 115 24 20 
1952 1,803 1,127 504 124 26 22 
1953 1.848 1,132 533 131 27 24 
1954 1,871 1.123 557 138 27 27 

1955 2.050 1,215 625 150 31 30 
1956 2.185 1.281 679 161 32 32 
1957 2.278 1,317 714 178 35 34 
1958 2,338 1,344 732 192 35 36 
1959 2.471 1,390 790 214 36 40 
1960 2,586 1,419 850 235 39 43 
1961 2.602 1.356 905 254 11 45 
1962 2,708 1,358 981 277 44 49 
1963 2.855 1,404 1,053 300 47 51 
1964 3.016 1,442 1,138 328 51 57 

1965 3,154 1,468 1.221 351 55 59 
1966 3,314 1.485 1.325 380 60 63 
1967 3,420 1.455 1,424 410 66 65 
1968 3,596 1,456 1,552 445 73 70 
1969 3,809 1,494 1,674 487 80 74 

1970 4.090 1,571 1,838 515 87 78 
1971 4,241 1.571 1,946 553 88 84 
1972 4.409 1.587 O,056 582 95 89 
1973 4,647 1.594 2.240 607 t10 95 
1974 4,655 1.591 2,244 615 108 96 

1975 4,628 1,686 2,131 620 95 95 
1976 4,894 1,723 2,313 644 111 103 
1977 5,033 1.786 2.390 645 105 108 
1978 5.082 1.802 2.383 673 107 116 
1979 5.365 1,899 2,535 713 100 119 
1980 5,263 1,921 2,409 724 89 120 
1981 5.129 1,930 2,272 734 72 121 
1982 5.097 1,993 2,r81 732 70 12; 
1983 5,088 1,998 2,166 735 63 125 
1984 5.263 2,088 2,194 796 57 128 

1985 5382 2,196 2,175 826 56 130 
1986 5,565 2,250 2,281 845 54 136 
1987 5.650 2,276 2,287 895 50 140 

Source: Carbon Dioxide Information Analysis Center
 
Note: Totals differ from the sum o1 other columns due t3 rounding error For addilional information, see Sources and Technical Notes.
 

WorldResources 1990-91 

350 



Atmosphere and Climate 24
 

Table 24.5 Air Pollution in Selected Cities
 

Sulfur Dioxide 
Gravimencally Determined 

Suspended Particulate Malter Smoke 

City 
Site 

Years 

Number of days over 
150 ug/cubic motor 

Min. Avg. Max. 
Ste 

Yeaos 

Number of days over 
230 ug/cubic meter 

Min. Avg. Max. 
She 

Years 

Number of days over 
153 iJ/cuibic meter 

Min. Avf;. Max. 
NORTH AMERICA 
Canaxda 

United States 

Hamilton 
Montreal 
Toronto 
Vancouver 

Birmingham 
Chattanooga
Chicago 
Fairfeld 
Houston 
New York 
St. Louis 

8 
10 
9 
5 
X 
X 
4 
X 
3 

12 
3 

0 
0 
0 
0 
X 
X 
0 
X 
0 
1 
1 

3 
10 

1 
0 
X 
X 
1 
X 
0 
8 
3 

7 
32 
3 
0 
X 
X 
2 
X 
0 

22 
8 

10 
15 
14 
12 

9 
16 
7 
5 
7 

12 
X 

0 
0 
0 
0 
0 
0 
0 
C 
0 
0 
X 

8 
0 
1 
0 
7 
1 
6 
0 
0 
0 
X 

14 
6 
7 
7 

28 
17 
14 
0 
0 
0 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

SOUTH AMERICA 
Brazil 

Caiile 
Colombia 

V,',azuela 

Rio de Janeiro 
Sao Paulo 
Santiago 
Cali 
Medellin 
Caracas 

X 
11 
9 
1 
3 
8 

X 
0 
0 
0 
0 
0 

X 
12 
19 
0 
0 
0 

X 
32 
55 
0 
0 
0 

6 
X 
X 
X 
3 
X 

0 
X 
X 
X 
0 
X 

11 
X 
X 
X 
0 
X 

35 
X 
X 
X 
0 
X 

X 
11 
9 
X 
X 
8 

X 
16 
11 
X 
X 
0 

X 
31 

102 
X 
X 
0 

X 
52 

299 
X 
X 
0 

ASIA 
China 

Hong Kong 

India 

Indonesia 

Iran 

Israel 

Beijing 
Guangzhou 
Shanghai 
Shenyang 
Xian 

Hong Kong 

Bombay 
Calcutta 
Delhi 
Jakarta 

Tehran 

Tel Aviv 

8 
12 
10 
7 
7 

10 

13 
8 

12 
X 

15 

9 

0 
0 
0 
43 
4 

0 

0 
0 
0 
X 

6 

0 

68 
30 
16 

146 
71 

15 

3 
25 
6 
X 

104 

3 

157 
74 
32 
236 
114 

74 

32 
85 
49 
X 

163 

24 

8 
10 
10 
13 
10 

X 

12 
8 

12 
7 

15 

X 

145 
7 
19 
117 
189 

X 

23 
189 
212 

4 

8 

X 

272 
123 
133 
219 
273 

X 

100 
268 
294 
173 

174 

X 

338 
283 
277 
347 
327 

X 

207 
330 
338 
268 

347 

X 

X 
X 
X 
X 
X 

11 

X 
X 
X 
X 

15 

X 

X 
X 
X 
X 
X 

0 

X 
X 
X 
X 

12 

X 

X 
X 
X 
X 
X 

3 

X 
K 
X 
X 

122 

X 

X 
X 
X 
X 
X 

18 

X 
X 
X 
X 

249 

X 
Japan 

Malaysia 
Philippines 
Korea, Rep 
Thailand 

Osaka 
Tokyo 
Kuala Lumpur 
Manila 
Seoul 
Bangkok 

20 
15 
1 
4 
6 
3 

0 
0 
0 
3 
5 
0 

0 
0 
0 

24 
87 
0 

0 
0 
0 

60 
121 

0 

20 
15 
5 
7 
X 
12 

0 
0 

10 
0 
X 
5 

0 
2 

37 
14 
X 
97 

2 
4 

59 
225 

X 
209 

X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 

EUROPE 
Belgium 

Denmark 
Finland 
France 
German, Fed Rep 

Greece 

Ireland 
italy 
Netherlands 
Poland 

Portugal 

Spain 
United Kingdom 

Yugoslavia 

Brussels 

Copenhagen 

Helsinki 
Gourdon 
Frankfurt 
Munich 
Athens 

Dublin 
Milan 
Amsterdam 
Warsaw 
Wroclaw 
Lisbon 

Madrid 
Glasgow 
London 
Zagreb 

13 

3 
8 
4 
6 
3 
3 
6 
8 

10 
13 
15 
X 

7 
5 
6 

15 

0 

0 
0 

27 
8 
0 
1 
0 
6 
0 
3 
1 

X 

0 
4 
0 
3 

12 

0 
2 

46 
20 

0 
9 
1 

29 
1 

10 
8 
X 

35 
14 
7 

30 

32 

0 
7 

64 
38 

1 
15 

3 
17 

9 
22 
X 

95 
21 
17 
80 

X 

6 
11 
X 
3 
X 
X 

X 
X 
X 
X 
X 
7 

X 
X 
X 

15 

X 

0 
0 
X 
0 
X 
X 
X 
X 
X 
X 
X 
4 

X 
X 
X 

13 

X 

0 
19 
X 
0 
X 
X 

X 
X 
X 
X 
X 

12 

X 
X 
X 

34 

X 

1 

75 
X 
0 
X 
X 

X 
X 
X 
X 
X 

28 

X 
X 
X 

57 

13 

6 
X 
9 
X 
X 
X 
6 
X 
X 

14 
15 
X 

4 
5 
6 
X 

0 

0 
X 
0 
X 
X 
X 
0 
X 
X 
4 
9 
X 

4 
2 
3 
X 

0 

0 
X 
3 
X 
X 
X 
6 
X 
X 

17 
30 
X 

60 
6 
0 
X 

2 

0 
X 
7 
X 
X 
X 

15 
X 
X 

33 
73 
X 

126 
8 
0 
X 

OCEANIA 
Australia 

New Zealand 

Melbourne 
Sydney 
Auckland 
Christchurch 

13 
12 
12 
12 

0 
0 
0 
0 

0 
2 
0 
0 

0 
11 
0 
2 

4 
10 
X 
X 

0 
0 
X 
X 

0 
3 
X 
X 

0 
19 
X 
X 

X 
X 

12 
12 

X 
X 
0 
0 

X 
X 
0 
8 

X 
X 
0 
25 

Sources: 
Notes: 

Global Environment Monitoring System (GEMS)
ug = microgram. Min = minimum, Avg = average. Max maximum. 0 = zero or less than half the unit of measure 
For additional information see Sources and Technica Notes 

X= not available. 
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Table 24.6 Emissions of Pollutants in Selected Countries
 

Estimated Annual Emtssxo (thousands of metrc tons) 

SupIhir Dioxide Suspended Paniculate Matter Oxides of Nitrogen Carbon Monoxide Lead 
1973-75 19;9-81 1982-84 1973-75 1979-81 1982-84 1973-75 1979-81 198284 1973-75 1979-81 1982-84 1973-75 1979-81 1982-84 1985 

NORTH AMERICA 
Canada 5.880 a 4.610 a 3,760 a 2.080 a 1.870 a X 1.750 a 1.910 a 1.870 a 10,700 a 9.930 a X 14.5 X 11.5 0.5
 
United Sta°es 25.600 23,330 21.100 10.400 8.470 6,900 19.200 20,670 19 500 81.200 76.030 69.230 147.0 78.4 46.9 21.1
 

CENTRAL AWERICA 
Mexico X X X X X X X X X X X X X 19.6 8.4 X 

ASIA 
China X 14.210 12,920 X Iu,200 b 13,740 b X 4,400 4,130 X X X X X X X
 
India 1.610 X X X X X X X X X X X X X X X
 
Israel 230 b 290 b 2 b 16 b 20 b 19 b 95 b 110 b 125 b 320 b 360 b 420 b X X X X
 
Japan 2.620 1,640 1.610 X X X 1.800 1.340 1.420 X X X X X X X
 
Kuwait y X 450 X X 180 X X 100 X X 621j X X X X
 

Thailand 120 c 310 X 40 c 230 X 30 c 130 X 120 c X X X 3.0 X
 
Turkey X X X X X X X X X X 3.710 X X X X X
 

EUROPE
 

Austria X 330 140 X 50 55 X 200 210 X 1.130 d 1,070 d X X X X
 
Belgium 1.000 860 700 175 140 125 380 390 340 1.150 1,250 1.000 X X 1.4 X
 
Bulgaria X 1.030 1.140 X X X X X 150 X X X X X X X
 
Czechoslovakia X 3,100 X X X X X 1,200 X X X X X X X X
 
Denmark 430 460 410 X X X 200 240 250 X 600 e 250 e X X X X
 

Finland 540 570 360 X X X 160 280 250 X 600 X X X X X
 
France 3.760 3.410 2.305 295 265 213 1,675 1,855 1.730 X 6.550 d 6.330 d X X X X
 
German Dem Rep X 4.000 4.000 X X X X X X X X X A X X X
 
Germany. Fed Rep 3.600 3,300 2.750 950 750 650 2,600 3,100 3.0C0 11.700 9.000 7.400 X X X X
 
Greece 270 400 360 155 d 170 d 185 a 105 130 '.,) X X X X X X X
 

Hungary X 1.635 1.460 X 550 500 X 2GO.J 300 X 1,370 1,400 06 1 X X X
 
Iceland X 6 6 X X X X 10 10 X X X X X X X
 
Ireland X X X 80 90 100 60 70 60 390 490 480 07 08 0.5 0.4
 
Italy X 3.210 2.230 X 435 d 410 d X 1,510 1.530 X 5.480 d 5.420 d X X X X
 
Luxembourg X 20 10 X X X X 20 20 X X X X X X X
 

Netherlands 320 g 390 g 260 g 30 g 40 g 35 g 390 g 470 g 450 g 1.46 g 1,170 g 990 g X 1.4 1.3 X
 
Norway 155 145 110 30 h 30 h 25 h 150 17n 180 540 66 595 x 06 0.4 X
 
Poland 2,080 2.600 3.700 2.230 2,120 :1.350 90 X 1.770 590 X 3.300 X I X X
 
Portugal 180 260 305 75 120 X 105 210 190 460 525 X X X X X
 
Romania X 200 X X X X X X X X X X X X X
 

Spain X 270 X X 1.521 X 620 810 X X 3,780 X X X X X 
Sweden 690 480 285 170 X 40 310 320 295 1.400 1,390 1,600 1.5 1 11 1 0.7 1 0.9 1 
Switzerland 110 120 100 30 30 20 160 200 210 740 710 640 X 10 X 0.5 
Jnited Kingdom 5.430 4.740 3.750 450 1 300 i 230 i 1,870 1.900 1.7-0 4,820 5,090 5,180 7.9 1 7.2 f 7.0 1 6.5 
Yugoslavia X 820 X X X X X X X X X X X 

OCEANIA 
New Zealand X 90 d X X X X X X X X X x X X X X 

Source: Global Environment Monitoring System (GEMS) 
Notes: a Excludes forest fires b Foss:. luel combustion only c Bangkok only. d Excludes industrial proc )sses. e Mobile sources only. f Gasoline (petrol) engined road 

vehlicleE only g Fossil fuel combustion in domestic stoves and automobiles only h Fossil fuels and t'ood. . Smoke from coal cnmbustlion 
0 = zero or less than half the unit measure, X = not available 
For additional information, see Sources and Technical N. tes 

Sources and Technical Notes 

Table 24.1 Sources of Current deforestation in eight courtries. (See ergy Annual 1986 (DOE, Washington, D.C.,
Greenhouse Gas Eni ion.; Tahble 19. 1,Sources and ",echnical Notes.) 1986). Chloroflurcarbon (CFC) use per ca-Methane from municipal solid waste: Jean pita: WRI estimate of relative per c,,pita 

Let tier, oersonal communication (Na- consumption based oil information in the 
Sources: Cement. liquid fuel, solid fuel, tional Aeronautics and Space Administra- U.S. Environmental Protection Agency 
gas, and gas flaring additions to the car- tion [NASA] Goddard Space Flight Center, (EPA), Stratospheric Protection Program, 
bon dioxide flux: Carbon t)ioxide lnforma- Institute for Space Studies, May 1989). Office of Program Development, Office of 
tion Analysis Center (CDIAC), Methane from livestock: Jean Lerner, Air and Radiation, Appendices to Regul-
Environmental Sciences Division, Oak Elaine Mathews, and Inez Fung, "Methane ton, Impact Analysis: ProtectionofStrato-
Ridge National Laboratory (CIIAC, unpub- Etmissions From Aninals: A Global High- spheric Ozone (Washington, D.C., August 
lished data, Oak Ridge, Tennessee, July Resolution Data Base," (lobalBiogeochetm- 1988), Vol. 2, Part 2, Appendix K, pp. K-2-4
1988), Land use change: R.A. Ihtughton. italC'vcles, Vol. 2, No. 2 (June 1988), pp. K-2-6, and data on average per capita CFC 
R.D. Boone, .lR. Fruci, .t a/.. "The Flux of 139-156; and Jean Lertner (NASA Goddard consumption In broad claF ;es, Alliance 
Carbon from Terrestrial Ecott;yst ems to Space Flight Center, Institute for Space for Responsible CFC Use, unpublished 
the Atmosphere in 1980 Due to Changes in Studies, New York, May 1989), persotal data (Alliance for Responsible CFC Use, Ar
.and Use: Geogra)hic I)istribution of the commulnication. Methane from coal ttin- lington, Virginia, 1989). 
Global Flux," Tellus Vol. 3913, No 1-2 ing and from wet rice agriculture: WRI esti- Carbon dioxide (CO,), methane (CH,I), 
(1987), pp. 122-139; and, World Resources mate. Methane from pipeline leak-ge: U.S. CFC-I 1,and CFC-12 are ihe four most im-
Institute (WRI), unpublished analysis Department of Energy (DOE), Energy Infor- portant greenhouse gases. This table 
tased onl recent reassessmentts of rates of liati'ti Aditinistration, Internalional En- shows sources of thel, current atnual 
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emissions, combining CFC-I I and CFC-12. neer logs are consumed (e.g., wastewood, hazards of underground coal mining. Cice-

Nitrous oxide and tropospheric ozone are disposal of plywood sheets used in con-
 rone and ()remland (Aspects of Atnio
also important to the greenhouse effect crete form building, etc.). This should spheric Methane)show a likely range of
but less well Studied andc more difficult to lead to a sinall underestimate of total CO_, 25-45 million metric tons of methane emit
estimate. Although ozone in the tropo- emissions because it includes logs front ted annually in the course of moining coal. 
sphere and nitrous oxide emissions are areas not counted as deforested. Methane from tilepractice of wet rice ag
associated with industrial economies, Other estimates exist of deforestation, riculture was calculated from the area of 
ozone has an average lifetime measured in of forest-specific measures of biomass per rice production (as reporte(d by the FAO,
hours and is a product of particular cheml- hectare, and of the percentage of carbon 1"AO '1oductior Yearbook 1984, FAGP,
cal processes associated with tempera- per unit of forest biomass. In fact, contro- Rome, 1985) and ,stimates of emission hy
ture inversions above heavily polluted versy continues regarding the exact pa- A. Holzappel-Pshorn and W. Seiler ("Meth
cities. Nitrous oxide emissions by country rameters to use in these calculations. The ane Emission During a Cultivation Period
 
have proven difficult to estimate in part parameters used for this calculation, how- from an italian Rice Paddy," Journal ofGeo
because significant enissio, Jrom clevel- ever, were based on consistent definitions phYsical Research, Vol. 91, No. DI1, Octo
oping countries are )oorly understood, andl common data sources. Even if slightly ber 1986, pp. 803-811, 811) that totaled 54
 

This table includes data oui rintliropo- lower values were used for deforestation grains per square meter over a 140-day
genic additions to the carbon dio.xide flux and bionass per area, the magnitude of growing season. 'he areas of rice prodluc
(cenent Joanutacture, solid fuels, liquid carbon emissions would remain about the t ion, reported inthe FA( ProductionYear
fuel, gas fuels, gas flaring, and laid use sane. These estimates then are a good book, were Jmodlified by dedcCting area. of
 
change). CDIAC aInually calculates em is- first approximation to current (i.e., upland (drylal) rice production hased
1985-

sions of C()2 fro J tilemanufacture of ce- 90. average-annual) emissions that result oi country-specitic or region-slecific ra
mein and tie burning of fossil fuels for front land use chalnges. 'here is some sug- tios of dry- to wet-rice production (Dana

most ofthe countries of the wo Id. (See gestion thAt northern temperate anul bo- G. )alrymple, Develotment and Spreadof
 
Technical Notes to Table 24.4.) Country-
 real forest areas are net sinks for Iigh-Yelding Rice Varieties an l)eveloping

level estimates are not as accurate as tile atmospheric carbon, although this too is Countries,Bureau of Science al(d Technol
tine trends they describe. Estimates for conlroversial. ogy, Agency for International Develhp
country emissions dchnot include "bunker Methane em issions from municipal solid nient, Washington, ).C., 1986). O)ther

fuels" used in international transport. Tre wastewere calculated by multiplying tile estimates of tile Methane flux froni rice
 
wo rl totals, however, include bunker 1986 population by per capita emission co- paddies exist. The oie used here was
 
ftels. Carbon releases frot land use efficients developed for each country by based onia technique that captuitred nieth
change are based on the work of R.A. H.G. Bingemer and P.I. Crutzen in "The ane produced anaer bically before the
 
Ihiighton,R.D. Booiie, and J.R. Fruci, et al. Production of C1h from Solid Wastes," growth ol the rice plant as well as captur-

They estimated the world flux if carbon Journal of Geophysical Research, Vol. 92, ingthe bulk ofi
methane prodluction that is
 
in 1980 fror deflirestat ion, reforestation, No.(D2) (1987), pp. 2181-2187. R.J. Cice- transported through tie rice plait

ligging, and changes inagricultural area rone and R.S. Orenland ("Biogeochemical throughout the growing period.Growing

for most of the world's tropical countries. Aspects of Atmospheric Methane," Global periods vary by rice cultivar, as (o 
re-

Estimates were iuade using rates of decay BiogeochemicalCycles, Vol. 2, No. 4, De- quirenieits for fertilizers and pesticides

and regrowth for 15 ecosystems, includ- ceiiber 1988, pp. 299-327) suggest a likely 
 that could, conceivably, influence 
ing 9 ecasysteros in tlie tropics and 6 land range for annual world emissions from methanogenesis. In tile tropics, with Jood
uses. The estiiates explicitly include shift- landfills at 30-70 niillion metric tons. 
 ern varieties, sufficient fertilizer, and ade
irg cultivation and tie diversion of forest Methane emiissions frot domestic live- quate water, two crops are possible.

fallow to perlanent clearing. They are stock were calculated] using FAO statistics Thus, this Italian example may undere. i
also consistenit, based oria sound method-
 on an inial populations and puhished esti- nate tropical nxethanogenesis.
ology,and global. They are tileJlost cinIl- mates of methane emissions fri)in each all- The cultivation of rice, howevcr 
plete estimiates available, t)ut sutject The aninals studied included cattle comionto final. techniques in toth teri1.modification should better data teconle and dairy cows, water buffalo, sheep, aid trolical clines-even iftile CL . 
available. Please consult the soiurce for goats, canels, pigs, horses, and cariou. are not so well adapted. The preparation 
mcore detail. P.J. Crutzen, ! -selhnann, and W. Seiler of the impoundments wherein wet rice is
 

WRI has modified tie estiriates front ("Methane uction y lDomestic AJIi- grown-the creation of a hardpo over-

Houghton, Boone, an( Fruci,et al., using rals, Wih, ;.-.nants, Otier Herbivorous lain by soift anaerobic muck-creates siJi
new data on deforestation iii eight coun- Fauna,and Humans," Tellus, Vol. 381, ilar envirinmental and chemical regimes
tries (Brazil, Cameroon, Costa Rica, India, 1986, pp.271-284) produced estimatus of wherever it occurs. Nonetheless, varia-
Indonesia, Myaniar, the Phili ppines, and animal methane production based on en- tions ilJwater quality, soils, ambient tcii-
Viet Naro; see Table 19.1). Their cartbon ergy intake under several different man- perature, precision of water control, and 
flux estiriates for closed forests were agerient methods for several different presence o cultivated algae or fish could 
used to scale new carbon estimates in po- feed ing regimes. These clifferng iemission also affect the total flx ( ictlhane. 
portion to the chang- in deforestation esti- coefficients were then assigrned to each Wet rice agriculture is practicediundermates. country, based ol the specifics of that four iain water regimes: irrigated (52.8

WRI also subtracted the weight of car- country's animal husbandry practices ard percent of the total rice area), rainfed 
bin contained in sawlogs and veneer logs the nature and quality of feed available. Ci- (similar to irrigated, 22.6 percent of tie 
(Food and Agriculture Organization of the cerone and Orerlani's Aspects of AtMin- total), leep water (ofte dry in the early
United Nations, FAO, 1987Forest Products .;phericMethane shows a likely range of part of the season, may be ilanted to float-
Yearbook, FAO, Rome, 1989) produced in 65-Ii0 millioni metric toils for emissions ing rice, 8.2 percent of the world's rice 
each tropical couritry fronr carbon re- frori enteric fermentation iii domestic ani- area), amid tidal (3.4 Iercent o te! area).
leases calculated froimland use change. ials. Cicerone and Orernland (Aspe-ts of Atio-
Carbon was estimated as making up 45 Methane fri".i hard coal riliing was esti- spheric itlhane,) suggest a likely range of 
percent of the weight of these wood prod- loated at 0.5 percent (EPA, lolicv Options 60-170 million metric tons for methaneucts. This stell was taken to approximate for.5;tabilizing Global Cliaate:Draft Report emissiois associated with wet rice agricul
the carbon sequestered frori the global to Congress, 1:11-28, Wasl''ngton, D.C., ture. 
carbon cycle by the Iroluction of durable 1989) of the mass of hai d coals (anthra- Methane ronrfratural gas pipeline lIak
wooden goods in each country. Tfhis is cite, bituminous, and subbiturri nous) age was converted from billion fcubic 
only amiestimate because piortions of mined (United Nations, Eneigv.Statistics feet to cubic meters (1:0.028), cubic rie
other forest Iroilucts are also seques- Yearbook 1986, New York, 1988) iii each t' 's of Cl-li to grains (1:653, at standard 
teied (e.g., books In libraries, pitprops, country. Methane trapped within I lie rock temperature and Iressure). There is rea
utility poles); and portions of saw and ye- is released by mining, a,.z. it is one of the son to believe thatl pIeline leaks inthe 
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U.S.S.R. are grossly understated-al-
though U.S.S.R. natural gas volume is 
sonetimes mistakenly overstated-but 
other estimates are non-existent. Cice-
rone and Oreniland (Aspects ofAtino-
spheric Methane) suggest a likely range of 
25-5(0 million metric toils of methane emit-
ted because of leaks associated with natu-
ral gas drilling, venting, and tr-ansiission 
leaks. 

The only other major ant hroliogenic 
source of methane, uaccomted for in 
this table, is emissions coisequent to the 
buirning of biolniass. Extensive fioliass 
burnihg, especially ill teie tropics, is be-
lieved to release large allIOLints of mneth-
aiie. Cicerone and ()reniland (Aspects of 
Atnospheric Methaie) put tie likely range 
of those emissions at 50-101) iiillion ilet-

ric tons. 
Otier lilttl;al sitirces of iiietliane iii-

clde wetlands, methaiL hydrate destahi-
lizatiol, ill perinafrost, termites. 
fre-"iwater lal'es, oceans. aiitl enteric einis-
sions from otner aniinals. Natural sources 
acciiut for all estimated 25 perct'eit of all 
methane emissions. Cicerone and (rei-
land (Aspects ofA tilospewrc %lethune) 
show likely ranges of methane eiiissions 
at 100-200 milliin oetric toils froin natu-
ral wetlads. 1Il-10 millioi iietric toils 
froni termites. 5-25 millio r nuetric tois 
fron t it' oceans. 1-25 million lilt)ric tons 
front freshI waters, and possible current re-
leases o 5 million ietric tols (potentially 
rising to 10{0 million 1etric toils if teiper-
atures increase in tle high arctic) froi 
iiethane hydrate destabilization. 

WRI has estimated total ( ''('use per ca-
rita (of CC-I I and ('[('-12) rounded to 
file nearest tenth (if a kilgrain for ialiy 
countries. It used data oil 1986 per capita 
iroductiinuse froi 18 countries and tie 
European Community (E') to p'g ion-
sUniption iii other similar countries. This 
estimate was based ill par) oil tle geliea! 
level of total CI' (including CIC-l 13 anid 
C('(-22) consuLption (i.. less than (.3 
kg, 0.3-0.5 kg. aid over 0.5 kg, fron t ie Al-
liance for Reslponsille ('[C Use) and other 
relevant infirmation. These data are, 
therefore, aimix of reported arid esti-
ilated inuhers. Nonetheless. they proba-
Illy reflect relative ClinsLo tioll, aiid 
descrilie alsoiute collsumpnlit ol reason-
atily well. Consmlplitiioni data for the EC 
were silily (list ributed aniilog its iiieli-
hers. 'i us. all IC irembers are tie ts the 
highest per capita consumers of CFCs. Ill 
fact. they jirolibily differ drarmiatically 
arnlig themselves. For examlih, 
Portugal's per calpita ctiSlIi)tion of CF'-
II and C('-12 is probably tlose to (.2 kg 
instead of 0.9 kg, but tie latter figure is 
basel oi the [C as a wlilt. 

Table 24.2 Net Additions to 
the Greenhouse Heating Effect 

Sources: Carton emissions friit fossil 
fuels and cements: Carbon Iixile Infi r-

ioation Analysis Center (CI)IAC), Environ-
mental Sciences )ivision, Oak Ridge Na-
tional Laboratory, unpublished data 
(CDIAC, Oak Ridge. Tennessee, July 1989). 
Carbon emissions front land use change: 
R.A. Itoughton, RI). Boone, J.R. Fruci, et 
al., "The Flux of Carbon front Terrestrial 
Ecosystems to the Atioslphere in 1980 
((ile to Changes ill Land Use: Geographic 
)istribution of tie Global Flux," Tells 

Vol. 3913, No. 1-2 (1987), pp. 122-139; 
World Resources Institute (WRI), uLI)ut)-
lished analysis. Methane emissions: de-
rivel froii all analysis and conpilation of 
data oil anthropogenic iethane sources. 
(See Technical Notes for Table 24. 1.) 
Equivalent carbion heating effects: WRI es-
tiniates. Annual ChloroflUorocarlion 
((FC) use: U.S. Environniental Protection 
Ageicy (EPA). Stiatospheric Protection 
Program, (Iffice of Prograii Development, 
Office of Air alld Radiation, Appendices to 
Reguhotor Inipact Analysis: Protectio of 
Stratospheric Ozine (EPA, Washington, 
D.C., August 1988): WRI analyses. 

)nly a traction of Lcarbon dioxile (C())) 
eiiitted during a year remains in the atini-
sphere to increase greenhouse heating. 
This amont totals approxinately :3.7 bil-
lion nretri toils of t'arboli. This table ill)-
portions ,Iiis total carbon increase to 
each country. iased oil its share of tie 
gross enissionis of carbon dioxide. 

CDIA(' annually estimates carbon diox- 
We emissioins froi tit' burning iif fossil 

fuels antd the inanufact tire of cement fur 
most of the countries of the world. (See 
Technical Notes to Talles 24.' and 2.1. I.) 
These country-level estimates are not as 
accurate as tie tinie tru-riids they diescribe. 
These tiountry totals include gas flaring. 

The calculation of carbion releases friii 
auoalll land i ilsechange is based oil tlie 
work of R.A. Ihigliton, RI). Boone, ald, 
.I.R. Fruci, et al. (See the Technical Notes 
for Table 21.1 for further information.) 

The atmiosliherit' concentration of nieth-
atl iltreases tiy about)14 million metric 
tons per year, inLit'h less thanihat portion 

of total hutmnlan-i nd lced emissions esti-
iiated in Table 24.1, 255 million metric 
tons. In this table, the niet a lnllialatuilo-
spheric increase i methane concentra-
tiOrs is appiortioned aniolig countries. in 
Iroliortioi to each country's contributiol 
to fit'e total anthroogenic emissions (-
uniented iii Tabhl 24. 1. Aluequiva/ent car-
bon dioxide 'ating effect of thisilethaiie 
increase is the calculatel (see followlng 
discussion) to allow sumi ming of green-
hiiuse gas emission effects within a cour-
tr 1 , 

Methane tnissions were sulillie( froi 
individual estimat's (see Table 21.1 aiitf 
its Technical Notes) of anthropogenic 
emissions owing to the decomposition of 

solid was)e, anililal elmrissions froln eni-
teric fermentation (livestock flatuiltnce), 
hard coal riining, wet rice ,tgriculttire, 

and leakages froi natural gas pipelines. 
('FC use is IhasedI iiarily oii reiiorts 

oir CI:C-I I anid (FC-12 that were suinilt-

ted to a United Nations Environment Pro
gramine (UNEP) workshop on CFC produc
tion in Rome, May 1986. (See Technical 
Notes for Table 24.1.) Estimates of CFC 
production by country are difficult to o
tain. They are held in confidence by UNEP 
if reported as required io signat,-!es to 
the Montreal Protocol to Protect Strato
spheric Ozone. Otier potential sources of 
these data are major manufacturers of 
CFCs who hold these €laia as proprietary. 
The use or production ol CFCs, given cur
rent levels of recycling, almost invariably 
leads to ernissios at some later date. In 
fact, current production figures are not 
iiuch greater thani current emission esti
nates. Annual production or use is, there
fore, a imeasure of C'Cs to be enmitted at a 
later (late. Ilithis table, however, respons
bility for em;ssions is counted in the cur
rent year of product ion. 

Use and production are confounde(d 
here, and in tie availabhl data. The U.S. 
EPA estimated 1985 and 1986 world pro
dut:tion of CFC-I l ani CTF-12 and also 
listed specificIirodLuction!use figures for 
18 countries and tlie 12 countries of the 
1: ropean Coiniiity. These specitic 
Country production/ilse figures are re
ported here. ither country figures are es
tilnated froin a WRI aiialysis (if per capita 
consution. (See Table 24.1.) Few data 
are available froi the I.S.S.R. Aluestimate 
of 101,000 iietric tols reported by WRI in 
World Resources 1988-Y9 (WRI, Washing
ton, I).C., 988), p. 343, is tie most recent 
estiin- ate available. World production/use 
of ('C-I I and CFC-12 in 1986. as enuner
ated in this table, totals 771,500 thousand 
Metric tons, corn pared with an estimate of 
785.2(11 metric for 1985 andi an estimate of 
850,100 metric toils for 1986, both rt
ported Iy the U.S. EIA. 

'lo facilitate comparisons, net annual in
creases of ilethane ii fite atmosphere 
and CF' emissions are showni as the 
equivalent amiount of carlion which, if re
leased] as carbon dioxide, would have the 
sarie heating effect. L,4./ialL'hntcarbondi
oxide effect is calculated from Table 2-1 in 
the U.S. EPA's Policy Options forStabilizing 
Global 'linate (U.S. EPA. Washington, 
).C.. 1989), which wns adapted fron the 

work of V. Ranianatflali of the University 
of Chicagoi. 

Thik f;taile lists for each greenhouse gas 
tie "r,,diative fircing for a Lnifirm in
crease in trace gases froni current levels" 
lil degrees Celsius per part per billion by 
volure. They are estimates of the iii
crease in global te'nierattre for arn in
crease of oiii additional part per billion in 
the tonc'entration of each greenhotlse gas 
ill the atmosphere. These estimates explic
itly exclude feedI,,ck effects. The figure 
for miethane (ClIn) is the lower bound of a 
range of possible heating effects, and thus 
prolbably sets a lower limit oil the irllu
ence of raethane sources 'onsilered here 

on global warming. A lotal carbon heating 
coefficienl was calculated. Because ol lini
ited production dita, estimates of CFC- I' 
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Radiative C02 Atmospheric carbon dioxide concentra- i.e., animal flatulence), anaerobic respira-
Forcing Hoting tions are monitored at many sites world- tion in the soils associated with wet riceGas Weight "C/ppb Coefficit 	 wide; the data presented here are from agriculture, and combustion of fossil fuels 

Mauna Loa, Hawaii (19.53" North latitude, and biomass (fuelwood and cleared for
155.58" West longitude). Trends at Mauna ests). Methane acts to increase ozone inC02 43.999 0.000004 1.0 	 Loa reflect global trends, although carbon tile trolposphere and lower stratosphere;

CH4 16.043 0.0001 68.6 	 dioxide concentrations differ significantly its cumulative greenhouse impact is car-
CFC-1 1 137.368 0.07 	 among monitoring sites at any given time. rently thought to be one third that of car
CFC-12 120.914 008 6,414.3 	 The average annual concentration at the bon dioxide, but on a molecule-for

"ppb =parts per billion (one thousand million) by South Pole in 1988, for example, was 2.4 molecule basis its effect, Ignoring any feed
volume. parts per million lower than at Mauna back or involvement in any atmospheric

Note: Estimates of CO2 equivalence were con- Loa. processes, is 20-30 times that of C02.
verted to carbon emission equivalents for pre-	 Annual means disguise large daily and Carbonmonoxide (CO) is emitteJ by
sentation by dividing by 3.604 (the ratio of the
molecular weight of C02 to the atomic weight seasonal variations in carbon dioxide con- motor traffic, other fossil fuel combustion,
of carbon). 	 centrations. The seasonal variation is and slash-and-burn agriculture. Increasing 

caused by photosynthetic plants storing 	 levels of carbon monoxide can lead to an 
and CFC-12 were combined atid avei age 	 larger amounts of carbon, from carbon di- increase in tropospheric ozone and a 
molecular weights and radiative forcing 	 oxide, during the summer than in tile win- builuI) of otier trace gases, particularly 
coefficients were calcnli ted (these data 	 ter. Sonic annual mean figures were methane, in the atmosphere. 
(io not include t lie influence of other CFCs 	 derived from interpolated rtata. Data for all gases except carbon dioxide 
or the halons). ()nie m tric ton of methbane Data are revised to correct for drift in in- and cartlon monoxide are from January 
provides tie same radiative forcing as 	 strument calibration, hardware changes, values monitored at Cape Meares, Oregon
about 70 metric tons of C02. One metric 	 and perturbations to "background" condi- (45" north lat iicde, 124" west longitude). 
too of CFC- II and -12 provides the same 	 tions. Additional details concerning data Although gas concentrations at any given
forcing as 6,4(0 metric tons of CO2. 	 collection, revisions, and analysis are con- time vary among monitoring sites, these 

tained in C.D. Keeling, et al., "Measure- data reflect global trends. Data for carbon 
ment of the Concentratioat of Carbon mionoxide were taken from several sites 

Table 24.3 Atmospheric Con- Dioxide at Mauna Loa Observatory, Ha- and averaged to reflect global concentra
centrations of Greenhouse and wait," Carbon Dioxide Review: 1982, W.C. tions arid trends. 

Clark, e. (Oxford Ur;versity Press, NewOzone-Depleting Gases, 1959-88 York, 1),2). Table 24.4 World Carbon 
Carbontetrachloride (CC4) is an interme- Dioxide Em slons from Fossil 

Sources: Carbon dioxide: Charles 1).Keel- diate prodct in tie Iroduction of CFC-l I 
ing, RB. Bacastow, A. F.Carter, et al., "A and CFC-12. t is also used in other cheni- Fuels and C. ment Manufacture 
Three-Dimensional Model of Atmospheric cal and pharmaceutical applications and 
CO2 Transport Based on Observed Winds: for grain fumigation. Compared with other Source: Carbon Dioxide Information Analy-
I. Observational )ata and Preliminary gases, CCI 4 makes a small contribution to sis Center (CDIAC), Environmental Sci-
Analysis," Aspects of Clinate Variability in the greenhouse effect and to strato- ences I)ivision, Oak Ridge National 
the Pacific and the Western Americas, Anier- spheric ozene depletion. Laboratory. Oak Ridge, Tennessee, testi
ican Geophysical Union (AGU) Monograph lethyl cl'loroformn (Ct.KY7Ii) is used pri- mony by Gregg Marland and Toln Boden 
No. 55 (A(IJ, Washington, D.C , 1989), pp. marily as :ul industrial degreasing agent before the U.S. Senate Committee on En
165-236 Otier gases: R./. Rasmussen ann and as a solvent for paints and adhesives. ergy ant Natural Resources, July 26, 1989, 
M.A.K. Khalil, "Atmospheric Trace Gases: Its contribution to the greenhouse effect arid personal communication. 
Trends and Distributions Over the Last De- and to stratospheric ozone depletion is CDIAC calculates world emissions front 
cale,"Science, V(l. 232, pp. 1623-1624. also small. data on the net apparent consumption of 
Concentrations after 1985 of CCI.i, C'FC-II (CCjF), (.F(.-12 (CClF_,), CFC-22 fossil 'uels (base(] on the Worl Energy 
CH:iCCI:i, CCI: (CFC-I 1), CCI-_F 2 (CFC-12), (ClICIc,) and] CFC-1 13 (CI.r' O)are potent Data Set nviintained by the United Nations 
and N20; M.A.K. Khalil and R.A. Rasmus- depletors of stratospheric ozone. To- Statistical Office), and from data on world 
sen, unpul)lished data (Oregon Graduate gether, their cumulative impact may equal cement manufacture (base(i on the Ce
.enter, Beaverton, United States, Septem one fourth of the greenhouse contrilution 	 ment Manufacturing Data Set maintained 
her 1989). C2CI:iF:t (CFC-l 13); M.A.K. rhalil of carbon dioxide. by the U.S. Bureau ol Mines). E'missions 
and R.A. Rasmussen, unpublished data Total Gaseous Chlorine is calculated 1) are calculated using global averaic- fuel 
(Oregon Graduate Center, Beaverton, nultiplying tile number of chlorine atones chemistry and usage. 
United States, September 1989). Methane in each of the chlorine-containing gases Estimates of world emissions are proba
data (C-.), I979--88; M.A.K. Khalil, R.A. (carbon tetrachloride, methyl chloroform, bly within 10 percent of actual emissions. 
Rasmussen, "Atmospheric Methane: Re- and the CFCs) by the concentration of Individual country estimates (see Table 
cent Global Trends," in preparation that gas. 24.1) could depart more severely fronl re
(1989). Methane data, 1962-78; M.A.K. Nitrous oxide (N-,O) is emitted by aero- ality. CI)IAC points out that the time 
Khalil, R.A. Rasmussen, and M.J. Shearer, bic decomposition of organic matter in trends Ironl a consistent and uniform time 
"Trends of Atnlosplheric Methane During oceans and soils, by bacteria, by comtus- series "should be more accurate than the 
the 1960's and 7('s," ,ournal ofGeophysi- tion of fossil fuels and biomass (fuelwood individual values." 
calResearch,Vol. 94, No. DIS, Deceniber and cleared forests), and by the use of ni- Emissions of carbon dioxide are usually 
1989, pp. 18,279-18,288. trogen fertilizers. N20 is an important calculatei a.d reported in terms of its 

The trace gases listed in Tables 24.3- depletor of stratospheric ozone; )resent content of elemental carbon. The actual 
24.2 affect stratospheric ozone or contrib- levels may contribute one twellth tile mass of carbon dioxide canlbe c'ilculated 
ute toI tie greenhoue effect or hot i. For amount contributed by carbon dioxides by multiplyilg the carboln mass by 3.664. 
further details concerning these pro- toward the greenhouse effect. Total emissions consist ni tile sum of 
cesses, refer to Chapter 2, "Climate Methane ((14) is emitted through the re- the caron in CO2 produced during the 
Change: A Global Concern." lease of natural gas and as one of the prod- consumption of solid, liquid, anrdgas fuels 

Carbon dioxide (C02) acounts for about ucts of anaerobic respiration. Sources of (primarily 6ut not exclusively coals, petro
half the increase in the greenhouse effect anaerobic respiration include the soils of leum products, and natural gas), pro
and is emitted to the atmosphere by natu- molst forests, wetlands, bogs, tundra, and duced during gas flaring (the practice of 
ral and anthropogenic processes. See the lakes. Emission sources associated with burning oiff gas released in tlhe process of 
Technical Note for Table 24.4 for further human activities include livestock manage- petroleum extraction, a practice that is de
details. ment (enteric fermentation In ruminants, clining) and the productlio of cement (by 
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calcining calcium carbonate to produce 
calcium oxidte, 0.136 metric tols of carbon 
are released as CO- for each ton of ce-
ment production). 

Combustion ot different fossil fuels re-
leases carbon dioxide at different rates 
for the same enerqy production. Burning 
oil releases atiout 1.5 times the amount of 
'-arhon dioxide released from burning nat-
Ural gas; coal combutiustion releases about 
twice the carlon dioxide of natural gas. 

It was asstmed that approximately I 
lercent of the coal used by industry and 
power plaivts v,.is not b)urned, and anr addi-
tional few perceit1 were converted to n011-
oxidizing uses. (tier oxidative reacttions 
of coal are assulmned to)be of negligible in-
portante in carbon budget iiodelin- . Car-
)on em ission s from gas lariig aul 

ceumeil prodtoction are also included.l 
'I .ese two sourcts einit about .1percent 
of the carbhoin emitted by fo ssil fuel c-)oi-
lustion. lFossil fuel emiissions include 
those released from "bunker fuels" in in- 
ternatiinal traisliort and are thius nott as-
cribable to particular coultries. See the 
Technical Notes for Table 21. I for further 
inlormation, 

Table 24.5 Air Pollution in Se-
lected Cities 

Source: World I lealth Organization 
(WI1O)/Uiiitedl Nations Enviroiment Pro-grainme (UNEP), anl the Glo1bal nviron-

UetMonitoring System (GEMS)/AlIR 

Monitoring Project, Moitoring and As-
sessiient Research Centre (MARC), Assess-
nent of Urban Air QualifY (MARC, London, 
I188) 

Air (uality i, selected cities is given for 
the numher of sileyears of observation 
(nullmber o sites ilitililie(l by tile itLn-
her of years of operat ion) for sulphur diox-
ide (So,), sumsendedpart l(t Iatter 
(SPM), and smoke. These (tata are pre-
sented for tile minlunum, tie aterage, an(] 
the nia.virown inutier of days that tilel it-
Litant, -xceeded WI I) guidelines for all 

years of observation (site year). See (lie 
Tectical Notes for Talile 24.6 for some 
additional details. 

WI 10)reconuends t hat SO2 exposure 
should not exceed 150 tiicrogrwosper 
cubic fieter oli more thdn seven tlays a 
year. Many reporting cities exceed this 
level on ai average basis. This is of partic-
ular colcern for young (-hidren aid peo-
pie at risk o respiratory iness. Exposure,
along with acute respiratory illness, could 
lead to chronic respiratory illness later in 
life. GEMS estimates tl'at over (300 million 
people live it, urban areas where S02 lev-
els exceed WH1() guidelines. 

The health effects of SPM are in part de-
pendent oli the biological and cheuical 
makeu I) anid activity of the paticles. 
Heavy metal tiarticles, or hytIrocarnlis 

condense(l onto (lust particles, can be es-
pecially toxic. There are two commonly 
used methods to measure SPM: high-vol. 
ume gravimetric sampling and snmoke 
shade net'ods. Gravimetric sampling de-
termines the mass of particulates in a 
given volume of air. Smoke shade meth-
otis relate the reflectance of a stain left on 
filter paper that has had ambient air 
drawn through it to the concentration of 
particulate in the air. Smoke shade data 
cannot be used interchangeably with 
gravimetrically determined mass measure-
inents because the smoke shade measure-
nient is tredominantly ani indication of 
dark material in the air, which may not he 
prolportional to the total weight of sus-
pen(led matt, i. I ligh-otlime data may be 
twice as large as concurrent smoke shade 
results. lI1this table, grauinimelricllv deter-
mined suspended portict;utei(fnaticmienca-
surenients are shown antl Colpared with 
the WIHO)guideline of 23( n:i: ,,graws per 
cubic meter. The smoke shade method is 
also shown andlcolp:red wit Ihits guide-
line ofl 15) in icrolgrains percubic meter. 

()Inaverage, Imolst cities shown exceed 

the WIlt) guidelines ii more than the 

slpecified seven (lays a year. GEMS esti-

in:ites that over 1.25 billion people live in 

cities with unaccelptable levels of SPM.
See So1urce for a(ditional details. 

Table 24.6 Emissions of 
Pollutants in Selected Countries 

Source: World Health Organization 
(WHO)/United Nations Environment Pro-
grain e (UNIEl'), and the Global Environ-
went Monitoring System (GEMS)/AIR 
Monitoring Project, Monitoring and As-
sessnient Research Centre (MARC), Assess-
meiit of UrrlnAir Qualit' (MARC, London, 
1988). 

These data sholl Ihe sed carelt ly. Be-
cauise different ilethods and proc2dures 
niay have been lisell in each c(untry, tie 
best comparative data may he time trends 
withii a country. 

Sulfurdioxiae (S(I,) is created by both 
natural and anthropogenic activities. Alu-
thropogenic sources include fossil fuel 
collbustio(n ailI industrial activities. High 
levels of sulfur dioxide and suspended par-
ticulate matter (SPM) may cause respira-
tory problenis among adults and children 
anlI may alsoi result in illness of the lower 
respiratory tract. primarily in children. Al-
thropolgenic emissions of So2 are esti-
mated to range from Il0-10 million 
iietric tons per year worldwide. In the at-
mosphere, SO2 oxidizes and, with inois-
lure, biecomes sulphuric acid. This acid 
precipitation, made more acidic by the si-
iiultaneous addition of nitric acid, has ef-

fects far distant from its source and! is 
responsible for declines in forest. in 

North America and Europe, negative ef
fects on soils and crops, and the destruc
lion of architectural treasures. 

Total emissions of S02 increase at the 
rate of about 4 percent annually. These es
timates are calculated from data on fossil 
fuel production, their sulphur content, 
and mean emission rates. Not inclute(] in 
this table is the U.S.S.R., which in 1979 
was estimated to emit 28 million metric 
toils of SO2. When the U.S.S.R. estimate is 
combinedt with almost 68 million toils 
listed in this table, over 50 percent of 
world emissions are accounted for. SO-, 
emissions have declined recently in sev 
eral developed countries and China. 

SPM arises from numerous anthropo
genic and natural sources. Among the an
thropogenic sources are comnbustion, 
industrial and agricultural practices, inti 
tie formation of sulfates from SO2 eis
sions. SPM emissions total perhaps1300 
million metric toils (50 percent are sol
phates) of which just 27 million are ac
counted for inl this table. SPM emissions 
are difficult to estimate. Health effects are 
delendent onithe particular chemical and 
biological prolperties of the individual par
titles. 

O.xides ofnitro.gen (NO.\) are inlp(rtant 
pollLuts. All oxides o nitrogen coltrib
ute to acid rain, in tile form (If nitric acid; 

an(l N()x is a precursor to trolospheric 
ozone that plagues many urban areas. Ox
ides of nitrogen are difficult to estiilate,
hut total world production is estimated atabout 75 million ineiyic tois. 

Corbon tmonoxide (CO), is formed both 
naturally and froi industrial processes, 
iicluding the incomplete colbustion of 
fossil and other carboi-bearing fuels. 
Emissions front automobiles are the most 
iitportant source, especially In urban envi
ronnients. Estimates of world anthropo
genic emissions range from 300 to 1,600 
million metric tons annually. Carbon mon
oxide interferes with oxygen uptake in the 
tlood, iroducing chronic anoxia leading 
to illness or, in the case of mafsive and 
acute poisoning, even deith. 

LeUd (Pb) emissions could total up to 
450,110 metric tons, of which almost all 
are anthropogenic. Alkyl lead, an anti
knock additive to ordinary gasoline, ac
counts for 60 percent of global emissions 
antI up to 90 percent in individual coun
tries. Children are especially vulnerable 
to lead poisoning, which affects henie bio
synthesis and the nervous system. 

GEMS coordinates the gathering of envi
roniental inforinution ty national govern
ments. MARC derived these particular 
data from reports published by individual 
countries on lhe state of the environment, 
or of specific pollutants, or submitted to 
GEMS in response to a questionnaire. See 
the source for atitional details. 
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25. Policies and Institutions
 
Two basic indicators of a country's commitment to en-
vironmental protection are its participation in rele-
vant international agreements and the collection and 
dissemination of environmental information. 

Table 25.1 presents information on participation in 
critical treaties and other international agreementF. 
The most recent treaty cited isthe Convention on tlhe 
Control of Transboundary Movements of Hazardous 
Wastes and Their Disposal, adopte2d in Basel, Switzer-
land, in March 1989, and signed by 43 countries (41 
are included in Table 25.1), including the European
Community (EC) as an entity, as of January 25, 1990. 
To enter into force, 20 countries must ratify, accept, 
approve, or accede to it; only Jordan had ratified it by 
the end of January 1990. The treaty is intended to 
restrict international traffic of hazardous wastes. Be-
fore shipping hazardous wastes, exporting countries 
must have written consent from the importing 
countries as well as the countries the shipment will 
cross. The exporting country must manage the ship-
ment in an "environmentally sound" manner. Each 
country is empowered to prohibit iii-ports of hazaid-
ous wastes. 

Fifty-eight countries including the EC have ratified, 
accepted, approved, or acceded to the Vienna Con-
vention for Protection of the Ozone Layer. The pur-
pose of this agreement is to protect human health 
and the environment by taking measures to control 
activities that produce adverse effects. The agree-
ment entered into force on September 22, 1988. By 
January 22, 1990, 54 countries and the EC have rati-
fied, accepted, approved, or acceded to the Montreal 
Protocol on Substances that Deplete the Ozone Layer 
(CFC control in Table 25.1), which requires 50 percent
reductions in the production of chlorofluorocarbons 
by 1999. The Protocol entered into farce on January 
1, 1989. 

Additional countries have become party to older 
agreements shown in Table 25.1. The agreements are 
as follow-: 

• Nuclear Test Ban (1963)-to prohibit atmospheric

and underwater nuclear weapons tests. 

N Wetlands (Ramsar) (1971)-to stem the encroach-

ment on and loss of wetlands. 

* Biological and Toxin Weapons (1972)-to prohibit

acquisition and retention of biological agents and 

toxins. 


I World Cultural and Natural Heritage (1972)-to pro
tect cultural and natural heritage sites of outstanding 
value. 
N Ocean Dumping (1972)-to control pollution of the 
seas by dumping. 
E Endangered Species (CITES)(1973)-to protect en
dangered species from over-exploitation.
N Ship Pollution (1978)-to eliminate internationalpollution by oil and other harmful substances.
* Migratory Species (1979)-to protect wild animal 
species that cross international borders. 
U Law of the Sea (1982)-to establish a comprehen
sive legai regime for the seas and oceans. 

Individually, these agreements are limited. Together 
they raise governments' perception of the validity of 
international action to protect the environment. They 
form aweb of precedent and commitment that can ex
pand in the future. 

The sources of environmental and natural resource 
information listed in Table 25.2 are believed to be 
comprehensive assessments of natural resource and 
environmental conditions on national, regional, and 
global levels. They summarize available information 
on the condition of the natuial resource base, high
light major environmental problems, document 
trends, and often suggest policies for resource man
agement. 

It is a sign of growing environmental awareness that 
almost all countries have become members of the 
United Nations Enviro.nment Programme's 
INFOTERRA system, which encourages and facilitates 
sharing information on environmental p'oblems and 
their causes, impacts, and solutions. 

Much envirot'mental information is collected by aid 
donors, or at the request or instigation of interna
tional organizations. This information is often merely 
an adjunct to action plans (e.g., the Tropical Forestry 
Action Plan, the National Conservation Strategy) or 
describes merely a subset of the total environment 
(National Conservation Profile). But, ultimately, coun
tries must collect and analyze their own information 
to plat the sustainable use of their resources. Of spe
cial interest is the stili rare production of national 
state-of-the-environment reports and national com
pendia of envirc,,nental data that describe the condi
tion and trend&,of important environmental 
measures. Global and regional sources of information 
provide both country information and a ready com
parison of each country's performance. 
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25 Policies and Institutions
 

Table 25.1 Participation in Global Conventions Protecting the
 

Endan. 
Biological gored Ship Hazardous 

Nudear Wetlands and Toxin World coan Species Pollution Migratory Law of Ozone CFC Wastes Regiona 
Test Ban 'Ramsar) Weapons Heritage Dumping (CITES) (MARPCL) Species tbe Sea Layer Control Movement Seas 

1963 1971 1972 1972 1972 1973 1978 1979 1982 1985 1987 1989 (UNEP) 
WORLD 

AFRICA 
Algeria 
Angola
Benin 
Botswana 
Burkina Faso 

S 

CP 
CP 
S 

CP 

CP 
S 

CP 

CP 

CP 

CP 

CP 
CP 

CP 

CP 

S 
S 
S 
S 
S CP CP 

M*,ML*,MSP* 

WCA 

Burundi 
Cameroon 
Cape Verde 
Central African Rep
Chad 

S 
S 
CP 
CP 
CP 

S 

CP 
S 

CP 
CP 
CP 
CP 

CP 

S 

CP 
CP 

CP 
CP 

CP 

S 
S 

S 
CP 
CP 
S 
S 

CP 

CP 

CP WCA" 

Comoros 
Congo
Cote dlvoire 
Djibouti
Egypt 

CP 

CP CP 

CP 
S 

S 

CP 
CP 

CP 

CP 
CP 

CP 

CP 

CP 

S 

CP 

S 
S 
CP 
S 
CP CP 

S 

CP 

WCA 
WCA' 

M',ML',MSP" 
Equatorial Guinea 
Ethiopia
Gabon 
Gambia, The 
Ghana 

S 
CP 
CP 
CP 

CP 
CP 
S 
S 
CP 

CP 
CP 
CP 
CP 

CP 
CP 
CP 
CP 
CP 

CP 

CP 

S 
S 
S 
CP 
CP 

CP 

CP CP 

WCA 
WCA" 
WCA 

Guinea 
GLinea.Bissau 
Kenya 
Leso ho 
Liberia 

CP 
CP 

CP 

CP 
CP 
CP 
S 

CP 

CP 
S 
S 

CP 

CP 
S 
CP CP 

CP 
CP 
CP 
S 
S 

CP CP 

WCA' 

WCA 
Libya
Madagascar 
Malawi 
Mali 
Mauritania 

CP 
CP 
CP 
S 
CP 

CP 
CP 

CP 
S 
S 
S 

CP 
CP 
CP 
CP 
CP 

CP 
CP 
CP 

S 

CP 

S 
S 
S 
CP 
S 

M'.ML 
EA 

WCA 
Mauritius 
Morocco 
Mozambique, People's Rep
Niger
Nigeria 

CP 
CP 

CP 
CP 

CP 

CP 

CP 
S 

CP 
CP 

CP 
CP 
CP 
CP 

CP 

CP 

CP 
CP 
CP 
CP 
CP 

S 

CP 
CP 

S 
S 
S 
S 
CP 

S 

CP 

S 

CP 

M*,ML*,MSP 

WCA" 
Rwanda 
Senegal
Sierra Leone 
Somalia 
South Africa 

CP 
CP 
CP 
S 
CP 

CP 

CP 

CP 
CP 
CP 
S 
CP 

CP S 

S 
CP 

CP 
CP 

CP 
CP CP 

CP 

CP 

S 
CP 
S 
CP 
S CP 

S 

CP 

WCA 
° 

EA,R" 

Sudan 
Swaziland 
Tanzania 
Togo
Tunisia 

CP 
CP 
CP 
CP 
CP CP 

S 
CP 
CP 

CP 

CP 

CP 
S 
CP 

CP 

CP 
CP 
CP CP 

S 
CP 

CP 
S 
CP 
CP 
CP CP 

S 
CP 

R' 

WCA 
° 

M°,ML°.MSP * 

Uganda
Zaire 
Zambia 
Zimt-abwe 

CP 
CP 
CP 

CP 
CP 

CP 
CP 
CP 
CP 

CP CP 
CP 
CP 

S S 
CP 
CP 
S 

CP CP 

NORTH &CENTRAL AMERICA 
Barbados 
Canada 
Costa Rica 
Cuba 
Dominican Rep 

CP 
CP 

CP 

CP 
CP 
CP 
CP 
CP 
CP 

CP 
CP 
CP 
CP 

CP 
CP 
CP 
CP 

CP 
CP 

CP 

S 
S 
S 
CP 
S 

CP CP S 
C 

ElSalvador 
Guatemala 
Haiti 
Honduras 
Jamaica 

CP 
CP 
S 
CP 
S 

S 
CP 
S 
CP 
CP 

CP 
CP 
CP 
CP 

CP 
CP 
CP 

CP 

CP 
S 

S 
S 
S 
S 
CP 

CP CP S 
S 

C 

C 
C. 

Mexico 
Nicaragua
Panama 
Trinidad and Tobago
United States 

CP 
CP 
CP 
CP 
CP 

CP 

CP 

CP 
CP 
CP 

CP 

CP 
CP 
CP 

CP 

CP 

CP 

CP 

CP 
CP 
CP 
CP 

S 

CP 

CP 

CP 

CP 
S 
S 
CP 

CP 

CP 
CP 
CP 

CP 

CP 
CP 
CP 

S 

S 

C, 
C 

SEP.I 

CSP 
SOtMr AMERICA 
Argentina CP CP CP CP CP S S S S 
Bohvia 
Brazil 
Chile 
Colombia 

CP 
CP 
CP 
CP 

CP 

CP 
CP 
CP 
CP 

CP 
CP 
CP 
CP 

S 
CP 
CP 
S 

CP 
CP 
CP 
CP 

CP 

CP 
CP 

S 
CP 
S 
S 

S S 

S 

S 
SEP* 

SEP°.C 
Ecuador 
Guyana
Paraguay
Peru 
Suriname 

CP 

S 
CP 

CP 

CP 
S 
CP 
CP 

CP 
CP 
CP 
CP 

CP 

CP 
CP 
CP 
CP 
CP 

CP 
CP 

CP 

CP 

S 
CP 

S 
CP 

S SEP* 

SEP* 

Uruguay 
Venezuela 

CP 
CP 

CP CP 
CP 

S 
S 

CP 
CP 

CP S CP 
CP CP 

S 
S C. 

Wod Resources
19W0-91
 

368 



Policies and Institutions 25
 

Environment, 1989 	 Table 25.1
 

Endan-
Biological gored Ship Hazardous 

Nuclear Vietlands and Toxin World Ocean Species Pollution Migratory Law of Ozone CFC Wastes Regional 
Test Ban (Ramsar) Weapons Heritage Dumping !CITEJ) (MARPOL) Species the Sea Layer Control Movement Seas 

1963 1971 1972 1972 1972 1973 1978 1979 1982 1985 1987 1989 (UNEP) 
ASIA 
Afghanistan CP CP CP CP CP S S

Bahrain CP CP SP
 
Bangladesh CP CP CP CP S

Bhutan CP CP S

China CP CP CP CP CP CP S CP
 
Cyprus 	 CP CP CP CP CP CP S M*.ML*. MSP
India CP CP CP CP CP CP CP S
Indonesia CP S CP CP CF S
Iran Islamic Rep CP CP CP CP CP S P.
 
Iraq CP S CP CP p
 
Israel 	 CP CP CP CP 	 S S M',ML.MSP
Japan CP CP CP CP CP CP S CP CP

Jordan CP CP CP CP CP CP CP CP CP R

Kampuchea. Dem CP S S
 
Korea. D3m People's Rep CP CP S
 
Korea. Rep CP CP CP CP S

Kuwait CP CP S S CP S P.
 
Lao People's Dam Rep CP CP CP S

Lebanon CP CP CP 
 S CP S 	 S M'.ML
Malaysia CP S CP CP 	 S CP CR 
Mongolia CP CP S
Myanmar CP S CP S
Nepal CP CP S CP S CP S
Oman 	 CP CP CP CP P
Pakistan CP CP CP CP CP CP S 
Philippines CP CP CP CR CP S CP S S
Qatar CR CP S P. 
Saudi Arabia CP CR S S P'. 
Singapore CP CP CR S CP CR
Sri Lanka CP CP CP CP S S CP CR 
Syrian Arab Rep CP S CP CP CP CP S M. 
Thailand CP CP CP CP S CP CR
Turkey CR CP CP 	 S M',ML*,MSP
United Arab Emirates S CP S CP CP S P.
 
Viet Nam CP CP S S
 
Yemen Arab Rep S CP CP S R"
 
Yemen, People's Dem Rep CP CP CP CP 
 R 
EUROPE
 

Albania 
Austria CP CP CP CP CP S CP CP
Belgium CP CP CP CP CP CP S CP CP S
Bulgaria CR CF CP CP CP S
Czechoslovakia CP CP CP S 
Denmark CP Cp CP CP CP CP CP CP S CP CP S
Finland CP CP CP CP CP CP CP CP S CP CP S
France CP CP CP CP CP CP S S CP CP S ,MSP'.C*,EA*.SP 
German Dem Rep CP CP CP CP CP CP CP S CP CP
Germany, Fed Rep CP CP CP CP CP CP CP CP SCP 	 CR 
Greece CP CP CP 	 S CP SCR CP 	 CP S CP M*.ML',MSPHungary CP CP CP CP CP CP CP CP S CP CP S
Icrland CP CP CP CP CP CP CP CP
Ireland CP CP CP CP S CP S CP CP S
Italy CP CP CP CR CP CR CP CP S CP CP S M',ML*,MSP 
Luxembourg CP CP CP S CR CP S CP CP S
Malta CP CP CP CP CP 	 S CP CP M*,ML*,MSP
Netherlands CP CP CP CP CP CP CP S CP CP S C. 
Norway CR CP CP CP CP CP CP CP S CP CP S 
Poland CP CR CP CP CP S CP S 
Portugal S CR CP CP CP CP CP CP S CP CP S
Romania CP CR S 
Spain 	 CP CP CP CP CP CP CP CP S CP CP S M*,ML*,MSP'Sweden CP CP CP CP CP CP CP CP S CP CP SSwitzerhnd CP CP CP CP CP CP CP S CP CP S 
United Kingdom CP CP CP CP CP CP CP CP CP CP S C*'SPYugoslavia CP CR CP CP CP CP CP 	 M,'MSP* 
U.S.S.R. CP CP CP CP CP CP CP S CP CP 

OCEANIA 
Australia CP CP CP CP CP CR CP S CP CR SP"Fiji CR CP 	 CP CP CP SIP
New Zealand CP CP CP CP CP CP S CP CP S SPRapua New Guinea CP CP CP CP S SP"Solomon Islands CP CP S 	 SP 
Sources: 	 United Nations Treaties Section, United Nations Environment Programme. World Conservation Union. and the U.S. Department of State 
Notes: 	 Regional Seas letter codes (M,ML, etc.) indicate signature ofspecific Regional Seas conventions; see Sources and Technical Notes for further detail. 

CP =contracting party (has ratified or taken equivalent action); S = signatory: ' = ratification (or equivalent action) of Regional Seas convention. 
Some small countries, signatories or contracting parties to the conventions and protocols listed, are not included in this table 
For formal titles of the conventions and protocols listed, and for additional information, see Sources and Technical Notes. 
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25 Policies and Institutions
 

Table 25.2 Sources of Environmental and Natural Resource
 

Sources of National Environmental Information la) 

Tropical 
State of the National National Environmental Foestry 

INFOTERRA Environment Conservation Consevation U.S. U.S. Statistical Action 
Member Report (a) Profile la) Strategy (a) AID Ila) AID 11(a) Compendium (a) Plan (d) 

AFRICA 

Algeria 
Angola 

Yes 
Yes 

N N 

Benin Yes 
Botswana 
Burkina Faso 

Yes 
Yes 

1986 b) D D 
1980 (b) 1982 (b) IP 

Burundi 
Cameroon 
Cape Verde 
Central African Rep 
Chad 

Yes 
Yes 
Yes 
Yes 
Yes 

1989 (c) 

IP (c 
IP 

1981 )b 
98I (b) 

1980 b) 
(D) 1987(b) 

Comoros 
Congo 
Cole dlvoire 
Egypt 
Ethiopia 

Yes 
Yes 
Yes 
Yes 
Yes 

IP {c) 
D 

D c 

ND 

IP 
1988 {b) 

IP 

IP____ 
Gabon 
Gambia, The 
Ghana 
Guinea 
Guinea-Bissau 

Yes 
Yes 
Yes 
Yes 
Yes 

IP (c 

1988lb.iP 
P 

D 

c) 

IP 

1981 (b 
1980 b 
1983 b 

1986 (b 
(D) 1986 

Kenya
Lesotho 
Libeni 

Yes 
Yes 
Yes 

19871bi 1988 (b) IP 
IP 1982 

1988 
)8 
b 

IP 

Libye 
Madagascar 

Yes 
Yes 1987 (b) D {b) 1984 

Malawi 
Ma 
Maur:aniu 
Mauritius 

Yes 
Yes 
Yes 
Yes 

:P 
P 
IP 

1982 1b 
1980(b 
1979(b 1989(b) 

P 
P 

Morocco Yes 1980 lb) 
Mozambique, People's Rep 
Niger 
Nigeria 
Rwanda 
Sao Tome and Principe 

Yes 
Yes 
Yes 
Yes 
Yes 

1988 (b) 

IP )c) 

IP 
1980 (b) 

1981 (b) 1987 Jb) 

Senegal 
Seychelles
Sierra Leone 
Somalia 
South Africa 

Yes 
Yes 
No 

Yes 
No 

D 1c) ND 
ND 
ND 
IP 

1980 

1980 (b) 

1979(b) 

IP 

IP 
IP 

Sudan 
Swaziland 
Tanzania 
Togo 
Tunisia 

Yes 
No 
Yes 
Yes 
Yes 

1988(b) IP 
IP 

1982 (b 
1980 b 

1980)b) 

1983(b) 

(D) 1988 (b) 
IP 

Uganda 
Zaire 
Zambia 
Zimbabwe 

Yes 
Yes 
Yes 
Yes 

1988(b) 
1988 (b) IP (c! 

ND 
ND 

1985(b i 
19878 

1982 )b
1979 b 
1982 b 
1982 b 

1981 (b) IP 

NORTH & CENTRAL AMERICA 

Barbados 
Bahamas 
Belize 
Canada 
Costa Rica 

Yes 
Yes 
Yes 
Yes 
Yes 

1986(b 
1988 b 

IP 

ND 
ND (b) 
1989 

1982 (b) 

1982 

1981 jb) 

1984(b) 

1982 (b) 
1986(b) 

IP 

Cuba 
Dominican Rep
El Salvador 
Guatemala 
Haiti 

No 
No 
Yes 
Yes 
Yes 

P 
P 

;9a (8
982 b 

181 (8) 
1979(8 

1985 b.c 
1984 1bc 
1985 (b) 

IP 
1987(b) 

IP 
Honduras 
Jamaica 
Mexico 
Nicaragua 
Panama 

Yes 
Yes 
Yes 
No 
Yes 

1986 (bc) 1988(b) 
IP 

IP 
IP 

1981(b 
1982)8 

1981 b 
1980)8) 

1982 (bc) 
1987" (b) 

1980 (b,c) 1985 

19871b) 
IP 

1988(b) 
(D)(b) 
(D) (b) 

St. Lucia Yes 1987 
Trinidad and Tobago
United States 

No 
Yes 

IP 
1986(c), 1987(c) IP 1979(b). 1983(b) 

SOUTH AMERICA 
Argentina 
Bolivia 
Brazil 
Chile 
Colombia 

Yes 
Yes 
Yes 
Yes 
Yes 

1985 (c) 
19881) 

1988 (b) IP 

1979(b) 19881b) 
1988(b8 
1989 (b 

(D 1988)b) 
Ecuador 
Guyana 
Paraguay 

Yes 
Yes 
No 1985 

1988(b) 1979 (b; 1983 (bc) 
1982) 

1982 

(D)1988(bl 
(D)1988 b} 
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Information, 1989 Table 25.2
 

Sources of National Environmontal Information (a) 

Tropical 
State of the National National Environmental Forestry 

INFOTERRA Environment Conseivation Conservation U.S. U.S Statistical Action 

Member Report la) Profile(a) Strategy la) AID Ila) AID 11(a) Compendium (a) Plan la) 

Peru 
Uruguay 
Venezuela 

Yes 
Yes 
Yes 

1988 (b) IP 1979 (b) 1986 lb) 1987 {b} 

ASIA 

Bahrain 
Bangladesh 
China 
Cyprus 
Hong Kong 

Yes 
Yes 
Yes 
Yes 
Yes 

1988 

1984 1b) 
1987 

19851b). 1988 

IP 19881b) 
ND 

India 
Indonesa 
Iran. Islamic Rep 
Iraq 
Israel 

Yes 
Yes 
Yes 
Yes 
Yes 

19811b). 19851b) 
1989 

1979 (b) 

1989(b) IP 
IP 

1988(b) 
1987 1983 (bc IP 

Japan 
Jordan 
Korea. Rep 
Kuwait 
Laos 

Yes 
Yes 
Yes 
Yes 
No 

1987 (b) 

1983 
1987 

1988 (b) 

IP 

IP 

1979 (b) 
19.10 

IP 
Lebanon 
Malaysia 
Mongolia 
Myanmar 
Nepal 

Yes 
Yes 
Yes 
No 
Yes 

1983.1987 (b) 1988(b) 

1989(b) 

IP 

1988* 
1982 (b) 
1979(b) 

IP 

Oman 
Pakistan 
Philippines 
Qarar 
Saudi Arabia 

Yes 
Yes 
Yes 
Yes 
Yes 

1986 (b) 
1987(b) 
1984 

1988 ib) 

1988 

IP 
1987 
IP 

1981 (b( 
1981(b 
1980(b 

1986 1988(c 1984(b) 
1979 

Singapore 
Sri Lanka 
Syrian Arab Rep 
Thailand 
Turkey 

Yes 
Yes 
'es 
Yes 
Yes 

1985(b) 
1978 

1981 (b) 

1989 

IP 

1988 lb 
1978 b) 
1981 b( 
1979 b 

1988(b) 

1987(b) 

Urted Arab Emirates 
VietNam 
Yemen Arab Rep 
Yemen People s Dem Rep 

Yes 
Yes 
Yes 
Yes 

1985(b) 
1980 1982 

P 

EUROPE 

Austria 
Belgiun 
Bulgaria 
Czechos:ovak,a 
Denmark 

Yes 
Yes 
Yes 
Yes 
Yes 

1979 

1982 

1985 (bc) 

Finland 
France 
German Dem Rep 
Germany. Fed Rep 
Greece 

Yes 
Yes 
Yes 
Yes 
Yes 

1985 
1985(b) IP 

1987 (bc) 
1986 

1985(b), 1986 (b.c) 

Hungary 
Iceland 
Ireland 
Italy 
Lurembourg 

Yes 
Yes 
Yes 
Yes 
Yes 

1986 (b.c) 
198C 1b) 
1985 b 
1987 (c(
1984 )," 

ND 

1981 

1984(c) 

Malta 
Netherlands 
Norway 
Poland 
Portugal 

Yes 
Yes 
Yes 
Yes 
Yes 

1985(b 
IP 

1987(b 
1983 (bc) 
1985 ic) 

Romania 
Spain 
Sweden 
Switzerland 
United Kingdom 

Yes 
Yes 
Yes 
Yes 
Yes 

1977 
19841b) 

IP 

IP 
1983 

1985 (b.c) 

1986(b) 

Yugoslavia Yes 1983 IP 1985 1ci 

USSR Yes 

OCEANIA 

Australia 
Fiji 
New Zealand 
Papua New Guinea 
Samoa 

Yes 
Yes 
Yes 
Yes 
Yes 

1987(b) 

1988 

1983 
IP 

1985 

1985(b) 
ND 

IP 

Vanuatu irs IP 
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25 Policies and Institutions 

Table 25.2 	Sources of Environmental and Natural Resource 
Information, 1989 (continued) 

Sources of Global and Reginall Environental Information 

World: 

Lester R Brown, etal State ofthe World 1990 (WW.Nortonb
New York, ;990).
Mbt 
Marin W Holdgate.Mohammed Kassas.and Gilbert
F White, WorldEnviron-
ment 197282 (Tycooly, Dublin. 1982) b) 
United Nations Environment Programme (UNEP)The Sta'e ofthe Environment 

t987(UNEP. Nairobi. 1987) Ib) 
United Nations Environment Programme, Environmental Data Report (Basil 

Blackwell, Oxford, 1989) hI 
World Commission on Environment and Development. Our Common Future

(Oxford University Press. Oxford. 1987). {b) 
World Bank. World Development Report (World Bank. Oxfod University Press,

New York. 1989) b)
World Resources Institute (WRI).ADirectory ofCountry Environment Studies

(WRI. Washington. D C . 1990) 	(b) 
World Resources Institute. International Institute for Environment and Develop-


ment, World Resources 1988-89 (Basic Books. New York. 1988) )b) 


Africa: 

Bureau for Africa. U S Agency for International Development (US AID). Natural 
1, sources and Environmental Concerns InSub-Saharan Africa (U S AID. 
Wash.ngton, D C .1986, b) 

L 0 Lewis arnd L Berry. African Environments and Resources (Unwin Hyman. 
Boston. 1988)

International Union for Conservatio, of Nature and Natural Resources (IUCN).
The IUCN Sahel Report A Lcng. Term Strategy for Environmental Rehabilita-
tion (IUCN. Gland. Switzerland, 1986) {b}

Program for International Development. Renewable Resource Trends inEast Af. 
rica (Program for International Development Clar.. University. Worcester. 
Massachusetts. 1984) {b}

Food and Agriculture Organization of the United Nations (FAO). Natural Re. 
sourcesand the Human Environment for Food and Agriculture in AfricaIFAO. Rome, 1986) {b} 

Latin America: 

Conservando elPatrimono Natural de laRegion Neotropical, Eric Cardich. ed 
Gland Switzerland. 19861 {b} 

Marc J Dourojeanni. Renewable Natural Resources of Latin Amrenca and the
 
Caribbean, Situation and Trends (World Wildlife Fund, Washington, D.C.,

1982) jb)


Inter-American Development Bank IDB), Natural Resources in Latin America
(IDB. Washington. D C.. 1983) (b)
H Jeffrey Leonard. Natural Resources and Economic Development in Contral 
Anerica (International Ins itute for Envrronment and Development.
Washington. D C. 1987) {b} 

Jorge Morello, Peril Ecologico de Sudamerica (Instiltuto do Cooperacion 
beroamericana,Barcelona, 1984) (bc}
 

Europe and North America,Other Developed Countries:
 

Commission of the European Communities (CEC The State ofthe Environ 
ment in the European Community 1986 (CEC. Luxembourg. 1986) (b)

United Nations Statistical Commission and Economic Commission for Europe.
Environment Statistics in Europe and North America (United Natioas. New 
York, 1987) (b} 

Eurostat. Statistics Related to the Environment (Eurostat. Luxembourg, 1987).
)b)

Docter Institute for Environmental Studies Milan and the Commission of the Eu
ropean Communities. European Environmental Yearbook 1987 (Doctor
International U K. London. 1987) )b 

Organisation for Economic Co operation and Development (OECD). OECD Environmental Data Compendium 1989 (OECD. Paris. 1989) (b) 
Organisation for Economic Co-operation and Development (OECD), State ofthe 

Environment 1985 (OECD. Paris. 19851 )b} 

Asia and Oceania: 
A.L. Dahl and L L Baumgart, The State of the Environment in the South Pacific 

(United Nations Environment Programme. Geneva. 1983) (b
United Nations Economic and Social Commission for Asia and the Pacific 

(ESCAPI. State of the Environment in Asia and the Pacific. Vols 1and 2 
(ESCAP. Bangkok. 1985) lb} 

Sources: 	 World Resources Institute. International Institute for Environment and Development, World Conservation Union. U.S Agency for International Development.
World Conservation Monitoring Unit.and the United Nations Environment Programme

Notes: INFOTERRA member of INFOTERRA environmental monitoring network. U.S AID I and U S AID I1:U S Agency for International Development, Environ
mental Profile. Phase I or Phase II,a. Publi"ation date of most recent edition; multiple dates indicate different reports b Copy held in World ResourcesInstitute library c Not available in English. Some Statistical Reports have English table headings. D = Draft; IP= in preparation. ND =published, no date.
For additional information, see Sources and Technical Notes 
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Sources and Technical Notes 

Table 25.1 Participation In 
Global Conventions Protecting 
the Environment, 1989 

Sources: United Nations Environnent Pro-
grainme (UNEl'). "Environ mental Law in 
tie United Nattins Enviriimlent Pro-
grammite (UNEIl, Nairobi, 1985): UNEI' 
Governing ('ouncil, Register of loterna-
tional Treaties and )ther Agreements ill 
tilt- Field of tie Environment, Supplemient 

S(UNEI', Nairobi, April 1987); UNEP Gov-
erning ('Cuncil, Register of Ihnternational 
Treaties and O)ther Agreements in tie 
Field of tit' Eliviroinmlelnt. 1989" (UNEP. 
Nairobi, 1989), UNET. Status of Regional 
Agreements Negotiated li tilt- Framework 
of the-Regioial Seas Priogramme, Rev. I" 
(paIt i 1) Nairobi. ebruary 188) UI.S.( De-
laparnit tt i State. Waslii igtt" (,). 
De8)t en I)epartnteitState. if Cnlu,D.). 

lishtd data (U.. IDepartmi ent of State 
Waslinigton, DI).(., March 1988 aid .lule 

19891) Treaties Sect ion. Uiited Nations 
Sect eariat (. IN ). ulilshi, data ([tN.. 
New York, March I1988 and June 1989): lit-
ternatioiial tuio lioi Const'rvatioi tt Na-
turt and Natural Resources (IUl'N), 
EInvironmental L.aw Centre, unpl)llisled 
data (I'CN. Botn, May 1989); UNI'. Euvi-
roninitalI.aw and Mtachinery Unit. tilt-
pu)lishet data (WINE'. Nairobi. February 
199)). 

A coultry becies aisignatory otia 
treaty when it person give itUthority by 
it', iatitolil gtoiverlnlmienit si gns it. (Jiiless 

otherwise Irtvidehd il the treaty. a signa-
tory is under no iduty to perform tilt' o)l)i-
gatiolls Stilulated belt re tie treaty 
c ils into ftrce fir tie cuntry. A 
tolint ry's signature indicates it colnlllit-
IIi''lit to Undertake domestic action tt rat-
ify. accept approve . or atc'de' t tile 
Ireaty. A cU itrv s it contracting Pirty 

htt'i tii' treaty comes into force with re-
spett t tthe ctolinry. Typically this oc-
curs wlen hetiicitry has ratified the 
treaty or otherwise adopted the provis-
ions of tei treaty ais naitinal law and 
when a prescribed i1nuber tt ciilitries ill-

clear explosions and prohibit tests in any 

other environment if radioactive debris 
would be present outside the territory of 
tile country con(hi'rtilng the test. 

0 Wetlands (Rarnsar): Convention on Wet-
lands of International Importance Espe-
cially as Waterfowl Habitat (Rainsar, 
1971); to stem the encroachment on and 
loss of wetlands, by establishing a List of 
Wetlands of International Importance, and 
providing that parties will establish wet-
land nature reserves and considler their in-
teroational responsibilities for migratory 
waterfowl. 
U Worldlleritage:Convention Concerninig 
the Protection of the World Cultural and 
Natural Heritage (Paris, 1972); to establish 
a system to protect cultural andi natural 
heritage sites of outstanding value. 

Oceun Diumping: Convention ot I lie Pre-
veiition of Marine 'ollutionl by )umpinig 
ot Wastes and ()tiher Matter (I.01(hodn, Mex-

ict'i City, Mtscow, WashlgtonL, ).C.. 
1972): to control pollutionf ttile seas by 
dunping, by )rolil)iting ti (ltum)iligof 

certain materials and regulating ocean dis-
piosal tif others, authorizing regional agree-
imeilts. aild establishing a nieclianisin for 
assessinig liability and settling disputes. 
0 BiolOt,'iciland Toxin Weapons: Convei-
ti on on the Prhibition of the Develop-
iieit, Producti(I, and Stockpiling of 
Bacteriological (U.iologiCtal) and Toxin 
Weapons, and oi their Destruction (Lon-
don, Moscow, Washiungton. ).C., 1972); to 
purohibit acquisitin anid ret -iit in of bio-
logical agents alnd to(xilus that are not just)-
fied for peaceful purposes and of the 
means tf delivering them for hostile pur- 
poses or arme(iconflict. 

Endngered.'pecis (C77"E'): Convention 
ol Internatiounal Trade ini Endangc1 ,ed Spe-
cies of Wild Fauna and Flora (CITES) 
(Washington,. I.C., 1973); to protect en-
daigered species from over-exp)litatioi 
by tightly controllg trade iii live or lead 
aninals and in 'imal parts through a sys-
ter tf permitsi 
t hip ( P oif oing 
17 Rla ltenA tool of 
1978 Relatie o ie of_natinal Clioven-

dicates their colselt lt i bounld by li.''reveutiontit hir ttie tt PalhLit n frii 
treaty aniid register their itstrumnents of 
raitiication. acceptalce, approval, or ac-
cession with ithe treaty's depositary 
(which uay be a tatioiai goverlmnlt, t 
Ulited Natio. otrganiization, tr aother in-
ternat ital rganizat ion: solle treat ies 
have multil' ilelsitaries). 

Thv Ctclplet' tith's tif the convettions 
aid treaties siuiarizeil i"Table 25.1. 
antid tlheir phlces and lalis iof adihptio. 
ari' its follhws 
* Vi'lear Test Bau: Treaty Banininig Nit-

clear Weatpon Tests ill the Atmtsphere, ii 
fOuter Space. aid Under Watter (Mtsctw, 
1963): to prohibit atmispleric amid uid'r-
water nuuclear w eaptois tests aund t her itu-

Ships, 1973 (London, 1978); a nitldificition 
ot tite 1973 convenit ion to eliminate inter-
national pollution by oil and other harin-
ful substances anid to mitimie accidental 
discharge of such substanices. 
U Mr.atoS)'.Specics:Conveiition onl the 
Colnservationi o Migratory Species of Wildl 
Animals (Bonn. 1979): to ilrote.t wild ani-
ilal species that crtss interntational bor-
tders, by prototilg inlternational 

agreement s. 

H L.tt oflthe .S'e:Utnited Nat bits Ctnveli-

tion i the I.aw of the Sea (Mltegoi Bay, 

1982); to establish a col)rehenlsive legal 

regitle for the seas anil ocean s, estalisli 

rules fhr envirioinmental stalndaris alnd enm-
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forcenient provisions, and develop inter
national rules and national legislation to 
prevent and control marine pollution.
U Ozone Laver Vienna Convention for the 

Protection of the ()zone Iayer (Vienna, 
Austria, 1985); to protect human health 
and the environment Iby conductinlg re
search on ozone layer modification and 
its effects and on alternative substances 
and technologies, mniit oring tile ozone 
layer, and taking measures to control ac
tivities that produce adverse effects. 
N (' 'Control: Protocol on Substances 
Tlat )eplete tile )zone Loayer (Montreal, 
1987); to require a 50 percent reduction in 
production of chlorofluoro carbons (CFCs) 
by 1999, with allowaices for cinsuimptiou 

iiicreases inldevelopiig countries. 
0 aluzardous Waste Mo'enient Convention 

on the Control cf Transbounldary Move
ments oi rlazardous Wastes and their Dis
ptisal (Basel. 1989); to restrict and control 
tile initernational traffic ili hazardous 
wastes, 
U RegionalSeas A steit's itl ctiiventiouts 

and their associated protocols addressing 
region-specific niarine-related environ
uental issues. Areas of seas or ocean 
zones included undcter Regioial Sea con
ventions are tie Mediterranea, west andi 
central Africa, eastern Africa. the Red Sea 
and the Gulf o Aden, the Caribbean, tie 
Stouth Pacific, tie Southeast Pacific, and 
the Kuwait regiii. 

Some of tlie symbols used to indicate 
participatiol in Regional Sea conventions 
denote several related conventions aiid 
protocols. Ai asterisk (*) follows the con
vention abbreviatioun if a counltry has rati
lied at least one tf the colveitionls or 
protocols. Tite tull titles tt Regional Seas 
couventions. their (late of atopltioil, and 
the abbreviations used in the table are 
listed be ow. 

M. Convention fotr tile Protection ot the 
Mediterranean Sea against Pollution 
(1976). Protocol for the Prevention of il'l
lution of the Mediterranean Sea by Dunip

fronm Ships and Aircraft (1976). 
Protocol ('oncerninig Co-operation iu Coim
hating Pltilutio tf the Mediterranlean Sea 
by )il and ()ther Ilarintlo Sulbstalices iln 
Cases of Emergency ( 1976). 

M.. Protocol for tlie Protecl loll of the 
Mediterranean Sea against 'ollutio tront 
Laud-Based Siorurces (1980). 

MSP. Protocol Conicerninug Mediterra
nean Specially Protected Areas (1';"). 

IVL'A. Convenitin for C-uoperatitn iul 
the Protection and )eveltpmiienit of the 
Marine anid Coastal Eltvironntt of the 
West andI Central African Region (1981). 
P'rotocol Colicering Co-oiperatnit ill C uMi
baltinig I'otltit ill Cases of EuMergency 
(1981). 

EA. Convention for tie Protection, Man
agelnielt andi Developmnent o the Marine 
anI Coastal Envirtmnmet toltlie Eastern 
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Airican Regin ( 1985). Protoceiol Concerl-
iii,4 Protected Areas anl Wild F'auina anld 
Ilora iilt lie lasteri African Regini (1985). 
'riioticol Cont'erninig 'o-operatini ill ('oU-
hating Marine 'ollution in(ases of Fiter-
gelicy illthe Eastern African Region 

1985). 
R. Regional ('olventinl fo r tileCioiiserva-

tioni tiltRed Sea and (ull of Adeii 
(1982). Protocol ('oncerniing Reginal Co-
operation i Ciombating 'ollutio hy ()il 
iind ()ier IHarmful Substaices ilCases of1 
Emerge'y (1982). 

.('inveitiin r tte Protection and )e-
vehlipmeit of the ,MarineEnviromieit of 
tie Wider (arihhean Regiou I1983). l'roto-
tol tConcerning ('o-operation i (ombat-
ilg ( )iISpills it the \Wider 'ari!,bean 
Region (1983). 

SEI' Cnveutio for the 'rotctioi of 

the Mariie Enviiroiiiiienit and Coastal Area 

of the Southeast Pacific (1981i ).Atireement 

oi Regional C-(ot)eraitim iu('imating 

'Pollutioiiof the SoUuthtiast Pacific hy 
all(i(tier I lariiful Substances illCases of 
l:ilergei'y ( I(i98).Suppleieiitir l'riyto-
(ol tiothe \greelmuent ilRegiOial Co-i iper-
atioi in('oiiating l'llutioi of the 
Soiitheast Pacific hy ()ilaid ( tier larii-
fillSubstances illCiaises of liergeicy 
( 1983). Protocol fin t li, 'rtection of the 
Southeast Pacific against oiillutioni froi 
I.aild-hhas(d Somurces (198.3). 

SI1. ('oivention ihr tle P'roitectiioii of tie 

Natiural Resources anid Eiiviroiiiiieit of 

the Soutl Pacific Regionit(198I). 


1'. Kuwait Reg ial Convention for Co-op-
eration onllhe Protection of ltheMarine 
Li: ironiiieiit frotii Iollutioi (11978). l'roto-
Cil Con'erning Regnual Coi- operatioli i 
('oiibatiPii Pollution by ( iiianl )li'r 
liarnif ul S bs iitnes ill Cases oite:inr-
gericy (11978). 
The iiited Natiois ('olivenlioni ilt the 

Law of t le sea ali( the 'oiive'itiii oilthe 
(ontnirl of lraiisinlliilry MOVeuueiilts Of 
Ia/ardohis Wastes aid tieir Disposal 
have lint vet entere inti) force. The Vi-
eilia Coiveition for the Protection if the 
()zoiie Layer entered't iiito firce oilSepteli-
her 22, 1988,after tlhe required 20 coun-
tries ratified it. 'Ihe IProtocol oilt 
Substalt'acs that Deplete lit' Ozolie Layer 
entered into horce January 1. 1989,when 
the reouireiien t of ratific'ation by at least 
I I countries. atcnuiling for at least two 
thirds of 98i estiiiiated wiorld 
clilroflUirocarbiin (C[C) t'onsuiii Ptioii, 
had beeli filet. Cinventiion onThe tlie Con-
rolof Transbouniidary Moveiients of ttaz-

ardiis Wastes aiid their I),-o'sal will 

eiiter into force wheni 2(1 ciuntries have 
ratified it. 
The Euroteai Commuiity has signed 

tile tile of Mi-(-Convention on Coi servation 
gratory Species of Wild Animals, the 
United Nations (onvention o tlie Law of 
the Sea. the Vieina ('onventin for the 
PIrotection of the ()zone l.ayer, anid the 
Proto'ol on Sulbstalces Thal I)l)lete tile 
()ziie Layer. It has also signed coiiven-
tinls i three reginal seas as well as as-
sociated pritocols. 
The Easterii African and South Pacific 

Regioiial Seas conventions and their proti 
'ols have not yet eiitered into fhrce. 
Informain on the number of Natural 


World I leritage Sites aid Wetlands of II-

teriiational Importance is c itaiied in 

Chapter 21. "Wildife alld I lahitat." T.ale 

20.1. For iniormatioi uil treaty terms, 

refer to the sources. 


Table 25.2 Sources of Environ-
n)il
mental and Natural Resource 
Ifrai 9coparahle 
Infomation, 1989 

Source: Comiled by tihe World Resiurces 
histitute INFOI'RRA.the luternatioial Re-
frral Systeii for Sources of Eiviriinieii-
tal Iformiiation. is a ietwork of iatiiinal 
iiiforiatioiii ceiters estalilisiedIb the 
United Natliouis Eiiviroienment Progralliie 
(INEI') for tiel exchange il environiiieiital 
iiforimuatioii. 1:ach iiieier ciUitry cuoli-
piles a register ofiistitutions williiig to 
share expertise ii eiivironieiitally related 
areas, such as atmuosphere aid cliiate. t'n-
ergy, foiod aid agriculture, plaiit aiid aiii-
illwildlife. aiid pIOlUtioi. Al iterila-


tihinll directory is developed fromi theilna-

tiolial
registers: the direfctory p)asses oit 
queries to exlerts who caii aiswer tlieiu. 
hii1985. the network aiswered more than 
10,500 queries, over half of which caiiie 
frii developing Couitiries. 

Slate ofthe EIn ironiment Repirts are pulL-
lished by governiment ageicies, iiult ilat-
eral irgaizat iols, uiiversities, aild 
noi goverinieital orgainizations. They aia-
lyze the contiion alid naliagelient of a 
country's liatUral resources and docu-
ient its progress ior failure ii sustaining 
its niatural resourt'e base. 

,'Ntional Conisert tiaoln Profiles are pub-
ished by the World Conservation Monitor-
ing Center iii StU))irt oftthe cioinservation 
of biological diversity. Typical profiles re-
port the state oftle flora and fauna, the 
extent of exploitat)on, and the nature of ex-
isting and piroposed coliservation activities. 

Notional(Conserr'(ition Strategy reports 
are prepared by siilne ciilintries that have 
adopted a National Conservation Strategy, 
endorsed iythe national goverlnment. 
Solnie COliltries tIhat have lot officially 
adopted a National Conservation Strategy 
may have published a draft documeit for 
discussioni. lor more detailed iiiormatioln
 
oi the status of National Conservation
 
Strategies, see past issues of the Ii (lii. 
lefi Supplement. The U.S. Agency for Inter
national )evelopimeit (I.S. All)) sponsors 
ithe
produtction of twii series of envir(n

iiental profiles. Phasi, I profiles are con
piled from l)lished literature. Phase /I 
irofiles are hased ii more extensive field 
studies. oftei written in collahoration 
with giiverileit institutions nr local noi
governiental irgaii/al ions. 'hase II pro
files iiclude aiial,,ses of the laws. pilicies. 
aid iinstitutioii that affect the elnvironl
iient and natural resource malagement ill 
the country, and often propose strategies 
to redress problems Phase I profiles are 

to state-of tt' euivironmlinellt re
ports inisciie al( tetail. 

ki 'iii .'tolStattl ('lfipiendiumre-Con 
horts iiatiOual envirnieutal statistical 
data Irilarily through grapihs and tables,
 
aind ciitaiis little analysis. T '' inited Na
tilis uiviroiiiiiut l'rogrii:" ,State if1i'i
virinilenit Uniit I)ibtiSlieS .,,rts etllitled
 
The' .S'taleof fit,A'i'irimooo',t ,otional Re. 
ports. A I A'P'Series. Reports hlive tbeen 
published so far oii Qatar, Kenya, anid Bali
rain. aiid are ill)reparatiol for 1:'uador, 
I lait i, lindoiesia. ,Moroicco, Nepal. Thai
land. aid Zimibtabtwe. ( lter reloirts hithis 
coiluii were piullliii by ithecioultries 
iidependeiitly or under tlie auspices ot aii 
agellc ;11'h :s U.S. All). 

Trpiial[eslrv.,ttion hms (TFAl's 
are developed by individual 'ouitries, 
with ilhe coiirtin..tin of thi.' Food ,ii(Ag
ritulture )rganizatloln of the United Na
tions, tIi ensure tle devehlomeit and 
rationial ise iif tropical fiorests alid related 
resources. They are also iiiteiided to cor
dinate and guide (lie activities of the inter
iiational donor colliliiiiy. '[FAI'. focus 
oif five priority areas: forestry illland use, 
filrest-based industrial develo lilenl. fuel, 
wood and energy, ciniservation iif friopical 
forest ecosyteiiiS, and listit utiois. 
The brief t)ibliography of Regional 

Sources of iuviroiieitahl Ifnrziiation 
that followsI lhe taleiltle iIs general sta
fistical and aialytical puli i,.at iiis for 
each region. It iic ludes ieither s)et'ial-
Ized relorts nor journal articles. 
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Africa Child Survival Initiative, 58 carbon released from, 109-10 
Agency for International Development, deforestation in, 102-06 

U.S. (U.S.AID) malaria increase in, 57.58 
African agricultural study by, 91-92 overgrazing and degradation In, 108, 

Water and Sanitation for Health Project 116
Access 
 settling the, 43-44(WASH), 70to freshwater, 69, 166 

Ambient air quality standards, 202-03, 
to food, 88 Agriculture, 83-99, 277-90 

to safe drinking water, sanitation, and see also Cereal; Food, 212
 

health services, 8-9, 69, 260-61, 265-66 altering practices used in, 28 Amoco Cadiz, oil spill by, 184
 
climate change effects on, 95-98 AnimalsACCION International, 78 

see also Wildlife: individual countriesAcid precipitation effects on, adaption to climate change 
climate change effects on, 95-98, 130-34African savannas' burning linked to, 118 by, 97-98 

reduction plan, 209 expanding, 5-6 effects on, adaption to climate change 
in South American savannas, 94 by, 97-98Acidification, of aquatic ecosystems, 164 


Adriatic Sea, nontoxic algal bloom in, 197 inputs and pollution, 136-37, 164-65 globally threatened species of, 302-03,
 
Advanced gas-cooled reactors, 153-54 Inputs used in (by country), 280-81, 311 

288-89 legal trade in (by region), 122 
Africa Latin American sites for, 40 population necessary to avold 

see also ;-dividual countries low-input, q8 extinction, 129 
access t.treshwater and sanitation in, new approaches to, 92-93 rare species protected in zoos, 129, 

70 physical and chemical soil constraints 308-10, 313-14I 
acio rain linked to burning of savannas on (by country), 286-87, 289-90 Antarctic Treaty, 192, 194-95 
In,118 physical and chemical soil constraints Antarctica 

age structure in,52-53 on (by region and climate), 287, 290 agreements on activities performed In, 
AIDS spread in, 8 pollution caused by teL hniques used in, 194-95 
cropland reserves in sub-Saharan, 87-88 164-65 fisheries in,193,341, 343 
cropland under proditction in, 5 production (by country), 278-79, 288 fishery management in, 193 
culling animal herds in, 136 prospects for Improvements in global warming effects to, 133 
elephant population in, 8 sub-Saharan, 93 international agreements concerning, 
food crisis Insub-Saharan, 88-93 Saudi Arabian water supply threatened 195 
groundwater withdrawals In, 171 by, 176-77 International resource sharing in, 
Ivory trade in, 135-36 trends in, 84 191-95 
per capita food production in, 6 water use for, 171-73 krlll distribution surrounding, 191-93 
physical environment of sub-Saharan, Agroforestry tropical deforestation mineral exploration in, 194 

89-90 decrease using, 110-11 pollution threats to, 193-94 
root causes of agricultural crisis In,89 AIDS tourism in, 194 
runoff irndex of, 168 potential Impact on the Americas, 61 Applied Energy Services (AES), Ill 
sewerage systems aid sewage shifting patterns of, 61 Aquaculture, 335

treiltment in, 183
sustainable forestry efforts In, 106 spread of, 8, 60-61 production, 338-39, 34243
tropical forests In, 124-25 Alaska oil spil off, 6, 184, 194 Aral Sea (Soviet Union)
vehicle fleet in, 147 Amazon degradation of, 6,171
 
wetlands in, 127-28 biodiversity of, 126
 

Numbers in italics refer to pages with data tables or technical notes. 
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ARCO Corporation, cleaner petrol sold 

by, 212-14 


Arctic, climate change effects on the, 134 

Argentina 


AIDS in, 61 

interest payments by, 39 

population increase in, 54 

urbanization and, 66 


Argonne National Laboratory (U.S.), 

advanced reactor research by, 152-54 


Arias, Oscar, 47 

Armadillo (cereal), 19 

Asea Brown Boveri (Sweden), 153 

Asia 

see also individual countries in 
access to freshwater and sanitation in, 

70 

access to safe drinking water and 

sanitation in, 69 

agricultural inputs used in, 84-85 

aquaculture use in, 335 

cropland under production in, 5 

deforestatija in, 123 

greenhouse index rankings for, 15 

groundwater withdrawals in, 171 

per capita food production in, 6 

pesticide use in, 187 

sewerage systems and sewage 


treatment in, 183 

sustainable forestry efforts in, I0C 

vehic!e fleet in, 147 

water pollution in, 165
 
wetlands in, 127 


Asociaclon de los Nuevos Alquimlstas 

(ANAl) labitat protection by, 129 


Atmosi~hLrt. 12-13
carbon .ioxideincrease in, 


and Climate, 345-56 

degradation of, 2-5 

ozone depleting ga!es in, 350, 355 

trends and approaches of cleaning up


the, 201-14
Australia 

coasta, pollution in, 183 

energy trade by, 142-43 

hydropower us;:., 27 

river runoff in, 168 


Automoblies, 147-152 

!-- also Transportation; Vehichles 

contribution to global warming of, 25, 


164 

fuel efficiency of, 26, 146 

hydrogen powered, 27 


Biosphere, response to global warming, 
23-24 


Biotic processes, carbon removal from 

atmosphere and, 28 


Birth rates 

trends In,256-57, 265 

world averages (by region), 53 


Botanic Gardens Conservation 

Secretariat (IUCN), 130 


Botanical gardens, blodiversity 

maintenance in, 129-30 


Brazil 

agriculture in cerrados, 93-95 

carbon release by, 109 

cogeneration use In, 26 

deforestation in, 43, 102-3, 104, 105 

deforestation policy change In, 28 

fertility rate decline in, 61-62 

interest payrents by, 39 

land use in, 38, 66 

malaria increase In, 57-58 

pesticide use In, 165 

r'angeland conditions In, 116 

urbanization and, 66 

wetlands in, 127-28 


Buildings, energy conservatic,ii methods 

for, 146 


C 

Califorala, air pollution control In, 210, 

212 


Cameroon, deforestation estimates in, 

103
Canada 


air pollution concerns and control In, 

211-12 


ecoclimatic provinces of (present and 

future), 133
 

energy trade by, 142-43
CabnTyl

aCarbon cycle 

climate change, forests and, 109 

climate response to, 23 


Carbon dioxide (C02) 

effects (direct and It direct) of rising 


levels of, 112 

emissions from cement manufacture, 


350, 355-56 

emissions from fossil fuel use, 148, 207,


350, 355-56 

emissions In Lath America, 38-39 

increase in atmospheric, 12-13 

long-term variations of global
 

temperature and atmospheric, 13
Boceans as sink for, 22 

Background Air Pollution Monitoring
BackgrounAir Pollun M96, 


Network (BAPMoN), 203 

BahiaParaiso, oil spill from, 194, 195 

Bamboo, used as building material, 80 

Blochemic.' nxygen demand (BOD), 163, 


Biodiversity 
climate change models and, 133-34 

conserving, outside protected areas,


128-30 

greenhouse warming and, 130-34 

habitat loss and, 121-23 

ir LatLi America, 126-27 

management ina new climate, 134 

wildlife and habitat, 121-37 


plants', response to higher levels of, 23,
111, 133-34 

power plart efficiency ad emissiom 


of, 207 

Caribbean Sea 


currents and drainage areas In, 189 

distribution of marine living resources, 


189 

fisheries In, 189-90 

marine resources of, 189-90 

pollution trends in, 188-91 


Caribbean Basin 
s.e also individual countries in 

AIDS increase in, 8, 60-61 

rangeland conditions in, 116 


sewerage and sewerage treatment in, 
190
 

Caribbean Conservation Association, 191
 
Caribbean Environment Programme, 191
 
Carvajal Foundation, 78
 
Center for Plant Conservation (U.S.), 130
 
Central America
 

see also Latin America; individual 
countries
 

deforestation in, 42-43
 
freshwater and sanitation access In, 70
 
greenhouse index ranking for, 15
 
rargeland conditions in, 116
 
urLan water supply and sanitation in
 

(by countl-y), 69
 
Central American Bank for Economic
 
Integration,80
 

Central., planned economies
 
see also Inindividual countries
 
energy efficiency In, 147
 

Ceramic diesels, use in vehicles 149
 
Cereal,
 

see also Agriculture; Food,
 
recent developments in new grain,
 

98-99
 
world carryover stocks of, 86-87
 

CFC's, see Chlorofluorocarbons
 
Chaves, Ana Cecilia, 80
 
Chernobyl
 

additional fallout from, 157
 
reactor accident at, 143
 

Children
 
AIDS cases by sex ratio and
 

occurrences In, 61
 
AIDS infected, 60, 61
health statistics on, 262-63,266
Latin American drug addicted, 45
 
malaria deaths of, 58
 

Chile
 
air pollution in, 40
 

uhrbanizatlon and, 66
hina, People's Republic of
 
acid rain damale in, 5
age structure In,54-55
 
energy efficiency resuits in, 25
 
energy trade by, 143
 
fossil fuel denosits In, 27
 

ChiorofIuorocarbons(CFCs)
 
atmospheric buildup of, 11,12
 
emissions of, 2, 3, 148
 
sources of, 16
 
substitutes for, 27-28
 

CIAT, see International Center for
 
Troplcrt Agricuiture (CIAT)
 

CITES, see Convention on theInternational Trade InEndangered 
Species of Wild Flora and Fauna

Cities
 
air pollution in selected, 351, 356
 
conditions and trends In, 7-8
 
rc.nstralnts to service provision in
 

Third World, 65, 66
 
effects of pollution on health in U.S.,
 

209
 
freshwr. er shortages in developing
 

world, 6
 
"heat island" effects Indeveloping
 

world, 80
 
mountains trapping polluted air In, 40
 
population growth in, 2,66-67
 
population growth in Latin American,
 

38,39-42 
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Clean Air Act (U.S.) Conservation of Antarctic Marine Living Amazonian, 102-6 
ambient air quality standards 

established by, 209 
ambient standards and, 202-03 
market-based controls in proposed 

amendments to, 204-05, 209 

Resources, 193, 195 
Consultative Group for International 

Agricultural Research (CGIAR), 92-93 
Continuously variable transmissions 

(CVTs), 149 

annual (by region), 43 
attempts to slow, 107-09 
bird population effected by, 136-37 
causes of tropical, 106-07 
development's effect on, 107 

proposed amendments to, 211 
Clean coal, 143 Convention on Conservation of Antarctic 

differing attitudes on, 109 
direct causes of, 106-07 

Climate Marine Living Resources (CCAML'R), estimates of tropical, 101-09 
and atmosphere, 345-56 192, 193, 195 greenhouse effect and, 17, 109-10 
changing patterns of, 9t) Convention on the International Trade in greenhouse emissions from, 17 
malaria and, 57 Endangered Species of Wild Flora and history of world, 107 
natural variations in, I1 Fauna (CITES) Latil American, 42-46 
selected habitats in Mediterranean data supplied by signatories of, 122 migi.tion and, 36 

area, 125 ivory trade ban and, 135-36 ratcs (by country), 292-93, 296-97 
variables in African, 90 wildlife trade data of, 304-05, 311-12 river runoff and, 168-70 

Climate change Convention on Long-Range slowing by altering agricultural 
biodiversity, 130-134 Transboundary Air Pollution, effects on practices, 28 
economic and forest management emissions of, 201-02 social justice and, 110 

impiications of, 111I implcatins o, Conventions11CoventonsDemocracy, species extinction from, 7-8Latin American growth, 6, 
effects In tropics of, 131 see also individual conventiops 46-47 
estimating responsibility for, 16 Antarctic, 195 
freshwater trends during, 174-76 
fuel-swltchi:,g to slow, 2F.7 
greenhouse gases and, 3-5 
health Elhects of, 63 
human activities contribution to, 24 
impacts of, 13 
net additions to (by country anr' 

,'ne poliution, 187 
partip in environmental 

protection (by country), 358-59, 
363-64 

Cooperation, international, to stem 
climate change, 29-30 

Demographics 
changes in AIDS development, 61 
population growth and, 49, 61-62 

Denmark, hydropower use in, 27 
Department of Energy, U.S. (DOE) 

gl)bal oil demand estimates by, 148 
National Photovoltaics Program of, 155 

pollutants), 348-.4!, 35.1-55 
policy options available to addiess, 

24-30 
possible effects on agriculture, 95-98 
possible effects on forests, 109-13 
possible effects on oceans and coasts, 

195-97 
possible effects on rangelands, 111-13 
possible effects on wildlife and 

Costa Rica 
bamboo as building material in, 80 
deforestation estimates in, 103 
land tenure in, 129 

Cole d'lvoire 
ecld rain in, 118 
carbon release by, 109 
deforestation encouragement policy in, 

106 

Developing countries 
acid rain and ozone levIs In forests of, 

118 
acidification In, 164 
air pollution control in, :!2 
conditions prevalent to nialria 

development in, 58-59 
conserving biodiversity In, 128-29, 130 

biodiversity, 130-34 
possible responses by species to, 132 

deforestation policy of, 106 
Cropland 

energy eficient technologies ued by, 
26,147 

reducing the risk of, 25-30 
regioih- effects of, 96-97 
species most vulnerable to, 132-34 
state of science on, 18-24 
status of current knowledge on, 12-13 
tropical storms and, 196 

Clouds, climate change uncertainties and 

area available for, 87-88 
per capita (by region), 87 

Cubatao (Brazil) 
environmental restoration in, 41, 42 

energy used by, 142 
freshwater shortages in, 166 
greenhouse gas emissioans from, 18 
groundwater withdraw ils In, 172-73 
growth rates in, 51 
improving housing and infrastructure 

in, 78-80 
behavior of, 22-23 Informal sectors in, 73-80 

Coal Dams lack of sewerage systems and sewage 
clean, 143 
production and consumption of, 142-43 

for hydroelectric power production, 38 
sedimentation of, 42-43 

treatment in, 183 
population growth in, 2 

reserves of, 144 
Coastal areas 

Data 
AIDS, 60-62 

strengthening urban service systems in, 
72-73 

and resources of, 336-37, 342 animal and animal products trade, 122 urban air pollution in, 5 
climate change effects on, 195-97 gaps in air pollution, 203 urbanization Increase In, 67 
pollution of, 181 remote sensing deforestation, 102-03, wastewater t:eatment in, 162 
red and green tides effect on marine i',f' 105-6 Development agencies 

in, 197 
Cogeneration, 26 

as fossil fuel alternative, 207 

sources of environmental and natural 
resource, 360-62, 364 

DDT 

energy efficiency policy by, 28 
Tropical Forestry Action Plan, strategy 

developed by, 108-)9 
Colomb bans on, 166 Development assistance 

carbon release by, 109 Caribbean use of, 190 African experience with, 91-92 
energy trade by, 143 marine polution from use of, 186-87 GNP and, 24445, 251 
fertility decline in, 62 de Soto, Hernando, 76, 78 threatening forest areas in Latin 
urbanization and, 66 Debt, external America, 105 

Combatting Childhood Communicable curbing investment in environmental Drinking water 
Diseases (CCCD), 58 Improvements, 9, 39-40 acces; to safe (by country), 260-61, 

C-nnmod., les, world Indexes and prices
ol,250,252 

indicators of, 24647, 251-52 
Latin American (as percentage of GNP), 

265-66 
actual and projected supply (African 

Companhia Energetica de Sao Pat.l, 9, 35,36,39 countries), 68 

Brazil, cost-effective energy Debt-for-nature swi ps, 105 prices charged by vendors of, 77 

improvements by, 25 
Congo, the, 108 

in Latin America, 46 
Deforestation antimalaria, 58 

Latin American gro,.,.., of, 44-45 
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Dubal, Ivory trade In, 135 


Eastern Europe 
see also Europe; Individual countries 

industrial air pollution In, 5 

political char.ge In, 9, 10 

pollution In, 166 


Economic Commission for Latin America 
and the Caribbean, coastal resourceansessment by, 191 


Economics 

air pollution control, 205
Anacictuis,14producAntarctic tourism, 194 

of bamboo as building material, 80 

basic Indicators of, 243-52 

climate change, 111 

debt-for-nature swap, 46-47 

of deforestation and development, 107 

of energy efficiency Improvements, 25 

of energy production and use, 143-44 

food shortage and growth of, 89 

of fossil fuel use, 5 

future growth in world, 1 

of greenhouse gas emissions, 18 

groundwater withdrawal, 176, 177 

Informal sector, 75-76

Ivory trade, i3K3. 136
in Latin America, 36 


of Latin Ameriri debt crisis, 38 

of Libyan water piping plan, 177 

low-input farming, 98 

of photovoltaic systems, 155 

providing access to freshwater and 


sanitation, 70-73 

of refocusing resources to sun:ainable 


development, 9 

recycling, 76-77 

of sanitation systems, 72 

of sedimentation, 42-43 

of solar energy research, 158 

of solar thermal energy, 157-58 

Tropical Forestry Action Plan forest 


management, 108-09 

tropical forests, 44-45 

of vehicle use, 148-49 


Ecosystems 

acidih,. .!,zn of aquatic, 164 

area of v rld . ".alor, 123 

underground, 177 


Ecuador 

environmental situation In, 33-35 

lead in petrol in, 40 

resource and environment case study 


of, 36-37 

Education 


fertility and child health, 262-63, 266 

on global warming regulation, 29-30 


Efficiency 

carbon dioxide emissions and power
plant, 207
energy', . 47 


energy, Incentrally planned economies, 

147 i 

14 e efragmentation


increased energy, 25-26 

Electricity 


see also Energy

productlcn and trade of, 318-319, 326 

solar energy produced, 157-58
Emissions 
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of greenhouse gas, 13-18 

of pollutants in selected countries, 352, 


356 


sources of current greenhouse gas,past greenhouse gas, 13-14 


34647, 352-54 

Endangered Species Act, U.S., 134 

Energy, 141-57 


see also Individual types 

carbon free sources of, 27, 152-57 

conservation (voluntary and 


mandatory), 146
Earth's budget of, 19-20 

Increasing efficiency of, 25-26, 145-47 

Intensity, 1467 


pitesiy 146-47mpio,prices and consumption, 4
tion and consumption (by 
region and fuel), 142 


production and consumption trends, 

14144 


production of commercial (by country), 

- AJ-17, 326 


prototype photovoltaic systems, 156-57 

reserves and resources of commercial 


(by country), 320-21, 326 

resources (proven), 145 

supplies In Latin America, 38 

world resource- of, 144-45 


Eisvironmental Protection Agency, U.S.

(F.PA)

Jmt hnewr y 2ted
:limate change work by, 62 


pollution controls and, 204 

Epidemiology, of factors contributing to 


malaria transmission, 56-58 

-Eureka project, 156 


Europe 

see ulso individual countries 

ambient standards In countries of, 204 

anima! trade by countries In, 122 

forest daio.ige in, 5 

greenhouse index ranking for, 15 

photovoltaic systems used in, 155 

river runoff in, 168 

sewerage systems and sewage 


treatment in, 183 

vehicle fleet in, 147 

waste treatment In, 165-66 

wastewater flows In, 171 


European Community (EC) 
ambient standards of countries In, 205 

Ivory import bans by, 135 

pollution standards of countries in, 204, 


205 

water pollution assessment by, 162 


Eutrophication, 182 

wastewater treatment and, 163 


Exsitu conservation, 130 

Extinction 

deforestation and species, 7-8 

possible methods from climate change, 


134 

Exxon Valdez, oil spill by, 6, 184, 194 


Fearnside, Philip, 103 

Feldman, Fablo, 47 


Fertility 

see also Birth rates 

education, child health and, 262-63, 266
trends In rate of, 25& 37, 265 


Fire, climate change effects on, 112-13 


Fish and Wildlife Service, U.S. songbird
 
population study by, 136
 

Fisheries
 

annual catch and sustainable yield ofregional marine, 340, 343
 

Antarctic, 341, 343
 
Caribbean area, 189-90
 
climate change effects on, 196
 
marine and freshwater catches by,


338-39, 342-43
 
marine mammals entangled In nets of,

184-85

sustainable management of, 193
 
world resources and catch of, 180
 

Food 

access to, 88
see also Agriculture; Cereal. 
aid, 28485, 289
 
available for direct human 

consumption, 88
 
dimensions of sub-Saharan Africa's
 

crisis of, 89
 
gap scenarios projected for
 

sub-Saharan African, 91
 
global production of, ;! a86

production (by count-y). 27879, 288
 
production in Latin America, 38
 
production of selected crops of, 85
 
trade, 284-85, 289

trends and conditions, 83-99
 

n odtos 39
 
Food and Agricultural Or - 1 zatlon, of 

the United Nations (FAO)
 
agricultural report on sub-Saharan
 

Africa by, 90, 91-92
 
deforestation estimates of, 101, 102,


103-4, 105
 
deforestation study by, 118
 
food aid forecasts by, 87
 
Tropical Forestry Action Plan
 

evaluation by, 109
 
tropical forestry research by, 101-02,


103-05
 
Forests
 

acid rain's effects on, 5
 
areas lost per year of closed tropical, 8
 
as a .arbon sink, 110-11
 
boreal, 125-26
 
deforestation rates (by country), 292-93
 
d"forestatlon estimates for closed
 

tropical (selected countries), 102
 
deforestation of Brazlis, 42-'3, 102-03
 

105
 
dry tropical, 125
 
economic Implications of managing, 111
 
economics of tropical, 44-45
 
global warming's effect on, 109
 
In temperate areas, 125-26
 
Latin American clearing of, 126
 
moist tropical, 123-25
 
pollution-damaged, 205
 
possible climate change responses to, 
rangelands and, 101-18, 291-97
 
rnead n,111,219 
resources (by country), 292-93, 2-97
 
river runoff stabilization by, 168-70
 
songbird population trends and
 

of, 137
 
sustainable management of, 106
 
trade In products from, 294-95, 297
 

ossil Fuels 
carbon content of different, 26
 
carbon dioxide emmissions from, 14

efficient combustion methods for
 

power plants run on, 206-07
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energy efficiencies of power plant atmosphere cleanup and, 201-02
 
systems using, 207 marine pollution data by, 165
 

pollution from burning, 4, 164 water quality assessment by, 16!, 162,
world carbon dioxide eir!sslons from, 	 163, 164, 165, 166H 
350, 355-56 water quality at selected stations of,

France 	 329, 332-33, 334 Habitats 
nuclear power use In, 27, 143 Global warming, see Climate change aquatic, 127-28
 

Francois, Patrick, 158 GNP, see Gross National Product global warming shifts In, 132
 
Freshwater, 161-77, 329-34 Goddard Institute for Space Studies loss and biodversity, 12 1-23
 

demands on supplies of, 6 (GISS) climate model by, 12, 9b, 97, 112, 	 loss of (by country), 306-7,312-13
domestic and municipal use of, 173-74 	 134 losses of selected, 123-28 
global warming's effect on, 174-76 Goddard Space Flight Center, ozone marine, 128
 
In Latin America, 37, 39-42 monitoring by, 214 Mediterranean climate, 125
 
per capita consumption of, 69-70 Goldman, Arnold J., 158 pollution of marine, 127-28
 
quality of global, 161-66
 
quantity (global), 166-67 Governments, national temperate, 125-26 
resources and withdrawals (by deforestation attitudes of, 109 variety of, 125 

country), 330-31, 334 fuel economy encouragement by, 152 wildlife and, 121-37,299-314 
in rivers (volume by continent), 166 regulation of greenhouses gases by, Haiti, AIDS in,61 
storage basins, 170 29-30 Hall-Martin, Anthony, 136 
supply services by Informal sector, Grameen Bank, 78, 79 HCB, marine pollution from use of, 186 

76-77 Grasslands Health 
uses of, 170-74 see also Rangelands access to services for (by country),
world resources, 16--u Latin American, 113-17 260-61,265-66 

Fuel 	 location and condition of, 126 air quality effect on human, 5 
see also Fossil Fuels, Oil Green Belt Movement, I10 climate Change effects on, 133 
desulfurization, 208 Green Revolution, 84-85 effects of pollution in U.S. cities on, 209 
improving automobile economy of, Greenhouse effect, see Climate change effects of pollution on, 209 

148-49 Greenhouse gases fertility, education, and child, 262-63,

Fuel cells Fuelcell buildup of, 28-29
buidup f, 2-29from 266 untreated waste water, 41-42
 

as alternative to fossil fuel use, 206-7 causes, additions, ar I effects of, 2-5 global warming effects on, 63
 
Fuelwood country-level data on, 16 hazards inMexico, 39,40-42
 

deforestation and use of, 107 
 emission sources of, 346-47, 352-54 healthcare, 8-9
 
Increasing supplies of, 29 summary of atmospheric growth of, 12 of people living near Chernobyl
 
use and food shortages, 90-91 Greenhouse Index 
 accident, 157

Fundacion Natura (Ecuador), 46 	 calculating, 16 population and, 49-63
 
countries contributing the most tc, 3 services InLatin America, 35-36
 
development and use of, 14 trends in mortality, morbidity, and


rankings using, 14.17 	 nutrition, 258-59, 265Gnationalper capita contributions to, 17-18 Heat Islands, 80 

Gabon, acid rain in, 118 rank and net emissions of, 15 History
GDP,GEMS,seeseeGrossGlobalDomesticEnvironmentProduct Greenpeace, Antarctic dumping freshwat-!r resource, 174-76spotlighted by, 194 	 irrigation use, 171-72 

Monitoring System Gross domestic product (GDP) of water pollution, 161-62 
compared to net domestic product of world deforestation, 107 

234-36 world population growth, 50, 54-55
GEMS/WATER, see Global Environment energy efficiency and, 147 HL,man Settlements,
 

Monitoring Systems Water Quality Gross national product (GNP) 
 growth of, 65-80 
Project environmental asset depletion and, 9 informal squatter, 74-75 

General Atomics, 153 greenhouse emissions and, 18, 19 land cover and, 267-75 
General circulation models (GCMs), 13, Latin American interest payments In Hunting

21 proportion to, 39 economics of big-game, 136 
General Electric Company Innatural resources accounting, 231-32, elephant, 135-36 

nuclear-powered reactors developed 236-39 quotas, 192
by, 153 official development assistance and, Hydrogen, automobile, using, 27

General Motors, 150 244-45, 251 Hydrological cycle
nuclear-powered prototype vehicle Groundwater global warming's effect on, 176


developed by, 153 agricultural depletion of (Saudi industrial use and, 174

Geophysical Fluid Dynamics Laboratory Arabian), 176-77 water replacement times "1iring, 166-67 

(GFDL) depletion in Saudi Arabia, 176 Hydropower, 27 
climate change model developed by, 21 flow to rivers (worldwide), 168, 169 production d consumption of, 143Gohraenry27withdrawals, percentage of renewable. 176 	 reservesrocn of, 145dosof, 143tGeothermal energy, 27 	 167, 168, 171, 172 

Germany, Federal Republic of Group of Experts on the Scientific Hyporhelc zone, importance of 
cogeneration use in, 26 Asp oExperne Scintific maintaining, 177 
emissions standards In,204, 205 	 Aspects of M'r~ne Pollution (GESAMP),
 

oceans' iealth assessment by, 7, 179,
GESAMP, see Group of Experts on the 
Scientifl, Aspects of Marine Pollution 181,188 I 

Ghost fishing, 185 Group of Seven, environmental issues 
"Global Bargain," 30 concern by, 9-10 Incentives
Global Environment Monitoring System 	 Guatemala, agroforestry in, I1I family planning implementation, 62 

(GEMS) for deforestation, 43, 106 
air pollution data collected by, 203 to cut CFC use, 28 
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to increase pastureland, 108 

India 


carbon release by, 109 

deforestation estimates In,103-4 

fos:;Il fuel deposits In,27 

Green Revolution gains by, 84-86 

malaria control efforts in, 59 


Indonesia 

carbon release by, 109 

deforestation estimates In, 104 

energy trade by, 143 

forest products export by, 107 


Industrial revolution, fossil fuel use 

increase since, 14 


Industrialized countries 

see also individual countries 

age structure in, 53 

AIDS spread in, 8 

DDT bans in, 166 

efficiencies of thermal power plants In, 


209 

energy efficiency in, 26, 147, 209 

energy efficient technologies used by, 


26 

energy used by, 142 

grcwth rates in, 51 

population age profiles in, 50 

wastewater treatment in, 163 


Industry 

a~r pollution from, 5 

air pollution standards Inautomobile, 


203-4 

energy conservation by, 146 

fuel economy developed by auto, 


150-51 

modifying practices to reduce CFC 


emissions, 27-28 

types and amount of wastes produced 


by, 163-64 

water use by, 173, 174 


Informal sector 

definition of and facts on Third World, 


73-80 

development process and, 77-78 

economics of, 75-76 

housing for, 76 

recycling in, 76-77 


Institute of Environment and Renewable 

Natural Resources (Brazil), 

deforestation fines levied by, 102-03 


Institutions 

see also individual instititlons 

and policies, 231-39, 357-64 


Instituto Nacional de Pesquisas Espacials 

(Brazil), deforestation data from, 46 


InternatorAl Union for Conservation of 

Nature and Natural Resources 

(OUCN),seeWorld Conservation Union, 


Inter-American Development Bank, forest 

projects of, 105 


Intercropplng, new African approaches 

to, 92-9 


Intergovernmental Oceanographic 

Conmmission, 191
 

Intergovernmental Panel on Climate 

Change, (IPCC), 30) 


International agriculture research 

centers (IARCs), 93 


International Center for Tropical 

Agriculture (CIAT), agricultural 

research by, 93-95 
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International Drinking Water Supply and 

Sanitation Decade, 67, 68 


International Energy Agency (lEA) 

energy conservation by, 146-47 

renewable energy studies by, 145 


International Inslititute for Tropical 

Agriculture (Nigeria), alleycropping 

development by,92-93 


International Maize and Wheat 


Improvement Center (Mexico), cereal 
Improvements by, 98-99 


International Maritime Organization 
(IMO) 
estimate of oil spilled In seas, 190 

oil spill
training by, 191 


International Specie-; Inventory System 

(SIS), demographic records of zoo 

populations, 129 


International Tropical Timber 

Organization (T1O), research on 

sustainable forestry by, 106-07 


International Whaling Commission OWC), 
c cWCs , 
commercial moratorium issued by,
192-93 


Interrelationships, between population 

and natural resources, 1-2 


Irrigation 

see also Agriculture 

groundwater withdrawals for, 172-73 

salinity levels from, 164 


Italy, Photovoltaic systems used In, 155 

lzrael, Yuri, 157 


mE 

Japan 

ambient air quality standards in, 208 

emissions standards In, 205-08 

energy efficiency results In, 25 

greenhouse gas emissions from, 208 

Ivory imports by, 135 

lumber imports by, 118 

mercury poisoning in, 188 

auclear power used in, 143 

whaling by, 192 


Kenya 

antimalaria drug resistance In, 58 

Ivory smuggling In,135 


Korea, Republic of, energy efficiency

results In,25 


Krill 

commercial harvesting of, 192, 193 

distribution of Antarctic, 191 


1 

L 

Labor
 
force In urban and rural populations,
 

270-71,274-75 

size and growth of, 254-55, 264-65 


Lakes 

see also Freshwater; individual lakes 

acid rain's effects on, 5 


Land 

area and use, 268-69, 274
 
reform, in Latin America, 46
 
runoff, 164-65
 
tenure, in Latin America, 38-39, 43, 46
 

Laos, carbon release by, 109
 
Latin America
 

AIDS Increase in, 8,6^-61
 
alternatives to wood for building In,80
 
blodiversity in,126-27
 
chemical fertilizer used In, 164-65
 
coastal pollution in, 183
 
cropland reserves in, 87
 
cropland under production in, 5
 
debt-for-nature trades in, 46
 
deforestation In, 42-46, 104
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The World Resources Institute (WRI is a research 
and policy institute helping governments, the private 
sector, environmental and development organiza-
tions, and others address a fundamental question:
How can societies meet human needs and nurture 
economic grow. h while preserving the natural re-
sources and environmental integrity on which life and 
economic vitality ultimately depend? 

Through its policy studies, WRI aims to generate 
accurate information about global resources and envi-
ronmental conditions, analyze emerging issues, and 
develop creative yet workable policy responses. In 
seeking to deepen public understanding, it publishes 
a variety of reports and papers, undertakes briefings, 
seminars and conferences, and offers material for use 
in the press and on the air. 

In developing countries, WRI provides technical
,policy analysis, and other services for gov-support, poiyaayiadohrsrie o o-

ernments and nongovernmental organizations that 
are trying to manage natural resources sustainably. 

Acentral task of WRI is to build bridges between 
scholarship and action, bringing the insights of scien-
tific research, economic analysis, and practical experi-
ence to the attention of policymakers and other 
leaders around the world. 

WRI's projects are now directed at two principal 
concerns: 
M The effects of natural resources deterioratiop on 
economic development and on the alleviation of pov-
erty and hunger in developing countries; and 
N The new generation1 of globally important environ-
mental and resource problems that threaten the eco-
nomic and environmental interests of the United 
Strtes and many other countries. 

NRI is an independent, not-for-profit corporation 
that receives its financial support from private founda-
tions, governmental and intergovernmental institu-
tions, private corporations, and interested individuals. 

WRI is currently carrying out the following policy re-
search programs: Forests and Biodiversity, Econom-
ics and Institutions; Climate, Energy, and Pollution, 
Resource and Environmental Information; and Special
Initiatives in Institutions and Technology. 

WRI's Center for International Development and En-
vironment provides services for developing countries 
in the sustainable management of natural resources. 
With an overarching objective of capacity building, 
these services include policy ad-vce, technical pro
gram support, training, data management, and infor
mation disseminatic a. 
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The United Nations Environment Programme (UNEP) 
was established in 1972 and given by the United Na-
tions General Assembly a broad and challenging man-
date to stimulate, coordinate, and provide policy
guidance for sound environmental action throughout 
the world. Initial impetus for UNEP's formation came 
out of the largely nongovernmental and antipollution 
lobby in industrialized countries. This interest in pol-
lutants remains, but right from the early years, as per-
ceptions of environmental problems broadened to 
encompass those arising from the misuse and abuse 
of renewable natural resources, the promotion of envi-
ronmentally sound or sustainable development be-
came a main purpose of UNEP. 

From the global headquarters in Nairobi, Kenya, 
and seven regional and liaison offices worldwide, 
UNEP's staff of some 200 scientists, administrators, 
and information specialists carry out UNEP's pro-
gram, which is laid down and revised every two years 
by a Governing Council of representatives from its 58 
member states. These members are elected on a stag-
gered basis for three years by the United Nations Gen-
eral Assembly. 

Broadly, this program aims to stimulate research 
into major environmental problems, promote environ-
mentally sound management at both national and in-
ternational levels by encouraging the application of 
the research results, and make such actions and find-
ings known to the public-from scientists and policy-
makers to industrialists and school children. 

By the terms of its mandate, UNEP runs its program 
in cooperation with numerous other United Nations 
agencies, governments, intergovernmental organiza-
tions, and nongovernmental organizations. It focuses 
on climate change, pollution, water resources, 
desertification control, forests, oceans and regional 
seas, biological diversity, human settlements, renew-
able sources of energy, environmentally sound man-
agement of industry, toxic chemicals, and 
international environmental Ikwmaking. 

The essential base for environmentally sound man-
agement is provided by UNEP's work on the monitor-
ing and assessment of the statc and trends of the 
global environment. This is carried -ut in conjunc-
tion with agency 'artners, through ie Global Environ-
ment Monitoring System (GEMS). ' ne Global 
Resource Information Database (( D), an element of 
GEMS, stores and analyzes geog, ihically referenced 
environmental and resource dati and provides the es-
sential link betwecn monitoring, jid assessment and 
sound environmental management by putting informa-
tion in forms useful to planners and managers. GEMS, 
the Geneva-based International Register of Potentially
Toxic Chemicals, and INFOTERFRA provide both the in
ternational community and individual c-untries and 
organizations with vital environmental information 
they need to take action. 
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Africa:UNEP Regional Office for Africa 
UNEP Headquarters 
P.O. Box 30552 
Nairobi, Kenya
 

New York: 
UNEP Liaison Office 
UNDC Two Building 
Room 0803 
.i'wo, United Nations Plaza 
New York, New York 10017, U.S.A. 

Washington: 
UNEP Liaison Office 
Ground Floor 
1889 FStreet, N.W. 
Washington, D.C. 20006, U.S.A 
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The United Nations Development Programme (UNDP) 
is the world's largest multilateral source of grant fund-
ing for development cooperation. It was created in 
1965 through a merger of two predecessor programs
for United Nations technical cooperation. Its funds, 
which total $1.3 billion for 1990, come from the yearly
voluntary contributions of member states of the 
United Nations or its affiliated agencies. A48-nation 
Governing Council composed of both developed and 
developing countries approves major programs and 
policy decisions. 

Through a network of offices in 113 developing 
countries, and in cooperation with over 30 interna-
tional and regional agencies, UNDP works with 152 
governments to promote higher standards of living,
faster economic growth, and environmentally sound 
development. Currently, it is providing financial and 
technical support for over 6,000 projects designed to 
build governments' management capacities, train 
human resolrces, and transfer technclugy. These 
projects cover such fields as agriculture, forestry,
land reclamation, water supply, environmental sanita-
tion, energy, meteorology, industry, education, trans-
port, communications, public administration, health, 
housing, trade, and development finance. Currently,
projects valued at approximately $500 million are tar-
geted on activities concerned with environmental as-
pects of development. 

All UNDP-supported activities emphasize the perma
nent enhancement of self-reliant, sustainable develop-
meat. Project, are therefore designed to: 
* Survey, asses-, and promote the effective manage-
ment of natural resouirces; industrial, commercial 
and export potentials: and other development assets. 
* Stimulate capital investments to help realize these 
possibilities.
I Train people in a wide range of vocational and 
professional skills. 
* Transfer appropriate technologies that respect and 
enhance the evvironment and stimulate the growth
of local technological capabilities.
* Foster economic and social development, with 
particular emphasis on meeting the needs of the 
poorest segments of the population.

In each developing country, UNDP also plays the 
chief coordinating role for operational development
activities undertaken by the whole United Nations sys
tem. Globally, UNDP has been assigned numerous co
ordinating roles-from administering special-purpose 
funds such as those entrusted to the United Nations 
Sudano-Sahelian Office, to chairing taie interagency 
steering ccmmittee of the International Drinkring
Water and Supply and Sanitation Decade. It also fo
cuses on bringing women more fully into the process,
forstering participatory grassroots development, and 
encouraging entrepreneurship. 

United Nations Development Programme
I U.N. Plaza 
New York, New York 10017 

Administrator
 
William H.Draper Ill
 

Associate Administrator
 
Andrew J.Joseph
 

Regional Bureau for Africa 
Assistant Administrator and Director 
Pierre-Claver Damiba 

Regional Bureau for Asia and the Pacific 
Assistant Aa.inistraor and Director 
Krishah G.Singh 
Regional Bureau for Arab States and Europe
Assistant Administrator and Director 
Mohammed A.Nour 

Regional Bureau for Latin America and the Caribbean 
Assistant Administrator and Director 
Augusto Ramirez-Ocampo 

Bureau for Special Activities 
Assistant Administrator and Director 
Aldo Ajello 

Office for Project Service 
Assistant Administrator and Director 
Bernt A.Bernander 
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Reader Survey
 
World Resources 1990-91
 

(Please use additional paper as necessary) 

After using World Resource.; 1990-91 for a while, ple.ise take I moment to till out and return this questionnaire. It will be
used by the authors to make improvements in content and presentation of World Resources 1992-93, which will be published 
in early 1q92. 

1. 	 Where did YoU gct' Your copy of World Resources 7. Which parts do you use least often?
 
1990-91 ?
 

text data tables
bookstore complimentary copy charts/illustrations other 
direct mail ad personal gift 
magazine ad use in library 

2. 	 In what type of institution dO You use 8. Would you purchase at a re2asonable price presentation
World Resources 1490-91? (che;ck all that apply) materials, such as slides or overheads, based on the 

tables and figures in World Re:;ources 1990-91? 
government business 
nongo'ern mental pre.s./ media yes no
 
organli/ation ' k'conda rv school
 
coIlege/u I1Ivtrsit\v personal Use only
 

Ot her 

(. 	 Ihlow dol ou uSl World ReSources, I90)-L)1? 9. What type of companion materials to World Resources 
reports would be most useful to YOU? 

scholarly research writing/speaking 
teaching (assign for policy research environmental atlas slides/o'erheads
stUdent purchase) ot her (please specify) teachers' guide none
 

teaWhing discussion guide other
 
(cla,, preparation)
 

4. 	 Ihow often do YOu use World Resources I990-91? 10. If YOu could add one topic to World Resources 19t)0
.1, what would it be?
 

weekl\' a Iev timt, a Year
 
mnontlly rarely
 

5. 	 Specifically, what do you find most valuable in World II. Do you recommend World Resources 1990-91 to your
Resources 199O-41? colleagues as a source of information? 

Yes 	 No 

6. 	 Which parts of World Resources 1990-91 Jo you use 12. As far as you know, how often do others in your
most often? organizatiot, use World Resources 1990-91? 

text data tables weekly a few times a year
charts/illustrations other . monthly rarely 

(over) 
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World Resources Report
 
Box S
 

World RCSOurces Institute
 
1709 New York Avenue, N.W.
 

Washington, D.C. 20006
 
U.S. A.
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13. We welcome any and all comments and su~ggeStionls concerning tile World Resources series. 


