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Preface 

World Resources 1986 is intended to meet the critical There are many people to whom we are indebted and 
need for accessible, accurate information on some of the without whom World Resources 1986 could not have 
most pressing issues of our time. Wise management of been published. The World Resources staff, led in the 
natural resources and the protection of environmental final critical months by WRI Vice President, Dr. Jessica T. 
quality are intimately linked to vital objectives: alleviating Mathews, deserves first mention; a more dedicated group 
poverty, achieving sustainable economic growth, promot- would be hard to find. The Editorial Advisory Board, 
ing public health, coping with the pressures of rapid chaired by Dr. M.S. Swaminathan, was a steady source of 
population expansion, and ensuring long-term political encouragement and advice. One menber of this board, 
and economic stability. Robert S. McNamara, deserves special mention for his 

With the surge of interest in resources and the environ- original suggestion to produce a report of this type. 
ment has come a demand for reliable information and Numerous collaborators and reviewers, both within and 
objective analyses of that information. At first, the infor- outside our two organizations, made valuable contribu
mation sought was mostly local: the impacts of pollution tions. They are listed in the Acknowledgments.
from an industrial facility, for example. Then, in the We wish to note our deep appreciation of those organiza
1970s, attention shifted to the national level. Today, the tions that support this effort financially: The Ford Founda
focus is increasingly international: the loss of tropical tion; the United States Agency for International Development;
forests and good farmland are problems on many conti- The J.N. Pew Jr. Charitable Trust; the John D.and Catherine 
nents; transboundary pollution, resource disputes between T. MacArthur Foundation: the United Nations Environment 
countries, and threats to the global commons all demand Programme; The German Marshall Fund of the United 
attention. International banks, multinational corporations, States: The William and Flora Hewlett Foundation; The 
development assistance agencies, and relief and refugee World Bank; the United Nations Development Programme;
organizations all confront issues rooted in resource use, and the United States National Aeronautics and Space
environmental quality, and population pressures. Administration. 

The famine in Africa and countless other situations A final note. Readers of Wbrld Resources 1986 will see 
large and small throughout the world confirm the need immediately that it addresses some of the most heart
for a regular, global report addressing these issues. Our rending and disturbing issues of our time. There have 
hope is that World Resou,'ces 1986 and subsequent been solid successes and great failures in dealing with 
volumes will meet this need by: these issues. The experience of the last two decades pro-
MSupplying basic information and reliable, current data ,'ides ample grounds for both optimistic and pessimistic 
on international conditions and trends to a broad assumptions about the future. Clearly, the challenges
audience, and, by doing so, providing a common basis described in this volume will be met only if concerted 
for discourse; and efforts are made, with some urgency, to change many
* Presenting objective analyses that are essential for current policies, to strengthen and multiply successful 
identifying priority issues, resolving disputes, and for- initiatives that have been taken, and to carefully exploit
mulating wise policies in the public and private emerging technologies. Realizing a brighter future will 
spheres. require both energetic initiatives by governments and 

The task we undertook was ambitious and complex. larger roles for those outside government, including pri-
By pooling the expertise of our two institutions and vate business, the scientific community, and non
drawing on experts from around the world, we are confi- governmental organizations of all types. Our hope is that 
dent that we are on the right road. If this report leads to Wbrld Resources will facilitate such a response. 
improved understanding and action, and to a demand for 
more reliable and complete data in the future, we shall Brian W. Walker James Gustave Speth
be well satisfied. And we are confident that, as with President President 
many undertakings of this type, quent volumes will International Institute for World Resources Institute 
improve on the shortcomings of u._ irst. Environment and Development 
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Note to the Reader
 

This is the inaugural volume of an annual series. It does 
not, therefore, try to cover all the important topics in the 
vast fieki of resources and the environment. Readers sur-
prised by the absence of a particular subject should be 
reassured: it will appear in a subsequent volume, 

For example, !his year's Chapter 2, on "Population," 
focuses on the basic determinants of growth: fertility and 
mortality. Next year's chapter will deal with aspects of 
health and nutrition. In this edition, Chapter 3, "Human 
Settlements:' discusses urban life. Subsequent editions will 
cover rural settlements, land tenure, and other issues not 
treated here. Chapter 6, "Wildlife and Habitat:' explores 
topics related to endangered species and ecosystems and 
various means of protecting them. Very different issues 
will appear subsequently-from the management and 
economic use of wild species to advances in biotechnol-
ogy and their implications for wildlife. This year, Chapter 
9, "Oceans and Coasts," covers fisheries and three impor-
tant coastal ecosystems. Next year's chapter will treat 
marine pollution. And so on. 

Beginning next year there will be an additional chapter 
on biogeochemical cycles. It will cover the emerging 
understanding of the global cycles of carbon, nitrogen, 
sulfur, phosphorus, and methane, how they affect life on 
Earth, and people's role in altering them. 

A characteristic feature of environment and resource 
issues, as it is of most living systems, is that everything is 
connected to everything else. Consequently, there is no 
wholly satisfactory way to organize a volume such as 
this: any plan creates artificial divisions. For example, 
Chapter 8, "Freshwater?' treats water as a resource. But 
water's principal use, irrigation, is also covered in Chaptp-
4, "Food and Agriculture:' because irrigation is a prime 
determinant of crop productivity. Many cross-references 
are noted in the text, but including them all would be 
disruptive. The reader is urged to consult the Contents 
and the Index as well. 

Another characteristic of these issues, and a principal 
motive for undertaking this project, is the gaping holes in 
basic knowledge. In Chapter 5, "Forests and Rangelands:' 
for example, the reader will discover that reliable data on 
the conditions of the world's rangelands simply do not 
exist. The very high failure rate of rangeland manage-
ment projects is not unrelated, one suspects. Similarly, 
Chapter 9 in Part IV,"Freshwater," reveals how poor the 
data are even for such a basic resource as water. The 
best data on water availability are more than ten years 
old and are not reliable. Information on water quality 

and use is often worse: values for many basic indicators 
have not been measured, and those that have been 
measured are often riot comparable among countries. At 
the present level of effort, it may take as long as a 
decade to establish reliable water quality trends for much 
of the world. We hope that World Resources will alert 
policyrnakers throughout the world to the limitations of 
existing data and to the pressing need for improvement. 

There is no single theory or approach that can be used 
to identify the most important indicators of world 
resource use and environmental quality. Lacking one, we 
have tried in the Part IV tables to cover all major 
resources and to select a few data series trat bear upon 
important policy issues for each. Their selection was 
heavily influenced by the availability of comarable data 
for most countries and of time series data. When the lat
ter are not available, we include data on significant 
similarities and differences among countries and regions 
or make comparisons with established guidelines or stan
dards. 

Part IV is divided into 12 subject areas corresponding 
to the 10 in Part 11,plus added chapters on "Economic 
Development" and "Land Use and Cover? Each chapter 
(except "Atmosphere and Climate") opens with a table 
that contains data for 146 independent countries and, 
where applicable, totals for continental groupings (includ
ing the Soviet Union) and for the world. (Countries with 
estimated 1985 populations of less than 240,000 people 
are omitted. Data for these countries are included in the 
continental and world totals.) Tables for each resource 
include the extent of the resource, the quality or condi
tion of the resource, and its use or value. Statistics on 
per capita use or availability and other measures of dis
tribution are often included. 

By and large, this report covers the recent past and the 
present; it does not attempt to project the future. How
ever, trends are presented and discussed, especially where 
projections have been the subject of intense study, as in 
the case of population and of energy. 

We were aware from the start that this was an ambi
tious undertaking. Only a sense of its potential va!ue
and the expectation of a partnership with a growing cir
cle of users-led us to push ahead with the project. For 
World Resources to serve the needs of you, its readers, 
we must know what they are. What should be changed, 
strengthened, added, dropped? We welcome your sugges
tions and comments. 

xlil 



Perspectives Part I
 

1. An Emerging Agenda
 

Among the hundreds of topics addressed in this volume, 
a number stand out, either because they demand urgent 
remedial action, because they are new problems that 
could heavily affect future environment or policy, or 
because of their pervasive impact on the human condi-
tion. We have chosen several to review here, hi~hlighting 
key points from Parts I, Ill, and IV.They illustraie how 
the subjects treated in separate chapters are in fact 
bound in an indivisible web of cause and effect and, we 
hope, suggest the depth and scope of the material to be 
found in the rest of the volume, 

Because the purpose of World Resources is to contrib-
ute to better management of the environment, the 
emphasis here is on problems-situations that call for 
attention and action, whether it be research, data collec-
tion, applying proven management strategies, or adopting 
new policies. This does not mean that conditions every-
where are worsening, or that the future will iecessarily 
be gloomy. The problems are eliciting some posiive 
responses, many of them described in the Recem 
Developments sections of this book and in Chapter 1!, 
"Policies and Institutions", that could substantialy alter 
present trends. Mankind today has unprecedented where-
withal to determine its future circumstances-for better 
and worse. Notwithstanding the formidable cha!lenges 
posed by population growth, widespread resource degra-
dation, and diverse sources of pollution, there are few, if 
any, problems on the horizon that are in any fundamen-
tal sense unsolvable. 

THE ENVIRONMENT AND HUMAN HEALTH 
Environmental quality and successful resource manage-
ment affect human health far more than is widely recog-

nized in a world where "health care" is so often equated 
with "medicine' and high technology medicine, at that. 
Yet the demographic transition from high to low mortal
ity rates in the developed countries generally predated 
the availability of specific therapies. It came with the 
advent of basic environmental amenities: clean water and 
sanitation, and improved nutrition and living conditions. 
(See Chapter 2, "Population": The Demographic Transi
tion, Figure 2.7, and Box 2.1.) 

Medicine, principally vaccines and antibiotics, has been 
a significant factor in the much sharper declines in mor
tality rates in today's developing countries, but the domi
nant role is still played by improved living-that is to say,
environmental--conditions. The biggest drop in mortality 
has come in the shaky first year of life. Despite the rapid 
improvements of the past three decades, however, infant 
mortality is still one of the clearest measures of 'he gap 
between developed and developing countrie(s it ranges 
from fewer than 1 percent of live births in many western 
European countries to more than 15 percent in some Asian 
and African nations. (See Chapter 2, "Population": Infant 
Mortality Rates, and Box 2.2; and Part IV,Table 2.4.) 

The availability of sufficient food is the first require
ment for a healthy life. Despite steady worldwide gains in 
agricultural production through the decade, the grim fact 
remains that there were more hungry and malnourished 
people in 1980 (before the African drought) than there 
had been ten years earlier. In 1980, excluding China, 
700-800 million people ate fewer than 90 percent of the 
calories international standards deem necessary for an 
"active working life:' Of these, about half ate fewer than 
80 percent of the standard, an insufficient number of 
calories to prevent "stunted growth and serious health 
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risks:' Poverty and misguided government policies. not 

inherent resource limitations, are the reasons for this 

growing hunger in a world of agricultural surpluses. The 

ties run in both directions. Past resource degradation 

d'-.epens today's poverty, while today's poverty makes it 

to care !or or restore the agriculturalterribly hard 
resource base; to find alternatives to, or carefully manage, 

deforestation; to prevent desertification; to control erosion 

and to replenish soil nutrients.of irreplaceiible topsoil; 
(See Chapter 4, "Food and Agriculture": The Resource 

Base, and Table 4.1.) 
all that is necessaryA sufficient calorie supply is not 

is also essen-for adequate nutrition: clean drinking water 
contaminated watertial. Chronic intestinal infections frorr 

in thousands upon thousands of townscause malnutrition 
there is enough food. Throughout theand villages where 


industrial
developing world, water polluted by sewage or 
India for example, 70wastes causes disease and death. In 

percent of all surface waters are polluted. As the Yamuna 

River flows through Delhi, it picks up a staggering daily 

load of 200 million liters of untfeated sewage and 20 mil-

lion liters of industrial wastes (including 500,000 liters ot 

DDT wastes). Overall, four out of five people in the 

had no sanitary facility-not even adeveloping countries 
80 


pit or bucket latrine-in 1980. The proportionsame 
water-bornepercent-of childhood deaths is due to dis-

of the disease vectors flourish inease. Ironically, many 

the standing water of irrigation systems created to aid 


are also a major cause
food production. Water shortages 

are the result of
of suffering and death. Sometimes they 


a drought or other natural disaster, but often there 
are 

human causes: the disruption of hydrological cycles by 

cover, over-use of grounddeforestation and loss of soil 

shortage andwater, or excessive erosion. Together, water 

25,000 human deaths daily. (See
contamination cause 


Chapter 8, "Freshwater": Public Water: Drinking Water 


and Sanitation, Water Pollution, and International Drink-


ing Water and Sanitation Decade.) 

Environmental impacts on human health are widely felt 

as well. There, pollution, morein the developed world 
often than resource degradation, is the culprit. Air pollu-

tion standards, based on demonstrated harm to human 

health, are exceeded all over the world. While the trends 

for regulated pollutants such as sulfur dioxide, suspended 

particulate matter, nitrogen oxides, and carbon monoxide 

generally improving in the developed countries, aare 

health problems remains.
host of potentially serious 

Among these are the effects of nitrogen oxides, which 

may be more ser'ous than yet recognized; the still uncon-

trolled status of fine particulate matter; and unregulated 

trace emissions of organic compounds, toxic metals, and 

fibers, which may be causing cancer, birth defects, and 

other disease. (Se2 Chapter 10, "Atmosphere and Cli-

and Ambient Air Quality, and Problemsmate": Emissions 
Remain.) 

the quality of surface waters in the OrganizationWhile 
for Economic Co-operation and Development (OECD) 

nations is generally improving, the pollution of ground-

by human wastes and toxic chemicals is a growingwater 
In the United States alone, 1,000-2,000 hazard-concern. 

__ _ _ 

waste dump sites ire considered potential threats to 

reserves. Once groundwater is contamiPated, 
ous 
groundwater 

longer before natit can take decades, centuries, or even 


ural processes eliminate the pollution. (See Chapter 8,
 

"Freshwater": Groundwater.) 
to human health haveOther environmental threats 

largely ignored in developed and developing counbeen 
tries alike. Pesticides are a striking example. Despite 

sore than three decades of rapid growth in pesticide use, 

astonishingly little is known about their effects on the 

the fields. Reliable data onhealth cf those who labor in 
not exist, though morerates of poisonings and death do 

to warrant serious concern. Eventhan enough is known 
when a pesticide has been identified as dangerous and 

banned in some countries, its use may continue and even 

spread in others. In fact, in 1979 nearly one-third of the 

I:e United States were not regispesticides exported by 

home, and of these, 20 percent had been
tered for use at 


canceled or suspended by the government as unsafe to
 

human health or the environment. (See Chapter 4, "Food
 

and Agriculture": Pesticides.)
 
This is no more than a sampling of the myriad ties
 

health.
between environmental quality and human 


Despite dramatic progress in some regions, pollution of
 

air, water, and soils still poses significant known and 

potential health threats. But the lack of adequate nutri

tion, of potabe water, and of sanitation remain the prin

ill health in the world today, all ofcipal causes of human 

them in the purview cf environmental and 
resource 

policy, not of medicine. 

TROPICAL DEFURESTATION 

The picture that tropical forests present of dense, almost 

uncontrollable growth is deceptive. In part because of 
are actutheir tremendous genetic richness, these forests 

extremely fragile eccsystem, highly susceptible toally an 
damage from human activities Once damaged, the entire 

in a now all-too-familiarecosystem can quickly unravel 

sequence: interruption of nutrient cycling; loss of soil fer

tility; extinction of plant and animal species; soil erosion; 
irrigat .downstream siltation, flooding, and damage to 


systems; and (especially in the dry tropical forests) acC .
 

fuelwood shortages. The effects ripple through agricuitute,
 

energy supply, water quality, and nearly every aspect of
 

the daily life of I billion people. The end result is biologi

cal impoverishment and human suffering writ large.
 

Exactly how fast the tropical forests are disappearing 

has heen hotly debated, party because of the use of 

differing definitions of deforestation. Some statistics reflect 

only complete forest loss, while others measure the par

tial damage caused by such activities as selective logging, 

road building, grazing, and fuelwood gathering. The bot

tcm line is that somewhere between 25-40 percent of 
was lost bythe original extent of the tropical forests 

1980. The best current estimate is that about 80,000
 

square kilometers-an area 1he size of Austria-is lost,
 

that is, converted to non-rorest uses, each year. About
 
much is damaged to some degree.one-and-a-half times as 

By the year 2000, if current trends continue, about 12 
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percent of the moist tropical forests that remained in use the embers rather than letting them burn out. Sur
1980 will be gone, as will slightly less-about 10 veys in Mali and Niger show annual fuelwood consump
percent-of the remaining dry tropical forests. Rates of tion as low as 500 kilograms per person per year, less 
loss vary enormously among countries, and none of the than a quarter of that used in areas where fuelwood is 
data are as good as they should be, but the overall trend more abundant. But there is a limit: the household fire 
and its gravity for mankind are beyond question. (See supplies not only the energy to cook food and heat 
Chapter 6, "Wildlife and Habitat": How Many Species?, water, 'Out also serves as a source of lighting and space 
Extent and Condition of Ecosystems; and Chapter 5, heating, as an insect repellent and defense against wild 
"Forests and Rangelands": Focus on: Deforestation in animals, and as the focal point for family life. Nearly 100 
Developing Countries.) million people in Africa cannot meet their minimum fuel-

Most immediately, the continuing loss of these forests wood requirements even by overcutting trees. (See Chap
spells the disappearance of much of the planet's biologi- ter 7, "Energy": Biomass Fuels, and Focus on: Fuelwood 
cal diversity. Though today's tropical moist forests cover Scarcity; and Chapter 5, "Forests and Rangelands": Fuel
on!y about 7 percent of the earth's land area, they are wood Produc . i.) 
believed to be home to half of its species. No other eco- When wood supplies run out, people are forced to turn 
system rivals them in genetic luxuriance. Whereas a hec. to the next -. ailable source, usually animal dung or crop 
tare of temperc-e forest might contain as many as 10-15 residues. Here the effects of deforestation begin to touch 
tree species, the same area of Amazonian rainforest agriLulture, for dung is a valuable fertilizer, and the recy
might hold more than 200. Only 1.7 million of the cling of crop residues is essential for soil maintenance 
planet's estimated 5-10 million species (the total may be and protection against erosion. An estimated 400 million 
double or triple that number) have yet been identified, so tons of dung are burned annually where fuelwood is 
millions more remain to be found in the tropical forests. scarce. The sacrifice of this fertilizer is estimated to 
At current rates of tropical forest loss, then, a million depress grain harvests by over 14 million tons, an 
species-10--20 p?rcent of the earth's total-could become amount greater than annual food aid to all the develop
extinct by about the year 2000. Most will disappear with- ing countries. In China, which suffers from acute energy 
out ever having been discovered. (See Chapter 6, "Wild- shortages in its rural areas, as much as 75 percent of 
life and Habitat": Distribution and Diversity, How Mary available crop residues are used for fuel, whereas in the 
Species?, Extinction, and Table 6.2.) United States 70 percent are recycled. (See Chapter 4, 

What this means is that the planet will lose a sizable "Food and Agriculture": Expanding the Cropland Base, 
portion of its genetic heritage, and mankind a resource and Focus on: Erosion.) 
of immense-if immeasurable-value. The genetic ances- There are other impacts as well. Deforestation on steep 
tors of nearly all of today's agricultural crops are found in upland watersheds leaves the unprotected soil to wash 
the tropics. Plant breeders must turn to these relatives for rapidly away, increasing siltation ar.d causing flooding 
the genes necessary for pest- and disease-resistance, for downstream. The useful life of expensive hydroelectric 
other crop improvements, and for adapting present-day projects can be sharply curtailed as their reservoirs silt 
crops to changing conditions. Medicine relies on the up. The Anchicaya Dam in Colombia, a not atypical 
forests as well: more than half of modern medicines example, lost 25 percent of its storage capacity in just 
come from plants, a great many of them tropical plants. two years because of deforestation in its watershed. Irri-
Industrial products from the tropical forests include every- gation systems, another costly investment, can also be 
thing from rubber, rattan, turpentine, and bamboo to a badly disrupted. (See Chapter 4, "Food and Agriculture": 
galaxy of fibers, resins, steroids, and dyes. The psycholog- Focus on: Erosion.) 
ical, cultural, and aesthetic value ot tne wildlife itself can Taken as a whole, the rate of deforestation in the 
be sensed, though not measured. (See Chapter 4, "Food tropics exceeds the rate of reforestation by ten to twen
and Agriculture": The Seed Wars; and Chanter 6, "Wild- tyfold. Yet there are grounds for optimism about the 
life and Habitat": Species.) future. Within the past few years, the fate of the tropical 

The pressure of growing populations on the dry tropi- forests, once the concern of a relatively small community 
cal forests is creating a new energy crisis, even as the oil of conservationists and foresters, has becom,- a focal 
crisis recedes. Half the world's people depend on biomass point of activity for a rapidly expanding number of non
energy-principally fulwood-for their daily needs. governmental organizations and governmental agencies. 
About 60 percent of them, 1.5 billion people, are cutting Afforestaticn projects have become integral elements not 
wood faster than it can grow back, creating a fuelwood just of forestry programs, but of broader programs 
deficit that is expected to double by 2000. designed to address desertification, water quality, erosion, 

The rural poor are the principal victims. As population energy shortages, and rural hunger. Citizen "grass roots" 
densities rise, people are forced to shift from collecting efforts have proliferated in everything from village tree 
and using dead wood to using grass, twigs, whole branches, plantings, to establishing seedling nurseries, promoting 
and ultimately to chopping down entire trees. As supplies agroforestry, and pushing for the reform of government 
dwindle, the amount of time spent collecting a family's policies that intentionally or inadvertently encourage 
fuelwood rises to as high as 300 workdays per year. deforestation. There is not much time for these efforts to 
Economizing on the amount of wood used eases the succeed. A far larger gathering of public support, 
shortage: people light smaller fires and quench and re- national commitment and international assistance is 
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urgently needed. (See Ch.pter 5, For'sts and Rani.elands": 
Reforestation and Forest Renewal, investment in Forestry: 
Priorities and Needs; arid Chapter 11, "Policies and Insti-
itions': Citizen ELfforts and Public Support.) 

THE ATMOSPHERE AS A SHARED RESOURCE 

Not long ago air pollution seemed a relatively well-
defined environmental iSsue. A few air pollutants-sulfur 
dioxide, particulate matter, nitrogen oxides, and carbon 
monoxide-went up and then came d,,wn nearby, caus-
ing visibly dirty air, noticeable effects or, human health, 
and sometimes a circle of dead or dying plants around 
the emissions source. Today the situation is very different, 
The nunIber of pollutants demanding attention has multi-
plied. Emission sources and affected areas may be sepa-
rated by hundreds, even thousands of miles, so that regu-
lation is no longer a local or even a national matter, but 
often an international one. The atmosphere itself is no 
longer seen as simply the passive receptacle of pollution. 
Now it is understood to be an active participant in an 
extraordinarily complex set of chemical and meteorologi-
cal interactions in which emissions are mixed, trans-
formed, and transported. The continuity of the 
atmosphere has been further dramatized by the emer-
gence of two global pollution problems-the greenhouse 
warming, and the depletion of stratospheric ozone-
emphasizing the degrlee to which the atmosphere is a 
resource shared by, and perhaps someday to be jointly 
managed by, the entire planet. 

Concern over acid deposition has been the prime 
mover behind the shift in attention from the local to the 
rcgional and international scale. As emissions of sulfur 
dioxide and nitrogen oxides travel long distances in the 
atmosphere, they are chemically transformed into sulfuric 
and nitric acids. These return to earth in rain. snow, fog, 
and mist, and as dry deposition. Emissions can remain in 
the atmosphere anywhere from hours to weeks, depend-
ing on meteorological conditions, and can therefore be 
transported quite far or hardly at all. in eastern North 
America and Europe, about one-third of deposited sulfur 
comes from relatively close by (ess than 200 kilometers 
away), one-third from medium distances (200-500 kilome-
ters), and one-third from long distances (more than 5,000 
kilometers). Central Europe measures about 2,000 kilome-
ters from the beaches of Normandy to the eastern edge 
of Cze:choslovakia. In that space (and about half as far 
from north to south) there are about a dozen nations. 
Obviously, tra.ing responsibility for what comes down, as 
a prerequisite to regulating what goes up, is a difficult 
task: achieving effective control without international 
cooperation is impossible. (See Chapter 10, 'Atmosphere 
and Climate": Transport of Atmospheric Pollutants.) 

The exact degree of acidification an individual body of 
water will undergo depends on many local factors, includ-
ing composition of bedrock, type of surrounding vegeta-
lion, time of year, forest-soil interactions and more. But 
these and other measures allow scientists to identify acid-
sensitive regions. For example, Sweden estimates that 
about 40,000 of its 90,000 lakes are acid-sensitive. Of 
these, 4,000 are already highly acidified, 18.000 are 

partly acidified, and 20,000 are at risk if present trends 
continue. The country also has 90,00() kilometers of 
acidified streams. Damage to fish ranges from temporary 
disruption to the loss of whole populations. Similar situa
tions exist in Norway, the United States, Canada and 
other countries. (See Chapter 10, 'Atmosphere and Cli
mate": Deposition, and AciJification of Aquatic 
Ecosystems.) 

Acid deposition is also implicated in the far more corn
plex phenomena that are damaging terrestrial systems, 
including soils, crops. man-made structures, and, espe
cialiy, forests. In a broad swath of destruction, more than 
7 million hectares of forests in ]5 European countries 
have been stricken by a disease syndrome dubbed Wald
sterben (forest death) that is thought to be caused by the 
actions of many pollutants acting in combination with 
biological and physical stresses (insects, fungi, weather, 
etc.) (See Chapter 12, "Multiple Pollutants and Forest 
Death": Box 12.1.) 

Unlike previous forest declines, lMbldsterben in Europe 
is neither localized nor limited to one or a few tree spe
cies. It affects nearly every important species in Central 
Europe, including types of spruce, fir, pine, beech, birch, 
maple and oak. (In the United States a related but dis
tinct phenomenon is at work, so far affecting only 
conifers. See Table 12.2.) Once the signs of damage are 
visible, the syndrome can progress with devastating 
speed. Eight percent of West German forests were 
reported dead or damaged in 1982. One year later the 
figure was 34 percent. By 1984. the toll stood at 50 per
cent. (See Chapter 12: Introduction, Historic Forest 
Decline, and Table 12.3.) 

The causes and mechanisms of M.ldsterben are still so 
mysterious that the possible triggering agJents include a 
long list of airborne suspects: ozore and other oxidants 
including PAN (peroxyacetyl nitrate) arid PPN (peroxy
proprionyl nitrate); total biologically-available nitrogen 
compounds; other plant-damaging gases such as nitrogen 
oxides, sulfur dioxides, and fluorine; toxic metals includ
ing lead, cadmium, zinc, and copper; acid deposition; and 
growth-altering organic chemicals. The symptoms of dam
age are so varied that ten different mechanisms involving 
these substances have been proposed. Other hypotheses 
suggest viral and other non-pollution-related causes. But 
increasingly the finger is being pointed at air pollution. 
Of the 19 regional forest declines in Europe and North 
America over the last 50 years, air pollutants are believed 
to have been the primary or contributory cause in at 
least seven. With one exception, all of these declines 
developed (or were first noticed) during the last eight 
years. (See Chapter 12: The Chemical Etiology of Wald
sterben, and Historic Forest Decline.) 

Despite the bewildering array of symptoms, scientists 
have managed to identify, some characteristic features of 
the disease, including some that have never been 
described before The pace of research in the past few 
years has been urgent, but as of this writing little is 
known with certainty. Ibldsterben does seem to be a 
distinct phenomenon, unlike previous forest diebacks 
caused by pollutants, pathogens, or climatic stress, and it 
appears to be the result of multiple air pollutants acting 
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additively or s.,,'rgisticall'.' "q ways yet to be deciphered, 
(See Chapter 12: Frtest Daindae, and The Burden of 
Research.) 

Like W ldste'rbwn, humin impact on the stratospheric 
ozone laver has proven to be a particularly difficult 
phenomenon to uirde.stand. The principal causative 
agent is known: a group of very stable, and therefore 
long-lived, chenical compounds known as chlorofluoro-
carbons (CFCs) used primarily in aerosols, and refrigeration, 
The principal result-greater ultraviolet radiation from the sun 
reaching the earthi-is also clear. The likely effects are less 
well known. An increase in non-melanoma skin cancer is 
generally agreed upon, while damage to plants and animals, 
suppression '4f human immune systems, an increase in kin 
melanomas and other pJssible effects are controversial. How-
ever, estimates of the rote at which the protective ozone layer 
is being depleted, and therefore of the urgency of the issue, 
have fluctuated for years as scientists have learned more about 
the many processes that determine atmospheric chemistry 
and climate. Depletion is no longer even the sole subject of 
study: the various effects on global climate of ozone's verti-
cal redistribution now iurther complicate the picture. Recently, 
concern over the future of the ozone layer has grown (as, 
unfortunately, have emissions of CFCs) to the point that 
nations have undertaken an unprecedented negotiation to pro-
tect this global resource. (See Chapter 10, "Atmosphere and 
Climate": Potential Changes in Stratospheric Ozone, and 
Vienna Convention For the Protection of the Ozone Layer.) 

Dwarfing even ozone depletion in its scope and complex-
ity is the apparent greenhouse warming of the planet. Car-
bon dioxide emissions, principally from the combustion of fos-
sil fuels, account for about half of the greenhouse effect. The 
other half is due to the combined role of many other gases, 
principally nitrous oxide, methane, CFCs, and tropospheric 
(lower atmosphere) ozone. These gases are transparent to 
most of the incoming radiation from the sun, but absorb the 
heat radiated back by the earth, thereby heating the 
atmosphere-hence the "greenhouse" effect. If present trends 
continue, the global average surface temperature ispredicted 
to rise 1.5-4.5'C in less than 50 years. While no one feels 
an average global temperature, the effects on climate are 
e.xpected to be most definitely noticeable, with possibly severe 
consequences for people and wildlife. A sea-level rise of uncer-
tain magnitude ispredicted, as are regional changes in rain-
fall, growing season, normal peak temperatures, and numer-
ous other climatic characteristics. (See Chapter 10, 
'Atmosphere and Climate": Focus On: The Greenhouse Effect.) 

The greenhouse warming, like stratospheric ozone 
depletion, has btiin termed a "planetary experiment:' 
one so complex that nearly every prediction is uncertain, 
Unlike a scientist's tinkering, however, the outcome is one 
mankind will have to live with. Therefore, despite the 
daunting technical uncertainties, scientists are uncharac. 
teristicallv calling on governments to consider greenhouse 
impacts as they plan future investments, and to begin an 
active collaboration between scientists and policymakers 
to explore alternative policies, especially in energy con-
servation, in order to ! ow, prevent, or adapt to a 
greenhouse-induced climate change. Success in tiese 
efforts will demand ideas as new.-and a degree of inter-
national cooperation as unprecedented-as the phenome-

non itself. (See Chapter 7, "Energy": Energy Projections; 
and Chapter 10, "Atmosphere and Climate": Box 10.1.) 

SOIL DEGRADATION 
With more and more people on the planet, there is a 
constant search for new cropland. It is not easy to find. 
Areas with the greatest need tend to have the least avail
able land. [and not being used generally has problems of 
soil type, climate, accessibility, or topography that 
severely limit its potential. Or it may have other uses, 
such as wildlife habitat, that must be sacri!iced if the 
land is to be converted. Ten years ago, two-thirds of the 
population of the developing world already lived in coun
tries rated "land scarce" or "extremely land scarce" (coun
tries in which more than 70 percent of the potentially 
arable land is being cultivated.) By 2000, there is 
projected to be about half a hectare of cropland per per
son in the industrial market economies, about one quar
ter of a hectare in the centrAlly planned economies, and 
an average of 0.19 hectares per capita in the developing 
countries-only half that amoint in East Asia. (See Chap
ter 4, "Food and Agriculture": Expanding the Cropland 
Base, and Table 4.2.) 

Ironically, while the search goes on for new agricultural 
land, the existing crop and rangeland base in the arid 
and semi-arid regions is being steadily diminished 
because of changes that reduce or completely destroy its 
agricultural productivity. Collectively these changes are 
somewhat misleadingly called "desertification." The 
appearance and spread of sand sheets and dunes may be, 
but often is not, involved. Depending on the local 
environment and what it is being used for, impoverish
ment and loss of vegetation, soil compaction and loss of 
nutrients, soil erosion and salinization, and loss of surface 
water and ground water, may all be part of the process. 

Desertification usually begins with a drying of the soil 
that results from excessive stress, for example from over
grazing rangeland. The native vegetation then declines, 
producing less organic matter to maintain soil fertility. 
The soil can become so hard that the heavy but infre
quent rain3 characteristic of arid regions have no chance 
to percolate into the soil, where they could recharge 
undergrounc aquifers and provide moisture to plants. 
Instead the water runs off, leaving behind the aptly
named "erosion pavement:' In the late 1970s, a United 
Nations Study, estimated that 40 percent of Africa's non
desert land was at risk of de-sertification, as was 32 per
cent of Asia's and 19 percent of Latin America's land. 
More recent studies have estimated the damage to the 
various major types of dryland: rangeland, rainfed 
cropland and irrigated lands. The total area involved is 
more than 3 billion hectares, almost one quarter of the 
earth's ;ard surface. Of these, 60 percent of the rangelands 
and rain!ed cropiand are moderately to very severely 
desertified, as are 30 percent of the irrigated lands. The 
degrees of damage counted in these categories range 
from a significant loss of production poteitial to a total
and sometimes permanent-loss. (See Chapter 5, "Forests 
and Rangelands": Condition of Rangelands; Chapter 4, 
"Food and Agriculture": Expanding the Cropland Base; 
and Part IV, Table 6.3.) 
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Among the types of ,,oil degradati included in the 
process of desertification, erosion is one of the most 
widespread, though it is certainly not limited to arid and 

semi-arid regions. Depending on local conditions, soil loss 
and new soil formation are approximately in balance at 
an erosion rate of about 0.5 to 2.0 metric tons per liec-
tare per year. But agricultural activity, especially on steep 

slopes, pushes the erosion rate manyfold higher. As 

expanding populations in many countrits push the 
poorest of the poor farther and farther up steep hillsides, 
erosion intensifies accordingly. For example, in Nigeria, 

test plots planted in cassava lost soil at the rate of three 
metric tons per hectare per year on nearly flat land. On 

a 5-percent slope the rate jumped to 87 tons, and on a 
15-percent slope it rose to 221 tons, a rate that would 

remove all the topsoil in a declde. The lost soil may be 

carried away by wind or water. Scientiis in Hawaii can 
tell when spring plowing begins in China because they 

see the dust over the Pacific. Water-borne erosion can be 
equally dramatic: China's Huang River is the most 

sediment-laden in the world. In some stretches it is about 

50 percent silt by weight-just under the level classified 

as liquid mud. (See Chapter 4, "Food and Agriculture": 

Focus on: Erosion; and Part IV, Table 5.) 
Because erosion is so dependent on site-specific condi-

tions, and because it is often studied where conditions 

are worst, national rates have to be treated with great 

caution. Nonetheless, they suggest the dimensions of a 

severe problem. Haiti and Nepal are familiar examples of 

extreme erosion, but there are many others. In 
Guatemala 40 percent of the land's productive capacity 

has been lost to erosion. In Turkey 75 percent of the 

land is affected, more than 50 percent of it severely. In 

India 13 million hectares are eroded by wind and 74 mil-

lion by water, an astonishing one-quarter o the country's 

land area. 
One reason erosion is so difficult to control is that 

many of its most costly impacts occur miles from the 

eroding field. In the United States, for example, the 

annual off-site costs of erosion are estimated at $6 billion 

in damage to fish and coral reefs, loss of hydropower 

potential, loss of storage capacity in reservoirs, and need 

for dredging of rivers and harbors. (See Chapter 4, "Food 
and Agriculture": Focus on: Erosion.)

Like erosion, the salinization and waterlogging that 

result from poorly managed irrigation can permanently 
destroy an area's agricultural potential. Though irrigation 
is perhaps the single most effective way to increase crop 
yields, it is a demanding technology that requires con-
stant maintenance, sophisticated management, and the 
construction of expensive drainage systems in order to 
avoid severe environmental damage. Irrigation failures 
have a histor' that stretches back to the Mesopotamians, 
but they still claim large areas of prime agricultural land 
each year. As with other types of soil degradation, exact 
data do not exist, but worldwide, salinization is believed 
to be forcing as much land to be abandoned as is being 
newly irrigated. Technological sophistication is no protec- 
tion: in the United States 20-25 percent of irrigated land 
is believed to be affected, And since the typical cost of 
irrigation systems is $1,000-2,000 per hectare (and some-
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times much mre) the costs are substantial. 
even on the vcah_ of nati(al budets (See Chapter 8, 

" '-eshw'.ater": Focus on: Irr-yation and Chapter 4, "Food 
j Agriculture": lrrigation.) 

The precise ,eqiuen(e of events in soil degradation 

depends on the I,,al envir nc t, lut the underlying 
cause is nearly alwavy th, sa-ruew: re ater humnan oressura 

on a fragile environment. Whether the principal local 

cause is the d ,-tr:ctm of trees and dhribs in the search 
for fuelwood, the introduction of drvland agriculture to 

grow more food, poorly managed irrigation, or tle over

stockirng of range to meet increased demand for meat 
and other livestock products, the challenge that must ulti

mately be met is to find ways to meet the needs of 

grow'ing populations without g the resource base 

on which they depend. (See Chapter 5, "Forests and Ran

gelands": Thble 5.13.) 

RELATIG POPULATION AND RESOURCES 

The growing world population poses huge challenges to 

sustainable management of the Earth's natural 
resources-its forests, soils, fisheries, and terrestrial spe

cies. In many regions these systems are already showing 

the signs of heavy human pressre. Yet by the year 2100 

the planet's population will likely mote than double. (See 

Chapter 2, "Population": Log-Range Projections.) 
The relationship between population and the cotdition 

of natural resources is nut a simple one. Capital ;nvest

ment can offset the effects of large numbers of additional 

people living on a fixed resource base. So can scientific 

discoveries and new technologies. The essentials for suc

cessful management under growing stress are knowledge, 

political will, and money. All of these are in short supply, 

especially in the developing world where 95 percent of 

the population growth in the next 70 years will occur. 

There, the grim reality of poverty makes calculations of 

what is possible of merely theoretical interest. 
Even in low-income countries, labor devoted to soil 

conseivation, afforestation, or irrigation can build the 

resource base to support a larger population. Sometimes 

fewer people are not better thai more. One study has 
shown that the rural exodus from the Himalayan foothills,
rather than lightening the load on a fragile environment, 

led to an unexpected decline in rural productivity, appar
ently because the women, children, and old people left 
behind were less able to maintain the area's intricate and 
vital soil terraces. In the vast majority of cases, however, 
the general rule holds: more people, especially more 
impoverished people, make the task of conserving 
already stressed resources all the more difficult. (See 
Chapter 2. "Population": Population and Resource,,) 

Among the few available measures of the balance 
between population and the resource base, "carrying 
capacity" is a potentially useful concept. But as yet it can 
not be accurately defined, much less measured. A study 
by the U.N. Food and Agriculture Organization (FAO), 
Pbtential Population Supporting Capacities of Lands in 
the Developing World, attempted to estimate the carrying 
capacities of 117 developing nations. The study relates 
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soil types and climate factors to varying levels of agricul- spending to education, health, rural water supply, and 
tural investment in order to calculate the theoretical num- urban housing. If current fertility rates continue, the 
ber of people a given country might be able to feed. country will have to spend almost nine tir ?s as much 
Despite the sophistication and sheer magnitude of this between 2015-20 just to maintain current standards, 
study, a look at the number of assumptions that had to Eleven million new jobs will have to be created by 2000, 
be made makes clear that the answers are no more than beyond those needed to cope with present unemplov
rough approximations. (See Chapter 4, "Food and Agricul- ment and underemployment. Clearly, accommodating a 
ture": Box 4.2.) rapidly expanding population demands rapid national 

Another indicator linking resource condition to its economic growth, but much of this growth will not be 
degree of human exploitation is per capita yield. Here sustairn ble, and thus not successful, unless it is grounded 
too, there are many pitfalls. Consider marine fisheries as on so, iid resource management. (See Chapter 2, "Popula
an example. For two decades (1950-1970) the total world tion": Box 2.2.) 
fish catch rose at a steady 7 percent per year, three Some of the challenges facing governments are 
times as fast as population growth, yielding a steady per breathtaking: by 2025, the projected working-age popula
capita increase. The catch dropped dramatically in 
1971-72 with the crash of the Peruvian anchovy fishery. 

tion in the developing countries alone wil! be larger than 
the world's present population. Finding jobs for these 5 

Growth resumed slowly, and through the 1970s grew at billion people will be all the harder in a world where 
1-2 percent annually-slightly less than the population modern technology requires more literacy and education, 
growth rate-showing the beginning of what appeared to and displaces more labor than ever before. (See Chapter 
be a steady decline in pei capita yield. 2, "Population": Age Distribution and the Labor Force.) 

A closer look shows that the resource trend is much On the other hand, modern technology-both new 
more complicated. For example, tne fall in yield in the methods of contraception and means of communication 
middle and late 1970s reflected not only the condition of via television and satellite-offers the possibility of limit
the resource, but also the amount of human effort in fish- ing fertility more rapidly than ever before. And because 
ing, which dropped following the bad years of the early 
1970s. The tiny 0.2 percent increase between 1982 and 

fertility rates affect future generations as well as the pres
ent one, they hold the key to the world's demographic 

1983 was due in part to tile negative effects of water future. 
temperature changes caused by the El Nifio current in A young woman today who bears three children 
1983. In fact, although final data are not yet available as instead of the six her mother may have borne will have 
this edition goes to press, preliminary indications are that 27 great-grandchildren instead of 216 (assuming her chil
the 1984 catch topped 80 million tons for the first time dren and grandchildren have tie same fertility rate). 
in history, with ainincrease over 1983 of as much as 8 Thus, filling the large unmet need for contraception is 
percent, thereby breaking, at least for one year, the certainly one of the investments that stands to have the 
"trend" in per capita decline. (See Chapter 9, "Oceans greatest impact on the future condition of the Earth's 
and Coasts": The Marine Fisheries Harvest, and Table resources. (See Chapter 2, "Population": Stabilization, and 
9.1.) Focus on: Fertility.) 

Regional fisheries data make the picture all the more 
confusing. In the decade 1973-1983 some harvests AFRICA 
increased as much as 1,000 percent, while others nearly 
disappeared. Some of these fisheries were just beginning Africa is a special case. Nowhere else on the planet are 
to be exploited, others were recovering from-or not resource trends so discouraging, the outlook so dire. 
recovering from--earlier over-exploit3tion, and still others Despite billions of dollars of external assistance, and 
were being fished, at least for the moment, near the thousands upon thousands of development projects and 
peak of their sustainable yield. (See Chapter 9, "Oceans foreign experts, conditions have steadily worsened. Promi
and Coasts": Box 9.1; and Part IV, Table 10.2.) 

While one cannot generalize from the fisheries to other 
nent among the reasons are rapid population growth, a 
difficult and often fragile environmer , and resource 

resources, some of the implications of these data are mismanagement--.sometimes due to ack of attention, and 
more broadly applicable: beware global aggregates; trends sometimes to policies and developn ,nt strategies 
may be treacherous; in any large scale system involving unsuited to !ocal conditions. 
both biological phenomena and human activity, more The continent has the world's fastest population growth 
forces are usually at work than any single indicator can rate-3.01 percent per year, compared to about 1,67 per
account for; and biological resources can be over- cent for the world as a whole. Africa is adding people 10 
exploited to the point of collapse, sometimes perma- times as fast as Europe, and more than three times as 
nently.

While the relationship of population growth to 
fast as the United States or the Soviet Union. At this rate, 
the number that must be fed, housed, educated, provided 

resources is complex, some of the implications for with health care, and employd will double in a scant 23 
governments are straightforward. More people means years. If current trends continue, Nigeria will eventually 
greater need for basic services-housing, education, become the world's third most populous nation, with a 
health care and a job. Kenya's population is growing at population about equal to that of the entire continent 
4.1 percent per year-the world's fastest rate. Between today. (See Chapter 2, "Population": Population Growth by 
1975-1980 Kenya devoted one-third of total government Region, Stabilization; and Part IV, Table 2.1.) 
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Wh is growth so rapid? One answer was provided by supplies and where pastoral and agricultural land uses cothe World Fertility Survey, conducted between 1974 and exist. Large homogeneous herds of cattle were another1982. Women were asked how many children they would misguided innovation. The traditional smaller mixedhave "if they could choose exactly' The results revealed herds made much better use of the scarce resources, with a substantial unmet need for contraception. In Latin camels, sheep and goats eating vegetation cattle do notAmerica, for example, women would have two or three touch. (See Chapter 5, "Forests and Rangelands": Condifewer children if they could choose. Only in sub-Saharan tion of Rangelands and Development Assistance and
Africa did women 
seem to want as many children as Range Management, Table 5.13, and Box 5.1.)they were having-a continent-wide average of 6.43 per Africa's agricultural production can certainly be
 woman. Again the question is: why? The answers are boosted, but for various reasons 
many of the modernhidden in an intricate web of social, cultural and eco- approaches are of limited applicability. For example,nomic factors ranging from women's low status to the Africa, of all the continents, has the lowest potential foroften vital labor provided by children. (See Chapter 2, irrigation. Except in South Africa and along the Nile
"Population:" Unmet Need for Contraception, Figure 2.8, River, unfavorable topography, low groundwater reserves,and Box 2.2.) insufficient trained managers, and inadequate fundsThese numbing population statistics translate into about severely limit its prospects. Only Oceania, among theI million more mouths to feed every three weeks-the world's regions, has as low a percentage of irrigatedtime it can take a planted seed to germinate. This bur- cropland. (See "Food and Agriculture": Irrigation, Table
den must be borne on a continent in which more than 4,6; and Part IV, Table 5.2.)80 percent of the soils have fertility limitations, where 47 Closely tied to its agricultural problems is Africa's fuelpercent of the land is too dry for rain-fed agriculture, and wood crisis. Many African countries depend on fuelwoodwhere an area larger than the United States is ruled by and other forms of biomass for more than 90 percent ofthe tsetse fly, whose bite spreads incurable trypanosomia- their energy. Even in oil-rich Nigeria, fuelwood is the prisis (sleeping sickness) to people and livestock, It is not mary fuel. Today nearly 40 percent of all Africans mustsurprising, then, that in the 10 years following the 1974 cope with a deficit or an acute scarcity of fuelwood. ByWorld Food Conference, Africa was the only region of 2000, the number is projected to have more than douthe developing world that did not meet the projected bled and the proportion to reach 60 percent. In rural
goal of a 2.6 percent annual increase in agricultural areas the fuelwood shortage 
means more erosion, lowerproduction. Worse, it combined le--than-expected produc- soi; fertility, less forage for livestock, and growing humantion with higher-than-projected population growth. In only suffering. The environmental impacts are felt in urbanfive of the 11sub-Saharan nations did production growth areas as well. As fuelwood and the charcoal made from

exceed population growth. In many of the others, per it are trucked in to supply urban residents, an expandingcapita food production fell by 20 percent or more, so that "ring of desolation" surrounds the cities. (See Chapter 7,even before the current drought, one quarter of the total "Energy": Biomass Fuels, Focus on: Fuelwood Scarcity,
sub-Saharan population had become dependent on food and Table 7.8.)

imports. (See Chapter 4,"Food and Agriculture": Produc-
 Though the immediate outlook is not promising,tion and Consumption, Agriculture in Africa, Table 4.9; Africa's resource problems should not prove insurmountable.and Part IV, Table 5.3.) However governments' policies, and, where policies are
Large parts of Africa are arid and semi-arid, areas favorable, governments' weak capacities to act, remain
where rainfall is sparse and, more important, highly vari-
 major hurdles. In 1985, Julius Nyerere, President of Tanable. Average rainfall varies from year to year by a huge zania, succinctly described where things now stand for
30-40 percent, so that "normal" precipitiiun ,neans many governments: "Until the last few years, Africa
something quite diflerent from what it means 
in the tem- regarded environmental concern as an American and
perate zones. What is normal are multiyear, recurrent European matter. Indeed there was a tendency to believe
droughts-of which there have already been three in this 
 that talk of the environment was part of a conspiracy to
century. (See Chapter 8, "Freshwater": Variability of Rain- prevent modern development on our continent! Now we
fall, Figure 85, and Box 8.1.) 
 have reached the stage of recognizing that environmental

T'he traditional African nomadic way of life was a suc- concern and development have to be linked together if
cessful solution to this environment. Though nomadism 
 the latter is to be real and permanent. The question isprovided only a subsistence-level existence, and was dis- how to do this:' For a great many of these problems, theparaged by foreign experts, modern science is just begin- "how" is still unclear. Basic data are unavailable, properly
ning to understand how well-suited the system is to its focused research is sparse, government institutions areenvironment. Recent studies are finding that the produc- weak, and international assistance, though welltivitv of Sahelian animal husbandry (measured in animal intentioned, is often misdirected. Still, there is reason forprotein per unit area) equals or exceeds that of ranches hope. Governments and a growing number of citizens'in comparable rainfall regions of the United States and groups are beginning to understand and to act upon theAustralia. This realization comes, however, after two linkages between Africa's unique environment and itsdecades of foreign assistance and domestic policies aimed development prospects. (See Chapter II, "Policies andat replacing pastoralism with settled agriculture, largely Institutions": Assessment, Management: The Capacity to
through the digging of wells. Today the worst rangeland Act, and The Larger Context. 
conditions in the Eahel are found near year-round water 
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World Resource Reviews Part II
 

Because population, availability of resources, quality of 
the environment and prospects for economic growth are 
inextricably linked, understanding the dynamics of world 
population growth is the logical starting point for a study 
of the resources that sustain life on Earth. 

CONDIOS AND TIENDS 

POPULATION GROWTH TO THE PRESENT 

The growth of the world population may be the greatest 
of all the changes of the 20th Century. Although the rate 
of growth has fluctuated, unprecedented population 
growth has been an enduring characteristic throughout 
wars, famines, economic boom and bust, technological 
advances, and dramatic shifts in the global power 
structure, 

At the beginning of the century there were about 1.6 
billion people in the world. Initially the growth rates 
were low.,, averaging about 0.8 percent per year for the 
first half of the century (1).By mid-century there were 2.5 
billion people on Earth, and by 1985 this figure had 
nearly doubled to 4.8 billion (2). 

To put that figure into perspective, it helps to look 
back at the growth of human numbers since mankind's 
appearance on earth. It took the human family millions 
of years-until around 1800-to reach the one billion 
mark. (See Figure 2.1.) It only took 130 more years to 

2. Population
 

reach the second billion, in about 1930. The third billion 
was added by about 1960, and the fourth in 1975 (3). 

Early in the second half of the century the population 
growth rate accelerated until the year 1970 when it 
reached what might have been an all-time historical high 
of 2.06 percent per year. Stated differently, the rate of 
growth of the world population increased from about 2 
percent per thousand years in the prehistoric past, to 
about 2 percent per year in 1965-70. 

The early 1970s marked an historic turning point. For 
the first time in human history, the growth rate began to 
decline, and this trend has continued. However, because 
of the immense momentum built up in the past, the con
tinuing decline in mortality rates, and the high absolute 
numbers involved, more people are still being added to 
the Earth's total each year. 

During 1985, when the global population was estimated 
at about 4.8 billion, approximately 80 million people 
were added to the human race. This is equivalent to the 
total of the current populations of New York City, 
Moscow, London, Beijing (Peking), Mexico City, and Rio 
de Janeiro. If a decline had not begun, the annual incre
ment of global population would be even higher. As it is, 
the annual increment for the period 1995-2000 is project
ed to be about 90 million (4). 

What is "rapid" population growth? The term generally 
refers to annual increases of about 2 percent or more (5), 
but there is no absolute threshold. (A population growing 
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Figure 2.1 Past and Projected World 

Population, A.D. 1-2100 
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at 2 percent a year will double in 35 years! at 3 percent 
in 23 years, and at 4 percent a year it will double in 
17.5 years.) In 1985 the world's highest rate of population 
growth-4.1 percent-occurred in Kenya. The growth 

rat2s of India and Indonesia, which are more than 2 per-
cent, would be classed as "rapid:' while that of China 
(1.17 percent, a doubling time of 60 years) would not. 

Since the global population numbers in the billions, 
even a small rate of increase or "compound interest rate" 

can produce considerable yearly increments. Just as some 
countries' national debts assume immense proportions be-

cause of periodically compiled interest, so too do some 
countries' populations increase enormously. Working with 

ten-digit figures, even a small difference in the rate of 
growth can be very significant, 

Growth by Region 

Growth occurs at very different rates in different parts of 

the world. (See Figure 2.2.) The developed world grew 

from 0.8 billion in 1950 to 1.2 billion in 1985. In the 

same period, the population of the Third World increased 

from 1.7 billion to 3.7 billion (6,7) 

Differences between regions were significant. The 

greatest absolute decline in growth rate occurred in East 
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Asia, and most of that was 	accounted for by China. At 
the beginning of the period, Latin America was the 

was the leadfastest-growing region, while by 1985 Africa 
er. The regional shares of the global population in 1950 

and 1985 can be seen in Table 2.1. Since 1950 there has 
overbeen some shifting of the rank order, with Africa 

taking Europe to become the world's third most-populous 

In terms of sheer numbers, China and India dwarfed 
the world's 12 most populousthe others on the list of 

countries: China, 1.063 billion; India, 761 million; the 

Soviet Union, 276 million; the United States, 238 million; 

Indonesia, 165 million; Brazil, 136 million; Japan, 130 mil
lion; Pakistan, 102 million; Bangladesh, 101 million; Niger
ia, 95 million; Mexico, 79 million; and the Federal 

Republic of Germany, 61 million. 

AND RESOURCESPOPULATION 
en-

Population growth subjects 	natural resources and the 
vironment to increased pressure, but the relationship is 

not a simple one. Where land and other resources are al

ready under stress-in absolute terms or because of poor 
can bemanagement-the impact of additional people 


direct and strongly negative. Where resources are more
 

ample, or where economic investment buffers the impact
 

of more people, the connection becomes much 
more
 

complicated.

commonly used indicator of the link between
 

resources is population density. However,
population and 
the number of people per square kilometer, though easily 

measured, is not very revealing. Clearly, simple Malthusi

not equally at work in Singapore with a an equations are 
1975 population density of 	53 people per hectare and 

person per hectare, when lifeSenegal with less than one 
was 72 years in Singapore,expectancy at birth in 1980 


and only 44 years in Senegal. Nor does the contrast be

tween the 1985 population densities of the Netherlands,
 
335 per square kilometer, and Norway, 13 per square
 
kilometer, reveal much about the two countries. Much of
 

the land in the Netherlands was dredged out of the sea, 

and nearly every square inch is put to use, while most of 

Norway's land is taken up by largely uninhabited 
mountains. 

The concept of carrying capacity is another approach 
used to link population with the natural resource base (8). 
Though much used by biologists and ecologists, the term 
has not yet been well defined. Since the adoption of a 
recommendation at the 1974 World Population Confer
ence in Bucharest, a number of studies have been 
launched to understand "the complex relations among 

the problems of population, resources, environment, and 

to promote a unified analytical ap
development, and 
proach to the study of these interrelatior,ships" (9). But 

progress toward this lofty goal is still limited. 
The United Nations Educational, Scientific, and Cultural 

Organization's (UNESCO) Man and the Biosphere (MAB) 
Program has concentrated on the study of these relation

ships in island ecosystems, particularly Fiji and Barbados, 

where methodological problems cen be more easily 

solved. Other work is currently underway in the 



Pgure 2.2 Average Annual Population Growth 
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Himalayan Mountains where the steep slopes accentuate 
the relationships among population, soil erosion, and 
downstream flooding. These studies shed light on simplis-
tic notions about the harmful effect of dense populations 
on natural systems. For example, the movement toward 
cities from the Himalayan foothills led to an unexpected 
decline in rural productivity as those left behind (the old, 
the women, and the young) were less able to maintain 
vital soil conservation terraces (0). 

Most such studies have as their purpose a better under-
standing of these relationships to aid improved national 
planning (11). The most ambitious such endeavor was un-
dertaken following the first "Sahelian drought:' the 
massive food shortages in West Africa in the early 1970s, 
by the U.N. Food and Agriculture Organization (FAO), the 
U.N. Fund for Population Activities (UNFPA), and the In-
ternational Institute for Applied Systems Analysis (IIASA). 
The study investigated the degree to which natural 
productivity (chiefly determined by climate, "'titude, soil 
type, and similar parameters) can be augmented by 
mechanization, irrigation, fertilizers, pesticides, and the 
like, to reach production levels sufficient to maintain 

Table 2.1 Share of World Population by Region, 
1950 and 1985 
(ooplaon,in mi,,ons 

1950 Percent of 1985 Percentof 
Region (millions) World Total (mlllins) World Total 
Africa 222 89 553 11 4
Latn America 165 66 406 84 
Norh America 166 66 263 54 
East Asia 571 228 1,252 259
South Asia 695 278 1,572 325 
Europe 392 157 492 102 
Oceania 113 45 25 05
USSR 16O 71 278 5 7 
Source: Deoarrmeni of internaltonal Economic ano 5ocia&Atfars 1985 Relefence 2 

present and projected populations. (See Chapter 4, "Food 
and Agriculture:' Box 4.2, "Land, Food, and People')

A third approach to the relationship of population to 
natural resources looks at per capita production as the 
principal indicator. Some studies show that world grain
production per capita peaked in the 1970s, as did fish 
and beef production; and that while, ip the case of grain, 
increased yields could still be obtained through increased 

of 'ertilizer, there was a declining response per unit 
of input (12). 

None of these approaches, however, yet provides an 
analytically sound method of studying these vast and 
complex relationships. More research and new ideas are 
badly needed. 

PROJECTIONS OF THE FUTURE 

Future world population is also a subject of intense 
research and debate (13,14). Its main components are past 
and present fertility and mortality rates and international 
migration figures. For the near term, population projec
tions are relatively secure, because the next generation 
and the parents of the generation after next have already
been born.
 

However, projections are not forecasts. They are no
 more than educated extrapolations of current trends, and 

even near-tern, projections rest on numerous assumptions.
Moreover, current trends often change rapidly. Even 
though equipped with the world's best census data, for 
example, demographers misjudged the size and duration 
of the postwar baby boom in the United States. 

The United Nations Population Division projects 
country-by-country populations to the year 2025, and 
regional projections to the year 2100. The World Bank, 
on the other hand, provides country-by-country projec
tions to the year 2155 o5). The projections from these 
two United Nations organizations, together with those of 
the United States Census Bureau, constitute the universe 
of widely accepted and regularly published projections. 
For most countries, the differences in the projections over 
the near term are very slight. 

Most of the population figures used in this chapter are 
taken from the United Nations projections to 2025 pub
lished in 1985 06), and from the United Nations long
range projections published in 1981 (17). These projections 
are based on adjusted data from the most recent national 
censuses. 

To illustrate the uncertainties, consider the United Na
tions' 1985 projections. Among the assumptions on which 
they rest are that unpredictable catastrophes such as 
wars, famines, and epidemics will not occur. Steady socio
economic growth and a steadily declining fertility rate 
were assumed for the developing countries. Life expec
tancy was assumed to grow by 2.5 years during every
five-year period-as it has in many developing countries 

during recent decades-up to 82.5 years for women and75 years for men. Adjustments were factored in for devel
oped countries where life expectancy is already high, and
for some developing countries (for example, sub-Saharan 

Africa) where conditions are not conducive to lengthened 
lifespan. 
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.Aivsts further ,>IIIId that existing or anticipated 
gevwertiru t faiily-vplmitiing, programs would accelerate Figure 23 Population Size for More Developed 
lertillty do-Olle. Whele a dccline in fertility was already Regions, Less Developed Regions, and World 
evident, it was expected to bein slowly, accelerate, and Total, 1950-2120 
then slow do-,vn. Principally becuse of incomplete 
knowlcdge and past abrupt changes, international migra- Pcdjlaton (Clns) 
tion was assumed to cea:e entir-ly, except wher. there is 12

strong evidence to the contrary (for exanple, blween 
Mexico and the United States). Analvsts even ventured to 
consider "tr(nds and anticipated changes ill socio
economic and cultural vdues of the society" And finally, World Total
four variants--high, medium, low, and constant--were -	 Less Developen Regions 

chosen and "cro~sed" among the assumed levels of fer
tility, mortality, aid migration, to give a wide range of 8

possible futures. Cleorlv, even relatively short projections 
are subject to many surprises, especially for the develop- r
ing countries where very large population, high birth 6
and death rates, and shifting go.'ernment policies com
bine to make the demographic future very difficult to s
foresee. 

4-

LONG-RANGE PROJECTIONS 
3-

Figure 2.3 provides a graphic illustration of the projected 
future of the human population to the year 2150, based 2- More Developed Regions 

on the United Nations lonm-ranige medium variant projec
tions. By the ,'ar 2 d0O, the Earth's population would 1

have more than doubled, with 95 percent of the increase 
between the vears 1980 and 2050 taking place in the 2050 

2100 
1950 2000Third World. While tue p qpulation of the developed 


regions would hay.? grown to 1.4 billion by 2100, that of o: More do, elolaed regions include Europe, North America, Austral, Japan,

the developing regions would swell to 8.8 billion. 	 Nw Zealand, and USSR Less oeveloped regions include Africa, Asia, Latin 

America, and Oceania. 
Considerable shifts would occur among the major Sorces:

,'egion.; of the worM (see Figure 2.4). Africa would con- 1 Department of International Ecoom~c 3nd Soc:ia Affairs. World Population
Prospects as Assessed in '980.Population Stud,es No. 78 (Unted Nations. 

tinue its current surge of growth to emerge as the second New York, 1980). o 12. 
most nohus iwa2 	 Department of International Economic and Soc4 Afairs Long.Range Popula.

.reionof the world South Asia, where ton Projections of the Worto and Major Pegons. 2025-2150, Five Variants. as 
about 1.5 billion people lived in 1980, would be home in Assessed in 1980, 1981 (United Nations, New York. 1981). 
2100 to more than double that number. Dst Asia, where 
China exerts the dominant demographic influence, is 
projected to level off in about the year 2030. The popula- projection, the more tenuous the connection to reality. 
tiln of Latin America is projected to continue growing, According to the United Nations medium variant projec
but at decreasing rates. Europe, North America, and the Aorin the n itedNtion e ariant 
Soviet Union would follow a low-growth pattern through- *tions, if the net reproduction rate of 1.0 (replacement 
out the period. Although the cumulative increase in these level fertility) is reached by the year 2035, the global 
three more developed regions would be relatively small, population would stabilize by the year 2100 at 10.2 bil

Bank's estimated hypothetical stationary
it translates into an addit ional 270 million people, or lion. The World 

forecasters con
nearly the present population of the Soviet Union. population is 11.2 billion. Although U.N. 

sider their medium variant projection to be the most 

plausible, four other variants were prepared to provide a 
Stabilization reasonable range. The projections for the year 2100 vary 
Long-term extrapolations that assume rising life expec- from a low of 7.2 billion to a high of 14.9 billion. 
tancy to an eventual maximum and declining fertility The most illuminating feature of such estimates is the 
that eventully reaches replacement level, project a world impact of what happens now and in the near future, 
population that eventually stabilizes. If fertility drops especially to fertility. Fertility declines have more in
below replacement level and does not climb back up, as fluence than do drops in mortality because high fertility 
it has to date in several parts of the developed world, means many more people added over generations. A 
eventual world population would slowly decline. The baby girl who grows up to have 3 children instead of 6, 
United Nations and the World Bank projections for the will have 27 great-grandchildren rather than 216 (18). If 
dates when :,et reproduction rates reach 1.0 are shown in unexpected changes in fertility rates delay or advance 
Tabie 2.2. the projected stabilization date, the consequences for 

As with shorter projections, these estimates depend on eventual population levels are immense. A 20-year delay in 
many underlying assumptions- the more extended the a replacement level date of 2025 means an eventual popula
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tion 2.8 billion larger. A 20-year advance means 2.2 bil
lion people less. The difference over this short 40-year 
span is more than the present total world population (19). 

The World Bank's country-by-country projections to the 
year 2100, however speculative, provide tantalizing 
glimpses of future possibilities. Perhaps the most sur-
prising projection is for the west African country of 
Nigeria. Few are aware that Nigeria may eventually be
come the world's third largest country. According to these 
projections, by the time Nigeria's fast-growing population 
finally stabilizes, probably after the year 2100, it may 
reach half a billion. Only China and India are projected 
to have larger populations by the time they stabilize; 1.5 
b illion fo r China a nd 1.7 billion for ...-t. 

MORTAL YEast 

Life Expectancy 
Life expectancy, the number of years a typical individual... 
can expect to live, given current levels of mortality, has 
increased greatly since 1950, and is expected to improve 
further in the future. 

On a global level, life expectancy increased from 45.8 
years in 1950-55 to 58.9 years in 1980-85, and according 
to the U.N. projections is expected to reach 70 by the 
year 2025. Present life expectancy in the more developed
countries averaged 73 in 1980-85, and in the less devel
oped regions it was 56.6; the estimates for 2025 are 77.2 
and 68.9, respectively. 

In countries where he expectancy is already high and 
may be bumping up against some biologically deter
mined ceiling, the rate of improvement has slowed. For 

example, in Iceland, which had the world's highest life 

expectancy of 77.6 years in 1980-85, only a slight in-

crease, to 78.2 years, is projected by the period 2020-25. 

In Sudan, an increase of 28.8 years is projected during

the same time span. 

Although in most countries women have a longer life 

expectancy than men, the opposite is true in some coun-

tries of South Asia. Countries where female life expectan-

cy is lower include Afghanistan, Bangladesh, India, the 
Islamic Republic of Iran, Nepal, and Pakistan. The rela-
tively low status and high fertility of women in these 
countries may be contributing factors (20). 

Economic Well-Being 

In general, mortality and national income are inversely
related, but there are many variations and some excep-
tions to this rule. The countries of South Asia and sub-
Saharan Africa tend to have the lowest incomes and the 
highest mortality rates, while the wealthier countries of 
Latin America and East Asia have lower mortality. 
However, as Figure 2.5 shows, virtually all developing 
countries showed longer life expectancy over the decade 
1972-82, even where per capita income did not grow sig-
nificantly. And some countries-China, Sri Lanka, and
Costa Rica, for example-do far better than the average 
at their income level. The key factors are access to 
health care, a national emphasis on the provision of this 

FigurO 2A Projected Total Population of Major 
Regions, 1980-2100, as Assessed In 1980 
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and other basic human services, and a relatively egali
tarian economic structure (21). 

Large differences in mortality exist not only between 
rich and poor countries, but also between different social 
strata within countries (22). In France, the probability of 
death for males aged 55-65 during the period 1966-81 
was three times higher for unskilled workers than for 
men working in senior management and in the profes
sions. In England and Wales, there are significant differ
ences in life expectancy between socio-economic groups
and social classes. In the United States, infant mortality 
rates have long been significantly higher for the non
white population. 

Infant Mortality Rates 

Much of the improvement in mortality rates can be at
tributed to the fact that more infants are surviving the 

Table 2.2 Year in Which Net Reproduction Rate 
(NRR) Reaches 1 
United Nations Proectlon Word Bank Projection 
East Asia 1990 USSR 2000 
North America 1995 2010Europe North America2020 Europe 2010 
South Asia 2020 Latin America 2030
USSR 2030 Oceania 2035 
Oceania 2035 Asia 2045 
Latin America 2040 Africa 2045 
Africa 2045Source: United Nations Secretanal "Long-Range Global Protections, easAs in 1980' 
PaonBuie ofthe e No 14Urn Nations. (1982)p 20
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Figure 2.5 Life Expectancy in Relation to Income 	in Developing Countriea, 1972 and 1982 
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illustrates the differences between the typical road 
precarious first year of life. Still, conditions insome i 

traveled in the 18th and 19th Centuries, and that facingone in tencountries are so difficult that more than 
babies dies in its first twelve months. (See Figure 2.6.) Re-	 developing countries today. In most of today's developed 

countries, mortality declined slowly, principally because
cently, the rate of improvement in infant and child mor-

of improved living standards: this was still the period
tality has slowed significantly. (See "Recent Develop-

before medical achievements had made much of an im
ments2' below.) 

In general, infant mortality rates serve as indicators of 	 pact. During this period fertility rates were also low. As 
population grew, emigration relieved the pressure. In one 

a country's socio-economic condition. Among the factors 
90-year period, 45 percent of the increase in the popula

influencing infant and child mortality are: the mother's 
tion of the British Isles emigrated (24).

age (younger and older mothers are more liable to lose 
For today's developing countries, the situation is quite

their babies), length of interval between births Oong._r in-
more than a hundreddifferent. A transition that tooktervals are healthier), and the education of the parents 

a country like Sweden is happening in the space
(lower infant mortality rates are associated with educated 	 years in 

a country like Sudan. Mortality dropsto very young mothers of a few decades inparents). Also, first babies born 
rapidly, principally in response to immunization, antibiot

and high-order births (such as the sixth or seventh child) 
ics, control of malaria, and other forces of modern medi

are more vulnerable (23). 
cine. As Figure 2.7 illustrates, fertility rates are far higher 

than those faced earlier by the developed countries. 
THE DEMOGRAPHIC TRANSITION Emigration provides few opportunities. (See Table 2.3.) 

Moreover, since the initial population base is usually quite
The developed countries have already made the demo-

large, annual increments can be very substantial.
graphic transition from a high mortality status to a low 

Modern society requires more literacy and education
mortality-low fertility condition, while the developing 

while technology displaces more labor than before-both
countries are in the process of doing so. The demo-

forces that increase the demands on government services. 
graphic history of a countr like Sweden (See Box 2.1) 
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On the other hand, modern communication and methods 
of contraception make it possible to greatly speed the 
control of fertility. 

Age Distribution and the Labor Force 


The world's population is getting older. The median age 
has increased slightly from 22.9 years in 1950 to 23.3 in 
1985. By the year 2025, the median age will exceed 30 
(25). The trend from 1980 through 2100 shows a relatively 
rapid increase in the portion of the population aged 60 
and over. In the developing countries, their numbers are 
projected to increase from 21M million in 1950 to more 
than a billion by 2025 (26). 

The 0-14 age group, on the other hand, is projected to 
experience a relative decline, although the absolute in-
crease in the number of youth will challenge the educa-
tional institutions of tomorrow. In the less developed 
countries, an estimated 500 million additional people are 
expected to have entered the labor market by the turn 
of the century (27). By the year 2025, the working age 
population in the developing countries alone will be 
larger than the worl.", current population (28). 

Providing jobs for thi: vast new work force will de-
mand far-reaching changes in most governments' invest-
ment strategies, systems of land tenure, and tax and 
pricing policies (29). 

FOCUS ON: FERTILITY 
Explaining fertility decline has proved to be even more 
difficult than recording it. What are the determinants of 
fertility change? What factors are at work to determinethe number of children people have? 

In the world as a whole, the total fertility rate (TFR), 
the average number of children a woman bears in the 
course of her child-bearing years, declined from 4.99 in 
3950-55 to 3.90 in 1975-80. The TFR is projected to 
d cline to 2.32 by 2020-25 (30). 
By region, East Asia led the decline in fertility, drop

ping from 2.44 in 1950-55 to 1.9 ,m1975-80, with a 
projected continued decrease to 1.13 in 2020-25. Latin 
America and South Asia have also experienced note-
Northy fertility declines. In Africa, on the other hand, 
there was little change in the fertility rate between the 
years 1950 and 1980. Yet the United Nations projects a 
rapid decline in the future. 

North America and Europe have seen steep fertility 
declines, but rates are projected to eventually pick up 
again, slghtly, to reach replacement levels. The Soviet 
Union is projected to continue its slow decline, eventually 
reaching a level just above that of North America. 

Duing the period of the World Fertility Survey, 1974 to 
1982, fertility was highest in the Middle East and sub-
Saharan Africa, with an average of seven children per 

Figure 2.6 Estimated Infant Mortality Rates, 1975-80 
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Box 2.1 The .,wedish Example 

wi-dei , ijuue in riv,, an unbroken
r',"ls of p.,Ilatioi statistics iI the year 

These s-h~ the .,ory 
Sweden gridially traosforined its-if from a 

I ,. ,I,'.' ug with high birth 

17. f statistie Afbow 

IT onirye 
arld di ah rates to a 11wsixerous couitry 

hilhbirth aiid dvath rates that are among 
Ole Iwest i1 in werld 11. 

FROM 1750 'IT) 1850 

\round the year 1750), Sveden was largely 

Sagrarian ev with a rigid hierarchical 

cias stein The aiverage life mpecfncy 
o7.6 Iln :1- ., only afew countries 

had hfe expectancies !,elov 4(Gyears; they 

III(luded ierra Lone, Gambia, and 
,-\ihanitan ml) li the niid-l100s, the Swed-. 
o:,hl ,pulation of ab 1.7 nmillion was 
more ,rles di eneieO.s a1.ainst infectious 
iirases such as smeahl1x and spottedfever. 

riSNASery~LS an ptfe 
t memles, and whooping cough 

,ti.; heavy tolls, l'erLms of fanine left the 
poput,in wefkcnd and sosc ptible to dir 
t-aisesiioe effor.; rmiadfe to provide

,argimiaed moaterimtr care a,', fri establish 
n0ir relil,,mt ,iciti! oremained diffi-

cult. Nevrthci.. s the y.-mr 1850, the lif 

'Y~pe-ctiiii~y fu)r 5 
'vdes had int-eased to 

-13'.I.5ers tai Swen and 39.41 st men.lianit mo rtality S~ .O'simnrved steadily. 

I-un i751) tr 16.'5dthe ipulation doubled 

FROM 1850 TO 1930 

[s-%aus of " .- es of idvances, including 
hospital care vaccrnation against smallpox; 

:itiseptics; and improved hygiene sanitation, 
water suppl, and sewage systems, mortality 
rates fell and the population grew until, by 
I,-A), it was considered a national problem. 

A wave of emigration then swept the coun-
try, as it had other parts of Europe, and about 
oWe out of every five Swedes moved out. 
Bi'th rates continued to decrease, and mortal-
i,, rates decreased even more- The p.opulation 
continued to grow 

FROM 1930 ON 

At tfe eginning o the 20th century, 
Sweden was still a poor country with many 
social and economic problems. By 1930, 
housing remained overcrowded, and sanitary 
atd hysgienic conditic.s were poor. Wide 
di.sparities existed between social classes, as 
seen in the infant mortality rates, which 
ranged from 49 deaths per 1,000 births in 
low-income families to 14 in high-income 
groups. 

It)nthe p site.- side, tne beginnings of
peritv .eri st5i: an early law had virtu-

ailv elninatrd illiteracy, vouen enjoyed a 
relatively high status aid joined the labor 
force in increairg nUlbers in the 1920s and 
1930s, and child lab.or began to disappear. 
The cost of raising a child at the time was 
eqluivalent to a third of the average income. 
The birth rate continued to fall. 

Traditionally, social security against illn0:ss, 

old age. unemployment, and accidents was 
supplied by the large, three-generationalfamily, the oighbrhooct, the pari. h, and the 

church. By the 1930s, the nuclear ,oran 
family had emerged and tfie old support net 

was no longer there. At that tiem sore forms 

of government social security were 
introduced, along with a national health insur-
ance scheme, and employer insurance against
occupational accidents or diseases 

When Alva and Gunnar Myrd;l published 
their book Crisis in the tI)pulotion !sue in 
1934, the basis for the modern Swedish view 
of 	 population problems was estaflished. 
"Revolutionary" ideas that were intended to 
stimulate ft 2 birth rate were introduced 

including maternity welfare, increased mater-

nilty benefits, tax incentives, housing 
allowances, nursery schools, children's health
services, free school mneals, cheaper educa-
tional facilities, and massive information/edu-

cation campaigns oil housing, nutrition, and 
health. Particularly important was the concept
of "voluntary parenthood meaning that only 

wanted children need be born. 
During the i9,10s, more reforms were 

introduced, such as day care nurseries and 
kindergartens, loans for newly-married coL-
ples, and fewer restrictions on abortions. In 
1956, sex education became compulsory 16). 

SIVEDEN NOW 

The population of Sweden grew from 6.4 
million in 1940 to 8.3 million in 1985. 
Immigration from abroad accounted for 
most of the increase. During decades of 
prosperity, the total fertility rate fell from 
2.22 in 19.50-55 to 1.55 in 1980-85, indicat-
ing that the average Swedish woman had 
1.55 children, too low to allow the replace-
ment of the curr,:ni generation of Swedes 
(7). 

In 1982, am.official survey was authorized to 
determine why so few children were born (8). 
The results of the survey indicated: 
U More women were obtainirg higher levels 
of education than in the past, thus post-
pining their childbearing years. 
G The more education a woman had, the 
fewer children she was likely to have. 

0 	 %ore women were in the labor force, andthose with hiher-status jobs had, as a 

rule, fewer children than those with 
lower-status jobs. 
1 Nearly all women cooiidered having chil
dren as one of !ht. meaningful things in 
life. 
13 More young Swedish couples lived 
together without being married, and peo
ple were not as likely to have children 
outside of m 1..;-,e 

L3 The Ls' of effective methods of contraception was widespread. 

U 	 Finding day-care wa, a problem for many 
working women. 

U By far the greatest burden of housework, 
cooking, and shopping was carried by 
women, including those working full-time 
who had children. li fact, after women 
had children thy shouldered even more 
household duties. 

Sweden's growth rate, 0,01 in 1980-85, is 
projected to be -(.14 in the period 1985-90. 
Life expectancy, 75.8 in 198()-85, is one of 
the highest in the world The infant mortality 
rate is one of the lovest in the world, at 

seven infant deaths per 1,()9O births (9). 

This is the pattern that has been repeated, 
with many variations, throughout ,he devel
oped world The road front high to low mor
taiity in the developing countries will be a 

much shorter, and rockier, one. 
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woman. (See Ni(x 2.2.) The average number of children El Decreases in childrens' contribution to the family labor 
per woman was six in North Africa and 4.5 in Asia and force and family income 
the developing countries of Central and South America (31). 0 Less need for children as insurance against old age or 

Some of the variables suggested as responsible for fer- accidents 
tility decline include (32): 19 Higher cost of raising and educating children 
* The spread of family planning programs and availa- 0 More education for women 
bility of contraceptives [] Urbanization 
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Figure 2.7 The Demographic TranAtion in Developed and Developing Countries 
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Sovce: World Bank. 1084, Reference 18. p 59. 

MIncrease in the marriage age of women 
On the other side of the equation are changes that 

enhance fertility and that often accompany "moderniza-
tion" These include a reduction in breastfeeding, a depar-
ture from traditional customs such as iong periods of 
sexual abstinence following childbearing, and relaxation 
of the custom forbidding widows to remarry. 

The state of fertility around the world was assessed by
the World Fertility Survey (WFS), the largest social 
science survey ever undertaken. The WFS covered 42 

Table 2.3 Percentage of Population Increase that 
Has Permanently Emigrateda 

Latin 

Period Europe Aab Africa Americab 
1851-80 
 117 04 001 03 
1881-1910 195 03 0.04 0.9 
1911-40 144 01 003 1.8
1940-60 2 7C 01 U01 1.0 
1960-70 52 02 010 1.9 
1970-80 40 0.5 030 25 

Nots: a 

b ht~e UnledfSmt foses oengao i Austral,Canada New Zealand,andumbersareiedsS o!96el~ immigrationnyI t n~ ltes
b Te peros from1850to 960 rntantoeigraon oy to heUnitedStas 
C Emnigfa, to trw United States31 only~Source: TheWorld Bank, 1984Reference 18.p 69 
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developing and 20 developed countries between the years
1974-82. Over 300,000 married women between the ages
of 15 and 49 were interviewed, [rr'iding internationally
comparable dati on fertility levels and trends, and 
women's asphiatians concerning the size of their families. 
Prior to the WFS, good-quality, comparable data were 
hard to come by. Undoubtedly, the WFS's most important
contribution was the demonstration that although eco
nomic development and family planning programs can 
each independently promote fertility decline, the effect is 
greatest and most rapid when the two occur together. 

Unmet Need for Contraception 
The WFS found that many women were having morechildren than they said they wanted. Women in the sur
vey responded to a question that asked how many chil
dren they would have "if they could choose exactly" InLatin America, women would have two or three fewer 
children if they could choose. In Asia and the Pacific, 
women were also having more children than they
wanted; the desired number of children in Bangladeshwas 4.1 per woman, while the average woman actually 
had 7.5. In North Africa, the trend held true. All told, of 
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Box 2.2 The World's Faste3t-Growing Population 

Wir do Kenyans have so many children? 
Africa as tihe lastest-growii g population of 
,ny contin,-nt, and Kenya has the fastest-
grrowirig population ;:,Africa, The average 
Keuyan woman has 8.1 children, although 
there are tentative signs that peple may 
chooese to have fewer children in the future 
ii.2), 


Kenya's population of20.6 million is grow-
ing at the rate of 4.1percent per :'ar.At 
that rate it wil! double in a mere 17 years. 
A,curding tothe United Nations medium 
projection, by 2025 Kenya will be home to 83 
million people. Moreover, Kenya is a young 
country, with over 50 percent ofthe people 
under the age of 15 131. 

"Kenya represents a very crucial country 
with regard to population policies and pro-
grams, as Kenya's experience will likely affect 
other African counlrie' says Rafael M. Salas, 
F.xecutive Director of the United Nations Fund 
for I pulation Activities (4). 

Kenya's rapidly expanding population 
occupies a medium-sized country of largely 
arid or semi-arid land, only 20 percent of 
which is fertile farmland. Straddling the equa-
tor on the east coast of Africa, Kenya encor-
passes iarren steppes, grassy plains, highlands, 
a lake region and a strip of coastline (5). 

Most of the people are concentrated in the 
fertile 20 percent of the country, where they 
work the land. As population pressures build, 
readily exploitable farmland is becoming 
scarce. Increasing ainubers of people try to 
fsarmemnresinl lanuers le sytsad f 
farm marginal lands and fragile ecosystems 
that often turn to dusty wastes under the hio 
and the plow. Swelling waves of rural 
migrants head for the cities, which are under-
going tremendous strains from overcrowding, 
The urban population is growing by 7.36 per-
cent per year. 

U SIPS 
POPULATION 
ECONOMY 

POPULAT ON 

-

omy, The Kenyan gross national product 
grew at a healthy clip of 5 percent per year 
between 1975--83. But that just exceeded 
the country's population growth, which is 
increasing at the rate of 4.1 per

eapercent 

year. bn 


Calculations by the World Bank show that 

Kenya spent 32 percent of total government 

expenditure on education, health, rural water 
supply and urban housing during the period 
1975-80. If current fertility rates continue, the 
country will need to spend almost nine times 
as much in the period up to 2015-20 just to 
maintain current standards. An estimated 11 
million new jobs will have to be provided by 
the year 2000, in addition to those needed to 
accommodate present underemployment or 
unemployment (6. 
The main reasons for the recent surge of 

growth are that more babies in Kenya are 
surviving the precarious first year of exis-
tence, and people are living longer lives, 
Although there have been some indications of 
increased fertility among younger women, 
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most of the growth results from improved 
health and living conditions 7si. 

In the last century, people lived shorter 
lives due to fanines, slave raids, and trilal 
wars. In the early part of this ce'itury, sl-ep-
ing sickness, malaria, plague, and malnutrition 
contributed to a high niortality rate. Infaits 
are believed to have died at the rate of per-
haps five forevery tenborn. 

By the time of the 1948 census, health con-
ditions were considerably improved and for 
every ten births, about two infants died before 
the age of two. By 1985, the infant mortality 
rate had further declined to the rate of less 
than one death in the first year of life, for 
every ten birth, Additional improvements are 
expected. For example, family planning ena-
hls women to lengthen the interval between 
births, arid this imnpruves the infant's chances 
of survival (sji. 

In Kenya, mothers whose babies are most 
likely to survive their first year are those who 
live in an urban area, are educated, do not 
live in polygamous unions, are not too young, 
and [iave not had more than five or six chil-
dren (to). 

The average Kenyan born in 1955 lived 
only 39 years while a Kenyan born today can 
expect to live 55 years. Though a substantial 
improvement, this is still a much shorter life 
than the average of 74 years a person born 
in the developed world can expect (ii). 

NOT ONLY ROGUES AND ROBBERS 

The question of why Kern,:ns continue to 
have so many children has not yet been 
completely answered, although it is attract-
ing the interest of many researchers. An 
informal survey of health workers from 
many parts of the country revealed the fol- 
lowing, highly personal replies: 

'Amongst many children there are likely to 
be not only rogues ami ruiers but also 
professionals such cs doctors lawyers, 

engineers, etc" 

13 "A wife continues to bear children toprove 

her continued fecundity to prevent the hus-
band from marrying another wife:' 
03 "Wives in polygamous families compete 
with each other to produce the largest num-
ber of children' 

"Children provide labor for fetching fire-
woold and water and for digging in the fidd,," lands, August 1982), p.25. 

population, this has not succeeded:' says 
President Arap Moi. Recognizing the prob
em. the government established a National 

Council for Population and Development in 
[)ecember 19S2. The Council has the pri
mary resp mnsibility of introducing informa
tion and ,ducation programs for the estab
lishment of a small family norm. 

The World Fertility Survey showed that 
Kenyan women with secondary or higher 
levels of education are likely to have fewer 
children. Arid according to the Kenyan Fertil
ity Survey, younger women want fewer chil
dren than older women want 113). 

These and other factors may signal the start 
A a transition toward lower ferti.ity, but the 
trend is still unclear. Indeed, traditional prac
tices that formerly served as a brake on fertil
ity (such as breastfeeding and semal absti
nence for a long period following the birth 
of a child) are now less prevalent At this 
stage, fertility may actually increase 0t41. 
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the women surveyed in 31 countries, about half did not 
want any more children. (See Figure 2.8.) However, in 
sub-Saharan Africa, women seemed to want as many 
children as they could have. 

Thus, the WFS revealed a substantial, though widely 
varying, unmet need for modern contraception (33). The 
figure for rural Mexico was 58 percent of women aged 
14-49, while in Asia it varied between 9 percent in the 
Yemen Arab Republic and 53 percent in Fiji. In Bangla-
desh, the Republic of Korea, Malaysia, and Thailand, it 
was about 30 percent. The figure for Ecuador, urban 
Mexico, Colombia, and Paraguay also stood at 30 percent. 
The lowest figures for unmet contraceptive need were 
found in Africa, from 5 percent in Benin to 21 percent in 
Egypt. 

Education and Fertility 

The survey also showed that women in higher education-
al groups generally had fewer children than their coun-
terparts with little or no education (34,35,36,37). Analysis of 
WFS data for 30 countries (38) showed, however, that a 
few years (one to three) of education seem to be associat- 
ed with higher recent fertility rates, possibly due in some 
cases to the disruption of traditional contraceptive 
practices. 

Many, but not all, countries show a direct and consis-
tent relationship between increasing levels of education 
and decreasing fertility; these include Senegal, Tunisia, 

Figure 2.8 Number of Children Desired in Selected 

Costa Rica, the Dominican Republic, Jamaica, Panama, 
Peru, Venezuela, Jordan, Malaysia, Nepal, the Philippines, 
and the Republic of Korea. 

In a few countries, there was a rise in fertility when 
higher levels of education were reached (nine or more 
years of schooling). This trend appeared in Ghana, 
Colombia, Paraguay, Bangladesh, Pakistan, Sri Lanka, and 
Sudan. This effect may be a result of higher levels of 
income, rather than higher education (39). 

Although the patterns differ among countries, the 
results dearly demonstrate the importance of education 
in prompting lower fertility rates. In addition, the WFS 
showed that in general, the more education a woman 
had, the more likely she was to use an efficient rather 
than an unreliable method of contraception (40). 

Use of Contraceptives 

Current contraceptive use shows striking regional varia

tions among the 27 developing countries studied, with 
the highest use rates !ound in countries of Latin America 
and the Caribbean, followed by Asia and the Pacific. Use 
of effective means of contraception was especially low in 
Africa (other than North Africa), ranging from 1.0 to 4.5 
percent of women in the study (41). 

In China, Hong Kong, and Singapore, an estimated 
71-72 percent of married women practiced some form of 
contraception at the time of the WFS. More than half the 
married women in Costa Rica, Panama, Puerto Rico, 
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.ario a. and Trinidad and -Ibbago were contraceptive 
users, as well as about half the married women in l.Pba-
ntn, the Republic of Korea, Sri 1;rnka, and Thailand, and 
a qri,,t-r of the women in Egypt and Tunisia (.12). 

On the ktiw end of the scale, the \I-T found that only 
5 percent of married women in Pakistan, 7 percent in 
Nejpal. 8 percent in Kenya, an6 13 percent in Bangladesh 
were using any means of contraception, 

The largest recent increases in contraceptive use have 
occurred in Latin America and Asia. India and China 
were not included in the WES, but it is known that use 
has increased sub,,tantially in China, and moderately in 
India. 

In most of the 11 developed countries surveyed, con-
tracepti)On wa, used by about two thirds to four fiftls of 
the married women. For example, the rate (f use in the 
i"nited States was 68 percent; in Japan, 61 percent: in 
Poland, 75 percent; and in Frauce, 79 percent (43). 

No method of fertility regulation is perfect for all in-
dividuals or cultures, but the variety of methods available 
has increased dramatically .-ince the 1950s (4). Prior to 
1900, few method; were widely available apart from the 
traditional ones of withdrawal, douching, delayed rnarri-
age, breastfecding, and abstinence. A relatively unreliable 
version of the condom became available in the 19th Cen-
tury. In :ie l92(1s diaphragms with spermicides became 
available. The intrauterine device (IUD) was proposed in 

19 0 0the early s, but was not given serious consideration 
as an effective method until 1962. Initial human studies 
were conducted in 1957 for the use of oral contracep-
tives. Implants, injectables, and the vaginal ring are rela-
tively recent developments, 

In most developing countries, relatively effective 
method; of contraception are now predominant, while in 
a minority of countries less effective means are more 
commonly used. In Eastern and Southern Europe, tradi-
tional means-particularly rhythm and withdrawal 
(backed up by abortion in Eastern Europe)-account for 
about half of contraceptive practice, arid in France, for 
about 40 percent. In other parts of Europe and in North 
America, more modern methods are chosen by the 
majority of users, 

Son Preference 
Among the questions asked in 27 of the WFS countries 
was one concerning the preferred sex of the next child: 
"\Would you prefer your next (or first) child to be a boy 
or a girl?" Pregnant women were asked the question, as 
were those in the survey who wanted at least one more 
child (45). 

In the majority of countries surveyed, there was little 
or no gender preference. But in six countries, called the 
extrerie son-preference group, about five women wanted 
a son for every woman who wanted a daughter. In 
general, women in the Caribbean, Central America, and 
Africa had no stated preference for sons or daughters, 
while women in Asia and the Arab countries of the 
Middle East exhibited strong or moderate son preferences. 

To what extent does gender preference influence the 
number of children people have? Son preference appears 
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to elicit a positive fertility response (people have more 
children than they would otherwise have) in Korea, 
Malavsia, Nepal, Pakistan, Fiji, Mexico, Paraguay, ah~d 
Trinidad and Tobago. Where marital fertility is largely 
uncontrolled, an effect should not he possible no matter 
how strong the preference. In countries such as Pakistan 
ard Nepal, analysts hy'pothesize that unrecorded birth 
control, or reduced coital frequency, may be responsible. 
In Jamaica and IHaiti, dau!fhier preference may influence 
fertility (4I;). 

In countries where families are usually large, as in 
many African countries, the parents are liable to have 
both sexes represented among their offspring, and gender 
preference may not play a major role. 

India and China were not included in the World Fer
tility Survey, but it is known that a strong son preference 
exists in both countries. The results of the WFS thus rein
force the concept that son preference is a widespread
though by no means universal-attitude that in some 
cases influenc-s fertility behavior. 

Patriarchy and Fertility 
The WFS gender preference data have been analyzed in 
relation to patriarchal family structure using the age 
difference between husband and wife as the measure (47). 
Pat;iarchal societies are generaly characterized by a large 
age difference between spouses, the supremacy of the 
father in the clan or family, the legal dependence of chil
dren and wives, and the reckoning of descent and in
heritance through the male line. By relating the median 
age differential between spouses to total fertility rates, the 
study showed a positive relationship between high fer
tility and a strong patriarchal structure. Fertility reduction 
in such societies appears to be much more difficult than 
in non-patriarchal societies. 

Patriarchal structures have developed over thousands of 
years, (48,49,50) arid although weakened considerably in 
many parts of the developed world, they continue to ex
ert powerful influences over the lives of many women in 
the Third World. (See Box 2.3.) More research needs to 
be done to establish the mechanisms by which patriar
chal societies regulate fertility decisions (51,52,53). 

Male Attitudes 
Nearly all family planning programs are still formulated 
for women, but men are beginning to receive increased 
attention. However, the extent to which male views 
determine fertility decisions, and men's views concerning 
the number of children they would like to have, are still 
largely unknown. 

A recent study of men aged 18-54 in Santiago, Chile, 
found that most men in that urban area and a neigh
boring village felt that men and women shared equally 
in fertility decisions (54). This contrasted with an earlier 
study of white-collar males of Sao Paulo, Brazil, where 86; 
percent of the husbands felt the man was mainly respon
sible for determining the number of children (55). 

Although many observers have suggested that male 
dominance in Africa is partially resoonsible for high fer
tility rates, empirical data are scarce (56). There are, 
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Box 2.3 A \WaN Out For Women 

Whrre wori'O' liv,, ' I exit from poverty 
and livc uidch' a sIr .,,,: luri,]rrhi svsi, 
changes thaI would l.1'., iwrefinhem con-
trc. jver thecir own luvc. ,,.r.e not1ejaSil, 
introduced or acce.pted Ban ,!!desh is an 
example of suCh a societ' Yet the givern-
inent of Bangladesh see iis to have found a 
way. In 197,i a program was introduced to 
simultaneously provide an opportunity for 
rural women to engage if, ineome-gener-
ating activities and to priside thini with 
acces,, to Iformation on family planning, 
health, nutrition. and literacy training (tj. 

In rural Bangladesh, iiale dominance is 
established throutzfi control of material 
resources and twnugh a series of reinforcing 
elements throughout the societ,. Men hold 
almost all the positions of power, they domi. 
nate the political and legal instilutions, and 
legal protection of women is nominal. The 
religion of Islam calls for the sexual division 
of labor and in effect may be inferpreted as 
sanctifying male doninance 

When a Bangladeshi woman marries, she 
moves to where her husband lives, and has 
reduced contact with her own family 
Arranged niarriages and age differences 
between husband and wile of alxut ten years, 
on the average, place her in a subordinate 

position 


Women in Bangladesh are generaly sub-
jected to Purdah, whereby they are restricted 
to their home compounds, and are required 
to wear clothing that conceals both form and 
face. Thus if is not easy for them to work 
outside the home. and they are denied 

income-earning opportunities. However, they 

put in long hours of household work. 


Women are heavily dependent on their hus-
bands for support, and if the husband should 
die before the wife (as is usual, because of 
age differences between spouses), the woman 
becomes dependent onther son, Thus there is 
a strong incentive for a woman to produce 
sons, not only to please her husband and 
family, but to secure her own social and eco-
nomic future. Without sons to rely on, widow-
hood, divorce, or abandonment can leave a 
woman destitute. 

Parents consider sons necessary ', inherit 

and maintain control of land ci. Under Mus-

lint law a daughter can receive only one half 

the share of an inheritance received by a sort. 

Without a rnalh guardian, women run the risk 

of losing arinv land tfi(' do inherit 

About 90 percent of the people in Ban-
gladesh work in agricullure, and about 80 
percent of flt cultivable land is in production 
131.Children start working early. helping with 
household and agricultural tasks: (4)percent 

of the . and 9i
v)"s prt cint of the girls start 
working by the a'e of ten. and IA'!he age of 
12 nearly all of thii join the family labor 
force. CoITpIIlstir*v primary education would 
no doubt cha';Qe [tis pattern II. 

A government report published in 1981 indi-
cated that II percent of married women in 
Bangladesh were using som method of con-
traception at the time of the study (Ii An offi. 

In 	Bangladesh? 

cial family planning program has been in 
operation since 1962 i6), 

Til total fertility rate, though falling, is still 
hugh-6.15 during 198(-83-and the country's 
fiopulation growth rate for that period was 
2 74. In 1985, the estimated population was 
101million. By the year 2020 it may have 
more than doubled to 206 million, according 
to U.N. estimates (7). 
WOMEN'S COOPERAIVE PROJECT 

In 1974, the Women's Cooperative Project, a 
part of the govemment's Integrated Rural 
Development Program, started establishing 
cooperative associations for rural village 
women. Membersbip in a cooperative costs 
about ten cents, and women are tequired to 
deposit their savings weekly, attend weekly 
village cooperative meetings, and send 
representatives to a training and develop-
nient center every week. There they are 
provided with modem training, supplies, 
services, and improved family planning and 
health programs. Topics may include poultry 
raising, horticulture, hygiene measures, or 
loan policy. Once the village leaders have 
endorsed a local cooperative, the members 
are entitled to credit for individual and 
group economic enterprises (s). 

The cooperative decides who should receive 
loans as well as the size of the loans. Women 
have taken loans for the processing of mus-
tard oil, chili, tumieric, fist, and peanuts; the 
purchase of livestock and yrultry to raise and 
sell; the financing of small fiterprises such as 
pottery-making; or to buy 'water or lease land 
for cultivation (9).So far, demand has far out-
stripped resources. Repiyment rates have 
been very high, approaching 100 percent. 

From 1974-8-1, the women's cooperatives 
expanded to cover 100 of the 473 thanas (or 
administrative units) in Bangladesh. As of 
December 1984, the government program 

was assisting 1,700 cooperatives with 67,000 

members. Estimated project costs for the 

period 1980--85 are between $2 million and 

$2.5 million. 


The project had a population goal as well 

as an economic one. As described by its first 

director, the project was "based on the clear 

assumption that rural women are responsible 

people whose contraceptive behavior is part 

of their total response to their culture. The 

major effort of this project, therefore, has to 

be to explore ways to bring about changes in 
their culture, so that contraception could be 
an acceptable choice:' and to make that 
choice available to theit (i0. 

The Integrated Rural Development Program 
was seeking to slowly bring about fundamen-
tal changes in the lives of rural women, in 
which the decision whether to practice con-
traception is part of a comp!ex fabric involv-
ing econio ui' insecurity, social exposure, 
family prestige, and other factors in. 

Again, in the words of the project's 
founders, "the presence of 50 village women 
of varying ages, both unmarried and married, i 
in a classroom to learn about contraception 

and discuss their problems represents a great 
change in rural areas and offers an important 
opportunity for the government to reach a 
large number of rural women and to improve 
its services to them" 02). 

A July 1983 study indicated that 66 percent 
of all eligible cooperative members had 
accepted family planning. Those classified as 
"eligible" "-duded all women aged 15-44, 
married, dith husband present, who had not 
given birth in the last six months. This com
pares with an acceptance level of 34 percent 
zt a family-pLanning health services project 
that did not have an economic development 
component 13.141 

Although the 66 percent acceptence rate for 
the Women's Cooperative Project is an impres
sive accomplishment, the project goal is a fur
ther 25 percent increase in the number of 
women using contraception. Plans for the 
next five years call for an expansion of the 
program to double the number of women 
covered, and double the members' average 
income to $93. 
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however, some examples that contradict the stereotype 
that men want many children to prove their masculinity, 
are negatively disposed to family planning and unwilling 
to use birth control, and have little concern for the well-
being of their partners (57). 

A project sponsored by the government of Ghana in 
the early 1970s organized mobile family planning teams 
in the Danfa region north of Acca, the capital city. 
Traveling from village to village to provide birth control 
services, these units were supplemented by maternal and 
child health care centers and by primary care health 
workers in the area. 

Although originally intended as a program for women, 
it soon became apparent that half the clients were men. 
The men in the male-dominated Danfa society became 
more conscientious users than the women, and were per-
suasive advocates of contraception. Fertility was reduced 
in the Danfa area, and it was estimated that about half 
of the reduction was accounted for by the men's accep-
tance of contraception, 

Employment and Fertility 

World Fertility Survey data for 30 countries show that 
from home in the urban orwomei working away 

modern market economy, and those in higher-status 
occupations, had fewer children than other inwomen 
their iespective countries. Women in low-paying, low-
status jobs were likely to have fertility rates as high as or 
higher than women who had never worked. Womenof 
working in agricultural jobs also had higher fertility levels 
(58). 

In most of the developing countries surveyed, fertility 
was higher for women who had not worked snumbers 
marriage than for women who had worked at home or 
ofawaythe fromcountries,home.womenContrary to expectations,frominhomealmosthadhalfworking away 
higther ferity thanw ose work ad tmhome. hOther 

However, the relationship ertlityandworan isisbetween fertility workHoweertherelaionhipbetwen 

very complex one, for a variety of reasons. First, theaconcept of "work" differs considerably among countries. 
concpt f *'ork contres.difersconiderblyamog 

Fertility, family size, age, and other faciors affect the 

likelihood of participation in the labor force, and vice 
Versa. And finally, the distinction between "not working" 
veaAnd fworkinaly he disftn betwreden oria ded
and "working at home" was often blurred, perhaps due 

to differing cultuial definitions of "work." The WFS gener-
to the usual housework,work in additionally considered 

coun-was not clear, for in some
but even this distinction 
ties it included work on the family farrm a in others it 

stronger
did not (59). In industrialized countries th'!re i,; a 

and more consistent relationship between women's work 
and fertility, with working women having fewer children 

(CA).sion 
(60). 

Urban-Rural Differentials 

City life is evidently conducive to smaller families, ac-
cording to analysis of World Fertility Survey data from 29 
developing countries. Women in the study were catego-
rized as residing in one of three types of areas: major 
urban areas (cities with a population exceeding one mil-
lion, and capital cities), other urban areas, and rural 
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areas. The distinction between "other urban areas" and 
.rural areas" is unclear, as countries use different defini
tions. (See Chapter 2, "Human Settlements.") 

Nevertheless, the study showed that fertility rates in 
rural areas were higher than in urban areas in neatly all 
countries (61.62). In a few countries in Africa and Asia, lit
tIe difference emerged between rural and urban areas. 
The results were adjusted to take account of such factors 
as the women's age, education, age at marriage, work 
status, and occupation of husband. In some countries, as 
in Kenya and Venezuela, rural women bore 40 to 50 per
cent more chiljren than urban women. The only country 

where urban women were more fertile was Pakistan, 
where they produced 15 percent more children than their 
rural counterparts. 
Summary 

Fertility is an extremely complex behavior, influenced by 
dozens of factors. Recent research shows clearly that in 
addition to access tc effective means of contraception, 
cultural and socioeconomic change are important. In par
ticular, new opportunities for women-through education 

the family and outside theand a higher status within 

home-play unmistakable roles in lowering fertility.
 

MIGRATION
 
Over the past half century, the character of international
 
migration has changed. Where in the past the interna-


Euro
teonpeans mgawho s te wpi rl most migrantssettled in the New World, mde upgofnEuronow 

come from Asia and Latin America (63,64). 
Today, although the United States has taken increasing 

of immigrants, there are fewer permanent places 

migrants in the three other traditional imavailable for Canada, Australia, and New Zealand.migration countries: 
target areas have opened up for foreign workers, 

particularly in the oil-rich countries of the Middle East.Labor niigration to Western Europe was strong up to
 
th ber mirto to Durn juone da d o re th
 
theal190 6,r.Duigjsondcdmrehn
30 million foreign workers, primarily from Mediterranean 

to Western European countries, aftercountries, migrated 
a European Economic Community (EEC) regulation grant

member states the right to recruit migrant workers
from countries outside the EEC. In 1973, one seventh of 

the Western European labor force consisted ,s foreign 
workers. 

Theedt 
the oil crisis of13The economic recession that followed 

migrant workers returned home. The European host 

countries tightened their policies with regard to admissinomgrtwrksbtctnudoacetpmof migrant workers, but continued to accept perma
nent iminiLrants and refugees (67). One consequence was 

unillegal migration. Pressed by population growth and 
employment in their home countries, many migrants 
sought and found illegal means of reaching their goals. 
Overall, however, the flow of migrants to Western Europe 
since 1974 has remained relatively small (68). 

In Africa, large flows of refugees have constituted the 
major form of migration. Few African governments have 
accepted permanent migrants on any large scale, though 
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some Arab countries allow substantial numbers of foreign developing contries were added, the cost per user would 
workers (69). In Asia, there is currently very little im- probably be double that amount (73). 
migration for permanent settlement but there has been The costs of meeting the unmet need for contraception 
large-scale labor migration to West Asia. In Latin America have been estimated by the World Bank at roughly 
there is substantial intra-regional migration, much of it $1 billion in additional annual public spending (74). 
unauthorized. Venezuela is Latin America's major receiv- However, the number of women of childbearing age is 
ing country. increasing (from 500 million in 1980 to 700 million in 

2000) and a growing fraction is expected to want to use 

POPULATION POLICIES AND PROGRAMS modern contraceptives. If a "rapid" fertility decline to a 
total fertility rate of 2.4 were to be reached by the year 

When india included family planning in its First Five-Year 2000, the World Bank estimates that 72 percent of 
Plan for 1951-56, it became the first government in the married women of reproductive age in developing 
world to adopt a national family planning program. Since countries would have to be contraceptive users, up from 
then, the perceptions of developing country governments 40 percent today. The sum required for such a decline, 
have undergone an unprecedented change. Many govern- assu;ng tie 1980(! - er 'ier,would be $7.6 billion in 
ments that previously considered it unnecessary or even annual public spending by the year 2000, an increase in 
harmful to introduce population policies have reversed real terms of 7 percent a year (7). 

their positions as the impacts of population growth on 
socio-economic development have become apparent. By RICENT DEVE I rPMENTS 
1984, 80 of the 126 developing countries had official 
family planning programs, according to one estimate. In THE INTERNATIONAL CONFERENCE ON 
addition, 14 other countries indirectly supported family POPULATION 
planning information through private or semi
governmental agencies (w0). One of the indicators of the increased commitment to 

Most developing country governments finance about population programs was the remarkable international 
half the cost of family planning programs in their consensus that characterized the August 1984 Internation
countries, with external assistance providing the baiance. al Conference on Population, held in Mexico City. In con-
In China, the government finances nearly all the cost of trast to the first World Populatign Conference, held in 
its program, and India finances 80 percent of its program. Bucharest in 1974 at the urging of the developed nations, 
(These two countries together account for nearly 40 per- the Mexico City meeting was convened at the request of 
cent of the world's population.) the developing countries, several of whom vied for the 

In 1980, China spent about $1 and India spent about privilege of hosting it. Wherea,, at Bucharest-a meeting 
30 cents per capita on population programs. Other de- marked by major confrontations between developed and 
veloping countries for which data are available spent developing countries-key developing countries argued 
within this range. If other developing countries were that "development is the best contraceptive:' at Mexico 
spending equivalent amounts, the total for the Third City virtually no one questioned the principle that popu-
World at that time was about $2 billion. Overall, the lation policies and programs are integral elements of eco
amounts spent, in rciation to other government outlays nomic development. 
are tiny: less than ! percent (71). The policy position adopted by the U.S. delegation 

Population programs also account for only about 1 per barely fit within this consensus, even after much com
cent of external assistance funds, a mere $500 million, promising between U.S. conservatives opposed to popula-
During the 1970s, external assistance increased by about tion control programs aid elements within the U.S. 
6 percent a year, but it fell by 3 percent in 1980 and by Government traditionally supportive of Third World 
6 percent in 1981 (72). The United Nations Fund for Popu- family planning programs. While arguing that interference 
lation Activities (UNFPA), a major source of external assis- with free markets-not population growth-was the 
tance, is troubled by uncertainties regarding contributions source of economic problems in the Third World, the U.S. 
by the United States, traditionally UNFPA's largest donor. policy statement did agree that rapid population growth 
(See "Recent Developments:' below.) compounds already serious economic and social 

Private suppliers provided about a quarter of family problems. It affirmed U.S. support for voluntary family 
planning services; in some countries or regions-such as planning programs in the Third World as an ingredient in 
Korea, and Latin America-they play a more dominant a comprehensive effort to address root causes of poverty, 
role. but announced that the United States would not support 

Taking into account all public spending on family plan- coercive population control programs nor provide as
ning in developing countries-including spending for con- sistance to multilateral or nongovernmental organizations 
traceptive services; program administration; information, that perform or promote abortion. 
education, and communications activities; research and However, the U.S. position appeared to have made little 
evaluation; and personnel training-the per capita cost impact on the set of 88 recommendations adopted by the 
averages about 70 cents a year. Howe'er, only a small representatives of the 146 governments participating in 
percentage of Third World people-most of them in India the conference. It is even possible that the controversial 
and China-use contraceptives, so the average cost per U.S. position made it easier for many nonaligned coun
user is higher: about $11.If private expenditures in all tries to subscribe openly to the principles and approaches 

WCLDflESOURCES 9M 

23 



laid out in a strengthened "World Population Plan of Ac-
tion." The same dynamic may have been at work in July
1985 at the International Women's Conference in Nairobi 
where Third World women aggresively challenged 
western anti-abortion and natural family planning activists 
and reconfirmed the major recommendations of Mexico 
City on family planning and the status of women. (See
Chapter 1,"Food and Agriculture:' Recent Developments.)

The recommendations of the Mexico City conference 
affirmed that governments have a responsibility to make 
universally availabie the informnation and means for 
couples and individuals to make decisions about the 
number and spacing of their children. The conference 
also deplored coercion, and agreed that abortion should 
not he promoted as a method of family planning.

A full section was included in the recommendations on 
measures needed to protect and enhance the status of 
women, and special attention was urged for maternal and 
child health care. Other recommendations covered inte-
grated development strategies, the importance of non-
governmental organizations, the rights of migrants, and 
programs for the elderly and youth. As summarized in 
the Declaration of Mexico, the deliberations of the 1984 
Population Conference were a high-water mark in the 
30-year struggle for worldwide population awareness (76). 

POLICY SHI IN THE UNITED STATES ANDELSEWHERE 

Within the United States there has been a perceptible
slackening of traditional support for international popula-
tion programs. Although the U.S. Coiigress steadily in-
creased funding for U.S. population assistance from $190 
million in 1981 to $290 million in 1985, budget levels for
1986 and 1987 are likely to decline. 

In December 1984, the U.S. Agency for International
Development (U.S. AID), in keeping with new U.S. anti-
abortion policies announced at Mexico City, ended its 18 
years of support for the International Planned Parenthood 
Federation (IPPF). The $17 million in U.S. cash contribu-

tions and contraceptive commodities represented 
one 

quarter of IPPF's budget. Plans for new national family

planning programs, including 13 new affiliates in Africa, 

were canceled, 


Early in 1985, U.S. contributions to the United Nations 

Fund for Population Activities also came under attack be-

cause of UNFPA support for programs in the People's

Republic of China. The U.N. Fund for Population Activities 

is the largest source of multilateral assistance to popula-

tion programs and operates in over 100 countries. The 

U.S. Agency for International Development withheld $10 
million from a $46-million contribution pledged to UNFPA 
and earmarked by Congress. In 1985, Congress prohibited
U.S. support for any organization that "participates in the 
management of a program of coercive abortion or in-
voluntary sterilization" Future U.S. contributions to UNF-
PA' are in jeopardy, as are contributions to other 
organizations with programs in China and in some halfdozen othe, countries where accusations of coercion 
have been made.

Other policy shifts are gradually changing the profile of 
United States population assistance abroad. As longtime .... 
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grant agreements with major nongovernmental family
planning organizations come up for renewal, U.S. AID is 
insisting on new contract language. Some organizations
have signaled that they cannot comply and will fall out 
of the program. Such private groups work in somenow 
70 countries, compared to direct U.S. government-to
government programs in only 30 countries. Private sector 
programs are also generally more innovative and cost
effective. Since 1981 U.S. .. ID has also increased 20-fold 
(from $400,00(0 to $8 million) its support for natural fami
ly planning-nethorls that rely on sexual abstinence for 
up to half the menstrual cycle. These programs have 
been exempted from U.S. AID's longstanding requirement
that family planning services describe all available con
traceptive choices. 

Outside the United States the general trend has been a 
strengthening of government commitment to population
and family planning programs. Other donor nations such 
as Germany and Japan have steadily increased their ex
ternal assistance for population, despite level funding for 
other sectors in some cases. In 1985, a few western 
donors consciously sought to make up part of the short
fall resulting from U.S. cuts to IPPF and UNFPA. Among
the developing countries, Indonesia, Thailand, India,
Pakistan, Bangladesh, Egypt, Sudan, Kenya, Nigeria, Mexi
co, Brazil, and at least a dozen others, are moving to expand and strengthen family planning services.

But there are also signs that population programs may 

soon be in political trouble in a number of countries, for 
some of the same reasons that have caused debate in the 
United States: the resurgence of religious fundamentalism;
public concerns over abortion, sexual promiscuity, and 
threats to the family; questions about contraceptive safe
ty; and a backlash against population control programs 
perceived to violate individual rights.

The examples are mounting. In 1985 Sweden withdrew 
from the World Bank donor consortium for Bangladesh's
population program, citing objections to incentive pay
ments for sterilization and insufficient attention to pri
mary health care. Conservatives in Great Britain and 
Canada have threatened to withdraw support by those
countries for the International Planned Parenthood Feder
ation over the abortion issue and services for adolescents. 

In a number of developing countries indigenous anti
family planning movements are also on the rise, some
times aided by organizations based in western countries.
 
In Mexico, Guatemala, Peru, El Salvador, and the Philip
pines, conservative Catholic groups have chaiienged

national family planning programs with mixed results. In
 
Egypt, Iran, Sudan, and Pakistan, Moslem fundamentalists
 
have moved against both family planning and recent 
measures to improve the status of women. Opponents of 
family planning argue that western donors are dumping
dangerous contraceptives on unsuspecting Third World 
women and promoting population control in order to 
contain the growth and power of non-white populations. 

RECENT TRENDS IN INFANT MORTALITY 

The 1980s have been harsh years for vulnerable popula
tions, and especially hard on infants and children, whose 



survival often depends on the availability of medical care 
for 	mother and child in the critical months before and 
after birth. In a broader sense, it also depends on eco-
nomic conditions th,,affect pregnant and nursing
women's nutritional status, the availability of adequate 
housing and water supplies, and the stability of house-
hold incomes. On all counts, conditions have deteriorated 
in many parts of the world. 

Throughout most of sub-Saharan Africa, per capita food 
supplies and household incomes have fallen. In most of 
Latin America, the debt crisis has forced severe economic 
retrenchment that has reduced per capita incomes and 
government spending for public health and welfare. Even 
in 	 industrial countries such as the United States and the 
Soviet Union, economic conditions and shifts in govern-
ment programs have atiected infants' chances for survival (77). 

Thus, throughout much of the world, the slowdown in 
the pace of infant and child mortality improvements that 
was already evident in the 1970s has appareintly con-
tinued into the 1980s. From the 1960s to the 1970s, the 
gains in infant mortality decelerated somewhat by com-
parison with the previous decade. The change was cen-
tered in Latin America, but was also evident in Africa 
(78). Events in China, as well as in the rest of Asia, ran 
markedly counter to this trend. Subsequent analysis has 
suggested that only part of the observed slowdown can 
be explained by the slower pace of developing countries' 
economic growth in the later period. The rest must be 
attributed to a marked decline in mortality improvements
unrelated to improvements in income, literacy, and food 
supply (79). Throughout the earlier postwar period, these 
gains, due mainly to better medical services and technol-
ogies, had been responsible for as much as half of the 
overall improvement in infant and child mortality. How-
ever, in the 1970s this trend decelerated by as much as 
two thirds. 

Although there are not yet sufficient data to assess the 
situation in the 1980s comprehensively, recent estimates 
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3. Human Settlements
 

For more than 200 years, the world's population has 
tended to concentrate in a relatively small part of the 
earth's surface-in towns and cities. But the pace of this 
process-called urbanization 0--has accelerated sharply 
during the 20th Century. In 1985, urban dwellers corm-
prised an estimated 41.6 percent of the world population, 
compared with 33.6 percent in 1960 and 13.6 percent in 
1900. During the past 25 years, virtually all countries 
have experienced an increase in the proportion of the 
population living in urban centers. 

Another gauge of the extent to which urbanization is 
increasing is the number of major cities. In 1980, there 
were about 230 cities with a population of I million or 
more, compared with only 13 in 1900. (See Figures 3.1A 
and 3.111) In most Third World countries, the urbaniza-
tion of the past few decades has been concentrated in a 
few key metropolitan areas or "core regions" These not 
only contain a significant proportion of a nation's popula-
tion, but also dominate the national economy, often to 
the detriment of residents of outlying areas. The mush-
rooming populations of the major urban centers can over-
whelm a developing country's ability to provide heiusing, 
sanitation, and other important services. A common 
side effect of increasingly crowded conditions is severe 
pollution. 

While urbanization has been the most significant fea- 
ture of trends in the distribution of the world's population 

during the last century or so, a global view of this 
phenomenon can obscure the tremendous diversity in 
patterns of human !;etlement and the complicated mix of 
local, regional, national, and international factors that un
derlie these patterns. (See Figures 3.2A, 3.2B, and 3.2C.) 
Changes in the countries of the Third World, for exam
pie, are often markedly different from those taking place 
in First World or Second World nations. (See Table 3.1.) 
And even within the Third World, the type and degree 
of changes can vary greatly among nations, as well as 
among the cities and regions of a single nation. 

Re.,2arch on human settlements is often further coii:pli
cated by the lack of data needed to assess changes in 
population distribution. Comparisons are also handi
capped by data inconsistencies. For example, each nation 
has its own criteria for an "urban center," and differences 
in the criteria limit the validity of most international 
comparisons of levels o! urbanization or growth rates of 
urban populations. (See Box 3.1.) Furthermore, definitions 
of metropolitan areas vary considerably, as do definitions 
of the central city in a metropolitan area (2). 

This chapter focuses primarily on urbanization and on
ly briefly discusses trends and conditions in rural areas, 
where the majority of the world population still lives. 
Human settlements for the world's rural population will 
be analyzed in depth in World Resources 1987. But 
because the urban system can be so extensive that it 
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Figure 31A Major Cities of the World, 1900 
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Source: V. Showers, World Facts and Figures (John Wiley and Sons, Chichester, New York, Brisbane, and Toronto, 1981). 

greatly influences conditions in rural areas, addressing
rural and urban trends as completely independent of 
each other is inappropriate, 

RURA.LURBAN INTERDEPENDENCE 
About three out of five people in the world live in rural 
areas, 'he vast majority in Third World nations, par-ticularly those in Africa and Asia. InAfrica, the rural 
population accounted for about 70 percent of the total 
population in 1980; in Asian Third World nations the 
rural population comprised about 75 percent of the total. 
(See Table 3.1.) The countries of Latin America tend to 
be relatively urbanized, more closely resembling the na-
tions of the First and Second Worlds. 

While urban centers continue to attract larger and 
larger portions of the population in most nations, the 
process of urbanization has ceased in some First World 
countries. In some regions of the United States, urbaniza-
tion has given way to "ruralization" (3). Between 1970 and 
1930, the rural and urban populations of the United 
States grew at equal rates, but in the i:.'ustrialized North-i 
east the percentage of people living ip.urban areas and 
the total urban population actually declined. An analysis 
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of the reversal of urbanizetion in the United States sug
gests that one of the mLjor factors fueling rural popula
tion growth is the creation of new jobs, which are being 
added as rapidly in rural areas as they are in urban 
areas. This population growth in outlying regions has 
resulted inareas being reclassified from rural to urban (4)

Despite rapid urbanization in many Third World na
tions, the rural population of the Third World has grown 
substantially-from 1.5 billion in 1920 to 2.5 billion in 
1980-and it is projected to reach 3 billion by the year 
2000 (5). A significant proportion of this rural population 
lives in poverty. According to an analysis of 68 develop
ing countries by the Food and Agriculture Organization
(FAO), the incomes of about half the 1.34 billion people 
living in the rural areas of these countries fell below the 
poverty line in 1980 (6). Nearly two thirds of the rural 
poor were concentrated in the Far East. 

The FAO estimates that nearly 60 percent of the peo
pIe in the Third World make their living from farming (7m,
compared, for example, with less than 5 percent in the 
United States. Of the 1.3 billion people involved in 
agricultural production in developing countries (excluding
China), about seven of every ten either farm small 
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Figure 3.1B Major Cities of the World, 1980 
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Figure 3.2A Distribution of World Population 

in Cities of More Than 100,000 Inhabitants, 
1980 

C3 Firt World 

W,!rrtii 
Europe 

N il 
Amec. 

r-
1-

scond World 
Third World 

J~ipan 

AustraliaOthers 
& New Zealand 

S_ 

Erp
Asi aatr 

N t Sub-
Ncthern Africa 

CntralFAO 

China Soutlh America. Mexico 
America & Caribbean 

Figure 3.2B Distribution of World Population 

in Cities of More Than I Million Inhabitants, 
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holdings or are landless laborers (M),and the number of 
pe,)ple in these two categories is gr',wing. 

Ownership of agricultural land in latin America tends 

to be concentrated in a relative handful of very large 

More than 80 percent of the 
estates, or "latifundia? 

seven South American countries
agricultural land 'm 

Ecu a dor. Peru, Surina me, Uruguay, and
(t3razil, Colombia 

more 	 that, 50 hectares. OnlyVenezuela) i:, in holdings of 
2 percent of the farmland in these countries is in holdl
ings of less than five hectares, even though these small 
parcels constitute between 14 percent and 81 percent of 

on the country (9).all agricultural holdinus, depending 

In Asia, by contrast, about 7 percent of the farmland is 

in iroldings of more than 50 hectares; about 45 percent 
of the land is in parcels of 5 hectares or less, which 
constitute 90 percent of all agricultural holdings 00). The 

recently noted that the "high concentration of 

land holding- continued in many developing countries, 
especially in Latin America, and was associated with a 

high dlegree of rural poverty" (iI). 
In many regions of the Third World, the relative pov

erty of rural life and the concentration of employment 
have spurred migrationopportunities in the urban centers 

from rural areas. Lured by the prospect of work and a 

standard of living, rural migrants usually account 
for a large proportion of annual population grcwth in the 

cities 	 (12), although the proportion varies considerably
 

one urban center to another.
 

The policies of Third World governments often give
 

priority to urban areas, thereby encouraging rural to
 
urban migration. Many governments set food prices at
 
artificially low levels in an attempt to avoid social unrest 

the cities. As well as reducing the cost of living in 

areas, this practice also reduces the profitability ofurban 
agriculture. These factors work together to attract people 

to urban centers. Investments in infrastructure (e.g., roads, 
sewers) and other construction projects ate usually con
centrated in urban areas, as are government efforts to 

encourage industrial development. 

CONDITIONS AND TRENDS 

URBAN SETTLEMENTS IN THE THIRD WORLD 

Over the past several decades, the most striking demo
graphic feature of most of the 120 or so Third World 

nations has been the rapid population growth of urban 
areas. (See Figures 3.1A and 3.11.) Rapid urbanization 

has been sustained by the combination of high rates of 
;also respnsiblenatural population increase (which are 

for the absolute population increases in rural areas) and 

rural-to-urban migration. The relative contribution of each 
to urban population growth varies, but in the majority of 

cities natural increases are the primary contributing fac
sources are intertwined, for a largetor. However, the two 

proportion of those leaving the countryside are in their 
reproductive years and therefore may be partly responsi

ble for the high rates of natural population increase in 

urban centers. 
In many nations, urban population growth has not 

been uniform. Many, if not most, of the migrants from 



rural areas have been settling in one or two major cities, Trends in Latin America exemplify the general relation
which are the hubs of economic activity. (See Box 3.2.) ship between levels of economic development and levels 

The increasing concentration of people in urban centers of urbanization found in most non-communist countries 
has strained the capacity of most governments to provide of the Third World. Between 1960 and 1982, the 
basic services. Illegal settlements are common, and short- economies of Mexico, Colombia, and Brazil were among 
ages of adequately paying jobs have created large pockets the most rapidly growing in Latin America; these coun
of urban poverty. In addition, levels of air and water tries also experienced the greatest increase-between 
pollution in the urban centers of the Third World often 17 and 24 percent-in the proportion of the population 
surpass those of the heavily industrialize:d regions of the living in urban areas. In contrast, economic growth was 
First World. (See Box 3.3.) Almost without exception, city slow in Argentina, Uruguay, and Chile, and the pace of 
governments lack the personnel, resources, and power urbanization in these "southern cone" nations was 
even to begin addressing these problems, and national modest during this 22-year period. 
governments tend to give low priority to the living Other factors apart from economic activity may be 
conditions of the urban poor. contributing to the slowing of urbanization in the 

Although urbanization has been widespread in the southern cone nations. With about 36 percent of the 
Third World, its manifestations vary among countries, as population living in cities with a million or more 
do its causes Moreover, generalizations about population residents, Argentina, Chile, and Uruguay are among the 
movements mask recent changes that suggest a decelera- most urbanized countries in the world. The highly con
dion, and perhaps a reversal, of the concentrated growth centrated populations in these countries, as well as in 
of some dominant urban centers. southern Brazil, result from events that began during the 

late 1800s and early 1900s, when the coasts of South 
America were the primary destinations of EuropeansLatin America 
emigrating to the continent. The system of land tenure 

With 65.3 percent of its population living in cities in oracticed in South America discouraged settlement in 
1980, Latin /',rneuica is the most urbanized of the three rural areas, as did the poor transportation network. 
regions of the Third World. In 1985, four urban centers Investment was concentrated along the coast, stimulating 
(Mexico City, Sao Paulo, Rio de Janeiro, and Buenos development of industry and its supporting infrastructure-
Aires) had populations exceeding 10 million, placing them ports, railroads, and urban services. Consequently, the 
among tl,2 world's 15 largest urban agglomerations. In populations of Buenos Aires and Rosario in Argentina, 
all, one in four Latin Americans lives in a city with a Sao Paulo and Rio de Janeiro in Brazil, and Montevideo 
population of at least 1 million, in Uruguay swulled during the late 1800s and early 

Table 3.1 Distribution of the World's Population in Urban Areas by Region, 1960 and 1980 
Population Population Population In Cities Population In Cities 
(millions) In Urban Areasa with 100,000+ Residents with 1 million+ Residents 

(percent) (percent) (percent) 
1960 1ti80 1960 1980 1960 1980 1960 1980
 

Third World 
Africab 18.4 28.7 
Eastern Africa 76.0 136.7 7.4 15.7 27 8.4 0.0 3 1 
Middle Africa 34.9 54.6 18.2 34.4 7.1 187 0.0 9.7 
Northern Africa 65.1 108.2 300 44.1 19.9 250 97 146 
Southern Africa 208 32.8 42.2 49.2 22.8 23.0 6.3 13.0 
Western Africa 80.7 143.8 134 22.8 56 15.8 00 55 

Latin Americab 49.3 65.3 
Caribbean 20.4 29.5 38.7 52.3 19.1 28.8 7.1 156 
Central America and Mexico 495 92.3 46.7 60.7 23.1 37.2 10.5 22.6 
Tropical South America 116.1 1960 46.1 65.8 24.7 41.5 14.3 26.2 
Southern Cone of South America 30.7 42.3 72.7 82.4 46.7 54.2 32.7 35.9 

Aaa b 20.6 26.6 
China 667.3 1,002.8 16.8 20.3 11.4 11.0 6.6 7.0 
Other East Asia 39.7 63.0 36.3 60.4 26.1 49.1 15.9 32.1 

(not including lapan) 
South Asia 864.5 1,408.2 18.3 25.4 9.7 15.9 4.0 82 

Second World
 
USSR 214.3 265.5 48.8 63.2 25.6 36.2 6.0 140 
Eastern Europe 116.7 134.9 44.5 56.3 19.5 264 8.0 104 

First World 
Western Europe 3084 3491 666 76.8 42.9 48.2 22.6 257 
North America 1987 251 9 699 738 49.5 563 28.7 34 7 
Japan 94.1 1167 625 762 305 456 21 7 27.0 
Australia and New Zealand 12.7 179 798 858 548 69 1 31.7 470 

Worldc 3,013.8 4,453.2 33.6 39.9 19.9 24.7 9.9 13.6 

Notes: 
a Percentages in this coiumn are not comparable due to use of different definilons of an urban ppulahon in each Co.intry 

ificiunced nations Within each of the African. used by the Unledb Counlries in list of Amnican and Asan cateonen are the same as those Naons Europe is otvied into tIvl caltegoyes Eastern 

Europe (Albania Bulgara Czecnosiovali, German Democrtalc Repit.c vurioif Polanio Romlna an, YugosJa.ora) arid Vesten Europe (al olher coutries)r 
c Coimns (to not aOo to eviU totasS .e f,.lutes have bee'i rounded and Mearesa and Micronesa w,-'re not iincluded 
Source: united Natons (UN Estnsematees On ono et LUof Population5 The Nem York 1965)r Rura; ari Ci i 950.0?5 1982 Assessment (UN. 
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Box 3.1 The Myth of International Urban Comparisons 

onipansions of nationad levels of urbanization 
lit proxortion of thit population livin in 

ellsor ietroloilitan areas) can he more 
ieceiviig than informative. For example, us-
ing its definition of "urban tinter' India is 
largely a roral nation, with only 24 per ent of 
its own pofpulation residing in cities in 1981. 
Ir contrast, li-ru, by its own definition, is 
much more urbanized than India. According 

to U.N. figures for 19,, about two thirds of 
the people inI Peru live in cities. Were India to 
;ise leu's definhriru of urban center-a settle-
ment with at least I10)occupied dwellings--it 
would immediately become one of Asia's most 
urbanized nationm Using this definition would 
also significantly change urbanization statistics 
for Asia, btecause India is the continer. 's se'-
onid most populous nation. 

Obviously, India and Peru use vastly ff-
ferent criteria to classify cities, towns, ano 
villages. According to the Indian government, 

an urban center has 5.0X) or more in-
habitants arid, in addition to fulfilling ether 
criteria, MUSt have all adult male population 
that is employed predominantly in 
nionagricultural work. Most natioins use 
poipulation thresh,'. , to identify urban 
centers. but these threst iods range front I(1) 
to 50.1) inhabitants. Some natioi.s do not 

even consider population size; but instead, 
identify urban centers as those settlrmncrits 
that have been designated as municipalities or 
centers of local government. As a result, com-
parisons aiong nations often contain little 
meaningful information, 

Art alternative to using national estimates 
of levels of urbanization is to compare per-
centages of total populations in cities with 
I(1),1)0 plus or I million plus residents. Here 
the same criterion is used for each country, 
but comparisons made ont this basis also pose 
problems. They often employ U.N. statistics 

(used for hble 3.1, main text), which may be 

extrapolated from older data because many 
ii'iirs have nut taken censuses in recent 

years. 'hese extrapolations rarely identify 
cities with population levels of l(t0,t)ll) or I 
million since the last census. It is unlikely, for 
example, that China, the world's must 
Ipiiius udtion, L].s only one city with a 

piopulatiin of 100,000 to 249,999 residents, as 
reported by the United Nations in 1985. U.N. 
figures are often at odds with those reported 
by other sources In addition, the U.N. data 
drawn from the report on which Table 3.1 is 
based greatly overestimate tile proportion of 
many small nations' or territories' populations 
living in cities of 100,0X) or more inhabitant& 
For these reasons the data On urban popu
lations in this chapter supplement the U.N. 
data with national censuses and independent 
analyses where possible

1900s, with rates of growth exceeding those experienced 
during recent decades, 

A high proportion of Latin America's industry is con-
centrated in relatively few "core-regions." Three of the 
most prominent are the La Plata/Buenos Aires/Campana/! 
Zarate/San Nicholas/Rosario/San Lorenzo region in 
Argentina, the triangle of Rio de Janeiro/Sao Paulo/Belo 
Horizonte in Brazil, and Mexico City,/Toluca/Cuernavaca/ 
Puebla/Queretaro in Mexico. Although the general trend 
ir Latin America's large cities has been for much of the 
new and expanding industry to be within or near city 
centers, in recent years industrial and commercial 
employment has grown more rapidly outside the inner 
cities. Some central cities have been growing more slowly 
than suburban rings (or even losing population), and 
some cities beyond the commuting range of the largest 
centers have grown more quickly than the metropolitan 
areas. 

The central city, or Federal District, of Buenos Aires, 
for example, lost population during the 1970s, while the 
rest of the Greater Buenos Aires Metropolitan Area ex-
perienced a population increase of 30 percent. Overall, 
however, the metropolitan areas share of Argentina's 
population increased only 0.1 percent during the 1970s, 
compared with 2 percent during the previous decade. 
Population growth is slowing in Peru's Lima-Callao area 
as well. With an estimated 4.4 million inhabitants in 
1981, Uma-Callao was among the slowest-growing urban 
centers with 50,000 or more residents, according to 
figures for 1972 to 1981. 

The rate of population growth in the central city of 
Sao Paulo has been eclipsed by the increase in the sur-
rounding metropolitan area and, more recently, in cities 
outside Greater Sao Paulo 03). Comparable trends are 
evident in the Mexico City Metropolitan Area. A!though 
its population continues to increase, the Federal District 
has declined in terms of its share of the total population 
of the Mexico City Metropolitan Area. Relative declines in 
the Federal District's population, as well as in its share of 

the metropolitan area's industrial and commercial activity, 
are expected to continue (14). Moreover, various cities 
near, but not within, the metropolitan area grew more 
rapidly during the 1970s than did the metropolitan area 
itself. Although Mexico City continues to be the primary 
target of rural-to-urban migration in Mexico, evidence 
suggests that its attractive power has diminished some
what. Between 1940 and 1950, 49 percent of all migrants 
moved to Mexico City; during the next decade, the figure 
dropped to 42 percent (15). 

Contrasting with "he pattern of urban growth in the 
rest of Latin America is the situation in Cuba. Since the 
mid-1960s the proportion of the urban population living 
in Havana, the capital and much the largest city, has 
declined. This decline is largely the result of both the 
agrarian reform implemented after the revolution in the 
late 1950s and government efforts to stimulate economic 
and social development outside i!avana. Postponement of 
new housing and infrastructue inN estments in Havana 

' 	 has also contributed to the dclip! of the city's economic 
and demographic dominance (V5). 

Asia 

Aggregate statistics always mask diversity-a limitation to 
bear in mind when considering population distribution in 
Asia, where over two thirds of the population lives in two 
countries: China and India. Overall, Asia is less urbanized 
than Latin America, but it does contain nine urban 
centers with 5 million or more residents: three in China, 
three in India, and one each in South Korea, Indonesia, 
and the Philippines. 

During the 1960s and 1970s, urbanization proceeded 
most rapidly in the resource-rich and more economically 
advanced nations of Asia. Saudi Arabia, South Korea, and 
Iran underwent the most dramatic transformations; the 
urban proportion of their total populations increased a 
third or more between 1960 and 1982. In Saudi Arabia, 
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mucth of this change is attributed to immigration, includ- In China, population movements are greatly influenceding a large influx of temporary workers. In Bangladesh, by the government. Between 1961 and 1976, for example,Nepal, Burma, India, and other poor Asian nations, the the country underwent government-imposed de-urbanpace of urbanization was much slower even though some ization, through forced resettlement and strict control ofof these countries, including Banglade.,,h and Pakistan, access to jobs, housing, and food. During this period,registered substantial increases in manufacturing output peasants were recruited to work in industry, but theirduring the last two decades. dependents were not allowed to live with them in theirA mix of demographic changes is occurring in India, city of employment, a practice that was used by colonialalthough ir is not readily apparent in national data. governments in sub-Saharan Africa. Since 1977, however,Among India's 12 cities with a million or more inhabitants China's urban population has grown rapidly, with rural-toas of 1981, ziicknow, Kanpur, and Calcutta appear to be urban migration playing a larger role than natural increase.experiencing net out-migration, but Bangalore has been The Chinese government has officially sanctioned thegrowing rapidly. Patterns of urban population growth in return to urban aeas of the millions of people who hadIndia, unlike those elsewhere in the Third World, seem to been removed to the countryside during the previous
be less tied to the large urban centers. For example, a period 09).
demographic study of cities in a relatively rich, urbanized 
region and cities in a relatively poor, largely rural region Afica 
found no clear correlation between the size of urban 
centers and their rates of growth (17). During the 1970s, Africa has long been the least urbanized of the world'sIndia's fastest growing cities were those with a population continents, despite a rich and varied (although poorlyof less than 500,000 in 1971. Many of these cities, which documented and often poorly understood) urban historytended o be state capitals, mining centers, or single in- ilat stretches back centuries in many nations. Its largestdustry towns, were located far from India's most densely city is Cairo in Egypt, which, according to some sources,populated regions. Other signs of deconcentrating urban had more than 10 million inhabitants in 1985; Lagos inpopulation were evident in such large metropolitan areas Nigeria is the second largest urban center, with an as Bombay, Calcutta, and Hyderabad. Cities outside, but estimated population of 5 million in 1985 (2o).near, these metropolitan areas have been growing more In the majority of sub-Saharan nations, at least 75 perrapidly than the central cities (i8). cent of the population lived in rural areas in 1980, and 

Box 3.2 City Primacy within National Economies 

Abidjan (Ivory Coamt): In 1978, some 70 
percent of all ecotomic and commercial 
transactions were said to take place in Abid. 
jan, which contained around 15 percent of 
the national population, 

contains about 25 percent of the national 
population, 

Manila (Phlilippines): The metropolitan 
area produces one third of the nation's GNP, 

within Port au Prince. It monopolizes all 
urban economic activities. The centralized 
political and administrative system and 
devlopment policies geared to the manufac
turing sector have contributed to this situa-

Bangkok (Thailand): The metropolitan 
area contained 86 percent of gross national 
pnouct (GNP) in banking, insurance, and 
real estate, 74 percent of manufacturing, 61 
percent of government expenditures in 
public administration and defense, and one 
third of national gross domestic product 
(GDP) in the earl' seventies. At that time, it 
had 10 percent of the national population, 

Lagos (Nigeria): In 198i the metropolitan 
area handled over 40 percent of the nation's 
external trade, accounted for over 57 per-
cent of total value added in nanufacturing, 
and contained over 40 percenit of highly 
skilled manpower It contains about 5 per-
cent of the national population, 

Lima (Peru): ht- metropolitan area ac-
counts fur 4:1 percent of GDP, four fifths of 
bank credit and consumner goods production, 
and niore than 90 percent of capital goods 
production in Peru. Itcontained about 27 
percent of the nalional Population in 1981. 

Managua (Nicaurngua): A report in 1983 
suggests that enti rpriss in Managua ac-
count for 38 pxercent of the nation's GDP It 

handles 70 percent of all imports, and con-
tains 60 '-orcent of all manufacturing 
establishments In 1981, it contained about 
13 percent of the national population. 

Mexico City (Mexico): In 1970, it con-
tained 30 percent of total emplovment in 
manufactiring, 28 percent of employmen! in 
commerce, 38 percent of employment in 
services, 69 percent of employment in na-
tional government, 62 percent of national 
investment in higher education, and 80 per-
cent of research activities. In 1965, it con-
tained 44 percent of national bank deposits
and 61 lercent of national credits. In 1970, 
it contained about 24 percent of the na-
tional population, 

Nairobi (Kenya): In 1975, it contained 57 
percent of all Kenya's manufacturing 
employment and, in 1974, 67 percent of its 
industrial plants. By 1975, Nairobi and its in-
dustrial satellite, Thika, contained 61 percent 
ol all industrial wage employment. In 1979, 
Nairobi contained 5 percent of the national 
pepulation. 

Port au Prince (Haiti): Approximately 40 
percent of the national income is produced 

tion. Only some 14 percent of the national
population lives there. 

Rangoon (Bisriua): Located al the center 
of the national transport and communica
tions network, Rangoon is the economic, 
political, and administrative heart of Burma. 
It is the dominant tertiary service center, 
and virtually all the import and export trade 
passes through its port. More than halt the 
national manufacturing industry is said to be 
located there. In 1981, it contained 6 per
cent of the national population. 

Sio Paulo (Brazil): In 1980, Greater SAo 
Paulo contributed over 40 percent of Brazil's 
industrial value-added manufacturing and 
one quarter of net national product. In that 
same year. it contained about one tenth of 
the national population. 

Source: Adapted from Table 2 in J.E. Har
doy and D. Satterthwaite, "Government Pbli. 
cies and Small and Intermediate Urban 
Centres." in Small and Intermediate Urban 
Centres: Their Role in Regional and Na. 
Ironal Dev'elopment in the Third World, J.E. 
Hardoy and D.Satterthwaite, Eds. (Hodder 
and Stoughton, London, 1986). 
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3 
most were wor!;ing inagriculture. Despite their largely 	 significant part of the influx. By 1967, the imbalance be

tween the sexes had been reduced to a ratio of 1.2:1 (24).
rural character, many of these nations offer the most 

out as
striking examples of urbanization in recent decades. For Trends in the country of South Africa stand 

Nairobi in Kenya, exceptions to those in the rest of sub-Saharan Africa, as 
exatiple, since 1950, the populations of 

in the norther, part of the continent.es Silaam in 'Inzania well as to thoseAbidjan in the Ivory Coast, and Dar 
the South Africa's system of apartheid accounts for this differ

have increased more than sixfold (21). During same 
ence. the majority of tle population is denied

period, the population of I;igos grew more than sixteen- There 

fold (22); and the number of people living in Nouakchott 	 basic economic, political, and ;(-,c:iai rights on the basis 

of race. As a result, most South African 	 residents are prein Mauritania is estimated at more than 40 times 	the 
others vented from moving from areas of high unemployment1965 population (2:1). For most of these cities and 

and the predominaiitly rural "homelands" to which many
that have experienced marked population increases, 


of the rapid growth since the have been forcibly relocated.
migrants account for most 
of the Patterns of populaiion movem,?nt in northern Africa are

1950s, even though sub-&laran Africa has some 

world's highest rates of natural increase, more akin to changes taking place in Asia and Latin 

For 1970 and 1982, Algeria,
This rapid growth in urban population has often occurred America. instince, between 

arid Morocco had rates o, growth in gross
in spite of economic stagnation. For example, Chad, Tunisia, Libya, 

,nd manufacturing output that were 
Zaire, the Central African Republic, and Ghana experi-	 domestic product 

among the highesi in Africa. These countries were also 
enced little or no economic growth during the 1960s and 

1970s, but the proportion of their populations living in among tie leaders in terms of increases in the proportion 

1960 of ihe national population living in urban areas. In Libya,
urban areas increased at least 12 percent between 


partly a response for example, this proportion increased 35 percent.

and 1982. This population growth was 

From the perspective of the entire continent, little can 
to the removal oi population restrictions imposed 	by 

former colonial governments and partly to the building 	 be concluded about trends in the growth rates of cities 

indifferent population categories. The data base is too 
of the necessary institutional structure after independence 

poor for such broad trends to be discernible, but some 
was gained. By focusing on cities, government-funded ef-

someevidence suggests that the largest cities within 
forts to spur industrial development have also contributed 


nations may be attracting a lower proportion of 
new 
to rapid urbanization. 

Such factors are evident in Tanzania's urban population economic investment. During the decade 1969-79, 

two largest cities, Nairobi and Mombasa, had
growth. In 1952, 27 percent of the inhabitants of the Kenya's 

colonial capital, Dar es Salaam, were non-African, and slower rates of population increase than any of the other 
more than 20,000 residents in 

among the African population, men outnumbered women 	 16 urban centers that had 
Recent reports also suggest that Cairo's 	 population

by a ratio of 1.5:1. This imbalance was the result of 	 1979. 
growth has begun to slow considerably 	(25). With the

colonial policies that strongly discouraged women and 
scanty evidence available, however, it is not possible to

children from living with their husbands and fathers in 

urban centers. Tanzania's independence triggered a large determine whether parts of Africa are moving toward 

wave of migration to cities, with women comprising a deconcentration of the urban population. 

Box 3.3 The Environmental Problems of Cities 

resulting in environmental losses that will be 
The legacy of death and injury that resulted 	 the urban poor, who tend to live in the 

for years to come.
from the chemical leak in Bhopal, India, in 	 most polluted sections of cities and who, felt 

because of the lack of basic services, often Some of the serious enviromental problems
1984 has focused global attention on the 

must draw their drinking water from pol- found in the cities of the First and Second
environmental problems o! Third World cit-

Worlds are the result of past carelesiness and
ies. More serious than tragedies such as 	 luted rivers. 

inadequate environmental controls, Althcugh
Bhopal, however, are the environmental Although it may originate in cities, environ-

First Word cities usually have the necessary
insults suffered daily by city residents. In mental pollution and the damage it inflicts are 

many cities, high concentrations of heavy not confined to city boundaries. Air pollution infrastructure, the deterioration of this infra
through aging Is a frequent problem.

metals have been found in drinking water 	 from heavy concentrations of industry has structure 
Cities cannot always afford the necessary

supplies and a growing number of case 	 caused serious rop damage many miles away 
of pollutanL, and disposal of investments torepair sewage systems, mads,sources 

wastes into local waters has destroyed coastal etc.. pirticuliuly ifthe city tax base hoabeenstudies have documented the high frequency 	 from the 
of pollution-related illnesses. Because ofthe 

declining as busineses and richer households
lack of enviromental regulations or the lack 	 and river fisheries. In addition, the lack of 

move nut. As in the Third World, environ
of enforcement, such problems are not 	 effective planning has allowed urban develop-

mental problems that originate in the cities of
limited to cities with high concentrations o 	 ments tu consume productive farmland, reduc-

industry. Cozuninnitie3 with only a few facto-	 ing the agricultural base forsatisfying national the First and Second Worlds reach far beyond 

ries have had their water supplies polluted 	 food needs and displacing agricultural workers urban boundari s. Foi example, most sulfur 

to cities to find work. and nitrogen oxides o'-iginate from coal-fired 
as a result of careless emissions, a problem 	 who then must move 

power plants, smelter, and automohiles in
that is often compounded by the inadequacy 	 [ollution, urban sprawl, and the growing 

urban demand for raw materials such as fuel- urban areas, although the harmful effects of 
or complete lack of local sewage and drain-

acid deposition are felt primarily in rural 
age systems. The toll of such environmental 	 wood have aggravated problems of deforesta-

damage usually Lalls disproportionately on 	 tion and destruction of the natural landscape, areUs. 
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URBAN SETLEMENTS IN THE SECOND 
WORLD 

The nine nations of the Second World comprise 9 per-
cent of the world population, with the Soviet Union ac-
counting for two thirds of the total population and 95 
percent of the total land area. These nations, which are 
characterized by their centrally planned economies and 
the political and economic interdependence that has 
developed under the influence of the Soviet Union, con-
tain no urban centers with a population of 10 million 
or more. Population distribution is dictated largely by 
government priorities and programs. The scope of 
government influence varies among nations, however, as 
do other factors affecting settlement patterns, including 
the type and level of development of the industrial, 
agricultural, and stcrvice sectors. 

While most Second World nations urbanized rapidly 
during the 1960s and 1970s, the rate of urban population' 
growth was slow by world standards, even though 
economic growth is believed to have been relatively high 
in most countries. As in the First World, low rates of 
natural increase helped keep growth in urban populations 
well below the norm for Africa, Asia, and Latin America. 

The limited data available suggest considerable eco-
nomic iestructuring during the past two decades. Most 
countries experienced significant shifts in the relative im-
portance of agriculture, industry, and services in terms of 
these sectors' contributions to gross domestic product and 
job creation. The proportion of the labor force working 
in agriculture declined substantially in most countries, 
and the proportion working in industry increased 
suhstantially. An exception is Albania, the only Second 
World country in which agriculture is the primary 
employer. According to estimates for 1981, 61 percent of 
Alban:a's labor force was engaged in agricultural work. 
Yugoslavia represents another exception because of the 
large proportion of the work force employed in the ser-
vice sector. In 1980, 36 percent of Yugoslavia's workers 
had service-related jobs, and 35 percent were employed 
in industry, according to estimates. In all other Second 
World nations, the industrial sector's share of national 
employment was larger than that of the service sector. 
This distribution of employment contrasts with the First 
World and some of the richer nations of the Third 
World, where most jobs are in the service sector. Finally, 
East Germany has Leen relatively unaffected by the 
economic trends that have characterized much of the 
Second World during recent decades. In 1960, it was the 
most urbanized, and one of the most industrialized Sec-
ond World nations, and since then it has experienced 
sma~ler changes than most other countries in its 
economic structure and employment pattern, 

The prominence of industry in the Second World is 
largely a reflection of central economic planning. During 
the 1950s (and before then in the Soviet Union), develop-
ment of industry-especially heavy industry-was a high 
priority. Location of new factories was usually guided by 
economic logic, which considers such factors as proximity 
to raw materials and energy sources. Other factors-
social, political, and military--also influenced location 

decisions, however. For example, some industrial develop
ment was aimed at reducing disparities between the 
more industrialized northern nations and their less 
developed Balkan counterparts, and other development 
was intended to increase employment opportunities in 
the poorer, less-urbanized regions of the Second World. 

The fact that most or all investment is controlled by 
the state implies that the state has the means to deter
mine both the form and location of urban development. 
The relatively low proportion of the Second World 
population living in cities with I million or more in
habitants is striking, considering levels of industrial 
development, and it may reflect the aim to control urban 
population growth. (See Figures 3.2A and 3.2B.) The 
state's demographic influence is particularly apparent in 
the Soviet Union's ambitiou. ",iew town" program. Be
tween 1926 and 1963, more than 800 new towns and 
cities were built, one third of them on new sites. As of 
1980, nearly 30 percent of the Soviet Union's urban 
population lived in new towns, compared with about 6 
percent in Great Britain, which has one of the First 
World's largest new town programs. In Eastern Europe 
some 60 new towns have been constructed, but only 
about 3 percent of the Second World's urban population 
lives in them. 

Urban and economic planning notwithstanding, in
dustrial deve!opment and population distribution in the 
Second World are less uniform than government plans 
and policies might suggest. Ambitious planning goals to 
slow or halt the population growth of certain large cities, 
for example, have not been met. Industrial ministries, 
agencies, and enterprises have frequently been at odds 
with territorial or spatial-planning goals, and their 
interests have usually prevailed. Moreover, the social 
benefits of steering industry to poor regions have often 
fallen short of expectations, and the costs of development 
are often higher than anticipated. As a result, industry 
tends to remain concentrated in the Second World's 
traditional industrial heartlands. 

From the perspective of the Second World's urban 
centers, perhaps the two most pressing problems are in
adequate housing and pollution. Some nations continue 
to feel the devastating effects of World War II. Yugo
slavia, for example, lost three quarters of its housing 
stock during the war. Urban population growth and 
decreasing household size have aggravated housing short
ages, but soitic governments have given this problem a 
low priority. From the mid-1960s to the late 1970s, 
governments did increase their support for housing con
struction, bringing some relief, but they decreased sup
port during the 1980s. Serious problems remain and are 
likely to worsen if this decrease in government support 
persists. In all nations except the Soviet Union and 
Romania, governments have taken steps to counter ineffi
ciency in public housing programs by increasing support 
for construction of private and cooperative housing. 
These governments also have encouraged transferring 
housing ownership to tenants (26). 

The Second World's industrial centers also suffer from 
serious environmental problems, especially in East Ger
many, Poland, and Czechoslovakia. In some areas, levels 
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of air, water, and noise pollution are among the highest 
in the world. (See Box 3.3.) 

URBAN SETLEMENTS IN THE FIRST WORLD 

Containing one sixth of the world population, the highly 
urbanized First World dominates the international 
economy. (See Figure 3.3.) It accounts for three fifths of 
the world's value-added manufacturing and considerably 
larger shares oi both the service sector and of global 
research and development activity Within the First World 
are thr, of the world's largest urban agglomerations: 
New York/northeastern New Jersey and Los Angeles/ 
Long Beach in the United States and Tokyo/Yokohama in 
Japan, all with populations exceeding 10 million, 

In economic and demographic terms, the United States, 
Japan, and the nations of the European Fconomic Coin-
munity tend to dominate. As a whole, the nations of the 
First World are much more alike than those of the Third 
World. Largely because of their so-called mature 
economies, trends in population distribution in the First 
World differ from those in developing countries that have 
undergone fairly rapid growth during recent decades. In 
some First World nations, smaller urban centers and rural 
areas are accommodating an increasing rather than a 
decreasing proportion of the population, a trend known 
as "counter-urbanization' 

Moderation ind, in some cases, reversal of urban 
growth disproved earlier predictions of massive urban 
centers that would contain increasingly larger proportions 
of a nation's population. In England, for example, London 
was envisioned as overtaking all the Southeast. Instead, i 
Greater London, which includes most of the contiguous 
suburbs, has been losing population since the 1940s. Pro-
jections for the United States estimated that half the na-

Figure 3.3 Distribution of World Population, 
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tion's population would reside in three giant metropolitan 
areas. Recent c:;e' sugge.;t just the opposite. Rather 
than contracting, rural areas and smaller urban centers 
are increasing their share of the U.S. population. 

The United States 

Counter-urbanization is most advanced and best 
documented in the United States, from both regional and 
local perspectives. Since 1950, the South and West, which 
make up the "Sunbelt:' have been gaining population at 
the expense of the North Central and Northeast regions, 
the traditional industrial heartland that has been given 
the labels of "Rustbelt" and "Snowbelt*" Along with this 
regional shift has come a reversal of the exodus of blacks 
from the South to the industrial cities of the North. Since 
1970, the South has been experiencing a net in-migration 
of blacks, who are settling primarily in southern 
metropolitan areas. Not coincidentally, the nation's fastest
growing urban centers during the first half of the 1970s 
were in the South and West, while virtually all the large 
cities in the Northeast and North Central regions were 
losing population. In these northern regions, the propor
tion of the population living in urban areas decreased 
between 1970 and 1980. 

As in previous decades, the central cities of 
metropolitan areas continued to lose population during 
the 1970, while surrounding suburbs continued to gain. 
However, a new element was added to this long
established trend in the United States: on a national 
scale, the rates of population gain outside metropolitan 
areas outpaced suburban growth rates. 

The United Kingdom 
England also experienced considerable redistribution of 

its population during the 1970s and early 1980s. Migra
tion from England's rural regions of East Anglia, the East 
Midlands, the Southwest Peninsula, and much of Central 
and North Wales to the nation's cities has been reversed, 
breaking a trend that began a century ago. The marked 
shift in population movement has resulted in a "new map 
of growth and decline-a map that is almost the obverse 
of the map of a hundred years ago and that is dramati
cally different from the rmap of even 20 years agd' (27). 

While some of the population shift of the 1970s and 
early 1980s was directed toward the planned develop
ments, or "new towns:' around major metropolitan areas, 
most of tile movement was "into genuinely rural areas, 

outside the commuting spheres of the big cities" (28). The 
three regions that experienced the most rapid rates of 
population increase between 1971 and 1981 contain no 
large urban concentrations. 

Ptpulation changes in England's metropolitan areas 

resemble the changes that have taken place in the 
United States during recent decades. Population growth 

was focused on the suburbs in the 1950s and on the 
outer metropolitan rings in the 1960s, when central cities 
sustained absolute losses in population. Also during the 
1960s, England's central cities lost half a million jobs,
while suburbs and inner metropolital rings increased 
their share of employment. Absolute population losses 
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continued in the central cities during the 1970s. Gener-
ally, the larger the city, the greater the population loss 
sustained. In recent years, however, population dispersal 
seems to have abated. Signs of population concentration 
in the Southeast have reappeared, and the movement of 
people out of central cities may have slowed, 

Europe 

Population deconcentration is also evident in West Ger-
many, Switzerland, Austria, and the Netherlands, For 
example, the Netherlands' three largest cities-Amster-
dam, Rotterdam, and the Hague-lost about 110,000 resi-
dents to suburban locations between 1971 and 1974. In 
Sweden and France, however, major metropolitan areas 
are continuing to grow, largely because of the influx of 
foreign immigrants. In southern Europe, the central cities 
and inner suburbs of metropolitan areas are also continu-
ing to grow, but rates of population increase have slowed, 
During the early 1970i, outer metropolitan rings were 
growing twice as fast as the metropolitan cores (29). Sig-
nificant urban-to-rural migration was not evident in south-
ern Euiope during the 1970s, but Italy appears to be 
experiencing a reversal of the migration from the rural 
regions of the South to the industrial centers of the 
North. Economic stagnation Ln the northern industrial ti-
angle dominated by Genoa, Turin, and Milan seems to 
have prompted the return of migrants to the homes they
left during the 1960s. 

Canada, Australia, and Japan 

The populations of other First World nations are also 


decentralizing, some more so than others. Recent census 
data for Canada indicate a pronounced trend toward 
popu ation dispersal. In the mid-1970s, medium-sized andcountry's
small cities weree recprimarytargets of tlaerys

internal migration; more recantly, Canada's rural areas
have been gaining population and, for the first time, ,are

experiencing netexpeieningn-miradn.et he gowt anaa's
in-migration. The growth ofof Canada's 

small towns and villages is attributed to suburbanization 
and to the movement of people to communities well 
beyond the boundaries of metropolitan areas. In Austra'ia, 
foreign immigration continues to underpin the growthforegncimigration o ntnuesftom underpintroh oof 
lrge cities, but movement away from major urban 

centers is also apparent. Japan has begun to show signs

of deconcentration, with population growth rates of 

suburbs exceeding those of central cities in the nation's 
largest metropolitan areas. In addition, an anaysis pub-
lished in 1978 notes "a sudden and precipitous drop in 
net migration into Japan's three major metropolitan
regions" (30). At about the same time, net migration to 
peripheral regions, including outlying islands, increased, 

CAUSES AND EFFECTS OF 
DECENTRALIZATION 

Deconcentration is the result of many factors, ranging
from economic restructuring to lifestyle choices, whose 
relative significance is difficult to establish. It is certain, 

however, that advances in communication and transporta
tion have facilitated recent changes. Telephones and com
puters, especially, have diminished the advantages that 
traditionally accrued to a central city location, while 
increasing the range of options for siting businesses or 
residential developments. Population dispersal in the First 
World reflects the ability to live and work in rural areas 
without abandoning an urban lifestyle.

Many businesses in the service sector a', less depend
ent on city infrastncture and traditiopi government 
services than are their counterpae'.s in manufacturing. But 
the manufacturing industry is also loosening its ties to the 
city. Decentralization of operations, cheaper land and 
labor, quality-of-life considerations, and a host of other 
factors have increased the attractiveness of rural locations 
for manufacturers. 

These conditions contrast sharply with those in the 
Third World and even the Second World. One difference 
is the prominence of industry in the Second and Third 
Worlds, compared with the continuing rise of the service 
sector in the First World. The concentration of industry
and manufacturing jobs in cities has helped fuel urban 
population growth in the Second and Third Worlds; job
creation in the First World's service sector has con
tributed to population deconcentration. 

Ironically, population dispersal in the First World is 
accompanied by problems similar to those that result 
from rapid urban population growth. In the core regions
of the Third World, unmanageable growth has over
whelmed the ability of local governments to provide the 
most fundamental services for much of the population.
First World cities that have suffered population losses are 
also finding it increasingly difficult to finance public services. The exodus from major central cities is largely corn

posed of people who are better educated and are in the 
higher income brackets. As a result, many central citiescontain disproportionate numbers of the elderly and poor.Significant losses of people in the middle- and higher
income groups diminish local demand for commercial
godansevcdiougngewbiesivst
goods and services, discouraging new business investment. This combination of inaluences erodes the local tax 
ment. i turnat en s the oal tax 
base an , in turn, threatens the provision of basic serv-

The ills of declining cities tend to be borne dispropor-
Teil fdciigcte edt ebredsrprtionately by the disadvantaged, including racial and eth

nic minorities. This economic and demographic phenome
non, which has been called the "entrapment process," is 
illustrated by the unemployment and housing inadequa
cies that beset large segments of the population in many
First World cities. Such inequities are believed to be 
major causes of the social unrest and violence that have 
occurred in some major urban centers. The relationship
between such problems and population deconcentration 
is underscored in a study of population and social trends 
in England between 1971 and 1981. According to the 
study, the faster the rate of population decrease 
experienced by a city, the greater the extent of depriva
tion at the end of the ten-year period. In contrast, areas
with the fastest population growth were characterized by
high average incomes and other favorable economic and 
social indicators (31). 
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This study of circumstances in England and observa-
tions of trends in other First World nations imply increas-
ing economic and social segregation among regions and 
between the cities and the countryside, 

WH1-IAT INFLUENCES URBAN CHANGE? 

Comparisons of categories of countries demonstrate how 
economic conditions influence population distribution and 

the quality of life of the general populace. In Third World 
nations, the very rapid growth of urban centers is, in 

part, the product of migration to areas where job oppor-
owntunities are concentrated. This process generates its 

economic momentum, however, by further concentrating 
the demand for goods and services. One consequence 
is a broadening of economic disparities between major 
urban centers and rural areas, where the bulk of the 
Third World population lives. The lack of purchasing 
power among rural residents, most of whom either farm 

subsistence plots or are landless laborers, provides no 

incentive for the investment necessary to undergird 
areasdevelopment. The few exceptions to this rule are 

that have experienced rapid g~owth in agricultural 
production and are characterized by relatively equal 
distribution of land ownership (32), and by little, if any, 
government-induced distortion of agricultural prices.

The counter-urbanization that is occurring in the First 

World can also be explained to some extent by distribu-
tion of economic activity and income, as discussed in the 

previous section. In addition, relatively equal distribution 
of wealth and relatively high average incomes help 
explain the more dispersed pattern of urban development 
in First World nations, compared with the dominance of 

only one or two major urban centers in developing 
countries. 

Government policy measures have also influenced pop-
ulation distribution, especially in nations with centrally 
planned economi,,s. Consider, for example, P'Ybngyang, 
the capital of North Korea. Heavily damaged during 
the Korean War, P'Y'ngyang was rebuilt according to 
government plans, and its population growth has been 
controlled. With a 1980 population of 1.7 million, the city 
does not suffer from the overcrowding that besets Seoul, 
the capital of neighboring South Korea. The Seoul 
metropolitan area has grown rapidly since World War II 
and is now believed to contain 13.7 million people (33). 

Government goals and policies have also influenced 
urban growth and development in China The Chinese 
government has deliberately sought to achieve a dis-
persed pattern of industrial development, reflecting the 
desire to develop the country's interior and, until 
recently, to reduce the concentration of industry on its 
vulnerable eastern coast o.4). 

The impact of government investment on population 
marketdistribution is evident in countries with mixed or 

economies as well. The U.S. government's expenditures 
for national defense and its space program helped pro-
mote the shift of population and economic activity to the 

South and West. In India, expenditures for defense have 
contributed to the rapid growth of Bangalore, the site of 
much defense-related industry (35. 

Beyond the control of local, regional, and even national 
governments are the influences of the world market, 
which can have a significant influence on economic 
activity and, therefore, on population trends. London's 
rapid population growth during much of the last century, 

1940s, cannot be dissociatedand its decline since the 
from the city's changing role'in the world market. The 

rapid population growth of Sao Paulo and Seoul during 
recent decades must also be considered in the context of 

international developments. 
Certain countries-most notably, China, from the 1950s 

through the early 1970s-have sought to insulate their 
forces. Groups of countrieseconomies from world market 

such as the European Economic Community, with regard 
to agriculture, and members of the Council for Mutual 

noEconomic Assistance, have also sought to do so. But 
economy is completely impervious. The influences of 

cartrade protectionism in the First World and resource 
tels such as the Organization of Petroleum Exporting 
Countries (OPEC) are difficult to avoid. Similarly, the ris

ing foreign debts of many Third World countries also 
have the potential to affect local employment, living con

ditions, and population distribution. (See "Recent Develop
ments," below.) 

Enumerating some of the economic, social, and polifi
cal factors that influence the pattern of human settle
ments indicates the complexity of population change. But 

these factors are not explicitly taken into account in 
United Nations projections of future levels of urbaniza

tion or population size in specific Third World cities. 
Instead, the projections are essentially based on the 
extrapolation of past trends in population growth, and 

they should therefore be regarded with considerable skep

ticism. 

FOCUS ON: HOUSING THE THIRD WORLD 
URBAN POOR 

In most Third World cities, between one quarter and one 
half the population lives in popular settlements: illegally 
built settlements where the inhabitants manage constrc
tion of the houses, often undertaking much of the work 
themselves (36). In such large cities as Rio de Janeiro, SAo 
Paulo, Lima, Bogota, Caracas, Mexico City, Bangkok, 
Bombay, Calcutta, Madras, Cairo, and Lagos, more than 1 

million people reside in popular settlements. 
Because these developments are illegal, there is usually 

little or no public provision of basic services: water sup
ply, sewage and drainage systems, garbage removal, 
roads, electricity, transportation, schools, and medical 
care. The few services that do exist are not usually the 

result of government action, but rather, the efforts of 
local residents. Not surprisingly, such poor living condi
tions give rise to serious health problems, many of which 
could be easily prevented. The few studies that have 
examined health conditions in popular settlements have 
found respiratory and intestinal diseases (the result of 
poor sanitation and contaminated drinking water) to be 

endemic (37). Accidents also inflict a considerable toll. 
Fires are common because most dwellings use kerosene 
stoves or fuelwood for cooking and heat. 
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To diminish the threat of eviction, many popular settle- 

ments are situated on land unfit for permanent habitation 
and prone to environmental damage. In Rio de Janeiro, 
La Paz, Guatemala City, and Caracas, developments are 
located on the sides of landslide-prone hills. In other cit-
ies (for example, Recife, Monrovia, Guayaquil, Lagos, 
Bombay, Fort Moresby, Delhi, and Bangkok), settlements 
stand on land subject to flooding or inundation by tidal 
waves, or they may be situated on sandy desert land (as 
in Lima and Khartoum) or in the most polluted districts 
of inner cities. 

Simple logic guides the location of squatter settlements, 
those settlements built on public or privately owned land 
without the owner's approval. Inhabitants build where 
they believe they have the best chance of escaping the 
bulldozer, y't within a reasonable distance from their 
jobs. They avoid parcels of land well-suited to residential 
development, which are often held by individuals or insti-
tutions who let their land stand idle in anticipation of 
speculative gains. Settling on these properties would 
mean almost certain eviction. Instead, the urban poor are 
relegated to the most undesirable locations. This kind of 
haphazard development results in a patchwork of high-
and low-density housing and business development that 
makes the planning and provision of public services 
difficult and costly. 

The rapid growth and spread of popular settlements 

exacerbate the social and economic segregation charac-

teristic of Third World cities and perpetuate the dispari-

ties that characterized colonial rule. While the rich reside 

in the choicest and best-serviced urban locations, the 

poor are forced into the worst -ites. Despite their low sta-

tus, the poor are an integral pan -f the urban economy, 

providing a market for cheap goods and services and 
serving as a pool of cheap labor. Moreover, popular set-

tlements account for most of the new housing in Third 

World cities, a fact that has changed the way some 

governments regard these developments, 


Besides rapid increases in urban populations, the wide-
spread growth of popular settlements reflects the decreas-
ing role c! tenements in large Third World cities. Once 
the primary source of low-income housing and beset by 
many of the problems common in popular settlements, 
tenements still may house tens of thousands of families 
today, but they are becoming les-s lucrative for their own-
ers. For example, owners of inner-city lots have found it 
more profitable to raze tenement buildings and replace 
them with high-income apartments or with commercial 
developments. In addition, some governments have intro-
duced regulations to upgrade slum housing and imposed 
rent control laws that discourage private investment in 
tenement housing. 

Government attitudes toward illegal settlements range 
from benign neglect to active opposition and to accep-
tance and gradual provision of some services. Residents 
of illegal settlements may experience the entire range of 
these attitudes over time because of changes in govern-
ment leadership and even changes in the views of one 
administration. Whether residents eventually secure ten-
ure depends on many factors. But the residents of some 
settlements that are situated on public lands have been 

able to exert political pressure that h'is resulted in 
government guarantees against evic'aon. On occasion, 
residents have succeeded in secuering ownership and pro
vision of some public services. Fome governments have 
even encouraged squatter invasions, as in Peru between 
1968 and 1971, and in Turkey, where the government 
passed special legislation in support of squatter settle
ments in 1966. 

Experience in Chile typifies how government attitudes 
can change. Under the administration of Salvador 
Allende from 1970-73, government agencies supported 
squatter invasions. Under the military regime that 
replaced the Allende government in 1973, however, 
squatter invasions have been actively opposed. Because 
they can comprise a significant portion of the electorate, 
low-income residents in cities and nations with repre
sentative forms of government stand a better chance of 
securing support, or at least tolerance, for their settle
ments than do those who live under autocratic rule. 

Some popular settlements have the approval of the 
owner of the occupied land who receives payment from 
the inhabitants. Owners of subdivided properties rarely 
conform with local zoning requirements and housing 
codes. In most instances, residents purchase a lot and 
build their homes: the owner usually does little or nothing 
in the way of building roads or providing other basic 
services. An example of this kind of settlement, ironically 
named the "Garden Flower of Spring:' is on the edge of 
metropolitan SAo Paulo. The buyers not only had to build 
their houses but they also had to develop roads and 
paths and construct a bridge to connect the subdivision 
to a public road. These infrastructural improvements 
increased the land value, allowing the owner to sell the 
remaining lots at substantially higher prices (38). 

Governments have tended to be more accepting of ille
gal subdivisions, occasionally legalizing their status and 
providing some basic services, while still repressing or 
destroying settlements. Such was the attitude of the Delhi 
government during the 1970s and the governments of 
Mexico City and Bogota. 

Recognizing the importance of popular settlements to 
local economies, some governments have changed their 
attitudes and approaches to these illegal developments. 
Some cities-such as Karachi in Pakistan, Lusaka in 
Zambia, and many urban centers in Peru and Tanzania
have begun to give those living in popular settlements 
the legal right to be there. Legal recognition has often 
been accompanied by the provision of basic infrastructure 
and services. An increasing number of governments are 
realizing that popular settlements are a cheap alternative 
to publicly funded housing developments. And on occa
sion, governments have released unused and underused 
property in an attempt to ensure that there are legal 
and affordable alternatives to squatter settlements. This 
approach has been used in Managua, Nicaragua, and in 
several lbnisian cities to control urban growth and 
improve the quality of local housing. In addition, authori
ties in some cities have concluded that existing building 
and planning regulations are out-dated and unrealistic, 
a situation that has encouraged violations. Government 
projects that have experimented with alternative ways of 
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imroving housing conditions for the urban poor have 
found that policies aimed at reducing the cost of building 
materials can lead to desirable innovations. Other projects 
have demonstrated that providing small, flexible, easily 
obtainable loans can be a boon not only to housing 
improvements but to construction as well. 

While numerous projects have demonstrated the merits 
of improving housing conditions, none yet deionstrates 
the breadth of effort needed to make significant progress. 
Few city and national governments recognize that action 
is necessary in a broad range of areas-and that a com-
prehensive approach requires an institutional framework. 
Not only should buildipg and planning codes be waived 
ina few innovative projects, for example,but they should

ib 
be replaced by a flexible aid realistic set of guidelines 
that promote health and safety, the intended goal of such 
regulations. Loan programs evaluated in pilot projects 
sh ould be expanded and placed under the charge of a 
city-wide agency. For most urban governments, a major 
hindrance is the lack of resources, authority, and Der-
sonnel necessary to ensure steady improvements in in- 
frastructure and basic services. Without these necessary 
elements and broad-scale programs to address the full 
range of housing problems and their causes, the situation 
in Third World cities is likely to worsen. 

RECENT DEVELOPMENTS 

THE IMPACT OF THIRD WORLD DEBT 

A large number of Third World nations, particularly in 
Africa and Latin America, are currently in a state of 
economic recession, stemming largely from high external 
debts, large oil import bills, and the deteriorating terms 
of trade for most of their primary commodity exports, 
Most of the countries have responded to their economic 
problems, sometimes under pressure from the Interna-
tional Monetary Fund or the World Bank, with austerity 
programs involving monetary restrictions and decreased 
public expenditures. One important element of this 
economic crisis is a deterioration in Third World living 
conditions, particularly in the major urban centem 

The cutbacks in public expenditures have primarily af-
fected investments, particularly in the construction sector 
and in social services. As a result, the badly needed in
vestments in basic infrastructure and senrices to improve 
the living conditions of the urban poor are less likely to 
be made The contraction in expenditures (which has alsoi 
affected the private sector) has in turn led to higher 
unemployment rates and decreases in real wages and 
incomes, aggravating the extent and depth of urban 
poverty, 

Despite their relatively advanced state of economic 
development, Latin American countries have been as 
badly affected as any others. The impact of the present 
crisis has been likened to that of the Great Depression of 
1929-32. But there is one fundamental difference-this 
crisis is taking place in heavily urbanized societies. Latin 
America is caught up in a "recessionary vicious cycle, 
mainly urban in its manifestations, concentrated above all 
in the metropolitan areas, which are those requiring the 
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Table 3.2 Latin America: Evolution of 
Urban Unemployment, 1979-84 
(Awrag9 annual rates) 

Ccl-" 1979 1980 1981 1982 1983 1984 

Argentiha 
Bolivia
8'd 

20 
76 
64 

23 
7 5 
72 

45 
97 
79 

4 8 
94 
63 

41 
12 1 
67 

40 
133 
75 

Caoonbia 
Costa Rica 
Chile 

89 
53 

134 

97 
60 

11.7 

82 
91 
90 

93 
99 

200 

118 
85 

190 

135 
79 

186 
Mexico 
Nicaragua
Panama 

57 
21 4 
116 

45 
183 
98 

42 
159 
11.8 

41 
185 
103 

69 
189 
112 

63 
198 

X 

Paraguay
Peru 
Uruguay
Venezuela 
X. ro av a 

59 
65 
83 
58 

4.1 
71 
74 
66 

22 
68 
6.7 
68 

56 
70 

11 9 
78 

84 
92 

155 
105 

X 
109 
145 
139 
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greatest levels of financial resources in order to function" 
(39). One of its most important symptoms is the magnitude 
of urban unemployment, which has grown considerably 
in most countries since 1979 and has doubled in Argen
tina, Bolivia, Uruguay, and Venezuela. (See Table 3.2.) 

The unemployment figures are particularly serious 
given the fact that the poor have almost no accumulated 
assets of durable goods; there are little or no social secu
rity and unemployment benefits; and this increase is over 
and above massive rates of urban and rural underemploy
ment. In addition, the incomes of those who are still 
employed have been reduced in real terms by inflation, 
particularly in Bolivia, Argentina, Brazil, and Peru. In 

many countries, r2al wages are lower now than they 
were a decade and a half ago (40). 

The prospects are bleak. The net outflow of financial 
resources from Latin America to the western industrial
ized countries is likely to continue in view of the fact 
that the external debt, standing at $360 mil!ion in 1984, 
is still increasing. The chances of a return to even pre
crisis levels of economic activity during the remainder 
of this decade look remote. The decline in urban work 
opportunities and living conditions may help to slow 
rural-to-urban migration. But in the absence of radical 
changes in policy, further deterioration in urban nutrition, 
health, and living conditions appears inevitable. 

URBAN POLICY SHIFTS IN THE 
UNITED STATES 

The early eighties have witnessed a major change in 
urban policy in the United States and, to a lesser extent, 
in the United Kingdom. Revitalization of the cities has 
been a policy objective of most First World governments 
since the end of the Second World War. In the 1960s and 
1970s the U.S. Government pursued area-based programs 
to tackle urban poverty, unemployment, and deteriorating 
housing conditions. The current U.S. administration, how
ever, holds the view that major urban problems will be 
solved only by general economic recovery, not by target
ing funds to specific areas. 

The main thrust of current policy-known as the New 
Privatism-is to let the market solve the problems of the 
urban system. This policy shift reflects a basic change in 
the government's view of the relationship between cities 
and the national economy. It is no longer assumed that 
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"national recovery depends upon the prosperity of the turning its back on urban settlement problems. Responsi. 
large urban centers nor even that it will result in the bility for dealing with the disruptive effects of economic 
revival of flagging city economies" (41). adjustments has been shifted from the federal to the local 

In making the condition of the cities a side effect of level, forcing cities to adapt themselves to changes in the 
economic policy, in a sense the current administration is nature and direction of the economy. 
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4. Food and Agriculture
 

The state of the world's food and agriculture systems in 
the mid-1980s can best be described as an almost intrac-
table paradox. While humankind was demonstrating once 
again the planet's awesome ability to produce ever more 
food and fiber, television sets around the world were 
revealing pitiful scenes of mass starvation in Africa and 
record books were disclosing the grim statistics that more 
people than ever-about half a billion 0)-were living in a 
state of serious malnutrition. 

The mid-1980s saw world food production reach levels 
so high that many commodity prices plummeted below 
the actual cost of production, precipitating a wave of 
farm foreclosures in the United States and ever-increasing 
levels of state subsidies for farmers in Europe, the Soviet 
Union, and elsewhere. Nevertheless, over a billion people 
in developing countries did not have the financial 
resources to purchase food and were thus largely 
excluded from the global marketplace that allocates this 
cornucopia. 

On the whole, the developing world improved its per 
capita calorie intake slightly (and unevenly) while the 
developed world seemed to be reaching an upper limit; 
the United States even crossed an historical watershed by 
slightly decreasing its per capita meat consumption. Hid-
den in the production numbers were troubling patterns 
that could portend critical resource problems, including 
soil erosion, deforestation, desertification, salinization, and 
loss of soil nutrients. And by almost every measure, 

much of Africa was on a collision course with food and 
ecological disaster. 

During 1985, virtually every government intervened to 
some degree in the farm and food sector, but no set of 
policies seemed able to untie the Gordian knot that 
world agriculture had become. After less than a decade 
of fairly modest government involvement in agriculture, 
U.S. policymakers found themselves committed to produc
tion control programs of record scope and cost. At the 
same time, ironically, some of the controlled market 
economies, like Hungary and China, were experimenting 
with market-like incentive programs. 

The scientific breakthroughs that constituted the "green 
revolution" of the 1960s were yielding remarkable results 
in Asia but were proving ill-suited to transfer elsewhere 
in the developing world. Meanwhile, problems of pest 
resistance, fertilizer price increases and water shortages 
were forcing researchers back to their laboratories-in 
some cases even back to the conceptual drawing 
boards-to seek agricultural methods suited to changing 
circumstances. Africa was in dire need of a green revolu
tion of its own, but there was considerable debate as to 
whether the diverse growing conditions of the continent 
could respond to any single breakthrough as South Asia 
had responded to miracle rice in the previous decade. 

And beneath all the policy deliberations, the scientific 
advances, the investment of resources, and the hard phys
ical labor, the engine that relentlessly kept the pressure 
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on agricultural resources was population growth, which in 
the inid-1980s was adding about 80 million more mouths 
to feed every year, 93 percent of them in developing 
countries (2). 

CONDITIONS AND TRENDS 

THE RESOURCE BASE 

The Earth car certainly provide more than enough food 
and fiber to serve not only its present population but 
also the 6.1 billion people expected by the year 2000 (3). 
In fact, scientists theorize that under ideal conditions-
high levels of fertilizer, pesticides, and water, improved 
seeds and crops, unhampeted international trade, careful 
management of soil resources, etc.,-the planet could sus-
tainably feed and clothe the 10 or 11 billion people 
projected by the year 2100, when the global population 
may stabilize. 

But such paper calculations must be viewed in the con-
text of the hundreds of millions currently on the brink of 
starvation. (See Table 4.1.) When some people are too 
poor to purchase food, there will be hunger no matter 
how much the global agricultural economy produces. (See 
Box 4.1.) And if some nations are too poor to purchase 
the necessary agricultural inputs--fertilizer, pesticides, irri-
gation, and scientific research-there w1ll be regions of 
the world that cannot attain their potential agricultural 
productivity; mathematical calculations must always be 
tested against real world situations. (See Box 4.2.) 

Of the world's 13.25 billion hectares of land, about 30 
percent, or just over 4 billion hectares, is estimated to be 
cultivable, the rest being too cold, too dry, too steep, or 
otherwise unsuitable. Of the cultivable land, about half is 
actually being farmed; much of the rest is in pasture, 
meadowland, or forest (4). 

The developing countries encompass just over half of 
the land currently under cultivation. (See Table 4.2.) 
These countries also hold three quarters of the world's 
population. Consequently, cropland per capita is much 
lower than in the developed countries. In North America, 
the ratio is about 1 hectare per person; in East Asia it is 
one seventh as much. In the aggregate, the developed 

countries have more than half a hectare per person; the 
developing countries under one third. 

Expanding the Cropland Base 

Though only half the potentially cultivable land is now 
being farmed, cropland conversion is not easy, and one 
cannot infer a doubling of world food production simply 
through the expansion of production onto new land. For 
a variety of reasons, expanding the cropland base is 
expected to produce only a small percentage of increased 
food production. Partly this is because the available land 
is in the wrong place--the areas with the greatest need 
have the least amount of available land. In 1975, 63 per
cent of the population of the Third World lived in coun
tries rated "land scarce" or "extremely land scarce' (i.e., 
countries in which more than 70 percent of the poten
tially arable land is already being cultivated). In contrast, 
only 15 percent of the developing countries' population 
lived in countries with abundant land resources (5). 

In addition, most unused cultivable land has one or 
more serious problems that significantly decrease its 
potential. In central Africa, for Example, the dense tropi
cal rainforest, coupled with a lac.k of roads and other 
infrastructure, is a major hurdle, compounded by a host 
of serious diseases that plague liumans, livestock, and 
plants. For example, the tsetse fly, whose bite can give 
both humans and animals incurable trypanosomiasis 
(sleeping sickness) dominates a region of 10 million 
square kilometers, an area larger than the United States 
(6). In the Andean region of South America the terrain is 
so steep that the thin soil erodes as fast as the forests are 
cut. In Brazil, 50 million hectares on the Cerrado plateau 
are so acid that they cannot be farmed without the addi
tion of large amounts of lime and phosphate (7). Large 
areas in Africa are too diy to cultivate yearly and must 
be left fallow as many as five of every six years. 

For such reasons, the world's land area in agricultural 
use is expanding at the rate of only one tenth of one 
percent per year (8), or about 50 million hectares per 
decade-and even that rate is expected to slow down. As 
Table 4.2 shows cropland is projected to increase slightly 
faster, but by only 4 percent between 1975 and 2000. 

Table 4.1 Prevalence o? EnaWry DoIlciont 'o, In 87 Dloping CountrIG3, 1980 

Re~ona 
All Developing Counies (87) b 

Low-income (30)c
Middle-incorne (57) 
Sub-Sahardn Africa (37)
East Asia and Pacific (8) 

South A.a (7)

Latin America and Canbbean (24)

Middle Eas and North Afca (11) 


Now: 
a In 1980. had 92 p cteso 87 countr-,s 
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730 10 34 
590 41 51 
140 -43 14 
150 30 44 
40 -57 14 

470 38 50 
50 -15 13 
20 -62 10 

of-t popCaw ind1deeiorig coutnt. 

-6 
4 

-18 
1 

-27 
3 

-7 
-25 
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340 14 16 -2 
270 54 23 3 

70 -44 7 -9 
90 49 25 4 
20 -57 7 -14 

200 47 21 2 
20 -21 6 -4 
10 -M 4 -14 

ns (The WorldBar*. WNringon,DC. 1985.pg 2-6-2.9. 



Box 41 Food Demand vs. Food Need 

To the casual reader of nutrition literature, amount of food that people can pay for. Effeetive food demand in middle-ircome,the phrases "real food demand" and "effec- Between the two definitions is a chasm food-short nations like Saudi Arabia, Sngaive food derijand" might appear inter- wide enough for half a billion people to fall pore, and Libya can be met through foodchangeable- But there is a world of differ- through. Each definition has its purpose: purchases and imports. Real food demand inence between the two concepts. "Real food i-,poverished hungry peopc need to meet the impowrished hungry nations like Ethiodemand" is exactly what it sounds like: the real food demand, while farmers (including pia, Mali, Mauritania, and Chad can be metneed for food by hungry people_ "Effective impoverished farmers in developing nations) only through direct food aid-gifts of foodfood demand" has a different definition: tne benefit from meeting effective food demand. by the developed world. 

The rate at which conversion does occur is uneven,
with Latin America and East Asia showing higher rates 
of forest clearing for agriculture and permanent pasture.
Conversely, Europe and the centrally planned nations of 
Asia are returning some cropland to other uses. 

In some areas even the relatively small amount of 
cropland conversion that is taking place is having a sig-
nificant deleterious effect. Clearing of moist tropical
forests, in particular, generally has a severe and immedi-
ate impact, resulting in high levels of soil erosion, flood-
ing, and nutrient loss. (See Chapter 5, "Forests and 
Rangelands:' Focus on: Tropical Deforestation.) Since 
many tropical soils do not retain nutrients well, nations 
such as Brazil, the Philippines, and Indonesia have seen 
the rapid conversion of their lands from dense jungle to 
virtually barren wastelands; nutrients that had previously
been recycled through the living biomass have been
washed away by the first few years' rains following the 
forest clearing. In Southeast Asia as many as 25 million 
acres of once-forested land now bear only tenacious and 
useless sawgrasses that provide neither food, fuel, nor 
forage (9). 


Deforestation has an additional severe 
 impact on
agricultural productivity As fuewood becomes prohibi-
tively expensive or impossible to find, rural people shift 
to the burning of animal manure and crop residues, thus 
removing valuable nutrients and organic matter that were
formerly returned to the soil. An estimated 400 million 
tons of dung are burned annually in areas where fuel-
wood is scarce. This burning of a potential fertilizer is 
estimated to depress grain harvests by 14 millionover 

tons, an amount greater than the food aid provided

annually to developing countries 00).


Desertification is another major hindrance 
 to agricul-
tural production. Because of their soil type and climate, 

some arid and semi-arid regions are suitable only for

rangeland or pasture. If such areas are pressed into ser-
vice for permanent cultivation, they rapidly lose their fer-
tility and are subject to denuding and erosion. According
to the United Nations Desertification Map of the World, 
more than two of every five acres (40 percent) in non-
desert Africa are at risk of desertification; Asia's at-risk 
proportion is 32 percent and South America's is 19 per-
cent. (See Chapter 5, "Forests and Rangelands:')

Conversion of pasture, rangeland, and forest to crop use
will play a role in future food production; in 90 key
developing countries the U.N. Food and Agriculture
Organization (FAO) projects that expanded crop area will 
be responsible for about one quarter of the growth in 

food output from 1975 tc 2000 01). However, the lion's 
share of projected growth will come from increasing the 
productivity of existing cropland. 

INCREASING THE PRODUCTIVITY
 
OFCROANO
OF CROPLAND 
Most of the growth in agricultural production over the 
past several decades has resulted from increased produc
tivity of cropland. This increased productivity has 
required the use of a wide range of physical, biological,
and chemical inputs, including irrigation, tractors, fer
tilizers, pesticides, the breeding of high-yield varieties, and 
the development of fast-growing cuitivars that allow 
double- and even triple-cropping. '1his "high-input" agri
culture will be the major means of increasing food 
production in the future as well.
 

High-input agriculture also has a number of serious
 
drawbacks, however. For one 
thing, it is expensive and 
therefore often impossible to transfer to the area, where 
higher production is needed most. For another, it requires 
a high degree of expertise and farmer training. Perhaps
most limiting in the long term, high-input agriculture can
have significant environmental costs, including the salini
zation and waterlogging of soils, the spread of water
borne disease, and the poisoning of non-target species

(including humans) by pesticides.


Through the 1970s, as the world's average annual 
production of grain increased by 2.6 percent a year,
productivity gains per hectare accounted for two percent
age points, or about 80 percent of the growth. Growth in
productivity of oilseed improved slightly faster, at 2.1 per
cent a year 02). Such productivity improvements are not 
projected to continue at this rapid rate but are expected 
to grow, between 1982 and 1994, at 1.3, 1.5, and 1.7 per
cent, for oilseeds, cereals, and fibers, respectively 03).
While the overJIl rate of growth in agricultural produc
tion for developing countries has been increasing
reaching 3.3 percent during 1977-82 04--the growth rate 
for the world as a whole has been declining 65). It is not 
clear whether this decline is because technological limits 
have been reached or if it is simply the result of increas
ingly saturated market conditions. 

As with everything else in agriculture, cereal yields 
vary tremendously in different regions (see Table 4.3),
raising the possibility of huge total increases if developing
nations could reach the levels of developed countries. 
While a few nations are achieving yields of over 4,500
kilograms of cereals per hectare, many countries in 
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Box 4.2 Land, Food, and People 

The concept of "carrying capacity"-the intermediate level assumed basic use of bio- fish in the hunan diet. which would
number of people that a given amount of cides and fertilizer, simple land conservation brighten the picture measurably, since 60land can supxit-has fascinated scientists, practices, some improved crop varieties, and percent of the po)ple in the developing world 

economists and philosophers for centuries, the optimum crop on hall the land of each derive -10percent or inore of their protein
Ever since Thomas Malthus postulated in cell. from fish 'I"1aking these variables into 
1812 that Imear increases in nroduction were expressed as a ratio by account, the authors suggest that all findingsixA:l The results 
arid geometric increases in population comparing the theoretical r)pulation that of the study should be reduced by about 
growth would inevitably lead to starvation, can be adequately fed first to the actual :30percent to account for considerations too 
there has been debate about the Earth's car- population in 1975, and then to the complex to model. 
rying capacity projected population in 2000. (See Table 1.) The single most unrealistic assumption of 

Carrying capacity is still not adequately For the 117 countries taken as a whole, the study-and the one that cuts to the 
enough defined to serve as a policy tool. the study revealed that the land base could heart of the controversy over carrying 
nor are the available data nearly compre- provide food for twice the actual 1975 capacity-is the artifical premise that there 
hensive or accurate enough to calculate the aggregate population, assuming the low is no trade between countries. That assump
number of people the plauiet could level of farming inputs. As the level of tion places Singapore and Saudi Arabia, for 
hypothetically support. In 1984, however, the inputs increased, the carrying capacity rose instance, in artificially bad shape unable to 
U.N. Food and Agriculture Organization dramatically. On the other hand, projections feed their populations under any conceiv
(FAO)published "Potential Population Sup- for the year 2000 showed a significantly able situation. In fact, of course, both are 
porting Capacities of Linds in the Develop- tighter situation at all input levels because wealthy in resources other than productive 
ingWorld' the most sophisticated attempt of the large growth in population. land, and are able to trade resources or 
yet to estimate the carrying capacities of Overall, the developing world appears to manufactured goods for food. Critics con
117developing nations i). be in tolerably good shape, able to support tend that any study of nation-by-nation

The first pillar of the study is a series of twice its 1975 poulation even at low input carrying capacity is fatally flawed because 
1:5,000,000 scale soil maps of the world levels. On a country-by-country basis, how- land or climate is not necessarily a limiting

created over a 20-year period by FAO and ever, the numbers are disturbing. At the factor; through the medium of money, all 
the United Nations Education, Scientific and 1975 low input level, fully 55 countries were resources, including such non-physical items 
Cultural Organization (UNESCO). The maps "critical" (i.e, they had a ratio of less than as knowledge and service, are theoretically
classify soils, terrain, and bedrock for the 1:1and were not able to support ever, their exchangeable for food. 
entire woild by trinslating national mapping existing population). By 2000, 64 countries Nevertheless. the FAO study presents a 
systems into an international framework, are projected to be critical, including the compelling and sobering portrait of the 

The second pillar is the climate informa- entire region of southwest Asia. agricultural capabilities of an increasingly
tion from FAO's Agroecological Zone Pro- In fact, the model is overly optimistic. The populated developing world, many parts of 
ject, which mapped crucial study assumed that all potentially cultivable to think in terms of sellclimate data for which need 
lie world, including rainfall, radiation, tem- land is used to grow nothing but stap:e food sufficiency because they lack the financial 

perature, and length of growing priod. crops or to provide pasture for livestock, resources to purchase food abroad.
 
Superimposing the two maps produced a and that the produce is divided equally
 
mosaic of thousands of onits--or cells-with among social groups to provide a basic calo
distinctive land and climate characteristics 	 rie req,drement. In reality, land would need References and Notes 

The researchers then used a complex to be set aside for forestry, vegetables, 
computer program to determine the particu- fibers, non-food cash crops and other uses 1.U.N. Food and Agriculture Organization
lar food crop that would provide the (although the model did account for land (FAO), PotentialPopulationSupporting 
greatest amount of protein and calories for lost to roads, cities, mining, factories, and Capacities of Laids in the Developing 
each land/climate unit, thus yielding a parks), which would substantially reduce World; a short summary of the study
rough estimate of the maximum food- potential production. Moreover, the realistic was published under the title Land,Food 
producing (calorie-producing) capability of per capita consumption would be considera- and People (FAO, Rome, 1984).
each nation. The theoretical carrying capac- bly lower because of sharp inequities in dis- 2. U.N. Food and Agricultural Organization 
ity of each country was then calculated by tribution and other factors. Conversely, the (FAO). The State of Food and Agriculture
dividing each nation's total potential calorie study did not take into account the role of (FAO, Rome, 1985), p.63. 
production by the FAO's nunimum daily cal
orie requirement, blho 1 Potential Population-Supporting Capacities Divided by 1975 

Because agricultural output depends so and 2000 Populations 
heavily on technological inputs, three 
scenarios were defined to fine-tune the Level AM= As SOI A M62 A-,p
results. The low level ofoptimization assumed 1-75 Ratit 
that no fertilizer, biocides, or improved 1975 
crop varieties were used, that no land 	 L 30 08 59 16 t 1 20 

InlermcdSate 116 13 239 4 2 30 69conservation measures were practiced, and H,-h 339 20 572 115 51 166 
tMat traditional crop-mix patterns would be 2oC0 Ftloe 
followed. The high level of optimization LO 16 07 35 1 4 1 3 16 
assumed full use of biocides, fertilizer, and lrlermedale 58 09 133 26 23 42 
conservation measures and the optimum Hgh 165 12 31 5 60 33 93 
crop variety throughout the entire cell. The !QwM: UN Fo Ar, o FA01i rFAoA, ,5&),,,c- LAo FoodAo,Pecpe 

Africa are unable to attain even ,00 kilograms per hec- ties such as dwarf rice, semi-dwarf wheat, and opaque
tare. (See Table 4.4.) two type maize to consistently propel production ahead 

In the developing world, the agricultural success stories of population gain. By the year 2000, the U.N. Food and 
of the past :everal decades are South and East Asia, par- Agriculture Organization (FAO) projects that per person 
ticularly India and China. The principal beneficiaries of calorie consumption in the Far East will have improved 
the green revolution, these regions used new crop varie- by almost 9 percent over 1974-76 levels 06). Nevertheless, 
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Tabie 4.2 Total and Per Capita Cropland and Resources, 1971-75 and 2000 
Cropland Cropandaid Potential 	 ftbj Per Ca(million hectares) ( ecape
Cropland

Regon 	 20DO(million hectares) 1iMT-75 	 2000( 	 1971d)-751.o1-7ec.

ik,luctrI&l
ibriost Emccio* (PAS) 1,023 3 4003Unnedj States 	 399 1 0555405 	 046Wostern E rope 	 2005 2080 095225.1 	 084Japan 901 87.0 	 0.26137 	 0.2257Other major exporters" 	 51 0.05244 0 	 0041040 990 1.58Cemtmsy Pla.id r ooap a 	 094(Mital) 884.4 4145Eastern Europe 	 420.0c 0.35114.4 	 0.26

USSR 	 544 X 0.43552.5 	 0.36China 	 232.5 X 0.93217.5 	 0.73127.5 X 0.16 011Dellpid Cotz_brl-L 1 (tr 	 2,232 0 662.0Latin America 723.5 	 0.35611.5 	 0.19North AfrricVMidd e East 	 136.5 165.0 0.47221.5 	 0.2891.5Other Afncan LDCs 	 91.0 0.477605 	 0.22
South Asja 160.5 182.5 	 0.62437,5 	 0.32Southeast Asia 999 

207.5 207.0 0.23 013349East Asa 	 41.0 0.35101 1 	 0.2031.1 37.0 0.13 0.08Worid (Total) 4,139.7 1,476.8 1,538.6 0.39 0.25 
X - to avaiale
 
a :Cropland
includes landunder perrun and temporary crops (oouble-acopped areas are oounod only once),b Canada 	 temporary madots for mowingrens(inruding curvaton 	 or pasture, landunder market and kitchenSourhAfrnca,AusrJaunder glass), and land temporary ltalow orand Argenrira ,ing Kk This category rs caled aral:e and purranert cropland by FAdCropland incentragy planned counrnes is itouglitto benear maxirmu Growth rnland uoad outside theagrncufura sectorSources:	 appoenaiey hwarnes cropland area increase.
1. UrS Council onEnvionnartlaUS Geclogc Supp2 Survey (USGS).Ouairy, The

ig'itaGlobal 
tor 

20X Repott ro the President, P 97a"i p 99Enrirorynargal lends (USGS, WVta'grtcn, DC. 1983). p 232 

with a massive population and widespread poverty, South
and East Asia continue 	

million hectares, or 56 percent (8). Use of irrigation spreadto be the least well-nourished rapidly throughout the world in the 1970s-2.3 percentparts of the world both in absolute numbers and in per- per year-and by 1994 over a quarter of a billion heccentage of their populations. (See Table 4.1.) at present, tares are projected to be free from dependence upon thewell over 200 million Asians are seriously under- vagaries of rainfall. (See Table 4.5.)nourished; by the year 2000, even though a larger per- . Through a beneficial confluence of geography, hydrolcentage will be better fed, the number chronically short ogy, climate, financial investment, and managerial ability,of calories is projected to reach 450 million g7). India has becomeHad it not been for the green revolution coupled with 
a showcase for the power of irrigation. 

declining rates of population growth, the food situation in 
In the period 1950-83, the nation's cereal production
increased from about 55 million to 140 million tons perAsia would now be catastrophic. year, and over 50 percent of that increase is attributable 
to irrigation 09).Irrigation 

The high-yielding plant varieties of the green revolution Table 4.4 Grain Yield in Selected Countries,have certain specialized needs, including large quantifies 1974-76 and 1981-83of water, fertilizer, and pesticides. FPart of the Asian suc-cess story was the continent's ability to provide these 	
A g iew 

(01:119111111,er)inputs, particularly through irrigation.Of the world's 212.9 million hectares of irrigated Netherlands 1974-76 1981-83 
cropland in 1981, Asia (outside the Middle East) had 120.1 Japan 	

4,771 6,357 
5,620 5,278

Korea, Republic of 4,140 5,183Germany, Federal Republic ofUrrrtec States 	 3,973 4,623Table 4.3 Grain Yield Per Hectare, by Region, Egypt 	 3,339 4,05Ey te 	 3.9213.9 4,0754,2541950-52and1980-8215 52ad1882German 	 Korea, Democraic Republc ofDemocratic Republif, 3,590 4,0103.575 3,834Atelage Yleld China(kiogam) 	 2.479 3,399Indonesia 2,338Re0on 	 3,1651950-52 	 (oW) Canada1980-82 (ponxrt) Mexico 	 2,027Argentina 	 2,3551,971North America 1.646 	 1,698 2,3533757
Western Europe 128 Bangladesh 	 1,771 

2.273 
1.733 3.843 	 1.993122 ThailandEast A&sa 1,419 2,973 109 	 1,882 1.960South AfricaEastern Europe 931 1,819 	 1,403 1.608South As:a 	 95 Brazil825 1.450 76 USSR 	 1,420 1,591South America 1,217 1,854 	 1.466 1,448Africa 	 52 India757 1,044 38 	 1,179 1,435AustraiaAistralaa 1,100 	 1.3841,301 	 1,29818 Ethiorpia 966 1,280 

1,186 2,247 89 Portugal
Not: a 	 1,118 962Data a'e lot 198183toavoo trend dstortonSoureft 	 Nigeia

Sudan 	 6961 uS Departmen! otAgrcuiture (USDA) Economic Resc-arch 	
662 

Sence lto hnd,es Niger 	 645 603AgriCulur arcfFooo Prtoxron 1974-8.3 (USDA Washington 1984) 	 395 408DC 	 Surice: UN Food and Agricuiture Organization (FAO).2 US Department orAqicurure (USDA)Ecborc Researc 	 Proouction Yearbook t983 Vol 37Servce. unpubi daa ... (FAO Rome, 1984) 
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Table 4.5 Land Under Irrigation, 19'70-94 
Averig. Annual 

Million Heclair, Change (prcnt) 

ieir 198 1994 1970--M 1981-94 
linrth AlnraM,,dle East 160 183 206 1 2 09 
Sib Saharan Afrca 34 4 5 52 27 11 
Suropean Ecormc Community 4 7 6 1 86 24 27 
Other ,Veslern Eutooe 3 1 39 4 6 2 1 1 2 
uSSR 111 180 247 45 25
E,,t.wn Europe 2 7 4 7 60 50 1 9 
South Asa 450 568 699 21 16 
Ea s As,a 126 154 170 18 08 
A ian Centraily Planned Economies 39 7 479 54 3 1 7 1 0 
3 eana 16 1 8 19 1 2 05 
Lilin Armerca 102 144 184 32 19 
N'orh America 164 211 263 23 1 7 
World 166.5 212.9 257.5 2.3 1.5 

Note: a ies ,vary Co" bte-ue n Tre "rEs,- ,c',ay are igures C r'an ,ate Tabe 86 
Source: Aaahied in winrchx iniernationa 1,,l.85Reeece a 

Although irrigation is perhaps the single most effective 
way to increase yields of most crops (see Table 4.6), it 
has serious drawbacks-economic as well as environmen-
tal. Irrigation systems are very expensive to cornstruct, 
with typical costs running $1,000-2,000 per hectare but 
ranging as high as $20,000 per hectare (20). They also 
require constant maintenance to prevent enormous .dtes 
of leakage, and close, sophisticated management. Over-
irrigation leading to waterlogged soil and excessive salin-
,ty is endemic. Since the Mesopotarians, history is 
replcte with examples of agricultural systems that have 
failed because of faulty irrigation. Often the failme is per-
nianent, leaving once productive farmland as wasteland, 
Salinization is currently a serious problem in both deve!-
oped and developing countries, from the richest to the 
poorest. Woridwide, salinization alone may be causing as 
much land to be abandoned as is currently being 
brought under irrigation (21). 

In India, where 40 million hectares were irrigated in 1982 
(half of them by surface systems, half by wells) more than 
7 million hectares were affected by salinity and alkalinity 
(22). Waterlogged areas are counted among those lands 
defined as "water-eroded:' a staggering 73.6 million hec-
tares out of India's total agricultural area of 143 million 
hectares. The total amount of land degraded by salinity 
and waterlogging is not precisely known but is estimated 
to be about half of the total land irrigated by surface 
systems (23). 

Obviously, irrigation requires water. Egypt, Israel, and 
California may have been able to make relatively small 
areas of desert bloom, but the vast deserts of the devel-oping world are essentially unirrigable. 

Table 4.6 Extent of Irrigated Lands 

and Their Use for Food Production, 

in Selected Countries 


Pcrca-A of "DtilFood 
PCacato4 Wvr Produtio Froim 

India 30 5 
Pakistan 65 80 

China 50 70 

Indonesia 40 50
 
Chile 35 55 

Peru 35 55
 
Mexico 30 Xall 

X- n available tple. 

Soul WR Rangeley. 18,Reference 19 
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Unfortunately, the continent that needs the benefit of 
irrigation the most, Africa, has the lowest potential for it.
Except in South Africa and along the Nile River, a vari
ety of factors conspires against irrigation: its great 
expense, unfavorable topography and rainfall patterns,
and insufficient numbers of trained managers. Also, the 
climate in much of the continent promotes the growth of 
disease carrying organisms, which flourish in the standing
water of irrigation reservoirs and ditches. Only about 
2 percent of Africa's arable land is now irrigated (24). 

Fertilizer 
After land and water, fertilizer is probably the most 

important factor in crop output; its increased use was 
responsible for about 55 percent of the increase in yields
in developing countries between 1965 and 1976 (25). Fer
tilizer use correlates directly with output. By 1974-76, 
world fertilizer use had reached an aggregate level of 60 
kilograms per hectare of arable land (ranging from a low 
of only 1 kilogram per hectare in several African coun
tries to a high of over 700 in the Netherlands). (See Part 
IV, Chapter 5, "Food and Agriculture:") 

Nations that use fertilizer heavily axe not relying solely 
upon the natural materials at hand--crop residues, 
biomass, and animal waste. They are also producing or 
purchasing expensive synthetic petroleum-based fertilizer 
that is beyond the financial means of many developing 
nations- However, there are some low-cost strategies that 
even poor nations can adopt to increase their fertilizer 
supply. For instance, confinement of animals instead of 
wide-ramging grazing makes the collection of manure 
practicable. Als,, the substitution of small biogas genera
tors for the direct burning of manure-as the Chinese 
have done-provides energy for cooking and other uses 
while leaving a nutrient-rich slurry for crop enhancement. 

Except for China, fertilizer use in the developing world 
remains much lower than in industralized countries, but 
it did increase during the 1970s. The developed 
countries at the beginning of that decade used 5.5 times 
more fertilizer per hectare than the low-income econo
mies, but by 1980 that ratio had been reduced to 2.2:1 (26). 

Pesticides 

World pesti$2de sales g'ew from $8.1 billion in 1972 to 
$12.8 billion in 1983 (in 1983 dollars), with the most rapidgrowth occurring in the developing countries. The devel
oped nations now use about 85 percent of all pesticides, 
down from 92 percent at the beginning of the decade 
(27). Pesticides are a vital element of the high-input, high
productivity agriculture that set new production records 
as it swept across Asia, parts of Latin America and other 
developing regions. However, as their use increase, pesti
cides' severe health and environmental impacts are 
becoming ever more evident. 

Unfortunately, a significant fraction of the pesticides
used in the Third World are those that have been 
banned for health and environmental reasons in some or 

of the developed nations, DDT being the chief exam-
According to an estimate by the U.S. General 

Accounting Office, 29 percent of U.S. pesticide exports 



were not registered for use in the United States; of these, 
20 percent had been canceled or suspended by the 
government as unsafe to health or the environment (28). 

Despite more than three decades of experience in 
using pesticides, astonishingly littie is known about their 
effects on human health. Reliable data on poisonings and 
deaths do not exist. The most comprehensive study, a 
1973 effort by the World Health Organization (WHO),
concluded that there are perhaps 490,000 cases of 
poisoning annually (with an uncertainty making the 
range 250,000 to 1,435,000) (29). The WHO committee 
estimated that the death rate from poisonings is I per-
cent if antidotal facilities are available, but a cursory
examination of selected country reports shows an actual 
death-to-poisoning ratio greater than one in ten. Though
spotty, these findings demand concern. (See Table 4.7.)

From a purmy environmental perspective, the accelerat-
ing rate at which insect, weed, and other pest species are 
becoming resistant to pesticides may be even more seri-ou. Between 1970 and 1980, the number of arthropod 
species (nsects, arachnids, and crustaceans) exhibiting 

reistance almost doubled, while for certain chemical 

groups such as the carbamates, the number of resistant 
species increased as much as 17-fold. (See Figure 4.1.) 
The total number of cases of arthropod resistance (the 
number of resistant species times the number of chemi-
cas they are resistant to) now stands at more than 1,600
30). 	 Resistance "hashad major public health effects aswell, as DDtresistant mosquitoes have dashed hopes that 

malaria would soon be wiped out. 

Areas that have suffered serious outbreaks of resistant 
pest epidemics include Indonesia, where 263,000 metric 
tons of rice were destroyed by brown planthoppers in 
1975; northeastern Mexico, whose 280,000-hectare cotton 
industry has been wiped out since the 1960s by the boll 
weevil and the tobacco budworm; and Long Island in the 
northeastern United States, where farmers are spraying 
banned pesticides under special exemption up to ten 
times a season, polluting the groundwater in the process,
and spending as much as $750 per hectare in a desper-

ate attempt to control the Colorado potato beetle (31).


In response, the chemical industry and the world's 
agricultural research community have been gradually pay-
ing more attention to the concept of integrated pest 
management, a series of techniques that relies on smaller 
doses of more specifically targeted chemicals, the use of 
physical and biological controls, and sophisticated atten-
tion to the habits and life cycles of pests and their rela
tionships to individual crops and agro-ecosystems. 
Although integrated pest management has been the sub-
ject of much discussion and research for well over a 
decade, its adoption has been slow, principally because it 
requires a high level of sophistication and cooperation on 
the part of farmers, extension agents, and pesticide sales 
personnel, and partly because in many cases it would 
mean a lower sales volume for chemical manufacturers (32). 

Multiple Cropping 

In parts of the developing world with extreme land scar-
city, notably South and East Asia, high-input agriculture- . 

--	 Ibbla 4.7 Deaths From Accidental Pesticide 
Poisoning, Selected Countries and Years 

- Doaft 

Cyprus 1972 	 215 	 15Finland 1974 131 16 12 
Wand 1974 141 2 1Israel 1974 53 X XWSamoa 1972 10 x x 
Romania 1974 2.740 303 11Syria 1971 1,064 167 16
Turkey 1974 1,680 156 9 
Untied Kingdom 1973 98 14 14 
'TM 5"2 660 11 
X. not available 
8zoure": 

estone 
2 J E Daves 'Health Effects ofGlobal Postode Use* rePorprerj.rvd forthe World Resources 
1 JF Copo Safe Use o,Pevicdes Yod Hireth Oganzafon Geneva, 193) 

insttute (WRI) (WR.Wazhnio DC. 1985) pp 4.5
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p 
year on the same parcel of land. In fact, because of theextreme intensity of land use, the Asian centrally planned 
countries have a harvested-land-to-arable-land ratio of 
1.34:1--one and a third hectares of food are grown on 
every hectare of land each year. (See Table 4.8.) 

No other region uses land as efficiently, although the 
trend toward double-cropping is increasing in other areas 
where the soil can handle such intensive use. However,
multiple cropping is only suitable in limited areas because
it depends upon the replenishment of nutrients throughheavy use of fertilizer as well as careful management of 
irrigation to prevent soil salinization. In China, for exam

pIe, the "grain first" policies of the 1960s and 1970s led 
to triple cropping in parts of eastern and southern China 
where it cannot be sustained (33). Moreover, the practice 
can increase a region's vulnerability to a season of 
unusually bad weather, a pest or disease outbreak, or 
other problems.
 
Summary
 

In conclusion, the vast proportion-about 88 percent
of the additional 400 million metric tons of grains that
 
will be grown in the mid-1990s will be the result of
 
improved productivity of current agricultural land,
 
through the increased use of new irrigation, fertilizer,
 
multiple cropping, and pesticides (34). 

AGRICULTURAL PRODUCTION
 
AND CONSUMPTION
 

Between 1974 and 1983 world food production increased
 
at an annual rate of 2.2 percent, almost 0.5 percent

faster than population growth. The developing countries
 
significantly outperformed the developed countries, even
 
taking into account faster population growth in the Third
 
World, and by the end of the ten-year period the
 
developing nations as a whole increased their per capita
 
food production by about 10 percent.
 

However, as a whole the 36 "least developed" nations
 
(35) did not share in the per capita agricultural improve
ment because of much higher birth rates. Their rate of
food production increase, 2.1 percent per year, was fully

half a percentage point less than their population growth
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Fhroughout the 1970s, the fastest growth in cereal 
Figure 4.1 Number of Species Resistant to production was in North America, Latin America, and the 
Pesticides, 1940-80 	 centrally planned nations (if Aia In North America, with 

decreasing growth of population !nd demand, the huge
production is shifting the U.S. and Canadian agricultural 
economies ever more toward the export market.
 

One of the more remarkable developments of the
 
4C - Anr,,o. 1970s was the strung growth in meat production and
 

over 50 percent of the
consumption. By 1983-34 just
0 Plant Pathogens world's grain production went to feed animals, not peo

350 - &,Weeds pie. Everywhere but Africa (where per capita consun 2
tion fell) and the high meat consumption countries like 

30o- Argentina, Australia, New Zealand, the United States, and 
Canada (where market saturation is apparently being 
reached), meat consumption was up sharply. 

250 Rising incomes almost always create a rising demand 
for meat. This has been particularly apparent in the Mid

200-	 dle East, East Asia, and in the less wealthy countries of 
Europe. In the 1970s, per capita meat consumption grew 
by 1 percent a year above population growth, and global 

150-	 production increased almost 3 percent a year. This rate of 
growth is expected to decline somewhat in the coming 

1,00-	 less prosperous years, but will continue. E,en South Asia, 
with its low income and traditionally vegetarian diet, will 
exhibit growth, although by 1994 it will only bring per 

50 - capita yearly consumption up to three kilograms (39). 

Another indicator of rising meat production was the 
4sharp growth in oilseed (primarily soybean) production 

191.-:0 D 101.0o 170 and consumption (40). Oilseed is the key ingredient in 
high-protein animal feeds, upon which livestock herds in 

North America, Western Europe, and elsewhere are
Source: GP Georghlou and RPB Melron. 'Pode esistance in Tine and 

Soace." in Pev Re&scrhet to Pestce G P Gcrgniou and T Sao.eds. increasingly dependent. 
(Pe-rr. Press. New York. 1982) I.l Finally, the world produced about 22 million metric 

tons of fibers annually in the early 1980s, most impor
tantly cotton, jute, and wool. Fiber sales have suffered 

(36). These nations are in worse shape now than they from competition with synthetics for several decades, and 
were in the early 1970s-which itself was a period of per capita fiber consumption declined in the 1970s. The 
such concern about agriculture that the United Nations decline is expected to continue in the future, though at a 
initiated the World Food Conference. lesser rate (41). 

For the ten years following that Conference, FAO 
projected that food production would increase in the WORLD FOOD TRADE 
developing world by an average of 2.6 percent per year. 
Ten years later, only Africa had not reached that goal. One of the most dramatic developments in agriculture 

has been the rapid rise in the volume of world tradeThe rest of the developing world was able to make sub-
since World War II, and particularly since the earlystantial agricultural progress on a per capita basis 
1970s. In the period 1950-72, while world agriculturalbecause the general rate of population growth was signifi-

cantly lower than had been projected in 1974. Africa production was increasing at an annual rate of 2.85 per

combined a less-than-hoped-for production increase with 
a higher-than-predicted birth rate (37). (See Table 4.9.) Tablo 4.8 Harvested Land as Percentage of 

The world's production of cereals, including wheat, rice, Arable Land, 1970, 1981, and 1994 
and coarse grains (primarily maize) reached a world total 19MD 19M 1M 

of 1.78 billion metric tons in 1984, the greatest amount NorIn A!,,ca,.dole 7ast 3 58 59 
Sub.Saharan Africa 73 75 75 

in history and a remarkable 8.5 percent increase over Euea Economic Community 71 74 76 
;Aesiern Europe 67 

USSR 63 65 66 
1983. However, the developing world's increase was just otie, 	 65 70 

2.3 percent, sufficient only to keep a step ahead of popu- Eastern EuroDe 81 78 78 
lation growth. Meanwhile, much of the huge harvest in South Asia 95 97 96 

East As,a 	 91 96 101 
the industrialized world was unmarketable 'rod went into Aan Centrally Planned Economies 129 134 142 

t 30 41 44stockpiles; by the en of the 1984-85 season, global 	 Oceania 
Latn America 	 69 70 70 

cereal carry-over stocks were projected to reach 294 mu- Nor America 46 59 60 

lion metric tons or 18 percent of expected world con- Worfd 72 76 78 

sumption (38). Soue: A.aca fro rr .1r'InWinro-kl 985 Peeerce 8 o 30 

'O.O AESOuPCES 19M 
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Table 4-9 Annual Percent Increase in Food 
Production and Population, 1974-84 and 
Extrapolation to 1985 

Developing Market Economies 
Africa 
Far East 
Latin America 
Near East 

Asian Centrally Planned Economies 
All Developing Countries 

Notes: 
a cual Irend 

1974-84, 1985b 974-8s, 165b 

30 26 2 5 2.7 
1 9 25 31 29 
3 6 24 23 26 
30 
26 

29 
3 1 

2.4
2.7 

28 
2.9 

4 1 2,6 1.4 1.6 
3.1 2.6 21 2.4 

b Extracaions bytre worl Fooc Coferene 1974 
SOie: Urlea Natons '[he World Food Problem in UN World Food Conference (FAO

Rome November 1974) 

cent, world agricultural trade was expanding by 4.95 per-
cent. In the decade that followed (1972-81), trade bur-
geoned even faster, 6.25 percent a year, despite a drop in 
world production growth to 2.35 percent annually. (See 
Table 4.10.) If 1950 is taken as a base year, world agricul-
tural trade volume had doubled by 1962, tripled by 1972, 
and quadrupled by 1980 (42). Moreover, the increased 
value of the exports was greater even than the increased 
volume (43). 

About one of every ten kernels of grain crosses an 
international border between the time it is harvested and 
consumed. And for most kernels the trip involves cross-
ing either the Atlantic or Pacific Ocean, for by the end of 
the 1970s fully 87 percent of grain exports originated in 
North America. 

It is difficult to overstate the importance of North 
America, particularly the United States, in world grain 
trade. The United States is not literally "feeding the 
world:' but it certainly provided the marginal increase in 
calories that improved the lot of millions of people in 
developing nations in the past decade. With the excep-
tion of North America (and, to a much smaller degree, 
Oceania and the European Economic Community), the 
world in the early 1980s was consuming annually almost 
150 million metric tons of grain more than it was produc-
ing. In fact, these grain-deficit countries had increased 
their dependence on imports through the 1970s at the 

astonishing rate of 12.5 percent a year (44), although they 
were partially balancing that deficit through the export of 
many non-grain agricultura! products.

In the coming decade the pattern is likely to continue,
even if rates decline. By the year 2000, North America 
will be approaching the 200-million-metric-tons-per-year 
mark in exports. The European Economic Community 
will have become a substantial exporter, thanks to heavy 
production subsidies, but the output will be easily
absorbed by the rest of Europe, which is grain short.

Why is world agricultural trade booming? What does it 

mean and where is it heading? The answers are com
plex, and future developments are difficult to predict.
 

Several coincidental events in the early 1970s combined 
to give world agricultural trade a boost. Among them 
were the liberalization of the foreign exchange regime 
with the end of fixed exchange -ates, huge Indian and 
Soviet grain purchases in 1972, and the first major 
changes in U.S. stockholding policy since World War I1.In 
addition, the psychological impact of the 1973 OPEC oil 
price increase led to a destabilization of grain markets as 
many nations made immediate purchases to avoid future 
price increases. Moreover, rising world affluence, particu
larly among the middle-income developing countries, 
placed many nations in the category of potential food 
buyers for the first time. (The Middle East, for example, 
converted much of its oil profits into grain-fed meat; 
meat imports in the region grew from under 100,000 
metric tons in the early 1970s to over a million metric 
tons in the early 1980s.) Finally, credit was still being 
liberally extended in the 1970s and much of the growth 
in the global food trade was debt-financed. The tighten
ing of credit in the early 198Us was partially responsible 
for the trade turndown from 1981-85. 

The 1970s seem to have marked the passing of a psy
chological barrier to agricultural trade as well. The 
general presumption that nations should strive to be self
sufficient in food apparently began fading with the reali
zation that other regions might be able to provide food, 
at least at the margin, more cheaply. 

World trade maximizes production and consumption, 
and evens out regional peaks and valleys in production 

Table 4.10 WG'-ld Trade in Grains, Meat, Milk, and Oilseed, by Region 
Grainm MeeL i Oll ed 

Avitirige, A'vnXsrl~ a ~ Arrxaale ~eageAiraeAnaieeuge,Amual Amp heugvWq Ammal 
1980-82 Pceta Ow '.8 1980n Pe i Peve 9 Pwcmnt Cmng n 1980 -82 unge
(raon Ow b (nlJon Over PreAoI (mion Ow Pre cus (.on Ow Priou 

moft loru) Decade metic ons) Dcade merc ons) Decade eft1c tm) DoCade 
North Africa.iMliddle East -292 128 -118 260 -79 124 -17 -144 
Sub-Saharan Africa -58 11 4 -008 -8 1 -1.3 5.3 2.6 -35 
European Economic Community 43 20 0 12 1 0 11.3 17.9 -31 1 56 
Other Western Europe -110 85 -003 -14.8 1.0 38 -56 57 
USSR -365 -227 -080 239 -43 -145 -27 -233 
Eastern Europe -114 55 049 139 03 5.0 -64 80 
South Asia -16 -111 005 332 -06 19.1 29 1.8 
East Asia -288 49 -082 8.5 -1.9 3.9 -81 4.7 
Asian Centrali, Planned Economies -186 12 1 023 34 -01 66 -1.2 44 1 
Oceania 156 56 1 47 25 56 -2.3 0.0 31 1 
Latin America -76 -109 056 -25 -22 4.0 160 108 
North America 1328 93 018 3.8 -1.1 24.6 37.0 68 

World Totalb 152.7 7.8 3.10 3.2 18.2 6.6 58.5 6.2 

Noes: 
a Negaite amounts are imports Positive amounts are exports 
b E-Dons oniy 
Soure: ioale fr.c'Wnroc, Ilte,natiouaj 19a5,Relerence 8 pp 43 44 47 and 48 
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4 
and prices. Thanks in part to booming international 
trade, world production has kept up with effective 
demand despite falling prices for grain and most other 
food products in 25 of the last :30 years. In all, real 
agricultural prices -were 25 pertent lower in 1980 than in 
1950 (.it,. 

Conversely, trade barriers tend to decrease prices for 
exporting producers, increase prices for consumers in 
importing countries, and lead to unnece. sary shortages 
and surpluses. However, the internal pressure to protect 
various industries, crops, and economic groups is often 
intense, and virtually every government has erected one 
trade barrier or another. When food supplies are rela-
tively tight. trade barriers are only a minor problem, but 
favorable weather years with large harvests and abtdant 
supplies can trigger major trade disputes. 

In the mid-1980s, because of huge harvests in Europe, 
the United States and the Common Market found them-
selves on the verge of a trade war. Low prices and high 
debts forced many Ameican farmers into bankruptcy. At 
the same time, thanks to price supports given the politi-
cally powerful dairy industry, the United States found 
itself with cnough turplus to give every American a two-
month supply ol butter, a three-month supply of cheese, 
and a tw,'-r, onth supply of milk (46), even though the 
ptice, of dyi,.d milk was at its all-time high. Meanwhile, in 
Europe. agricultnri .ubsidies were accounting for 79 per-
cent of the entire budget of the European Economic 
Cormunity .I, . 

As world trade burgeons, the traditional nation-based 
structure of agriculture is giving way. Suddenly, good 

weather in Europe can put an American farmer out of 

business, while a U.S. political decision on wetland protec-
tion requirements can raise the price of meat in Korea. 
.Moreover, the traditional market for(.es of supply and 
demand are beginning to take a back seat to financial 
variables that have nothing to do with agriculture: cur-
rency exchange rates, debt-driven interest and govern-
ment economic subsidies. Farmers are finding themselves 
worrying more about the rise of mortgage rates and the 
fall of currency prices than the rising of the sun and the 
falling of the rain. 

Currency exchange rates have such a severe impact on 
agricultural prices that large chunks of the market are 
going underground and avoiding cash transactions 
entirely. Barter and its more complex variant, counter-
trade (three-, four-, and mu!ti-way barter), have grown 
from marginal amounts (mostly vithin the Soviet Union 
and Eastern European countries) to more than 30 percent 
of all world food trade. Although they are practical solu-
tions to a serious problem, barter and other forms of 
non-market transactions (like bilateral long-term contracts) 
are leading to greater government involvement in world 
food trade and less reliance on market mechanisms to 
make decisions arid allocate resources, 

FOOD AID 

When a nation can neither grow nor afford to import 
enough food for its citizens, it must appeal to the 
generosity of the better-off members of the world con- ... 
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munity. In 1974, the participants at the World Food Con
ference set a minimum target of providing 10 million 
metric tons of foo d aid annually to needy nations. How
ever, the donor nations did not reach this goal until ten 
years later, when 10.I million metric tons were made 
available in 19,4, largely because Ot the catastrophic fain
ine in Africa. But by then the anount was only a frac
tion of the real ied. The E-\O estimated that Ill coun
tries required 20 million metric tons of food aid in 1985; 
the U.S. Dcpartment of Agriculture calculated that, based 
on nutritional needs, 67 low-incolme countries required 
25.8 million metric tons 4,181. the longer assum-For term, 
ing an end to African drought, the United Nations World 
Food Program estimates an annual worldwide food aid 
need of approximately 1.1to 15.5 million metric tons. 

The largest food donors are the United States, the 
European Econornic Community, Canada, Japan, and 
Australia. Fifty countries contribute either food or funds, 
including even India, China. Egypt. Mauritius, and Togo. 
The largst recipient countries in 1982-83 were Egypt, 
Bangladesh, Sri Lanka, tRikistan, arid Ethiopia. 

Food aid is controversial. Emershency food shipments to 
regions facing short-term famine are universally sup
ported, as shown by the unprecedented outpouring of aid 
to Africa in 1985. (See "Recent Developments,' below.) 
There is vigorous debate, however, about the efficacy of 
long-term food aid. Free or low-cost food can become 
incorporated into the general food economy of recipient 
countries, driving down the price of food and undermin
ing the already-precarious financial position of poor 
farmers. With no incentive to grow food to sell, farmers 
remain unproductive and food aid becomes indispensable. 

Critics aso point to the extent to which food aid is a 
pawn in global power politics, with "friendly" or strategi
cally sensitive developing countries receiving more aid 
and "unfriendly" or less politically important countries 
receiving less, regardless of need. Othe.s see food aid as 
a disguised means of disposing of surpluses. Moreover, 
the donated food does not always make its way to those 
who truly need it; reports of corniption and malfeasance 
are common. The rural poor of nmany developing coun
tries--who are predominantly women and children-are 
at particular risk because of their remoteness from food 
distribution centers arid their lack of political power. 

Nevertheless, food aid is strongly backed by politically 
powerful producers in the food-surplus nations and has 
become an accepted institution that currently comprises 
about five percent of total world food trade (and, in fact, 
is becoming difficult to distinguish from other compo
nents of that trade). While food aid may riot be an 
appropriate long-term solution, the vast amount of hun
ger in the world, coupled with falling per capita agricul
tural production ia many low-income developing coun
tries, and rising foreign debts, guarantees that food aid 
will remain a substantial element of the world agricul
tural economy for a long time to come. 

FOCUS ON: EROSION 
Soil erosion is as old as the planet. It causes major losses 
in agricultural and forest productivity; yet over time it has 



also been responsible for the productivity of such fertile 
areas as the Nile, Indus, Ganges, and Mississippi River 
valleys. Under normal agricultural conditions, the average 
erosion rate is e~timated to be about 0.5 to 2.0 metric 
tons per hectare p,,r year (49). Put another way, approxi-
mately one vertical centimeter of topsoil would be 
washed or blown away every 80 to 280 years, depending 
upon numerous related factors such as soil type, slope,
and the nature and intensity of wind and rainfall. This 
rate is also the immutable pace at which new soil is 
created by nature, 

However, as croplands become overworked and mis-
managed, erosion often rises dramatically. Hard numbers 
are impossible to come by, for erosion is a notoriously
site-specific phenomenon. The world's rivers are believed 
to deliver about 24 billion tons of sediment to the oceans 
each year (5o). In addition, mny billions of tons of 
eroded soil never make it to the sea; they either settle 
along stream bottoms or silt reservoirs behind the world's 
dams. One single dam, the Sanmer on China's Huang
(Yellow) River, traps 400 million metric tons of sediment a 
year (51). Many more billions of tons are eroded by the 
wind; scientists in Hawaii can tell when spring plowing 
begins in China because they see the dust over the 
Pacific (52), and up to an estimated -100 million tons of 
North African sand are blown westward into the Atlantic 
every year (53. 

That erosion is affected by both slope and human activi-

ties is readily apparent by studying the sediment load of 

some of the Earth's major waterways. India's Ganges

River, which drain.- just over I million square kilometers 

of intensively worked farmland and heavily harvested 
forestland in India, Bangladesh, Nepal, and Tibet, delivers 
1.46 billion metric tons of sediment to the Bay of Bengal 

every year. In contrast, the Amazon River, which drains 
a 
much larger area of relativel, unspoiled tropical forest 
covering nearly 5.8 million square kilometers, carries only
363 million metric tons of sediment per year. On a drain-
age area basis, the riverborne erosion rate in the densely

populated plains and mountains of northeastern India is 

more than 20 times higher than in the sparsely popu-

lated jungle of Brazil. (See Table 4.11.) 


China's Huang River i- the most sediment-laden river 
on earth. From just 6038.00 square kilometers of 
drainage-much of iz tthrough the heavily eroded Loess 
Plateau south and ..est of Beijing-the river dumps 1.6 
billion metric tons of soil into the East China Sea. In its 
middle reaches, the river carries about 700 kilograms of 
silt per cubic meter of water, or about 50 percent silt by
weight, just under the level classified as liquid mud, As 

Table 4.11 Estimated Annual Soil Erosion, Selected 

this silt has settled out over the centuries, the height of 
the river bottom has risen, forcing the construction of 
ever-higher dikes along the riverbanks. Today, as it 
approaches its mouth, the Huang River flows in a chan
nel raised three to ten meters above the surrounding 
countryside (.,4). 

Erosion is widely reported though not most painfully felt 
at the country and regional level. In Guatemala, 
40 percent of the productive capacity of the land has 
been lost because of erosion, and several areas of the 
country have been abandoned because agriculture has 
become uneconomic. In Turkey, planners estimate that 75 
percent of the land is affected, with 54 percent severely 
or very severely eroded. In Haiti, which loses 14 million 
cubic meters of topsoil a year, there is no top quality soil 
left. Cleared areas of Nepal lose between 35 and 75 met
ric tons of soil per hectare per year, leading one 
observer to suggest that the country's most precious 
export is its soil (55). In India 13 miliion hectares are 
eroded by wind and nearly 74 million by water, an aston
ishing one-quarter of India's total land area (56). Since 
1957 alone, China has lost about 11 percent of its arable 
land to erosion, desertification, and conversion to 
nonagricultural uses (57). 

Many factors cause erosion, but the two most important 
are degree of slope and the amount of bare soil exposed 
to the elements. Research in Nigeria, for instance, 
revealed that land with a 1 percent slope, planted in 
cassava, suffered erosion of a modest three metric tons 
per hectare per year. On a 5 percent slope, however, ero
sion jumped to 87 tons, and on a 15 percent slope soil
 
eroded at a disastrous 221 tons per hectare per year. At
 
that rate, all the topsoil from the test plot would disap
pear in a decade (58).
 

Soil is left bare for many reasons. Often fields are left
 
barren between harvest and planting time. After forest is
 
cleared there is a period of exposure before crops are
 
planted and germinate. And, of course, the soil between
 
row crops is bare if it is not mulched.
 

A shift in cropping patterns in the U.S. state of Missouri
 
in the 1930s provided dramatic evidence of the effect of 
row cropping on erosion. When land was in corn/wheat/ 
clover rotation, with the clover providing a grass-like mat 
over the soil, erosion took place at the rate of 6.75 met
ric tons per hectare. When the land was converted to 
corn-only agriculture, erosion jumped to almost 49.2 met
tic tons per hectare, a seven-fold increase (59). The clover 
mat not only held the soil on its third of the fields but 
also apparently trapped airborne and waterborne soil 
particles from the other two thirds. However, most large 
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farms in the United States have ibandoned crop rotation 

because of the size and needs of giant farm machinery, 

and are substituting chemical fertilizer for declining inher-

ent soil fertility, 
Erosion damages and depletes tie soil incomplex, sub-

tie ways. Most seriously, it reduces the water-holding 
mattercapacity of soil by selectively removing organic 

and the finer particles; soils that have been seriously 
can lose up to 93 percent of theirdegraded by erosion 

water infiltration capacity (to.Erosion also removes soil 

nutrients such as phosphorous, potassium, nitrogen, and 

well as soil organic matter; the nutrients cancalcium, as 
be replaced with synthetic inorganic fertilizer or with 

crops of nitrogen-fixing legumes. The organic matter 

must be restored by adding biomass from crop residue, 

mulch, etc. Finally, erosion can stunt plant growth by 

restricting the depth of soil available for vigorous root 

growth. 
major kinds of effects: on- and off-siteErosion has two 

On the eroding field itself, the loss of topsoil reduces the 

long-term productivity of the land. Numerous studies in 

the United States reveal a decline in corn yields of three 
for each inch of topsoil lost. Forto six bushels per acre 

wheat the reductions are between 0.5 and 2.5 bushels 

per acre. On average, these diminished yields represent 

losses of 6 percent per inch of eroded topsoil for both 

crops (6t). 
scraped offIn experiments where the entire topsoil was 

experimental plots, the results were-not surprisingly-far 
cen-more dramatic. In Mexico, land deprived of 18 

timeters of topsoil grew only 0.6 metric tons of corn per 

hectare compared to 3.8 tons in the control field. In 

Nigeria, when 15 centimeters of topsoil were scraped off, 

corn yields plummeted from 6.5 metric tons per hectare 

to only one ton (62). 

Off-site effects are also severe, not so much to food 

production as to the world's waterways. In the United 

States, which has carried out the most extensive investi-

gations of erosion rates and effects, about 3 billion metric 

tons of sediment are washed into waterways each year 

(not counting Alaska and Hawaii), with off-site damages 

estimated at $6.1 billion. This damage includes a decline 

in fish populations, the loss of recreation potential, 

destruction of coral reefs, a decrease in the amount of 

water stored in reservoirs, the loss of hydropower poten-

tial, and the cost of dredging rivers and harbors for 

navigation (63). 

In the Third World the decline in hydroelectric capacity 

due to sedimentation behind dams is particularly costly, 

since for many developing countries these expensive pub-

lic works projects are expected to provide a basis for 

future economic growth. Pakistan's Mangla Reservoir is a 

in point. Built with a 100-year life expectancy, it willcase 
fill up with silt at least 25 years and possibly even 50 

years ahead of its time. In Colombia, because of heavy 

erosion in the upper watersheds, the Anchicava Dam had 

lost 25 percent of its storage capacity only two years 

after it was completed (64). 
aSoil erosion has been called a "quiet crisis" and 

'creeping catastrophe" because it is generally not visible 

to the farmer or the policy-maker until after much of the 
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damage has been done. Moreover, it is difficult to con

vince wealthy landowners-much less impoverished sub

sistence farmers-to budget time and money for erosion 
meacontrol techniques whose payback period may be 

sured in years or even generations. In additio.-, in areas 
more damagingwhere the off-site effects of erosion are 

than the on-site effects, it may be unreasonable to expect 

farmers to expend resources to protect lands hundreds or 

thousands of kilometers downstream. 
There is no single solution to erosion. Appropriate 

measures depend on site characteristics, and most control 

work best when taken together. On denudedmeasures 
hillsides, reforestation is needed both for controlling ero

sion and for providing fuelwood. In many areas, particu

larly in Africa, agroforestry-the interplanting of crops 

and trees, particularly nitrogen-fixing trees such as 

leucena-has been effective in restoring soil fertility and 

preventing erosion. Even without shifting to full-scale 
near croplandagroforestry, shelter belts of trees planted 

can help reduce wind erosion. 
Terracing is the ancient and traditional method of 

reducing erosion, particularly in Asia. In early days, when 

population growth was gradual, there was time to build 

strong and well-designed terraces that have lasted for 

centuries. Today,particularly in Latin America, population 

pressure has forced people higher and higher onto 
noextremely steep mountain slopes, and there is often 

time to construct proper terraces. Poorly built terraces 

are a major contributor not only to soil erosion but also 

to death and destruction from the mudslides that have 

become so feared in the Andes. 
Erosion on hillsides can also be caused by grazing 

animals, whose heavy steps bre, k up the soil. Stall feed

ing of livestock can contribute to erosion control in such 
also allows the collection and use ofareas. (This method 


manure.) Preventing overgrazing on steep slopes in
 
areas is also critical to maintaining the
drought-prone 

protection provided by vegetative cover. 
Erosion is intimately tied to fuelwood shortages. Recy

cling of crop residues is essential for soil maintenance 

and protection against erosion. But 	when fuelwood is
 
as fuel. In China,
short, residues are diverted for use 

which suffers from acute energy shortages in its rural 

areas, as much as 75 percent of available residues are used 

for fuel; in the United States 70 percent are recycled (65). 

The recently developed method of "no-till farming:' in 

which crop residues are left as mulch on top of the field 

and small holes are punched through the mulch to plant 

the seeds, is a strikingly successful erosion-control 
the method may prove to have seriousstrateg. However, 

use of herbicides todrawbacks, because it requires heavy 
suppress the weed growth that tilling normally eliminates. 

The impacts of herbicide use on soil and water quality 

and on the development of resistance in weed species 
yet well explored. No-till and minimum-tillare not 

rows are tilled but the spacesagriculture (where narrow 
in between are left unplowed) has spread very rapidly in 

the United States, expanding from 10 percent of har

vested cropland in 1972 to an estimated 32.6 percent in 

1984 (66). However, notill agriculture is not widely used 

in other parts of the world. 



Finally, data collection to fill the gaping holes in cur
rent knowledge of erosion rates, and education of farmers 
and policy-makers, are top priorities. Available statistics 
do not yet allow reliable projections of future erosion 
rates and impacts. We do know enough about the global 
agricultural situation, however, to realize that whatever 
erosion-control steps can be economically taken should 
be taken. 

AGRICULTURE IN AFRICA 

While most of the developing world has been making 
slow but steady progress in either increasing its agricul
tural production or improving its economic ability to pur-
chase food, Africa has been losing ground in the effort to 
feed itself. (See Figure 4.2.) 

Virtually the entire continent, but particularly a huge 
arc of countries extending across the Sahel from Mauri
tania to Ethiopia and then south to Mozambique (see 
Figure 4.3), iscaught in a dangerous cycle of rapid popu-
lation growth, inability to afford technological advances 
in farming, expansion of agriculture onto marginal and 
sensitive lands, severe deforestation and erosion, declining 
agricultural productivity, and, too often, misguided 
agricultural policies combined with unaccountable state 
marketing institutions. Coupled with 17 years of below-
average rainfall in most of the continent (67) plus three 
years of drought (see Chapter 8, "Freshwater: Box 8.1), 
these conditions have led to the starvation deaths of over 
a million people (S) and to the physical and psycho-
logical ravaging of uncounted millions more. 

One of the major causes of Africa's food and develop-
ment problems is the continent's population growth rate, 
which in the decade 1974-84 stood at 3.1 percent a year 
(69) and burdened farmers with about I million more 
mouths to feed every, three weeks. At that rate Africa 
would have 1.5 billion people-three times its current 
population-to feed by the year 2025. Some of the demo-
graphic trends def' the imagination: current projections 
suggest that the population of Ethiopia will not level off 
until it reaches 181 million; and Nigeria's growth curve 
points to a hypothetical stationary size of 532 million 
inhabitants-about the current population of the entire 
continent (70). 

Meanwhile, although it is the second largest continent, 
Africa is not particularly well suited to agriculture. Over 
80 percent of its soils have fertility limitations, and the 
climate in 47 percent of the continent is too dry for rain-
fed agriculture (7)). 

In earlier days, with less population pressure, Africans 
developed an indigenous agricultural regimen that suited 
the continent's unique ecology and served the people 
well, though at the subsistence level. Called "shifting 
agriculture" or the "bush fallow method:' this system 
involved semi-nomadic cultivation, which allowed fields to 
recover nutrients and moisture for several years after a 
season or two of crop production. But increased popula-
tion density and the advice of agricultural advisors from 
developed countries are leading Africans to abandon this 
type of farming in favor of methods that have proven 
successful in the more fertile and wetter parts of the 

Figure 4.2 Per Capita Grain Production in 
Africa, 1950-84 
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for the continent (which is far fi-om certain), Africa does 
not now have the technological infrastructure to support 
such a change: irrigation systems are inadequate or 
nonexistent, fertilizer availability and use are far too low 
to replenish nutrients on intensively cropped lands, and 
there is insufficient capacity to handle the pest problems 
associated with repeat farming of plots. Moreover, there 
has been little cultural orientation toward soil conserva
tion techniques, such as the terracing found in East Asia, 
because previous population densities generally did not 
warrant it. 

Coupled with Africa's agricultural problems is the conti
nent's acute energy shortage. Fuelwood is Africa's pri
mary fuel, even in oil-exporting Nigeria. Both closed
canopy and open-canopy forests are being cut down at a 
high rate, with devastating effects on the soil. Not only 
are trees no longer there to cut the wind, anchor the 
soil, and reduce the erosive power of falling raindrops, 
but as fuelwood becomes scarce, people begin to switch 
to dried dung and other types of biomass that formerly 
returned nutrients to the soil. 

The policies of most African nations must share the 
blame for the dismal state of the continent's agriculture. 
Most African governments have not invested enough 
money in agriculture. Between 1978 and 1982, while 
government spending per farmer increased in Latin 
America, the Near East, and the Far East, it declined by 
0.1 percent a year in Africa, according to an FAO study 
(72). Similarly, African farmers do not receive high enough 
prices for what they produce to make it worthwhile to 
undertake the risks necessary for higher production or to 
invest in land conservation techniques. Many nations opt 
for low food prices to satisfy their urban poor rather 
than for higher producer prices to stimulate the farm sec
tor. Some, such as Egypt, have also incorporated food aid 
shipments into their economies in a way that perma
nently undercuts their own farmers' ability to sell food. 
As one bitter relief worker in the Sahel put it, "Starve 

world. Even if this shift in farming methods makes sense -- the city dwellers and they riot; starve the peasants and 
V'.y . D SO'ES 9 5 
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Helping Africa rescue itself from further agony will be 

Figure 4.3 Twenty-one African Countries a long, difficult process. It will require new agricultural 
Affected by Abnormal Food Shortages, systems and technologies designed for Africa's soils and 
Deceniber 1984 climates, and appropriate to its cultural, educational and 

financial conditions. Strategies to integrate agriculture, for
m.-.,.'.0", estry, energy, and rural development will be vital. Mas

/2 	 sive amounts of tree planting, terracing, contour plowing 
and other soil conserving technologies will be necessary, 
as will netw drought- and pst-resistant crop varieties. 

cap "a~a Traditional ;.ochnologies, such as simple water harvesting 
Mm and water conservation techniques, must be adapted to 

present conditions. Ways must he found to lessen the 
pressure on fuelwood resources. (See Chapter 7, "Energy," 

Sum,, 


Bu-, i,,,,op Focus on: Fuelwood Scarcity.) Strategies that allow the 
successful co-existence of pastoralist and settled agricul
ture in arid conditions must be developed. (See Chapter 
5, "Foresis and RLangelands," Primary Production in the 
Sahel, Bo.,c 5.1.)

Perhaps most important, African governments 	must 
reevaluate their agricultural policies to provide greater
economic stimulus on the production side. Stimuli could 
include shifting the development focus from urban to 
rural areas; improving the quality and increasing the 
amount of agricultural research; allowing freer pricing 
policies for locally grown food; reorganizing the state-run 
crop marketing corporations to make them less corrupt, 
more efficient, and more accountable; and, certainly not 

Source: U N rood and Agrcuture Orga-ization IFAO). 1985. Reference 48, least, expanding family planning services. 
21. 	 Policy changes carry the risk of significant political 

ramifications-the Sudanese government, for instance, 
was overthrown in April 1985, partially as a result of rais

they die. If you were a politician, which would you ing the price of bread-but they can also have dramatic 
choose?" (73). positive results. Zimbabwe, one of the few African coun-

Finally, Africa (along with the rest of the developing tries with effective pricing policies, produced a corn sur
world) was partly a victim of what now appears to have plus of 800,000 tons in 1985, allowing it to provide 
been bad advice from foreign development officials. Post- 25,000 tons of grain as emergency food aid to Ethiopia. 
war development theory generally held that Third World 
countries could move directly from subsistence farming to RECENTT DEVELOPMENTS 
industrialized economies, including "industrial agriculture'-' 
cash-cropping of such commodities as coffee, cotton, FAMINE IN AFRICA 
pineapples, tea, and nuts-without establishing a strong, 
broad-based indigenous agriculture. In Africa particularly, In 1984 and 1985, Africa was the scene of both over
resources were uptimistically shifted to m3nufacturing whelming human tragedy and its most stirring triumph, 
while key infrastructure improvements in rural areas, such as first a terrible famine enveloped much of the continent 
as roads connecting fields to markets and storage facili- and then a massive outpouring of world food aid was 
ties, were put off. The net result is that not only has mobilized to save many from starvation. Very likely more 
industrialization failed (for a variety of complex reasons), than 1 million Africans died from malnutrition and 
but agriculture also has been hurt, and food crops have related diseases, particularly in Sudan, Ethiopia, Niger, 
fared worse than commercial crops. Mozambique, Somalia, Chad, and Mali, but millions more 

With five exceptions (Cameroon, Central African Repub- were saved by over $1billion worth of food and aid 
lic, the Ivory Coast, Rwanda, and Sudan), population donations from around the globe. 
growth has outstripped production in all 41 sub-Saharan Both the famine and the relief effort were haunting 
countries. Per capita food production has dropped by a repetitions of a similar catastrophe that struck the conti
staggering 20 percent over the past decade in such coun- nent in 1973-74. Although the recent relief campaign 
tries as Angola, Ghana, Mozambique, Senegal, and was bigger, better-coordinated, and included for the first 
Somalia. Even before it-,current drought, 25 percent of time the significant involvement of non-government 
the population of the sub-Saharan nations had become organizations, the agricultural debacle was stark proof 
dependent on imports for their food. Not since 1970 has that, on the policy level, little had been learned since the 
the continent produced as much food as it consumed (74). previous famine While in the short term the interna-
Indeed, for the past 20 years, African commercial food tional community responded effectively to the crisis, in 
imports have risen 9 percent i year (75). the long term, business-as-usuL] in African development 
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Box 4.3 High-input vs. Low-Input Agriculture 

Because of the phenomena] food production found change in American farming philoso- in the Corn Belt to eliminate theirrecord of the United States, there is a wide- phy began to emerge in the late 1970s o). erosion-controlling legume rotation andSpread presumption that agricultural technol- After years oi striving to increase production shift to permanent corn and soybeanog and methods that worked in the United at any cost, ;a few farmers realized that cropping. But as petroleum-based fer-States and other developed countries are the some of thoe costs were simply too high: tilizer prices skyrocketed, the newlogical ones for the rest of the world to use that ever more-expensive chemical and philosophy revived old-fashioned ideasBecause farmers and policymakers acted on technologicl imputs weren't worth the of soil husbandry, induding mulching,this presumption, much of the world's added output. The new philosophy contends strip cropping, and terracing, as well asagricultural diversity-hardy genetic varieties, that profitability rather than production removing Steep and marginal land fromspecialized appropriate tools, and locally should be the bottom line, and in making production.suited cropping strategies-is disappearing or that switch farmers are beginning to adopt In the United States and elsewhere, thehas already been lost, some of the policies environmentalists hd new lower-input approaches have not meantThe post-World War II green revolution advocated for years. For instance: less technologically sophisticated farming,,;took U.S-style high-input agriculture and 13 Since the development of chemical indeed, the new methods may be moreapplied it to the developing world. By selec- agriculture, farmers have been sophisticated. In general, these newlively breeding high-yield, fast-growing encouraged to use pesticides heavily, approaches have meant a der..arture fromwheat, rice, maize, and other foods, scien- attempting to wipe out pest populations. mankind-over-natui-e agriculture. Often theytists opened a huge new supply of nourish- Because of the pressure of rising chem- involve a shift from an exdusive focus onment, but at a price The new varieties are ical and environmental costs-including yield tu one that considers' other factorsso specialized that they are finicky and vul- accelerating rest resistance-the new such as hardiness, efficiency, and resilience.nerable, and need large quantities of water, philosophy espouses integrated pest The fact that a new lower-input philosophyfertilizers, and biocides to perform. In some management, a more environmentally could emerge in the United States mayregions of the world, notably South Asia sound combination of techMiques presage a flowering of alternative agriculand East Asia, the new varieties %ere usually involving smaller quantities of tural approaches more appropriate to thehighly successful. Other regions either did chemical pesticides applied more many diverse regions, climates, soils, andnot have the financial resources or infra- appropriately and attempts to reduce financial resources of the developing world.st,-ucture to participate in the green revolu- pests only to a level below that whichtion, or did not have environments con- could destroy a financially significant References anid Notes

ducive to the specific crops and genetic percentage of the crop
traits scientists had developed. With no 0 
 For many years, farmers were told that I. U.S Department of Agriculture (USDA),other strategy for agricultural development, yields could be increased and erosion Report and Recommendations onthe rate of food production growth in these compensated for by heavy applications Organic Farming (USDA, Washington,countries stagnated, of synthetic fertilizer In fact, the D.C.. 1980).Ironically, while the rest of the world was development of synthetic nitrogen fertrying to emulate the United States, a pro- tilizer in the 1940s allowed U.S. farmers
 

proved in many respects to have been a conspicuous zations, boih as catalysts and as actual aid donors. Thefail, re, music and entertainment industry in the United StatesThe nation most closely identified with the famine in and Great Britain was extremely active, creating USA forthe public's mind was Ethiopia, although starvation hit Africa, which generated over $50 mllion from the sale ofearlier in Mozambique, and more people were actually at a special album and videotape, "We Are The World"; therisk in Sudan. All told, the FAO identified 20 sub-Saharan Band Aid Trust, wicl. distributed $1 million raised bynations facing serious food shortages in 1985, with about the hit record, "Do They Know It's Christmas?"; and the30-35 million of their 200 million citizens severely Live Aid Foundation, which pulled in more than $65 milaffected. By March, 1985, about 10 million persons had lion through a two-continent televised fundraising concert.been forced to abandon their homes and lands in search r:umerous other private agencies took part as well,
of food, water and pasture for their rapidly declining including the International Committee of the Red Cross,
herds. CARITAS, Radda Barnen, OXFAM, Interaction, CatholicThe Ethiopian drought began in 1982, and starvation Relief Services, CARE, Medecins sans tronti~res, Danishdeaths were reported in early 1984. Despite persistent Church Aid, American Jewish World Services, and theefforts by various relief agencies and U.N. personnel to Islamic African Relief Agency.generate publicity, the crisis was all but ignored until first Of course, the lion's share of the relief effort waxtsBritish and then U.S. television footage shocked the pub- hadfinanced by national governments, 90 of whichlic into action. Then the response was dramatic. pledged or provided aid by the end of 1985. Of symbolicBetween earl' April and late September 1985, the importance, 18 donor nations were Afi, iu countries,international community made available 5.6 million met- many of them drought-stricken thctr,I Perh,,, mostric tons of cereals and 441,000 tons of non-cereal foods, dramatic was the commitment by Itah, pv-i' .. only iworth over $1 billion. By October 1,$590 million worth tiny aid provider, to give almost $1 hillion to theof non-food aid had also arrived or been pledged: equip- world's poorest nations over an 18-month period. Thement and services to help with logistics, health, water policy shift placed Italy near the top of the list of worldsupply and sanitation, and agricultural inputs, donors.A notable aspect of the relief effort was the The entire relief effort was coot-dinated by the Unitedunprecedented involvement of non-governmental organi- . Nations Office for Emergency Operations in Africa, which 
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had to cope with a mind-numbing variety of logistical 
problems. Soliciting food, in fact, was much less a prob-
lem than was getting it to isolated communities and refu-
gee camps. Few African ports, for instance, are equipped 
for huge ercergency operations: port congestion in Assab, 
Ethiopia led to 12-day delays, while the single wharf serv-
ing Mauritania's capitaJ city of Nouakchott had a 30-day 
berthing delay. Once food is unloaded, many countries 
have insufficient infra:;tructure to distribute it: Ethiopia's 
Djibouti-Dire Dawa-Addis Ababa railroad line lost the 
services oi about 25 percent of its locomotives and 
freight cars, while Sudan's Kosti-Nyala Railway did not 
function at all until 'eptember 1985. Of course, the situa-
tion was made much worse in countries like Mozam-
bique, Angola, and Ethiopia, by armed insurrection and 
sabotage. 

By the autumn of 1985, rainfall had increased over 
much-but not all-of the continent, and some of the 
refugee camps were begining to empty. Localized pockets 
of hunger and even starvation still remained, and there 
were projections that large Amounts of food aid would 
again be needed in Ethiopia and elsewhere in 1986, but 
the critical point of the crisis had apparently passed. 
Africa now would face the long, difficult task of rebuild-
ing its agriculture, its health, and its strength. 

WOMEN AND AGRICULTURE 

In July 1985, at the end of the Decade for Women, the 
World Conference to Review and Appraise the Achieve-
ment of the U.N. Decade for Women was convened in 
Nairobi, Kenya. The conference's product, a "forward-
looking strategies" document focused much of its atten-
tion on the issues of food, agriculture, water, energy and 
environmental management to achieve sustainable 
development. 

Most of the world's farmers are women. Eighty-five per-
cent of Africa's food production is produced by women. 
The capacity of the soils, the quality and availability of 
water, the effects of chemicals and pesticides therefore 
rightly commanded as much attention as traditional 
"women's issues:' 

As in previous conferences, there was intense debate 
on many issues, but in the area of natural resource and 
environmental rr anagement as they relate to food 
production, there was absolutely no dissent. These issues, 
in fact, forged the common ground among women in 
both the official c.-jnference and the Non-Governmental 
Organizations (NG)) Forum held concurrently at the 
University of Nairo'i and attended by 10,000 women. 

The 3,000 women representing their governments at 
the official conferen-e demanded that development pro-
grams addressing agricultural productivity involve the full 
partic;pation of women from initial planning to final 
implementation. Mari, delegations, both in their go.ern-
ment position papers and in plenary speeches, noted that 
drought and desertification are aggravated by inappropri-
ate agricultural and vlater development prolects, and by 
the emphasis on urb in,as opposed to rural, develop-
ment. Other central themes cited as hindering full 
agricultural productiv ty were the widespread discrimina-
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tion against women in the ownership of land, and the 
lack of access to economic resources to enable women to 
use alternative energy systems. 

Another concern was the mechanization of agriculture, 
because in many cultLues machinery is perceived as inap
propriate for women to use. There was strong dissent 
over the emphasis on commercial agricultural production 
for export, as opposed to small-scale farming to produce 
family food. The .ggregation of lands for producing cash 
crops rather th?.n for feeding indigenous populations was 
perceived to be the result of the heay international 
debts many developing countries confront. The disenfran
chisement of women in many countries from agricultural 
development planning and implementation led to several 
sections in de strategy documents and resolutions 
addressing these concerns (76). These point out that 
agricultural development projects that exclude those-the 
women-who do the bulk of the labor often fail. Con
versely, projects directed to those most intimately 
involved-such as the grassroots tree-planting Green Belt 
Movement in Kenya--caa be conspicuously successful. 

THE SEED WARS 
The simmering struggle over agricultural seeds escalated 
in late 1985 with the decision by the FAO to establish a 

new worldwide system of seed banks that would operate 
under significantly different rules from those of the exist
ing non-U.N. facilities. 

These gene banks are currently under the control of 
the International Board for Plant Genetic Resources 
(IBPGR), which is part of the Consultative Group for 
International Agricultural Research (CGIAR). In turn, 
CGIAR is cosponsored by the World Bank, the FAO, and 
the lJnited Nations Development Program (UNDP). 
Behind this alphabet soup of agencies is a real and bitter 
controversy over who should control the genetic wealth 
found largely in devel2.ping countries: the rich nations 
with their high-technology laboratories and trained 
researchers, or the poor tropical nations, which provide 
the scientists' raw material. 

For thousands of years, mankind has been improving 
natural and primitive ai-icuitirral varieties, seeking crops 
that are higheryielding, faster growing, better tasting, 
more disease- and pest-resistant, more nourishing and 
otherwise superior. The pace has picked up markedly 
since World War II and rose even more with the advent 
of genetic engineering techniques. There are now hybrid 
varieties of rice and wheat that are scores of times more 
productive than their ancient purebred ancestors. Natu
rally, there is great profit in the development, patenting, 
and sale of these improved seeds, even though the germ 
plasm (seeds, rootstock. and plant tissue) is collected 
largely free of charge from many of the nations that may 
later be forced to pay high prices for proprietary seeds. 
On the other hand, much of the benefit from crop 
improvements developed by CGIAR has gone to the 
developing countcies as part of the Green Revolution. 

The genetic wellspring of the world's agriculture is 
located largely in the tropics and the southern 
hemisphere-what is now still the developing world. The 
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potato is native to the Andes, corn to Mexico, coffee to cial part of the FAO (and, hence, the United 
Africa, and wheat to Ethiopia. The Third World stIll has Nations), in which Third World nations have a vot
tens of thousands of wild varieties of these and other ing majority. 
crops with genetic characteristics that could improve pres- 2. For the first time, there would be a fund for training 
ent crops, and that will be needed to adapt current varie- Third World scientists in genetic research (though 
ties to future conditions. many have been trained under the present system). 

As a form of protectionism, some developing countries 3. Most important, the patenting of new seed varieties 
have clamped down on the free utilization of their would not be allowed and all countries could make 
genetic resources; Cuba, for instance, bans the export of use of new varieties without charge. 
tobacco seed, and Ethiopia forbids shipment of coffee However, most of the developed nations (including the 
seed. The answer does not appear to lie in trade restric- United States, which provides 25 percent of FAO's budget) 
tions, however, since both North and South benefit from are satisifed with the present system and feel that the 
seed improvements and from the safest possible storage charges of "genetic imperialism" being leveled against 
of precious seed stock no longer found in the wild. them are without merit. They are so strongly opposed to 

The recent decision attempts to shift the balance of the proposed new banks that they are threatening not to 
power in the direction o' the developing nations in three join or fund the system. Such an action could result in 
significant ways: two parallel seed bank structures, or it could so under

1. Instead of the current ad hoc, informal structure of mine the r:ew proposal that it would collapse before it 
CGIAR, the seed banks would become an offi- starts. 
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Forests cover roughly one third of the world's land area. 
Wood and forest products provide income and employ-
ment for millions, essential raw materials, and fuelwood, 
which is the main source of household energy in the 
developing world. Worldwide, trade in forest products 
exceeds $100 billion annually. 

Rangelands 0) represent another important land use, 
especially in arid and semi-arid regions. These lands, 
which cover almost half of all ice-free land, include 
various vegetation types from arctic tundra to alpine 
meadows and tropical and temperate grasslands. On 
some lands,- grass grows under a sparse tree canopy.
These are sometimes counted as rangelands and some-
times as "open forests:' 

In many countries forests and rangelands are 
poorly managed and their productivity is declining, 
Some countries, particularly in Africa and South America, 
are pushing forest and range resources to their ecological 
limits. Managers often lack the data needed to make 
sound decisions. Though both these ecosystems suffer from 
a lack of good information, the data on range resources 
are especially poor. Comparatively, analysts can put much 
more stock in forestry statistics than in rangeland data. 

CONkiI'HOIS AND ' D 

FOREST RESOURCES 

Before large-scale disturbances by humans, the world's 
forests and woodlands probably covered 6 billion hec-

tares. By 1954, the total had declined to approximately 4 
billion hectares. This 30 percent reduction reflects the in
creasing use of land for agriculture, pasture, and set
tlements. (See Part IV,"Land Use and Cover," Table 4.2.) 

Worldwide, about 2.8 billion hectares (or 69 percent of 
the forested areas) are covered with closed forests (2), and 
1.3 billion hectares are less densely wooded open forests. 
Forest regrowth on fallowed cropland covers an additional 
406 million hectares, and natural shrublands and degrad
ed forests in developing countries cover 675 million hec
tares. When these two categories of wooded land are 
added to open and closed forests, the total (5.2 billion 
hectares with woody vegetation) represents about 40 per
cent of the world's total land area. (See Table 5.1.)

Trees outside forests that are in windbreaks, along
rights-of-way, or around farm fields, etc., are also impor
tant resources, especially in densely populated areas. 
Some 20 percent of Rwanda's farmland is maintained by 
farmers as woodlots and wooded pasture. These roughly 
200,000 hectares of dispersed trees exceed the combined 
area of the country's iemaining natural forests and state 
and communal plantations (3). In the Kakamega District 
of Kenya, over 90 percent of the farms have scattered 
tree cover, 79 percent of the farmers plant trees, and 64 
percent of the farms have woodlots (4). Of the 7.2 billion 
trees planted in the densely settled plains region of 
China, 5.8 billion have been planted around homes and 
in villages, with each household tending an average of 74 
trees (5). Even in France, where trees are not used for 
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Table 5.1 Distribution of the World's Forest Lands, 1980 and 1985 
'llaiot ot htxVtaiftl) 

RePion 

1980 Worid Totals 

1985 World Totals 


North Amcricat 
Europe 
ISS) 

Otler Countresg 

Developed Countries Subtotal 

A!rica 
Latn America 
Asa (excepl Cnna and OGeana) 
China 


Developing Countries Subtotal 

X - tA ailaue
,NA - tn aD~.care 
Notee: 

Total 
Land 
Area 

C!Insd Forest 

Broadleaved' Coniferous 
Open 
Forest 

Total 
Forest 
Area 

Percent of 
Total 

Land Area 
Forested 

Other Wooded Land 
-

Shrublandb Forest Fallow 

Total 
Wooded 

Aread 

Percent of 
Total Land 

Area Wooded 
13,077-
13,077 

1,827 
1,726 

1,121 
1,139 

1,372 
1,282 

4,320 
4,147 

33 
32 

624 
675 

407 
406 

5,381 
5,228 

41 
40 

1335 168 301 215 684 37 X NA 684 37 
472 

2227 
950 

65 
147 
50 

88 
645 
22 

21 
128 
70 

174 
920 
142 

37 
41 
15 

X 
X 
X 

NA 
NA 
NA 

174 
920 
142 

37 
41 
15 

5,484 430 1,056 434 1,920 35 X NA 1,920 35 
2.966 
2054 
1,640 

216 
666 
317 

2 
26 
30 

500 
250 
83 

718 
942 
430 

24 
46 
26 

450 
150 
45 

160 
170 
76 

1,328 
1.262 

551 

45 
61 
34 

933 97 25 15 137 15 30 X 167 18 

7,593 1,296 83 848 2,227 29 675 406 3,308 44 

a Ir luCes barmoo and manrpttoe ntorrsaion
b Irclu.e.i area with woody .e?elation greater than 0 5 melers and less than 7 Meters in he,grt counted by ie Food and Agricullure Otganization as 'other land' (see Table 512).
C htit .'ro,mo 00e area., mh oteo regro'mr filowng cleanring tor st lfing culivatlion w in the past 20 years
i1 iricucos forest area and ,trhe, o,,ooed larid 
C Voklo 10,3S eclucle Arartca_ 
i Carna'a and trie Untej btates 

g usrala, New Zealand, Japan Iraef. and South Africa. 
Sources: 
I For 1980 wonld totals U N Foo a-,, Agriutute Orgarzation (FAn)i 1985. Reference 10 
2 For 1985 Aodd tota R Peron ub b,"ed report to Sweoish Intenanonal Deve.omenr 
3 For total and reg,onaJ land area (FAO). 1984. Re-erce 13 

fuelwood, trees outside the forest occupy 883,000 hectares, 
or 6 percent of the country's forested land. (6). 

Excluding forest fallow, shrubland, and trees outside the 
forest, closed forests and open woodlands still cover three 
times as much area globally as croplands and 75 percent 
more than grasslands (7). Today, forests and woodlands 
account for 66 percent of the net primary productivity of 
terrestrial ecosystems; of that productivity, tropical forests 
account for 75 percent (8).

The world's coniferous forests, the source of most 
industrial wood production, cover 1.4 billion hectares. 
Some 85 percent of them are in North America and the 
USSR. Non-coniferous (j)forests cover 2.8 billion hectares, 
or 67 percent of the world's forest area. About 1.6 billion 
hectares of these forests are found in South America and 
Africa, with another 600 million hectares in Asia and 
Oceania (10). (See Figure 5.1.) 

Forests in temperate regions cover approximately 2 bil-
lion hectares, with 75 percent (1.6 billion hectares) of these 
forests categorized as closed (11). Closed tropical forests 
cover about 62 percent of the area of tropical forests (12).
Slightly more than half the world's forests are in develop-
ing countries, where they cover 2.3 billion hectares, or 
30 percent of the land area (13). In developed countries, 
forested areas amount to approximately 1.8 billion hectares 
or about 34 percent of these countries' land area 04). 

Tropical forests-including closed forests, open forests,
shrubland, and forest fallow--cover nearly 3 billion hec-
tares worldwide. An area roughly equal to one fifth of 
closed and open tropical forests now lies fallow-the 
result of clearing by shifting cultivators within the past 20 
years. Closed broadleaved coniferous and bamboo forests 
in the tropics covered 1.2 billion hectares in 1980 05).
Latin America includes the largest expanses of closed 
tropical forests. Two thirds of all open tropical forests are 
in Africa. The percentage of wooded land is lowest in 
tropical Asia (47 percent). 
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Authority (1985), Tables 1, 2 and 4 

Forest resources are divided unevenly among countries, 
reflecting great variations in rainfall, temperature, land 
use, total land area, and population density. The Soviet 
Union has the largest area of forest (928 million hectares).
Fifty-two percent of the world's closed tropical forests are 
found in Brazil, Indonesia, and Zaire Together the 25 
most extensively forested countries, which comprise 45 
percent of the world's population, include 3.2 bilion 
hectares (74 percent) of the world's forest area. The 
Soviet Union, Canada, and the United States together 
have 17 billion hectares, or nearly 54 percent of the 
world total. (See Table 5.2.) 

Changes in Forest Distribution 

Evaluating long-term trends is difficult without more and 
better data on forest resources. But one recent assess
ment 016) indicates that, historically, the greatest relative 
changes in the vegetation cover have occurred in temper
ate regions. Since large-scale land clearing for agriculture
began around 8000 BC., grasslands have been reduced 
by 45-47 percent, and cold-deciduous forests (evergreen
and temperate evergreen seasonal broadleaved forests)
have been reduced by 32-33 percent. (See Part IV,"Land 
Use and Cover," Table 4.2.) In contrast, most types of 
natural climax tropical vegetation have been reduced in 
area by 15-20 percent over the past several millenia. 
Some 24-25 percent of all wooded savannas and tropical/
subtropical deciduous forests have been cleared, while 
until recently only slight losses (4-6 percent) of tropical 
evergreen rainforests and tropical/subtropical evergreen
needle-leaved forests have occurred. 

Changes in forest areas in the tropics have far out
stripped those in temperate regions. Temperate forests in 
Europe, Asia, and Oceania have grown slightly over the 
past few decades because reforestation and reversion of 
cropland to forestland have more than offset losses to 



urbanization, roads, and other uses. In North America, 
the total forested area increased steadily in the early 
20th Century, after centuries of decline. More recently, 
however, the total has again dropped slightly. In contrast, 
the area of forests and woodlands declined from 115 to 
71 million hectares in Central America and from 0,01 to 
690 million hectares in Africa between 1950 aid 1983 (17). 

Of course, aggregate changes obscure differing trends 
among and within different countries. Estimates of forest 
area reveal little about the condition of forest resources 
(e.g., changes in the density of the tree cover or in the 
productivity or composition of forests). In general, as long 
as tree cover appears to exceed 10-20 percent, an area is 
considered forested, even though the forest may have 
been significantly degraded and the number of trees per 
hectare reduced from several hundred to less than 50. 

Comparatively good data make changes in Europe's 
forest area relatively easy to examine. (See Figure 
5.2.) Net increases in forest area over the past few 
decades, despite high population densities and land use 
pressures, are largely the result of increased productivity 
on farmlands. This productivity, coupled with greater 
public recognition of forests' economic and aesthetic 
values, has been complemented -by tax incentives and 
other support programs designed to sustain or increase 
domestic wood supplies, the growth of forest produci 
imports, and the efforts to keep forests as part of the 
landscape 08). For example, Turkey planted 150,000 
hectares a year during the 1970s while Finland drained 

and afforested peat lands and restocked other wooded 
lands and once-abandoned cropland. In Norway and 
Sweden, reduced grazing pressure and the release of 
agricultural land, together with government reforestation 
programs, have greatly increased the overall forest area. 
In Ireland and the United Kingdom, similar increases 
stem from government and private lLn:_tianting activities, 
which amounted to 10,000 hectaes in Ireland and 30
40,000 hectares in the United Kingdom annually in the 
late 1970s and early 1980s. In Hungary, Czechoslovakia, 
and the Netherlands, reforestation programs also signifi
cantly boosted forest area. Even where net changes have 
been insignificant, compensating changes in land use 
often mask reforestation and forest renewal. For example, 
recently the Federal Republic of Germany has been 
iosing about 10,000 hectares of forestland each year to 
urbanization and other developments, but it has been 
reforesting margiinal agricultural land even faster 19). In 
the United States, however, forest area has been gradually 
decreasing as a result of conversion to cropland, urban
ization, water impoundments, mining, and other uses of 
forestland. Between 1963 and 1980, total forest area in 
the United States declined from 307 to 290 million hec
tares (20). 

In tropical regions, deforestation rates have exceeded 
reforestation by 10-20 times in recent years. Average 
annual deforestation is greatest in Latin America, espe
cially in the unproductive (21) and logged-over closed 
forests of the tropics. Deforestation rates are also high in 

Figure 5.1 Main Vegetation Zones of the World's Forests 
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Africa's open forests. In the unproductive closed forests of 
Africa and Asia, deforestation rates have been relatively 
low: in 1980, losses equaled about 0.6 percent of remain-
ing forests in all three re.ions, though exact amounts and 
rates varied more than a hundredfold among countries. 

A driving force behind the loss of forestlands has been 

the conversion of forests to agricultural land. Since 1976, 

6-8 million hectares of closed forests and nearly 4 mil-

lion hectares of open forests and woodlands have been 
cleared each year for agriculture (22). Annually, 4--5 mil-
lion hectares of productive closed forests are logged, and 
over 90 percent of this area later becomes cropland. 
Another 14.5 million hectares of forest fallow are cleared 
each year; of that fallow, 3.3 million hectarcs are con-
verted to permanent agriculture and the remainder 
returned to forest fallow by shifting cultivators (23). 

Productivity and Growing Stock of 	Forests 

About two thirds of all closed forest is commercially 
exploitable. In Europe, 133 million hectares (92 percent) 
of the closed forests are considered commercial, of which 
121 million hectares are stocked (24). In the United States, 
195 nilflion hectare.s (65 percent) of closed forests are 
commercially productive, and 189 million hectares are 
stocked. Ely contrast, 886 million hectares (74 percent) of 
closed tropical forests are considered productive, while 
274 million hectares of closed forests and 369 million 
hectares (50 percent) of open forests are either poorly 
stocked or are inaccessible ( 

The available data suggest that, worldwidle, the growing 
stock of commercially exploitable living trees has 
decreased slightly, whereas the amount of wood har-
vested has steadily increased. Forest regrowth in temper-
ate climates has masked decreases in the tropics. For 
example, '69 million hectares (or 20 percent) of all 
productive closed forest in tropical countries has already 
been logged (26). The United Nations Environment Pro-
gram (UNEP) reporied in 1982 that only 400 million hec-
tares (10 percent) of the world's forestlands are sufficiently 
well-stocked to yield more than half their potential 
production. Yields on 3.3 billion hectares (80 percent) of 
the world's forestlands are estimated at less than 20 per-
cent of the potentia; maximum as a result of depletion of 
growing stock, erosion, and site degradation (27). 

FOREST MANAGEMENT 

In the early 1960s, the U.N. Food and Agriculture Organiza-
tion (FAO) estimated that management plans had been 
prepared for 975 million hectares (23 percent) of the 
world's forests (28). Most areas were not being "intensively 
managed" (29), but logging practices had been prescribed 
and some provision made for post-harvest regeneration. 
Currently, less than 25 percent of the world's forests are 
actually managed, and most of them are in the Soviet 
Union. In tropical countries, intensively managed foresLe 
have decreased in area over the past two decades. 

The depletion of natural forests in Europe and the 
United States in past centuries prompted vigorous efforts 
to renew and sustain supplies of wood fiber. As a result, 

W'ORLD ESOJRCES 19
 

64
 

, 	 T
 

Table 5.2 Forest Areas in Selected Countries,
 
1980
 

Forest Area Percent of
 
Country (thouass.,J ha) Total Land
 

Co.ntrie wmtLarge Aro of Fore1
 
USSR 928600 41 5
 
Brazil 553030 650
 
Canada 438400 43 7
 
United States 298.076 318
 

177815 758
 
China 170000 17.7
 

126235 663
 

Zaire 


Indonesja 

Co with High Pce o Foresed Land 71640 55.7 

Peru 	 66.763 60.8 
Paraguay 30.360 746
 
Guyana 
 18.512 86.1 
Surname 	 15,605 956
 

14.679 51.8Ecuador 


Central African Republic 35,895 576
 
Botswana 32,560 
 542
 
Cameroon 	 25,805 543
 
Congo 	 21,508 62.0
Gabon 20765 776
 
Senegal 11,170 569
 
Papua New Guinea 	 38.392 832
 
Malaysia 21.256 64.5
 
Laos 13.735 580
 
Kapuhea 12,716 702
 
Japan 25,280 679
 
Finland 23,225 689
 

CoumW wIh Low Pe'cen of Fo.esd Lands 
460 0.3
Lbya
Algeria 	 2,990 1.3 

Niger 2.960 2.3 
South Africa 4,150 3.4
 
Tunisia 	 750 4.6 
Kenya 	 3.860 6.6 

8,819 7.1Mal 
Saudi Arabia 1.200 0.6 
Syria 420 23
 
Afghanistan 1,50 2.3
 
Iraq 
 1,910 44
 
Israel 100 48
 
Pakistan4.8 
 51
 
Iran 	 12.400 7.5 
Haiti 58 2.1
 
UruguayEl 155
580 3.3


Salvador 	 7.4 

Ireland 38 5.4 
Unaed Kingdom 2,178 8.9 
Netherlands 355 95
 

Sourca: UN Food a Agricuure organizaton (FAO).1985, Reference 10
 

83 million hectares (58 percent) of Europe's closed forests
 
are now managed according to a plan, and another 40
 
percent are subject to controls on use (30). In the Soviet
 
Union, all 791 million hectares of closed forests, which
 

are publicly owned, reportedly have management plans. 
(See Table 5.3.) 

Nevertheless, management problems persist in devel
oped countries. Fire, insects, and disease still damage up 
to one quarter of the estimated annual increment in tern
perate forests. Air pollution and acid precipitation stunt 
growth rates and increase tree mortality in the United 
States, Sweden, Federal Republic of Germany, Finland, 
Poland, East Germany, and Hungary. (See Part Ill, Chap
ter 12, "Multiple Pollutants and Forest Deline.') Further
more, some mixed forests in developed countries have 
been converted to plantations of commercially valuable 
coniferous species at the expense of wildlife habitat, the 
production of non-wood products (e.g., berries, nuts, etc.), 
soil fertility, and watershed protection. 



Figure 5.2 Changes in Forest Areas in Europe, 1954-84 

Percent Change 1954.84 Forest Area in 1980s 
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In developing countries, comparatively less forestland is Guatemala have not been implemented. Only in Nicaramanaged. According to UNEP and the FAO (31), only five gua, Cuba, and Trinidad and Tobago and in smallcountries in Africa and four in Asia have significant areas experimental forests in Costa Rica, El Salvador, Suriname,of "intensively managed" forests. In 1960, harvesting regu- and Colombia are intensive forest-management practiceslations, working plans, and silvicultural treatments were used.conducted on 4-4.5 million hectares of closed forest in In Asia, the area of managed forests has increasedten African countries, and management plans were pre- slightly since the early 1960s from 37.3 to 39.7 millionpared for another 6 million hectares. Today less than 2 hectares. However, 80 percent of Asia's managed forestsmillion hectares, or barely I percent, of productive forests are in India, where 32.3 million hectares of forestlandsin Africa remain managed. Three quarters of them are were managed in 1964 and where about the samein Ghana and Uganda, where political and economic amount is managed today. Significant areas are also manturmoil undermine long-term manager.ent. Small areas aged in Burma, Malaysia, and Banglade.h. In Pakistan(50-70,000 hectares) are under management in Kenya and some other Asian countries, selective felling, periodicand Sudan. Working plans prepared for Cameroon and thinning, and occasional timber-stand improvement areGabon in recent years have yet to be implemented, practiced. Management plans prepared for 3 million hec-As in Africa, Latin America's managed forests have tares in the Philippines and 360,000 hectares in Indonesiadeclined sharply-from 2.4 million hectares to 522,000 in the early 1960s have not yet been implqmented.hectares-since the early 1960s. Management plans pre- As for productive closed tropical forests, only 42 millionpared for forests in Peru, Brazil, Belize, Paraguay, and out of 886 million hectares, or less than 5 pWrcent of the 
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global total, are currently managed (32). The reasons are 
a lack of political commitment in the face of pressure to 
convert these lands into farmland and pasture, the mis-
taken perception that economic returns from alternative 
land uses are always higher, and limited experience with 
tropical silviculture (A3).Foudoma 

Protected Forest Areas 

Over the past century, forest areas-mostly in the 
tropics-comprised some 65 percent of all the lands set 
aside for scientific studv, fish and wildlife management,

-I
watershed protection, pasture, recreation, and various 
combinations of these uses. (See Table 5.4.) 

According to the International Union for Conservation 
of Nature and Natural Resources (IUCN), by 1985 the area 
of protected tropical humid forests stood at 39.1 million 
hectares distributed among 280 reserves and protected 
areas-up from 23.1 million in 1974 (34). The area of trop-
ical forests legally reserved in parks and other areas 
where industrial wood production is prohibited was 85.7 
million hectares (4.4 percent) of the forested areas of 76 
tropical countries. The proportion of protected forest land 
is lowest in tropical America and highest in Africa, where 
large expanses of woodland are included in national 
parks. Tropical Asia has the highest proportion of pro-
tected closed forest (5.8 percent), tropical America the 
lowest (2.1 percent). (See Table 5.5.) 

In the dexeloping world, many of these legally pro
tected and reserved lands are still threatened by poach-
ing, illegal timber harvesting, wildfires, and encroach-
ment. At the same time, many threatened forest types 
have yet to be protected in parks and preserves-among 
them are the Malagasy thorn forest, the Sri Lankan rain-
forest, the Burman rainforest, and the Chilean Araucaria 
forests. Tropical forest areas in particular need of protec-
tion include Madagascar's eastern forests, the southeast 
Atlantic coastal forests of Brazil, the Choco region of 

Table 5.3 Management of Closed Forests

(Tolsae o Mectard) 


Total Area Area of 

ReglonCountry 

of 
CIood 
Forests 

Productive 
Closed
Foreste 

Area under 
Management
Plana, 1963 

Area under 
ManagementPlans, 1983 

Europe 145,486 133.304 93,010 a3,484 
Soviet Union 
United States 
Tropical Asia 

791.600 
195.256 
305.510 

534.500 
189961 
200,989 

299,965 
84.378
37,370 

791,600 
102.362
39,790 

Tropical Atrca 216 634 163.033 10,610 1.735 
Central Ameria 110,895 74.726 913 522 

& Carbbean 
Tropical South 567,760 446,925 1,531 0 

America 

World Totth 2,333,141 1,743,438 527,777 1,019,493 

Notes: 
a Tabe w, -1 ,,srf r.1- ra of',fn !1L the areas)e e, 'e rn I,,psea ores cd,,h,, 

Canada and olx.rofx_,xir,n As.&Alca and L.tn Axmeca areaiso e.ciduoedreme'aie 
oOced Vest tfal i qAa0.e k. ,riurstsood Dorooxrar ,a. not commreria limbodan 

Sources:
roo,:j rL),onr-, Food 

Retererc 4 Tatjes 1c a o Id.FAO 1981 F'e'eraCe 49 tioterS Ic and Id and FAO Los 

IData t
o( ar. con UN and rc,lutreDganiza!ion (rAO 1981 

Rtrr,1oS
e 

Fo.nacts de., 1981l;jts tc arid 42-4L-, rr<r. rF,a ( O Rome o 
2 0a'a !r Frroa. aq.droe S, ,, Un are Ecoromc COrn-,s.Yr'EuaOnm" ron fO, 

,ECE)PAO r1.5 flcrer 6 co 9-20 
3 Ca uWed ,e, us Swefre cre 0 2a,on Sulre re ,ans i.,,z3 FA6 R e 
. .]iaon area unroor r'.a.3 -a*r~cr o~ans 'or t9,3 a3rt hr FAO 196rSRe~cerr..",ce213 

5 Data on upaaurreri cans toe i93 are,'rir At) 44 'Thtses tOmanag~er-'.e' ',(rcce 
and toaPAO 1%2 Rr.4nr~ 413Ta, rc and to PAO -os Recgso Cocstcaeioe t 
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Table 54 Distribution of Protected Forested 
Areas by Biomes and Biogeographical Realms, 
1985a 

Extent of 
Number of Protected Area

Protected Areas (millions hectares 

Tropical Forests 39 1litimid 280 

Subtropicaland 2err8,.0re
 

Ranfnrests and Woodlands 275 22.4
 
rests orWoodlands 582 655
 

Evergreen Sclerophyllous
 
Forests. Scrub or Woodlands 475 12.0
 

Temperate Broadleaf Forests or
 
Woodlands 484 11.5
 

Temerae NeWoodalat Forests173 

Total 2.269 1893 
roete ,t.ukrmb 
Troo,cal Realms
 

(Nectropical, Afrotrcpjca Indnrmalayan) 883 106.3

Temperate Realms
 

N(Nearcic, Palaearctic Austrahan) 1.386 830
 

motal 2269 1893 

ProtectdForest Area as Percent44 

Notes:
 
a Ir'clu; Nlnar.ora.:aceks and Crquivlenr Does not game
potwred areas incjuwrnanagemr,mi aroaas forest Fwvr,.s OiroC'tn. Of orts~~ mar tormanagedt for lII'oef or 

r eaemhM p,,o,_,ctro,
B omfe, are large ar.0 clinalaiy u~rr rmonew ahwnI N1ln!C= o' rams art!g,ograpicar'poes ,o eograca arem ;rrK of the earths Surl. asrod 

c W eeaokn ru;i slioe rrneO ra g'asland mortain take andsand t
 
!,, s sarercj d .n,it rl,'or


Source: InRenahonal Unon for Conservaron ofNalure and Natural Resources (IUCN).
,985 R4erence 36 

Colombia, and the remaining forest in Costa Rica, Nicara
gua, and Panama (35). 

Although the world total of protected lands doubled 
between 1970 and 1980, the amount of forestland 
reserved or protected in the developed countries has held 
steady in recent years (36). Some 66 million hectares, 
including nearly 20 percent Wf forestlands, have been set 
aside in the United States as part of the National Forest 
System (37). An additional 32 million hectares (38) are pro

tected as national parks. Europe's closed forests include 
over 1.9 million hectares of national parks, and the total 

area of wooded land managed for protective functions 
rather than wood production or recreation amounts to 33 
million hectares (or 23 percent) of all closed forests (39). 

The Soviet Union has designated 20 million hectares of 
its closed forests as national parks, and an additional 286
million hectares are managed as protected forests. 

Reforestation and Forest Renewal 

By 1980, 14.5 million hectares of forest land were being 
reforested or renewed worldwide every year (40). China 
currently leads the world in reforestation, planting annu
ally more than five times the total area planted in all 
other developing countries. By 1965, after years of dra
matic decline in China's forest area, the country was 
planting about 1-3 million hectares of trees each year; 
and by 1983-84, 13.2 million hectares had been planted.

According to official statistics, the Soviet Union had 
pab ery1c1h nplnted 11million hectares bythe ery16s n 
annual reforestation amounted to 4.5 million in 1980. 
However, the success rate of these plantations is not well 
documented. Large areas an! also planted each year in 
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the United States (1.8 nillion hectares per year), Canada 
(720,000 hectares per year), and Japan (240,000 hectares 
per year). Both North and South Korea plant over 
150,000 hectares per year. The only other developing 
countries planting large areas are Brazil (346,000 hectares 
per year), Indonesia (187,000 hectares per year), and 
India (120,000 hectares per year). However, Chile (50,000 
hectares per year), the Philippines (42,000 hectares per 
year), Argentina (38,000 hectares per year), and six other 
tropical countries are planting 10-50,000 hectares per 
year. Tropical developing countries (excluding China) 
annually plant 1.1 million hectares-roughly what Europe 
plants but less than 10 percent of the world total. Most 
developing countries plant 10-20 times less than what is 
needed to offset forest losses and meet increased 
demands for forest products. 

As the investment costs of plantation establishment 
increase, the genetic quality of the planting stock has 
received more attention. Tree improvement, breeding, 
and tissue culture are being used increasingly in a num-
ber of countries to improve both the quality and quantity 
of wood produced from plantations. Yields from 
eucalyptus plantations in Brazil increased from about 22 
cubic meters per hectare per year in the late 1960s to 
more than 60 cubic meters per hectare per year on 
experimental plots in 1981. 

PRODUCTION AND TRADE OF FOREST 
PRODUCTS 


Globally, the amount of wood harvested, or "produced:' 
increased from 1.8 to 3.0 billion cubic meters per year 
between 1963 and 1983 (41). Most of the increase 
occurred in the developing countries as demand for fuel-
wood, sawnwood, wood-based panels, and paper rose. 
Similarly, total industrial wood removals declined slightly 
in developed countries but increased 40 percent in 
developing countries. Globally, increases in the harvesting 
of fuelwood accounted for 83 percent of the total 
increase in roundwood removals over the past ten years. 
(See Figure 5.3.) 

The value of trade in forest products increased more 
rapidly in the 1970s than wood removals, thanks to more 

Table 5.5 Protected Forests, 1980 

Region/CountryO 

Tropical Africa 
Tropical America 
Tropical Asia 

Subtotal-76 Tropical Countries 

Europe 
USSR 
Norlh America 

Subtotal-ECE Region 

Total 

X - no! availace NA - rio a ,clzare 

Total Forests 
(million hectares)

Closed Open Total 

217 486 703 
679 217 896 
305 31 336 

1,201 734 1,935 

146 35 181 
792 138 930 
459 275 734 

1,397 448 1,845 

2,598 1,182 3,780 

efficient and complete utilization of wood and to large 
increases in the manufacture and trade of paper and 
wood-based panels. From 1973 to 1983, the value of both 
forest product exports and imports increased by 113 per
cent. Slower growth rates in trade in recent years proba
bly reflect the general ecmnomic slowdown and many 
developing countries' inability to import or export more 
forest products. 

World trade in forest pzoducts now exceeds $100 billion 
annually, with $82 billion traded among the developed 
countries. Ten developcd countries account for 65 percent 
of the total value of imports and exports. After important 
shifts in the last decade among net importers and 
exporters, Japan, the United Kingdom, Germany, Italy, 
and France still dominate imports, while net U.S. imports 
have become significant for the first time. Imports by 
China, Mexico, Venezuela, Argentina, Egypt, and Nigeria 
have also risen. Canada, Sweden, and Finland are still 
the major net exporters of forest products, but Malaysia 
has now surpassed the Soviet Union as the fourth largest 
net exporter. Brazil, Chile, Australia, and New Zealand 
have become more important exporters, while Gabon, 
Ivory Coast, and the Philippines have declined in impor
tance. (See Table 5.6.) 

Fuelwood Production 

In the mid 1940s, global production of fuelwuod and 
charcoal was 634 million cubic meters, or about 52 per
cent of total roundwood production. Over the next 15 
years, industrial wood production increased more rapidly 
than fuelwood production, and the share of fuelwood in 
total roundwood production steadily declined by the late 
1950s to a low of 41 percent. But since then increased 
demand in developing countries has driven fuelwood and 
charcoal use up to 54 percent of total roundwood produc
tion. Indeed, though industrial roundwood production has 
nearly tripled over the past 35 years, fuelwood produc
tion increased even more. (See Table 5.7.) 

In the developing world, 13 nations--the densely popu
lated Asian countries of India, China, Indonesia, Ban
gladesh, Burma, Thailand, and the Philippines and the 
African countries of Nigeria, Tanzania, Sudan, Kenya, 

Protected Forestsb Percent of Area 
(million hectares) In Protectod Forests

Closed Open Total Closed Open Total 
93 420 51 3 43 86 7.3 

14 1 21 162 21 1 0 18 
176 06 182 58 19 54 

41.0 44.7 85.7 3.4 6.1 4.4 

1.9 204 223 13 583 123 
200 1380 1580 25 1000 170 
361 NA 361 79 X 49 

58.0 158.4 216.4 4.2 35.4 11.7 

99.0 203.1 302.1 3.8 17.2 8.0 

N ote:For areas ncluces rnata otaea foests wOOdirocxcal parksbosorse'e reserves v a an ail oter forest areas where iadustria: OtuCun is notaulorized ooes nor irtuOe gazeneci forest reserves w'ee 1-trbe, narestn; cw be aulnotzcgFu the U N Ecno-mtc Comm sson to Europe (ECE) counites rcuoes ciosed fores: areas omsrnaled nalonal !rksarid ploteledareas ol oDe. lores's 
b Does no ,ncde CS.na Nortr, u!,a teerate Soj.,A e,'caSu- Af ca tNear East ari Oceaia 
Sources: 
1 Fo,Iroca areas UN Fooc a o Agricutlure Organzaion (FAC),1982 Rejererce 12
2 For ai ote, areas ECE/FAO 1985 Reference 6 
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Figure 5.3 Trends in Wood Production, 1973-83 

A. Fuelwood and Charcoal B. Industrial Roundwood C. TotalRoundwood Production 
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Zaire, and Ethiopia-together consume more than 70 per- Nearly 1.5 billion people in 63 countries, or aboutcent of the total global fuelwood. Brazil, Colombia, and 60 percent of the people who depend on fuelwood asMexico are also major consumers. Between 1973 and their principal source of energy for cooking and heating,1983, fuelwood production increased 35 percent or more are cutting wood faster than it can grow back. Fuelwood
in Nigeria, Tanzania, Kenya, Uganda, Guatemala, El Sal- depletion is most serious in arid and semi-arid areas,

vador, and Nicaragua. 
 where regrowth of shrubs and savanna woodlands isFuelwood consumption has remained high in most slow, and in cooler, mountainous areas, where the forestdeveloping countries because fuelwood is a versatile, cover cannot rapidly recover from steady harvests of fuelmostly free source of household energy. (See Chapter 7, wood. Nearly 100 million people in 22 countries (iclud"Energy.') Today, 20 countries in Africa, 12 in Asia, and 7 ing 16 in Africa) cannot meet their minimum needs evenin Latin America have less than 1.5 hectares of forestland by overcutting remaining forests. At ,.-esent consumptionper capita and consume 80 percent or more of total rates, the estimated fuelwood deficit will double by the
wood production as fuelwood. year 2000-the 	equivalent of 56 percent of current 

production in all developing countries. (See Table 5.8.)Table 5.6 The World's Major Importers and The burden of collecting fuelwood and other biomass
Exporters of Forest Products, 1983 fuels has fallen mainly upon women and children, who
,r'.ons ofUS clolars must spend up to 300 workdays per year gathering each 

Exports Imports household's fuel. Where fuelwood is short, people oftenCountry 
 (183) (1983) Net Tadi have no alternative but to burn grass, small twigs, bark,Canada 	 10.240 841 9,399Seden 	 dried dung, crop residues, etc., even though such prac4.713 433Finland 	 4.161 4,280305 3,156 tices can contribute to soil erosion and reduce cropMalaysa 	 2,175 213 1,962 
Ulaysa 	 2.557 965 1.92 yield& In Nepal, diverting manure from the fields to theIndonesa 	 976 209 767 cookstove depresses grain yields by 15 percent (42). InBrazil 823 150 673
Ausia 	 128 563
Belgium-Luxembourg 851 	

-435 Ethiopia, the dung that is used as household fuel has a1.353 -502 fertilizer value of about $123 million per year and could 
Fhna 
 519 1.565 -1.046France 	 1.263 2.532 -1.269 increase grain harvests by 1-1.5 million metric tons annu-Nelherlands 	 428 2.038 -1,610 ally (43)
 
Italy
Germany. Federal Repjblic of 519 2.914 -2.3952,227 4.a -2,65.4 In some areas, forest depletion has prompted treeUnited States 	 5.651 8,986 -3,335United Kingdom 586 5.163 -457 planting, especially of multipurpose tree speciesJaoan 	 734 6.064 -5.330 Eucalyptus poles are now being produced from plantedSource: UN Foodand Ag,o eo, o (FAO, 1%5 ,leer41. pp 3M-35. seedlings by smallholders in Gujarat State in India, 
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Table 5.7 Production of Fuelwood and Charcoal among Major Consuming Countries 

Fuelwood as Percent1973 1983 of Total Roundwood(millions (millions Incirease Forest Are 
of in3

) of M 3) 
Pt Production 1980(Decrease) Change 1981-83Nigeria (hec1980:)eron)568 784 21 6 38Tanzania 91 02387 10.3 36Kenya 

284 
97 2.3188 27.9 9.1 48Sudan 9527.7 36 4 8.7 31 96 

0.2 
Zaire 2.721,8 288 7 32 92Uganda 62182 24 7 6.5 36Ethiopia 94 0522.7 27.9 5.2 23 95 

Africa Subtotal 312.4 414.4 102 

0.9
 
33 88 1.6 

India 1732 212.6 394 23China 91 0.11344 1546 20.2 15 68Indonesia 0.295.5 1142 18.7 20 90Thailand 0.8285 36.2 7.7Bangladesh 237 27 89 0.431.1 7.4Philippines 31 97 03218 285 6.7 31 79 0.3 
Asia and Oceania Subtotal 605.1 720.0 114.9 19 77 0.3
Brazil 127.3 162.6 35.3 28Mexico 73 4.69.9 133 34 34 67Colombia 0.711.2 13.9 2.7 24Cualemala 4.9 6.6 83 2.01.7 35El Salvador 97 0.63.2 4.4 1.2 38 97 0.03
Latin Amerlca Subtotal 197.1 253.5 56.4 2$0 73 2.7
Unied Slates 17.3 101.9 84.6 489Canada 3.5 24 1.355 2 57 4 18.1
North America Subtotal 20.8 107.4 84.8 546 19 2.9
Sweden 25 44 1.9 76 9 3.4

Italy 
 31 4 1 1 32 48France 0.1106 10..'USSR -02 -2 2783.5 0.3833 -0.2 0 23 3.5Europa-USSFI Subtotal 158.9 245.5 86.6 54 20 1.5
World Total 1,273.6 1,632.9 .59.3 28 54 1.0 
Not.: U N FoodanidA ncurfure Organizaion (FAO) statistics on lueiwood wereCurreni proaxcror icompletea prior to 1980, when n,.w iniornabion becameavailabledeveloping countries (orconsumpton) figures forfuelwzod and crarcoal may besomewhat asa resuill ofa survey oftuafwoodsupplieshgh. as fuetwoodpriopai consumers asrurf tousehoids hasbecomescarce orunavailable inmany areas and 

in
such indeveloping countries havebeenforced tosubsitute oh,t-uelsSourct: FAO, 1985, Reference 41. pp 78-79 

farmers in Haiti are planting trees to produce charcoal as 
a cash crop, and considerable supplies of fuelwood and 
poles are now produced in hedgerows and fallowed fields 
in Kenya and Rwanda. Home gardens also supply some 
family fuelwood needs in Sri Lanka, Bangladesh, and 
Indonesia (44). In the plains area of China, where 63 per-
cent of the peasant households lacked firewood from four 
to six months of the year, the area of forests has been
increased from 1.1 percent to 6.1 percent since 1949, and 
fuelwood scarcities have eased as a result. Most of the 
trees have been planted along rural roads and waterways,
in farmland shelterbelts, and around homes, or they have
been intercropped in fields (45). 
Industrial Wood Production 

Worldwide, industrial wood production amounted to 1.4
billion cubic meters in 1983, or 46 percent of total round-
wood production, which is an increase of only 5 percent 
over global production in 1973. Over half the world's
production of industrial wood is from the United States,
Canada, and the Soviet Union. Other important producers
that are increasing industrial wood production include
Brazil, Paraguay, China, Malaysia, India, Nigeria, Zim-
babwe, and South Africa. As a group, developing coun-
tries increased industrial wood production by 40 percent
in 1973-83, to 89 million cubic meters. 

Over the past decade, paper consumption increased 
about 2 percent each year in the developed countries. 

Today, the developing countries-three quarters of the
world's population-consume less than one fifth of the 
world's paper, though this share is growing more rapidly
(5.5 percent per annum) than in developed countries, 
as literacy, incomes, and population increase. Between 
1970 and 1980, the developing countries' share of paper
production rose from 7.8 percent to 12.4 percent of the 
world total; at the same time, their share of paper and
paperboard consumption increased from 11 to 16 percent
of the total. 

Along with pulp and paper, logs for sawnwood and 
veneer are an important part of industrial roundwood 
production. The global annual production of hardwood 
sawlogs has novered around 240 million cubic meters 
over the past decade; small production decreases inEuroDe, the Soviet Union, and North America have been
offset by gains in developing countries, which have 
increased their share of global production from 47 per
cent to 56 percent since 1973. Production of hardwood
sawlogs is dominated by eight developing countries and 
five developed countries that together produce 73 percent
of the global production.

Increased domestic consumption and processing, along
with legislated reductions in exports in some countries,
have also contributed to declines in hardwood exports.
Only Malaysia and Papua New Guinea have significantly
increased exports of hardwood logs over the past decade. 
Exports from Africa declined from 8.3 to 4.8 million 
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Table 5.8 Fuelwood Deficits by Region, 1980 and 2000 
Populatione hvotvd mid
 

Fuetwood Sltuation Regloin Fuetwood De" in 1980 Couitr iesay concMedd
 

Acute Scarcty Africa 13 millon people Burk~na Faso. Cape Verde Chad 0 1bouti. Mal, Mauritania. Niger, Sudan, 
6 millon m3 Kenya. Ethiopia Somaia. Botswana Namibia 

Asia 9 5 million people Afghanistan, Pakistan 
Arid and semi arid 3 6 million rrn 

- areas Lain America 6 8 million people Chile. Peru 
3 5 milion mi 

Africa 36 million people Burundi, Rwanda. Lesotho. Swaziland 
340 million m 

Mountainous areas Asia 	 29 million people Nepal
 
34 million mr3
 

Latin America 2 milon people Bolivia, Peru 
3

2 millon m 

Total 96 3 millon people 23 countries3 
89 1 millon m 

Defidib Africa 131 million people Cameroon, Congo, Zaire, Malawi, Kenya, Madagascar. Uganda, Tarzania, 
rr6 million m 3 

Gambia. Guinea. Benin. Togo. Senegal. Sierra Leone, Nigeria, Mozambique 
Areas with rapidly Asia 288 1'lhon people India, Nepal, Pakistan 

3

increasing population 75 m." m
 
and agriculture Latin America 143 million people Bazil, Colombia, Peru. Cuba. Dominican Republic, Guatemala. Mex.o,
 

36 million m3 	 Trinidad and Tobago 

Asia 	 412 million people Bangladesh, India. Sri Lanka. Thailand, Indonesia (Java), Philippines,
3


Densely populated 120 million mr Vietnam
 
lowanos Latin America 9 million people El Salvador, Haiti, Jamaica
 

3
6 million m 

Total 983 million people 37 countries
3

303 million m 

Prespctv Dell Africa (in year 2000 175 million people Ghana, Ivory Coast, Central African Republc, Angola, Zimbaba
 
facing a 40 million m-3 deficit) Guinea.Bissau
 

Asia (in year 2000 239 million people Burma, India, Indonesia, Philippines, Vietnam
 
3


lacing a 50 million m deficit) 

Latin America 	 (in year 2000: 50 million people Ecuador. Paraguay. Uruguay, Venezuela 
facing substantial degradation of 
fuelwood supplies) 

Total 	 464 mllion people 15 countries 
3


Surplus Potntlial tor Africa Surplus potential 50 millhon n Cameroon, Congo, Equatorial Guinea. Angola, Zaire, Central Afncan 
Wood,.as d Energy Republc 

Low pooulation tropical Asia Surplus potential 200 million m3 Bhutan, Laos, Democratic Kampuchea, Indonesia (except Java) 
3forest area Latin America Surplus potential 200 million m Amazon Basin 

Nofea.r 
a AcUre scarcity i..cd mrimum toquirernanm. even r owvrcutna,-adlae 5,poPies ol f1, are rruf c.inri to mmet 
b Cert futd supes are tng crnscin.e tasrer tan treyare repleied W natural regeneraton and forest growrh. 
C Pon:ectisr de~fr~ turrumw suppies wail00 .n a odlca sruason Dy rio year 2O.if peseni trends coniflua 
d Datanotavaiat e to( Crna 
Source: Adapted trom Orgar znion (FAO).Fuewood and Energy' Priortyion Program in Tropacat Rom, 1985).UN Food and A4ruiutt..e 	 Foetry (FAO Foresry Deparment, draft worng pap, 

cubic meters and exports from Latin America declined countries increased from $1.9 billion in 1973 to a high of 
from 525,000 to 47,000 cubic meters between 1973 and $3.8 billion in 1979, falling to around $2.6 billion annually 
1983. The decline in both log production and exports has in the 1980s. Developing countries still account for 90 
been particularly notable in Thailand, Indonesia, Philip- percent of the world's hardwood log exports, and 64 per
pines, Ivory Coast, Liberia, Congo, and Colombia. In Bra- cent of these exports now originate in Malaysia. 
zil, Cameroon, and Nigeria, increased local consumption 
has overshadowed production increases. Indonesia, Malay- FOCUS ON: DEFORESTATION IN DEVELOPING 
sia, Philippines, and Cameroon have increased domestic COUNTRIES 
processing of sawlogs and exports of sawnwood. 

In January 1985, Indonesia introduced a total ban on Deforestation, perhaps the world's most pressing land use 
unprocessed log exports. Among the major producers problem, commonly refers to the clearing of forest and 
that still export a large proportion of sawlog production its conversion to non-forest uses. Tropical forests provide 
are Papua New Guinea and Gabon, which export over 90 humanity with a cornucopia of benefits. Tropical forests 
percent of their log production, and Liberia, Malaysia, are living museums and laboratories that have yielded 
and Ivory Coast, where log exports account for 50-60 only a tiny fraction of their treasures to scientific study. 
percent of total sawlog production. Malaysia, Papua New Many useful chemical products essential for making med!-
Guinea, Philippines, Ivory Coast, and Gabon together cines and pharmaceuticals originate in tropical plants. 
account for 84 percent of the world's exports of hard- More than 50 percent of modern medicines come trom 
wood logs. the natural world, many from tropical forests, including: 

Although the total volume of log exports has declined strychnine, ipecacuanha, reserpine, curare, and quinine. 
from 45 to 29 million cubic meters over the past five Industrial products derived from trpical moist forests 
years, the value of hardwood log exports from developing include volatile essential oils, gums, resins, latexes, and 
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other exudates, steroids, waxes, rubber, fibers, dyes, tan-
ning agents, turpentines, edible oils, rattans, bamboo, 
flavorings, spices, and pesticides. 

Tropical forests protect watersheds and regulate water 
flow for farmers who grow food for well over 1 billion 
people. When upland watersieds are deforested, down-
stream hydropower reservoirs and irrigation systems suf-
fer from siltation. Eros;on and sedimentation of rivers 
cause flooding and enormous human suffering. Further-
more, rainforests are home to some 200 million people, 
who rely on the forests for the necessities of life. Tropical 
forests provide them with fruits, nuts, and honey, along 
with fibers and wood for building, fuelwood for cooking, 
lighting, and heating, and animal fodder for livestock 
raising. 

Perhaps the most important aspect of tropical forests is 
their incredible array of life. During the ice ages, they 
served as refuges where less hardy species survived and 
later repopulated the temperate zones. Whereas temper-
ate, no.thern forests are unlikely to contain more than 
10-15 tree species per hectare, a single hectare of Ama-
zon rainforest has been known to contain up to 230 tree 
species. Panama, for example, has as many plant species 
as all of Europe combined. And peninsular Malaysia has 
7,900 species of flowering plants, compared ,withthe 
United Kingdom's total of 1,430 species in twice the area. 
If tropical forests continue to be destroyed at current 
rates, the resulting ecosystem degradation could even 
generate local or regional climatic changes, with as yet 

unknown consequences. 


Unfortunately, scientists cannot pinpoint the extent of
 
deforestation since the accuracy of assessments of global 

forest area over the past several decades has varied 

considerably (46). (See Figure 5.4.) In the early 1980s, 

average annual deforestation of opea tree formations in 

tropical countries was estimated to be about 3.8 million 

hectares, though even this estimate includes only the 

area of forested land that is cleared and converted to
 
non-forest uses, and doesn't take the effects of fuelwood 

collection, and other influences into account. (See Table
 
5.9.)
 

These uncertainties aside, the FAO has projected that 
150 million hectares, or 12 percent, of the remaining 
closed tropical forests and roughly 76 million hectares of 
open tropical woodlands will be deforested by the year 
2000 (47). Over the past ten years, 1.3 million hectares of 
closed broadleaved forests were cleared annually in 
Africa. Another 2.3 million hectares of open woodlands 
were also deforested each year in Africa between 1980 
and 1985 (48). Much larger areas were degraded through 
harvesting for fuelwood and construction wood, cutting 
for fodder, grazing, fire, and drought. Conversion and 
degradation have been particularly severe in semi-arid 
West and East Africa, where supplies of fuelwood, poles, 
forage, and other secondary forest products that rural 
households need have dwindled. In all, African countries 
account for 62 percent of the deforestation of the world's 
open tropical forests and woodlands. 

Over half of the forest loss (55 percent) occurred in the 
West African countries of Ivory Coast, Nigeria, Liberia,Wet AResources. 
Guinea, and Ghana, where the rate of forest loss is seven 

times the world average. Each year, 290,000 hecLres of 
closed forest in the Ivory Coast and 300,000 hectares in 
Nigeria are deforested. Annually, 50-100 million cubic 
meters of quality logs, or three to six times the annual 
production of sawlog and veneer logs in these countries, 
are lost through clearing and burning, along with wood 
that could be recovered and converted to charcoal or 
used as fuelwood (49). Most of the forest loss in East 
Africa is occurring in Madagascar, one of the richest 
tropical reservoirs of biological diversity. In Ethiopia, the 
forested area has shrunk from 16 percent of the land 
area in the 1950s to 4 percent in th, 1970s, leaving the 
country increasingly vulnerable to droughts and floods. 

In tropical Asia, 1.8 million hectares oi closed 
forest were deforested every year between 1976 and 
1980. Deforestation in this region results primarily from 
encroachment by lowland villages and shifting agriculture 
and from i'qnned transmigration and resettlement. 
Especially large areas have been deforested in Indonesia, 
Thailand, Malaysia, Philippines, India, Burma, and Laos. 
Asia's highest rates of deforestation are in Nepal (3.9 per
cent) and Thailand (2.4 percent), where population size 
is large relative to the size of remaining closed forest 
areas. The forest area of the Himalayan watershed has 
declined by 40 percent over the past 30 years, contribut
ing to shortages of food, fuel, and wood in the uplands 
and to floods and siltation in the lowlands. 

Figure 5.4 Estimates of Tropical Forest Area in 
Africa, Asia,and Latin America
 

Closed Fore-t 
Millions of hectares - Other Formations 
1.50o-

Africa Asia Latin America 
1,250
1.ooo

750

250
0 -

R 
z z 

Q 
e C!, 

-


Sources: 
i Adapted from JdCAllen and DF Barnes. "Doorestaton. Wood Energy and De-Ivelopment." (Resources for the Future. Inc,unpubshed, Washington, DC, 1982)
2 For 1974 estimates R Persson, World Forest Resoutes Revew Ol ftheWorlds
 

ForestResources inthe Early1970s, Research Notcs No 17 (Department ot ForestSurvey. Royal Coliege of Forestry. Stockholm. 1974)
3 For 1975 estimates JPLanli and Clement. "Present and FuL.reNa.ural Focsand Plantation Areas in the iroo's." Unasyiva Vol31.No 123, pp 12-20 (1979)
4.For 1976 estimates A Sommer Atempi at an Asssent of the World's Tropical 

Moist Forest.' Unasylva. Vol 28. Nos 112 and 113pp 5-24 (1976)
5 For 19o es:imates U N Food and Agriullure OrganLzton (FAO)Tropwcal Forest 

FAO Forestry Paper No $0 (FAO, Rome 1902) 
-
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Table 5.9 Average Annual Deforestation of Tropical Forests by Forest Type and by Region, 
1981-85& 

(!'10u&3!xP1 _VhticttjIes) 

Productive 
Region undisturbed 

Arer Percent" 
rropcal America 1 299 (0 n) 

Rrazi 80 (003)
hro .rm~Africa 226 (0 19) 

Zaire 155 (0 1)1
Trc.pca Asia 32i (039)

Incionesa X X 

Total 1,920 (0.28) 

X - r" avatat e 
Not": 
a Trr.)waj ko.,4 ,rcludes broa1e,rd confeOuas 
b Cadruaied as p cel'I Ni Ioc'cslarea in 1'38 
Sosires: 

Cosed Forests Unproductive All Total 
Logged Closed Forests Closed Forests Open Forestr Deforestation 

Area Percenth Are 

1.867 (280) 1.173 
1030 (8 58) 370 
1 032 (241) 73 

25 (658) 2 
1,278 	 (2 14) 153 

600 (1 73) X 

4,177 (1.98) 1,399 

and bamboo to,'els 

I J N Food and Ajricunure 0frgr'z xr (FAO) 1982 Reefe.r.e 12 
2 .15 Corqress Olce o rr,.xgy A-,,-.ment 19o4. Rcoenre 2 

Estimates of China's orested area vary widely. Land use 
data indicate that lorest and woodlands increased in area 
from 115 to 128 million hectares between 1973 and 1982 
(50). According to oLher FAO data, 170 million hectares were 
wooded in China in 1980, including 125 million hectares 
of closed 1orest and another 45 milion hectarcs of other 
wooded land (sl. However, depita the world's most am-
bitious reforestation progrm, it appears that fires, clear-
ing for agiculture, uncontrolled cutting, and management 
fail!ures have led to the loss of 16 ,-idlion hectares of 
forests in five of China's rno.t densely forested provinces 
since 1955. In Yunnan provi:ice, the forest cover declined 
from 55 percent to 30 percent of tile land area between 
1949 and 1975, a difference of 11 raillion hectares. Timber 
production in China has decliihed since 1979, and in 
1972-77 some 35 million hectares of cropland (double the 
area affected in 1950-58) were subject to severe flooding 
or droughts (52). 

While annual deforestation rates are predicted to level 
off in tropical Africa and Asio, rates were expected to in-
crease in Latin America to over 4 million hectares per 
year in 1985 (53). Fron 1976 to 1930, 3.8 mi3'ion hectares 
per year were cleared or converted to other uses. 
Apart from Brazil, which accounts for 35 percent of the 
annual deforestation of closed forests in tropical America, 
large areas are deforested each y-ar in Peru, Venezuela, 
Bolivia, Colombia, Ecuatir, and Mexico. Annual defores-
tation rates are especially high (greater than 3 percent) 
in Paraguay, Costa Rica, and El Salvador (54). In Haiti, the 
forest cover had already been reduced to less than 10 per-
cent of the land area by 1978, though los.es continue (55). 

Deforestation in tropical America has ben driven by
population growth, pressure to clear more land for farm-
ing, land speculation, and the development of cornmer-
cial ranches. Government fiscal policies also have a 
strong effect. For example, squatters in Amazonia can 
establish proprietary claims and increase the resale value 
of land by clearing the forest cover. Similarly, businesses 
can reduce their tax obligations by investing in ranches 
in Amazonia (56). In Brazil, deforestation may claim close 
to several million hectares per year. In six Amazonian 
states, the deforested area increased by more than 150 
percent between 1975 and 1978 to 7.3 million hectares 
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Percentb Area Percenth Area Percentb Aria Percenth 
(0 75) 4 339 (0 64) 1.272 (059) 5611 (063) 
(065) 1480 10 41) X X X X 
(0 14) 1,331 (061) 2,345 (048) 3,676 (0.52) 
(0008) 182 (0 17) X X X X 
(0 15) 1.826 (060) 190 (061) 2,016 (0.60)

X 600 (0 53) X X X X 

(0.45) 7,496 (0.62) 3,807 (0.52) 11,303 (0.58) 

(57). Costa Rica was two-thirds forested as recently as 
1940, and only one-third forested by 1980 (58). 

In Table 5.10, tropical countries ari grouped according 
to average annual deforestation rates and the area of 
closed forest cleared annually. In Group 1,deforestation 
rates are relatively high and considerable areas are af
fected by forest loss. In Group 11,the areas of closed 
forest area annually cleared in most countries ex
ceed 20,000 hectares per yea; though the deforestation 
rate is 0.5 percent per annum or lower. Deforestation in 
Group I and Group I1countries represents 98 percent of 
annual losses to closed tropical forests. In Group III, the 
rate of deforestation is high (over 0.6 percent), but the 
area affected is small (less than 20,000 hectares). In 
Group IV,small areas are affected and deforestation rates 
are generally low. 

RANGELAND RESOURCES 
About one half of the earths terrestrial surface is con
sidered natural rangeland. It can occupy areas as diverse 
as the open forest of the southeastern United States, the 
asslans of the ssan este n unda the 

grasslands of the Russian steppe and tundra, the deserts 
of the Mideast, and the sub-Saharan savanna and thorn 

Strictly speaking, rangelands are wild forage-producing 
aras seaingrasesuse wild otheroding 

areas under native grasses used, among other things, for 
livestock, wildlie, rand watershed maintenance. However, 
many analyses of range resources also refer to the FAO 
which includes more intensively managed areas (i.e.,
which indde redntnsielyianaed ar (ie., 
fencroed , fertilized, and irrigated) that yield a 
controlled high productivity (such as hay fields). 
Importance of Rangelhmds 

More than one third of the earth's land area is oo dry 
for rainfed agriculture and these arid zones constitute 
most of the world's rangelands. Of these, about 2.3 billion 
hectares (or half the arid and semi-arid lands) are in 
developing countries (59). At least half of these areas may
be too rocky, steep, poorly drained, or cold to farm, but 
they do support grasses and other 'orage plants. This 
native forage, in turn, can support livestock that is grown 
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Table 5.10 Deforestation in Tropical Countries, 1981-85-
Clio FoWs ArAW Ff of Do tsdArw, I0 D rzas.'tn Analy, As.d MFa Anmu P of D_,rawdAu, 0 0A ornte" i4n~miY 

Co&u*y ramc s) (__) ncft) 
GoIaZaire 47351 
 1.7 820
Mexico 47840 1.2 595
Ecuador 14679 2.3 340
Paraguay 

4100
N caragua 4.64508 2.7 190
121 

Guatemala 4596 2.0 90
Honduras 
 3797 2.4Costa Rica 90
1664 3.9 65
Panama 4204 0.9 36 

Malaysa 21256 
 1.2 2E5Thailand 10375 
 2.4 252
Lao People's Dem Rep 8520 1.2 100
Philippies 12510 
 0.7 91
Nepal 2128 3.9 84
Vienarn 10810 0.6 65
Sn Lanka 2782 
 2.1 58 

Nigeria 7583 
 4.0 300
Ioy Coast 4907 5.9 290 

Madagascar 12960 
 1.2 150
 
Libera 2063 2.2 46
Zam biaAngola 4471 1.03390 
 1.2 44
40 

Guinea 2072
Ghana 1.7 36
2471 0.9 22 

TOW 241037 1.7 4180 


(o 
Braz,, 396030 
 0.4 1480
Peru 70520 0.4 270
Venezuela 33075 0.4 125
Bol via 44013 0.2 87 

Indonesia 123235 0.5 600
India 72521 0.2 147
Burma 32101 0.3 105 

Kampuchea, Dem 7616 0.3Papua New Guinea 34447 25
0.1 22 


oa Hgw tan awrng rate deforestation and large areas deorested.b R~avly low ratesofdeforestation but large areasdeforiaedc High nles o dooestahion and rmnsilarea: of rernarring forestdLo ormoderate rates cf dWforn,,tzon and ,nail areas affected 

for meat and other products and wildlife, which provides 
a reservoir of genetic diversity as well as a major source
of protein and income in many developing countries.

The world's livestock herd amounts to more than 2.3
billion head of cattle and sheep, and over 700 million
head of other types of livestock. Globally, the tutal invest-
ment in domestic livestock is on the order of $400 billion 
(60). In developing countries, livestock is a common 

means of accumulating capital. These assets can 
repro-
duce and are readily liquidated if cash is needed. World-

wide, exports of fresh and frozen meat, milk, wool, and
live animals represented 12 
 percent of total agricultural

exports in 1983. In many African cou, 
 'ries livestock 
products account for more than half of total agricultural
exports. (See Table 5.11.) 


Although hay from tame pastures, feed grains, concep-

tiates, and byproducts of milling and food processing 
now 
supply a significant fraction of livestock ratiorns (61), forage
from native rangelands and pasture still accounts for
80-85 percent of the feed of ruminant livestock (62); in 
developing countries, it supplies more than 95 percent oftotal feed. In the United States, native rangelands coai-
tribute about 16 percent of the feed of sheep and cattle,
while pasture grazing provides 55 percent. The remaining
29 percent is supplied by feed grains and concentrates (63). 

)am) (pfYtab Ilctr 
Cameroon 105975 0.2 182
18105 
 0.4 80
Congo 21508 01 22
Gabon 20690 
 0 1 15
 
T 79M 0.3 31eO 

EIC i
 
Eavad 155 3.2 5
Jamaica 195 1.0 2
 
Haiti 58 3.4 2
Kinya 2605 0.7 "9Guinea-Bissau 664 2.6Mozambique 17


1,189 0.8 10
Uganda 879 1.1 10
Brunei 325 2.2 7
Rwanda 412 0.7 3
 
Benin 47 2.1 1
w 6529 1.2 76
 

amw Id 
BelzeDomai nic..an Republic 1385 0.6 9
685 
 0.64Cuba 3025 0.1Trinidad arid Tobago 2
3641 0.3 1
 
Banrgadash 2207 0.4 8
Pakistan 3785 0.2 7

Bhutan 2170
Tanzania 0.1 2
0.4Ethiopia 

2658 10
5332 0.2 8
Sierra Leone 798 0.8Central Afncan Republic 3595 0.1 
6 
5
Somalia 
 1650 
 0.2 4
 

Sudan 2532 
 0.2 4
Equatorial Guinea 1295 0.2 3
Togo 304 0.7 2
 
lbwta 31789 
 0.2 75
 

1. UN. Food and Agr'kiAu,e Otoanibon (FAO),1981,Referenc44
2 FAQ1991,Reference 49
3 FA. Los Recursos Fobnr=V de la A-4eca ropco (FAQRome1981)4. FA0/U N Economic Ccrrnicson fo(Europe 1985, Reference 10
 

Rangelands support an estimated 30-40 million nomadic
and pastoral people, including 16 percent of the popula
tion of Afghanistan and large numbers in Mauritania,
Chad, Mali, Sudan, Somalia, Ethiopia, Kenya, India, and
China (64). Many more, involved in animal husbandry, de
pend at least partly on rangelands. The economic con
tribution of pastoralists to national economies can be

essential. For example, livestock products account for 67
 
percent of Senalia's agricultural exports, although nomads 
represent only 10 percent of the total populati,n of the 
country. 

In developing countries, livestock supplies half of the
 
non-human energy used in agriculture, as well as dung

needed to maintain soil fertility (65). Withot livestock,

developing countries would have to spend an additional 
$40 billion on mechanical power for agriculture and $6

billion on fertilizers. Draught animals are needed 
not only

for plowing, but also for transportation and pumping of

irrigation water. In both Asia and Africa, livestock 
 is 
more important than tractors as a source of power on 
farms. 

Rangelands are also sources of fuelwood, fencing
materials, roof thatch, edible fruits and leaves, tannins, 
gums, and other products rural communitie,; need. The
wildlife that roams rangelands provides 50 percent of the 
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Table 5.11 Value of Livestock Products in Agricultural Exports, 1983 
(hIons ol J 5 dcdlars) 

Sublo Ukmrlc Prout 
Meet M Lvel Afrn. Exports ,Nool Livesktck Total AgiculbiJa as Ptrcent of Toa 

Exports Fx -. (Cattle, St.,ap, Goarts) Exports Exporti Production Exports Agdultraal ExportsReqjov 

- 06 02 09 109 8Africa 	 01 
275 5A.:,a 	 08 007 04 005 1 3 

002 02 0.2 1 8 194 9South Arnerica 14 

IJ,'rn America 18 040 04  26 563 5 

148 802 18 
Europe 	 89 360 21 01 

17 5 1 10.9 47Oceania 28 040 02 

Toal Doveloped Countries 
 134 490 2.5 20 22.5 141 8 16
 
Total Developig Countries 25 r 10 1 3 02 4 1 657 6
 

Total World 	 15.9 4.60 2.8 2.6 25.6 207.5 12 

No-&, ...Lrs ha,,.e r rounedW to nearesa01 ciiOn
 

Sceace: Aidapted Ifurn U N Food and Agricunlure 0rganzz-!on (FAD). FAO Trade Yearbook. Vol 37 (FAQ. Rome. 1984)
 

meat consumed in Botswana and forms the basis of percent or more of site potential; poor if the forage pro
is 20 percent or less of site potential (67).tourism, the second most important source of foreign ex-	 duction rate 

The trend indicates whether the forage production rate ischange in Kenya. 
improving, deteriorating, or relatively stable. 

Data on rangeland condition are sparse or non-existentExtent of Rangelands 

There is no comprehensive global assessment of the ex- for much of the world. A lack of standardizationthe problem.in
classification and analysis compounds 

number of national and sub-national studiesHowever, a
tent of rangelands. Even defining "rangeland" is difficult. 

the past ten years indicate conditions and 
cover. The most conducted over

The term describes both land use and 
trends in some key pounttries.

complete data available-trom the FAO-are organized by 
of rangeland Xerification, or a drying of the soil, leads to the 

type of vegetation; thus, the total extent 
ono a dr i icft in leadscto t 

by adding parts of various FAO cate- pen 	 Xerif,cation mostmust be calculated 	 wrld s aphenomenon caled "desertification ' goris.aailbleTe bststimte or te 
gories. The best available estimate for the world as a commonly results from overstocking, or overuse of a por
whole and for the major regions is presented in Table tion of the available forage by homogeneous herds of 
5.12. It adds the area of permanent pasture, 3.16 billion 	 cattle, for example. It also results from use of rangeland
hectares, to the 1.37 billion hectares of open forests and for dry land agriculture. Heavy grazing by cattle selec

moves thei mostup al tayg r nn at e 
about haif the FA O 's "o ther land" catego ry, 2.19 b illion 	 for r 


tively removes the most palatable perennial naitive
hectares of desert, tundra, and scrub. The total amount 
ands bilhetars a or grasses called "decreasers" and results in patches of bare 

ofctanel dsbythisestimateiscr6.
of rangelands by this estimate is 6.7 billion hectares 	 soil, increases of less productive and nutritious annual 
about 51 percent of the total land area of the world, 	 grasses called "increasers" or invasion by foreign species 

called "exotics:' Desertification also results in less litter 
Condition of Rangelands and more compaction of the soil. Then the infrequent but 

Range condition is an estimate of how close the range is heavy rains characteristic of arid zones do not have a 

to its natural potential cover, or climax vegetation, given chance to percolate into the soil, recharging underground 

a site's soil, rainfall, and other characteristics (66). Range aquifers and providing moisture to the plants. Instead, the 
condition is good if the forage production rate is 80 rains carry the topsoil away. 

Table 512 Distribution of the World's Pastures 	and Rangelands 1955-83 
Op Foet Oth Lill Est 

Are of Purmanrn Paab., 190 1833 To stullaridPlasite As POet Amea 
1955 1975 1983 of Land Arm (million (million R&anellid pistwws As P wt of 

(nllion hectares) 1903 hactnre) hectares) (million hoctares) Tot Lid AMes 

North America 
(Unrled States and Canada) 277 265 265 14 275 746 913 50 

Europe 83 88 86 18 22 91 153 33 
USSR 124 374 373 17 137 702 861 39 
CentraJ America 

(inclusive & Canbbean) 79 94 95 32 0.3 99 145 48 
South America 330 446 456 26 248 230 819 47 
Africa 615 785 778 26 508 1.317 1,945 65 
Asia (except China) 279 372 359 21 6i 602 721 41 
China 194 286 286 31 45 415 538 58 
Oceania 377 472 460 55 76 182 627 75 

World Total 2,358 3,181 3,157 24 1,372 4,384 6,721 51 

Noe:
 
a Iciudes permanent meadows pasurO used tor or more for the production of hefrbaceous 
and nd land that has beer five years forage crops either cutvited of Wild 
b InCJudeS ooer land Wth a grass uriderory beneath tiO olon Canopy Livestck arid rwldlife bro,"e On born tre leaves ad twi'g o the trees ard on tho grasse 

c 'Otner lad' ISa 'erduail category dedrved by lhe U N Food and Agricuture Organization (FAQ in It Production taboook About orietlrd & this land is so dry it lacks plant co.r HOiNar, a grsitcfnt 
perceniage of ths land may be grazed seasonally or in years of heavy rainfall Hail 01 IS Category is coun~ectin the CSI~mated tota area Lt range arid aslua 

d m oC areas Cof ermanant pasture o983). open forest (1980), and 50 porcert of 'Other land" (1983) 
e NumCers rn"y not add up to totas lpecdau.9 o rounig
Sotsn: 
I Data On"wmanenrri Peure " lter land* arefrtm UN Food arid Ongartzatcr, (FAO), f9a3 Proorctfon Yearbk. Vol 38 (FAD, Rome.1985). Table 1.pp 47-48, and FAD. 1955 Proc.u 

Yearbook (FAQ Rome, 1955) 
2 Data on open toe0,8 ar other etocIa land arefrom FAD. 198& Reaernce o10 
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Where grain cropping intrudes into rangeiands, nutrients 
are lost at a rate 30 times that of a properly stocked 
range (69). In many areas, replacing lost phosphorous, 
potassium, and nitrogen with commercial fertilizers is far 
too costly, so that nutrient impoverishment contributes 
further to desertification. 

In many desertification-prone countries, range develop-
ment efforts have concentrated on raising productivity by
improving animal health, developing new sources of 
water, introducing new breeds, or increasing the produc-
tion of forage crops arid intensively managed pastures. 
However, the lack of attention to the condition of the 
range itself, together with its increasing use, often resultsin large-scale deterioration. 

Africa 

In Africa, rangelands are concentrated in the Sahel in 
West Africa and in the countries bordering the semi-arid 
areas of East and South Africa. Seventy-five percent of 
Botswana is permanent pasture, and about 65 percent of 
Zambia, South Africa, and Lesotho is permanent pasture 
Forty-five to 60 percent of the land area of Somalia,
Mozambique, and Madagascar is considered native range-
land. Summaries of studies of nine Africa; countries are 
shown in Table 5.13. 

In the north African countries of Morocco, Tunisia, 

Algeria, Libya, and Egypt, forage production from 

rangelands has been declining, and overgrazing has 

caused the rangeland to deteriorate in many areas 

However, a tropical rangeland often shows much higher 

recovery rates than those found in temperate zones. In 

Tunisia, temporarily protecting the range from grazing

has increased forage production from 128 kilograms per 

hectare (kg/ha) to 1,244 kg/ha in just four years.


In Zambia, where livestock numbers are ten times 

greater than the carrying capacity of the available 

rangelands, the range is rapidly deteriorating. Large areas 

of Zimbabwe's rangelands are also overgrazed or bare, in-

cluding 8 million hectares of former tribal trust lands. 


Range conditions in the drier, northLrn part of 
Cameroon are generally poorer than in the wetter, south-
ern Guinean zones, where livestock numbers are limited 
by trypanosomiasis. In the north, heavy overgrazing, fre-
quent fires, and periodic droughts have caused annial 
grasses, unpalatable shrubs, or bare ground to repl .ce the 
original perennial grasses and leguminous trees. A ecent 
assessment of 36 range-management units indicatec that 
7 out of 16 units in the-r,0ti were in pnor or very poor
condition, while 6 out of 13 units in the south were in 
excellent or good condition. The remaining 7 units were 
in fair condition (68). Dwindling productivity in north-
eastern Uganda's range also stems mainly from overstock-
ing. Range resources in northern Kenya are reportedly in 
poor condition, although other ranges in the south are in 
fair condition. The condition of rangelands in both Sudan 
and Somalia is also reportedly deteriorating as urpalat-
able shrubs or annuals overtake perennials. 

In the Sahel region of West Africa, the worst rangeland 
conditions are found near year-round water supplies and 
where pastoral and agricultural land uses overlap. (See
Box 5.1.) 

Of 19 countries in the Sudano-Sahelian zone, only
Guinea and Guinea-Bissau report stable conditions; eight
countries report some increase and nine report a signifi
cant increase in desertification. (See Part IV, "Forests and 
Rangelands:' Table 6.3.) 

Near East 
Many ranges in the Near East are in poor condition. Un
palatale shrubs have invaded Iraqs steppe rangelands In 
Syria's interior steppes and arid deserts, the original plant
community has been replaced by species of little value to 
people or animals. Yemen's rangelands are in poor coidi
pioaneorati n anerosio n pn i otion and deteriorating, and "erosion pavement" is nowcommon in Jordan's rangelands. The alpine meadows of 

Iraq, where the harsh winters preclude year-round use,and the deserts and mountains of Oman, where herd
sizes have been decreasing and the use of fodder. crops
increasing, are still in relatively good condition. In southern 
Saudi Arabia, the number of unpalatable species has 
recently increased, and 60 percent of all range manage
mient units are in poor or fair condition, compared to 40 
percent in good or excellent conditon. 

Rangeland condition in much of Afghanistan is fair or 
good, but declining as a result of overgrazing, especially
around Kandahar and Herat and along the major migra
tion route. In Pakistan, most rangelands are in poor con
dition, producing only 10-15 percent of their potential
and losing important species of palatable forage plants, 
including the woody Acacia. !ran's rangelands are already
the most depleted in the region, and their condition is 
deteriorating. 

Europe 

Only 18 percent of Europe's land area is permanent
 
pasture, but these lands receive adequate rainfall, are in
tensively managed, and are highly productive. The area
 
of permanent pasture in Africa is six times greater than
 
Europe's, but Europe supports 75 percent more cattle
 
and sheep than Africa, and the value of Europe's livestock
 
product exports is 16 times greater than Africa's. The
 
productivity of Europe's pasturelands lias increased beyond

500 animal production units (APU) per hectare per year,

compared to iess than 20 APU/hectare/year in most
 
developing countries.
 
United States and Australia 

Since 1936 the rangeland conditions in the United States 
have been regularly assessed. Overall conditions have 
gradually improved. For example, the area of nonfederal 
rangeland in excellent and good condition has increased 
from about 16-20 percent to a current level of 34-36 
percent. (See Figure 5.5.) 

Out of 347 million hectares of rangelands in the United 
States, roughly 207 million hectares (about 60 percent) 
are currently in good or fair condition. The remainder, 
some 40 percent, are in poor or very poor condition. 
Large areas of Alaskan rangeland, which are in good
condition because they have not been exploited for long
periods, tend to skew the national averages upward. For 
the lower 48 states, 46 percent of the rangelands are in 
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Tbla 5.13 Ranwgeland Conditions in Selected African Countries 
Ccuntry/Liocallty Size of Area 

Cameroont 
Country-wide 	 8300.000 heclaros 

Northern Sector 	 7,000,000 hectarms 

Sudano-Sahel region 

(Acaca c.rasiands and 

steppes -ahel. dry and
 
moist woolands-

Sudanian types) 
GurneaCongoian region 

(south of Garoua) 


Southern Sector 
AOamaoua Plateau and About 1.300,000 hectares 
other localized areas 

Sudan 	 56,000,000 hectares 

('permanent pasture) 

24,000,000 hectares 

('grassands) 


Somalia 	 29,000,000 hectares 

Kenya 
Rendille management area 13,249 square kilometers 
(Northeast Kenya) 

Uganda 	 5,000,000 hectares 
Northeast region 
Entire Karamoia Ostrict 316,390 hectares 

Most of Achoi District 	 Seri-arid range 

Morocco 	 12,141000 hectares 
rangelands, countrywide 

Range Condltion 

Original perennial grassland 
and acaca types mostlyreplaced by annuals andJ 

unpalatable shrubs 
'Almost denuded state' in 
many areas 

Range in better condition than 
Sudano-Sahellan types 

Quality of range generally 
better than in northern sector 

Range detenorating and 
desertification accelerating 

Oveigrazed-perennal grasses 
replaced by annuals and in 
somie cases by unpalatable 
shrubs 

Based on fild measurements 

of soil stability, composition 

plants species, percent bare 

ground and litter cover, state of 
soil erosion: 
Percent area of 22 managementunts 
Rng: ocompletely 

"Range "ooidland" 

(Browis) 


2.4% E.c 2.4% 
1.5 Good 5.1 

77.1 Fair 70.1 
10.6 Poor 13.6 

1.7 Very Poor 6.5 
6.6 NA 2.2 

Perennial grasses replaced by 
plants with lower nutnent 
requirements therefore less 
value as animal feed 

Reduction of ground cor 
Major,ty of grassland areas are 
four discfimax cretled by fire 
and grazing (and vould return 
to dry forest if these factors 
eliminated) 
Reduced foraga production
Expanding deserificalion 

Ranga "rnmd 

Not specified, but potentiaJ 
for livestock deviopment
(based on forage yie~ds) for 
16 resource management units 
as follows 3-very low, 4-low: 
high 

Potential of 13 resource 
management units: 7-medium; 
4-high; 2 very high 

Not specified, but probably 
stable 

Apparently continuing 
donward 

Detenorabon accelerating 

Time trend data not available, 
but predominance of fair and 
poor condition indicates a 
serious sle of rangeland 
degradation 

I -reversible erosion 

Detenorafing (eg., degradation
of Stipa Tenacissima Alfa 
grassland" estimated at 10,000 

hectares/year) 

Causes 

Many years of heavy grazing 
and frequent burning
Recent (about 1975) drought 

Use of range reosurces limited 
by tsetse fly infestations 

More rainfall 
Tsetse fly limitations 

Increasing livestock numbers 
5 to 18 million head cattle 
during last 30 years) 
Cultivation of marginal lands 

Woodcutting and uprooting of 
shrubs for fuelwvod 

Overgrazing (increased 
demand for meat & livestock 
products) 

Since some of the area had
 
not been used for a long time
 
due to tribal conflcM the
 
cause for the degraded
 
condition is not certain; tw
 
hypotheses:
- Prewtos excessive grazing 

suppressed 
preferred herbacicus plants, 
promoting growth of less 
desired species 

- Current vegetation is a
 
climate climax type
 
resultant from sporadic
 
and low rainfall
 

Malority of these Savanna 
grazing lands beyond zone of 
trypanosomlasis and livestock 
populations have increased 
rapidly during past decades 
(accounting for much of thecountrywide increase)
Overgrazng (feeding and 
trampling) 

Overstocking
Expanding dryland agncutture 

Uprooting of woody shrubs forfuel 
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COnsquencou/Prononsened a ActIvItesI Souce 

Northam Scor 
Unlikely to r tor l 1rwiotectoordgvdedry 

Erosion Few studies examining the 
extent of devegetation caused 
by livestock 
Problems have not been 
addressed sufficiently by theadministration 
Improved pasture management 
research conducted b
veterinary tiainers at Entobbe 
(primarily for dairy cattle) 

Increased sol erosion Planting of forage shrLbs 6 
Decline innatural grassland - Opuntia cacus. plantations 
area _can yeldmanorhoclaresiyear10-50 metric tonsreen 
Increases in animal production - ra lebuh"c(Al arlex)
only posble at the addlional 
deterioration of range forage New management practices

including 
- Control of grazing pressures
- Rotation and deferred 

grazing schemes 
Houz afforestalion project to 
protect soils and improve
pasture 

(continued on next page) 

- good or fair condition, with only 15 percent in good
condition. Rangeland types in relatively poor condition 

include desert and annual grasslands, Texas savanna, 
southwestern shrub-steppe, and chapparal-mountain shrub.In Australia, ;s in the United States, rangelands that were degraded in 1900 have gradually improved in recent 
decades in most areas. Overstocking, especially during 
dry periods, ind the explosive growth in the population
of introduced rabbits contributed significantly to the 
earlier degradation of Australia's rangelands. Currently,
some 13 percent of all rangeland is affected by soil ero
sior and the degradation of natural vegetation. 

DEVELOPMENT ASSISTANCE AND RANGE
 
MANAGEMENT
 

The impacts of large-scale, international development 
assistance projects on tropical rangelands warrant close
 

examination. Aid projects have generally attempted to
raise the economic productivity of range use systems by 
promoting the use of homogeneous herds of cattle. Cattlecan be marketed, and exported, in order to generate the 
foreign exchange needed to service external debt. How
ever, large herds of cattle are not always well-suited to
tropical range environments. 

Confronted with sasa daunting record of failure in rangemanagement projects, assistance agencies are now taking 

a new look at the traditional pastoralist systems. Instead
of large homogeneous herds, pastoralists generally graze
 
small mixed herds that make 
use of the full spectrum of 
available vegetation. Camels eat the higher strata ofwoody vegetation, goats eat the lower strata, sheep con
3ume herbaceous plants and grasses and can be selective

with their pehensile lips; cattle are less selective grazers. 

Moreover, pastoralists generally sell off the sick andweak animals, in contrast to western tradition. The very 

large herds, encouraged by assistance projects, overstress 
the ecosystem. When drought strikes, the entire system
 
can collapse. When that happens, 'here is a longer term
 
effect because of the disparity between the amount of
time it takes for cattle herds to rebound and the amount 

of time required for rangelands to recover: cattle can be
 
restocked within a few years, but it takes much longer to

rejuvenate degraded rangeland, especially when soil
which forms at the snail's rate of one inch per 500 

years-is eroded.
Range specialists identify the key underlying causes of
 

these well-intentioned but repeated failures as the export
 
of inappropriate technology and a remarkable failure to 
view the range community of plants, animals, and people 
as an integrated system. Until these failings are corrected, 

the sorry record of assistance-aided range "disasters" will 
likely continue. 

THE DIFFICULTIES OF RANGE ASSESSMENTS 

National-level evaluations of rangeland conditions often 

obscure important local variations (e.g., over 40 million 
hectares of U.S. range are in very poor condition although 
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prolecton 

Pressure on open area rang
lands can be partially alevaed 
wth tsetse control programs or 
livestock prophylaxis 

Cattle increasing at 1-2% per 
,aar but increase expected to 

cause forage degradation

exepl around human 

population centers 

A total of 75-80 million 

hectares (ha) considered 
suitable for agriculture but only24 million ha currently used 
for grazing, 7 milton used for 
farming_ 

The rangeland is the greatest 

natural resource of the country 


It is projected that significant
inprovements can be realized 

include creation of controlled 

grazing reserves (320 potential 

areas already identified): the

extremedy degraded Charn 

Delta near Lake Chao and

Diamare plain suggested as 
pilot areas 
Reseeding and water 

eelopment efo comti 


with rottional grazing systemat

propoed to miligate range 

destruction around the limited

number of dry seasonwaterholes 

Southern Sector
 
Pilot oject for liestok 

management intsetie areas

planned for locality south of 

Benoue River
 

Not specified 2 

A 1975 FAO/UNDP prclect to 

intiale range management 

education in the university

successfully established, bu 
was terminated once project 
assistance ended 
Currently foreign aided range
development program in 
operation -
Detailed and adaptive 
management plan, including 
grazing pressure anddistribution recommendations,
animal husbandry and disease 
control improvements. and
development of a viablemarketing system 
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Table 5.13 Rangeland Conditions in Selected African Countries 
of AmCourlty~alty SL=n Raigs Ccnori ~ FWWg lud CMs" 

Morco 

Tunisia 3,42.000 hectares Degraded 

Rangelands estimated to be 
producing at 112 of potential 
(optimistic estimate) 

Presumed to be continually 
deteriorating 

Uncontrolled grazing; fuelvivod 
c ling 
Long history of misuse
traditional nomadism has been 
disrupted since colonial times 
(10 years) and the emphasis 
on sedentarzation has concert
trated grazing pressure 
Stocking rates estimated to 
3-8 times higher than ideal 

Zambia 
Country-wide 
Upper Zambezi 
(Western Province) 
Kafue River locality 
Eastern Province 

35,000,000 hectares Deteriorated. severe cover 
depletion 

Not specified, but in viwmof 
excessive (tenfold) stocking 
rates, trend presumed down 

Overgra.ing-average stocking 
rate for entire country is 
032-045 hectareAivestock unt 
(10-15 times higher than 
recommended) 

Surveys show rangeland
degradation from oergrazing 
not perceived as a problem by 
rural inhabitants 

Zimbabwe 
TriiaJ Trust Lands 16,161,000 hectares Approximately 50 percent of 

this area in very poor condition 
(based on 1960 survey) 

Most recent survey made in 
1960; situation has cetainly 
deteriorated 

Overgrazing from increased 
livestock popuidion (+119 
prercent 1964-77) 

Buffalo Ranch Farm 20.000 hectares Stocking rate matl3gement: 
- CatUe section 12,000 hectares Good condition (378% cover; Apparently stable. possibly - 8.5 hectares/tlivestock 

30% litter; 28% utilization) improving unit 

- Game section 8.000 hectares Fair condition (30% cover; Apparently stable - 80 hectareslivestock 
20% litter; 43% utilization) unit equivalent (4L5 kg) 

I U N Food and Agncu ur' Organizabon (FAO).t983 Production earbook,Vd, 37(FAQ Roma, 1984);and Urdwieamtyof Arizona. Draft Erhionrneran Pro& on Urwed Reouofc of Ca7nerfon (Office 
of Ad Lands St,:dw. Uni-r-sty of Anzona, Tucson, 1981),pp 21-211 32-35L and 47-4a 

2 Op ot 1 FAO,and AW A Ei Moursi. Ecoiogicai Managrrie- of And and Sarn-And Rangedads (EMASAR-Pthase 11)ll,.VII. Near East IFAC, Rome 19781. 29-31. FAG. onpp 'Regional Study
Ranted Agrcuture and Airo-Climarc Inventory ofEleven Countries in the Near East Region. in Wbdd Rome. 1982).SodResources Report (FAO. 

3 Op ci 2. EiMojri, p 23-24 
4 Unied Naior." Educabon Sientc and Cultura Organization (UNESCO), IntegratedResource Asse sn and Manage rer Plan or Vrakrn istrict.Masabrt. Ke IPALTechn cal Report No. 

A-r, PainI and I, (UNESCO. WJ Lusgq.Ed. Pans. t984)
5 Op c 1.FAD,rid US Man and te Bo.pnefe (')SMAB). rist Enironmienfi- Proe of Uganda (Ofe ofAnd Land Stuies Universt y ofArizona Tucson. 1982). pp 36 46-52, 85P 92. and122-123 
6 US Man ani t:e Blosphv e (USMAB). Drat EmrrdfoW Fiepoff on Morocco (Office of And Lands Studor, Un e"rity of Arizona. rewwuol.Tucson. 1981),op.1-1l 
7 Op al 1. FA., and Unversiy of Arzona, DrafEroryncralPrcageon Lrva (Oftc of And Lands Studes Urvet;y of Arizona. Tucson. 1980). pp 13-14. 16-1 25, 33-34 
If Op ca. and Uniresiy of Anzona. Drift Er (Offite of And Lands Studies Universty of Anz 'maTucson. 1982), pp and 97-102.1.FAGj: onlinrenle Profe of Zamnbia w. 70-71 
9 Urnmey ofArizoa. Drt ErrornmenalProife of Zmbabw , (Offce of Land Slutioa Unversty ofArizona. Tu_.on, 1982). pp 11,48-51, 55-64. 89-95 

over-all, its condition is fair to good). However, they do less readily extrapolated from region to region and solu
reveal that areas of critical concern are found on many tions found to work in one area may not work- in another. 
continents and in many biogeographic realms, at both Research is badly needed to develop a series of well 
high and low altitudes, and not surprisingly, are concen- defined management strategies that could prove more 
trated in countries heavily dependent on this resource for widely applicable than current approaches. 
their economic well-being. 

Of the 32 countries or regions analyzed in Figure 5.6, RECENT DEVIELOPMEN.M 
14 .are fared with such critically deteriorating range con
ditions that they fall within the high risk category; f9 INVESTMENT IN FORESTRY: PRIORITIES 
areas (including the lower 48 states of the United States) AND NEEDS 
are in the moderate risk category; and 9 (including 
Alaska) are in the low risk category. Over the past decade, less than 1 percent of the assistance 

No single cause can be found for the problems of provided by the international development banks has 
countries whose range resources are at risk. Great dif- been allocated to forestry. (See Table 5.14.) Similarly, only 
ferences in culture, climate, ecology, and economics make 5 percent of the budget of the FAO is allocated to its 
this resource a particularly site-specific challenge to Forestry Division (70). Although it in:reased in the late 
manage. More than for most resource systems, data are 1970s and early 1980s, investment in forestry in develop-
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exist and that the lack of political and, consequently, 
C4Ar"31P,*c1u Pms dW PcW e SouM, financial will to support them stems from a poor 

Dakahaja pasture improm ent understanding of the consequences of failing to act. Ac
(beginning with tree shelter, cording to WRI, an estimated $8 billion in public and 
bets laer to plant shrubs 
suitable for grazing) 72,000 private investment is needed between 1987 and 1991. Half 
hectares area 1948-68, 	 that amount could be provided by doubling development
combned with forage planting assistance, with the remainder provided by national 
Establish national seed 
production center (200 ha) governments and the private sector. The proposed action 
Establish national committee for plan spells out a five-year inv.stment program and in
pasture land (planning to 
develop 25.000 ha grazing dudes case studies of successful projects models and 
land each yar) specific investment profiles for 56 countries. 

Traditional nomadisn allowed 1958 law limiting goat raising 7 There has been a recent surge of activity among non
periods for plant regrowth 1960 and 1966 laws regulating governmental organizations (NGOs) engaged in forestry-
Forage production in a explotation of esparlo grass 
protected plot increased from (used for both paper and 	 related activities (72). A M81 directoy of 1,720 NGOs 
128 kg/ha after 1 year to grazing) active in development assistance lists only seven engaged 
1,244 kgiha after 4 yeais - Other range management 
(including a good ray year) activties not specified in forestry (73).Since afforestation projects have 

proliferated, not just stry programs, but in those to 
combat desertificatir ion, siltation, fuelwood short
ages, and rural hur 

Sodierosion widespread Not specified and figures 8 Nationally, the th,. and impact of NGO activities defy 
on themagnitude of the 
problem not readily available generalization, though several examples illustrate the 

spectrum of efforts. In Haiti, dozens of local NGOs par
ticipating in a reforestation program coordinated through 
three U.S.-based international 'Nos,and funded by the 
United States Agency for International Development (AID) 
have planted more than 10 million seedlings since 1981. In 

Seriously deteriorated forage Some successful range man. 9 India, the number of village tree-planting groups has
 
resource base agement schemes introduced been estimated to exceed 40,000. In Indonesia, Senegal,
 

at a local level (details and
Severe droughts have caused 
high annual mortality in some locations not provrded) and some other countries, NGOs involved in forestry and 
areas, decreasing grazing None required other resource conservation and development projects are 
pressure and allowing range to 
racover some so numerous that national consortia have been organized 

None required tommesfacilitate coordination'~ and communicationN ~ . amongAssumed sustainable h ~ 
production members.The Kenya Energy Non-Governmental Organiza-
Assumed sustainable tion (KENGO) has 50 organizational members and 120 
production 	 other associated private voluntary agencies. Such groups 

help produce and distribute seedlings, increase village
level participation, and push for legislative reform--key 
elements in successful reforestation programs. 

ing countries still does not reflect forests' crucial role in INTERNATIONAL TROPICAL TIMBER 
sustaining food production, creating employment and in- AGREEMENT 
come, providing essential raw materials und goods, and 
generating scarce foreign exchange. After nine years of negotiations, an international agree-

For many reasons, forests in many developing and ment on the production and use of industrial wood from 
developed countries are now stressed, and policy changes tropical countrie was adopted in 1983 and ratified in 
and increased investment are needed urgently to head off March 1985 by t,_- U.N. Conference on Tropical Timber, 
serious productivity declines. Fortunately, given these organized under the auspices of the U.N. Conference on 
needs, numerous recent developments in forestry offer Trade and Development (UNCTAD). Known as the Inter
encouragement. national Tropical Timber Agreement (ITr'A), its objectives 

Since 1982, the FAO has been preparing an action pro- are to promote international trade in industrial wood 
gram for tropical forests. The detailed five-part action pro- from tropical countries and to help tropical timber
gram covers fuelwood and wood energy, land use, forest producing and timber-consuming countries cooperate to 
industrial development, conservation of tropical forest allow management of tropical forests. In addition to 
ecosystems, and institution strengthening. Simultaneously, regulating trade in tropical timber, 1ITTA also encourages 
a task force convened in 1984 by the World Resources research and development in five areas: improved forest 
Institute (WRI), in cooperation with the World Bank and management and wood utilization, further processing of 
the United Nations Development Program (UNEP) reviewed tropical timber in producer countries, expanded reforesta
the causes and remedies of low levels of investment in tion and forest management, improved marketing and 
forest conservation and development in Tropical Forests: distribution of tropical timber exports, and increased study 
A Call for Action (71). The task force concluded that of trading patterns in tropical timber. No action under 
many proven responses to land misuse and deforestation this new agreement has yet been taken. 
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Box 5.1 Primary Production in the Sahel-implications for Range Resource Management 

Ecological studies conducted between 1976 
and 1981 by the "Institut dl-onomie Rural" 
(Bamako,Mali) and the l)utch (overnment 
provide perhaps the best scientific basis for 
understanding the biophysical proc:es involved 
in Sahelian range forage production, the irn-
pacts of different intensities of exploitation. 
and tile increassing forage yields.posibility of 
Many of the findings of this investigation are 
radically different from earlier understandings, 
and suggest a new interpretation of range 
management options for the .iahel. Key find-
ings of the Primary Prixfuction in the Sahel 
(PPS) study (1)are: 
0 The productivity of the Saheian ;'iimal 
husbandry system, expressed inanimal pro-
lein per unit area, is at lea-st equal to, or even 
better than, that of ranching in comparable 
zones 100-0 niim rainfall) in the Uiiited 
States and Australia. 
* Even though nomadic and seni-nomadic 
pastoralists cope with their" adverse environ- 
mental conditions extremely well (in terms of 
animal protein produced per unit area), pro-
duction is often not suLficient to provide a 
subsistence level livelihood. Moreover, this pro-
duction requires a mode of exhaustive ex-
ploitation that leads to deterioration of the 
environment, and thus cannot be maintained 
over the long-terin. Animal husbandry in the 
Sahel needs to be rehabilitated. 
* In addition to decades of cash crop pro-
duction in tie Sahelian countries, the food re-
quirements of the growing human population 
have causcJ an expansion of the agricultural 
crop area, increased intensity in land use (e.g., 
shortened fallow periods), and increased grazing 
pressure. These factors are causing a gradual 
decline in soil fertility and productivity, 
* On average, only 75 percent of the rainfall 
infiltrates the soil; the remainder runs off. 
(rhis runoff is an important source of surface 
drinking water.) Overexploitation of the 
pasture promotes excessive runoff and results 
in degradation of the environmenL 
* In general, however, the Sahara is not ad-
vancing southward; a shortage of drinking 
water protects this desert border area against 
overexploitation. On the other hand, overex-
ploitation is causing increasing degradation in 
the southern Sahel region and northern 
savanna a'eas (the Sudano-Sahelian interface 
zone where mixed fanning is predominat). 
* Poor soil quality, both chemically and 
physically, isa great barrier to development. 

Precipitation is not used in an optimal way 
for plant production in the Sahel since the 
soils are deficient in both nitrogen and 
phosphorus. As a consequence, in the southern 
Safel, for example, only t0 percent of the 
annual rainfall is used by the vegetation, 
0 Fertilizers could increase primary produc-
tion under natural rainfall as much as fivefold. 
However, the cost of nitrogenous fertilizers is 
not economic under the Sahelian animal 
husbandry system, nor are the treated 
phosphates (the rock phosphates available in 
some of the countries are absorbed 10-20 
times more slowly by plants than are the 
super phosphates). 
m There are many indigenous legume species 
in the Sahel with good nitrogen-fixing capaci-
ty,but their ability to compete against gra.ses, 
their gennination strategy, the low phosphorus 
status of the soils, and the low rainfall limit 
their contribution to the productivity and qual-
ity of the pastures. The only way to improve 
the growth of legumes in natural rangeland is 
by the application of phosphates. In the Sahel 
region proper, the cost of this measure could 
x five times greater than the value of the 
yield. Large-scale introductions of exotic 
legumes are unlikely to succeed, although 
experimentation with species requiring less 
phosphorus may be warranted, 
FABecause of their favorable effect on the 
quantity and quality of available forage, lire 
and grazing are indispensable in the tradi-
tional pastoral grazing system. Attempts to 
combat degradation and decreases in produc-
tivity by banning fires and overgrazing can be 
successful only if solutions are found for the 
shortage of proteins in the forage during the 
dry season. 
03 Drylaad farming in the southern Sahel and 
no':thern Sudanian savanna profits more from 
animal husbandry than the animals do from 
the crop residues under current conditions, 
Benefits to the animals from increased in-
tegration of these activities can be realized 
only if the quantity and quality of the 
agricultural by-products are improved by fer-
tilization. 
U The natural tree cover in the Sahel varies 
from 0-5 percent and is in balance with the 
water resources. Accordingly, afforestation has 
little chance o! succeeding except in places 
where water runoff concentrates. 
0 Technical options exist to increase produc
tivity in the Sahel, although they are not 

economically feasible under present condi
tions. [Hence, to increase, or even maintain, 
the productivity of the Sahel, external funding 
is necesary. Millions of dollars can, however, 
be spent more effectively if the ecological 
constraints on dvelopment are better 
understood and incorporated into the formula
tion and implementation of aid programs. 
13 The study's results do not make it easier 
toformulate proposals for the accelerated 
development of the Sahel region. The soil is 
being depleted for both arable furning and 
animal husbandry. In many arcas this is 
unavoidable and there is probably no alter
native. Social and economic conditions in the 
region are such that modern methods of pro
duction (such as the use of fertilizer) are 
unlikely to succeed in the short term, and 
even if the situation were to change, en
vironmental constraints preclude agricultural 
expansion on a large scale. 
D In spite of this bleak picture, the search for 
new ways to promote development is vital to 
the Sahel. Tile status quo means continued 
deterioration of the environment. In some 
cases, it may be justified to consider invest
ments which from a purely economic view
point produce no immediate returns. These 
could include such measures as the creation 
of alternative employment opportunities and 
improving regional infrastructure. Subsidizing 
meat and grain production would have negative 
internal rates of return, but could improve 
production. Possible programs might include: 
I. Growing leguminous crops with the use of 

phosphorous fertilizers. 
2. Continued integration of dryland farming 

and animal husbandry, combining the use 
of manure and chemical fertilizers to pro
duce better quality forage. 

3. Fattening operations on a small scale in 
situations where fertilizers can be used 
economically to produce such cash crops 
as cotton and groundnuts with high quality 
by-products. 

Relerences 

I. H. Breman and PWV.J.Uithol, The Primary 
Production in the Sahel (PPS) Project: A 
Bird's Eye View (Center for Agrobiological 
Research, Wageningen, The Netherlands, 
1984), pp.5-11and 37-41. 

CHANGING PRIORITIES IN FORESTRY protecting watersheds and degraded lands, and generating 
RESEARCH income and employment through forestry (75). Future 

IUFRO workshops will cover related issues. In 1986, a sec-
The 1981 Congress of the International Union of Forestry ond workshop in Africa will concentrate on the research 
Research Organizations (IUFRO) highlighted the need for needs of the Sahel and northern Sudanian zones. Par
increased support of forestry rese1."ch related to Third ticipanL will examine agroforestry, natural regeneration 
World needs (74). Since then, the priorities of forestry and forest management, the selection and improvement 
researchers around the world have changed dramatically. of multipurpose tree and shrub species, the use of 
The recommendations of a recent workshop on forestry nitrogen-fixing woody plants, and other low-input 
research priorities in the Asian region stressed the irnpor- technologies to maintain soil productivity. A third 
tance of increasing the productivity of multipurpose tree workshop in Latin America will focus on more efficient 
species, increasing fuelwood supplies, rehabilitating and ha.,vesting, processing, and treatment of tropical wood3 
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Table 5.14 Distribution of Loans by International Development Banks, 1983 
(millions of US dollars) 

bW Annufd 
IlutulimLavfing Agrtuiu-i SecWr PWIDSIt of WOa Ene.U Sec~ PexWM o4 Totall Forusiry Sisciltrd Pzartlt of Rbi 

The Wodl Bank 14.477 3.698 26 2.818 20 83 0 60Inter-American Bank 3.045 489 16 968 32 2 0 06
Asian Dewlopmen Bank 1.893 825 44 524 28 52 2 70
African Development Bank 930 261 28 274 30 6 0 70 
Totdo 20,345 5,273 20 4,584 22 143 0.69 

Noba: 
aretron 198.3 Repis foreach agency and includie agicLrureloestry. induitry hsah. educabon. transprtation. urban Oe&,opnenl. pubic utiltesa Daia Arnu loans arlhonm: fora1 SoOS. 


and energy
 
b A r.,Aure ircuocs ag inCiure craki and rural 0,neOpmri. agnculurM resciarch. u via IDS fri'M, hnesr-ck, and brestry
 
c. GenerallyincluS laans bcci. ga,e coal. andipoef diroenent. dcla kit put*- utgkrosarmsubr&uted in lha caned the Aftrar Derelojrwii Banka,c ld notAreport an a separate caiew~y

fo enlergy orclact 
d Does roi inciule capitainvestmerd in pulp and par n(xjt procesang capacity D"t a from bank np-o is nd pesonal urnuncwaos 

I Tre World Bank.The VYxtidRarniAnnual ,epotl 13 (The w_Ad Bank Washinglon DC, 1983)
2 InterAmercan De .oprert Bark Annua) Reprt 1983(Inl.A nerlican Dweopmnent rank. kit anon. DC, 1983)

3 Asian 0ewicprnern Bank Annual RrPLc t99 (Asan De,Jorrnent Bank Marcia.1993)

4 Afrcan Deveopren Bank. Annuat Rcpor 198.3(African De4ovnnl Bank, Abdtan, ie,)ry Coari. 1983)
 

The main themes of the 1986 IUFRO World Congress are Systems Journal; the Journalof Agriculture, Ecosystems
multipurpose tree species, utilization of tropical woods and Environment; and The InternationalTree Crops
and related topics, air pollution's effects on forests, wood Journal.New Forests, an international journal on the 
for energy, and forest resource monitoring, biology, biotechnology, and management of afforestation 

Two major research efforts devoted solely to agroforestry and reforestation, will begin publication in 1986. 
are also under way. The International Council for Research 
in Agroforestry is completing a global inventory of Figure 5&6 Global Sample of Rangeland Extent 
agroforestry systems, especially in traditional land use and Condition 
systems in developing countries. In addition, FAO has andConditio_
 
helped establish networks of research institutions aimed Millions of Australia (443)
 
at increasing knowledge and use of forest trees, food Hectares United States (Lower 48) (260) Lare Areas
 
trees, and fruit-bearing species. 00 U.S. (Alaska) at igh Risk
 

Several new journals reflect the shift to new areas of Saudi Araba
emphasis in forestry. They include the Agroforestry Pakistan
 
Kenya 9 Sudan:
 

Iraq.9 Zambia a
Figure 5.5 Distribution of U.S. Nonfederal I Somaliao 
Rangeland by Condition Class, 1963, 1977, Omane Bolivias 
and 1982 New Zealand* Zimbabwee 

Morocco
 
Percent Percnt 100 -Syria U.K.* Peo. Dem. Rep Yemen$
 

France 9 

remena 

50-DYugoslavia Jordan Arab Repa 
Afghanistan: Cameroon (No) 

Ireland S GreeceO1963 
1963 
 Tunisia.aO 1977 

0 Iceland 

1982 German D.R.
G Cameroon (So) 

301 Netherlands 

Sri Lanka a 

Low Risk Moderate High Risk 
Risk 

10

1 2 3 4 5 
Condition Class (1.Excellent-5.Poor) 

Excellent Good Fair Poor Not 
Applicable Note: The high percentage of tame pasture rather than rangeland (sensu stncto)

in European countries accounts for their very high productivity (ie twenty times
Source: Sol Conservation Serwce (SCS), 1985 RCA Appra,sal Update (SCS. Washing. USSR and USA) and conditionton. DC. draft. 1985). p 71 Sourcme: Compiled byWodd Resources Institute from various sources 
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Wildlife resources include the earth's full complement of 
wild plants and animals, both individually as species and 
collectively as components of ecosystems. This year's dis-
cussion deals with maintaining diversity for both species
and ecosystems. Subsequent editions of World Resources 
will treat such other topics as: wildlife management, corn-
mercial use of wild species, and the impacts and poten-
tial of new genetic technologies. Mammals, birds, fish,
and plants dominate this chapter because they are the
best known scientifically, and of most concern to peo-
ple. Other vertebrates and invertebrates are discussed 
more briefly. Valuable micro-organisms are excluded here 
simply because few such species are known to be 
threatened. 

Several million species of wildlife inhabit the earth. The 
overwhelming majority are invertebrates and plants. The 
numbers of species are most abundant in the tropics, and
diminish toward the poles. However, gaps in data make it 
impossible to fully assess wildlife resources. In particular, 
most tropical species have scarcely been investigated, if 
even discovered. 

This biotic wealth supplies most of our food, and much 
of the material we use for fuel, shelter, clothing, medi-
cine, and other essential goods. It also provides recreation 
and enriches culture. Civilizations ultimately depend on
the proper functioning of the ecosystems surrounding
them. 

Despite wildlifes importance, however, educated guesses
of current species loss run to several thousand per year,
and one million or more by century's end (I--perhaps 
one quarter of the total now living. Human destruction 
of wildlife habitat causes most species loss. The destruc
tion of tropical moist forests, where half of all species
probably occur, poses a particularly serious problem. 

COMMONSi'R( 1AMYf{TI M 
Wise management of wildlife requires attention to both 

tspecies and ne living systems of which they are part.
Although we examine the two states separately here, 
they are inextricably linked,
 

SPECIES 

When two distinguishable groups of organisms coexist 
w;t':out interbreeding, they are considered dist!nct spe
cies. However, scientists disagree on just how different 
two organisms must be in order to rank as species,
rather than as subspecies or races. This diszqreement
underlies the variation in estimates of the nrmbers of 
existing species. It also influences how wildlife managers
apply laws and practices.

Most species are rare; many ire known from only one 
specimen. In an ecological zone with 100 species of 
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birds, for instance, one dozen may be common and wide-
spread, while lhe rest ocu, if, small numbers. This 
phenomenon is particularly cornmon in tropical forests, 

where individuals or pairs of many species are widely 

spaced. It makes such SpYecies more ',ulnerable to extinc-
tion and difficult to protect. Any low-density species 

requires expanses of suitable habitat to maintain healthy 

populations.~ 
p 

(Of the many wavs wild species serve human needs, a 
few stand out (2'3). Wildlife still directly provides a sizable 

shrimp--fraction of the world's diet. A single taxon-
annual retail trade worth more than $2.3generates an 

billion. Indirect uses are many. W ild forage feeds much of 

the world'., domestic livestock. The productivity and resis-

pest.s and disease of domestic plants and animals 
tance to 

the genetic resources of their wild orrest heavily on •~~ 

half of the world'ssemi-domesticated relatives. About 
medicinal compounds are still derived or obtained from 
plants (4). The value of such medicines has reached $20 

billion per year in the United States, and double that 
in all the developed world. The centuries-oldamount 

direct use of planis ats medicine, which continues in 

many rural areas, represents a further unmeasured, but 

considerable value. Globally, trade in wood-based 
products now tops $100 billion annually (5), though in 

developing countries some three fourths of the wood har-

vested is burned as fuelwood, providing the principal 
source of energy for 2.5 billion people (6). 

With the advent of genetic engineering, allowing the 


transfer of inherited characteristics from one species to 


another, the potential benefits of wild species expanded 


immensely. For instance, within a few years, genetic 


engineers hope to introduce the ritrogen-fixing capacity 

of a few plants into crops that now lack it. This will 


reduce the need for chemical nitrogen fertilizer and save 


the world's farmers an estimated $15 billion a year (7). 


Numbers cannot describe the psychological, cultural, 


and spiritual values of wildlife, though money spent on 


wildlife-based recreation and tourism affords a hint. (See 


"Ecosystems:' below.) 


How Many Species? 

To date, about 1.7 million species have been identified. 

(See Table 6.1.) Of these, 4,200 are mammals, 8,700 are 


birds, 5,100 are reptiles, 3,100 are amphibians, and 21,000 

fish. Roughly 250,000 species of vascular plants haveare 


been described (8), as have 150,000 lower plants, such as 


mosses and lichens (9). Invertebrates account for all the 


rest-nearly 1.3 million species 
The actual number of species is certainly much higher, 

largely because the tropics are biologically so rich and so 

poorly known. A widely accepted minimum figure is 5 
million i0,11,12.13).Many scientists believe the total could 

exceed 10 million. Based on rates of discovery, the ulti-

mate total for maammals isexpected to reach 4,300 spe-

cies; birds, about 9,000; reptiles. 6,000; amphibians, 3,500; 

and fishes, 23,000. Thus, total vertebrates are expected to 

reach only 45,000 species-50,000, according to some 
zoologists. (See Table 6.1.) Around 30,000 undescribed 
vascular plants are thought likely to exist, most of them 

Table 6.1 Number of Species by Class 
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in the tropics 04). The greatest number of undescribed 
species are invertebrates and non-flowering plants. 

So many invertebrates are being discovered that ulti

mate totals can only be guessed at. Indeed, in the late 

1970s a Smithsonian Institution scientist studying caddis 

flies of the family Hydroptilidae collected in Amazonia 
found that of the 55 species represented, 53 were new 

Another researcher suggests, on the basis of very 

limited findings, that the tropical forests alone could har

bor 30 million insect species (16). 
In reality, a close estimate of the earth's total number 

of species can never be attained because Iropical forests, 

home to so many of them, --being converted to othcr 

a rate of about 80,000 square kilometers per year, 

(15). 


uses at 
an area the size of Austria 07). At the same time, few 

scientists are qualified to describe new tropical species. 
Colombia, for e:xample, has an estimated 40,000 plant 

species, but only a few dozen professional botanists. (In 

contrast, Great Britain has more botanists than its 1,445 

plant species.) Worldwide, only 1,500 taxonomists and 

systematists study tropical organisms. 

Distribution a.nd Diversity 

are distributed irregularly Some areThe world's species 
widespread, occurring over most of a continent or, in 
some cases, several continenL The osprey, for example, 

lives on lakes, rivers, and coasts in most parts of the 
world outside the polar regions. Others are exceedingly 
local. For example, the tiny El Segundo Blue, a critically 

imperiled butterfly, is confined to two small plots in Los 

Angeles, California; one, limited to less than half a hec
tare, is surrounded by an oil refinery 08). The full distri

bution of most species, however, is unknown. 
Some of the earth's zones are much richer in species 

two thirds ofthan others. As far as can be judged, some 
all species occur in the tropics, which occupy 42 purcent 
of the earth's land surface. (See Table 6.2.) Mowe impor

tant still, half of all species apparently occur in moist 
tropical forests, which cover only 7 percent of the earth's 

land surface 09). These forests now support at least 
90,000 and perhaps as many as 120,000 species of vascu
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lar plants. By contros,, the entire northern temperate 
zone, including North America emd Eurasia, has only 
50,000 species of flowering plants. Ifthe global total is 
only 5 million species, Lropical forests in Latin America 
probably support !mil!ion species of plants and animals, 
South and Southeast Asia about three quarter- of a mi-
lion (most in Southeast Asia), and Africa about one third 
of a million (2o). 

In certain parts of the world, where gegraphic or eco- 
logical isolation has promoted speciation and made spe-, 
des immigratior difficult, endernism is high-that is, a 
high proportion of species live only in these areas. Of 
Hawaii's more than 2,400 species and varieties of flower
ing plants, 97 percent are endemic (21). All but four of 
the more than 200 cichlid fishes found in Lake Malawi in 
southern Africa are endemic (22). Areas with a Mediterra-
nean type of climate--parts. of California, central Chile, 
southwestern and southern Australia, the Cape rector of 
South Africa, znd the Mediterranem basin itself--are 
restricted ecological zones with dgh rates of,eridemism. 
Of the 25,000 species of flowering plants in these regions, 
about half are endemic ). Pat ecological isolation 
can also produce high endefaism. Drier, cooler periods 
during the Pleistocene are thought by many scientists to 
have created "islands" of tropical mo;:il forests in the 
Amazon and Africa as land around them became drier 
savannas. Today, these forest areas still exhibit high 
species endemism. 

Within the biologically diverse tropics., certain areas 
stand out as unusually diverse. Within the 1.7 square 
kilometers of the Rio Palenque Research Station in weft-
ern Ecuador, 1,025 plant species have been found-the 
highest plant diversity recorded anywnhe'- (4). Other rich 
areas include Brazil's Atlantic coastal f ,it,Central 
America's Mosquitia Forest, Coloinia's Chijo Forest, parts 
of Amazonia, a small slice of Madagascar, the Tai ForeE' 
of the Ivory Coast, the montane forests of East Africa, 
the relict wet forest in Sri Lanka, the monsoon forests of 
the Himalayan foothills, northwestern Borneo, the Maldive 
Islands, certain Philippine lowlands, and several South 
Pacific islands, notably New Caledonia. 

Many of these areas have a high degree of endemism 
as well as biological diversity. Thus, they are doubly 
important for species conservation. Yet, already some are 
largely destroyed as natural areas, and the others are 
rapidly being degraded. 

Table 6.2 Number of Species by Climatic Zones 
kluWEsbmd Spc (mu-) 
Spec--i Asmi* 5 Amxrir 10Zonea 

Coral reels also play host to unusually high numbers of 
specie.. For example, preliminary surveys of the Ningaloo 
Reef Tract, a fringing reef running for 260 kilometers 
along Australia's west coast, have recorded 170 species of 
corals, 30 echinoderms, about 'i00 mollusks, and 480 
fish (25). 

At the low end of the diversity spectrum are ice caps, 
tundl-d, and boreal forests. Canada, much of which is tun
dra or boreal forest, has only 22 species of snakes, while 
Mexico has 293 (26). ls discussed below, regions of low 
diversity require a different conservation approach than 
do high-diversity zones. 

THREAT. ED SPECIES 

Con.erivation and management of wildlife resources to 
date have focused largeiy en species with known eco
nomic value, such as timber and fruit trees, certain 
narine fish, and game species, especially mammals and 
birds. But a broader approach is now beginning to take 
hold--one in which all species are considered valuable, 
and attention is being directed toward those in known 
difficulty: "threatened species' 

The International Un.on for Conservation of Nature and 
Natural Rmources (UCN) )khs three major types of thrat
ened species: those enciangetd because of neax-term 
threats to the regenerating populations; those that are 
vulnerable over time because populations aie declining in 
number or geographical distribution; and species that are 
rare because their total population is small or restricted 
in area. IUCN's Conservation Monitoring Center maintains 
data bases on globally threatened species and periodically 
publishes and updates the Red Data Books on major 
groups of plants and animas. These books highight the 
world's most critically threatened species. Perhaps their 
most important benefit has been to stimulate local and 
national efforts to list threaiened species and publish 
reyonal red data books. 

'rerperate Zrne 
Some of the best data on temperate zone wildlife trends 
come from replies to questionnaires distributed by the 
Orgaization for Economic Cooperation and Development 
(OECL), and from the annual breeding bird survey con
ducted by the U.S. Fish and Wildlife Service. The OECD 
study shows that among declining mammals, large spe

cies (including grizzly and polar bears, wolves, wild cats, 
and the blfI. humpback, and sperm whales), figure 
promiien. A few species, such as the white-tailed deer, 
beaver, coyote, raccoon. and some rats, are expanding in 
number or territory, lri'gely as a result of habitat modifi(rnm~on) rnuoti m" 

Boreal 01 01 01
tl~oal cation or translocatioi by ")eople. In OECD countries, 

Temperate 10 il 13
Tropical 06 37 86 
Word 1.7 5.0 10-. 

1sntrnatonJ UnionforConsron of Naturearro Natura Resources Threate',e(0CM
Panlt Urni. PLntsin Danger, What Do W Know (IUCN. Conservaton Monlio'ng Center 
Cambidge FriTand1985) 
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roughly one fourth of allmammals have been officialy
identified as threatened. In West Germany, the Nether
lands, Austria, and Spain, more than 40 percent of all 

native mammalian species are threatened (27). (See Table
6.3.) 

Birds appear to be slightly better off than mammals in 

terms of both population trends and percentages of spe
cies threatened. Species that require undisturbed habitat 
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itnd nesting sites or som.what rare foods-the black 
woodpecker (Dryocopus martintus) in Norway, for 
instance-have decined, while pigeons, gulls, egrets, spar-
rows, and other birds that adapt well to the presence of 
people have increased and spread. Austria, Switzerland, 
Spain, and the Netherlands have the largest percertages 
of threatened birds--between 33 and 60 percent. An 
annual survey of breeding birds conducted by the U.S. 
Fish and Wildlife Sertice in the continertal United States
and Canada shows significant increases in population for 
64 species (16 percent) and significant declines for 43 (12 
percent) between 19&.' and 1979 (2). 'vo iajor factors 
influenced thes-,- results. One w, bird di-offs in the late 
1960s due to the use of long-lasting pesticides such as 
DUFAnother was massive outbreaks of the spruce bud-
worm.else. 

wurn hbthe 1970s. 

Reptiles and amphibians appear to be even iarder 
pressed than mammals and birds in OECD countries, 
especially Europe;ln countries. Denmark, for instance, 
reporte-d that four of its five reptile species and all of its 
14 amphibians are decreasirng. West Germany, Italy, the 
Netherlands, and Spain all reported over 40 percent o4 
their reptile and amphibian species as threatened. 

Among vertebrates, fishes (including many non-
commercial marine species) appear the least threatened 
in OECD countries. Many countries , howeve, are adding 
more fish to the, official lists as better information is 
obtained. Most decv.ar ; in fish populations are 
attributed to the ioss ri breeding and nursery grounds 
because so many wetlands, bays, estuaries, and coastal 
marshes have been "Iled or polluted. Overfishing has 
decimated some important commercial species, such as 
Atlantic herring and haddock. 
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A few countries reported small numbers of threatened 
invertebrates. (More data would probably put many more 
species in this category.) Nine countries submitted infor
mation on numbezs of threatened plants-which ranged 
from near zeio to West Germany's 29 peircent. This 
suggests that the OECD courtries approximate the world 
average for endangered pla'ts (10 percent) roughly esti
mated by IUCN e9). 

Trapkn-1 Zore 
Dah on population trends for tropical species are few, 
but many topical forest species are undoubtedly declin
ing, simply because their habitats are rapidly being 
cleared, and few tropical species can survive anywhere

cad aywhre
elsed a id bir species suvie 
O 401 bird species and sub-species listed as threat

ened in the Red Data Books, 291 live in tropical moistforests po). Of key concern are the forest areas where 
species diversity and endemism are unusually high. 

Farming, grazing, fires, firewood cutting, and dcsertifica
tion are altering tropicl savannas and grasslands too. 
Along with hunting, these changes are reducing the num
btr of larger animal species, especially mammals, and 
probably mary snialer ones. In general, however, 
savanna speciez seem better able to survive on farms 
and other altered habitats than tropical forest species. 
Some, like the black-faced dioch (a grain-eating bird) and 
various species of locusts, thrive and become serious 
pests.

Information on threatened specieis by country is availa
ble for Latin America. "Diversity profiles" have been 
generated from the U.S. Nature Conservancy's computer
lzed data base on the status of habitat conservation, 
major ecosystems, and terrestrial vertebrate species 
throughout the neotropical region (31). (See Table 6.4.) For 
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the region, 11 percent of the 3,812 bird species, 11 per-
cent of the 1,234 mammals, 5 percent of the 2,420 rep-
tiles, and less than 1 percent of the 1,833 amphibians
have been listed as threatened. By country, the percent-
age of vertebrate species threatened ranges from 8 pa-
cent for Mexico to 15 percent for faraguay and Uruguay.
Compared to the OECD countries, La.tin America and th 
Caribbean appear to be much healthier with respect
species populations, probably in pari. because human 

to 
den-

sity is lower in the neotropics. (Better information from 
the OECD countries could also account for some of the

difference.) Human pressure is increasing, however; 
 espe-
cially on tropical forests. 


Similar data are not yet available for tropical Asia. For 

Africa, numbers of globally threatened mammal species

have been determined on a country-by-country basis. 

(See Part IV,"Wildlife Resources,' Tble 7.3.) The 

number of species threatened ranges from zero in

SAo Tome to 17 in Zaire and 18 in Nigeria.


Scientists express greatest concern for threateneu Afri-

can 
 plants in South Africa and Madagascar. Plant diver-
sity, endemism, and the degree of threat are high in both 

countries, though data are more complete for South 

Africa. The Cape Floistic Kingdom in southwestern 
South Africa, one of the world's botanically richest and 
most distinctive areas, harbors 6,000 plant species, 70 
percent of them endemic. Mainly because of agricultural
activity fires, and invasion of exotic plants, at least 2,000are threatened (33).torpaeisf 

Wetlands and Oceans 

Many wetland species are declining because of habitat 
reduction and degradation. In the United States, for 
example, 40 percent of the wetland areas have been 

ure 6.1.) Coral reef sies; are d_,iirling too as a result of 
coral removal and dynamite fishing. 

C itam inherent charact'i stics make aome speciesvulnerable .i...otheri-. 1he populations of many threat-
more 

ened s,-enies ral! and local,hi.:ve always 'o, . eitherbecause they evoled in '1niqu geographic situations or 
because they required cersi: r ie foods or habitats. For
instance, the Kirtland's warbler (Dendroicahirtlndii, is 
now reduced to about 400 individuals in the United 
States in northern Michigan. This warbler can breed only
in thickets of young jack pines t1,a.,spring up after 
fires-a habitat found in only a k-' states and Canadian 
provinces. Such isolated and inbred populations are espe
cially vulnerable to severv weather, epidemics, or other 
catastrophic events.Island specie-s are also unusually vulnerable. Many have 
evolved on islands with few if an. predators or herbi
vores. As a resu!,., they lack such normal defense
mechanisms as flight in birds, or poiconous chemicals 
and spines in plant,;. Whn peuple introduce predators or
herbivores to islands, many native species are wiped out.
Tile flightless dodo on Mauritiu.. is a famiiiar example.

On St. Helena, hic wa settcd by Europeans in the

16th Century and overrun with their goats, 22 of 33
 
endemic plant species: have disappeared since 1810 (36).


Animal species that either iorage or bieed in large
aggregrations ae also susceptible to decimation. Sone,
including certain whales and dolphins, expose therselves 
to danger by coming to the aid of dead or wounded
 
members of the group. Those that require large breeding

colonies may, like the passenger pigeon (.Ectopistes

rnigratorius),fail when their populations fal below a cer
rain size due to hunting or other causes.
 

Slow reproducers, often large mammals or birds, repre
sent another unerable group of species. These species
 
can maintain their populations in natural situations
 
because their young enjoy high survival rates. But their
 
recovery from catastrophe or human exploitation is very

slow. The California condor--now down to fewer than 10

individuals in the wild-does not breed until at least six 
years of age, lays only one egg, and fails to nest at all in 
some years. A pair of condors thus requires 10-15 years 
to replace itSelf (37).7.
Finally, some species require large areas to maintain 
themselves, or for other reasons occur at very widely
spaced intervals. Large carnivores need expansive huntingterritories to find enough prey, and hornbills need grea:
amounts of space in which to find food. In several Afri
can parks, lions require anything from one to 40 square 
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lhble GA Status of Resident Terrestrial Vertebrates in Latin America, 1985 
Reptites Amohiblans Total

Relcn MammaBir 
or Total % Thmatenod fothl 4 Threatened Total % Threatened i Total 0 Threatened Total % Threatened 

Country Number or Endagetreda Number or Endangered' Number or Endangered Number or Endangereda Number or Endangereda 

Lii.r, 123-1 11 3.812 11. 2420 5 1 J.3 1 9299 7 

1Aqorne a begn 559 8 1,318 12 930 4 505 1 3312 7 
(1eIco and C krreria) 

Andean Region 602 14 2,518 10 823 6 813 0 4,761 8 
i Regon 333 12 1.354 11 286 10 229 0 2 199 10 

' -.a,A 'intc R 'rj 419 i9 1.598 13 475 8 491 0 2983 11 
em Cone 13e<,an 254, 7 1,007 12 266 8 156 0 1 713 11 

CarLj,,an Iur3nc,, uegon 141 13 639 16 434 12 138 1 1.352 13 
439 7 958 13 702 5 273 1 2372 8 

,Ja 174 12 666 14 201 8 98 0 1.139 12 
.4e 121 15 505 13 109 10 24 0 759 13 

HOrlduras 179 13 670 13 154 8 53 0 1,056 12 
ElSa-aldor 129 12 431 15 86 12 36 0 682 13 
NK('JIG 177 14 609 13 165 10 58 0 1,009 12 
costlRica 203 13 795 12 220 8 151 1 1.369 10 
Parana 217 14 840 12 207 9 155 1 1.419 10 
Colora 1)a 358 17 1.665 11 371 9 362 1 2,756 10 
',ere.,eia 305 12 1,295 11 244 10 176 0 2,020 10 
G.JYla 198 14 732 13 136 14 106 0 1,172 12 
-rnafme 200 16 674 13 130 14 99 0 1.103 13 

Fr-,rhnG,ian 142 20 627 13 135 16 90 0 994 13 
Brazil 394 20 1,561 13 462 8 479 0 2,896 11 
Ecuador 280 18 1,449 11 344 8 349 0 2422 10 
Peru 359 17 1,640 10 291 8 233 0 2,523 10 

C(xiea 267 19 1,179 12 174 10 96 0 1.716 12 
Chle 90 20 393 10 80 5 40 0 603 10 
Argentina 255 16 927 13 204 8 124 0 1510 12 
Paraguay 157 21 629 16 ill 11 751 0 966 15 
Uruguay 77 29 368 13 65 15 35 0 545 1s 

Cuba 39 23 286 13 98 16 39 0 462 13 
Hispanida 23 17 212 12 133 8 53 0 391 10 
Puerto 9,co 17 12 221 13 46 20 25 4 309 13 
arraca 29 10 223 10 38 20 0 31018 10
 

2arlarnas 17 18 219 8 39 31 2 0 277 12 
Lesser Antilles 37 11 193 14 91 13 15 0 336 13 
3Tgo 29 10 160 11 39 26 8 0 236 13 

T,;nijad 85 7 347 15 74 19 14 0 520 14 
rei'. erlards Antilles 9 22 171 10 22 18 2 0 204 11 

Noft:
 
a Le ed Cor x efxtmer ano Wkd-e Ser~ce c orin Inemaoork..iUron orCorarv abolaNmure and NauralCITES Ark-,o:es I I1'd ii. US D clIria..u. F h trealerd and erareted speaes st; tie 


rl.osArres (IuC1J)
P-d DataBox.c 
Source; The laiure.Cc.,s,-'J-y In!efrraoo3Al PD9r."-n (TNCIP) TheLaDn ArnecarVCwbObow Re9u-a Consefvaon Data Center (TNCIP 1Tpecry aftrr.w, DC 1885) 

kilometers each. Grizzly bears in Yellowstone National African elephants aie overhunted for their ivory. Ivory 
Park in the United States have, on average, 5O square exports of about 1,000 tcns per year represent 90,000 or 
kilometers each (38). Many tropical trees are widely more dead elephants-almost twice the 5 percent annual 
spaced too, though each individual uses the resources of cropping that the estimated one million or so elephants 
a relatively small area. Without large areas of suitable left in Africa can sustain. Although the number of 
habitat, such species will dwindle or even die off. elephants surviving in Africa, especially in the vast 

forests of the Zaire Basin, is uncertain, a 10 percent 
Cause. of Depletlon could haJve remaining populations within aannual Idll 

decadenBesides the enormous losses resulting from habitat 
Trade in live plants and animals has iaken its toll ondestuctondiiet,argteddepltio theates mny pe-destruction, direct, targeted depletion threatens many spe. many species. Among plants, orchids and cacti are prime 

cies. A common form is overhunting for meat,thes, and targets. In 1977, U.S. legal imports of succulents, mostly 
other products. Among obvious examples are the great cacti, from Mexico totaled i million plants. Illegal, hence 
whaleF, seals, the California sardine, wild cats (such as unrecorded, imports are also substantial. U.S. imports of 
the tiger, clouded leopard, and cheetah), and the now- one Mexican cycad were believed to have wiped out the 
extinct rhett auk. entire wild stock of the species (4c). In 19k", 29 golden-Probably the rmost salient recent instance of direct headed lion tamarin, a severely theate;,.x, primate from 
depletion is the African rhino. In 1980, the black rhino heali a ri.amerel tBei primatenfrom 

were imported into Selgitm (41). Scientists15,000, but 1985 fewver than half coastal Brazil,poplaonstood at t byby 1985 fric an l believe that fewer than 1,000 of these animals remain inpopulation stoodeat (in
that number remained. (In the Central African Republic, the world. 

to about 150.) As for thenumbers plunged from 3,000 
white rhino, the southern ace has increased slightly, but F tlnction 
the northern race has dropped from almost 1,000 to at 
most one dozen (39). The three species of Asian rhinos, Species extinction has occurred since life's emergence on 
though somewhat better protected, are equally threat- Earth almost 4 billion years ago. Of the estimated half 
ened, with numbers of the rarest-the Javan billion species that have ever existud, modern survivors 
rhinoceros--down to about 50. ... today probably number 5 to 10 million species. But 
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almost all past ex.tinctioas have occurred naturally: Only 
in the past 50,000 years or so have people exerted much 
influence as hunters, food-gatherers, and cultivators. And 
only in the past four centuries has advancing technology
made possible massive human-caused losses of habitat 
and species. 

Predictions of species losses by the end of this century,
based on recent land-use trends, rise to a million or 
more. Some scientists believe that almost 20 percent of 
all species live inLatin American forests outside of 
Amazonia and that another 20 percent live in the forests 
of Asia and Africa outside the Zaire Basin. All of these 
forests may well disappear within the next 25 years or 
so. If only half of the species they contain disappear, at 
least three quarters of a million ot Earth's estimated 5 
million species will die (42). In the next century, if present 
rates of forest loss continue, one third or more of all spe-
cies could be lost--a mass die-off that would rival 
past extinctions that occurred over millions of years (43). 

PROTECTION OF THREATENED SPECIES . 

Methods to protect threatened species include legislation,
habitat protection, wildlife ranagement, and maintenance . 

of individuals in zoos, botanical gardens, and other artifi
cial habitats. 

The starting point for protection of species has always
been laws, regulations, and policies. Most early laws dealt 
with game animals, fish, and migratory birds. More 
recent legislation also protects reptiles, amphibians, inver
tebrates, and plants. A far-reaching example of a law 
directed solely at threatened species is the 1973 U.S. 
Endangered Species Act. This legislation was enacted to 
protect the species officially listed as endangered and 
their "critical habitat" The l~w also initiated recovery pro
grams. Tb date, about 370 species or subspecies have 
been listed as endangered or threatened under the law,
and some 185 recovery plans for species or groups of 
species have been approved (44). Most countries outside 
the OECD also have laws protecting at least some spe
cies, but enforcement varies greatly from country to 
country. 

Scveral international treaties and conventions now pro

tect wildlife species, but most are bilateral or regional.
Among the most far-reaching is the Convention on Inter
national Trade in Endangered Species of Wild Fauna and
Flora (CITES), administered by the United Nations 
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En-vironment Pioprain (UNEP). Since CITES came into 
force in 1975, 87 countries have becone parties, and 
more than 700 species have been listed (45). Although 
nearly all the main producer and consumer nations are 
parties to the Convention, notable exceptions include 
New Zealand (which implements many CiTES provisions) 
and Singapore (which is a major center for distributing
wildlife and wildlife products). Certainly more nations 
need to accede to the treaty. Other weaknesses of this 
protection systemn include failures to report trade statistics 
to central information clearinghouses and the lack uf 
implementing legislation in some countries. 

By far the inost effective way to protect species is to 
provide ample secure habitat. Most of the thousands of 
protected areas around the world were not established 
primarily to benefit one or a few species. Many, however, 
do harbor threatened species. GeneticisL believe that 
50-250 individuals of most mammalian species are 
needed in such areas for healthy breeding (46). Given thepossibility oflclctsrp and ote agrmany 

psiiiyof local catastrophes adother dangers, maywildlife scientists put that figure at several hundred or 
several thousanu individuals for a planr, or animal species.
As for space needs, a viable population of a species of 
butterfly might be sustained witnin a few square kilome-
ters, whereas grizzly bears may require more than 20,000 
square kilometers.Among the protected areas established primarily for 

mong heissuctcare erestsashed pimy ori as one species are such diverse sites as the tiny Addo Ele-
pliant National Park in South Africa and ten reserveshutranfiemnonlsrnprainqimn,
established in China for the giant panda. Under Project 
Tiger in India, a dozen or so new reserves were created 
and others expanded, in part to broaden the range of 
ecosystems under protection. Aspopulation rose from about a result, India's tiger1,800 in 1972 to around 

popuatinrom bourse1,00 n 192 t arundomnies. 
4,000 today; swamp deer, Asian elephants, rhinos, wild 
water buffalos, and other rare species benefited as well. 

Close management of a threatened species in the wild 
can succeed when its population dynamics are well 
understood and its economic or other value has been 
recognized. An outstanding example is the vicuna recov-
ery in the Andes. In Peru and cther countries, the vicunadeclined because of overhunting for itsvaluable fur. 

Only 7,500 animals survived in the late 1960s (4l.New 


Onl 7,00urvvedinnimls he ate196s (7).New 

controls on cropping, hunting, and pasture use have
pushed the population' to almost 100,000 today.lmotpushd te ppulaionto10,00 toay.appreciated 

Efforts to protect species by sequestering individuals in 
zoos, botanical gardens, and seed banks are a last resort. 
Zoos and botanical gardens have room for relatively few 
species and individuals, and mainenance costs are high. 
But captive breeding and the reintroduction of eggs or 
young to the wild has sometimes proven effective, as 
with the peregrine falcon arid some crane species. In 
gene banks, the seeds of many plant species (especially
those with dry, small seeds) can be stored dormant for 
long periods. The Fort Collins facility of the U.S, Depart-
ment of Agriculture contains 100,000 samples of more 
than 1,300 plant species, with a capacity for at least 
500,000 samples. But this technique does not work with 
most vegetatively propagated plants (such as orc~ids) and 
many other tropical species. Also, refrigerated storage in 
effect freezes evolution, possibly rendering stored material 
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less fit to meet changes that ieanwhile occur in its natu
ral environment. 

However costly and time-consuming, the species 
approach to wildlife conservation is sometimes necessary. 
inpractice, though, more of the larger spectacular spe
cies (especially mammals) get saved. FrotecLing such spe
cies does win public support. And while it automatically
provides sanctuary for many smaller forms, it is usually 
less effective than conserving wildlife resources by 
preserving whole ecosystems. 

ECOSYSTEMS 
The survival of wildlife populations depends primarily on 
the extent and condition of their habitats. Thus an assess
ment of the world's great range of ecosystems
communities of species and their physical environment
is e 
isessential. (See Figure 6.2.) have been altered byAll of the earth's environments 
human activity, some drastically How wel-l wild speciesadapt to such alterations largely determines their future. 
Few s c h a leratonmetis tur e 

Few species can tolerate much environmental disturb-'mce, 
so their survival depends on preventing or managing 
disturbance in protected areas. 

Ecosystems have values besides those of the wildlife. 
Expenditures in the United States for non-consumptive
recreation associated with wildlife and its habitat wereestimated at $14.8 billion in 980. U.S. expenditures by 

hunters and fishermen onfees, trans.ortation, equipment, 
foo ing rose from $5.7 billion in 1960 to $16 
billion in 1980 (in constant 1975 dollars) (48). The value of 
tourism and recreation in other countries solarge, but is not nearlycan constitute a greater share of na.tional econ-

In Kenya, for example, safari-entere6 tourism is 
omesecondKenyaifortxample.safaoi-fnteren ourismgi 
te con iugg 

after coffee. 
Ecosystems also supply environ eentalservices. They


maintain the quality of the atmosphere by balancing

amounts of nitrogen, oxygen, and other critical gases.
They control and ameliorate climate and weather by pro.foundly influencing the global patterns of air circulation. 
They regulate freshwater supplies, dispose of wastes, recy
cle nut-tents, and generate, maintain, and protect soils. 
Ofenthes ae' envronmntaiceareOften, Ithese "free" environmental services are noto 

until an ecosystem is disrupted-until, for 
appreciated i eoste is d owntea ar 
instance, a watershed is deforested and downstream areas 
flood or fill with sediment. 
Extent and Condition of Ecosystems 

Global estimates of the size of major ecosystems and 
changes in their extent are sketchy, though improving 
with the quality of satellite imagery. A study of global
land use showed that cultivation now occupies 17.46 mil
lion square kilometers (13 percent) of the earth's surface 
(49). (See Table 6.5 and Part IV,"Land Use and Cover,' T.
ble 4.2 for details.) Most of this was once grassland, 
forest, or woodland. 

In terms of total area lost, the greatest reduction since 
pre-agricultural time has occurred in forests, especially 
tempeiate forests. While such forests have slightly 
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increased in extent recently, their wildlife has not neces-sarily 	increased proportionately. Much of the expansion
in monocultural forest plantations, which 

is 
support com-

paratively few species. Mature forests, with their greater
biological diversity, have decreased, and younger stands 
now predominate. Acid precipitation has devastated soleforests 	in Europe and has begun to affect others in North 
America. Forest fragmentation in much of the temperatezone 	renders many forest patches too small to support 
some species. Losses of tropical rain forests have acceler-ated over the past three decades. Thus, though this land 
use study-whose sources date largely from the beginning
of this period-shows only a 4 percent loss in their original 

extent, estimates based or, more recent dati show 	lossesof 25-40 percent (50).
Estimates of the current rate of conversion of tropical 

moist forest to other uses are unifornly high. A conservative estimate is that 12 percent of the 1980 extent of 

these 	forests will be lost by the year 2000 (51). Thailandmay lose 60 percent; (,uinea, 33 percent; Nigeria and the
Ivoty Coat, 100 percent; Costa Pica, 80 percent; andHonduras, Nicaragua, and Ecuador, at least 50 percent.
(See Charoter 5, "Foests and Rangelands'.") 

The principal agent in the conversion of tropical forests 
is the slash-and-burn cultivator. The problem lies not somuch with trad~tional shifting cultivators as with theshifted cultivators who find themselves landless in estab
lished farmlands, They head for the last unoccupied,
"free" land avalable-the forests. In many countries,including the Philippines, Indonesia, Thailand, Madagascar, ivory Co;t, Kenya, and Guatemala, the numbers of 
slash-and-burn fifme-s are increasing by 4-7 percent
each year. Worldwide, they now number at least 250 mil
lion, and the pressures they exert on land are expected 
to grow (52).

Countries such as Brazil, Indonesia, and Malaysia design
large agricultural Echemes to provide plots for the land
less. These schemes require big chunks of forest. In LatinAmerica, cattle ranching for the export trade plays 
a
major role. Government figures attribute 38 percent of alldeforestation in the Brazilian Amazon between 1966 and1975 	 to large-scale cattle ranches, 31 percent to other
 
agriculture, and 27 percent 
 to highway construction (53),

Logging affects large areas because tropical tree speciesgrow in low densities, and relatively few have commercial 
markets. Selective logging alone seldom destroys a forest,but the subsequent invasion of farmers along logging

roads often does. Hydroelectric dams, mines, and other
 
development projects also contribute to deforestation.
 

In total, conversion plus various degrees of degradation

now probably affect about 200,000 square kilometers of
 
moist tropical forest per year (S4). How the alteration of
tropical forests affects wildlife is poorly documented.
 
Many 	experts concur that rending the fabric of a rain
 

will unravel the whole system. Surveys of selec
tively logged forests in Southeast Asia suggest, however,
that most primate and bird fauna, at least, return within
30.-50 years if mature forest is available nearby as a ref
uge and source of recolonization (5.). 

C-.5 Land Use and Covei; Pre-Agriculture to
 
The Peent
 
t
 

Pregricunuml Presnnt Abolute Lota;
f,,Wbtion Type Ana Arve Amount Lost (percent)
AUF-orests 4986 42 10 776Tropcal rainforesls 	 161280 1230 050Doter loresis 3706 2980 	 4
woola,,d 1232 1644 7.26 20 
Shrubandl 	 188 1513 12 12 15 097 7
Turndra 735Grassland 	 735 000 03401 2745 656 19Desert 1585 1558 027Cuivalon 	 2000 1746 NA NATotal 	 132.51 132.51 17.46 13 
NA- nolapp 
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L;sses of the earth's original grasslands amount to 19 
percent, though in the )LC) countries total grassland 
area did not change from 1955 to 1983 i). Most grass-
lands are subject to livestock grazing, which can reduce 
the number of palatable specie:s of grass. Tfis creates 
niches for invasive e'xotic weeds, hi Australia, grazing 
contributed to the decline of many marsupials (57). In 
Africa and elsewhere, annual burning reduce!; the abun-
dance of ,woody species and alters the composition of 
grass species, thus depriving some wild animal popula-
tions of food and cover. fhLnting and livestock gra/,ilii 
have held the numbL-rs of wild animals on grasslands far 
below their potential. Dryland agriculture is another corn-
mon cause of grassland loss. It can lead to a long-term
loss of habitat and of agricultural and range productivity. 

While voodland losses amount to only about one-third 
that of forests or grasslands, the area represents almost 
1.1 percent of the original extent of this ecosystem. The 
largest area affected is the dry African miombo, a fairly 
derise, short woodland where subsistence farming is 
widely practiced. In many areas, fire, grazing, hunting, 
anid firewood-cutting have impoverished the wildlife 
resources of remaining woodlards. 

Shrublands, generally too arid, cold, or mountainous for 
agriculture, have decreased by only 6.7 percent since pre-
agricultural times. Fire, grazing, w;oodcutting, hunting,
and drought have turned many shrublands and grasslands 
into near-deserts, thus transforming wildlife habitat. 
Shrubland is important for its hydrologic reg-ulation in 

steep areas, as well as for wildlife habitat. 


Though some confusion exists over how to define and 
measure desert, desertlike conditions appear to be 
spreading worldwide. Off-road vehicle use in arid lands 
has damaged plant communities considerably, especially

in such s-ttled deserts as those of southwestern United 

States. In the Sahara, shooting by the military and com-

mercial hunting have nearly wiped out the scimitar-

horned oryx, dama gazelle, and ostrich, while popula-

tions of other animals are dwindling ,58. In contrast, 

other desert species are expanding. as shrublands and 

grasslands desertify. 


The area of tundra has not changed. The principal
human impact on this environment has come through 
reindeer herding in northern Eurasia, oil and mineral 
exploration and production, and hunting and trapping-
activities that hav," depleted populations of the barren-
ground caribou and musk-oxen. Trampling and machin-
cry use have also damaged tundra soils and vegetation, 
which are slow to recover. 

Antarctica and other ice-covered regions have virtually 
no vegetation, but do have some wildlife. Seals, polar
bears, and birds (including penguins) all ultimately 
depend on the sea for food. Hunting, and perhaps krill 
harvesting, have taken a toll on these resources, but cur-
rently they are relatively stable. 

Although wetlands-home to economically important 
groups such as fish and waterfowl--are difficult to mea-
sure on a global scale, the area of marshes, ponds, 
swamps, and bogs has been shrinking rapidly. In the 
United States, 40 percent of all wetlands has been 
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drained or filled since 1850 i% In Japan, 33 percent of 
the tidelands, where shellfish and birds feed, were lost 
between 19,15 and 197P o)). The Pantanal in Brazil, at 
110,00 square kilometers probably the world's most exten
sive wetland, is being encroached upon by agriculture.

hi many parts of the world, both wetlands and lakes 
subject to acid deposition and pollution from other 

sources. Lakes in parts of Europe, Canada, and the 
United States are especially threatened. One species of 
Canadian trout has been brought close to extinction as 
more and more Canadian lakes acidify (61). 

FOCUS ON: PROTECTED AREAS 

The most effective defense against loss of wildlife is to 
establish and maintain protected areas. Conservationists, 
therefore, are working to create a worldwide system of 
protected areas as habitats for viable populations of most 
existing species-a permanent genetic pool of the earth's 
natural variety. 

Besides national parks, many tvpes of protected are.s 
have evolved in recent decades. They range from scien
tific reserves to multiple-use areas where some exploita
tion, such as logging or hunting, is permitted. As human 
material needs grow, alternatives to the national park 
concept are being sought to better serve the many poor
people who cannot afford to forego the consumption of 
natural resources for the sake of recreation and aesthetic 
enjoyment. 

More than 3,500 major protected areas, totaling 4.25 
million square kilometers, are included in IUCN's 1985 
United Nations Lis' of National Parks and Protected 
Areas (62). The g~owth rates in the e.tent and number of 
protected areas rose particularly rapidly after 1950, 
especially in the non-OECD countries where the concept 
was comparatively new. (See Figure 6.3.) 

Most protected areas on the U.N. list are between 1,000 
and 100,000 hectares in size. A few dozen total over 1 
million hectares each, including Greenland National Park, 
by far the largest at 70 million hectares. The average size 
of reserves is greatest in the Afrotropical and Nearctic 
Realms, where human settlement is sparse.

By country, the percentage of total area in protected 
status varies widely. Only about a dozen countries over 
20,000 square kilometers in size have over 10 percent of 
their land in protected areas. These tend to be in Africa. 
Most countries fall below 5 percent, and a few have no 
protected areas at all. (See Table 6.6.) Quality of manage
ment and degree of protection also vary widely. 

Existing protected areas have been classified by IUCN 
according to current management practice rather than 
title or management intent. (See Part IV,"Wildlife 
Resources:' Technical Note&) This ten-category frame
work permits international comparisons. The first five cat
egories, the most significant for wildlife conservation, P,-, 
used in the analysis below. At the Conservation Monitor
ing Center in Cambridge, England, IUCN maintains a data 
bast- providing information on location, size, manage
ment, and biological resources :)r national parks, wildlife 
reserves, national monuments, kiosphere reserves, and 
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other types of areas. Infornation on smaller conservation 
areas, such as private reserves or state parks, is also 
being accumulated, 

recommendations, in the Bali Action Plan. These 
prompted the IUCN and the World Wildlife Fund (WWF) 
to help protected-area managers and others develop 

Biogeogiaphici Zones 

IUCN also classifies and maps biogeographical zones. Its 
system !or assessing terrestrial environments, known as 
the Udvardy classification (63), divides the world's land 
areas into eight major realms that are subdivided into 
207 provinces. Each province, in turn, is characterized by 
one of 14 major bionie types. For example, California's 
Sequoia National Park lies within the Nearctic Realm and 
the Sierra-C ascade Province, which is characterized as a 
Mixed Mountain and Highland System Biome. A second 
classification divides marine and coastal environments 
into Ocean Realms, Coastal Reahns, and Marginal Seas 
and Archipelagoes, with 40 resulting Faunal Provinces 
along the coastlines ((.). However, detailed classification 
of marine and coastal protected areas has not yet
been completed. 

Though useful, the biogeographical zone classification 
scheme can mislead (65). For example, the Palearctic 
Realm includes 122 protected areas covering 84,634 
square kilometers in the Temperate Needle-Leaf 
Forests/Woodlands Biome, but only 9 areas covering 521 
square kilometers in the Mixed Islands System Biome. Yet 
the former biome is not necessarily better protected since 
it contains most of Asia between 55°N and the Arctic 
Circle and much of Europe, while the Mixed Island Sys-
tem Biome contains only the Macronesian Islands and 
Ryukyu Islands (totaling about 17,820 square kilometers), 
Also, summaries of the coverage of biomes and bio-
geographical provinces by established protected areas tell 
little about the quality of management of these areas or 
the real protection afforded to ecosystems and species 
within f n. 

Protected areas have been established in all but I of 
the 14 biomes, although the number of areas and the 
total area protected vary greatly. Only the Lake Systems
Biome within the Neotropical Realm has no protected 
areas. (See Table 6.7.) Other biornes are of concern 
because they have very few protected areas or have less 
than 1,000 square kilometers protected. (See Figure 6.2.) 

Of the biogeographical provinces, 15 have no protected 
areas, and 30 have five or fewer protected areas and an 
area of less ihan 1,000 square kilometers protected. Some 
small provinces, though, are well protected. Eight
provinces have less than 1,000 square kilometers pro-
tected but more than five protected areas. 

This rough assessment of the state of protection of the 
world's biotic regions reveals that a number of provinces 

regional plans for the Indcmalayan, Afrotropical, and 
Neotropical Realms. The n gional plans, which will be
updated every six years, lt candidate sites for the pro
tected area system, species needing attention in particular 
areas, and national and intUrnational initiatives needed 
for existing protected areas 

Although the Udvardy chssification of biogeographical 
provinces is a valuable tool at the global scale, finer
grained classifications are net.ded to adequately protect 
the many ecological types wihtin or spreading across 
province boundaries. Badly needed national and regional 
,fforts are now underway. The Wildlife Institute of India, 
for instance, has designed an Indian biogeographical clas
sification to inventory its protected area coverage (67).
Similar national or regional analyses, in much greater
detail, have been devised for New Zealand, Australia, 
Peru, Costa Rica, the United States, and several other 
countries. The best analyses are those in which several 
sets of data were used to determine conservation priori
ties. In Brazil, for example, over 30 mapped sets of bio
logical information were combined to determine the best 
areas to establish new parks and reserves. While this sys
tem needs refining, it shows a new level of 6ophistication
in determining ways a nation can best conserve its bio
logical heritage. 

The ecosystem approach to assessing protected area 
coverage does not necessarily protect all species. Planners 
must also make species cross-checks. Thus, when a given 
type of environment is being considered for protection, 
the areas chosen should ideally include the rarest species
of the region. For example, among remaining Javan 
swampy lowland forests, the most valuable choice would 
be the forest area containing the few remaining Javan 
rhinoceroses. 

The Corbett Action Plan for the indomalayan Realm 
assesses the adequacy of protected area coverage from 
several viewpoints (68). At the national level, the Plan 
calls for a map of the major habitats and their faunal 
communities and inventories of key species in each bio
geographic unit and protected area. The Plan suggests 
that this information form the basis for new management 
priorities and plans for expansion. At the international 
level, the Plan recommends that IUCN review protected 
areas within the lndomalayan Realm and create a data 
base on the Realm. The Plan urns governments to col
laborate on a biogeographical classification system for use 
throughout the Realm. 

Managing Protected Areas 
are poorly protected and thus require attention. Of 
course, the fragility of the biome type, its species rich-
ness, and the threats to it must alsu be considered in any
decision to protect an area. 

The main concerns at the 1982 World Congress on 
National Parks (66;) were to identify gaps in protected area 
coverage, and to develop effective management and sup-
port for existing protectorates. The Congress made 

If alh the desired maps and inventories could be made, 
scientists still would not know how much of an), given 
ecosystem could assure its survival and that of its species.
The 10-percent target suggested in IUCN's Bali Action 
Plan can be misleading and does not allow for the great
variation in species richness from one part of the world 
to another. Some cxpcrts, therefore, have recommended 
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FIgure 6_3 Realms, Biomes, and Blogeographical Provinces of the World 

Reakns and Bktogographical Provinces ,, 
Use of bol Akv tiADa indicates provinces with no protected areas. Use of
 

italics only indicates provinces with five orfewer protected areas and where less 
 13 
than 1,000 km 

2 are protecled. 

tHE WAACTIC REALM 
TiE NEARCTIC REALM 	 T1I POMALAYAN REALM 

SSil.an 12 Aleutian Islands 1. Malabar Rainfores 13. Ceylonase Monsoon )

2 Oregonian 13 Alaskan tundra 2. Ceylonese Forest

3 Yukon taiga 14 Canadian tundra Rainforest 14. Deccan Thorn Forest
 
4 Canadian taiga 15. Arrbc'A1)fpe& 3. Bengalan 15. Thar Desert

5 Eastern forest 16. G'ei'x j tu c Rainforesi 16. Seychelles and /

6 Austroriparian 17. Arctic desert and ice cap 4. Buirmnan Amirantes Islands
Rafbast 
7 	 Californian 18 Grasslands 5. Indochinese 17. iLac.1v kdayx/y

8 Sonoran 19 Rocky Mountains 1C. RAaint Chaqa7
Rainforest r.nd

9 Cnihualiuan 20. Sierra-Cascade 6. South Chinese 
 l/hrrb

!0 Tamauhpan 21 Madrean-Coroilleran Rairforest 19 Cocos-Keeling and
1 Great Basin 22. Great Lakes 7. Malayan Christmas Islands
 

Raintorest 20. Andaman and Nicobar
 
8. 	 Indus-Gan es Islands 

21. SumatraMonsoon rest
9. 	 Burma Monsoon 22 Java42 1//A /1

23. 	 Lesser Sunda IslandsForest 
THE PALEARCTIC REALM !0. 	 Thailandian 24. Celabes- - , . 

Monsoon Forest 25. Kalimantan (Borneo) 0/Chinese Subtropical 21 Turanian 11.Mahanadian 26. Philippinos

Forest 22. Takla-Makam-Gobi 12. Coromandel 27. Taiwan
 

2 Japanese Evergreen Desert 
 21 
l-orest 23. Tibetan

3 	 West Eurasian 24. Iranian Desert O iEALMT"nHE Ai'AJ.I tE.JJ_. 
Taiga 25. Arctic Desert ,


4 	 East Siberian Taiga 26 Higharctic Tundra 1. Papuan 5. Central Polynesian 
5. Icelandian 27 Lowarctic Tundra 2. Mi:ronesian 6. New Caledonian 	 3 
C. Subarctic 28 Atas Steope 3. Hawaiian 7. East Melanesian
 

Birchwoods 29 Pontian Steppe 4. Southeastern
 
7. Kamchatkan 30 Mongolian. 	 Polynesian 
8. British Islands Manciiurian Steppe 
9. 	 Atlantic 31 Scottsh Highlands THE AXSTRAJAN REALM " 10. 	 Boreonemoral 32. Central European 2 17 
1. 	 Mddle European Highlands 1. Queensland Coastal 8. Western Mulga

Forest 33.S3.HBalanHiads,.WetrSlrohl2. 	 9. Central Desert3.AnatoliWest Balkan Higlands Tasmanian Sltu/ 	 f 
12. 	 Pannonian 34. Caucaso-Iraniar, 3. Northern Coastal 10. Southern Mulga/ 9 . 
13. 	 West Anatolian Highlands 'i. Western Sclerophy I Saltbush 2 
14. 	 Manchu-Japanese 35. Altai Highlands 5. Southern 11.Northern Savanna 2 

Mixed Forest 36. Pamir.Tian-Shan ScleropheI 12. Northem Grasslands
15. 	 Onental Deciduous Highlands 6. Eastern Sclerophyll 13. Easlern Grasslands 5 

Forest 37 Hindu Kush Highlands 7. Brigalow and Savannas
16. 	 Iberian Highlands 38 Himalayan Highlands
17. 	 Mediterranean 39 Szechwan Highlands THE ANTARCTIC REALM 

Sclerophyll 40. Macronesian Islands 
18. 	 Sahara 41. Ryukyulslands 1. Neozeafandia 3. Marielandia. 

6 

19. Arabian Desert 42. L A La&o 2. Maudlandia 4. Insulantarctica :r4

20. 	 Anatolian-Iranian 43. AralSea ., -6


Desert 44. Laka BakcalDe ser.... 	 42: .............
 
.2... . .. .. 

THEfIEOTR0PICAL REAL.M.. 	 :2 - ":, 
23.

1. Campachean 	 ' 
THE AFROTROPICAL REALM 2. Panamanian3. Columbian 	 2 3 , 

1.Guiean Rain 15. Namib 	 Coastal THE fEOTROflCALForest 16. Kalahati 	 4. Guyanan 
2. Congo Rain Forest 17. Karroo r. Amazonian 	 '0 
3. 	Malagasy Rain 18. Ethiopian Highlands 6. Madairan
 

Forest 19. Guinean Highlands 7. Serra do mar
 
4. 	West Afican 20. Central African 8. Brazilian Rain
 

Woodland/savanna Highlands Forest
 
5. 	East African 21. East Afrcan 9. Brazilian
 

Woodland/savanna Highlands Planalto
 
6. 	 Congo 22. South African 10. Valdivian Forest
 

V,odlarvd/savanna Highlands 11.Chilean
 
7. 	 Miombo 23. Asca-,1o anl Nothofagus


Woodland/ savanna St. Heiu LqL-vxb 12. Everglades

8 	 South African 24. Comores Islands and 13. Sinaloan 20. Caatinga 29. Babacu 39. Cuban
Woodland/savanna Aldabra 14. Guerreran 21. Gran Chaco 
 30, Campos Cerrados 40. Greater Antillean9. 	 Malagasy 25. Mascarene Islands 15. Yucatecan 22. Chilean Araucana 31. Axrerthlsan Pampts 41. Lesser Antillean

Woodland/savanna 26. Lido Xexn 16. Central American Forest 32. Uruguayan Pampas 42. Rev& Q t.dokar
tO. Malagasy Thorn (Fjot) 17. Venezuelan 23. Chilean Scierophyfl 33. Northern Andean 43. Cocos Island Forest 27 Lake Ukerowe Dry Forest 24. Padtic Deert 34. Colombian Montane 44. Galapa',s Islands
11.Cape Sclorophyll (Victoria) 18. Venezuelan 25. Monte 35. 	 Yungas 45 Femando de Noronja12. 	 Westlern Sahel 28. Lake bagz 4w Deciduous Forest 26. Patagonian 36. Puna Island13 	 Easlern Sahel 29 Lake Malawi 19. Equadonan 27. Llanos 37. Southern Andian 46. Sot '*z*dals ,5/14 Somali n (Nyasa) Dry Forest 28. Campoa Limpos 38. Bahamas-Bermudan 47. Lake 7tfdc"o 

Note: This mar -ad on wevk by MD.F Udv~rdy to define geographical units for conservation purposes thus combining the distribution of species by reaims with theistrition of e..wyerns, Delimtation on a map ofthis wa.le inevttably irrvt is gross generazlmion. N , tudgmert is made on the percintage of carh ofthe prcmr ce 
protected. 
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1. taped from UNESCO. "Conserng ltoe Worlds Ecosysters" Ecology in Aclion: A Poster Exhibit (UNESCO. Paris. 1981)
2. IUCN, 1955. Reterence 6,3 
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Table 6.6 Protected Areas in South America, 1985 

Country 

Size of 
Country 
(kin2 ) 

Population 
(1985 est.) 

No. of 
Protected 

Areas 

Total Area 
Protected 
(hectares) 

Per-ent of 
Country 

Hectares Protected 
per 1,000 
People 

na
:a098575 

2 776 643 30564000
6371000 

29 
12 

2594 351 
4.707.690 

093 
429 

85 
739 

B, u, 
C-f 
C :ofinOa 
E:.,aCor 
,enrchGj,ara 

Gj,ana 
Paraguay 
Per,, 
Sr name 
Uruguay 
.enezuela 

Total 

8511.968 
756943 

1138907 
455 502 
90 000 

214969 
40 750 

1.285215 
163 820 
186925 
912047 

17,998,264 

135564000 
12074000 
28 714 000 
9380 000 

73 000 
953000 

3681 000 
19698000 
353000 

3012.000 
18386000 

268,823,000 

50 
64 
30 
12 
0 
1 
9 
11 
9 
6 
34 

267 

11894302 
12737 360) 
3958.750 
2627.365 

0 
11655 

1120538 
2.407642 
582400 
28.778 

7388.912 

50,059,743 

140 
1683 
348 
5 77 
000 
005 
2 75 
187 
3 56 
015 
8 10 

3.781 

88 
1055 
138 
280 
0 
12 

304 
122 

1,650 
10 

402 

186 
b 

Notes: 
a.' Yor 
0 '~, 30 

Source: 

rCenO:Je a!Wcr,es vO3 area~' rcre'!are. o cOc a foriotaJDooulai:on o 
f 
i,!countr'e:,2 

,ateo 'rom Inlernat.n,Uncn torCorarva" ofNature ard Natural Resources. 198&Reference62 

Table 6.7 Protected Areas by Biome and Realm, 1985 
Numb Total AmNumber Total Ar=a 
of Aron (hctamr)

Biome and Realm ofAreas (hectares) Biome and Realm 
Cot VIlrtdr D16r5sT1n,4cal Humid Fonatl 

15 657,128
A'rcfrco~caf 44 8.905.733 Nearctic 
57 12,854,167122 5,092774 Palaearctic 

53 7,776 347 Neotropical 4hInOmra!ayan 36,700

Aus!'aan 

76 13,547.995Neotropcal 61 17.277,197 Total 

Taval 280 39052.051 *T"ramCommunitl 
Nearctic 20 107,924,951

SubtropicnaI/Trmporate 
 8 7.247.904
Palaearctic
RaIntforest±JWoodlands 11 258,33418 8.129,505 Antarctic 
Pa!aearctc 48 1.742,994 Total 39 115,431,189 
Austral an 

Nearctc 


26 904.976 
145 2.783.281 Tropical GraulandsSsfavflfna,'arctc 
 12 2,041,39338 8.848.838 AustralianreotroocJ 

'3t l 275 22,409,594 	 Neotropical 18 7.011.403 
Total 30 9.052,796 

Nede-4a ForeatsAJoodlandT
Tempor t 

53 30.321.679 Tmporst Grame'ancNearc',c 
 25 387.751122 8,463.690 NearchcPa aearctc 22 805,408 
Toal 175 38,785.365 Australian 34 670,163 

Neotropical 

Palaearcc 

9 70,516
Tr.cal Dry FomsW lnds 

240 48,673552 Total 	 90 1,933.838,L'rctroccai 

nroomalaan 
 238 10.420,406 

10 934,272 MIad Uaamlin SiakAusnralan 81 8,321,07893 5.501,447 Nearctic
Neoro:2,cal Palaearctic 231 8,071,815 
Total 581 65,529,677 Afrotropical 38 5.104,626 

86 11,037,282Neotropc 'lTempemat Broad-L.f Forogto 
82 1,890.216 Total 436 32,534,801 

Palaearctc 400 9.631.346 
Nerrct c 

1 5.415 MIxed Wend Syst9rl52Nectroc cal 9 52,142 
483 11,526.977 Afrotropi.al 4 23,033Palaearctic 

TotalEAfrotr Soeiopc 	 Indomalayan 177 10,426.372 

51 4.108,5846 52,010 OcanianNearvc 
122 3,374,156 Neotrop.cal 	 26 1,190.599

Pa'aearctc 
267 15.800.7301

1rotrorical 41 1.620,967 Total 
austraikan 301 6.918.823 74415 38,795 L.1:0 sNeotropocal 444,713 
Total 475 12.004.751 Palaearctc 1 18.300 

Nearctc 	 7 

2 55.100Afrotrop'calWarm Deserbi/Sor.i r 
22 3962,948 Neotropical 	 0 0

t.iearfctc 
7 616.534 Toal 	 10 518.113Paiaearcltc 

Afrotropical 57 23.783.085 
Inromalayan 35 1.628,854 
Austrahan 33 10,165.383 

Unktwn 132 7.866,578
7 1446.751 BIoy;gritititmCil C102*5eati

Neo!op0cal 
3,510 427,598,014161 41.603,555 TotTotal 

Source: Inleonat-or'a Urt'nfo"Conservahon ofNature anl Natural Resources (IUCN) 1985 Reference 62 

20 percent or more for some biomes, such as tropical cies when surrounded by other land uses. But the larger 

forests (69). the reserve, the slower and less severe the species loss 
will be. In crude terms, a single reserve containing 10As for how large individual protected areas must be to 
percent of the original area may support just 50 percentmaintain the species within them, the theory of island 
of the original species present. A stady of 19 naturebiogeography suggests that no reduced area, however 

well protected, can ultimately retain all its original spe- reserves in East Africa concluded that, in the absence of 
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active management such as reintroductions, even the 
largest reserves would lose most of their large species 
within a few centuries (70). 

An interesting 20-year experiment on "minimum critical 
area" of reserves is under way in the Brazilian Amazon 
north of Manaus. Here, the Brazilian government and the 
World Wildlife Fund are trying to determine how wildlife 
survives in forest reserves of different size-from I to 
1,000 hectares-that are surrounded by agricultural land. 
Already it is obvious that species diversity in the very small 
plots deteriorates rapidly and such plots are almost 
worthless as reserves. It will take at least 20 years to 
gauge the success of the bigger reserves (71). Given the 
rapid cutting of tropical forests, however, most conserva-
tionists recommend establishing many large reserves now. 

If adequate protected-area coverage is achieved, proper 
management will be the key to success. Today, manage-
ment is excellent in some countries and negligible in 
others. Some national parks are overrun with farmers, 
hunters, and timber-cutters. Accordingly, many of the 
recommendations of the Bali Action Plan and regicwrai 
action plans call for better training of managers, strength-
ened management policy and government conservation 
agencies, and the creation of management plans for 
individual reserves. 

Many recent studies of wildlife conservation call for 
increased support for biological data centers. IUCN's Con-
servation Monitoring Center in Cambridge, England, is a 
principal focal point for this kind of information, though 
its budget is limited. More local or national data bases 
are needed, such as those being developed by several 
Latin American countries. 

One category of protected area-the Biosphere 
Reserve-can potentially serve nearly the whole range of 
functions of IUCN's ten categories. Ideally, these reserves 
consist of core areas that receive strict protection, and 
other zones in which people live and work, usually in 
farming and forestry. In these reserves, research on both 
undisturbed and exploited ecosystem3 is conducted along
with environmental education, trainirg, and international 
scientific exchanges. As of early 1985, 243 biosphere 
reserves had been established in 65 countries (72). 

Biosphere reserves are an important element in 
UNESCO's Man and the Biosphere Program (MAB), which 
adopted an Action Plan for Biosphere Reserves in 
December 1984. This plan contains 35 recommendations 
to be carried out by governments and international 
organizations, mostiy from 1985 to 1989. The actions 
would expand the reserve networ!., improve research 
conducted within reserves, and impro',e management of 
the reserves so that they serve all intended purposes. If 
all these actions are caried out, biosphere reserves might 
become the most important component of the world's 
protected-area system. 

RECENT DEVELOPMENTS 

U.S. STRATEGY ON BIOLOGICAL DIVERSITY 

Conservationists around the world are concerned about 
the rapid loss of biological diversity in the tropics. But ... 

tropical countries themsel-'es lack adequate resources to 
handle the problem, so help from other countries is 
essential. Recognizing its major role in foreign assistance, 
the U.S. Governmen, sponsored its first international con
ference on biological diversity in November 1981 to
 
evaluate the world's wildlife conservation efforts.
 

In 1983, the U.S. Congress amended the Foreign 
Assistance Act of 1961, giving the government a legal 
mandate to help developing countries conserve their 
genetic resources. The amendments were known collec
tively as the International Environment Protection Act of 
1983. It directed federal agenc'es to draft a comprehen
sive government strategy for conserving biological diver
sity in the Third World. Over the next year, a task force 
of 12 government agencies, chaired by the U.S. Agency 
for International Development (U.S. AID), consulted with 
experts from government, industry, academia, and 
environrn tal and policy groups. The resulting US. 
Strategy on the Conservation of Biological Diversity (73), 
submitted to Congress in February 1985, makes U.S. 
development assistance programs the focus of the govern
ment's plan. It calls for U.S. AID and the multilateral 
development banks to change the way they review the 
environmental impacts of their projects and to refuse to 
fund projects that destroy key ecosystems. The 67 public 
and private actions recommended in the interagency 
document include policy changes, support for education, 
institution strengthening, more research, and better 
management of protected areas. Critics have objected 
that the actions proposed appear as options rather than 
programs with funding: that the government presented a 
study, not a strategy as Congress requesied. Currently, 
U.S. AID is preparing a detailed plan for directing its own 
activities. 

Meanwhile, legislation has been introduced in the U.S. 
Congress "to amend the Foreign Assistance Act of 1961 
to protect biological diversity in developing countries:' 
Among major provisions are the allocation of $10 million 
annually to be used directly for conserving biological 
diversity, much of it through U.S. AID. U.S. AID is
 
directed to help developing countries survey and protect
 
critical ecosystems and establish and maintain protected
 
areas, working whenever possible with private and volun
tary organizations that would rPceive at least $3 million 
of the $10 million allocated. 

Closely related and parallel to the biological diversity 
effort is a government initiative on tropical forests. Legis
lation recently introduced in Congress directs the U.S. 
Government to put more dollars into forest conservation 
projects worldwide. The initiative also earmarks govern
ment money for non-governmental conservation organiza
tions. 

NATIONAL CONSERVATION STRATEGIES 

In the late 1970s, IUCN, UNEP, and WWF developed a 
global strategy for conserving the world's biological 
resources. Their 1980 report, The World Conservation 
Strategy. Living Resource Conservation for Sustainable 
Development (74), links conservation with successful 
development and emphasizes priorities for national 

ADP-Z RESOJPCES1986 

99 



action. including the formulation of national conservation officials. In many countries, public understanding of wild
str,.~gtes. Currently, some .1 countries have started or life and other resource issues has increased dramatically
completed such Pational strategies, including Australia, Nigeria, for example, whose prior conservation activity
Malaysia, Nepal, Senegal, Zambia, Madagascar, Italy, Nor- had been small and local, assembled some 400 people 
way, the United Kingdom, and Belize. Wildlife conserva- from all over the country to discuss the national conser
tion is an important clement in these strategies, vation strategy and launch a draft document. 

The national strategies nec.,ssarily have varied widely In June 1986, an international conference on conserva
in how they were developed, which institutions were tion and development will bring 300 decisionmakers and 

I'w r.dn, ow clo'ely a particular strategy was professionals to Ottawa, Canada. to review the success, 
linked to c her national efforts such a.s economic and effectiveness of The Wbrld Conservation Strategy
devcelopment plans. in about half of the countries, partici- and the national strategies already written or now being
potion in preparing a national conservation strategy has developed. Conferees will also discuss the most effective 
lwer broac, including representatives of government, ways to develop and implement national strategies and 
blusiness, acade ia, conservation organizations, and other how these efforts can better integrate conservation and 
sectors. The rest typically involve only a 
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Energy is sometimes referred to as the lifeblood of our 
societies, for fuels are used to drive virtually all human 
activities. In the industrialized world commercial fuels-
fuels that are traded commercially-dominate the energy 
scene. Fossil fuels--oii, gas, and co--account for ,abnut
90 percent of giobal commercial energy requirements, 
and of these oil is the most important p).

By contrast, in the Third World a combination of com-
mercial Lnd non-commercial woodfuels (that is, firewood 
and chairoal) and other biofuels (aninal and crop 
residues) are the main source of energy for some 2.5 
billion people, or roughly half the world's population p).
At the global level, more reople depend on wood than 
on any oth!er single energy source for their daily energy 
needs. The Director General of the U.N. Food and 
Agriculture Organization (FAO) has pointed out that "in
this respect, wood can still be counted the world's mostimportnt fuel" (3). 

CONDMONS AND TIRSIM 

In 1984, commercial (4)energy consumption throughout
the world totaled 7,201.6 million metric tons of oil 
equivalent (Mtoe). (See Table 7.1.) (One toe contains the 
same energy as about 7.33 barrels of c'ude oil.) The two 
biggest consumers of all this energy are the United States 
(25 percent) and the Soviet Union (18.4 percent). On a 
per capita basis, Canada is the biggest consumer at 8.8 

7. E er-y 

toe per person, followed by the United States (7.8 toe),
the USSR (4.8 toe), Eastern Europe (4.1 toe), arid Western 
Europe (about 3.4 toe). In contrast, the developing
countries use only about 0.5 toe per person (,).

There was a steady and rapid growth in world energy
consumption after World Wa' I--for almos;t three 
decade!.-as economies prospered on cheap and plentiful
supplies of oil. During the iast 10-15 years, however, this 
trend has been disrupted, as Figure 7.1 slhovs., and the 
picture has become more complicated t..idless
 
predictable.
 

PAT ERNS ANiD TfIEDS 1N ENEGY 
CONSUM HfON AND PRODUC',ON 

dramaicay, primrily in respon se to the oil price risesaatclyprmrl nesn.eotholpierse

of 1973-74 and 1979-430. As a result, energy systems
based on renewable s.ources have received increased 
attention in both the developed and developing worlds.
The only renewables making a significant contribution at 
present are biomass and hydropower, but important
advances have be±en made with wind energy conversion 
systems (WECS), solar collnctors, arid photovoltaic 
systems, which will be examined in detail in a later 
edition of World Resources. 

There are marked differences in the patterns and 
. trends of energy consumption among different groups of 
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countri"-. as well ,sit, the specific energy issues that 
face them. Key cevelopments in different regions are 

The Western industrialized countries include: Western 
Europe, North America, Japan, Australia, and New 
Zealand. Total primary energy consumption in Western 
Europe and North America has changed in strikingly 
similar ways, during the last 20 years, as Figure 7.2 
shows. In both regions there wa a decline in consump-
tion after the oil price rises in 1973-74 and 1979-80. As 

Figure 7.1 Global Commercial Primary Energy 
Consumption by Fuel, 1965-84 
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a result, the 1984 level of consumption for each of these 
regions was similar to what it had been ten years before. 

Eastern Europe and the Soviet Union 
This group of countries includes the Soviet Union and 

the Eastern European countries of Bulgaria, 
Czechoslovakia, the German Democratic Republic, 
Hungary, Poland, and Romania. There are significant dif
ferences between the energy situation in the Soviet 
Union and Eastern Europe, but their close economic and 
political ties mean that they do function as a distinct 
regional grouping in energy terms. A key energy 
development for these countries in recent years has been 
the stagnation of Soviet oil production. This is critically 
important to Eastern Europe as well as to the Soviet 
Union itself because the Eastern European countries, with 
the exception of Romania, depend on the Soviet Union 
for about 90 percent of their oil. 

Eastern Europe's increasing demand for oil, combined 
with the Soviet Union's constrained supply, is expected to 
make energy trade "the most important and problematic 
aspect of Soviet-East European economic relations in the 
second half of this decade" (6). The Eastern European 
dependence on Soviet energy supplies seerns likely to 
escalate, binding tiese countries closer to the USSR in 
economic terr.,s. 

Given the constraints on Soviet fuel production (prob
lems have been encountered in increasing the contribu
don of coal and nuclear power as well as oil), improved 
energy efficiency is an obvious priority. However, as 
Figure 7.2 shows, Soviet energy consumption has been 
increasing steadily, in contrast to the trend in the West, 
due in part to lower fuel prices in the USSR 

Developing Countriea 

As in the Soviet Union, commercial energy consumption 
the developing world has risen during the last two 

decades, despite the oil price shocks. And it is expected 
to continue to rise because of the comparatively low 
level of per capita consumption in these countries and 
the likelihood of further major increases in population.

During the last decade, oil-importing developing coun
tries have felt the impact of two energy crises 



Flguro 7.2 Primary Energy Consurnptiori byFiuren Z2 riar Eeryb 	 During dhe last 20 yearw, there mave been major 
Region, -	

chznges in the share of oil ccr,,umption among the First,_9_5-__ Second, and 	Third Worlds, as is clear from Table 7.2. 

M Ilion Meltrc Tons of Western Indusiraltized Cous'tHies 
O Equivalent 	 Noni Arne'ca21o-	 The share of oil in total energy consumption of Interna

tional Energy Agency 0EA) mernber countries 01)dropped
from 51 porcent in 1973 to 43 percent in 1983, and 

Developing Countres their oil intensity (total oil consumption divided by Gros 
Domestic Product [GDPD fe'l by 30.4 percent over the 

500 same period. 
Western Eupe USSR About 20 percent of the oil consumed Iby the Organiza

oW t ua _ion 
0' 

d... for Economic Cooperation and D'zvelopment (OECD)
1200' o 	 "oQ.? countries in 19 2 (1) v,as used in the residential sector 

0 03), 18.7 percent in industry, 53.2 pe-.rcent in transport,
9*0 	 * and thr.e remainder in the service sector and agriculture 

90066 t1). The proportion of oil used in the residential and in
e • dustrial sectors li:-s declined considerably since the first 

60- • OPEC price rises, primarily because of energy efficiency 
improvements and fuel substitution. 

In the residentialsedor, oil use declined by about 30300- percent between 1972-73 and 1982 (15). It appears that 
40-45 percent of the reduction resulted from fuel conver
sions away fora oil or investments in efficiency measures,0 	 " " all of which would continue for a long time even if oil

1965 1970 1973 1976 199 1982 1985 prices fall, while the remainder arose from rapid--and 
Sources: 	 reversible--cutbacks in consumption in response to the
I Brrt~srPetroieum 1985 Reference 1

2 Brrtish Pe!roleu7m 1985 (personal cormuncaon) price increases (16).
 

Total final oil consumption by industry in the lEA 
countries fell by 27 percent in this period (1973-82) (17).
Considerable fuel substitution (from oil to coal) has takensimultaneously. For the last few years, the increased price place in the energy-intensive 	 industrics-notably iron and

of oil has proved a cevere burden to their economies, steel and cernent-wich were able to switch fuels
particularly with non-oil commodity prices remaining fair- relatively easily (18). Oil substitutions also occurred in

ly consUant (see Figure 7.3). In 1981, low- and middle- another energy-intensive industry, paper and pulp, which

income oil-importing countries were spending 61 percent increased its use of biomass (wood wastes and tree
 
and 37 percent, respectively, of their export earnings on
 
oil imports (7); the international debts of these countries
 
increased by a factor of six between 1973 and 1982 (8).

At the same time most of these countries have been Figure 7.3 Oil and Nonoil Commodity Prices,

experiencing a serious decline in the availability of their 
 1970.84
 
principal domestic source of energy-fuelwood. (See

"Focus on: Fuelwood Scarcity," below.) roe.(1975-100)
 

400-
OIL 

300-In 1984, oil still accounted for 40 percent of total com
mercial energy consumption (9). Nevertheless, this figure
is lower than the 47.4 percent share which oil held in 
1973 (10). The drop was due, in part, to the economic 'DO
recessions following the oil price rises since 1973 (see too-
Figure 7.4), partly to improvements in the efficiency with 
which oil is used, and partly to the substitution of other 0
fuels for oil. 1970 1973 1976 1979 1982 1984 

Although oil prices have recently been declining in II 
dollar terms-as an internationally traded commodity, oil Notes: 
is priced in U.S dollars-the recent strength of the dollartopriceote rr rence entht f tear a Average Ooiar orice of internahonally traOeo 0b Average doea, price O 33 primary commod,t,es we greo 0, each commodtysrelative 	 to other currencies means that for Western sare inoevelooing countries exports
Europe and the developing countries the price of oil has Source: The Worict Bank The Worro Ban Annual Re ort 1985 (,The lvotio Bank 

Washngon DC 1985) p 40remained high. 
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FlUre 7.4 Price Oil (Saudi Arabian Light 
Crude), 1950-83 
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in North America and Scandinaviastumps), particularly 

and in some cases switched from oil to coal 09).

More than half the total oil consumption is accountedas a rest of pducion dif

ficultes, especially in the new oil fields in Siberia, wherefor by the transport sector, whose share has gon dur-

ing the last decade or so. During the last ten years, oil 
has constituted 99 percent of the fuels consumed for 

industri .uized countries,transport purposes in the western 
for almost '10 percent ofRoad trartmort has accountedthis oil consumption; air transport is the other major 

usr.o oUnlike 
user. 


The impact of the oil price hikes was felt in this sector 
also (see Table 7.3), so that although transport's share of 
total oil consumption increased, the absolute level of con-
sumption fell. 

Thb1o 72 Oil Consumption by Region and 
Percent of World Consumption, 1973 and 1984 
(rn// cl mSc to's d o , e~uriot) _ 
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7.3 Oil Consumption in the TransportTFt L 
Sector in !EA Countries, 1973-82 
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Considerable improvements have been made in the fuel 
efficiency of new cars, primarily through reductions in 
car weight and greater use of new fuel-efficient 
technologies. The change in oil consumption trends 
shown in Table 7.3 is also partly due to reductions in the 
average mileage driven per car. The combination of 
these factors resulted in a drop of 21.4 percent between 
1973 and 1982 in the average petrol (gasoline) constimp
tion per car in the lEA countries; however, this was offset 
by a 34.7 percent increase in the number of vehicles 
over the same period. Thus, the net result was an in
crease in petrol consumption of 5.3 percent between 
1973 and 1982. 

"astern Europe and the Soviet Union 

Oil consumption in the Soviet Union increased without
 
interruption betwfeen 1965 and 1983. This increase was
 

in large measure to the Soviet Unions Felf-sufficiency
in oil at the time; production rose from 429.0 Mtoe in 

1973 to 616.3 Mtoe in 1983 (20). Consequently, when oil 
prices in the rest of the world quadrupled in 1973-74, 

prices in the Soviet Union were not affected. In the early 
1980s, however, the rate at which oil production was in

creasing slowed markedly In 1984, producion fell for the 

output isampered extreaies of climate and the igh 

problems lead many observers to doubt whether the 
Soviet Union will be able to increase oil production 
significantly above the current level (21). 

the western industrialized countries, the Soviet 
Union has not needed to reduce its oil consumption
because of dependency on foreign supplies. On the other 
hand, its oil exports are extremely important in foreign 
exchange terms. In 1983, about 64 percent (some $14 
billion) of Soviet hard currency earnings came from oil 

sales. For ths reason, it is dearly in the Soviet Union's 
economic and strategic interest to economize on its oil 
consumption. 
,_An important element of Soviet policy has been to 

substitute natural gas for oil, but so far the impact on 
oil consumption has been limited. Electricity generation 
is one area in which the use of oil could be reduced. 
Oil's share of fuel use by power stations rose from 7.5 
percent in 1960 to 35.2 percent in 1980, but recent 
policy shifts have given priority to reversing this trend (22). 

com-
Car ownership is very low in the Soviet Union 
pared with the West, and in 1980 there were only 8.5 
million cars in use. Thus, there is the potential for a 
major increase in car ownership and a corresponding 



increase in oil use. Realizing this the Soviets have 
launched a major program aimed at building metros (sub-
ways) in all major cities, partly because this will 
discourage greater use of cars and partly because the 

metro is seen as the quickest, cleanest, and cheapest 

mode of urban transportation (23). 


The oil situation in the Soviet Union has been 
significantly different from that in Eastern Europe, where 
oil consumption has declined slightly since 1980, from 
102.6 to 98.7 Mtoe (24). This decline is probably because 
of the economic difficulties these countries have been 
experiencing and their lack of foreign exchange for pur-
chasing oil either on the world market or from the 
Soviet Union. 

Developing Countries 

Third World oil consumption has increased markedly in ... 
the last 30 years or so, and between 1973 an l 1984 the 
developing world's share of oil consumption rose by
almost half. (See Table 7.2.) During the last five years, 
however, the absolute level of oil consumption barely 

increased at all as oil prices grew and economic growth 

rates fell well below those experienced in the 1970s. 


Generally speaking, the main use of oil in developing 
countries is for transport, and the second most important 

sector is industry. In 1981, for example, the proportion of 

oil used for transport in India, Kenya, Sri Lanka, and 

Brazil ranged between 43.2 percent (Sri Lanka) and 56.2 

percent (Brazil), while the proportion consumed by 

industry ranged between 25.2 percent (Brazil) and 30.6 

percent (India) (25). 

When economic activity increases again in the develop-
ing countries, oil consumption can be expected to resume 
its upward trend, particularly for transport purposes. The 
current low level of personal travel and vehicle owner-
ship in the Third World allows ample room for expan-
sion. In these countries, the growth of markets, 
especially the traffic in manufactured goods and trade 
items, is an essential element of the entire development 
process. However, in some countries, particularly those 
with sugar production such as Zambia, it may be prac-
ticable to use alcohol fuels from biomass instead of oil, 
as Brazil has done. 

Global Prospects For Oil 

With the present excess of supply capacity, and the 
increased contribution of non-OPEC countries, it appears 
that the threat of further oil supply disruptions or major 
price hikes has receded, at least for a few years. (See
"Recent Developments," below). It is widely believed that 
the current downward trend in oil prices will continue 
during the next few years. Oil is not expected to return 
to its 1982 price level until some time during the 1990s. 
Exactly when prices will start to rise again-and the 
market tighten--depends to a large extent on the 
demand factors reviewed above, 

On the supply side, overall production in the West, in-
cluding the United States and the North Sea, is expected . 

to decline steadily between now and the turn of the cen
tury; production in the Soviet Union is riot likely to 
increase significantly and might even decline it is 
generally expected, therefore, that before the turn of the 
century there will be a return to increased reliance on 
Middle East sources unless governments vigorously pur
sue policies to encourage fuel substitutioN, oil conserva
tion, and indigenous oil exploration. The latter is 
particularly important in the Third World, where explora
tion efforts have lagged. 

By the time the world's crude oil supplies have been 
depleted, the total amount of oil used is expected to 
range from 1.6 to 2.4 trillion barrels (26, 27, 28). If these 
estimates arr, correct, production could continue at about 
the present level until some point in the second quarter 
of the next century, but it would then fall off quite 
rapidly. 

NATURAL GAS 

Natural gas is the world's third largest commercial fuel 
(after oil and coal), accounting for 19.6 percent of global 
energy consumption in 1984 (29). This figure represents a 
slignt increase over its 1973 share of 18 percent (30). 
North America (36 percent) and Eastern Europe and the 
Soviet Union (36.5 percent) consumed the largest 
amounts, with Western Europe (13.5 percent) and the 
developing countries (10.6 percent) consuming con. 
siderably smaller shares (31). 

This global picture masks major regional changes that
 
have been taking place during the last 10-15 years. Con
sumption in the United States declined from 562.5 Mtoe
 
in 1973 to 458.0 Mtoe in 1984, resulting in a decline in
 
production over the same period (32). Nevertheless,
 
natural gas still accounted for 25 percent of U.S. energy
 
consumption in 1984, three quarters of which was used
 
in industry and the residential ector in roughly equal
 
amounts (33).
 

The trend in the rest of the world has been in the op
posite direction. Consumption increased by about 90 per
cent between 1973 and 1984, from 503.6 to 951.9 Mtoe
 
(34). In the USSR, gas consumption more than doubled
 
between 1973 and 1984, from 198.8 Mtoe to 439.4 Mtoe,
 
amounting to one-third of Soviet energy consumption (35).
 
The Soviet Union replaced the United States as the
 
world's largest producer in 1983. In Western Europe consumption increased from 129.9 Mtoe in 1973 to 190.1 
Mtoe in 1984. In the European OECD countries, industry 
consumes the largest share (43 percent); within this sector 
the chemical industry is the major user, as it is in the 
United Statf-s (36). Natural gas has been an important
substitute for oil in the domestic and service sector, in 
most of these countries. Some European countries (the 
United Kingdom, Norway, and the Netherlands) have 
significant reserves of their own, but most others have to 
import gas. 

The Soviet Union exports considerable quantities of 
natural gas to both Eastern and Western Europe. The im
portation and use of Soviet gas by Western Europe have 
generated much controversy within the NATO countries, 
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centering around tht, implications these gas imports have 
on the log-term security of the Western Alliance (37). 

In the Third World, natural gas is not an important fuel 
at present due to a lack of infrastructure and exploration; 
it COnstitutes less than 1 percent of the total commercial 
energy consumed. i lowever, many developing countries-
particularly in South and Southeast Asia-have in-
digenous gas reserves that, if developed, could be an im-
portaot surc.. of energy given the necessary distribution 
network, 

At the end of 1981, proved reserves of natural gas 
(87,000 Mtoe) ,ei,, slightly smaller than oil reserves 
(96,000 Mtoe) {:is). However, since gas consumption is 
considerably less than oil consumption, the lifetime of the 
gas reserves at current levels of use (GO years) isalmost 
twice that of oil reserves (34 years). Forty-three percent 
of proved gas reserves are in the USSR, 26 percent in the 
Middle East (particularly Iran), 8.5 percent in North 
America, 6.1 percent in Western Europe, 5.5 percent in 
Africa (3.2 percent in Algeria), and 4.9 percent in Asia 
and Australia (mainly in Indonesia and Malaysia) (3). 

In the IEA countries as a whole, the current production 
level is likely to he maintained at least until the turn of 
the century. Production is expected to continue increasing 
in the 'oviet Union for some time to come, and new 
fields will be opened Lip in many Third World countries, 
At the global level, therefore, it should be possible to 
maintain the current level of consumption for several 
decades. 

Natural gas resources have rot been as extensively in-
vestigated as oil resources. Until recently, gas has been 
found as a by-product of the search for crude oil; so far 
there has been little systematic prospecting for coal-based 
natural gas. In addition to conventional natural gas 
resources, which account for almost all the proved 
reserves, there are various kinds of "unconventional" 
resources. Most of the unconventional gas production is 
expected to take place in North America (40). Some types 
of unconventional sources-tight gas, Devonian shale, and 
coal seam methane-may play a significant role in U.S. 
gas supply within the next 20-30 years (41). 

COAL 

In the aftermath of the first oil price rises, Western 
Europe and North Aimerica began to look at coal as a 
possible replacement for imported oil. By 1984, however, 
coal's share of world energy consumption had increased 
only slightly above what it was in 1973, from 28.2 per-
cent to 30.3 percent (42). Coal's contribution to the Soviet 
energy budget actually fell from 36 percent in 1973 to 27 
percent in 1984, reflecting the fairly steady level of coal 
output an(d the increasing use of natural gas and oil (43). 
On the other hand, coal consumption in China increased 
by a remarkable W0 percent, making the People's 
Republic one of the three major producers of coal in the 
world, along with the United States and the Soviet Union 
(441). Together these three countries account (in roughly 
equal amounts) for about 60 percent of world production, 

Domestic coal prices vary considerably from country to 
country, according to productivity levels, whether the 
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coal is obtained from deep or surface (opencast) mines, 
the amount of government subsidy, etc. On the interna
tional market, world steam coal prices have been falling 
during the early 1980s-from $60 per metric ton in 1980 
to about $45 per metric ton in late 1984 (both in 1982 
dollars), as a result of lower than expected demand. 
Between now and the turn of the century, prices are not 
expected to rise much; they could even remain constant 
in real terms, partly because of new producer countries 
entering the market. International trade in coal is cur
rently dominated by Australia, the United States, and 
South Africa, but new low-cost suppliers such as Colom
bia, Botswana, and Indonesia will gradually increase the 
diversity and competitiveness of the trade. 

Like natural gas, coal requires a considerable infrastruc
ture before it can be used on a significant scale, and 
partly for this reason coal's share of total primary energy 
consumption in developing countries tends to be less 
than in many industrialized countries. There are notable 
exceptions, however. Apart from China, coal is also the 
major fuel in India, accounting for 41 percent of all com
mercial energy consumption and 26 percent of total 
energy consumption (including non-commercial biomass 
fuels) in 1979 (45). Coal is expected to make an increasing 
contribution to power generation in the developing coun
tries; its share of the fuel mix is projected by the World 
Bank to rise from 29.9 percent in 1980 to 35.6 percent in 
1995 (46). 

Coal is the major fuel used in electricity generation in 
the OECD countries, and in 1983 about two-thirds of all 
coal use was for this purpose. Of the remainder, three
quarters was consumed in the industrial secto,, primarily 
by the iron and steel industry, with a significant amount 
in the residential sector as well (47). Further substitution 
of coal for oil can be expected in industry, but this is 
likely to be a slow process, and little substitution is 
expected in the transport or residential/service sectors in 
the foreseeable fiture. 

Coal Supply Proopec -
World coal deposits are vast-an order of magnitude 

greater than oil and gas resources-and it is unlikely that 
new discoveries will substantially alter the present 
estimate of 10 trillion (1013) metric tons (48). If all this coal 
were recoverable, and consumption continued at present 
rates, several thousand years' supply would be available. 
Not surprisingly, therefore, the Western industrialized 
countries see coal as a substitute for oil (arid to a lesser 
extent, natural gas). Such figures, however, give no indi
cation of the 3amount of recoverable coal, allowing for 
technical and economic constraints. 

A more meaningful assessment of the future availability 
of coal resources is provided by the data in Table 7.4, 
which show that there are 484 billion metric tons of coal 
that can be exploited within the next 20 years. This 
supply would last more than 100 years at the current 
rate of consumption. Thirty-seven percent of this coal is 
in the OECD countries (primarily the United States, 
which has 21 percent of the world's total), 23 percent is 
in the USSF 19 percent in Asia (mostly China, 15 per
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Europe (37.1 percent) (50). The size of nuclear generatingtLon-,. 1riso capacity in the countries with the largest nuclear power 
programs is shown in Table 7.5.cent), 8 percent in Poland, 6.5 percent in Africa (almost

entirev outh Africa), and 1.3 percent in Central andSouth 
 :merica (mainly Colombia and Mexico). The fact Thb! 7 Nuclear Power Plunt Capacity in Key
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Box 7.1 The Environmental Impacts of Fossil Fuels 
All fossil fuels affect the envwironment to by installing flue gas desullurization systems, from fossil fuel combustion is nitrogen oxides
 
some extent, but the inpacts of coal pro. 
 However, several countries (e.g., tl>. United (NOx). In mostduction and use are potentially the most Kingdom, United State, 

OECD countries, about half
Czechoslovakia, andsernious. the man-made NO emissions come from theCoal extraction operations tend to Ftsland) have not retrofitted these systems into 

x 
transport sector (almost entirely from oil comhave greater aesthetic effects on the land- existing plants because they feel that the bustion) and the otherscape particularly surface (opencast) mining, half from industry andbenefits would not justify the costs. These electricity generation (from oil, gas, and coalwhose share of total production has grown countries also export muchin recent years ol of their emissions combustion) p3abroad. New, less-polluting technologies, suchCoal combustion emits large quantities NOx emissions are thought to be a key conof as fluidized bed combustion, may also helpsulfur dioxide, nitrogen oxides, soot, ash, and 

tributor to acid deposition and its associatedalleviate acid deposiron problemsdust as well as heavy metals (the amounts damage, particularly the forest declines notedA third and relatively intractable in Europe anddepend on North America. (See Chapterthe quality of coal burned). If not environmental problem associated with coal 12, "Multiple Pollutants and Forestcontrolled, Decline:')these emLs.ions translate directly combustion (and to a lesier extent, oil andinto environmental damnage: the acidification gas) is the release of carbon dioxide and its References and Notesof lakes, damage to buildings and metal sur- buildup in the atmosphere. (See Chapter 10,faces reduced crop yields and forest declines. "Atmosphere and Climate") The increases in 1. M. Chadwick and N. Lindman, Er.(See Part I11,Chaplter 12. "Multiple Pollutants coal consumption traditionally embodied ino'nd Forest Decline.") vironmental Implications of ExpandeaThese impacts represent long-term energy projections (see "Energy Coal Utilzaion (Pergamon Press, Oxford,fi':ancial as well as environmental costs. For Projections,' below) are big enough to lead to 1982), . 21,example, it has been estimated that the finan- major climate modifications At present the 2. Federal Ministry for Research andcial losses arising from forest decline in West 
Germany amount 

only known way of avoiding a warmer earth Technology, Bonn, West Germany, 1985.to more than $1 billion per and rising sea 
year (72 

levels is not to but the coal in 3. Organization for Economic Co-operation
 
It is possible to eliminate most sulfur diox-

the first place. The climate factor, ,herefore, and Development (OECD), The State of the
could be the ultimate constraint on coal tse. Environment 1985 (OECD, Paris
ide emissions from coal-fired power stations 1985),Another important class of pollutants arising p 21. 
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In the foreseeable future, the rate at which new ca- and the need to take account of their potential for harm
pacity is installed is expected to slow down in most ful environmental and social side effects (57). 
countries, owing to a combi jation of developments in One important side effect is the displaceinent of in
recent years, including increased capital costs, lower load digenous people from their traditional lands, often to 
forecasts, and environmental opposition. The main envi- poorer ones: 80,000 were displaced by the Aswan High 
ronmental concerns have been reactor safety issues, par- Dam in Egypt, and 75,000 by the Lake Volta scheme in 
ticularly following the Three Mile Island accident, the Ghana (58). Other effects include the spread of water
disposal of radioactive wastes (see Chapter 9, "Oceans borne diseases such as schistosomiais, the disruption of 
arid Coasts," for a discussion of constraints on ocean aquatic ecosystems, and major reductions in the flow of 
disposal), and the potential overlap between the civil and nutrient-rich silt to agricultural lands downstream which 
military, applications of nuclear fission. (See "Eriergy' Pro- depend upon the silt for their fertility. Conversely, silt 
jections,' b5low.), sometimes accumulates in the -drificially created reser-

Prospects for nuclear power are particularly bleak in voirs instead, thereby sharply curtailing the dam's ability 
the United States, where capital costs per kilowatt of in- to generate electricity, as has happened, for example, to 
stalled capacity have increased by a factor of four in real the Sannian Gorge Dam in China and Egypt's Aswan 
terms for plants being completed around now (1983-87) Dam (59). 
cornpared with a typical plant completed in 1971 (51). In 
addition, construction times have doubled, and plant per
formance has remained generally mediocre. Conse- BIOMASS FUELS 
quently, nuclear power has become a far less attractive In the industrialized countries, wood and other biomass 
option in economic terms. No orders for new nuclear fuels had almost ceased to be used as energy sources 
reactors have been placed since 1978, and the 13 orders prior to the 1973 oil shock, but since then they have 
that were placed between 1975 aid 1978 were cancelled begun to make a comeback in Some countries In the 
or deferred indefinitely (52. Few, if any, new orders are United States, Norway, and Sweden, wood use for 
likely in the United States during the rest of this decade, residential heating has nearly doubled from the low 

values of the mid-1970s, presently accounting for more 
Hydropo,,er than 10 percent of the market (co). Both Canada and the 
World ITydro-electricity consumption increased from 331.5 United States derive 3-4 percent of their primary energy 
Mtoe in 1973 to 485.4 Mtoe in 1984, its share of total from wood, most of which is used in their forest products 
commercial energy production rising from 5.6 percent to industries (61). 
6.7 percent (53). North America and Western Europe con- it is in the Third World, however, that biomass fuels 
sume more than 50 percent of this electricity, but their assume greatest importance (62). As noted earlier, the of
share of total consumption has been declining slightly ficial statistics on energy consumption in these countries 
(5 ). In the developing countries, on the other hand, con- often do not include the contribution made by biomass 
sumption of hydro-electricity doubled from 57 Mtoe to fuels. They do not because the data on the use of these 
126.7 Mtoe between 1973 and 1984, increasing their fuels Are limited, are often of poor quality, and are not 
share of world consumption from 17.2 percent to 26.1 usually collected on a standardized basis over a period of 
percent during the same period (55). several years, Data collection is made particularly difficult 

In 1980, hydropower accounted for 40.8 percent of by the fact that a large proportion of the fuels consumed 
electricity production in developing countries, and this are not commercial and therefore do not have any 
figure is expected to grow to 42.6 percent by 1995. (See recorded transactions. Nevertheless, surveys of vadious 
Table 7.6 for a summary of hydropower development kinds have demonstrated that biomass fuels, particularly 
status by region.) The rate at which new projects are in- fuelwood, are usually a key source of energy in develop
troduced will be constrained by cost factors, the lack of ing countries. The contribution of biomass in various low
power markets near potential hydropower sources (56), and middle-income countries is shown in Table 7.7. 

Table 7.6 Hydropower Development Status by Region, 1982 
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Tahble 7.7 Percentage of Biomass in Tot 
Ene Consumption of SYelected Countries 
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In 1983, 1.63 billion cubic meters of wood were con-
sumed, equivalent to about 6 percent of the world's com-
mercial energy consumption (63). Estimates of the 
contribution of woodfuels to the total energy budget of 
developing countries vary from the neighborhood of 10 
percent in a few higher income Latin American countrieOsto more than 90 percent in poorer African countries (64,
65). (See Table 7.7.) Among the ri al poor. fuelwood and 
other forms of biomass are usually the dominant or only
fuels. Altogether some 2.5 billion people depend on themr 
to meet their daily domestic energy requirements (66). A
study by the FAO, covering 95 developing countries,
found that fuelwood played a significant role in all of 
them (67). As many as 21 of these countries depend on 
fuelwood for more than 75 percent of their energy
supplies (68). 

In developing countries most fuelwood is used for 
domestic purposes, particularly in nral areas. The 
amount of fuel used Iy rural housholds varies con-
siderably both among and within countries. Where local 
supplies are plentiful, consumption tends to be higher. 
For example, annual consumption figures of 1,100-2,865 
kilograms (g) per person have been reported in 
Nicaragua (69), and 1,636--2,600 kg of wood per perscn 
are used in some parts of Tanzania (70). 

Where wood is scarce, however, the quantities con
sumed decrease considerably People economize theon 

amount of wood they use by lighting smaller fires,

quenching and re-using embers which would otherwise 

have been allowed to burn away, and Dositioning or 
sheltering fires more carefully. Surveys in Mai and Nigermeasured consumption ranging from 440 to 660 kg per 
person per year (71). Similar consumption levels have
 
been found in areas of wood scarcity in India (72, 73), and 

even lower consumption levels exist in some 
areas.It is often difficult to define how much of this 
household energy is being used for which purposes. The 
cooking fire may also serve "as the only source of space
heating, water heating, and-in many cases-lighting. It 
can also be the main social focus of familv life, an insect 
repellent, odor suppressor, and defense against wild 
animals. The few reliable breakdowns of rural household 
energy consumption available show that cooking
(including water heating) is usually the most important 
end-use, followed by space heating arid lighting.
Fuelwood sometimes meets all these requirements, but 

kerosene (or torches and candles) are often used for 
lighting. 

Fuelwcod (and charcoal) are also used for cooking and
other domestic purposes in urban areas. In addition.
however, certain industries,-induding baking, brewing, 
tobacco-curing, pottery, and brick and lime-makingconsume significant amounts of woodfuels in some coun
tries. In Sri Lanka, woodfuels supply about 57 percent ofindustrial energy demand, in Kenya 64 percent, and in 
Tanzania as much as 88 percent (74). 

In many regions of the world, wood has become 
scarce r o boms 

so 
that people turn to other sources of biomass 

instead, such as dung and crop residues, The greatest useof biomass residues is found in the relatively treeless 

plains of Northern India, Bangladesh, and China, where 
crop residues and dung provide as much as 90 percent of 
household energy in many villages and a considerable 
proportion in urban areas, too (75). 
FOCUS FUELWOOD SCARMY 

In 1983, the FAO published a study of fuelwood supplies
in the Third World which showed that more than 100 
million people were consuming amounts "below 
minimum requirements" for cooking and heating, etc. (76).
In addition, nearly 1.3 billion people were in a deficit 
situation--and could meet their needs only by depleting
wood reserves. (See Table 7.8.) More than 64 percent of 
these people lived in Asia. Shortages were most acute in 
the arid regions of Africa, in the mountainous areas of 
Asia, particularly the Himalayas, and the Andeanon 
plateau in Latin America. 

The future prospects are even more disturbing. The 
study's projections for the year 2000 suggest that, without 
immediate action to improve the situation, 3 billion 
people will either be unable to obtain their minimum 
energy needs or will be forced to consume wood faster 
than it is being grown (77). The FAO study is open to a 
number of criticism", but the general thrust of its findings
is widely accepted. 

Fuelwood Scarcity in Rural Areas 
The pattern of fuelwood collection varies enormously
from one region to another. Broadly speaking, however, a 
distinction can be drawn between situations where 

Thble 7.8 Populations Experiencing a Fuelwood 
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people live near forests P'iid collect wood from them aidthose in which the wood come<from free-standing treesor bushes on relatively open ',nd.Tie 
Village communities near forests can generaly harvest
Vlew comniutaiesnbeasfrbe s a eon ly arvestfueiwood on a sustainable basis- Problems arise only

when other factors intervene to deplete the forest 

re-son may simply be wbut changes
in: popaian can sopdiulation,be important. 

Other major causs of detorestation are logging ard 
large-s-cale construction projects, such as dams or roads, 
developnents which tend to bring further pressures in 
their wake as an area becomes more dosely connected 
to population centers. These additional pressures, par-ticularly land clearance for adriculture, may lead to the
overexploitatior, arnd gradua receding of the forest,l 

aifelweiood ad gradual reoeing ftheura forewodmakingF fuelwood a scarce resource. rhus, rural fuelwood 
users are not sC'much the cause of deforestation as the
victims of it ) 

Most rural families, however, live too far from forests toobtain their daily fuel needs from them. Consequently,
othe r dairly onfhe neestand tee Con usen,,vthey have to rely ointhe free-standing tres and bushessthin walking distance from their homes for their- fuel 
poles, fruit, sa-ide and fooder. If popuiation densities inthese areas reain low, it may be possible to satisfy the 
demald for fuelwood without damaging the local 
standing stock of trees. Where fuelwood is plentiful,
usually only dead wood is collected since it is easier to 
cut, is lighter to carry, and burns better than green
wood. Though branches may be lopped off, whole trees 
are rarely felled merely to provide fuel. 

If the population increases, howeve; local supplies of

dead wood may become scarce or inadequate, forcing

people 
 to spend more time searcling for and collecting
fuelwood. As good fuelwood becomes more difficult to

obtain, people begin to economize in the way they use

it. Nevertheless, population pressures may eventually be 

so great that people have no choice but to exploit the 

trees (by lopping off large branches or even chopping

down whole trees) so that either they die or their pro-

ductive capacity is severely degraded. Fuelwood con-
sumption is not likely to be the only factor in this 
process, however, nor necessarily the most important
one; livestock grazing and fodder gathering may also be
major contributors to the stunting or killing of trees. 

When demand exceeds the rate at which the tees are
able to regenerate, people have to turn to tree roots, crop
residues. dung, and other combustible biomass materials 
as replacements for or supplements to fuelwood. 

The shift to other biofuels expands the amount of fuel
available, but there are good reasons why residues are
often turned to only as a last resort. Cow and buffalo
dung produce a lot of smoke, which can be irritating to 
eyes and lungs; while must crop residues (such as cereal 
straw and lightweight stalks) demand more time and care 
in feeding and tending the fire than wood does. Dung
and agricultural residues may also he serving a valuable
role as fertilizers, 
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resource. The major cause of deforestation is thetoctdwlingresclearance of forests to create new agriiltural land. The 

The Impact of Urban Use

The majority of fuelwood is purchased in towns and cities.
aj rt off e w e isp ch ed nt w san cte. 
The wood or charcoal that urban household and indus.trial consumers buy is often carried or trucked in fromrural areas, and the money they pay for it gives a strong
incentive to both organized businesses and poor peasants 

to cut down living trees.As a result of urban woodfuel demands, an expanding"ring of desolation" surrounds many cities, such as Dakar 
(Senegal), Ouagadougou (Burkina Faso), and Niamey
(Nigerl In addition to collection by the urban and peri
urban poor in the vicinity of towns and cities, a laige
proportion of the woodfuels consumed in urban areas is 
supplied by organized commercial operations that oftentruck the fuel in from far afield, Much of the wood isconverted into charcoal first since it is ;hter and easierto transport. Studies in Hyderabad, Kenya,, and el.eivherehave shown that wood supplies often come from abouthav e w a idsupp l from a out 
100 kilometers away and charcoal from a few hundred 
kilometers 9l.large areas of trees may be removed with little con
cern for the environmental costs since Lhese do not affectthe urban consumer directly. Urban demands for woodfuels and timber are the primary cause of deforestation 
in Southern Africa (80). On a global basis, urban consumption of wood may be more responsible for depleting 
rural fuelwood supplies than local consumption 18i). 

Consequence and Responses
A decade ago, it was widely believed that fuelwood scar
city was a problem that would solve itself with time, as
people gradually shifted toward the use of fossil fuels and 
electricity. However, the major increases in fossil fuel
prices and the lack of progress in dealing with poverty in 
the Third World have led to a shift in attitudes. 

Fuelwood scarcity has several harmful consequences. It 
causes increasing hardship to the rural poor, due to the
large amount of time spent in collecting fuel. Thus, fuel
gathering joins water collection as a source of daily
drudgery, cutting into potentially productive time,
especially for women. Ultimately, scacity may also lead 
to health problems if people are forced to cook less or 
turn to less nutritious foods. The urban poor, on the
other hand, may be faced with rising fuelwood prices,
and even if other fuels become competitive, the poor
often cannot afford the initial investment in the necessary 
gas or kerosene stoves. 

Loss of tree cover can also have disastrous enviropmen
tal consequences. Trees play a vital role in restoring soil
fertility and maintaining soil structure, so their removal
tends to be followed by loss of topsoil due to wind or 
water erosion, particularly in arid zones, mountains, and
other fragile ecological areas. In certain circumstances,
the switch from woodfuels to crop and animal residues 
can exacerbate the ecological damage arising from the
loss of tree cover, leading to reductions in crop yields (82).

New initiatives aimed at alleviating the situation have
focused primarily on two basic approaches - using fuel
wood more efficiently and planting more trees (83). 
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Although simple and obvious in the abstract, these local people have hindered tree planting efforts. However,measures have proved to be surprisingly difficult to hn- if the barriers to tree planting are overcome andplement. 
even 
there is much greater local commitment and official sup-In the mid-1970s, as awareness of fuelwood problems port than in the past, it will be impossible in many areasincreased, there was a great deal of interest in wood cGn- to bring the supply of fuelwocd into balance with theservation through the development and dissemination of projected demand. Other energy sources, such asmore efficient cookstoves. Laboratory findings that the kerosene and bottled gas, will have to begin to replacetraditional method of cooking over "three-stone fires" fuelwood.used only 3-10 percent of the useful energy led to con- In many countries it may simply prove impossible tosiderable optimism that efficient cookstoves would result solve the fuelwood crisis through stove Lnd tree--rowingin major fuel savings-perhaps as much as 50 percent- programs alone. Only when their incomes rise will theand hence widespread adoption. rural poor be able to buy efficient cook stoves, switch toThe experience of numerous stove programs has iden- alternative fuels, or find it unnecessary to cut down treestified many obstacles to their extensive introduction- for sale to urban consumers. Problems arising fromincluding technical, economic, and c'iltural factors (84, 85). fuelwood scarcity can be fully and effectively dealt withTechnical difficulties include 2erious discrepancies be- cnly in the context of poverty-focused strategies for
tween laboratory and field performance and declining development.


fuel efficiency due to rapid deterioration and breakage.

The major economic barrier has been that stoves cost
several dollars to buy (as much as $30 or more for cer- ENERGY USE PAITERNS IN THE FIRST
tain types of stoves) in contrast to the open fire. Cultural WORLD
 
barriers tend to arise from the fact that fires meet other 
needs, such as lighting and heating, as well as cooking, Energy Efficiencywhich the stoves are not designed to meet; in addition, Since the first OPEC price rises, there have been signifithe open fire is more adaptable than most stoves to cant imprcvements in the efficiency with which energy isvariations in the size or number of pots. (See Box 7.2.) used in all the major energy sectors-residential, service,In view of the limited scope for improving the tran-port, and Lndustry-in the western industrialized
efficiency with which fuelwood is used in thu home, countries. new sources of fuelwood (to replace those being In the residentialsector, factors like higher levels of
depleted) or substitute fuels are essential in alleviating the 
 thermal insulation and weatherization (draft-stripping) ofproblems of fuelwood scarcity. As with modern cooking the "shells" of buildings and more efficient appliancesstoves, the concern over fuelwood scarcity prompted pro- (such as stoves and refrigeratj)s) have reduced thegrams to plant trees, but again many of them encoun- a:'ount of energy required to atisfy household needs.tered unexpected problems (86). Thus, despite increases in room temperatures and theVarious factors such as legal constraints on tree cutting, :nore videspread use in recent years of variousno legal entitlement to the land on which the trees were appliances (e.g., freezers), energy use per dwelling hasto be grown, or simply low priority in the minds o!the declined in most OECD countries, as Figure 7.5 shows. 

Box 7.2 "How Much Wood Would a Wood Stove Save, if a Wood Stove Could Save Wood?" 

Many lessons have been learned from the appears to be limitt:d largely to urban areasproblems encountered by earlier stove pro- .). 
reducing smoke pollution (a serious healthMany people living in rural areas simply problem in relatively confined spaces) and firegrarm Originally, many stove programs cannot afford to buy a stove. Most of them hazards.hoped to &sseminate improved models that have less incentive to do so than the urbanfamilies could build themselves. More re- population because they gather rather than Referencea and Notescently, as the technical demands of stove buy the wood and therefore would not saveefficiency and durability have become more money by switching to a stove. In addition, 1.S, St-asfogel and . Dechambre, Bilan desapparent, emphasis has shifted toward the capability for ma.producing high quality Connaissance sur ls Besoins en Bois de
models that can be built by well-trained 
 am- metal stoves tends to exist primarily in urbantisans at low cost. Metal stoves have proved 

Chauffe: Resultats Techniques des Foyersareas, whereas short-life mud stoves may be Ameliores Metallique Mai Souki (Assoda.to be more effective than mud stoves in cer- the only option in many rural areas. For these tion Bois de Feu, Juillet, France, 1984).tainsituations because they are amenable to and other reasons such as the inability of 2. F Manibog, "Improved Cooking Stoves inmass manufacture and careful quality con- stoves to provide adequate lighting in certain Developing Countries: Problems and Optrol, and they also tend to last longer. A circumstances (an imporant obstacle in rural portunities," Annual Review of Energy, Vol.project in West Africa introduced a new areas of Kenya, Malawi, and West Bengal, for 9. pp. 220-223 0984).metal stove that is achieving 30-35 percent example), many experts no longer expect im- 3. Ibid., pp. 199-228.average fuel savings relative to open fire proved cooking stoves to make a major im- 4. C. Foley and F Moss, Improved Cookingcooking or use of the traditional metal stove pact on fuelwood consumption at the national Stoves in Developing Countries (Ontemaof the region m level (3.4)Nevertheless, they can produce tional Institute for Environment andFor a number of reasons, the potential of benefits for some groups of people, and they Development/Eathscan, London, 1985),stoves to reduce fuelwood consumption may also have other advantages such as p.132. 
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Figure 7.5 Energy Use Per Dv.'elling 'r 
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The potenbial for further improvements in household 
energy use issubstantial. Overall, average energy use in 
"el-electric" homes in the United States and Sweden (and 
probably several other OECD countries) could be reduced 
by about 80 percent if the most energy-efficient 
techno.)gies commercially available were introduced to 
replace the older, less efficient ones (87). 

In the service scctor, which includes commercil and 
public sector buldings, improvements similar to thore in 
the residential sector have taken place, and further 
improvements are technically and economically feasible. 
One survey of informed opinion (experienced architects 
and engineers) in the United States suggested that a 50 
percent reduction in energy use per square meter, on 
average, was an achievable target for U.S. commercial 
buildings by the turn of the century (88). 

In the transport sector, there is further scope for im- 
pro-ing the fuel economy of automobiies and light trucks 
from current levels of about 12-8 liters per 100 
kilometers (20-30 miles per gallon) to 4-2.3 liters per 100 
km (60-100 m.p.g.), both by increasing engine and cive 
train efficiency and by reducing vehicle weight and 
aerodynamic and rolling resistances (89). There has also 
been a trend toward greater efficiency in air travel, and a 
50 percent reduction in the fuel intensity of passenger 
aircraft, relative to 1977 levels in the United States, 
appears feasible ,90). 

'946NOPL' -i ~SOAjCES 

Industrial energy efficiency trends are more difficult to 
assess in some ways than those in other sectors beiause 
of the greater heterogeneity and compiexity of energy 
use in this sector. As in the other sectors, efficiency 
improvements may come from good houekeeping 
measures or new energy conversion systems, but they 
may also arise from new tectological processes for pro
ducing a given product (e.g., steel) arid from pricluct 
changes. For example, new processes for producing steel 
could halve the amount of energy required (91); and 
similar process innovations are also in prospect for other 
industries. TWo notable examples of more efficient energy 
conversion technologies are combined heat and power
(also known as "cogeneration") systems and electric 
motors using variable speed drives. 

Overall, the scope for cost-effective improvements in 
energy productivity throughout the economies of the 
wesiem industrialized countries isvery large. The rate at 
which these improvements ase made is largely deter

mined by market foires, particularly fuel prices and the 
rate of turnover of the capital stock (cars, household 
appliance, industrial machinery, etc.). The decade 
following the 1973-71 oil shock was one of exceptionally 
rapid improvements in energy productivity because of the 
huge iricreas .s in the price of energy. With the prospect 
of fuel prices declining in !eal terns, the incentive to 
introduce some of the efficiency improvements described 
above may wealcen, and their rate of penetration is liable 

slacken off. However, energy efficiency improvementszo 

car,. be encouraged by public policy mease'ees, driven by 
environmental and resource reasons. (See "Energy Projec
tions.' below.) 

Structural Trends i the Industriallzd Countee 
Two basic typr.s of structural change have been taking 
place in the western industrialized countries that reduce 
their energy i:itensity. First, there is the growing impor
tance of servic -s (banking, education, health, etc.) relative 
to industry, a trend noted for several decades. This 
phenomenon is reflected in changes in employment pat
terns and in the faci that the output of the goods
producing sector has not been growing as fast as the 
GNP. 

Second, there has been a decline in some of the most 
energy-intensive industries in Western Europe and North 
America, such as iron and steel. This is partly due to the 
recession and to competition from lower-cost producers in 
developing counbies. But there isalso evidence of a 
longer term shift awsy from most energy-inteasive in

dustrie3 (ie., those processing basic materials) and toward 
fabrication and finishing activities, which typically require 
tenfold less energy per unit of output (92). This shift ap
peam to be due to a combination of factorsn, including 
more efficient use of materials in providing essentially 
the same services, materials substitution, and market 
saturation. For both traditional materials (steel, cement, 
and paper) and modem materials (aluminum, ethylene, 
ammonia, and chlorine) per capita consumption stopped 
growing in the United States in the 1970s and in most 
cases began to decline (93). Similar trends have also been 
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observed for the same materials in Frnance, the United
 
Kingdom, and West Germany M). (See Part IV,Table 8.5.) Figure 7.7 ComparLison 19 1ig-term


Projections of Primary Energy Consumption,
 
Energy intensfty 1980.2050
 

The general trend toward grater cnergy efficiency and feraLon 1.monoc
 
the structural changes noted above have all contributed Nordhaus and Yohe (hgh)' ea (hit)
 2 

to an overaJi change in the relationship belween total 5g
 

primary energy consumption and the 'evel of econoric 
 Edmonds andactivity, i.e., in energy intensity. (See Part IV,Table 8.2.) 50- Reilly (base3
 

Saturation in the demand for various energy-intensive
 
services (such as private transport, central heating, and
 
refrigeration) also appeais to have reduced energy inten- 45
 
sity. This decline for the lEA countries as a whole can be 0Legaso,,at'
o 
seen in Figure 7.6. Reister (high)5@
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ENERGY PROJECTIONS HtASA(high)6 O 

Until the 19',3--74 oil shock, and for sometime after, 35, MIT (highest)

forecasts of energy demn'd were largely extrapolations EPA (base)B

of past trends, with some allowance for increases in 3 WEC (hoh)'
economic ac'tity and changes in fuel prices. This 30. e 
approach, sometimes known as the "top-down" approach,
tended to treat energy demand in a tighly aggregated 25- Rester (low)5 

way and assumed that it has a fixed relationship with ' ASA (low)' 
other variables like fuel prices and GNP. In recent yens, IASA'0 I 
however, there has been growing uncertainty about the 20. WEC (ovi -

validity of energy projections formulated in this way. Edmonds et at (low)-
Because the major increases in oil prices (and other (lowest)a'T 
energy prices) that occurred in the 1970s were without 15
precedent in recent decades, iheir lonr,.er-term effects on 
the relationship between energy demand and economic Goldemberg et atC 
activity are not yet clearly understood (95). In addition, lO- Nordhats and 
mary forecasts during the late 1970s tended to assume Consumption Yohe (lcv, s 2 

historic rates of economic growth and of growth in par
ticular sectors, which proved to be serious overestimates. --. T - - " la 

Two important e.xamples of "top-down" projections are 1980 1990 2000 2010 2020 2030 204C '050 

those produced by the International Institute of Applied tote: Some si-Lid,2tofuture energ, demand proajce more Ihoa one p#odet.
Systems Analysis WIASA) and those of the World Energy ion the projection that g'ves the highes: or htgir level ofdemand isusually

called the -highest" or "high' pro;ection, and the one that gi,,es Ine owed OrConference (WEQ (96, 97). (See Figure 7.7.) In both cases lover level of demand iscalled the lcvest or loA pro;ection A prolectio',
there are two projections-high and low demand-based between these tvo extremes isoften called the -base The fact tnalthe same proectionstudy rnay produce a rangr of projectons is related to the !act tha' 

varying assumplions aro made about he major determinants ofenergy
demand such as the rate of econom,c gro%,,th and the rote al %vhichenr-rg,
ethoency improvemens occur (See Table 79 and the accornoaning text for 
exampies of Such variations in aSSumptioIS)Figure 7.6 Energy and Oil Intensities for sources: 

1EA Countries, 1960-83 1 WD Nornaus and G Yohe -Future Paths ol Energy and Carbon Dioxide 
Emissions'. Cnanging Clmate (Natenal AcaOemy ol Scienrce Washington

Inoex DC 1983)(1973-100) 2 JA Edmonds ot a' Cn Analyss o PoSa;blO Futuro Atmosr,!er:C Relenonof Foss Fuet CO Report No DOEIOR'2t400 1 (Department of Energy 
Washinglorn DC. xt984) 

105- J3 J Edmonds and J Reilly "Global Energy and CC, f h Year 2050
100- Energy Joura, Vol 4 No 3 pp 21.47 (1982)
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on different assurnp'ions about e'onornic growth, fuel 
pric.-es, etc. The assumptions about two key influences on 
energy demand, population growth and per capita GDP 
,fowth, am given in "hble 7.9, as are the energy demand 

and spply proectio.s. The IIASA modeling exercise pro-
ducWd demand projections for the year 2030 which are 
3.5 and 2 times the 1980 consumption leve! for the high
and low .cenaries respectively. The WEC projections are 

quite similar, giving demand figures for the year 2020 
which are 2.5 and 2 timres the 1980 level for the high 
and low growth :cases, respectively, 

Thcse large anticipated increases in energy consump-
tion aae a comnl,, feature o,' energy projectioas based 
on the etonomtrkc "top-down" approach. Them are two 
reasons for this. First, the usually highly aggregated 
nature of the proje:tions does not lend itself to identi-
fyiog the potential for ieducing demand thmough the 
more efficieut use of energy. Second, the scenarios tend 
to he busir'Cr.s ais usual" in that ihey implicitly assume 
the continuatieor ot curre.nt finanial (taxes, subsidies, etc.) 
and institutional (reg lations, building codes, etc.) factors 
which shape the pattern of energy usage, usually in a 
way that discourag_:s energy efficiency. 

The levels of demand projected in the IIASA and WEC 
studies would require huge expansions of both fossil fuel 
and v.wulear energy supplies, and therefore they imply a 
general exacerbation of the environmental impacts of 
energy use. For example, even under IIASA's "low 
demand' projection, fossil fhel use would result in a 
doubling of the atmospheric carbon dioxide concentration 
in the second half of the naxt century, with consequent 
climaic changes. (See Chapter 10, "Atmospher a id 
Climate") Esirrated use of nuclear technology in ILASA's 
high and low demand projections would mean that by 
2030 some 2.6-1.0 million kg of plutonium would be 

fue! and circulated eachYrcovered from spent neacior 
year ir global commerce (9m).Since plutnium is a 

nuclear explosive and only 5-10 kg ae required to make 
a nucear weapon, this traffic in plutonium for nuclear 

energy purmses mould provide a major stimulus for the 
spread of nuclear weapons. 

The changing relationships Letween energy de.mand, 
on the one hand, and fuel prices and economic eciidity 
on tLe other; have g ,en rise to corresponding uncedan. 
ties about the utflity of projections based sole'y or the 
"top-down" approach; consequently there has been more 
use in recent years of rnodeir bated on the actual end

uses to whaich energy is put. Thi; "bottorn-up" approach 
uses a highly disag-'egatcd model of enegy 'hat 
makes explicit assumptions about 1 wvi enery con..;urnp. 
tion chenges over time for a layge number of specific 
end-uses such as refrigeration and cooking. 

One recent study of tis kind formu!ated a dernand 
scenario Sigiificantly lower than those produce.d by 
lIAS&h and WEC ( A).s1Table 7.9 bhow, the Goldemberg 
et al projection for the year 2020 Ls 11.2 IW (Terawatts), 
whereas the otheis range from 19.2 to 35.2 'IW. 

A wide rang- of energy supply mixes, such as the one 
in Tabl-,. 7.9, are compatible with lower demand projec
tions. The key charactenshics of this supply mix are that 
fossil fuel consumption is no higher than it was in 1980; 
coal use is reduced, partly to redu-e the carbon dioxide 
piiblem; and the use of plutonium as a nuclear fuel is 
unnefcesrary, making it possible to minimize the threat of 
nudear weapons proliferation. 

Tis second approach to the formulation of energy pro. 
jections reflects a crucial recognition that has emerged in 
recent yea.r-.namely, that the future ure of energy is not 
a preordained consequence of economic growth, bat can 
be influenced to a significant degree by society's pre
ferred choices. 

M , M,. , , 

Th. JNDP/WORLD BANK F Y SECTOR 
,HE.UND W PROGAN E Y 

By the end of 1986, a major international energy pro
gram iocused on the Third World will have been 
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completed-t he Energy ,ecor Assesasment Fngram
(ESAP). EA was launched in November 

the electric power subs.ctor, 13 with energy efficiency,1980 as a joint and two with fuel sil-titution. Fina~ly, ESMAP assistseffort of the United Nations Development Progrn countries in strengthening their energy vef:or institutions.CUNDP) ard the World Bank. &AP's general objective ESAP assessments have been criticized iy some counhas been to help developing coo.flies estiblish a reaistic tries on the grounds that the speed with which th ystrategy for energy sector deveiopmenit and management were crried out msulted in important areas or issuesand to a&sist th.e counaies, donor :egencies, and private being inadequately drssd-vs happened withinvetoms in implemanting the priority ectivities included household e.neigy, use, for example, in the earlier studies.in such strategies. Ithas a'o been argued that the assessments should beESAP assessments are crited out on a country-by- more highly disagg gated in their analyses so that en.dcountry basis at the request of the relevant government. use, energy conversion technologies--wid, in the case ofOriginally, it was envisioned that 60 country studies industry, process technologies--can be thoroughly aswould be done, but a positive re-sponse from developiLg ,essed. Some of the as.e.sments have also been far toocountry governments resulted in this figure being in- aggregated in their treatment of biomass fuels, not takingcreased to 70. The majority of thc.,e -ludies have been proper account oi regional wriations. Despite thesecarried out, and the remaining ones should be completed criticisms, ESMP and ESAP ,are widely felt to have beenduring 1986. suecesu! in helping developing cc.untries formilateSeveral common issues have been identified by tie .*ategies ad projets to deal with their enormousESAP studies. Itwas found, for example, that the energy problems.

rehabilitation and maintenance of existing energyproducing and energy-using facilities tended to produce HARD T.UME, FOR OPEC very high economic returns and therefore warrantedinvestment priority, This was particularly noticeable in September 1985 marked the 25th anniversary of thethe power subsector for countries like Sudan, ULeria, and most powerful and effective resource cartel that has everZimbabwe, where a low-cost investment in, for exarple, ezdsted-the Organization of Petroleum Exportingreducing the loss of electricity from the power system's Countrie, or OPEC, as it is commonly lmown.
transmission and distribution network, can produce major 
 OPEC rose to public and political prominence in 1973,savings, when its quarupling of oil prices sent .hock wavesSecuring an adequate long-ru.n supply of household through the world's market economies and precipitated afuels at affordable prices was another major issue. Tree global rece sion. Countries had Ibcome increasinglyplanting alone was found to be inadequate to meet dependent on oil during the 1950s and 1960s because itscurrent, let alone future, requirement. Efforts are also low costs rendered other fuels uncompetitive. By 1973,needed to improve the efficiency with which woodfuels the OPEC countries accounted for 53.5 percent of worldare used and to introduce or expand the availability of oil production and 64.7 percent of the non-cormnunistcommercial fuels. Another common feature of the assess- world (NCW) oil production iow).ment reports is the finding that in countries like Ban-

gladesh, Indonesia, Bolivia, and Nigeria, commercial 
Twelve years later, the situation has changed drastically;

OPEC's ability to determine oil prices, arid through thatenergy prices tend to be set below the cost of supply to influence the state of the world economy, has
and kept down by government subsidies. diminished sha ply. By 1984, its share of world oil pro-
The earlier ESAP reports tended to give insufficient at-
 duction had fallen to 32 percent, its share of NCW oiltention to some key areas, such as household and rural production to 43 percent, and the downward trend con..energy use and energy efficiency improvements. In more tinued during 1985. Between the oil price rises of 1979recent reports, however, efforts have been made to rectify and 1985, OPEC production fell by half-from 31.5 millionthis deficiency. Another weakness identified in the early barrels a day to about 16 million barrels a day,stages of the program was the need for additional How did these changes come about? The historic trendassistance to accelerate follow-up activities. This was par- of rapidly increasing oil consumption came to an end,ticularly the case for pre-investment work in areas such with global consumption in 1984 only slighily higheras energy efficiency improvements and power sector than it had been in 1973 and NCW consumptionrehabilitation. somewhat lower. Cor:sequendy, increasesr in non-OPEC oilThe need for further assistance with follow-up activities production had a bigger impact on the supply pictureled to the setting up of a companion program, the than would otherwise have been the case Higher pricesEnergy Sector Management Assistance Program (FSMAP), made it possible to develop new sources, especially thosein April 1983. ESMAP reviews progress in implementing off-shore. Important examples of new non-OPEC produciie recommendations of the ESAP assessments and tion are North Sea oil, whose share of NCW productionrecommends priority technical assistance measures. rose from zero in 1973 to 6 percent in1984, and oil fromESMAP also carries out project formulation and Mexico, whose share of NCW production increased fromjustification work which takes priority investment projects 1.!percent in 1973 to 7.2 percent in 1984 c0o).to the pre-feasibility or feasibility stages. As of April 1985, OPEC's response to the fall in demand for its oil was toESMAP's work in this area covered 50 projects, 20 of impose production quotas on its members so that thewhich were concerned with renewables/biomass, 15 with price it had set could be maintained. Saudi Arabia has 
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been the single biggest OPEC producer and has acted as official price ($28 a barrel ol Arabian light crude) but to 
the "swing producer,' adjusting its output so that other the value in the marketplace of the refined oil products-
OPEC members could enjoy more stability. During the gasoline, heating fuel, and diesel-that are derived from 
1979-81 period, Saudi Arabia increased its production but crude. In effect, this pricing meant that Saudi Arabia 
since then has steadily reduced its output to well below would be selling the oil at about $2.50 less than the 
its allotted quota. This decrease, combined with the fact official OPEC price. In addition, Saudi Arabia began to 
that other OPEC producers have not been keeping to expand its output again. 
their production quotas, has been creating stresses and The effect of the Saudis' actions was not felt im
strains within the cartel. mediately because the demand for oil increases during


Saudi Arabian production peaked in 1980-81 at almost the winter and because world inventories of oil were
 
10 million barrels daily, but then dropped rapidly, unusually low. It is widely expected, however, that they
 
reaching 4,690,000 barrels daily in 1984. By August 1985, v.ill start to have a major impact on oil prices later in
 
Saudi Arabian production had slumped to around 2.4 1986, leading to further price erosion. A further slacken
million barrels per day. This fall in output was, of course, ing of demand in Western Europe and an expansion of 
parallled by a fall in reventes: the Saudis' oil revenues output by Iraq and Iran are other factors that could cause 
in 19t4 were $43.7 billion, $70 billion less than three a drop in prices. 
years earlier, and during 1983 and 1984 their foreign While the level to which oil prices will drop is uncer
exchange reserves fell by 40 percent. Saudi Arabia was tain, it does seem that the OPEC countries have lost the 
running a current account deficit of $20 billion a year- two pillars of their power-pricing and production con
the world's biggest after that of the United States-which trols. OPEC may well return to a position of strength in
 
threatened to erode its $130 billion of foreign assets. the 1990s if oil demand picks up again. But for the rest
 

The situation could not continue, and in the fall of of this decade, it looks as though OPEC will have no
 
1985, Saudi Arabia signed contracts with Exxon, Mobil, more power than any other resource cartel.
 
and Texaco that pegged the price of oil riot to OPEC's
 

Rernce andM'ot= 

I. Unless otherwise stated, statistics on global, often rely heavily on non-commercial fuels, Norway, Portugal, Spain, Sweden, 
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Above all else, solar energy and water maintain the life-support systems on earth. Out of a total water volume of
approximately 1.4 billion cubic kilometers (km 3), more 
than 97 percent is ocean water, unsuitable for human 

use. Of the 3 percent of the earth's water that is fresh, 

an estimated 
 77.2 percent of this is in "cold storage:' fro-
zen in ice caps and glaciers. Most of the remaining sup-
plies of freshwater-22.4 percent-is groundwater and soil 
moisture. This leaves only a very small amount of sur-
face freshwater-0.35 percent contained in lakes and 
swamps and less than 0.01 percent in rivers and streams
0). Table 8.1 shows these amounts as "water compart-

ments:' Obviously, freshwater is a 
limited resource: there

is only so much of it circulating throughout the planet's

ecosystems. 


Ancient Romans had access to roughly the same 
amount of water as the modern Romans do. The critical
difference is population: in 100 AD Rome had a popula-
tion of I million, while today it is closer to 4 million 9).
Clearly, burgeoning populations not only need increasing
supplies of freshwater for an expanding array of uses, but
societies must learn to use existing resources more effi-
ciently. 

COND IONS AND T DS 

FRESHWATER AS A FINITE RESOURCE 
In general, water availability is tied to the global hydro-
logical cycle (3). (See Figure 8.1.) Every year approxi-

8._ reshwate_
 

mately 453,000 cubic kilometers (kim3) of water are evaporated from the surface of the world's oceans (I cubic
kilometer equals 1 billion cubic meters or 1 trillion liters).
Of this tremendous amount, roughly 90 percent returns 
to the oceans as precipitation, while the remaining 10 
percent (about 41,000 km3) is transported by the prevail
ing winds over the continents. Here it combines with
slightly more than 72,000 km3 of evaporated water from 
the land masses to provide a gross continental precipita
tion of about 113,000 km3 . It is this "flow" of water-
enough to cover the land surface of the earth to a depth
of 83 centimeters-fthat sustains natural and human 
ecosystems on an annual basis. A larger portion of it
 
goes to recharge soil moisture and groundwater flows.
 
The rest, both surface and shallow sub-surface water
some 41,000 km 3-eventually gathers in rivers and is

returned to the sea to complete the cycle (4). An

equilibrium is maintained between 
 the inflow as air mois
ture to the continents, and the outflow from the rivers 
and groundwater aquifers to the sea. 

Table 8.2 shows the world's average annual water 
balances by major regions (5). It is the amount of stable
runoff in any given area that determines how much 
water is actually available for human use on a yearround basis. Mark l.vovich, of the Institute of Geography, 
USSR Academy of Sciences, defines stable runoff as"base flow" from groundwater into rivers plus stable 

the 
"surface runoff" added by water storage in lakes and 
reservoirs. 
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8 
The natural unit of the hydrological cycle is thc river

Table 8.1 The Earth's Water Compartments: 
basin, or any drainage area forming a segment of that

Estimated Voilume of Water in Storage and 
basin. A water divide separates basins or sub-basins from 

Average Residence Time in the Earth's 
each other. All precipitation falling within the water 

Environments 
divide that do,.s not evaporate or leave by a deep

Volume Avenige naoidenfc 
Environmontal immeter (kim) Tima aquifer is drained by a stream or river. Where the hydro

graphic pattern produces small river basins, there may be 
-:moner~c Water 113.000 8 to 10 daf 

Oceans and Open Seas 1,370000.000 4.000- year many of them within a particular country, such as
 

125.000 From ja, to ymrsFresrwater Lakes ard Reser.mrs 
1,700 2 weeks large river basins like the Rhine, whoseR,.ePr eCtiannolsLakes and Irland Seas 1C4000 - Sweden, whereasSa watershed extends over 220,000 square kilometers, may

&.,amps and Mares00 3 2ears 

Bo!ogiCal Water (used by plants) 65.000 1 vOk encompass a half dozen countries (the Rhine drains parts 
Mosture in Soil and Unsaturated 

65000 2 w'aks to I year of Austria, Switzerland, France, West Germany, Liechten-
Zore (zone of aeration) 

Grounowater 4000000 to From days to tons Of 
stein, and Holland). The amount of water available to 

60000.000 thousands Ofyears 
Frozen Water (glacers ard 30000000 Ten to throusands N any particular country is supplied in two ways: through 

years the inflow of exogenous water from upstream countries-,ce caps) 

Sources: which is essentially controlled by those countries--andH Urck 

ny No7 Tanle2 (NESCO Pars 1971) from endogenous water provided by the precipitation fall-IR L ,,e Ed Soefic Fra it ivineed er Marco, Tclrn5 PaoiS I 

wtrb rcptto a 
ac Aaofein Vtwicl sO. erq Pnrbrg 0ltfa Wasrqnrx) oC. 1980)2 HH L N,, c1,th, jUS fo , , ,, ing over a country's territory (6). 

The precipitaon pattern, particularly its seasonality, is 
The hydrological cycle does not spread water around in reflected in river flow. During the year, the flow fluctu

an equitable manner; it is unevenly distributed around ates between dry season flow flow flow) and wet season 
flow (flood flow). The dry season flow forms the dependthe globe even within relatively small countries. In a 

general sense, the world is divided into water surplus and able part of the water supply, whereas the rapidly pass

water deficit regions. Figure 8.2 sketches in these regions, ing flood water is available only during pait of the year. 

which are categor; '.d according to water availability as If this water is stored in reservoirs, it increases the 

seen from a vegeL on perspective. Water is in surplus dependable flow of water (stable runoff) available for 
uses.when precipitation is large enough to satisfy the demands societal 

of the vegetation cover. When precipitation is lower than The relative amount of water available tor use in any 

this potential demand, there is a water deficit. By this given area is limited not only by the water cycle, in par

yardstick, most of Africa (except for a small section of ticular the stable runoff, but also by the size of the popu

tropical West Africa), much of the Middle East, the west- lation: the larger the population, the more people there 
In some casesern United States and northwestern Mexico, parts are competing for water resources. 


of Chile and Argentina, and all of Australia (except
 
for a thin slice of eastern coastline) are areas of severe
 

Table 8.2 Average Annual Water Balances of 
water deficits, where evapotranspiration exceeds annual 

the World: A Comparison of Three Estimates 
precipitation. Valumrc of Waler 

(thoucands of cubic klometor,) 
Mum916tnv" USSR Monograph i L'vovlch 

= 

Figure 8.1 Global Chculation of Water En 19:5 1974 1974 

E t P E R(thousands of cubic kiometers per year) gio ,. C R 

28 53 72 3.1Europe 66 38 83 30 41 
Asia 30.7 18.5 122 323 18.1 14.1 32.7 195 13.2 

41 110, Africa 20.7 173 34 223 177 4.6 208 166 4.2 
71 47 24 7.1 46 25 64 4,4 2.041 . Austraia 

7.9 6.0North America 156 9.7 59 183 101 8.2 13.9 
169 11 1 284 162 122 294 19.0 10.4South America 280 

72 453 Antarctica 24 0, 20 23 , 2.3 X X X 
71 40 119 72 47 113 72 41land AreaS' 111 

505 -47 412 453 -41Oceans 385 425 -40 458 
......... 

" ,World 403 453 0 7 5177 0 625 525 0 

12 1Depth of Water (con1innt-wid averag) 
(ml iliater) 

Europa 657 275 282 790 507 283 734 415 319 
Asia 696 420) 276 740 416 324 72)C 43L 293 

Africa 696 582 114 740 587 153 686 547 139 
269 791 511 280 736 510 226Australia 803 534 

338 670 3633 207North America 64 5 403 242 7561 418 
South America 1.561 946 618 1.595 910 685 1.648 1.065 583 

0 165 X X L 
41 Ocea Antarctica 169 28 141 165 

World M1 M973 0 1,130 1,130 0 1,fl0 1X0 0 

X .. Noi av.aic 

arndE Rccr:i TheWo a ta 8tir a(o(Eiser.'l Amsterdam 195)a AEBaurng.nrxr 
HO.VAYroWatee&eano arid MaweRuzources of trie EatP, . .:NaoaNot -- , o c 

a 29 percent of eanM surface. c P.iwc ob&G W.E eoura~~ aid-R,,,'i (Mos:ow 1974)n rrte Ft.ur 
b 71 percent a oaJth"s surface. 

to roude AnLsrcca s cc aon cf cWrl5ofoflQSour"a: M. Falkotia~rl. 'Do We Need Hydroklgical Researck1, in Sa kue ae ad,ood uupW.ro 
yurOrS oercd t re oltrer tvo aumrorS

Forsir,n och Frarnsleg.No. 5, 1974. 
Source: UN Wa. Cofiuyrec. 19, Relere'o 5 
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Figue .2 Global Water Surplus and Deficieii-ya
(millimeters par year) 
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Note: a Defined as dtference between annual precipitation and e&apotranspiraion. Evapotranspiration coresponds to the wter domand from a potential crop notsuffering from wafer defciency
 
Source: Fallenmark, 1977. Reference 3
 

increased and competing demands have reached critical 
levels, espccially in countries such as Israel, Egypt,
Kenya, and even Poland (which is not an arid country).
Table 8.3 shovs total and per capita water availability for 
some selected countries (7). Large tropical nations like 
Brazil and large temnperate countries like Canada have an 
abundance of fresh ,ater: some 38,280 cubic meters (m3) 
per person per year i.nd 122,000 m3/person/year, respec-
tively, while large dry countries like Egypt have only
1,200 M 3 per person, -nost of it from the Nile River. 
Although the data show that the 13 countries listed as 
"Water-Rich" have no ,eal problems with total water 
availability, it tells nothing about the distribution of fresh-• 

water within these countries, or its quality and utility for 
human use. Thirteen countries have been placed on the 
list of "Water-Poor cou;itries." It should be noted that 
most of sub-Saharan Arica and the Middle East have 
chronic water shorta,2, as do parts of large countries 
like the United States, Australia, and the Soviet Union.Figures 8.3A, B,and C show another way to look at 
the problem of population size and water availability. In 
water-short countries like '-uta~ and Saudi Arabia, 2,000 
and 4,000 people, respectively, compete for every 1 mil-
lion cubic meters of water on a yeadly basis, In relatively 

Table 8.3 Total and Per Capita Water
 
Availability in Selected Countries, 1985
 

1 Canada 

2 Panama 
3 Ncaragua
4 Brazi 

5 Ecuador 

7 swea 
6 Cameroon9 Fnland 

10 USSR 

12 Idos ia12 Austria 
13 United States 
Wal-oor 
2 Libya3 Barbados 

4 man 

5 Kenya 

6 Egypt

7 egium
8 South Africa 
9 Poland
10 Haiti 
11Peru12 Inlra 

13 china 

2 Pi caapita 
Totat (ffiAnnd cubi 

(km3/yr) r m ,-r) 

3,122 121 93 
144 66.06 
175 53485190 38328 
314 3348
 
183 2211 
208 21 41104 21 33 

4.714 16.93 
2,53090 153412 02 
2,478 1043 

0025 007 
0700 0 190 053 020 
0660 054
 

14 800 072 
56000 120
12500 127 
50000 1 54 
58 800 1 5711000 167 
40000 2031.850 243


2680 252 
Source: Fo,.ase* z ara Marga! 196 Referce 7 
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water-abundait countries like France, Italy, and England,
lgure U.3 Global Comparison of Water only about 350 people are competing for the same
 

Competition In Three Groups of Counrlies amount (8).
Some experts contend that once the number 
of individuals depending on one flow unit (i.e. I million 

Total Water Supply A.L,.e Countrts cubic meters of water per year) increases above 2,000, 
(km 

3/yar) the country is likely to suffer from inherent water deficit 
30 0problems (9). 

China Figure 8.4 compares the water-short region of Africa
5 with that of the western United States (10). The shaded

/Indonesa 
 areas show where the annual precipitation minus evapo-
Ii transpiration is between 0 and 10 millimeters a year. The

2.000 	 ,a African belt of water-short countries corresponds fairly 
united States accurately with the "hunger belt" that cuts a wide swath 

II Sthrough sub-Saharan Africa, extending into southern 
0Bangladesh Africa. (See Box 8.1.) Although both regions suffer from 

1.000- chronic watei" deficits, the western United States compen
sates for this by utilizing groundwater resources and 
employing vast water basin transfer schemes, thereby

Japan making desert land productive. 

0 , , , , 	 Variabllty oi RidnfalU 
20 400 600 8W0 1,00, 1,20 1,M 1.600 

Miions People Figure 8.5 depicts the areas of the world with the highest
Total Water Supply 	 interannual variability of rainfall. North and sub-Saharan
(kxnar) B.Africa, 	 the Arabian peninsula, southern Iran, Pakistan, 
300-
 100 2W and western India mark the largest contiguous region 

with the highest variability of rainfall-more than 40 
percent-over the long-term average. This high percent
age is also the norm for the southwestern United States 

200 S France and northwestern Mexico, southwest Africa, the very 
Ne$, Spain 0 eastern tip of Brazil, and parts of Chile. In these regions 

UI Kingaobnl the amount of rainfall every year is hig-hly unpredict
able (I1). 

100 	 In the Sahel, not only is much of the rainfall "unrelia
1,000 ble' but there is less of it today than 50 or even 30 

Sn Lanka 	 ,.Poland years ago. Recent data indicate that there has been a sig-
I / Egyp " -nificant 	 downward trend in the actual amount of rain fall

" rm ' I an c nocraic Rublic 	 ing over much of Sahelian Africa (12). At one measuring 
" station in Mali, for example, the mean amount of rainfall 

10 240 30 4o so 60 70 8o 90 100 durling a 50-year period from 1934-83 was 715 mil-
Total Water Supply Millions of People 	 limeters (mm), while during the last 15 years (frompeiiain ol 
ll'Jnlyear) C.Small countries 1968-83) the mean amount of precipitation was only
10- 577 mn a year (12). The same is true for measuring sites 

1o00 	 in Senegal, Burkina Faso, and Niger. (See Table 8.4.) Such 
cycles of drought have always been a common feature of 
this region. 

5- 2000 In other parts of Africa the picture is not much Ogffer-
Tumaia ent. In East Africa (Kenya, Tanzania, Uganda, Rwanda, 

4.00 	 and Burundi), rainfall also varies significantly from year 
to year. It is not unusual for a rainy season to be delayed 

Saud Arabia or not appear at all. In fact, the highest annual total rain
a _ _ _ _._ fall in any single year in the region can be "as much as 
M 2 4 o ' four times the lowest recorded total" 03).

2 4 6 a 10 
mllions oPeople 	 Stable Runoff 

Note: a Numbers at ends a lines; represent the numbers otpeople conpeting Some 41,000 cubic kilometers (km 3) of water flow off the 
for I million cubec metors of water per war. 

Source: Falkenmark, inpress 19%EReferertce 9.basod on data from Rferce 7 land every year into the sea, but only the stable part of 
this runoff-some 9,000 km 3 --can be economically 
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FIguro 4 Areat of Africa and North America with Poor Water Avaflability 

The ba10 

Nien /u10 Dja 

Afrocca thiopi o ai 

10 Kan 

Note: In Uheshaded areas. precpaton minus evapodranspiraton rs between 0 and 10 millmeters per year. 
SourWe: Baumgatner and Rechel. 1975. Reference 10. 

tapped for human use (14). The tropical regions of Latin flows through sparsely populated regions, like the Amea
A.merica and Asia have the largest amounts of total run- zon Basin, the total volume readily available for human 
off. Asia seems to have the biggest share, ranging from use is whittled down to about 9,000 km3 per year (18), of 
12,200 km3 to 14,100 km3 (15). (See Table 8.2.) However, which the Soviet Union alone has 1,300 km3 (19).
when measured by the average depth of runoff, Latin Although there appears to be no scarcity of water 

America leads with up to 685 mm a year compared with when viewed from the gross aggregate amount avail
Asia's highest estimate of 324 mlm. This is not unusual, able--if water use doubles over tiie next 20 years, as 
given the fact that Latin America's average annual some predict, and nothing is done to increase access to 
precipitation is 1,500 mam, 50 percent greater than the stable runoff or reduce demand through conservation 
world average of 970 mm (16). measures-water scarcities could develop even in "Water-

The volume of runoff in Africa, Australia, Europe, and Rich' regions. The total runoff also disguises glaring 
North America combined is less than 40 percent of the regional differences. For example, Africa's runoff per unit 
total (17). of land area is about one-fifth that of South America's 

Of the nearly 41,000 cubic kilometers of net annual (20). This situation is due largely to the lower amounts of 
input into the continents, the stable runoff amounts to precipitation that characterize Africa. However, if stable 
only about 13,000 km 3. However, since about 5,000 km 3 runoff is viewed solely from the point of view of per cap
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Box 8.1 The African Drilumght --

The widespread "hunger crsis" that has 
ravagLed sub-Salaran Aica c 19sic-&l 
was scarcely unpreincted- ientsts had 
been sounding alarm belts for year, that an 
etlo(geal dustsler was g!,l' to strike 

Africa. It was predictable that the farnine 
developed ptrcOy in the zone where 
farg_-scaJe land dcgra(d-ation has been 

increasing in inrensity and e, tent over the 

past decade (Se_ Ft'!,in 8 . main text). In 
this region, where prt-cipitation ininus 
evapoitran.spiration equals only 0-10 milli-

meter; a year. gmundwa'.er r,e:charge is 
extremely irregular. rendering water supplies 
in veiLs sensitive to even short penods o 
drought 0). 

ZONE OF RECURRENT WATER 
SHORTAGES 

.arge parts of tropical and subtropical Africa 
are arid or erni-arid. Often the monthly 
rainfall is barely enough to s~pporl plant 
cover. Much of the continent suffeis from a 
devastating interannal variability Af rainfall 

r.i (See Figure 8.5. main texd.) Typically, the 
variability s on the order of 30--40 percent 
for sub-S.haran Africa oi. This means !hat 

drought is part of the typical climatic pic-
ture. Evidently, agrictiltre in semi-arid 
Africa is som.wha! like a water lottery" (4. 
Crop success ckpends to a lirge extent oil 
the capacity of local populations to manage 
the risks invoived..-\nd the risks are formi-

dable. As Table I shows for Mali, in the 100 
millimeter tmm) rainfall zone, there is never 
as much as fo-ar months of pasture. in dry 
years perhlaps only one or two months. 
Even in the 300 nim zone, there is a risk of 
crop failure dunng dry years (5). 

The importance of rainfall variability has 
been repeatedly stresed b% .cientists in the 
past decade. However, the habit ingrained in 
"northern- scientists to talk about "norml 
precipitation" in the South is senotaly mis-
leading when applied to dry areas like 
Airica, where 'normal" has a completell 
different meaning. Multiyear. recurrent 
droughts are iKtrnal for this tegion-in fact 
there have already been tre'.a of thcm dur-
ing this century (6). And the last 1.-year 
period has been chaiacteized by a persist-
ent rainfall defknit, when compa:ed to the 
long-term average. The 'wet" 1960s have 
been followed by nearly two decades of 
relatively dry years 

FROM DROUTGH-TS 10 DISASTERS 
The Sathelialn region is a classic case of 
human mismanagement of the envionnent. 
Traditional "rik management" in this 

drought-prone area -ise-d to be a larely 

nonsadic way of life. Pksople and their 
anItrials moved south during the dry season 

in order to find .adeq ite p.sture. In the 

1960s, countries in thea~helian region were 
given foreign aid and loans from interna-

tional developrw.ent agencies to launch many 
well-drilling proects in the belief that s-ocial 

development w"uJd benefit from access to 
water year-round. Iii the wake of the wells, 

the presence of easily accessible water 

encouraged a sedentary way of life and in 

An Object Lkesfson in Fundamental Laad/Waiter Interidep'endendes' 

A2I -luctuating _engt.. -_ Jtnv Sea.s a In Southern und Central MAl 
Le3-& ul Gro,,InV Scom 

6, A (Ory) 'r" tUtmiay Wi 5ws 

k.utttl (N5 fiO100) (1 YU W,, o 00o) 

_mu , P:turs Crqy ____ r_____ 

r 'Yi .!...-, 250 2;0 
OC'c, C1- tAy) '0 ic0 220 

some cases, where there was sufficient pas- rehief centers or refugee camps. Massive 

toare, the traditional southward migration seas lpulation concentrations in the camps soon 
abandoned. This change. in turn, resulted in foster chronic shortages of fx)d and water. 

the rapid deterioration of p;asturelands Traditionally. disaster relief took the form 
around the well. of ernergency assistance, dincted largely 

Today. the drOught-prone areas of the loward reducing human suffering and hun-
Sahel are occupied by both sedentary ger. The general philosophy of relie was to 
farmers and nomadic pastoraJls, and during aid the stricken populations momentarily, 
dry years. oserrzing isa serious problem until "normal" conditions returned. In other 
throughout the entire region. The pctential words, it was a question of helping the vic

biomass prfouction of the area, s,,sich tims back to a viable status quo. The pres
deternines the catryinrg capa-icity of the ent continuing crisis in sub-Saharan Africa
 
land, and therefore places inits on 'he size has highllighted the fact that there is no
 
of the human and anitial populations that longer a "normal" condition to return to;
 
can be sustained, has often been surpassed. overpopulation and short-sighted land use
 

A Cernan scientist based in Mali for 26 policies bave combined to make the disaster 
years has d..scribed the land degradation a continuing one. 
pocess, using three examples -.,, In Central 
Gourma in east Mali. the "desertification" of References and Notes 

large tracts of once arable land was accel.'r- l. M. Falkeninark, "Macro-Scale Water 

ated ironically by the installation of water ",pplv Demand Comparison on the Global 
'wells. AIthough a igo.u.is paslure rotation Scene-A Hydrological Approach:' in 
policy was implementted, initially' ) control Hydrology and Earth Sciences, R. Keller, 
the risk of overgrazing, the ssten soon1Col- Ed. (Beitrage zur Hydrologie, 1986, in 

lapsed and the wells are now used year- press); and A. Baumgartner and E. Reichel, 
round. As a result, the cleert has moved The World Water Balance (Elsevier, 

350 kilometers south over the past 20 years. Aisterdam. 1975). 
In cent:al Niger, a vast are'. nearly the size 2. Y. Gustafsson, "Variations in Fainlall as a 
of West Germany has been seriously Natural Constraint on Agriculture:' AMB!O, 

degraded due to a ,milar process. Water Vol. 6, No. 1, p. 34 1977); and AK. Biswas, 
wells were drilled,, vhich altered the migra- "Climate and Development:' in Climate 
tion pattecns, placir,' increasing stress on and Development, Vol. 13, AK. Biswa., 
the carrying capacty of this fragi!e water- Ed. (Tycooly International Publishing Ltd., 

short region. The s tuaLon was aggravated Dublin, 1984). 
by the rainfall defici-roies of the last 15 3. AK. Biswas, "Climate and Water 
years. Similar conditions exist over wide Resources:' in Climate and Development, 

areas in Senegal and southw'st Mauritania, Vol. 13, A.K. Biswas. Ed. (Tycooly Interna
where the "well euphoria" o the 1960s has tional Publishing Ltd., Dublin. 1984). 
cautei disasters, best described by a Ire- 4. M. Falkernmark, "Macro-Scale Water Sup. 
quently used expres.sion in the Sahelian ply/Demand Comparison on the Global 

countries: "',Where there is plenty of water, Scene-A Hydrological Approach" in 

there is no grasf; where there is plenty of Hvidrology and Earth Sciences, R. Keller, 
grass. there is no water" Oil. Ed. (Beitrage zur Hydrologie, 1986, in 

press). 
DISASTER REIEF STRATEGIES 5. A. Diawara, A Rainfall Generator and 
COLLAPSING liater Balance Model for Mali (Royal Instil. 

Even if droughts are a naturdly recurrent tute of Technology, Stockholm, Bulletin No. 

pheonomena in all countries with a dry sea- TRITA-VBI-121, 1984). 

son climate (both semi-arid and semi-humid), 6. J. Sircoulon, "Les Doniues Hydropluviomet

they tend to develop into disasters in areas riques de la S&cheresse R11cente en Afique 

with high population densitihes although Intertropicifle. Comparison avec les . 

sparsely populated regions with degraded S4.Theresses 1913 et 1940:' Cahier de e' 

carrsng capacities are also severely affected 0R.STO2I!. serie Hydrologie, Vol. 13, 

(i.e.. parts of Mali and Chad). In such arem No. 2 (1976). 

dry years reduce the amount of food availa- 7. R, Reichelt, Die Deserttfikation Sudlich der 
ble to subsistence larmers to a bare minL Sahara, Ursachen und Folgen (Manuscript 

mum, even if there i.s water in the wells. CILSS, Ouagadougou, Burkina Fasc, 1984). 

An analysis oh such "natural" disasters. 8. Ibid. 

carried out by the Swedish Red Cross, shows 9. Swedish Red Cross, Prevention Better than 

that they are triggered by a chain process, Cure, Report ort Human and Environmen 

rather tIan one event 9. ,idesprad tat Disasters in th? Third World (Swedish 

drought forces people off the land and into Red Cross, Stockholm and Geneva, 1984). 
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ita availability, then Asia has only one half of the world's 
average gross water availability, while Africa is almost 
exactly at the world average of 8,562 cubic meters per 
person per year (21). 

in order to compensate for increasing demands on 
limited water resources, many countries-especially those 
in "Water-Poor" regions-are trying to capture a larger 
share of the gross runoff. By the end of 1978, for exam-
pie, the Peoples Republic of China had constructed some 
84,000 reservoirs with a total storage capacity of 400 bil-
lion cubic meters (22). 

The Soviet Union has also increased its accessible sta-
ble runoff by building dams and reservoirs so that its 
total ncw stands at 16,930 cubic meters per person per 
year (23). 

One crucial element in securing future water supplies is 
the ability of countries, especially those in water-scarce 
areas, to increase their access to stable runoff by building 
dams and reservoirs, tapping groundwater re,,erves, and 
learning to use existing reserves in a more2 sustainable 
fashion. 

Groundwater: The Resource 

The amount of water stored in the ground is enormous-
between 4 and 60 million cubic kilometers--exceeding 
the amounts in rivers, lakes, reservois, swamps, marshes, 
and the atmosphere combined. (See Table 8.1.) However, 
if water above 4,000 meters depth is included, this esti-

!t 

>30-40 

>40CO 

mate narrows to between 8 and 10 million km 3 (24). But 
only a very small portion of this water is economically 
exploitable. So despite the great quantities of ground
water available, relatively little of it has actually been 
tapped. Part of the problem is that in much of the Third 
World, the extent and quality of groundwater supplies 
are unknown and so too are the costs and types of tech
nology needed to extract it. In Central America, for 
example, the most abundant amounts of groundwater are 
thought to be in Nicaragua and Costa Rica, although 
both Guatemala and El Salvador have significant reserves 
in their Pacific coastal lowlands (25). Nevertheless, very 
few systematic data on the region's aquifers are available. 
The same is true for South America, Africa, and large 
parts of Asia. 

Recent trends suggest that groundwater will be increas
ingly exploited during the next 20 years, especially in 
North America, unless pumping costs escalate to the 
point where it becomes uneconomical to tap groundwater 
reserves. (See "Emerging Trends in Water Use:' below.) 

WATER USE DRIES HUMAN ACTIVmES 
Water use is another area saddied with rather poor statis

tics, even in countries with otherwise good statistical data 
bases. When industrial and agricultural demand for water 
increases, pressures build on limited resources. As can be 
seen in Figure 8.GA, total global water use has increased 
rapidly since about 1950, while per capita water use has 
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Thbla 8.4 Mean Annual RainfaH in the Si.hei 

Me;2,9 Amount 
Flom Pafersn.i:: :;o'JrceQ Moen Amounts Duilng the LAst: Last :,0 Yerm Last 16 Ysns 

Au Porcantseq As Percerite . 
50 yeara 40 yezrs 30 yeers 15 yearu ot thi of he 

Country 	 Station Wtci Wzrnstodvt Lvb,.*Y1 ('1934-63) (1944-83) (1'54-83) (19GO-83) Raforenre SourceII Referenca Sources 

Senegal 	 S! L.uos 341 J .1JH9 31J3 Li 281 233 72 B1 6067
 
Poaor X 311 3C9 ;85 276 2S8 200 83 64-65
 
Malam X 527 r2, 4F2 431 411 314 7879 60
 
bnquoe 535 53 531 462 449 418 3S8 78 79 67 
Dakar 578 599 578 560 481 458 329 7679 5557 
Diourbd X 6350 6130 628 619 589 482 8991 73.74 
Kaolack X 823 a3 X X 65b 531 7980 64 
Tam ,x hourida 942 886 08 679 839 826 709 8894 75.81 
Kedouoou X 1.307 1.307 1 238 1 226 1 239 1,147 95 88 
Kolda X 1215 1 217 X X 126 963 93 79
 
Z,gurn'or 1547 1.559 1 553 X X 1 347 1 133 8687 73
 

Mali Kayes 821 7!k 749 715 708 657 577 8088 70.77
 
N oo 631 709 707 548 544 518 412 7382 5865 
MoI 552 540 511 51i 512 495 458 90 92 83-85 
Hombon 454 390 4!0 402 409 390 353 86 100 78.91 
Gao 261 271 271 236 225 200 83 66 74.77 
Menaka 263 249 251 15 00 250 202 95-100 7781 
'omboco 225 201 208 X . X 147 X 65-73 

Sa1 743 749 746 731' 741 737 583 98.99 S1-92 
Segou 724 702 706 688 679 680 59A) 94.97 81.04 
Bamako 1.099 1.075 1 000 983 054 949 819 F6-95 79-87 
K,ta 1.151 1.116 1.116 X X X 882 X /7 79 
Keneba 1 408 1353 1,287 X .248 1.228 1.083 87-95 77-84 
Bougouri .337 1,311 1,316 1.246 1.193 1.186 1,082 89.90 81-83 
Kouiala 1.022 982 R82 989 996 063 859 94.98 84.87 
S,kasso 1 329 1,373 1376 1.221 1 210 1189 1,144 8689 83.86 

Burkina Faso 	 Don 542 83 501 X X 533 456 98 110 84.94 

Ouajigouya 715 728 706 68V 664 641 572 88-91 79.81 
Dedougou X 975 991 893 872 845 733 85 87 74.76 
Oiiagadougou 879 881 879 835 837 8.15 796 96 90-91 
,-ada N G- rma 890 090 834 878 899 911 824 102.109 93.99 
[orc4"io 1 029 1,079 1 029 951 938 911 889 6489 82-86 
ikbo Doiba,,o 1185 1.181 1.134 1.116 1 130 !095 1028 92.97 87-91 
Gaoua 1.161 1.162 1.247 1.103 1 059 1 062 1,036 85.91 83.89 

4ger rahoua 407 385 385 394 404 393 336 97.103 83.87
 
71labery 510 500 500 X X X 376 X 74.75
 
N,,nmey Aero 636 5941 S92 575 576 570 516 90-98 81.89
 
Bin, N Konni 597 602 601 X X 517 464 857 77-78
 
Maradi 642 622 623 5f5 561 539 454 84-87 71.73
 
Zder 549 530 515 ,186 479 460 401 34,89 73-78
 
Magana X 617 615 X 599 587 500 95 81
 
Maine Soroa 494 41 410 X X 374 324 69-93 78.80
 
N'Guignii 236 213 212 222 229 228 192 97,108 81.91
 
GajYX 861 852 X 828 813 803 96 94
 

4 - rKAa,aw~ 
Notes:
 
a WOild MKioCIOO,'O.4 0Dga ltoK (MCS CnjarcVcz Nornmz (CLINO) AorOm.no r.J C;wmra Sh, Si, k; thecPoraJ 1031.*O (WMO. GOivua. 1971)
 
b F L Wef-no01 A/.) Cl,ir.,Xr D'a, (Chrna. L'ia Prt5 Lcurou1 Pennso varz, 197M
 
c t N Leltxev Ed TheChmilte oF4,na PaljI GocrLmenewuzat In Rfus.in rLer.ia. 1968)

Source: Toyoo 1985 F fe,.: 12
 

steadily risen cver the same period. (See Figure 8.613) account for 40 percent or more of all water use (in East-
Table 8.5 shows the estimated water use in selected ern Europe industries can guzzle up to 80 percent), wlle 
countries, distinguishing among public (municipal), indua- in the Third Wofld. the overwhelming bulk of water goes 
trial, electric cooling, and agricultural withdrawas. As for irrigation, with industry seldom accounting for even 
expected, the United States leads in water withdrawals 10 percent (28). These trends are likely to continue into 
with 472 cubic kilometers withdrawn every year (1.6 tril- the next century. 
lion liters per day, or 7,200 liters per person per day). It should be notnsd that Asia and North America 
The largest 	share of this water (49 percent) serves indus- (United State,'nd C.; ,rada) withdraw about the same 
try and electricity-generating plants (nuclear and fossil..- amount of water for pu.'lic and household purposes (both 
fueled). Compare these figuies to data for India, which urban and nral), but considering North America's popula
withdraws 380 cubic kilometers per year, or a little more tion of 263 million compared with Asia's total of 2.6 bil
than I trillion liters per day, but because of the large lion, its per capita use of public water supplies is much 
population, 	 this impressive figure amounts to only 1,500 higher than Asia',. North America uses the greatest total 
liters per person per day, with 93 percent oi it withdrawn amount of water for industrial purposes (29), while Asia 
for irrigation rm). 	 leads all continents in tie use of water for irrigation. 

According to the United Nations Environment Program Increasing water withdrawals for municipal, industrial, 
UNEP), global water use breaks down into three broad and agricultural purposes, shown as a ratio of freshwater 

categories (estimated in rough annual percentages): irriga- renewal, indicate the extent to which some areas, particu
tion (73 percent), industry (21 percent), and public uses (6 larly North and sub-Saharan Africa and the Middle East, 
percent) 27). Water use patterns differ significantly from were already coming close to their limits a decade ago 
North to South. In .he developed countriE, industries (1975) (30). (See Figure 8.7.) Today, some 256 million peo
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,ura&G 'IbL;d and Per Capita GlobaI Waler Use, 1940-80 

A. Total Vhter Us 	 FimC. toy1.14rel ft 
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So4Jrce: 
1. Faikenmark, 19"r/. Fleerence 3 
2. Posel, 1985, Refer uce 26 

pie live in regions where 50-100 percent of the stable facility-not even a pit or bucket latrine (33).As many as 
runoff is usfd. 1.8 billion people are exposed to diseses by drinking 

contaminated (non-potable) water (34). Every day through-
Pubic Wate., DA oi' ng Water aid Sauitaflon out the world some 25,00 people die from a combina

tion of factois related moztly to using contanated
 
Most public uses.i)of water fall within the categories of water; four out of five deaths of clfldren in developing
 
drinking water, household water, and water for sanitation countries are due to water-related diseases o. 
and sewage systems (although most statistics include corn- According to Wl-iO, 71 percent of the urban dwellers in 
mercial use in this category as vell). Overall, only a 55 selected ThiNrd World countries had acce; to clean 
small percentage of total water withdrawals-some 5-6 drinking water in 1980, as opposed to only 32 percent of 
percent globally-is used for public (municipal) purposes, the rural populations in 61 developing countries (36). In 
but the quality of this water is very important (32). 'The those same countries a wide gulf also separ-tes urban 
World Health Organization (WHO) estimated in 1980, that and rural populations when it comes to having access to 
three out of five people in developing countries did not sanitation facilities: 41 percent of the urban T.-pulation 
have easy access to safe drinking water and three out of was served by some form of sanitation iacility, as 
four persons in these countries had no kind of sanitary opposed to 12 percent of the rural population (.37). 

Tble 85 Avera.e Anrual Water Use in Selected Countries, Total %idPer Capita 
WWswe SIAM VAV4n-v- by S.ctiW (prni~) 

3
ti Coe~it 


U-,iteuSlaes 472000 1.986 10 11 41
 

Cuty To~tal (Ia) Fk-r CIF4Is (in3) PLILAL rdcv Elel Afiutmftri~bon 
38


Canada 30000 1.172 13 	 3939 	 10

Egypt 45000 962 
 1 0 0 	 98

Finland 4610 946 7 85 0 8
Beium 8260 836 6 37 47 	 10
USSR 226 000 812 8 15 14 63
 
Panama 1300 596 12 11 0 77
 
India 360 000 499 
 3 1 3 	 93
 
China 460 000 460 6 7 0 	 87
Poujnd 15900 423 14 21 40 
 25
 
Libya' 1470 408 17 0 0 	 83
Oman 	 0043 350 2 0D 	 0 98 
South Africa 9200 284 17 0 0 
 63

Nicaragua 0890 272 18 45 0 37 
Barbados 0027 102 45 35 0 20 
Malta 0023 60 100 0 0 	 0 

p 	- Puhr" Tnd Industry 
- Industry and Eiec::,c Coolng 

1 For aidata qr.c pt China 7ofiasiewicz and Margat 1980 Reference7
 
2 For data on China V Smil TheBad Eanh EnrwronmPntal Degradation mnChina (Zed Prow. London, 1984)
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iF,gtt' . Index ef Freshwater U5-, 1975&7 
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Sourr.: Forf.as .mcz ao Margal, 19 0, Referenc,e 7 

In order to meet he International Drinking Water Industry 
Supply and Sanitation Decade taygets for clean water 	 In industry, water is used for cooling, processing, boilinui, 
and sanitation by t990, an additional 768 million rural 	 an tnstn, in add o co iioning an 

and transporting, in addition to air conditioning and
residents in the Third World would have to be served 
with water supplies, and 322, million with sanitation fecili 	 cleaning. There is a great diversity among various types 

of industry in terms of both the amounts of water 
ties (38). 

needed and its efficient use. A few industries, prIncipally
Figure 8.8 demonstrates how the amount of water used 

primary metals, chemical products, pet0roleum refining,
o,.~nds on the mode of distribution, income levels, and 

pull) and paper, and food processing, account for a fullageographical lo.catioi (39). Multiple urban taps result in 
withdrawal of betweeco 40 and 350 liter, per person perI 
day, while rural distribution in the Third World-water is 	 ,igmir,W rii D&aly HouneholW Water UsI 
usually hand-carried by w,,omnen and children-ranges 
from near the biological mnimum of 2-5 liter per per-	 Per Capita, 1976 
son per day up to 40 liters, -lid the quality of the water 

Urbanr Mdlupt Tapvares considerably. Water-relted diseases tend to occur 
when the availability of clean water falls below 50 liters 
per person per day. It should be noted that urban 
dwellers in mo-, of the ThiTr World have improved 
access to clean drinking water as compared to their rural Singe Tap 

counterparts. i has been estimated that more than 90 
million rural re<,dents of Latin America alone have little 
or no access to safe supplies of potable water (.10,w.Siini
larly, 23,000 villages in India had no access to clean StandPip 
drinking water, as of 1982 (41). 

A similar picture is seent thiroughout Afica: in rutral 
Tanzania, for instance, only 28 percent of the people 
have access to safe drinking water, as opposed to 82 per- Rural 

cent in the capital of Dar-es-Sailaam (42). WH-O data for 
1980 show that in Kenya only 21 percent of the rural 
population was served with safe hinking water; while 39 F1-l T "h 
percent of rural residents had access to sanitation facili- 0 20 40 60 80 100 200 300 
ties. For Madagascar the percentages were 9 percent and _ 	 ters Pr Captda par Day 
unknown, respectively, and for Angola 12 percent and 15
 
percent, respectively (43). The same pattern prevails over Sou'_,o: UN Wal3? Ccnfareme. 1978, Reference ;. a 48,
 

much of the rest of Africa.
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two thirds or more of all industrial water withdrawals (44). 

The specific industrial processes used heavily influence 
the amount of water needed. An "inefficient" plant may 
use up to 20 times more water than an "efficient" one in 
manufacturing the same product (45). 

In a general sense, the heaviest industrial water users 
mentioned above have improved their water use effi
ciencies significantly over the past decade. In Japan, for 
example, total industrial water use increased from 50 mil
lion cubic meters in 1965 to 120 million cubic meters in 

1974, but by the mid-1970s, two thirds of it was recycled 
water compared with one third in 1965 (46). 

By 1975, U.S. industry as a whole had achieved a 
water recycling rate of 2.2. This means that water 
brought into the plant was used on average 2.2 times 
before it was discharged. And about S0.5 percent of the 
original water withdrawn was returned to the surface 
water System (47). West Germany has a similar recycling 
rate (2.0), as does Japan (1.5). Given the trend to recycle 
process water, some researchers have predicted that the 
industrial demand for water in the United States will 
actually decline from the current level of more than 
1,500 liters per capita per day to less than 1,000 liters 
per capita per day by th- -,ear 2000 (48). 

Some advanced industrial countries in Europe have also 
begun to decrease their industrial raw water demand. 
Swedish industries, for instance, were forced by water 
quality laws to re-circulate their process water, resulting 
in a rapid decline in industrial water demand (49). (See 
Figure 8.9.) 

In the Thrd World, on the other hand, the trend is just 
the opposite; industrial water demands are increasing as 
countries struggle to expand their industrial base. 

FOCUS ON: IRRIGATION 

Agriculture, mainly irrigation, accounts for the largest 
single share of global water use-some 73 percent (50). 
Although estimates vary widely (as do definitions of ir-
rigated land), one recent reckoning puts the total world 

re-irrigated area at 271 million hectares with most of the 
cent increase in the European part of the Soviet Union, 
Asia, and South America (51). (See Table 8.6.) India has 
seen the mosi rapid growth. In the 1960s, the gross area 
under irrigation expanded from about 28 million hectares 
to 37 million hectares and today it stands at around 50 
million hectares (52). (See also Chapter 4, "Food and 
Agriculture:' Fable 4.5.) 

Despite the extensive use of irrigation to increase crop 
yields, especially in Asia, irrigation efficiencies are rather 
low. Farmers tend to over-irrigate because of low prices 
and cheap gravity systems, so it is not uncommon that 
70-80 percent of the water withdrawn from a river for 
irrigation purposes never reaches its intended destination. 

Even in the Colorado River Basin in the southwestern 
United States, the efficiency of water use is below 50 per-
cent (53). 

Environmental Impacts 

The two major environmental impacts from irrigation are: 
1) the excessive use of groundwater in relatively dry . 
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areas, depleting aquifers; and 2) the improper design and 
management of irrigation projects, which can result in 
salinization, aikalinization, and waterlogging of fertile 
agricultural land. 

Massive amounts of money have gone into the develop
ment of irrigated agriculture throughout the world. As a 
result, in certain areas where surface water is limited or 
legally difficult to use, groundwater reserves have been 
mined at a rate that exceeds their natural recharge. (See 
fable 8.7.) In North Africa and Saudi Arabia, socioeco
nomic development has been based, to a certain degree, 
on the use of fossil groundwater (which is essentially 

Table 8.6 Growth In hrrigated Area by 
Continent 1950-85
 

Tol Irgted Arcs Growth Inirr,itadArarO 
(million hect~raz,) (percent) 

Reion 1935 1950-60 1 0-70 1970-80 

Africa 13 25 AD 33 
Asia' 184 52 32 34 
Europe, 29 50 67 40 
North America 34 42 71 17 

0 100 0OcAmetcaOana2 9 67 20 33 

Word 271 49 41 32 

Now: 'iians-na 	Percentage inrtease between1970 and 1982 prorated 101970-80 to mantain co 
by oecaoe 

the USSRb indus the Asan pc of or "h USSRIc 	Irducl'theEuropean porttn 
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Thbkl &7 Selected Cases of Excessive straints get transformed into long-term, even more expen-
Water Withdrawals sive resource degradation problems. 

-_.____, s___ Globally, some 1-1.5 million hectares of mostly prime 

ol, , '(f, :r on e( , " ,ce,t, agricultural land every year (;1jSince the, .!,, i '%. rrr- ,ri,',r,dn , an iw5 are salinized 
!,j i,,j',( f7 I isO1'jupreasrr;Y :dilty. the total amount of?* te j, IieC!io 	 beginning of modern civilization,

'Mth ierfi,icpous, n,:and..ier r,, iav inareas at Prlio 
,- ,,n land affected by salinization from both anthropogenic and 

;i.i Toe ,ilai .1,' 9hat I1o ofthe estimated at 20-30 million hec)VpphS natural factors has been 
;',..t),lte', rW(;'i', 'r vtC' s (iiirnsoin. Oc.ri a large tares (62)., water, 	 area ol 


'r f, o,_)i!!efn,Aam s 0al~via y1he &i1ier a n i drtherkmdiIn
';",r:':,rn ,qd, cr ePp ji-,-nic northern c, :Q 

,.arr.JaJ tte-4ainare sY percent of all irrigated land (some 4 million hectares) 
Gr omt jrrafftji,3e nr pfrr the United States alone, it is reckoned that 20-25 

Ajrng in Boenq ee.is 
by 25 ocent water taut-0 in axre areas aredrorpn up suffers from salinization 63. And it is a persiitent prob
to I-,meters per arf
 

'i:,i .adu. .,rrnfif forrigalon has causd drorx5 in weafR and western
Hea- , 	 lerm in the plains of eastern China, the 
:1 table c,25-30 meters n a decade indian smi>-continent, Central Asia and Asia Minor, the
 

'rat, Arabtan Ininluon o(sea vator treenitr:, iflmrJ i COJ.I Ara-Caspian lowlands, thle CauCasus ad southeastern
G,,!' coatai aq-jifers threatens to cootaminoto d,'nnrg wnaersucoi A a-apanIW al .- ieG UaSI 1 suhatru,, Stat w hri on dlrEtLErop, 	 the Middle East, North and Wc.t Africa, and the 
t ,,n C't. Gr-u,,owater '.;mpxr tasCaLJSK .om.,c,oanrA aqufers plains of North and South America.
 
D...no ch i. and ,utrdenrce cland stJ'tac dura(ing LOiIlng.s re-, .

C-tral...... pTes and hundreds of rcvres ri I water1,on A he best irrigation watert ,,ll' 	 n fld-,o .p' -y ro nd 'ticls.t't~en d o-h,,c ntT:". from rivers still contains
 
11i.lo,,a, cor.....nt ten iod liter (mr/I)
hr,,, 	 200-500 milligrams per of salts. Supplying 

10,000 cubic meters of water deposits in the soil any
_,__ where from two to five tons of sadt per hectare of land. 

. :t.o,,,.- ....... 2.. After 10-20 years of irrigation the salt load becomes\,;.,,,' .o6 


enormous, amounting to dozens and even hundreds of 
tons per hectare, rendering the land unfit for agricultural

ion-rentewahle), since surface water is scarce and in some production (G4).
'iises; unus.able tr-u. (;h,Lally, roughly only 0.1 percent of This process of salinization can become a "vicious 
the total res-vers of groundwater are rechargeable and cycle' When water is diverted from a river or stream for 
can therefore be exploited on a sustainable basis (55). In irrigation, as much as 50 percent of it is not used by the 
addition to such liniited availability, there are severe crops. Instead, it seeps out of vnlined canals, pipes, and 
stresses on it.i quality, ditches, runs off fieIds, or percolates through the soil. 

In the southwest United States, the failure to place Most of this water eventually finds its way back to a 
water on a sustainable fooling threatens the viability of river or to groundwater reservoirs. On its way through 
tileresource base and consequently the economic system the soil, water dissolves naturally occurring salts in the 
dependent upon it 5o,;).Degraded aquifers have been rocks and soils and canies it along to riveib or ground.
reported from all over the continental United States. (See water aquifers, increasing their salinity. In the Colorado
Figure 8.10.) And there is growing concern that large River Basin, for example, irrigation causes nearly 85 per
areas of irrigated agriculture throughout the western half cent of all "man-induced salinity" (65).
of the country wil! collapse, unless water management Repeated and excessive use of water for irrigated crops
itrategies are worked out in combination with agricultural also results in the eventual accumulation of salts in the 
techniques better sited to drier climates. One fifth of the upper layers of the soil, particularly if the irrigation water 
irrigated cropland in 'he United States Ls supported y itself contains elevated amounts of salt. How wer, to 
groundwater mined from the vast Ogallala aquifer, which naintain crop yields, these salts must be leached out of 
underlies portions of eight states on the high plains (57). the root zone. 
(See Table 8.7.) 	 In order to avoid salt accumulation in the soil, the

Exceslsive groundwater pumping thas been rported input of salts from the irrigation water must be balanced 
from many other parts of the world as well. In the Tamil by a corresponding outflow of salts with the drainage
Nadu state of India, the groundwater table has plunged water from the irrigated land (6)i. Drainage is also impor
by over 25 meters since the 1930s (58. 	 Likewise, in north- tant because irrigated land often suffers, from rising water 
ern China, around Beijing, gr'ound ater supplies have tables. A balance has to be maintained in order to avoid 
been overdrawn by 25 percent above the renewable sup- waterlogging due to the accumulation of groundwater in 
pIly,doo-ing plans to increase agricultural production (59). the root zones of the crops. By keeping the groundwater

During the I9CA scientists generally became aware of level deep enough, evaporation near the surface, which 
the large amounts of chemical compounds generated by contributes to salinization, can be prevented.
badly planned and executed irrigation projects, as well as Lack of adequate drainage in ifrigated lands remains 
by certain industrial uses. The mismanagement of irriga- one of the most serious problems: waterlogging of the 
tion schemes, in pailicular, leads to the "sterilization" of soil is as damaging as salinization and they often go 
some of the bIi;t and most productive soils (60). This has hand in hand. By 1990, an estimated 890,000 hectares of 
been a persistent problem, even in such highly developed higly productive' land in the Sari Joaquin Valley of 
regions as the &an joaquin Valley of California. Unfor- California will have water tables a mere 1.5 meters deep,
tunately the frequent decision to postpone the construc- requiring that some 650,000 hectares be drained properly 
'ion of expensi,e drainage systems to a later stage of an in order to remain productive (67). Rising water tables 
irrigation project means that short-term financial con- constitute a persistent problem for irrigated agriculture, 
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but proper drainage schemes can usually eliminate water-
logging. 

In the Colorado River Basin (southwestern United 
States), large amounts of e :" irrigation water have 
added to the increasing salinization of !he river itself (68). 
Increased salinity at the Mexican border led to a confron-
tation between the United States and Mexico, which 
eventually forced the United States to construct a demali-
nization plant at the border (69). Salt damage in the U.S 
pert of the Colorado Piver Basin still costs all users more 
than $113 million a year (70). 

Similarly, in Israel, with its intensive program of 
groundwater recycling for irrigation, increLing ground-
water salinity has been reported due to the accumulation 
of soluble minerals rejected by the crops (71). The prob-
lem threatens the survival of economically vital citrus 
groves and avocado plantations. 

Soviet scientists report that both the Caspian and Aral 
Seas are in retreat from irrigation schemes that tap 
excessive amounts of water from their watersheds. The 
Aral Sea, in particular, is shrinking dramatically in size
the water level has dropped 3 meters since 1960, reduc
ing the sea's size by some 18,000 Square kilometers (72). 
By the year 2000, if present trends continue and more 
land is inigated, its lcvel will drop 9-13 meters below its 
original level (73). The Caspian Sea is not only suffering 
from falling water levels due to irrigation and industrial 
uses, but it is filling up with silt as well. As a result, the 
catch of sturgeon--and consequently the production of 
caviar--has been reduced, cutting into an industry that 
provides needed foreign currency. 

Massive amount, of salts have been monitored in the 
irrigated basins of the A-al Sea (74). Complete use of 
regional stable runoff for crop production may permit a 

Figuro 2.1O Declining Grourdwater Levels and Related Problems in the United States 
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doubling of the present irrigated areas, and if the pro-
posed water transfers from the Siberian rivers materialize, 
the irrigated areas around the Caspian and Aral Seas 
may expand sixfold. However, the reduced river flow to 
the Aral Sea has already increased its salinity threefold, 
to one gram per liter (75). By the year 2000, the salinity 
is expected to increase further, up to 3.5 grams per liter, 
The reduced flows to the Aral Sea may mean Ihat the 
salts will have to accumulate elsewhere, and in the end, 
the second largest inland sea in the Soviet Union is 
expected to be converted into a small salt), lake. The 
tragedy of the situation is underlined by estimates that 
suggest that the diversion of the Siberian rivers south 
into the Aral S-a Basin will still supply only about 25 
percent of the estimated water deficiencies (-t). 

PRICENG 

The general misconception that freshwater is a free and 
endless re.source h.,s seriously delayed society's need to 
adapt to the limits of a fixed ,,upply (71). Lack of appro-
priate pricing policies only encourages the inefficient and
wasteful use of existing reserves, In developed counies, 

industrial water use is declining, in part because of betterpricing systems as wll as water quality concerns. Studies 
carried out in e United States in the early 1970s clearly 
cariedeO in ah UnitedStoater wa ateearly19sar 
demonstrated that the cost of water was a prime factor 
in its use. At a very low price for water (around one 
cent per 1000 gallons), a fossil fuel-fired, steam, electric 

use as much as 50 gallons pergen,rating plant would 
kilowatt hour (kWh) of electricity generated. ,s the price 

increased to five cents per 1,000 gallons, the plknt would 
svwitch to a cooling tower, reducing raw water demand to 

about 0.8 gallons pr k adecrease of almost two 

orders of magnitude. If the price of water to go towere 
$8 per ],000 gallons in dr,'regions, then a dry cooling 
tower, with effectively zero water use, would be the most 

In other words,economical technology to employ (78).
from the western U.S experience, a fivefold increase in
frothericeswter ledsriena fifoldecrease inthe pric e o f w a tr , le a ds to a fifty fold de cre a se in u se, ( 9). 

The same is true for municipal water use. In the 
United States, studies have shown that consumers use 
substantially less water in municipal systems that have 
meters and higher prices. It has been demonstrated that 
a 10 percent increase in tile price of water wil result in 

re..,er' will start to be mined at a greater rate. During 
the past 20 years, groundwater development has 
increased noticeably in Mexico, the United States, and 
Canada. Groundwater supplies more than 10 percent of 
Canada's drinking water, and in 1980, the United States 
withdrew 124 kT 3 of groundwater for all purposes (83), 
up from -17 krm' in 1950 (,I). This trend is expected to 
continue into the next century. 

As developing countries expand both agricultural and 
industrial activities over the next 20 years, there will be 
considerable prevsure to increase pumping from under
ground reservoirs. And if their supplies consist mostly of 
fossil groundwater, then some water-short countries could 
end up mining a non-renewable resource; it takes thou
sands and lometimes millions of years to replenish fossil 
groundwater stocks. 

WATER POLLUTION 

tne te awn of or h n am npule 
the freshwater system in order to augment dependable 
sopplies by pumping, piping, channeling, damming, stor
ing, draining, and tilling. In other words, human activities 

proved to be an integral part of the water cycle
In Europe and the United States, where industrial 

development took place under relatively water-rich condi
tions, the wastes were returned to the rivers, generaing
adverse environmental effects. As water demands 
increased for municipalities, industry, hydropower, and 
wase trmncndasivastlndreclamtopoects 
waste treatrent avod as vast land reclamation projects 
were developed, the quality of the water in aquifers, 

rivers and streams, and lakes began to deteriorate. 
The fouling of water courses and lakes by industrial 

processes and sewage treatment has been one of the 
hallmarks of this century, but the process has accelerated 
rapidly, especially since the Second World War. Conse
quently, water pollution issues have attracted active pub
lic interest in many regions of the world. 

The basic type of water pollution, well known in both 
developed and developing countries, is the pollutionc u e y t e d s h - e o n r a e r i a e u t l 
causedtreated wastey the discharge of untreated or inadequatelywater into rivers, ,,ks, and reservoirs. 

Over much of the industrialized world, wa-'te water treat

nient plants employing various technologies have been 
installed at considerable costs to reduce the discharge of 

10-7 incrape inthe water w r t polluted effluents into freshwater systems. Figure 8.11aa 1.5-7percentpercent drop in water demand ts0).shwacossetuarteninheum rofppe 

Additionally, there is a direct correlation btwcen the 


cost of water and irrigation efficiency. The US. Bureau of 

Reclamation found that at a cost of $l-3 per acre-foot of 


water, irrigation efficiency was less than 40 percent, but 

the cost of water increased to $10 per acie-foot, irriga-as 


tion efficiency improved to over 60 percent (81). 


EMERGING TRENDS IN NVATER USE 

As recently as the late 1960s, a few experts were project-
ing drastic increases in water use by the turn of the 
century-up to 15,000 cubic kilometers per year (82). 
Even if these estimates prove unrealistic, it is obvious 
that water demands are increasing. A number of experts 
conclude that as water demand increases, groundwater 

,!PLOPE5;ALCES 1W 

shows a consistent upward trend in the number of people 
served by waste water treatment plants in the Organiza
tion for Economic Co-operation and Development (OECD) 
countrie although there is considerable variation in the 

percentage of the population covered: from 20 percent 
for Spain and Belgium to nearly 100 percent in Sweden. 
In the developing world, however, the trends are just the 
opposite-as their rudimentary industrial bases take shape 
and populations expand, water pollution control and 
waste water and sewage treatment are either non-existent 
or are wholly unable to keep pace with levels of pollu
tion (86). 

As industrial waste water flows increase and become 
more complex, with higher loads of inorganic and toxic 
chemical compounds, new pollution problems develop. 
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Figuiro ,11 Percentage of Population Served 
by Waste-Water Treatment Pla.ats, 1970-83 
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Local fish-kills attributable to the effects of toxic sub-
stances in the water become commonplace. In order to 
minimize these pollution effects, most developed coun- 
tries such as Sweden, as mentioned earlier, used legisla-
t:on to force technical improvements in the way munici-
palities and industries treat and dispose of their waste 
products (87). On the other side of tile ledger, developing 
countries like India, China, Indonesia, Tbnzania, and 
Kenya are among those Third World nations suffering 
from an increase in industrial pollution of their freshwater 
systems. 

Another water quality problem is the increasing 
eutrophication of rivers and lakes, despite municipal 
waste water treatment. This type of pollution, called non-
point pollution, is caused mainly by the runoff of pesti-
cides, herbicides, and fertilizers from agricultural lands 
(88). Since the 1950s, there has been a marked increase in 
the concentration of phosphate (phosphorous) and nitrates 
in the inland waters of many countries, particularly North 
America and Europe. This rise reflects the increased use 
of detergents and ferti!izers. Two of the most notable 
cases of eutrophication involve Lake Balaton in Hungary 
and Lake Geneva (wedged between France and Switzer-
land). Both lakes suffer from an overdose of nutrients 
brought in by the chemical runoff from nearby agricul-
tural lands, mainly vineyards and farmland. Eutrophica-
tion is also a major problem in reservoirs and artificial 
lakes used for community water supplies, particularly in 
Morocco and many countries in Latin America. 

- The overall quality of the water in rivers and streams 
of OECD countries---as measured by' the amount of dis
solved oxygen in a river or lake and the amount of bio
logical oxygen demand (BOD) from the introduced 
waste-has improved since the 1970s (89). (See Table 8.8.)
By and large there is more dissolved oxygen in the rivers 

of OECD countries than in the 1970s, pointing to the 
effects of clean water legislation, particularly the intro
duction of secondary (biological) and tertiary (chemical) 
treatment of waste water. TIs trend is further confirmed 
by national surveys, which show reductions in the dis
charge of oxygen-consuming substances and improve
ments in the water quality of many rivers in the United 
States, Japan, France, the Neth.rlands, the United King
dom, and the Nordic countries (vjo). Nevertheless, stretches
of some rivers in these sarme countries are still polluted. 

The 42 livers monitored h the OECD countries since 
1970 have also shown a consistent improvement as 
regards certain other pollutants. The measurable amounts 

ammonium have decreased along with those for heavy
metals like lead and cadmium. In the Rhine River (at a 
site- in West Germany), lead, in fact, has shown a dra

matic decrease, from 24 micrograms per liter (pg/l) in 
1975 to 8 pg/l in 1983 (91). Over the same period, cad
mium in the Rhine (at the same site) declined from 2.40 
pg/I in 1975, to only 0.40 tig/l in 1983 (92). 

Similar data for developing countries are nearly non
existent, but scattered reports and the few monitoring 
data available indicate that pollution is a growing prob
lem. India is a classic example: 70 percent of its total sur
face waters are polluted (93). Out of India's 3,119 towns 
and cities, only 217 have partial (209) or full (8) sewage 
treatment facilities (94). 'File result is severely contami
riated waters. A 43-kilometer stretch of the Yamuna River, 
which flows through New Dehli, contains 7,500 coliform 
organisms per 100 milliliters (ml) of water before entering 
the capital, but after receiving an estimated 200 million 
liters of untreated sewage every day, it leaves New Dehli 
carrying an incredible 24 million coliform organisms per 
100 ml (35). Industry is no better. That same stretch of 
the Yamuna River picks up 20 million liters of industrial 
effluents, including about 500,000 liters of "DDT wastes" 
every day (96). 

China's rivers also seem to be suffering from increasing 
pollution loads. Of the 78 monitored rivers in the People's 
Repubiic, 54 are reported to be seriously polluted with 
untreated sewage and industrial wastes. The Huangpujian 
River, a major source of drinking water for Shanghai, 
carries one volume of untreated wastes for each four to 
six volumes of water (97). Malaysian rivers, in turn, are 
becoming ecological disasters. Reports indicate that more 
than 40 major rivers are so polluted that they are nearly 
devoid of fish and aquatic mammals. 'Tle primary pollu
tants were identified as oil palm and rubber processing 
residues, sewage, and industrial wastes (98). 

Rivers in the Soviet Union are becoming more polluted 
as industries expand. Industrial waste waters are said to 
comprise a full 10 percent of the Volga River's average 
flow at Volgograd, with three quarters of the wastes dis
charged into the river untreated (99). 
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Table 8.8 Water Quality Indicators for Selected Rivers, 1970-83 
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Average Last 
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Cnada SI Lawrerce 81 100 X X X X X X X X 
rindedSlaleS Delaware-Trenton 96 108 119 103 1i 1 19 20 22 26 28 

Japan 
Mis ssippiS 
lt.strkari 
Yodo 

Frarcs 84 
87 
83 

85 
107 
39 

83 
i06 
90 

89 
106 
82 

89 
105 
80 

24 
17 
36 

22 
14 
32 

17 
14 
38 

1 1 
15 
42 

18 
14 
41 

Autrahla 
New Zealand 

Brsbane Estuaryoc
Wa,kaloa 

X 
X 

56 
90 

64 
X 

60 
X 

62 
X 

X 
X 

16 
15 

1.0 
X 

12 
X 

12 
X 

Belgium M?.eu',-Heer/Agi. 82 108 106 X 107 44 66 42 X 47 
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E.rautBeharies 

7.7 
X 

89 
40 

95 
59 

X 
X 

92 
47 

12.5 
X 

4.7 
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3.9 
107 

X 
X 

4.0 
96 
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Denmark Guioenaa X X 97 10.7 102 X X 3.4 4.5 43 
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X 
X 
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X 
X 

11.9 
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X 
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X 
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X 
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2.3 

3.5 
X 

2.0 
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7.2 
2.3 
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9.8 
X 

9.5 
7.1 

9.8 
81 

8.7 
8.7 

9.1 
8.5 

4.1 
X 

3.7 
33 

2,8 
2.2 

28 
1.5 

2.8 
19 

Norway 
Portugal 
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X 
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8.1 
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X 
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X 
X 

5.7 
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1.6 

6.3 
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X 

3.9 
3.5 
2.5 

2.3 
X 
X 
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X 
X 

Spain 
Switzerland 
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X 
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12.3 
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11.8 
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X 
X 

8.2 
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X 
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X 
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X 
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X 
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Merl..y 

X 
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9.4 
6.1 

8.4 
6.1 

8.5 
6.1 

X 
X 

7.3 
8.6 

56 
X 

X 
X 

5.3 
X 

Yugo-navna Dunau 9.6 9.1 9.2 X 9.5 3.4 25 35 X 3.7 
Dava 8.8 7.4 10.1 X 100 34 26 3.1 X 31 

X, rA avalaue 

a 
b 
c 
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1975 dat3rfer n 1976 
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0 Datta WreaorYo'.LmSa 

e 1970 data refer to 1971 
t 1970 d,'a toter to 1972 
0 19W ctla eri to 19?9 

93 data wrtltto 1912 
93WrJala refer to 1978 

Source: C0Wrzatjlr tor EccmynEc Copraron a"l DevdopCO(ECD). 1985. Rderence 89. 

water with maximum nitrate-nitrogen concentrationsPolluted Groundwater 
greater than 3 mg/I (102). Of these wells, some 8,200 had 

Nitrate concentrations in groundwater reserves have been nitrate-nitrogen concentrations that exceeded the U.S, 
increasing for the past decade, giving rise to health con- Environmental Protection Agency's regulatory limit of 10 
cerns (00o). Today, elevated levels of nitrates in drinking mg/l. The U.S. Geological Survey notes that "in most 
water-from both natural and anthropogenic sources-are instances, elevated nitra.e concentratioas occurred in 
considered among the worst forms of groundwater pollu- water from wells in shallow aquifers, although long-term 
tion facing Europe and North America. With the increases of nitrate in deep aquifers are possible where 
increasing use of fertilizers in the Third World, similar the aquifers ar iecharged by nitrate-rich water from shal
problems are expected to crop up during the next low aquifers or from the land surface' 003). 
decade in the South. According to a recent assessment, The pollution threat in Europe and North America is 
forests, dry steppes, and semi-arid areas under temperate also aggravated by the seepage of toxic chemicals from 
conditions carry higher risks of nitrate leaching than waste dumps that slowly percolate into the groundwater 
similar areas in tropical climates, which should have table. In the United States, some 10-20 percent of the 
fewer problems with nitrates in dinking water 001). 10,000 identified dump sites for haardous wastes are 

The disposal of human wastes from septic tanks and considered a potential threat to groundwater reserves 
agricultural activities, including fertilizers and wastes from (0o4). City dumps (called "sanitary landfills") containing 
livestock, are the two largest sources of nitrate contami- household garbage and solid wastes also produce 
nation of grow-dwater throughout the United States. (See leachate that can infiltrate groundwater systems. 
Figure 8.12.) R-cent surveys indicate that out cf more China reports that 41 out of 44 I-irge cities suffer from 
than 124,000 wells sampled, 24,000 (20 percent) had polluted groundwater. This pollution is thought to be 
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responsible for the high levels of heavy metals monitored ' 
in urban and suburban vegetable gardens (05). 
Similarly, European countries are suffering from


increased levels of toxic substances seeping into ground-
water reservoirs O06). 

In order to prevert groundwater contamination in the 
future, policymak.s must clearly grasp the processes 
involved. Groundwater pollution, which is the result of a 
long-term pricess, must be detected at an early stage.
Because of the very slow rate at which groundwater 
moves, once groundwater is polluted and unfit for con-
sumption, it might take decadesi, centuries, or even mille-
nia before natural proces-,es flush out the pollution 007). 

A LOOK AHEAD 
Managing water demand instead of increaing supplies
 
-will become extremely important over the course of the 
next two decades. Water-efficient technologies in agricul
ture and industry must be developed and widely used if 
humankind is to avoid a worsening water crisis in the 
coining decades, especially in water-poor regions. 

Irrigation efficiencies, which now stand at a world aver
age of only 37 percent (mostly due to overirrigation and 
to t'ansport losses), must be increaved. Obviously, there is 
much scope for improvement. Better management of 
canal systems alone will reduce water losses from irriga
tion in the Third World by 10-15 percent. 

Figure 8.12 Groundwater Pollution In the United States 

Area Problems 
Significant groundwater pollution is occurring 

Sal water intrusion or groudlw-ater is naturally salty 

High level or otherof minerals dissolved Solids ingroundwater 

Unshactea area may not be problem-free. but problem
was not considered major 

Boundaries 
Water re _ources region 
Subregion 

A 

A.-%. 

Specific Sources of Pollution 
V Municipal and industrial ,ases including waslec from of and gas fields0 Toxic industra! wastes* 	 Landfil leachate 

A 	 Irngation rtlurn waters 
* 	 Wa.es from welldrilling, harbor dredging. and excavation for 

drainage systems 

* 	 Well injection of industrial waste liquids 

Source: VJ Pye elal. Groundwater Contamination in the Urited States (Univemly of Pennsylvania Press. Philadelphia. 1983). 
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In older to accomplish better management of water 

as one of the best
resources, water pricing may emerge 

tools, along with further government regulation and edu-
cation. 

RECENT DEVELOPMENTS 

ANDDRINKING WATERINTERNAYI-ONAL 
DECADESANITATION 

Trhe International Drinking Water and Sanitation Decade 
United Nations in 1980, is(1981-90), launched bv the 

creating a global awareness among policymakers of the 


water in the fight against disease
importance of potable 

by promoting and strengthening public sector institutions 


resources (10). But translating the
in managing water 

ambLitious goal of bringing freshwater and proper sanita-


tion to all by the year 1990 would necessitate the provi-


sion of water supplies for 500,000 people every day dur-

ing the entire decade (109). Tb achieve this goal in a mere 

10 yeais is proving unrealistic, 
urgent need for public health reasons, asStill, it is an 

well as to end malnutrition. Infections from unclean 

water can cause malnutrition despite an adequate calorie 

supply. Coordinated education in sanitation, nutrition, and 

health is essential m1). 

OF LAND ANDTHE INTERDEPENDENCE 

WATER 


At a recent seminar on "River Basin Strategy: sponsored 
by the International Water Resources Association (IWRA),

wate exertsfro caledfor n ite-Atsei-a--idzone 
an inte-water experts from seri-arid zones called for 

grated approach to water management to meet the dual 

problems of soil and water degradation from land-based 
activities. It is apparent that the "water illiteracy" preva-
lent among planners needs to be overcome if new strate-
gies are to be implemented to deal with the narrowing 
gap between supplies and consumption in water-scarce 
regions aoli). 
From a policy perspective, attention isalso being 


focused on the whole field of watershed management. 
International assistance is stressing the importance of 

of disaster prevention,land conservation as a measure 
as one of its main benefit,

bringing water conservation 
ibaman, Nigeria, in

brinternational conference held in 
a teinAn nTroial"Tropical Agriculturalcutural HlHydrology'n drew attention1979 on 

the technical solutions being tried successfully in vari

to 
ous tropical environments. Problems remain unresolved in 

areas with heavily populated watersheds subjected to 
widespread subsistence farming and livestock raising 012). 

A recent meeting in Liding6, Sweden.'Innovation for 

Development'-was sponsored by the International Inven-
tors Awards. Experts concluded that any innovations in 
the area of water management should address not only 

the existing constraints imposed by the hydrological cycle 

itself but those induced by steadily increasing water 
demands for industry and agriculture, by ongoing land 
degradation in catchment areas, and by worldwide water 

quality deterioration 013). 

RESOURCESWORLD 19811 

OF SHARED WATERMULrINAI1ONAL USE 
RESOURCES 
By the mid-1970s, around 40 percent of the world popu

lation was estimated to live in international river basins, 
on imported (exogenous)that is,in countries dependent 

(I). The amount and quality of most of this water 
water 
are controlled by activities in upstream countries: the 

larger the irrigation schemes in upstrea-i countries, the 
uses; the larger the

less water there is for downstream 
polluting activities in upstream countries, the poorer is 

the quality of water arriving in downstream countries. 

The degree to which continental rivers are international 
in character varies consid-rrably inresponse to geography, 

(See Table 8.9.) In Africa,size of the countries, etc. (115). 
for example, most of the river systems spill across 

national boundaries. This situation makes the African 

continent particularly sensitive to the problems of shared 

water resources. In seven cases countries have mutual 

interests in increasing the dependable flow of water. Both
 

Egypt and the Sudan, for example, have a vital stake in
 

water storage and flow control schemes on the Nile 016).
 

The Rhine River, on the other hand, is a classic exam

pie of conflicting water quality interests. Both France and
 
Rhine water forthe Federal Republic of Germany use 


industrial purpose., discharging heavy pollution loads that
 

the Dutch must clean downstream for drinking water. In
 

India, the Ganges River is an example of where an
 

upstream country diverts great quantities of river water
 
for its own use (mainly for flushing out Calcutta harbor), 

thereby reducing the stable river flow for the downstream
 
conrofBglds01) t r17).

country of Bangladesh
the United Nations Water Conference in Mar del 

Plata Argentina, in 1977, considerable interest was given 
to the issue of international river basins and the need for 
river basin authorities 018). Mari), downstream countries 
joined together in calling for an "international code of 
conduct" that would attempt to set guidelines or limits 
on how upstream and downsLream countries could use 
their shared resource. There is clearly a need .o 
strengthen the force of international law as an instrument 
to induce states into cooperative measures to safeguard 

international codee ofof oncommon water resources. An co con
watereource countratoct" 


on moredluct" would encourage countries to cooperate 
ano water quality issues.specific water use 

The United Nations Water Conference 	provided a num
to formulate andber of countries--particularly Argentina, Egypt, Mexico,and Romania-with the impetus needed 

Tabla 8.9 International Rivei-r By Co'Idnent 
b_ 

Shrimidcbby of-.c a 

Cctork (mT-.,O) Rtm efsd counutsz i 
34Afrca 270 56 12 

Notrh and 383490Central America 	 31South America 100 36 2 
315

Asia 6004 46 4 175Euro00 330 
40 

TO O 1,31M, 214 23 309 
N: Dt ate afom 

1980,s irand. efeene 114 
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implement long-range planning based on "demand projec- administrative and statutory arrangements for regulating
tions, comprehensive river basin planning and water water rsources. These embraced water tights, water and 
economy budgets" 019). land control, pollution, and waste water treatment 022). 

Over the decade from 1975 to 1985, there was a dis- From 1972 to 1982, the international community en
cernible trend toward the establishment of river basin larged its research and educational capabilities. Three 
authorities such as the ones in the Sokoto Piver Basin in efforts stand out: the creation of the Water Research 
Nigeria and the Volta Basin in Burkina Faso 020). Devel- Centre in the United Kingdom; the establishment of the 
oped countries also expanded their management capaci- Institute of Water Economics, Legislation and Administra
ties. In the United Kingdom, for example, the govern- tion in Latin America; and the founding of the interna
ment established a network of regional water authorities tional Training Center for Water Resources Management 
responsible for supply, conservation, and waste water in France 023). 
treatment (121). Since the founding of the United Nations Environment 

Program in 1972, major new water pollution control sta-
WATER LAW 	 tutes were enacted in the United States, New Zealand, 

Water law also gained importance in both developed the Federal Republic of Germany, Greece" Ireland, Italy,
 
and developing countries over the same period. At least the Netherlands, Spain, the United Kingdom, and the
 
one third of all countries in the world revised their Soviet Union 024).
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9. Oceans and Coasts
 

Oceans cover more than two thirds of the earth's surface 
and sustain numerous valuable li-ing resources. 
Over half the population in the developing countries ob-
tains 40 percent or more of its total animal protein sup-
plies from fish o). Fish products are also used for animal 
feed, for fertilizer, and in soaps, pharmaceuticals, and 
other commercial products. 

CONDIONS AND TRENDS 

Nearly all the world catch of marine species is taken 
within 320 kilometers of land, the zone where more than 
half the total biological productivity of the oceans occurs 
(2). Unfortunately, coastal areas are also subject to a varie-
ty of human pressures that could severely degrade the 

WORLD FISHERIES 

The Marine Fisheries Harvest 

The total world fisheries catch has increased during the 
past few decades. Between 1950 and 1970, it rose 
steadily and rapidly at an annual rate of about 7 percent.
(See Table 9.1.) Then between 1971 and 1972 the total 
catch dropped, largely due to the dramatic fall in the 
catches of Peruvian anchovy which was then by far 
the largest fishery in the world. Since 1972 the catch has 
been increasing again, but on:ly at 1-2 percent annually 

The present marine catch totals some 76 million metric 
tons annually. 

Fisheries in the North Pacific and North Atlantic 
dominate the world's fish harvest, accounting for more 
than half the total catch. Formerly the home of the 
world's major fishing fleets, these areas continue to 
dominate because they are exceptionally well-endowed 
with the shallow continental shelves on which most com
mercial species are found. 

The steady rise of the world total catch is not typical 
of the catch from individual fisheries, which may fluxuate. The typical history of exploitation of an individual 
stock is for catches to remain at a low level (or even 
zero) until the stock is located by a long-rane fleet, or a 
technical or marketing development triggers the growth
of a local fishery. Growth can then be very fast, doubling 
each year for a decade or more (as occurred with the 
Peruvian anchoveta). But this situation is exceptional; 
growth rates of 20 percent or even 50 percent per 'ear 
are more common. 

If the resource is fairly resilient under heavy exploita
tion, catches may reach an asymptote equal to the 
productive capacity of the resource. But less stable stocks 
may collapse under too-heavy fishing, and the catches 
may drop to a low level or even zero. Between 1960 and 
1983, tuna and Alaskan pollack catches substantially in
creased. Peruvian anchovy catches, however, declined 
dramatically during this period as fishing pressures be
came excessive. (See Table 9.2.) 
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Table 9.1 Nominal Annual Fisheries Catches, 1950-83 
!' I~c,? t ,r, 'O~ 
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FISH CONSUMPTION AND TRADE 1982. Cured fish (sundried, salted, pickled, or smoked) 
has dropped from 33 percent of the world catch in 1951 
to just 14 percent in 1982 (5). The rest of the catch, some

Compared with the gross production from agriculture, the 31 percent, is used for other purposes such as fish meal 
contribution of marine fish to human intake of animal for poultry or for manufacturing soap, pharmaceuticals,
protein is quite small. However, as noted earlier, it can be etc. 
very important locally, particularly for people in coastal Fish .-,'ices and trade are also influenced by consump
developing countries. People in some developed countries, tion patt,.rns. Fish use for human consumption and indus
such as Japan and Iceland, also rely on fish for an im- trial purposes grew rapidly from 1960 to 1970. After 
portant part of their daily diet. 1970, human consumption continued to grow, and the 

Not all the marine fish catch goes directly onto the production of fish meal declined slightly from its 1970 
table. A significant proportion of the low-valued species peak (6). Most of the growth in human consumption oc
(anchovy, sand eels, etc.), as well as the waste from curred in developing nations. 
processing the higher-valued species, is turned into fish An analysis of catches by economic groupings reveals 
mea!. This is then fed to poultry or other farm animals that while developed countries still harvest more than 
arid appears in the human dish secondhand. half the world catch, there has been a steady upward

Fish is an increasingly important source of foreign trend in the >.rvests of developing countries, especially
exchange earnings. World exports of the major fishery those in Asia. Developing countries collectively increased 
commodities now exceed $15 billion annually. Prices for their annual fish harvests by 3.5 percent from 1977-81 
fish and fish products range from $100 per metric ton to while developed countries' harvests grew a modest 0.7 
more than $5,000 per metric ton. Although the data are percent. Five of the top ten fish-producing nations in 
limited, it appears that in most countries fish prices have 1982 were developing countries. (See Table 9.3.)
risen more rapidly than the prices of other foods (3). Developed countries dominate internationaJ trade in 

The rise in prices partially reflects changes in fish fish and fish products, but developing countries are taking
packaging. During the 1950s, about half the world catch a larger share of this trade. Between 1974 and 1982, the 
was consumed fresh and only 1 percent was frozen (4). volume of exports of fish and fish products from develop-
Today, frozen fish for human consumption comprises 22 ing countries doubled, and their value tripled. The Re
percent of the total catch, but the amount marketed fresh public of Korea, Mexico, Thailand, India, Chile, and 
has fallen to 20 percent. The share of canned fish has in- Argentina are among the countries wiih the most signifi
creased from 6 percent in the 1950s to 13 percent in cant :ncreases in fish exports (7). (See Table 9.4 for data 

Table 9.2 Catches of Selected Species and Species Groups, 1960-83 
(rrlhorisc rnetric tons) 

1960-64 1965-69 1970-74 1975-79 1980 1981 1082 1983 
Salmon. Trout. Smetts. etc. 04 04 04 05 06 07 06 0.7
Tunas. Bontos Blses. etc 1.1 13 1 7 18 26 26 27 2.8
Mackerels, Snooks Cu~lasz!,s'ras etc. 1.7 1 9 26 36 3.3 3 1 2.5 2.2 

(Sco,,tber s.-r 
Ja:cKs. M&.els. Saues, etc 1.1 1 0 1 6 24 28 32 3.9 3.2 

(Trachurus)
AlIanbc Hemr'g 28 35 20 11 09 10 10 1.1 

15 19 1 4 44 7 1 79 8.6 95
,Sarc,roros & Sarcna)

Ar -io,,ela (Peru oniy; 66 98 90 22 08 16 1.8 01 
A;iantc Cod 2.4 32 2.8 23 22 23 2.3 2.1 
Alaskan Pollack 06 1.9 3.1 4.4 40 42 45 50Tote: Marine Finfl-h 34.5 47.2 52.5 56.0 58.2 58.4 59.2 58.8
Sh'rrD Pawns. etc 06 08 1.1 14 1.7 16 17 1.8
Soud C.t e-shc Octoouses. etc. 08 10 1 0 1 3 1 5 1 4 16 16 

Note: Dal 'o 'S50-79 arefiejear aerage,

Source: U N FoO,.1 and Agnr-iure Or ar zal.on (FAO) Yearbook of Fstlery statisti for reievant years
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'Table 9.3 Ten Countries with Largest Fish 

Production, 1982 


1978 1979 1980 1991 102 101-82
Country (thoisanda of rneotc tons) % change 
Japan 10.134 9.945 10426 10,657 10760 10
USnled States 3.418 3,511 3.635 3767 3.922 4 1 
Chile 1929 2,632 2,815 3.393 3.673 8.3 
Per, 3473 2.715 2.73E 2,740 3.452 260Norway 2.593 2.658 2,409 2.539 2,463 -3 0
India 2306 2.340 2.438 2.4A15 2,400 -06 
Korea, Republic of 2.092 2.162 2.091 2.366 2,261 -36Kndonesej 16.2 1.742 1.842 1,903 2.020 61
Denmark 1,740 1,738 2.026 1.652 1.907 3 .0 
Source: U N F1 a. A lc,re Oaxza[,o (PAO) INFOFISH Markxg Cgev. No 5 

on the ten largest fish exporting and importing countries 
frcm 1974-82.) 

FOCUS ON: THE IMPACTS OF THE NEW LAW 
OF THE SEA ON FISI-VERIES 
By the end of 1985, 159 countries had signed the 1982 
United Nations Convention on the Law of the Sea. 
Although the United States and several other major
countries have not signed the treaty, the concept of a 
200-mile Exclusive Economic Zone (EZ)is already effec-
tively in operation. This legal concept is a particularly
significant one for fisheries, since it recognizes that 
coastal states have sovereign rights over all fishing (in-
cluding that by foreign vessels) within 200 miles of their 
coasts. Foreign ships may be allowed access to fish in this 
zone when the potential harvest is greater than the 
amount harvested by the coastal nation. The dei-Inition of 
potential harvest is sufficiently vague, however, that 
coastal states can reasonably claim this quantity as the 
sum of their own catches plus the amount allowed to 
foreigners. (See Part 1V Chapter 10, "Oceans and Coasts:')

Many people expected that the 1982 Law of the Sea 

Convention would result in major changes in world 

fisheries. Some thought it would allow developing

countries to take a larger share of the world catch-at 
the expense of fleets from rich, developed countries,

Others feared that the total amount of fish caught might

drop significantly because coastal states would not have 

the immediate capacity to replace foreign fishing vessels,

Neither expectation has been fulfilled. Since the bulk of 
distant water fishing was off the coasts of the developed
world, these countries gained most in terms of control 

Table 9.4 Ten LarestEx )orte,-sandImporters 

over fishery resources. The United States and Canada 
were the biggest gainers; others included Australia, New 
Zealand, South Africa, and many countries of northwestern Europe (8). Nevertheless, some developipo 
countries, particularly the South Pacific island nations andsome west African countries have also acquired legal 
control over valuable fisherie-, through the EEZ concept. 
Nor did the new legal regime lead to large short-termdeclines in toa catch, because the deveioping coastal 
countries have allowed foreign fishing to continue, albeitunder conditions that provide some benefits to the
 
coastal country. These controls may determine the
amount that can be caught, license fees, and the propor
tion of the catch that must be landed for local 
processing. 

The catch 1.ends in the years after the changes in jurisdiction have deviated from the predictions in different
 
ways. In the Southeast Atlantic the share of non-local
 
vessels remains higi. Coasta states in this region have 
not benefited much because they lack enforcement capa
bility. Most of the region's non-local catch is taken off the 
coast of Namibia, which suffers from both a lack of en
forcement capacity and a government that is niot general
ly recognized. Since the coflapse in 1971 of the pilchard
stock, which had been one of the mainstays of the local 
fishery, the share of non-local fishing has actually in
creased. 

In the Northwest Atlantic fishing region, the long-range
and total catLhes dropped substantially (9). This drop,
howevei, was primarily due to overfishing that occurred 
prior to enactment of the new Exclusive Economic Zone 
provision rather than to the provision itself 00). The 
United States and Canada prohibitcd most foreign fishing
in the area, which reduced fishing pressure on some of 
the more heavily-fished stocks. Domestic fishing still 
exerts moderte to heavy pressure, however, making re
covery a slow process 01).

In two other areas, the Eastern Central Atlantic (off
northwest Africa) and the Northeast Pacific (the Bering

Sea and the Gulf of Alaska), the coastal countries have
 
allowed foreign fishing to continue. The countries of
 
northwest Africa do not currently have the capacity to
 
replace a large r Juction in foreign fishing. Generally

speaking, there has been no need to reduce fishing to
 
conserve stock. Overall, therefore, the total catch in these
 

,f Fish, 1982 
Exporters Importora 

1 Canada 
2 LJnted Star-s 
3 Denmark 
4 Norway 
5 Japan 
6 Korea. Republic ,' 
7 Mexico 
8 Ice!ano 
9 Netnerlanos 

10 CIle 

1981 

(rnucr 

1,267 
1.142 

940 
I 002 

863 
835 
538 
713 
512 
365 

1982 

of doabr) 
1,291 
1.034 

901 
888 
807 
759 
620 
536 
504 
408 

1981-82 
Percent
Change 
+ 2 
- 9 
- 4 
-11 
- 7 
-11 
+ 15 
-25 
- 2 

+ 12 

1. Japan 
2 United States 
3 France 
4 Unied Kngdom 
5 Germany, Federal Repunic of 
6 lla!y 
7. Spain 
8 Hong Kong 
9 N-geria 

10 Beigljm 

1981 

(nrna, 
3.737 
2.988 
1.051 

995 
819 
720 
479 
362 
520 
348 

1982 

of doA.,a) 
3.998 
3.226 
1.056 

886 
819 
755 
466 
467 
400 
327 

1981-02 
Percent
Change 
+ 7 
+ 8 

NC 
-11 
NC 

. 5 
- 3 

+29 
-23 
- 6 

Total 8,177 7,748 - Total 12,019 12,400 + 3 
Percent of World Total 
NC - ro cna' e 

53 50 Percent of World Total 74 75 

Source: U N Fo0c anC Agr0irie Organzafior (FAO) FShey Corrmco &.1&ton and Outlook (FAO Rome 1983) p 12 
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BOx 9,'t Rs.gional Fish Harvest Trends 

FlutJ,tmins il regiomal catches have beeni 
much greatr (hail changes in the total world 
alch. In ,wrne areas. such as the Western 

(.ral .Atlanirc, fish ,txcl, that had bee.n 
largely igvred or inly lightly fished are be-

ii icreastligly explltted. In other-, such as 
tie up%,e-Iuig r as olf Peru and of South-
v,'eeq Africa. there l;..,e be.en majir chajiges 
j ; lhe fstr ihutii n and ;iiiftlance orfthe fish 
,to( ks thirnselves, 

Thie West Central Atlantic borders oin North, 
Cen.tral, tid S uth Aliric:a. Gtches in this 
rsgiir have been itcreasing annually since 
1973 rima 'be,,aus,4 of increas _,dfishing by
.%Itx;co 11.The Uoitt-t Stales, Cuba, Venezue-
la. and Brazil also exploit this region's 
rCsources ,.. 'ensively Tre most important 
comiercial I.-ieries are those for shrimp; 
tk.se sticks are fully exploited and have 
changed little in the past dtcade. In terms ofasighOt. hoee,.'er, the fish-."pexcially pelagic 
fish such as menhaden-are more important. 
These sitks have been fished less heavily, 
and catches of some species are increasing 
significaltly. 

There has al,.o been a large increase in the 
ri-ported catches of anchovy in the Black 
Sea-tfiough some of this may be due to i-
proved statistical reporting, rather than bigger 
catches. In addtion, !he ,atches from the 
Nediterranean--whert, most stocks, especially 
around the Euro-pean coasts, are fully

exploited-h,e, increased by 50 percent in 

the past dccade, 


The Southwest Atlantic offers the greatest

opportunity for expnded fishery operations 
Ibtal catches in this region increased from 1,3 
million Wetric ton: in 1981 to 1.7 million met-
nc tons in 19.3 ltrger catches of southern
blue whiting and scuid are primarily responsi-
ble for the increase a,. In this area, Polish 
fleets catch most of the southern blue 
whiting-.a species that was virtually unex-
ploited a few years ago. There is serious con-
cern. however, that the stock will soon be 
overfished if the current rate of growth in the 
harvest continues. Pblish, Japanese, Soviet, 
ad Argntinian fleets catch the majority of 

squid in the Southwest Atlantic region. Squid 
harvests atmounted to 20,000 met.ic tons in1983 ni.8S 

The abunidance of red shrimp in the South
west Atlantic has captured the interest of the 
world's fishing fleets. As a result, catches of
red shrinip have been rising steadily: from 
•.&Mt metric tons in 1981 to 19.00 metric 
tons in 1983 14i. 

The biggest fishery in the Southlwest Atlan-
tic is sill hale, exploited almost entirely by
Argenlnian and Uruguayan fleets. Catches of 
hake have been stable since 1980, and the 
sp.cies seems to be moderately exploited is),. 

Changes in global meteorological conditions 
have a marked effect on the strength and 
direction of ocean currents, which in turn al-
fect the distribution and migration patterns of 
fish. The unusual meteorologial conditions 
that arose in 1983 over the Pacific generated 
FJ Nilirs a strong %,'arm current off the v,est 
coast of South America that can extend 
across the Pacific as far as Indonesia. During
that year the surface waters, w'ere unusualiy 
warm and this is thought to be the main 
cause of the dramatic reduction in the total 
catch from the South Pacific. Fisheries off the 
coast of Ecuador were most seriously affected: 
the mackerel migrated south, away from Ecu-adorian fishing grounds and catches fell 
precipitously, from 700,000 metric tons in 

1981 to 134,000 metric tons in 1983 i6). 


Similar reductions have occurred in the 
Southeast Atlantic. Pilchard stocks off both 
South Africa and Nanibia have been severely 
reduced by heavy local fishing. While there 
heas been an increase in the abundance of 
horse mackerel, fished mainly by the long-
range fleets from Eastern Europe, it has not 
been sufficient to prevent a decline in the 
area's total catch since the early 1970s. All 
the major stocks in the region-hake, hors* 
mackerel, arid anchovy-are now heavily
fished. Unless the pilchard stocks recover, 
which they show no signs of doing, total 
catches from this region are unlikely to in
crease. 

The most striking increase in a fishery
catch has beer, that of the Japanese sardine, 
whose catches topped 4 million tons in 1983, 
compared with only 9,000 tons in 1965. This 
species has been the main coritributor to the 
coiinued rise in catch totals irom this region, 
currently some 21 million tons. tlter inipor
tant species in this region are Alaskan pot. 
lack, mackerel, squid. and a variety of 
demersal fish. Most of these and other species 
are heavily fished, though the lotential exists 
for some increase in the production of squid 
from the off-share regions. 

On both sides of the Paclic the recent 
trends in salmon catches have been encourag
ing. All species of salmon had been severely 
reduced by heavy fhhing, combined with the 
effects of polluttion and envirionmental degra
dation in their spawning streams. Recent con
trols on the amount of fishing, both in theopen ocean and in home wafers, along with 

some improvements in river conditiors and 
active re-stocking programs, have led to an 
upward trend in total catches. 

Re n s and Note 

1. U.N. Food and Agriculture Organization 
(FAO), Review of the State of Wbrld Fish. 
er Resource.s (FAO, Fish Circular 710, Revi
sion 4, 1985), p. 10. 

2. Ibid, p. 14. 
3. Op cit. 1, p. IS. 
4. Op cit. 1,p. 14. 
5. Op cit. 1, p. 16. 
6. Op cit. I, p. 27. 

FRjuir 1 Annual Fish Catch In Two Fishery Regions, 1972-83 

Te,,sand Meinc Toa 
vst Central Ailanti ,.thy,,t Ailarc 

2212 

1587 
1439 

1 1972-3 1982-83 9723982
Sotr..w: UN Food anr:Agncusute OGarzaion See Par IV"Cceans arndCoasts. Ta,e t02 

areas has remained unchanged. Domestic fishing has ocean law. Many of these gair.s have come from econom-,slowly increased, however, while foreign fishing has fallen ic cooperation with countries operating long-distanceslightly 112.13). fleets. Cooperation often takes the form of joint ventures;Similar patterns are apparent in most other areas-for the foreign nation usually provides the vessels, capital,example, arou,,d Australia and New Zealand, and off technical know-how, and in some cases the markets,Argent ina-where long-range fishing was significant. while the coastal country supplies access to the resourceWhere local capacity can replace foreign ships, it has and the less skilled labor, Often arrangements are madelargely done so, but elsewhere much foreign fishing so that as local people gain experience on foreign fleets,remains 114). they assume more senior positions. Eventually the fisheryOnly a few developing countries have realized signifi- becomes a coastal country's operation, supplying foreign

cant immediate gaips from the changes in international markets.
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Although the new legal regime may appear not to _ - fish in the upper parts of the deep oceans. Kyili has 
have made a significant impact on fisheries, it may yet attracted the most attention. 
play a key role in the management of the ocean's Krill certainly exist in large numbers. Estimates of theo
resources. Before the new law, the bulk of the marine retical potential yield vary greatly, but even the most 
fish catch was taken beyond recognized national jurisdic- conservative figures run into tens of millions of metric 
tion, which varied from 3 to 12 miles. Management tons. Krill can be caught in large quantities-several tons 
measures could L introduced only through international per hour with a midwate, trawl-but despite ii-e region's 
agreements entered into voluntarily by the countries con- low temperatures, their quality deteriorates rapidly, and 
cerned, and these measiures were largely ineffective processing must be roid. This factor, combined with the 
because they were based on the lowest common denomi- bad weather of the Southern Ocein and the long dis
nator. About 99 percent of the world catch is now taken tances from any base, makes a large proportion of the 
in water that is already, or potentially, under the joirisdic- resource economically unattractive at present.
lion ot a coastal country (15). The road to better manage- The total krill catch, taken mostly by the Soviet Union 
ment, therefore, is now open. and Japan, increased rapidly between 1974 and 1980,

reaching nearly half a million metric tons in the 1979-80 
and 1980-81 seasons, and topping that figure in 1981-82. 

Marine Fisheries lotential The catch then fell to some 220,000 metric tons in 
1982-.83, largely because of reduced fishing by the Soviet 

Various estimates have been made of how much fish can Union (17). The demand for luill in Japan is currently 
be taken from the sea. Estimates sometimes differ quite small-a few tens of thousands of metric tons. The 
markedly, often because of differences in definitions-for falling Soviet catch suggests problems in disposing of the 
example, technical potential versus economic potential, or larger quntities. Thus, significant increases in the krill 
conventional resource potential versus a combination of catch seem unlikely unless there is a major processing or 
conventiona and unconventional resource potential, marketing breakthrough.

The most generally accepted estimates of conventional The situation for the other unconventional resources is 
resource potential are on the order of 100 million metric similar. The resources exist: for example, good catches 
tons 06). This figure includes the types of fish sold in fish have been taken by research vesels in the Arabian Sea,

markets or used for fish meal plus all other species of which seems particularly rich in mes-,o-pelagic fish. The
 
roughly similar characleristics. It is highly unlikely that cost of fishing, howe'ver, still exceeds the likely return on
 
the actua! catches will ever approach this potential figure. any market (e.g., fcr fish meal) that would seem capable
 
Some stocks, for example the demersal fish in the deeper of absorbing large quanities. Really large-scale exploita
parts of the continental shelf in many tropical areas, tion of meso-pelagic fish or oceanic squid seems at least 
though marketable, are scattered. With present technolo- as far off as a krill fishery. 
gy, it is unlikely that sufficient quantities can be caught Aquaculture is sometimes seen as a means of vastly in
at a cost that is economically worthwhile. There are still creasing the total marine fish yield worldwide because it
 
some opportunities for increased catches (e.g., the demer- can produce much higher yields per unit of area than
 
sal stocks off the northwest coast of Australia), but they fishing can. A major constraint on total aquaculture
 
are becoming increasingly limited, production, however, is that most of the products that
 

Moreover, this estimate of potential assumes that each people want are high on the food chain, and therefore,
 
stock is exploited at its optimum level. Where several are expensive to produce. Also, marine fish 
move over
 
species live together and are vulnerable to the same fish- large areas, making it difficult to rear them in enclosures.
 
ing operations, it is not possible to fish each stock op- Mollusks are immobile after the first few days 
or weeks 
timally; some are bound to be underexploited and others of life and in that sense are easy to culture, provided
overexploited. they grow large enough to be commercially attractive. 

In practice, matters are often worse. Though fish stocks Notable centers of mollusk culture are or have been 
have proved remarkably robust in the face of uncon- western Europe (Holland and Spain for mussels, France 
trolled exploitation, several have collapsed. Rebuilding for oysters), the United States (Chesapeake Bay for oys
these stocks (e.g., the Peruvian anchovy and the pil- ters), and Japan. Overall mollusks are a strong branch of 
chard off Namibia), as well as maintaininE, the produc- aquaculture.
tivity of the stocks that provide a yield near the Shrimp, milkfish, and a few other species are also well 
optimum, are essential if the world catch is to increase suited to aquaculture. They are low enough on the food 
significantly, and to approach even 80-90 million metric chain to provide reasonable yields per unit area; yet they 
tons. are valuable enough to make the operation worthwhile. 

Estimates of potential yield are higher if unconvention- Where conditions are favorable (for example, Ecuador 
a/ resources are also included. It is more difficult to give and Southeast Asia), shrimp culture in lagoons and siri
precise figures for economically feasible potential, lar areas is currently among the fastest growing fishery
however. because the quantity to be harvested depends businesses. However, it has also been one of the major 
on changes in consumer tastes and because the causes of mangrove degradation in these areas. (See
economics of harvesting these resources may change "Mangroves:' below.)
with improved technology. The best known unconvention- Aquaculture does offer further opportunities for increas
al resources are the krill in the Antarctic, several species ing the marine fisheries harvest, but it will be restricted 
of oceanic squid, and the lantern fish and other small to very small areas. • 
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FUTURE PROSP'EC1I' 


The iitlh)ok for inari ie fisl ries is riot iright. The factors 


that have caUsel re.'cnt prol'lems--lirnited resources and 
ex e.ive ,'xploitati, n of triese resoa)rc'-s--airee ikvIv t 

c ;itiillue. Altioug ian increa',e int(t; catch can be 
-

ex-
pected fruti those stocks 'ftonvtnonat fish that are nrot 

ulv exploited, the cco'ornic obstacles to large.'<- h 
gtsof krill and ncso-.pel tic fish at,_" to inlik,-lyrem 

Sr the iurnedia te feitur. '-o'n,. dpa.e 5c:, espeil-
ly herring off Norway and in tho Nortih Sea, are recovn-
ing, but neither the sceen ;ic kno,,iedge nor the political 
will to prevent the colapse of s:milar stocks is certain, 
Fisheries that may be at risk Include the sardines off 
northwest Africa (whose ge~ogralphical range s;eems tipoiinte 
have shrunk recently) and the oil-sardines off the ,est 

coast of India (which have perio dically been scarce) !i, 
By acquiring jurisdiction over the resources in a wide 

zone off 'heir coasts, coastal nations have an upportunity 

to inprove manageirnent by matiauag productivity of the 
resources with the fishing.u tlsed inharvestingcap 

them. Some coo.ntries have grasped thi.s opportunity, ard 
a few--like the United Sta!es, with its Fishery Conserva-
tion and Management Act of 16-li-have combined ex-
tension of jurisdiction with a fundamental reexamination 
of how the resources in the new Exclusive Economic 

Zone should be consrv,! and utilized, 
But overall, the pro)irnis have not been r cognized. As 

long as a world fishery conference at the liignest 

policynaking level has as one of its major recommenda-
tions a call for more investment in fisheries without strict 
reservations on how and where that investment is 
applied, the problem will remain. (See "Recent Develop-
ments below.) Overcapacity will remain a threat to many 

resources, especially those such as herring and sr'nes, 
which seem particularly susceptible to overfishing. It will 
also be a major cause of conflict and reduced prosperity 
among fishermen, especially the small-scale fishermen of 
developing countrie. 

COASTAL ECOSYSTEMS 

rcpresents the transition from terrestrialThe coastal zone 
to marine influences and vice versa. It comprises not 
only shoreline ecosystems but also the upland watersheds 
draining into coastal waters, and the nearshore sub-littoral 
ecosystenLs influenced by land-based activities. Extending 
several hundred kilometers seaward, the coastal zone in-
cludes offshore banks and continental shelves. Coastal 
waters include tbe major up,,velling areas of the world-
such as those off the coasts of Peru and the western 
coasts of North America and Africa-where highly 
productive waters sipport major fisheries. Functionally, it 
is a broad interface between land and sea that is strongly 
influenced by both. 

Although nearshore coastal waters are a very small 
part of the oceans, they are often sheltered areas of high 
localized productivity, based primarily on the concentra-
tion and cycling of nutrients from adjacent land masses. 
Among their most important characteristics are the inti-
mate links between neighboring commuaities, which 
render the whole complex more diverse and productive 
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than any of its sintitia parts. Coastal eCosystTms and 
adjacent oceanic prootclhiti arc_ kitorconnected in terms 
o- (lv and ;ub;idies, h int aid iineral,hrry 

cyln hn Ing, the ov'. ie t ,f water atnI organiss, arid the 
re-quireimtlia; fo ci(-st~e 1,c [icof and 'or ecological
liftnyc ira a cr-. t iolcte portions of theiriii- i .lirt., in tine syte n . 

life cde~l,11W er~ns.Thie highlv p~roductive 
ishries in IlkoJava seas, for example, rmay be attributed 

to the incr,-asd primary tricluctivity in ocean vaters 
that are ted b,.cstuarire floodiiig from freshwater runoff 
into coastal waters ,i 

Coastal ecosystems play a major role in the life cycles 
of econonicaly imlportalt finfis h and shellfish species by 
providig feedim, breedin, and nrsery habitat. For 

jrcjm-uexample, an estirratetd 98 per(ent of all fish caught in 
t Gulf of Mexico arestuarine dependent (20), and 

iuveilile lobsters oc:cupvin, seagrass beds are the soui'ce 
for a coral reef fishery tha t providles Belize with over 80 
percent of the income from it.second largest fcreign 
exchange ,arning ifidustr .Further. exports are only
 
a fraction of the toal catch that provides food for the 
majority of coastal nations' resicents. "ropica Pacific 
islanders depend upon coastal marine resources for at 
least 90 percent of their protein intake (2:2). 

Additional functions of coastal ecosystems include tie 
critical critcalrole of hul.rin t ..i of !land to saseaole f [)ffer-g the , old by 
nmoderating.{ coastal :ioner,, arid lar'e salinity changes. 
Coral reefs, for exampit, act as barrier dissipating wave 
and currentovs, by occluding and ab

sorbing terrestrial freshwater runoff, buffer salinity 
changes incoastal waters. 

Man' of the most biologically productive coastal com
muriities are in tropical regions, where they are treat
ened by population ard development pressures. (An esti

mated tw,-o thirds of the world's human population resides 
along coastlines and banks of rivers draining into coastal 
waters 123).) This section focuses oii the three major 
resources of the coastal tropics-margroves, seagrass 
beds, and coral reefs. 

Mangroves 

As much as 75 percent of low-lying tronical coastlines 
with freshwater drainage are dominated by salt-tolerant 
trees or shrubs known as mangroves (24). (See Figure 9.1.) 
There are some 2-1)0( square kilometers of mangrove
dominated intertidal, lagoonal. and riverine Flatlands with 
mangrove forests reaching their greatest extent along the 
coasts of South and Southeast Asia, Africa, and South 
America (25). 

Mangrove forests are one of the most productive and 
biologically diverse ecosystems in the world, providing 
habitat for more than 2,000 species of fish, invertebrates, 
and epiphytic plants (i.e., those that live on the surface of 
other plants, deriving support but not nutrients from 
their "host" plants) (2;). Nutrients released through the 
decomposition of the abundant mangrove leaf and twig 
litter are al important direct and indirect food source for 
aquatic animals, including economically important 
fisheries species. This litter can be the first link in a long 
food chain terminating with open-ocean fisheries. For 



Figure 9.1 Distrtbution of the World's Mangrovems 

* 

S.a: Snedaker ano Getter 1985. Referenze 25 

example, hrirnp abundance in offshore waters increases 
with the size of the mangrove tidal forest nursery 
grounds (27). In Fiji, about half the commercial and ar-
tisanal fisheries use mangrove areas for at least one criti-
cal stage in their life cycles, and at least 83 percent of 
the mangrove-dependent fish species harvested are used 
for food (28). In eastern Australia, 67 percent of the entire 
commercial catch is composed of species that depend on 
mangrove estuariine areas, and an estinated 80 percent 
of all marine species of commercial or recreational value 
in Florida depend on mangroves for some stage of their 
life history (29). 

Mangroves are also valuable as - source of timber, 
pulpwood and chips, fuel, and charcoal (30). In addition, 
their extensive root systems act as silt traps, stabilize 
shorelines, and help maintain estuarine and coastal water 
quality (31,32). Thailand and the United States are among 
the countries that deliberately cultivate mangroves to pre-
vent shore erosion (33). 

Although key pressures on mangrove ecosystems vary 
from country to country, by far the greatest threats are 
clear-cutting, diversion of freshwater from upland 
watersheds, and reclamation for agricultue and aquacul-
ture (34). One major consequence of such mangrove 
degradation is reduced fish yields. Table 9.5 presents a 
preliminary list of key threats to mangroves and the 
regions where these threats are of greatest concern, 
Brackish water aquaculture has a particularly pronounced 
environmental impact because of the fundamental 
changes it creates in the mangrove environment, 

• 

In Southeast Asia, mangrove ecosystems are frequently 
converted to brackish water fish ponds for the culture of 
prawns and milkfish. In the Philippines, for example, 
aquaculture production-which approximately doubled be
tween 1952 and 1977-was responsible for an estimated 
four fifthis of the mangrove destruction that took place 
there between 1967 and 1977 (35,36). Similarly, in the Gulf 
of Guayaquil, Ecuador, an estimated 16 percent of the 
mangrove swamps were reclaimed for shrimp production 
between 1966 and 1982, with more than half the decline 
in mangrove area occurring between 1977 and 1982 (37). 

At present rates of decline. mangroves could disappear 
from both these areas by the mid-1990s. 

In the Gambia, a proposed dam on the Gambia River 
is likely to reduce the existing mangrove area by about 
70 percent (38). The mangrove food chain presently sup
ports 40 percent of the total fish catch for the Gambia 
River estuary (39); assuming a 70 percent mangrove 
decline, the 40 percent would be reduced to about 12 
percent. Additional examples of trends in the extent of 
mangroves are given in Figure 9.2 for selected countries 
where data are available. There are no global systematic 
quantitative estimates of mangroves, seagrass beds, and 
coral reefs destroyed or degraded over the last 10-20 
years. 

An awareness of the value of mangrove swamps for 
forestry, fisheries, and recreation has prompted several in
itiatives to protect mangrove ecosystems. Currently, the 
total area of mangrove forests under some degree of 
preservation represents less than 1 percent of the entire 
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resource. At least 18 countries have preserves that are in-' 

tended to give absolute protection to mangrove eco-

systems or to enhance the survival of particular species 

within these ecosystems. If one also includes reserves 
where controlled access and use are permitted for forestry, 
ishJerie., or recreation, the number of countries with pro-

tected m;ngoves doubles. Yet few of these reserves are 
ad equnat ely nanaged (1o). 
Sae 

• swater 

Sei--rasses are salt-tolerant plants similar in appearance to 

their tLrrestrial counterparts, but they grow under water 

Scugrass communities are widely distributed throughout 

much of the temperate and tropical coastal environments 

of the world, where they thrive in clear, calm, and 
shallow water.. (See Figure 9.3.) Tropical seagrasses a 
concentrated 	in the Indo-West Pacific and the Caribbean. 

eagrass communities are known for their ability to 
trap and bind sediment, thus retarding erosion of shallow 
water sediments. The buffering effect of seagrasses 
assumes additional importance in reducing turbidity and 
clarifying the surrounding waters, an effect beneficial not 
only to the seagrasses themselves but also to associated 
filter-feeding invertebrate communities and nearby coral 
reefs, 

Seagrasses provide a habitat for fish and other marine 
organisms. They are also a source of food materials, con-
sisting mostly of epiphytes (predominately algae) that live 
on the ieaf surfaces and macrofauna that abound among 
seagrasses and in the rich layer of detritus. The primary 
comnrrercial value of seagrass beds, in fact, derives from 
their importance as forage and critical habitat for 
fisheries species as well as some of their food sources. 
Poslarval stages of commercially important flsheries (e.g., 
tiger prawns in eastern Queensland, Australia) concen-
trate and develop in these areas (41). Seagiass beds also 
provide spawning grounds for adult breeding populations 
of fisheries species (42). It has been estimated that one ' 
hectare of seagrass in the Arabian Gulf can contribute an ' 
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annual yield of as much as 850 kilograms of shrimp, a 
valued source of foreign exchange in many countries (43). 

Seagrasses intermingle with both mangrove and reef 
communities at their respective seaward and landward 
boundaries. Extensive submarine meadows frequently 
provide the link between the environmentally different 
mangrove and coral reef ecotypes. The migTation of 
animals at various life stages from one ecosystem to 
another for feeding and shelte, coupled with the flow of 

that transports both organic and inorganic material 
from runoff and tidal flushing, ties the offshore coral reefs 
to nearshore 	seagrass beds, and the seagrass beds to 
mangrove estuaries (44). 

The major threats to seagrasses are dredge and fill 
operations, fishing practic-, that use bottom trawls, and 
water pollution such as that caused by industrial wastes, 
thermal discharges from power plants, and accidental 
spills of petroleum products (45). (See Table 9.6.) Because 
baseline information on the global extent of seagrasses 
has not been collected, it is difficult to assess their condi
tion and trends. However, there are a few isolated reports 
of damage to seagrass communities. 

Preliminary mapping of seagrass cover in Western 
Australia indicates that seagrass beds in Cockburn Sound 
were reduced by an estimated 79 percent between 1954 
and 1978 (46). This loss followed industrial development 
along the shore and coincided with the discharge of ef
fluents from a fertilizer factory (47). Similarly, dredge and 
fill operations were primarily responsible for a 65.4 per
cent loss of seagrasses in Princess Royal Harbor and a 41 
percent loss at Oyster Harbor in Australia (43). 

The loss of seagrasses decreases the quantity of marine 
life; one study revealed five times more fish and inver
tebrates residing over seagrass beds than over a 
mud/sand/shell habitat (49). A dredge and fill operation in 
Boca Ciega Bay, Florida, in the United States, destroyed 
20 percent of the seagrass bed, resulting in an 80 percent 
reduction in the number of species, and caused an esti
mated $1.4 million loss in fish production (50). 
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Figuro 9.2 Trends An Extent amd Major Causes of Decline in rMwigyowas hi Selected Countrke 
1850-1990 
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1. E.D. Gomez. The Present State of Mangrove Ecosystems in Southeast Asia and the Impact of Pollution: Philippines (South China Sea Fisheries Development and
Coordinating Programme. Manila. 1980), p 172 A Soegiarlo, The Present State of Mangrove Ecosystems in Southeast Asia and the Impact of Pollution: Indonesia (South China Sea Fisheries Development andCoordinating Programme, Manila, 1980). p. 1. 

For3. Malaysia.A. Sasekumar. The Present State of Mangrove Ecosystems in S.uthuast Asia and the Impact of Pollution: Malaysia (South China Fisheries Development and Coor
dinating Programme, Manila, 1980). p 2.4 National Environment Board (NEB). "Country Report Malaysia, in Living Resources in CoastalArras w th Emphasis on Mangrove and CoralReef Ecosystems. Reportof the Technical Meeting of ASEAN.Australia Cooperative Programs in Manne Sciences (NEE, Bangkok. Thailand, 1984), p 1.

For Sunderbans (Bangladesh)
5. Hamilton and Snedaker, 1984, Reference 26, p 93 

For Philippines
6 National Environment Proteclior Council. The Phl,ppine Environment (Ministry of Human Settlements, Manila, 1979), p 22. 25.7 E.D Gomez, The Present State of Mangrove Ecosysems in Sou,heast Asia and the Impact of Pollution. Philippies (South China Sea Fisheries Development andCoordinating Programme. Manila, 1980), p 1.

For Thailand
8. National Environment Board (NEB) "Country Reports Thailand." in Living Resources in Coastal Areas wrth Emphasis on Mangrove and Coral Reef EcosystemsReport of the Technical Meeting of ASEAN - Australia Cooperative Programs in Marine Sciences (NEB, Bangkok, Thailand. 1984), p 1.For Haiti9 E.Wilcox and J Talbot (Eds), Haiti Country Environmental Profile A Fioeld Study (US Agency for International Development, Washington, DC, in press, 1985). p. 133.

For Singapore.
10 Department of Zoology. University of Singapore. The Present State of Mangrove Ecosystems in Southeast Asia and the Impact of Pollution Singapore (South ChinaSea Fisheries Development and Coordinating Programme, Manila, 1980), p 3 
For Trinidad and Tobago'
11. D Ramsaroop. Institute of Marine Affairs. Trinidad and Tobago. 1985 (personal communication). 

WORLD 19e6.RESOuRCES 



Figure 9.3 Distribution of the World's Seagrasen 
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To date, no preserves have been established specifically 

for the protection of seagrasses, a!though they have 

sometimes benefited from adjacent habitats under pro-
are the primarytected status. Mangroves, for example, 

ecosystem concern of the Everglades National Park in 

Florida, even though seagrasses comprise about 85 per-

cent of the submerged macro-vegetation of the coastal 

waters under protection. Seagrasses also dominate the 

Looe Key National Marine Sanctuary off the Florida 

coast; yet the focal point of the park is its species-rich 

coral reefs (51). 

Coral Reeis 
Stony or reef-building corals are a dominant feature of 

the shallow coastal marine environment in almost all 

areas of the tropical circumglobal belt remote from major 

upwellings or inflows of freshwater. Exceptions to this 

pattern occur where warm currents extend beyond the 
a global basis, corJa reefstropics. (See Figure 9.4.) On 

and associated communities cover an estimated 600,000 

square kilometers, with 30 percent found in the "Asiatic 
the west, north-Medit-rranean' (bounded by Indonesia to 

ern Australia to the south, the Philippines to the east, 

and mainland Asia to the north). An additional 30 per-

cent is found in the Indian Ocean, Arabian Gulf, and Red 

Sea, 13 percent in th South Pacific, 12 percent in the 

North Pacific, 14 percent in the Caribbean Sea and North 
in the South Atlantic (52).Atlantic, and 1 percent 


Coral reefs are tle marine version of tropical rain-


forests, rivaling their terrestrial counterparts in produc-

tivity and richness of species. The 150-kilometer-long 
barrier reef surrounding Palau in the Pacific, for example, 

has nine species of seagrasses, more than 300 species of 

corals, and about 2,000 species of fish (53). An estimated 

80 genera and 500 coral species form the Great Barrier 

Reef, the longest reef system in the world, stretching 

over 2,000 kilometers along Australia's eastern coast (54). 

Approximately one third of all fish species live on coral 

reefs (55). Coral reefs contribute to fisheries in three ways: 

fishing directly on the reef; fishing in shallow coastal 

waters where coral reefs are critical to food webs, life cy

cles, and productivity; and fishing in offshore waters 

where the reef's high productivity may be important 
regionally. 

Reports of fish yields from coral reefs appear to vary 
1 metric ton per square kilometerwidely from less than 

almost 20 metric tons per square kilometerper year to 
per year (56). Present evidence suggests that a sustainable 

harvest of all edible fish, crustaceans, and mollusks aver

aging 15 metric tons per square kilometer per year could 

be derived from all coraline areas less than 30 meters 

deep (57). The correspo ng theoretical potential harvest 

on a global basis amounms to 9 million metric tons per 

year, the equivalent of 12 percent of today's total world 

fish production t58). 

Coral reef-dependent artisanal fisheries have been 
the fishreported to account for up to 90 percent of 

production in Indonesia (59) and up to 55 percent of the 

reported fish catch in the Philippires in 1975 (60). Tis 

harvest contributes to more than 54 percent of the pro

tein intake of all Filipinos (61). The importance of such 
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fisheries as a necessary protein supply to a distinct popu-
lation of small-scale fishermen and their dependents is 
easily obscured when dealing with fisheries on a global 
or even on a national levi1. 

Coral reefs supply food tor harvestable pelagic fisheries 
in non-reef areas as well. For example, two of three har-
vested tuna species near New Caledonia are known to 
feed primarily on coral reef fish (,2), and a Solomon 
Island skipjack tuna fishery operated by a Japanese 
enterprise depends upon reef baitfish (63). Two of the 
most important and relatively unappreciated functions of 
coral reefs are their roles in coastal protection and island 
building. Along the southwest coast of Sri Lanka near 
Hikkaduwa, coral mining for a variety of construction 
and industrial purposes (e.g., lime, calcium carbide, and 
cement production) has caused serious coastal erosion 
(64). Concentrated exploitation of the offshore coral reefs 
has accelerated erosion along a six-mile ;tretch of coast-
line, from which an estimated 75,000 tons of coral are 
mined annually (65). As a result, the "beach" has moved 
300 meters inland from its original position, whittled away 
by direct wave action over a 50-year period (66). 

With regard to island building--even though the prin-
cipal island type consists of granitic bedrock-77 percent 
of the isolated islands and island archipelagosin the Indi-
an Ocean are built exclusively from reef deposits (67). The 
entire Maldive Archipelago, comprising 20 atolls and an 
estimated 2,000 coral islands, would not exist were it not 
for coral reefs. Without coral reefs the Seychelles would 
not have 47 percent of their total land area (68) or about 
half their 48,334 square kilometers of submarine banks 
(69). 

Coral reefs and the associated white sand beaches are 
major tourist attractions in the coastal tropics. In the last 
50 years, for example, the coastal-based tourist industry 
of the Bahamas generated 55 percent of the country's 
gross national product (70). Between 1972 and 1981, the 
number of tourist resorts in the Maldives increased from 
2 to 37, and the number of overseas visitor arrivals rose 
to 60,358 (71). 

With the increase in tourism, the international coral 
curio trade has grown rapidly. In 1983, for example, the 
Philippines exported 244 tons of coral to the United 

....States (72). Coral collecting and mining removes the 
animals responsible for formation of the reef. Such a loss 
reduces the resistance of the reef to wave action, in
creases the likelihood of storm damage and beach 
erosion, and reduces the aesthetic qualities of the reef. 
The long-term effects on reef structure are not yet 
known. However, there seems to be a positive correlation 
among fish, standing biomass, and the proportion of coral 
cover (73). 

Sediment pollution from mismanaged upland areas and 
destruction by mining or blast fishing are the primary 
threats to reef ecosystems (74). Coral mining and blast 
fishing are particularly destructive because most coral 
species grow very slowly, effectively rendering them a 
non-renewable resource. Additional pressures include 
dredge and fill operations, overfishing, water pollution, 
large volumes of freshwater from river diversions or 
storm runoff, and destruction by collectors and tourists. 
Starfish, particularly the crown-of-thorns starfish 
(Acanthaster plancO, significantly damage reefs by feed
ing on the live coral. Table 9.7 is a preliminary list of 
key pressures to reef ecosystems, and the regions of 
major concern. 

There are few estimates of the ecological conditions of 
coral reefs over the past 20 years. Various reports for 
specific time periods indicate that the coral cover is 
declining. An exception is Kaneohe Bay, Oahu, Hawaii. 
Surveys done there five years before and five years after 
most of the sewage was diverted to an offshore site show 
that live coral coverage in the lagoon had almost dou
bled (75). 

The majority of reefs in the Philippines are in fair to 
poor condition, with two thirds of the stations sampled in 
1982 having less than 50 percent live coral cover ('6). 
This decline is attributed to siltation accompanying 
massive deforestation, blast fishing, and coral harvest (77). 
Six of the more commonly collected commercial coral 
species in Philippine reefs have declined by 73 percent 
(78). 

A 1984 survey of some reefs along the Tanzanian coast 
revealed that the luxuriant reef growth of the 1960s was 
reduced to rubble by extensive blast fishing. The loss of 
reef habitat caused the decline of a formerly lucrative 

Table 9.6 Ma'iLCauses of Recent Degradation to Seagrass Ecosystems by Region 
Indo- South Southeast East WtC'sntml Middle Wider 

Pacific Asia Asia Africa Africa East Caribbean 

Direct Destruction 
DredgelFill + + + + 
Trawling + + 

Siltation 
Dredge/Fill + + + + 
La n d R no ff " 

Pollutants 
Chemical + + + 
DomeslhC 
0I + +
 
Thermal
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Figure 9.A Distribution of the World's Coral Reefs 

Some: Snedaker and C-tter, 1985, Reference 25. 

fishery. An alarming increase in beach erosion also 
threatens tourist hotels in the area (79). Over the past 30 
years, siltation from extensive dredging and overfishing 
have caused a 95 percent decline in the live coral cover-
age of coral reefs fringing the southern coast of Hainan 
Island (part of the People's Republic of China) in the 
South China Sea (80). 

Starfish predation devastated coral reefs in the Ryukyu 
Archipelago of Japan in 1974 (81), causing an estimated 
75 percent loss of live coral cover. Siltation from agricul-
tural runoff, landfill, and road and hotel construction, 
coupled with little or no recovery from starfish predation, 
further decreased the live coral cover in the area to a 
mere 1-2 percent (82). 

Although awareness of the importance and vulnerabili
ty of reef ecosystems has been growing, only about half 
the countries with reefs have at least one or more estab-. 
lished and managed marine protected area. An estimated 
70 percent of the countries without such reserves, 
however, have proposed or interim-designated marine 
protected areas (83) 

Mangroves, Seagrasses and CoralTrends in 
Reefs 

The limited long-term quantitative data on these three 
tropical coastal ecosystems preclude assessment of the 
resources and areas that are critically threatened. An in-
direct assessment of resource vulnerability, however, 
can be derived from an analysis of resource abundance 
and development activity wnere data are available. (See 
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Figures 9.5, 9.6, and 9.7). The analysis assumes that vul
nerability is determined primarily by the extent of the 
resource, the economic capacity for exploitation of the 
resource, the density of the human populations available 
to exploit the resource, and the growth rate of these 
populations (8.5). This indirect assessment indicates that all 
three resources appear to be at greatest risk in Central 
America, followed by Southeast Asia. Overall, coral reefs 
appear to be the most threatened, particularly in South 
and Southeast Asia, followed by seagrasses and man
groves. (Plso see Part IV, Chapter 10 "Oceans and Coasts,' 
'1able 10.3.) 

RU M VE10U,DENT NTS 

OCFAN DISPOSAL OF RADIOACTIVE WASTES 
During the 1980s, public concern about the treatment 
and disposal of radioactive wastes has grown markedly. 
With ocean disposal as an option, concern has been 
manifested primarily through the Lnndon Dumping Con
vention (LDC), the global treaty that regulates the dump

beyond the limits of nationaling of wastes in the oceans 
jurisdiction. 

At their seventh meeting in February 1983, parties to 
the LDC adopted a resolution to prohibit low-level radio
active waste dumping pending a scientific review of the 
risks. Until that time, European countries (the United 
Kingdom, Belgium, Switzerland, and the Netherlands) had 
been dumping these wastes at a oepth of 4,000 meters in 
a small area of the Atlantic Ocean off the coast of Spain. 
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At the 1984 LDC meeting, more specific terms of refer- South Pacific Forum (the 13 independent and self
ence were formulated for the sientific review. The governing states in the Southwest Pacific) adopted the 
matter was again considered at the LDC meeting in South Pacific Nuclear Free Zone Treaty (SPNFZ). The 
London in September 1985. SPNFZ reflects the long-standing concerns of Forum 

Tensions and disagreenients were strone between the members about testing in the region, proposals to dump
countries opposed to dumping and those that are gener- nuclear wastes there, and other nuclear issues. Under the 
ating radioactive wastes and arce anxi')us to dispose of treaty, Forum members agreed not to dump radioactive 
them as soon as possible. Just before th2 meeting, Great wastes within the zone, not to help anyone dump wastes 
Britain threatened to resume dumping even if the at sea, and to support a regional convention's preclusion
moratorium were not lifted; some observers felt that the of ocean dumping of radioactive wastes by anyone in the 
United States might follow suit. In any event, these region. 
threats proved ineffective and the LDC adopted a
 
resolution--by a vote of 25 in favor, 6 opposed, and 7 FAO WORLD CONFER ,CE ON HSHERIES
 
abstentions-that provides for 
an indefinite moratorium MANAGE LD, AND DEV ELOPSMENT
 
on low-level waste disposal pending completion of impor
tant risk-related scientific and other studies. Changes ininternational ocean law and the fact that
 

The six countries voting against the rfolution were catches are approaching the limits of conventional 
Great Britain and Switzerland, which both had been car- resources have directed attention toward marine fisheries. 
rying out ocean disposal prior to the moratorium, Cana- Internationally, attention culminated in the U.N. Food and 
da, France, South Africa, and the United States. The Agriculture Organization's (FAO) 1984 World Conference 
United States has not dumped radioactive wastes at sea on Fisheries Management and Development.
since 1970, but key officials within some federal FAO hailed the conference as "a unique and historic oc
agencies--particularly the Departments of Defense and casion in the evolution of the world's fisheries." It was the 
Energy-continue to promote the sea disposal option. first time that almest all nations in the world came 

Central to the continuing controversy over low-level together to reach agreement on a strategy for the world's 
waste disposal are the difficulties of establishing a com- fisheries. It was attended by 147 countries and 67 inter
mon basis for assessing the social, economic, scientific, national fishing organizations.
 
and technological factors and of the need fe- a thorough The two major products of the conference 
were a 
assessment of the land-based versus sea-dumping options. Strategy for Fisheries Management and Development, and 
These issues will be considered in detail by the parties to a set of Action Programs to implement that strategy. It is, 
the LDC. At their next formal meeting in the fall of 1986, however, difficult to see how nations will be able to use 
government members and observers will develop detailed the strategy as a practical guideline to manage or de
terms of reference for carrying out the studies mandated velop their fisheries- m ost of the 116 points are unexcep
by the 1985 resolution. tional, if not platitudinous. Without some guidance on
 

Another important decision that will limit ocean dis- which points are important, this list risks encouraging

posal of radioactive wastes was made in 1985 when the governments to select the points that match what they
 

Table 9.7 Major Causes of Degradation of Coral Reefs, by Region 
Indo- South Southeast East East Middle Wider 

Pacific Asia Asia Asia Africa East Caribbcan 

Sthation 
Dredge/FUI ++ + 
Land Runoff, + + + + 4 

Destructive Fishing + + + + 
IntenseLocahzed Ftsting Effort + + + + 
Construction Materials

Reel Mining + + + + +
 
Sand Dredgnq ++ + +4 +
 

Coasial/Otlshore Mnlng + +n 
Curio Trade + + + + .+ +
Tounsm 

Pollutants 
+ 

Chemical + + + +
 
Domestc + + + + +
 
Nuclear + +
01 + 4 . 

Natural Stress 
Storms + 
 +

Predat~or by Starlish + + 
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Fgura 9.5 Comparative Abundance and Vulnerability of Mangroives, by Countiy 
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Figure 9.6 Comparative Abundance and Vulnerability of Seagrass Beds, by Country. 
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Figuro 9.7 Comparative Abundance and Vulnerability of Coral Reefs, by Country 
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are Jaready doing, and does not clallenge governments 
to critically examine present policies and make the dras-
tic changes that are often needed. 

The action programs, which are intended to assi.t de-
veloping countries in implementing tne strategy, were es-
timated to require an expenditure of $15 million over a 
five-year period, and tbL conference urged bilateral and 
international donor agencies to provide the necessary 
support. Even if the money is forthcoming, it will provide 
only a beginning. Changes that involve major restructur-
ing of national fisheries may require much larger sums. 
At the mininmum, better management will require better 
trained people in stock assessment, economic analysis, 
and probably most of all in the new profession of fisher-
ies management. If world fisheries are to be managed on 
a sustainable basis, much more work is going to be re-
quired. 

THE ANTARCTIC 

As the last major part of the earth's surface that is still 
relatively undisturbed, the Antarctic continent has 
received increasing attention from conservationists in 
recent years. Human activities on this continent have 
been governed by the 1959 Antarctic Treaty. In addition, 
to promote conservation in the Antarctic, parties to the 
Antarctic Treaty concluded the Convention for the Con-
servation of Antarctic Seals (1972) and the Convention on 
the Conservation of Antarctic Marine Living Resources 
(CCAMLR, in 1980); both arc in force. 

Four issues are the subject of much recent discussion: 

the effectiveness of CCAMLR; the potential impacts of 

mineral exploitation; further development of protection 

measures; and increasing activity levels and concentra-

tions, particularly where land or ice meets the sea. 


CCAMLR, which held its fourth annual session at 
Hobart, Australia, in September 1985, has moved more 
slowly toward effective conservation measures than some 
had hoped, but perhaps no more slowly than other com-
parable international organizations. Although in many 
ways it is similar to several international fishery commis-ions, CCAMLR is the first corremiasion to be charged


scificaMl withefirst ratio t cstebe asahave
cospe c if i ca l l y with c on s d e ra t i .)nof t h e ecosys t e m a s ac 
whole, rather than of indivicual species, when making 
decisions. This is a considerable undertaking, but CCAMLRi3 moving toward the task efiectively and has, among

ovigatios, ea subcommittee within the scientific
other actions, set up aco ite wihin 
committee to study ecosystem monitoring. s 

A particular disappointment is CCAMLRs slowness in 
applying effective measures to conserve fish stocks, some 
of whch, especially Antarctic cod (Notothenia rossi), 
were deplhted by heavy fishing from 1969 onward (86). 
The Soviet Union, for example, t')ok half a million tons 
of Antarctic cod between 1969 and 1971. Subsequent 
catches have averaged only a few thousand tons annual-
ly. Current cod stocks are reported to be only a few per
cent of their former level (87). However, to a large extent 
these stocks were depleted prior to CCAMLR, and current 

-management actions are little more than locking the sta
ble door after the horse has fled. 

Another concern is data. Many scientists, el. cally 
from non-fishing countries, have asked for detailed infor
mation on fishing operations in order to monitor changes' 
in fished stocks. The fishing countries are unwilling to 
supply all these data because of the work involved. 
Further, it is not clear how useful such detailed informa
tion would be. How much data vill actually be supplied 
is not known. 

Fortunately, this matter has become less urgent with 
the decline in the krill fishery. After reaching a peak of 
over half a million metric tons in 1981-82, total catches 
have fallen to less than 130,000 metric tons in 1983-84 
in the Soviet fishery, largely for technical reasons (88). 

Conservation of the coastal zones received considerable 
attention at a symposium organized by the Interrational 
Union for Conservation of Nature and Natural Resources 
(IUCN) and the Scientific Committee on Antarctic 
Research (SCAR) in Bcan in April 1985. The fringes of 
land aiong the Antarctic peninsula, a tew other parts of 
the continent, and the Antarctic and sub-Antarctic islands 
are the only parts of Antarctica where any significant life 
exists on land. But the most easily accessible land ,, 
ice shelf areas are those that are most attractive bo'. iot 
human activities and for the large populations of pen
guins and marine mammals such as seals. These and the 
adjacent inshore areas are particularly vulnerable to 
human disturbance. Through its measures on conserva
tion, the Antarctic Treaty already prohibits many activi
ties that could disturb the ecosystem. However, there is a 
fear that even non-exploitative activities, such as the 
presence of many tourists or those engaged in scientific 
work, can be harmful, and consideration of further pro
tective measures is being given within the Antarctic 
Treaty mechanism and by IUCN and SCAR. Such meas
ures include the ident'fication of additional protected 
areas, measures to eal with increased activity in Antarc
tica, and attentiea to data management. 

In the long term, the greatest threat to the Antarctic 
environment is likely to come fIom mineral exploration 1
and exploitation. No commercially attractive deposits 

yet been identified. Moreover, the extreme physicalo d t n s W u d m k a y s c h ci v y ex r el 
conditions would make any ofuch activity extremely 
costly, althougn the discovery of large concentrations ofvaluable minerals and shifts in technology or market 
factors could eventually make some forms of mineral extraction attractive. Recognizing that negotiations on this 
subject are bound to be long and difficult, the Antarctic 
Treaty powers are now engaged in discussions, begun in 

1982, to negotiate a formal agreement similar to thoseon seals and marine living resources. 

COASTAL RESOURCE MANAGEMENT IN THE 
ASEAN COUNTRIES 

Resource use and management of coastal margins has al
ways been practiced, but comprehensive, integrated 
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coastal zone inanagenient and development were formal- - tlion isbeinR carried out. hese efforts are coupled with
 

ized only in the early 1970s. Recent coastal management developing institutional arrangements that link applied
 
activilies and policy reform have been particularly preva- environmental and socioeconomic research to coastal
 
lent among the ccastal nations of Southeast Asia. They resources a-ssessment, planning, and management.

include: 	 E Additional joint ASFAN/bilateral donor assistance pto

13 Adoption of a United Nations Environment Program grams are being developed for various elements of 
Regional Se-as Action Plan in April 1981 by the five mem- ASEAN's cooperative ioOmgrain on marine sciences. The 

ber stateis of the Association of Southeast Asia a Nations Canadian hiternational Development Agency (CIDA) has 
(ASEAN}-Indonesia, Malaysia, the Philippines, Sinwapore, signed a Memoraiidim of Understanding with ASEAN for 
and Thailand--paved tihe way for broader cooperation on studies on fes(trce management and development and for 

common environmental concerns. The priority projects of pollution monitoring programs, although iinal arrange
the Action Plan du:ing its initial phase in 1982-83 ments for funding are not complete. Similarly, Canada's 

included: combatting oil pollution from offshcre and on- International Development Research Center (IDRC) is pur
shore activities and hom tanker traffic, reduciig coral r suing, arranemcnts for providing further support to 
reef destruction from blast fishing, halting destruction of ASLAN in the narine sciences sector, particularly by 

mangrove swamps by fish pond operators and loggers, strengthening the regional environmental study centers. 
and installing sewage treatineot plants along coasts where Official responses fron Japan and the European Econom
sheltfishing is predominant. The ultimate goal of the ic Community (EEC) are reportedly in progress. As part 
Action Plan is the incorporation of environmental con- of the ASL\NiAustralia program, a project to generate 
siderations into all aspects of economic development in quantitative baseline information on the community struc-i 
the region. If Successful, the Action Plan is expected to ture, distribution, and productivity of coastal ecosystems, 
act as a nucleus for the developrnent of a wider ,rograrn with particular emphasis on mangroves, coral reefs, and 
in the area that would encompass the states borciering on interecosystem relationships, has been defiincd. 
the Bay of Bengal, South China Sea, East China ea, and Mi Multilateral donor assistance will continue to include 
northern Australia, in addition to the five nations already the United Nations Environment Program (UNEP) support 

participating, to the Coordinating Body on the Seas of East Asia, and 
0 Inplenentation of the five-year ASFAN/U.S. Agency the Asian Development Bank's fisheries and aquaculture 

for International Development (U.S. AID) Coastal development program. 

Resources Managenient Project in 1986 strengthened the W The proposed U.S. AID-sponsored Aquatic Resource 

capability of ASEAN countries to manage their renewable Development Project for Indonesia will focus on fisheries 
coastal resources on a sustainable basis by improving oevelopment and marketing, shrimp aquacultiue, and a 
technical and institutional approaches to managing living model integrated coastal r-source rese,,rch project. A 
coastal resource systems. In order to acconmplish this goal, major feature of the project is policy and institutional 
an intersectoral and interdisciplinary systems approach to structural development to ensure sustainable fisheries 
collecting, analyzing, documenting, and disseminating management by considering impacts on other coastal 
information on trends in living coastal resources exploita- resources. 
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Because air is a natural resource of environmental, eco-
nomic, and social importanre, it needs to be protected 
and managed 0). The driving force for monitoring, under-
standing, and controlling air quality is concern for both 
the environment and human health. No longer is air pol-
lution seen as merely a local problem; it has regional,
national, and international ramifications. Noxious emis-
sions are often transported long distances and across 
national boundaries. 

CONNITOI ANDi .M1DS 

EMISSIONS AND AMBIENT AIR QUALITY
On a global scale, various natural sources are respon-

sible for a large proportion of the gases and particles

emitted in the atmosphere. Nonetheless, in industrialized, 

urban, and densely populated areas, human activities are
responsible for the vast majority of the air pollutants. 


Programs exist in most industrialized countries to rou-
tinely monitor and assess air quality conditions, to 
observe trends, and to begin assessing the relationship
between pollution and human health. Data from some of 
these national networks have become the information 
base for the global air quality network operated by theUnited Nations Environment Program (UNEP) in coopera-
tion with the World Health Orgaization (WHO). Data 
from member states also provided information for the 
Organization for Economic Co-operation and Develop-

ment (OECD) State of the Environment Report 1985. The 
major global, regional, and national monitoring networks 
are summarized in Table 10.1. 

As of 1980, the UNEP Global Environmental Monitoring
System (GEMS) network consisted of about 136 sites in 33 
countries, but since then it has expanded considerably: 
today there are about 175 sites in 70 cities located in 42 
countries (2). Table 10.1 lists the site classification and dis
tribution. Although most of the monitoring sites are 
located in the OECD countries of Europe, North America,
and the Pacific, many of the new sites are located in 
Third World cities. However. data from these sites will 
not be available for several years.Globally, the traditional air pollutants of concerninclude: sulfur dioxide, nitrogen oxides, carbon monoxide, 

particulates, oxidants (ozone), volatile organic com
pounds, and lead. SO 2 and suspended particulate matter(SPM) are most commonly associated with fossil fuel combustion and, therefore, are used as indicators of pollution 
inurban nvironments. They are also the focus of
 

Un urba n onen Tewar e 
UNEPs global monitoring network. 
Axribient Standards and Guidelines 
for Pollutants
 

For the protection of human health and the environment,
ambient guidelines have been established for major pollu
tants. -owever, exposure of individuals, and hence their 
health risks, are difficult to estimate because individuals 
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10 
Ibble 10.1 Major Monitoring Networks 

C aesffcslion Type of Period ofSP-13Wr Scale of SlW &ft~X*V/DstA PC&Mz~t Iwd Amslyu6
GES Gloal Urban' Air Ouahty SO2 1975.83 

Suburban' SPM 
©r.ardialon roEconomic Regional Air QualityCooperal,on and ODe',lopmenl (OECD)' ,So 1970.79 

Ernt.&.sons SPM 1979.84 
NO, CO 

Uned Statirs National Urban A~tQuality S0 03 X 
Suburban Emssons NO, Pb 
Rural CO 

Japan National Urban X SOO3 X 
Rural NO,CO HC 

SO~f0,urtde2- PM - susoene panictie rndnli No, r-'rroge'i o.OemCO - cartcn m xaroe 03 -ozona Pb - ead. HC - trcartions 

Noes:
 
a 31obal Enrti'i,,It.- Morron-g Siner o FA .eicen.-rn V - ite Cr, Ci rifeio wt ,ch So1oerceni ate Carrnefrj 25 r.'cernt ono.Or.J Z" 25 -c-i.rrnmtodenal
C 40 bn'cei of 11esaro sixrr-in.of ,,crn 50 Derwct are ,ilstna 5. 5erConI re1Ont. arid rea corr-eroaw
rtohnicawy Urr.rraa 10 a '04A ,l co'riosnln -c.iat r 

%-
as in INs other examries rra r =a to DECD for lOre a rwt,toma- netrork


SOcUt: Co-r'eno.I0O'rid RL.oic~r, ir stluta
 

move through various "zones" of different air quality, Thble 10.2 World Health Organization (WHO)both indoors and outdoors (3). Table 10.2 lists the guide- Guidelines for F_xposure Limits for SO2 andlines for S 2 and SPM exposure limits developed by the Suspended Particulate Matter (SP 9_World Health Organization to protect human health. SM~rjgIml)In addition to WHO guidelines, several countries have snf ,0,a vfarwmestablished their own national standards. The United So , Irdo &imK ,
States, for example, has National Ambient Air Quality 0,g/m3 ) tha
Standards (NAAQS) for the major "criteria" pollutants. Yaoly arithmetic averaoe" 40-60 4060 

T1

96th percentle of the daily averagesC 60-90100-150 100150NAAQS are categorized as primary, or health-related 150230 
standards, and secondary, or welfare-related (i.e., vegeta- a Theefietring 0a. 4060 ,,gmr,r,,, soentrfacare hky Ili L',gn unoertinics aA wlV,o-eea heillntion, materials, and visibility) standards. (See Table 10.3.) b !.artyarVrnwc awfnorasbes to ,Cr tarm eoNAAQS are approximately comparable to the upper 9. peceritie ofcde ath ags 'r,vu reto ol.etcr exouro andPsk'ao,.oo: Urstad Natons Erront-ren Pogram tUtEP N'iord Hean Orqazation C//HO), SLutvalues of WHO guidelines (4). O,=: ar' Suotwed Parrcul 0 Matar, OffsetPubtcaon 57 (WHO. Genmu, 1979)

Some of the air pollutants of concern to society are

described individually in the following sections (5,6,7,8,9). 
 bulk of SO2 emissions from the industrial sector, namely 

from smelters.Sulfur Dioxide ('SO9 
Emission trends. The pattern of fuel use generally coin-Sources. In North America, Europe, and many other cides with emission trends. In a general sense, S02 emisindustrialized areas, more than 90 percent of all sulfur in sions decreased in almost all OECD countries fromthe ambient air comes from man-made emissions. The 1970-79, remaining stable in just a few countrie& Figureenergy sector is the principal source of SO2 emissions, 10.1 illustrates the pattorn of U.S. emissions of S02 andprincipally from the combustion of coal and oil at power NO, from 1900-80. After a gradual increase fromplants and secondarily from industrial processes. Among 1940-70, U.S. sulfur emissions decreased 36 percent fromthe OECD countries, only in Canada and Norway is the 1970-83. The downward trend in emissions continued for 

Tbble 10.3 U.S. National Ambient Air Quality Standards 
PrkmsryH4r~)S*=cechoy -Pcfl)


Pv&tAV As'cr-rb1 Thno 
 Crrcitrn1m Tbm2Cr~eJ)W
SPM Annual goomeric mean 75 pg/rn Annual geometmc mean 60 pg/rma24.hour 260 pg/rn3 

24.hourSo, Annual airihmelic mean 150 g/rn3 
(003 ppm) 3.hour 1300 pg/ml
80 pg/ 

M3 

(050 ppm)24.hOur (014 pDnm)CO 8.ot~t365 )A9/m'nco 8 hour (9 ppm) Same as pnmary 
10 mg/m 3
 

1-hour 3
40 as 

NO, Annual arithmetic mean 


(35 mgmppm) Same primary 
(0053 ppm) Same as primary
100 pg/M 3 

0, Maximum daily 1-hour average (012 ppm) Same as primary 
235 .g/rm3 

Pb Maximurn quarterly average 15 pg/m Same as primary 
-SPMA SUSoeridix, Pafbtcllfe Mailr. so2 - su~u coeK CO Clion rr'on-oxioONWA: e This an,"m OToorernc oaanm a Quoo to ce u.ed in &os.nnr' mf ewr, ntton NO2 -~lu"ou oe~03 - oneLiPb- ieedPla-S to ahO ae 24-hour Standard 0 150 Pig/r3 

Slra,; US Errov'ocalt Psroec~ton A yi'y (EPA)1928P4 5Refie, 
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most OECD countries through 198, including the United 
States, where emissions decreased by 19 percent. In the 
Federal Repubiic of Germany. trends in SO., emissions fol-
low a pattern similar to th( one observed in the United 
States: emissions increased from 1950 until around 1970, 
with a noticeable decline beginning in the mid-1970s 
o),11). (See Figure 10.2.) Figure 10.3 illustrates the share of 
emissions of four of the major air pollutants in the three 
OECD regions in 1980. 

While fuel combustion and industrial production have 
been increasing on the whole, downward trends in emis-
sions can be attributed to decreased reliance on fossil fuels, 
with increased use of nuclear pover, wider use of low 
sulfur fuels, energy conservation, and installation of some 
pollution control equipment (e.g., flue gas desulfurization). 

Air quality trends In the GEMS air quality monitoring 
network, the predominant trend for long- and short-term 
ambient SO, concentrations for 1973-80 is downward 
(12,13). (See Tfable 10.,A.) More specifically, SO, concentra, 
tions decreased through the 1970s in large and indus' :ial-
ized cities of North America, the OECD Pacific region, 
and many European countries, except for Italy, where 
concentrations increased o i. (See Table 10.5.) 

Suspended tParicturte Matter (5PM) '15) 

Sources. Although natural sources of particulate matter 
are important, especially in arid regions with terrigenous 
soil and dust, artificial sources are of greater concern 
because particles have thei potential for carrying toxic 
(including carcinogenic) trace substances, and the particu-
lates themselves may be toxic. Fine particulates (aerosols) 
can be formed in the atmosphere as secondary pollutants 
from gaseous emissions. 

The principal anthropogenic contributors to particulate 
matter include industrial processes and fuel combustion 
from stationary and mobile sources (especially diesel 
engines). 

Emission trends. Despite economic growth, levels of SPM 

emissions have declined significantly from 1970-79 in 
major OECD countries like the United States, Japan, 
France, Germany, and the United Kingdom. Since 1979, 
economic growth has begun to slow down, and there 
have been further decreases in SPM. More specifically, 
total SPM emissions in the United States decreased by 69 
percent from 1940-70 and since then have decreased 
another 62 percent. Table 10.6 summarizes U.S. emission 
estimates for the primary pollutants from 1940-83. 

Such dramatic reductions are the result of changing 
energy policies that stress the use of coal washing equip-
merit. conservation of energy, and the installation of dust 
control equipment. However, these impressive emission 
reductions have been o.fset by a corresponding increase 
in motor vehicle traffic since the 19601s. Further, the use 
of diesel cars has increased in several OECD countries, 
and diesel engines generate significantly higher emissions 
of fine and toxic particulates. 

some improvement qc,:45 percent of the sites have 
decreasing annual aveages; ILI percent of the sites show 
an upward trend for annual averages; and 50 percent of 
the industrial sites show a downward trend. (See Table 
10.4.) 

Likewise, in most OECD cities, the ambient particulate 
concentration from 1975-79 either fell or remained rela
tively stable. (Se Table 10.7.) SPM levels decreased 20 
percent in the United States from 1975-83 07); in the 
Federal Republic of Germany, SPM concentrations 
decreased by 55 percent over the past two decades 08). 
Ovei Trends in S2 and SPA Ilution 
O 
At the 52 sites in the GEMS network where SO, and 
SPM concentrations were measured simultaneously for at 
least 5 years, 30 percent showed decreasing annual aver
age concentrations of both pollutants; 20 percent of the 
sites had stationary trends for both pollutants; and none 
of the sites showed upward trends for both pollutants (the 
remaining sites showed mixed trends). 

Sulfur dioxide and SPM pollution levels were also com
pared for cities in the GEMS network using only data 
representing substantially complete measurements at 
several sites within a city for 1976-80. Tne composite 
average was then calculated and plotted along with the 

Figure 10.1 Annual Emissions Of S02 and NOx 
ithe e nua United S 1900-80 

in the Coterminous United States, 1900-80 

Thousands of Metric Tons 

34

32

30

28 
26

24.- S02 

22

20

18 

16

14

12

10 

8

6
4

2-- i i 
1900 %O 1920 1930 1940 1950 1960 1970 1980 

Air quality trends. The data indicate that the predomi- ome: US Environmental Proteclon Anency 1985 Reference 5 

nant trend for SPM concentrations at GEMS sites showed . 

163 



t10
 

F.1uro 10.2 Estimated Emissions Of S02, SPM, NOx, and Hydrocarbons in the Federal 
Republic of Germany, i954-82 

MdAo1,nsof Metrc Tons per Year 

SPM
SO 2 NO a HC. 
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3

2

range of annual averages at individual sites. (See Figures
10.4 and 10.5.) Composite SO2 averages range from 17
micrograms per cubic meter for Auckland, New Zealand,
to 207 micrograms per cubic meter in Milan, Italy. How-
ever, with SPM concentrations, the ranges among
individual sites in each city are fighter The composite
averages extend in a fairly regular fashion from 59 micro-grams per cubic meter in Tokyo to 142 micrograms per
cubic meter in Zagreb, Yugoslavia. The unusually highaverage SPM concentrations for Tehran, Iran, and Cal-
cutta, India, are not due entirely to industrial pollution;
naturally high dust levels also cont, ribute (9).

By and large, 1980 data from the GEMS network indi-cate that cities in Eastern Europe and the Third World 
are consistently more polluted with SO 2 and SPM thanmost (but not all) of the cities hiOECD countries. Moni-tored cities in developing countries exhibited relatively
higher values for suspended particulate matter than any
of the OECD countries, with particularly high maximum 
values (ranging from 525 micrograms per cubic meter upto 2,221 micrograms per cubic meter) in Baghdad, Iraq;
Teheran, Iran; Bombay, Calcutta, and New Delhi, India;Jakarta, Indonesia; Lahore, Pakistan; and Kuala Lumpur,
Malaysia. These high levels are attributed to a combina-
tion of sources, mostly urban wood and charcoal fires for.. 

1 0 '4E0Ot,r0C519h6 

104 

0- _+__LL . 

1954 1970 1982 1954 70 1982 1954 1970 1982 1954 1970 
Nora: a Calcua~edj 'isrNO,

Soksm: Federal Re";'L, c 5! Gtermany. Fedral Mini try for Research 
and Technology, 1984, Reference 10. 

cooking, heating water, and fueling cottage industries (20).
Smoke concentrations (another way of measuring SPMj

were also high in the South American cities of Sao Paulo,Brazil; Santiago, Chile; and Bogota, Colombia (2).Since
data for these countries are relatively recent (1975-80), itis not possible to detect long-term trends in air quality.
However, available data indicate that smoke and particu
late pollution are becoming serious problems in many
Third World cities. 

A similar picture emerges in Eastern Europe. High
levels of smoke pollution in the :ange of 570-830 micro
grams per cubic meter maximum values have been noted
in East Berlin, German Democratic Republic; M-ague,
Czechoslovakia; Zagreb, Yugoslavia; and two cities in 
Poland, Warsaw and Wroclaw (22).

Once again the available data are too patchy to detect
trends, but it seems apparent that Eastern Europe, in
general, suffers from relatively higher levels of both SO
and SPM pollution than cities in OECD countries (23). 

Nitrogen Oxides (NO,) 

Sources. The major anthropogenic sources of NOx are the
transportation sector and stationary fuel combustion from
the industry and energy sectors. In urban areas, NOX 

1982 
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gives the atmosphere a yellow-brovm cast. Nitrogen
oxides also play a central role in photechemical smog 
and oxidant (ozone) fonnation. 

Emission tmnds. From 1970-79 in the OECD countries, 
NOX emissions rom stationary sources remained n&l-
tively stable but increased in the transportation :,ctor. 
However, for 1979-&1, there bas Leen art oteral decrease 
(or stabil~zation) of NO, emissions in Japan, North 
America, and most of OECD Eufope (e-cept Southern 
Europe). In the Federal Rpublic of Germany, NO. emif
sions have increasd by 55 percent in the past two 
decade. (See Figure 10.2.) The distribution of NOx enis. 
sions in major OECD regions is given in Figure 10.3, and 
the U.S. emissions estimates appear in Table 10.6. 

Overall, emission trends reflect the increas.ed volume of 
road traffic since the 1960-s as well as the number of 
diesel cars. In the United States, however, the rate of 
increase in emissions has been dropping because of the 

controls placed on vehicle emLssions since the rnid41970s: 
NO, increased 7 percent from 1970-83, with a 2 p.rcent 
increase since 1975. 

Only in Japan hws there been a siLmificant decase in
total NOX: emission levels dropped by more than M0 per
cent, despite a dramatic incra- over the past 20 years
in the wtrnhbr of vehticles, especially passenger cax. This 
impnoemeitt is due to the fact that in the mid-1960s,
Ja.an began to impose strong NO. emission controls on 
both mobile and stationary source-. 

Air quality trends. Generally, trends in NO, air quality 
patterns are similar to estimated NO, erni ions. For 
selected cities in the OECD network, ambient NO2 levels 
remained relatively stable from 1975-79, except in [on
don, where they actualy de.reased. Annual average con
centrm.tions increased in the United States frvin 1975-79 
and then began decreasing; for 1979-83 NO concentra
lions decreased by 15 percent. 

Rgure 10.3 Emissions of Air Pollutants In Selected OECD Countries, 1980 
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Table 10.4 Trends in Annal Averages of Sul'ur 

Dioxide an, Suspended Particulate Matter 
(SPM)at GEMS3 -sites,1973-80 
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C-arbon Monoxide (CO) 

Sources. la most industrialized countries, local sources in 

urban areas are responsible for the relatively high 
ambient concentrations of carbon monoxide. The trans-
portation sector contributes about 90 percent of all man-
made CO emissions. 

Emission trends. According to OECD data (24), total emis-

sions decreased significantly from 1970-79 in North 
America and Japan, with mixed trends in Western 
Europe. An overall decline-or at least a stabilization-of 

CO emissions has continued since 1979 in the OECD 
countries. Figure 10.3 shows the distribution of CO 
emissions in1980 from the major OECD regions; U.S. 


emissions from 1940-1983 ar9 shown in Table 10.6. 
Despite a continuing increase in vehicular traffic, CO 

em ssions have decreased since 1975, mainly as a result 
of the auto emissions control programs, especially in 
Japan and the United States. In Japan, emission levels 
decreased by more than 50 percent betwen 1971 and 

in the United States, the trends show CO emissions1981. 
1970-83; from 1975--83decreasing by 31 percent from 

the levels decreased by 16 percent. 

Air quality trends. For OECD countries there has been a 

general decline or stabilization in the ambient level of 
carbon monoxide from 1975-79. The annual average 
concentrations in Japan peaked around 1960 and have 
been steadily declining since then. Between 1975 and 

1983, the trend i the United States indicates a decrease 
of 33 percent, with little change from 1982-83 (25). 

PROBLEMS REMAIN 
In spite of generally positive trends inOECD countries, 

.o
many problems remain ,26): 
INNational ambient air quality standards as well as 

recommended concentration limits set by the WHO ...... 
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still exceeded in many densely populated or industrialare 
areas. 
ED Many cities in developing countries, where pollution 
control programs are not wel! developed, are experiencing 
an overall decline in air quality ;::;industrialization 
grows. 
Fa The health and environmental impacts of NO, may 
be greater than initially anticipated, particularly as they 

relate to the formation of ozone and their role in forest 
decline. 
N The control of fine particulate matter has not yet been 
satisfactorily accomplished. 
, Despite control efforts, ozone in the lower atmosphere 

he, continued to increase, exacerbatin7 related health 

and ecological effects.
 
13 Urban -,iotochemical smog is emeqbr: as a large
scale problem of 7-'ornational significance. 

In addition to the problems related to thefe Lraditional 
pollutants, concerns are emerging about the emissions of 
new pollutants' Of special concern is the increased 

h IM 'rend, in Stilphuw Dioxide
 
Conceatrationv 
in Urban Areas of Selected 
OECrra Counteev, 1975.:-33h 

197s 00 i l.t) 

cO.4 .,/( -.) .75 1tr 1., ISr 19i 190 
Canada 

A 61 100 74 80 64 61 X
MontrealU~dSae
 

United States 
83 82 77New York 	 A 431 100 82 83 

B 381 100 13 (8 77 76 67Detro4 
Japan 

Tokyo A 602 100 81 80 71 70 49 

K-avasaw B 596 100 63 59 58 61 46 

A13stra33a 100 103 97 93 81 XSydney 	 A 390 

Niucastle B 330 100 58 88 84 X X 

Belgium 63 53 45 XBrussiMs 	 A 99.0 10o 73 
Liage C 850 100 80 92 74 74 X 

Frarce 
Paris A 1150 100 90 77 62 59 53 

B 630 100 132 111 78 76 65Rouen 
Germany
 

Berlin A 950 100 111 96 81 86 71
 

Ruhr Area B 161.0 100 80 60 X X X
 

4
 oe A 62.0 100 ,62 121 140 143 X 
XMilan B 244.0 100 111 76 73 52 

55 34Luernbourg C 61.0 100 57 F1 61 
Netherlands 

Amstrdam A 340 100 100 74 70 62 59 
Rotterdarn/Rrijn B 52.0 100 92 75 81 69 71 

Norway A 100 88 75 6.5 42 35Oslo 	 4.0 

Poriugal 
B 931 100 88 125 116 65 63BarroiroSoixa 

Sweden 
A 410 100 106 59 80 46 45Gothenburg 

London 	 A 1230 100 80 82 67 61 49 
51 35
Ncas 	 1150 t00 81 0 57 

X . notavagable 

b,Metois o cC&Cr rAa0are.T c,d aak w ti o 

, Afv. av rage oary concefniral os are givwr,here as i-fnpk1
S ofgQan tnrerax.,1J 

and 	 " d c l ris A a M, n anona fl r (5-0 Wssl) o ,0,a 

invbt= rot tj nd c,,-inwt-i)a oaE,- r-untaL-t,o wrAru,,w 

cu& o havebeen mp-yS0d to COTO&Uirv0Y t-1a--4 dwz hi~ imn1980, r o ;w $or n ,or0 	 Ou
8eatme. g,=,onpM 1, andl a.,vi :=n~rf (OECD), OWOb Eco,-,.Co- on'K 

Erorw o cnorn ;95106:0, Pxt. 1985), ae 2 2. 
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10 
ibh 10.6 Summary of National Emison Because the emerging issue of multiple pollutants and 

Estinate_ in the United States, 1940-83 forest decline is the subject of Chapter 12, this section 
saMk N , v focuses on the acidic component of atmospheric deposi

Pe-.bk&t O-4 oxzm om nics msm-,u Law tion and its relationship to aquatic ecosystems and the 
", (m (SO..o)" (NO.)' CC) (C)o 0 P built environment. 

1940 224 180 6.7 17.7 79.4 X
 
1950 2,1.2 203 0.3 203 84.8 X
 
1960 209 200 128 23.3 875 X Transport of Atmospheric Poliutant3
 
1970 18.0 282 18.1 270 98.3 20.0
 
1971 16.7 268 18.5 26.3 96.3 22.0 The ctmnsphere transports many Pur pollutants hundreds 
1972 15.0 274 19.7 26.3 93.8 23.0 
1973 139 28.7 202 25.7 89.5 202.7 of kilometers before returning them to the earth's surface. 
1974 12.2 27.0 196 24.1 84.6 162.1 During this long-disance tranport, the atmosphere acts 
1975 10.3 25.6 19.1 22.7 80.5 147.0 
1976 96 20.2 20.3 23.8 85.3 153.1 as a complex chemical reactor transforming the pollu
1977 9.0 263 20.9 23.6 811 141.2 tants as they interact with other substaces, moisture, 

8.9 24.5 21.0 24.2 80.6 127.91978 
1979 8.8 245 211 23.5 77.4 10.7 and solar energy. Under the right conditions, emissions of 
1981 7.7 22 205 21.0 72.3 559 sulfur dioxide and nitrogen oxides are transformed chem
1962 68 21.3 196 19.4 66.1 54.4 ically during transport into sulfuric and nitric acids. In 
1983 69 20.8 194 19.9 67.6 46.9 Northern Europe and eastern North America, about two 

Percent thirds of the total atmospheric acidity is due to sulfur 
Change 1940-1983 -69 +16 +190 +12 -15 X and one third to nitrogen (35). The ratio varies considera

+7 -31Ch3nge 1970-1983 -62 -26 -26 -77
 

Change 1975-1983 -33 -19 +2 -12 -16 -68 bly with season and region, and in some areas, such as
 
x - r !auame the western United States, it can be closer to 1:1.
 

Unitof mourenwiNis tearrG yer (10 mrc tors I ,ir) Acid deposition takes both wet and dry forms. Typi
is (103 torts 1 cally, the dry forms (gases and particles) are foundb Urwtdc . .ir.r.ri , a ,War - . c.a nearer 

W8,eq: US Ermer etcitlon Avercy (EPA). 1984. 

their sources, and wet deposition occurs at longer dis
tances (36). Estimates of dry deposition are uncertainnumber of unconventional trace pollutants in the 

because there is no satisfactory technique for measuring
atmosphere, such as toxic metals, fibers, and organic 
it directly. Nevertheless, the available data suggest that incompounds. They may cause cance, genetic changes, 

and birth deformities as well as engendering adverse eco
logical effects. In general, these substances are not rou- Thbo 10.7 Trends In Concentrations of 
tinely monitored and emissions are not well documented. Suspended Parilculate Iatter in Urban Areas 
More research and monitoring are needed in order to of Selected OECD Countiiesa 
determine their levels in ambient air and their potential 675 Lx, 100 i 1Y75i" 
effects on hurnan health. CrtlZyC (Pe) 1s75 , 1W 1 19 1SM 

Canada 
76 62 53 XMontreal A 103.0 100 69

ACID DEPOSITIO1 Unrted States 

New York A 50.4 100 99 102 97 89 86
Acid deposition is a major air qualit, issue in Europe and- Chicao B 70.9 100 103 99 91 77 78 

North America (27,2829,30,31,32,33,34), and it may emerge as Japan 

a significant problem in Asia. Many environmental effects Tokyo A 78.4 100 60 61 65 65 61 
Australia

have been attributed to "acid rain:' including damage to Syd-. A 112.0 100 72 78 X 65 68 
lakes, streams, groundwater, forests, agriculture, buildings, Belgium 
statues, and human health. Brussels A 12.0 100 69 59 63 50 X

Antwerp B 30.0 100 83 43 60 47 X 
"Acid rain" is a popular label for the complex scientific France 

phenomena associated with atmospheric deposition. It is Paris A 57.0 100 105 89 88 82 81 
are not Nantes C 360 100 56 39 42 31 44

misleading, however, because acidic substances 
Germany

only deposited in rain, snow, fog, and dew, but they also Ruhr Area B 114.0 100 81 74 70 79 X 

fall from the atmosphere as dry particles. Luxembourg C 37.0 100 57 46 46 41 27 

The acid rain issue has undergone several significant NetherlandsAmsterdam A 70.0 100 106 99 97 90 93 

changes in the last few years: Rotterdam/Rijn B 700 100 103 90 97 81 80 

12 Scientific and policy concerns have expanded beyond Norway 

the threat of acidification of aquatic ecosystems. Observed OJo A 32.0 100 61 84 103 81 84 
Portugal 

changes in forests, in particular, have received increased Lisbon A 162.7 100 X 101 101 101 98 

attention. United Kingdom 

Hl Although acid deposition is still seen as the primary London A 360 100 64 53 58 50 61
Stolre.on-Trent B 54 0 100 72 56 67 46 54 

atmospheric agent damaging aquatic ecosystems, many 
X - noi "iaie 

other air pollutants may also play a role in forest declines ,la e e: 

and materials damage. b Categone of Mies Aa city in wtvn anotable poion (5-io%) oiie nalt poriPolat.o 

M] Thc geographic area now perceived as threatened by s com,etIrae 8 IniduOl Cityi w ch asigniticritf nurbe u i inhabtanits ae 

rain and the other air pollutants associated with c y we fr 'aoo'e oumbeuracid SAnnual average awy cronceritaionts are given "eeas examp:ies to alusirate gerera! trends 

atmospheric deposition has expanded far beyond Scan- rinen( OEC D) OECDY,,ich are oon re in naot rewts aria s surc s ( C 
a - € Ogar za- , of Ecor ,."ircCooomnon and Dm ,o 

dinavia and northeastern North America.. Eo,,eor 1 (OECD Pas5) Tate 22C 
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winds in Europe are generally in a northeasterly direc-
Fgure 10.4 S02 in Cities of the GEMS tion. It i. clear that any serious attempt to reduce acid 
Monitoring Networ'k, 1976-30 depositicn over a broad region like Western Europe and 

- Scandina',ia will require concerted- multinational action. 
Concentration cug~m)l 

30o- Deposition 

The hignes-t !vels of acid deposition are in the regions 
with the highest levels of man-made sulfur and nitrogen 
emissions. Or, a global basis, probably 50 percent of the 

100= jatmospheric sulfur is from natural sources. But in indus-

MilannS 
50 Paulo 

- London 
Bus SS4130sl 

Tehran 
Madrd 

Manil 
Zagreb 

Tokyo 

0 Mtributions 


Hamniton 

Syde 


5trialized 

YOub n 

HongKo 


3- oronto 
Aucllarid 

Note: Shading indicates range of annual averages at individual siles. Lines, 
within shaded areas sow the composito average for each city.

Surce: S. Bennett of al, 1985. Referonce 4. 

some regions-with concentrations of heavy industry, 
power plants, and traffic-up to about 50 percent of the 
acid deposited may be dry particles (37). In dry areas of 
the western United States, the dry to wet deposition ratio 
may approach 15:1 p48). 

Gaseous sulfur can remain suspended in the atmosphere 
from hours to weeks before being deposited C39). Time al-
lows the winds to carry sulfur and its end products long 
distances from their origin; a small fraction of the sulbur 
deposited in Europe even originates in North America 
(40). In Europe and eastern North America, studies show 
that on average roughly one third of deposited sulfur 
compounds come hom sources over 5,000 kilometers 
away, one third from sources 200-0 kilometers away, 
and the remaining one third from sources within 200kilometers of the deposition site ( 1). 

The exchange of air pollution between nations can be 
enormous in both scale and complexijty. The Federal 
Republic of Germany (FRG) is a good example. As a 
maJor SO 2 emitter in Central Europe, the FRG is sur
rounded by other pollution sources, so it sends pollutionin and receives pollution from all directions. The FederalinMontreal 
Republic estimates that it is responsible for 124,000 met
ric tons of sulfur deposited in upwind France each yeax. 
France reciprocates by sending an estimated 167,000 met-
ric tons across the FRG border where it contributes to a 
grand total of 760,000 metric tons dumped annually on 
the Federal Republic (42). This exchange shors the corn-
plexity of pollution pattems, even though the prevailing 

. .Yt RESOUICE, 19E4 

trialied regions, like Europe and eastern North America, 
over 90 percent of the deposited sulfur is from man-made 
emissions (43).

Precipitation is naturally acidic, with a global back
ground pH of around 5.0 (44). This background acidity is 

from atmospheric C0 2, natural sulfur and nitrogen corn
pounds, and organic acid& At some remote sites pH 
values even lower than 5.0 are found, but the amount of 
acid deposited is small; it usuaily includes significant con

from weak organic acids (like acetic and for
mic) rather t.a the strong acids associated with fossil 
fuel emissions (45). Figure 10.6 shovs that a major indus

region like eastern North America experience
precipitation with very low pH values (as much as 6 
times more "eniche" d in hydroger. ions) compared to 

remote regions (46). 
The pattern of the annual iverage pH of precipitation 

for North America is shown in Figure 10.7. Large areas 
in and downwind from major emission zones experience
precipitation that averagei: pH 4.2-4.5. Rainfall can be as 

acidic as pH 3 (vinegar) or even worse; one rainstorm 
that drenched Wheeling, West Virginia, in the United 
States, had a pH of 1.5 (battery acid has a p- of 1) (47). 

H"nurte 1 ,) Suspended Pareiculate Matter in 
Cieo of the GEMS Air Monitoring Network, 
1976-80 
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An analysis of ice cores from Greenland spanning more 

than a century-from 1869-1984-indicates that anthropo-
genic sulfate has dominated deposition since the early 
20th Century, and anthropogenic nitrate has played a 
major role since about 1960 (48). These trends roughly 
parallel man-made emissions over that period, 

More spatially and temporally detailed analyses of 
trends over recent decades are possible using monitoring 
data available for up to 120 Western European sites, 
which comprise the European Air Chemistry Network 
(49). Sulfate deposition has incieased an average of about 
2.5 percent per annum from 1955-75 at 12 sites in Scan-

dinavia (50). Since 1975, however, sulfate deposition has 

either decreased or remained constant over most of the 

network. 


In contrast, nitrate concentrations have generally 
increased since the l960s. For the 12 sites in Scandinavia, 
increases in nitrate averaged about 6 percent . - annum 
over the period 1960-80 (51). These overall deposition 
tyends roughly follow the pattern of nitrogen emissions 
for Western Europe during the period of monitoring, 

North America has not kept pace with monitoring 
efforts in Western Europe. Only one site in the United 
States has a rcord extending back over 20 years, Hub-
bard Brook, New Hampshire (52). The data from this 
northeastern site showed no marked trend in acidity but 
a general decrease in sulfate and a compensating 
increase in nitrate from 1964-77. The trends in sulfate 
and nitrate deposition roughly correspond to sulfur and 
nitrogen emissions. 

Since about 1980, when more extensive monitoring 
began, average annual patterns for wet de-csIt'on in the 
United States have shown few si,nificrait changes, reflect-
ing the fact that emissions have remained relativel:i con-
stant (53). The area receiv:sg ii axcess of 20 kilog.arns 
per hectare per year of wet sulfate has remained ;imilar 
from year to year (54). 

Outside Western Europe and North America, data on 
acid deposition are sparse. Some monitoring of precipita-
tion chemistry in Japan reveals acidities oT around pH 4.2 
in the Kanto region (55). Observations from some Japa
nese sites with long-term records show increasing acidity 
during the mid- to late-1960s. China has also experienced 
acid deposition in both rural and urban areas (56). Precipi-
tation monitoring stations have recorded a pH of 4 or 
below near Chungking and other urban areas, values 
which are probably related to the large quantities of coal 
burned in China. 

ACIDIFICATION OF AQUATIC ECOSYSTEMS 

Acidification of surface waters has occurred in Western 
Europe and eastern North America, although it has also 

United States (57). Emissionaffected parts of the western 
levels and geology suggest that acidified waters could 
exist in other industrialized regions. Surface waters that 
are below about pH 5 and that are poorly buffered 
generally have relatively unproductive fisheries or are 

bog-lake interactions, forest-soil processes, and land Use 
practices as well as the atmospheric deposition of acids 
In regions such as southern Scandinavia that generalhy 
have poorly buffered waters and receive high levels of 
atmospheric deposition, acid rain is usually cited as the 
major cause of freshwater acidification. 

Sweden estimates that of its 90,000 or more lakes, 
4,000 are highly acidified, with a pH below 5 (58). In 
addition, approximately 18,000 more have experienced 
wome acidification, and another 20,000 are at risk if cur
rent levels of deposfion continue. Sweden also has about 
90,000 kilometers of acidified st-eams. Damage to fish 
stocks ranges from temporary disruption of life cycles to 
outright loss of whole populations in the acidified waters 
of southern and western Sweden (59). Some lakes on 
Sweden's west coast have become considerably more 
acidic since the 1930s, dropping as much as 100-fold from 
pH 6 to plH 4. 

In southern Norway, lakes with a total surface area of 
13,000 square kilometers support no fish, and stocks have 
been depleted over an additional 20,000 square kilome
ters (60). Fish populations in Norway's southern lakes have 
declined markedly, with 74 percent of the brown trout 
and 53 percent of th kperch stock disappearing since the 
1950s. Until 1978, Atlantic salmon had disappeared from 
southern Norway due to the acidification of key spawning 
sites (61). 

Some small headwater streams and lakes in poorly 
buffered regions of the Federal Republic of Germany are 
reportedly acidified (62), and in the German Democratic 
Republic pH values as low as 3.9 have been documented 
in some areas. Likevise, Scotland has some acidified 
lakes in the Galloway region, where the soils are thin 
and are underlain by granite (63). In the Netherlands, 
aquatic effects have only recently been recognized, but 
initial observations suggest that up to 70 percent of the 
most sensitive lakes have been acidified (61). 

Acidified lakes have also been identified in North 
America. More than 300 lakes in Ontario, Canada are 

Rpu 10.G Hydrogen Ion Concentration In 
the Northeatern Jnited States, as Compared 
to Relatively Remote Areas 
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incapable of supporting any fish populations at all. 

Many factors can affect the pli of surface waters- Sct*u: JMMiller, 'Acid Rain," Weatherwse Vol 37 No 5,p 239 (1984) 

bedrock composition, hydrology, surrounding vegetation, 
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pH value below 5 with an additionl covering a statistically representative sampling of lake in
estirnated to havc a 

the eastcra United States indicate that 10 percent of the 
48,000 !akes (about 3 percent of the total) listed as being 

the highly sensitive Adirondack region hme pH
[Niine rivers in Nova Scotia lakes in 

have pH values below 4.7 and no longer support salmon values below 5 (67). 
A similar high pe'- ntage was found in the Upper 

sensitive to acid deposition (65). 

or trout reproduction (66). 
Peninsula of Micnigan, but in other sensitive regions o!The most extensive survey of suface water chemistry 

the average number of lakes 
ever conducted is current!y underway as part of the U.S. the eastern United States, 

below pH 5 was about 5 percent. In northern Florida, 12 
National Acid Precipitation 'Assessment Program. Initial 

pH below 5, which maypercent of the lakes shoved a
results from the U.S. Nationa! Surface Water 3urvey 

Figure 10.7 Distribution of Acidiy of Rain Over the United States and Canada, 1982 
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be 6ue to naturally occurring organic acids draining from 

major swamps in the region. 

The U.S. National Surface Water Survey also fotnd that 
lakes in sensitivea large proportion of the eastern 

regions had low acid neutralizing capacities (ANC). For 
an ANC lessthe Adirondacks, 31 percent of the lakes had 

than 40 microequivalents per liter and 70 percent had an 

ANC of less than 200 microequivalents per liter (200 is 
the threshold of vulnerability to acidoften considered 

deposition). The ANCs of about 60 percent of the lakes 

in the other sensitive regions of the eastern United States 

are estimated at below 200 microequivalents per liter, as 

peicent of the lakes in the southeastare the ANCs of 41 

region located in sersitive areas (68). 


Cause uJnd Effect Relationshps 


The relationship between acid deposition and surface 


water chemistry is complex. Most of the precipitation 
lake has fallen on vegetation andthat eventually enters a 

over or through soil before reaching the lake. Duringrun 
can be modified bythis journey, the acidity of the runoff 

a factor of ten or more (i.e., more than I pH unit) (69). 

One result of this phenomenon is that although generally 
be defined, the fate ofsensitive (low ANC) regions can 

any given body of water within them is determined by 

specific local factors. 
Acidification causes many profound changes in aquatic 

ecosystems, affecting all trophic levels. The impact on fish 

is the most visible and thoroughly studied aspect of the 

problem. Fish reproduction and health are impaired not 

only by the toxicity of hydrogen ions but also by the tox-

icity of the metals mobilized by the increased acidity, 
major factor in reportedAluminum (Al) poisoning is a 

fisheries declines and losses (7o). As pH decreases, the 

toxicity of aluminum increases. At about pH 5, aluminum 

most lethal to fish because it precipitates in their gillsis 

as aluminum hydroxide, reducing the oxygen content in 


the blood and causing salt imbalances in the fish. The 

the organic content in theproblem is most acute where 


water is low, as is true of many acid-sensitive 1a.es. In 


naturly acidic "brown water" lakes, fish can tolerate a 


lower pH because the high organic content fixes or 


buffers the aluminum, making it less toxic (7!).
 

Episodic fish kills observed in Europe aP6 North 

America have usually been accompanied by acid "pulses" 

be caused by precipita-72). These pulses of acidity can 

tion with very low pH values or by the rapid melting of 

during spring thaws. In either case, the volume and 
snow 

overwhelm the catcnment's abil-canrapidity of the pulse 
so that the

ity to neutralize or absorb the acid input 

depressed pH values generate elevated levels of toxic 


metals. When the acid pulse is from spring snowmelt, it 

at the most vulnerable time In fish life
oftern occurs 

cycles. Snow normally contains more nitrate than do 


can exceed a system'ssummrer rains, so the spring shock 

ability to absorb nitrogen. In this way, nitrogen deposition 

can be more important in some fish kills than is sug-

gested by its relative contribution to total acidity, 

DAMAGE TO THE BUILT ENVIRONMENT 

Since the mid-19th Century, air pollution has been sus

pected of accelerating the degradation and corrosion of 

many types of materials, both natural and man-made. 

The most susceptible buildings, monuments, memorias, 
statues, cultural objects, and historical artifacts are located 

where they are subjected to aprimarily in urban area 
host of pollutants. Damage from atmospheric deposition 

includes corrosion of metals, erosion and discoloration of 

paints, and deterioration of building stone (73). 
to the air areOf course, materials that aye ex-ise 

regularly subject to wind and solar radiation and a wide 

variety of other natural stresses, but structural deteriora

tion is accelerated by pollution. In most cases the com
more agents causesbined or additive effects of two or 

more significant damage than any single pollutat 

(74,75,76). 
The primary pollutants related to materials damage 

include sulfur dioxide, itrogen oxides, ozone, and par

ticulate matter. Because of its widespread distribution,
 

SO, is considered the most significant for materials dam

age (7"). The extent of damage to materials from acid
 
to the other variables, is notdeposition, as opposed 


known, and it is difficult to assess the relative contribu

tion of dry-deposited versus wet-deposited substances.
 

Although the threat to cultural pwoperties from pollu

tion has been demonstrated in Europe examples from
 

the United States are not as convincing. In Europe, the
 

number of intricately carved architectural surfaces and
 

historical properties is n-,:jch greater; the times of 

exposure are longer (centuries versus decades); the stone 

is often of poor quality; and the pollution levels are 

higher (78). 
Overall, there has been a significant increase in dam

age to buildings and structures by air pollution in Europe, 

particularly since the 1950s, with the rapid growth of 

motor vehicle traffic (79). This bend in Europe coincides 

with the pattern of increasing levels of emissions and 

elevated concentrations of some air pollutants. Of pri

mary concern is the extensive damage to stained glass 

windows, historically valuable natural stone buildings, and 

bronze memorials. (ce Table 10.8.) 

Conclusion 

The acid deposition issue is going through the transition 
from scientific pioneering to in-depth analysis of complex 

environmental phenomena. With the massive interna

tional research efforts now underway, the science of acid 

more research was per
deposition is maturing. h'deed, 

1982-86 than during the previous 20 years.
formed from 

means that policymakers now have a
New information 

institutebetter understanding of the problems and can 

more effective controls, but there are no quick 
or easy
 

solutions. 

POTENTIAL CHANGES IN 
STRATOSPHER]C OZONE
 

Ozone (03), a variant of oxygen (02), is present in minute 

in the atmosphere. Ozone concentrations varyamounts 
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Table 10.0 Air Pollution Dw'amage to Materials 

Metals 	 Curro.,.on. tarnsr-hlng 

Buliding Surface erosion. 

Stone so501g, b;ack crast 


!ormaton 


Ceramics Surface erosion,

ad Glass surface crust 


formation 

Paints and 	 Surface erosion, 
Organic coli oration, 

Coatn-igs so.ling 


Paper 	 Emnrliemnrit. 
aisccgoialion 

Photographic Mcrob;emishes 
Materials 
Textiles Reduced tensile 

strength, soiling 

Textile 	 Fading, color change 
D, 


Leathef 	 Weakening, powdered 
surface 

Rubber 	 Cracking 

Sulfur oxides and 
olthir and gases 

Sulfur 0:ides ard 
other acid gase 

Acid gases,
especially fluond.e-
containing gascs 

Sulfur oxides, 
hydrogen suific 

Sulfur oxides 

Sulfur oxides 

Sulfur and nitrogen 
oxides 

Nirogen oxides 

Sulfur oxides 

Ozones 


Moisture, ar s,,:Waight 

parliculat- mattef 


Mechanical erosion, 
pearticulate malte, 
mc.,sftur, Iemerature 
fluctuations, sat!,vibration, 
CO2 . microorganisms 
Moisture 

Moiturea sunlight, ozone. 
particulate mailer 
mechanical erosion, 
microorganisms 
Moisture. physical wear, 
acidic ralenets 
introduced in manufacture 

Particulate malter, moisture 

Particulate mratte,, 
moisturA light, physical 
wear, washing 

Ozorn, light, temperature 

PhysicaJ wear, residua 
acids introduced in 
man~ufacture 

Ozor,, sunlight, physical 
wear 

Sou've: JE Ycxornar N S Baer, "Etteu on Matenrj. in TheAc Depooas.aPts,,xYranoi 
draft.
Wastinglon. OC, 193). e 7-1to 7-49. 

with altitude, but they ae highest in the stratosphere
(20-2-5 kilometers above the earth's surface). (See Figure
10.8.) Ozone in the troposphere, closest to the earth's sur-
face, is a pollutant known to damage plants and to affect 
human health as well. However, stratospheric ozone plays 
a crucial role in shielding the earth's surface against
ultraviolet radiation (UV) by absorbing wavelengths harmt-
ful to the health of people, plants, and animals. 

The concentrations of ozone at different altitudes are 

also critical to the radiative and meeorological processes

that determine climate. The absorption of infrared radia-

tion by ozone provides the main heat source for the 

stratosphere. Changes in stratospheric ozone would affect 
heating rates, air movements, and the downward emiG-
sion of infrared radiation. Ozone in the lower strato-
sphere absorbs heat radiated from the earth; changes in 
its concentration would affect surface temperatures due to 
the greenhouse phenomenon. (See "Focus On: The 
Greenhouse Effect:' below.) Changes in atmospheric tem-
peratures could also affect water vapor concentrations 
thought to be important in climate formation (,,,81).

Ozone concentrations are affected by catalytic reactions 
between the various forms o!oxygen and nitrogen,
chlorine, and hydrogen oxides. Small amounts (parts per
billion) of these catalytic oxides control the actual 
amount of ozone (82. Human activities are changing the 
concentrations of these trace gases, and the changes, in 
turn, are expected to affect the concentretion of ozone. A 
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reduction in ozone would allow 	more UV to reach the 
earth's surface, and it could result in a range of conse
quences that have received only modest study (83).

The principal known effect of increased IN radiation 
on human health is an increase in non-melanoina skin 
cancer. The possibility of an increase in the rarer, fre
quently fatal, melanoma form of skin cancer is controver
sial (84). Other potential effects include suppression of 
human immunological syst,'ms (through effects on ele
ments of the immune syst ;m in the skin or the forma
tion of tumor antigens), ddmage to plants and animals 
(particularly some economically important species of 
cattle), and accelerated degradation of polymers (See
Table 10.9.)

The major source of concern to scientists has been a 
group of chemicals known as chlorofluorocarbons (CFCs),
highly stable chemic;J compounds used in aerosol propel
lants, refrigeration, foam-blowing, and solvents. The con
sensus is that continuing emissions of CFCs at current 
levels would reduce the total amount of ozone by 3-5 
percent in about 100 years (their atmospheric lifetime)
(a5). This small change in the ozone column is the net 
result of depletion of up to 60 percent cf the ozone 
above 40 kilometers, much smaller reductions at 30 
kilometers, and an offsetting increase at lower altitudes. 
Depletion may also be greater at high latitudes and at 
different seasons, leading to changes in lateral air move
ments and to greater increases in UV radiation 8). 
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Disure 10.8 Teiperature Profile and Ozone 
Distribution i tle Atmosphere 
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Modeling calculations of likely changes in stratospheric 
ozow, are sensitive to assumptions about emission rates 
for CFCs, methane, carbon dioxide, and nitrous oxides. 
Models show methane and carbon dioxide emissions in-
creasing stratospheric ozone, the former due to direct ef-
fects on atmospheric chemis'ry and the latter through
indirect effects on atmospheric temperature and therefore 
reaction rates (87). Nitrous oxides decrease ozone, while 
the effect of nitrogen oxides ian airplane exhaust gas) is 
localized and varies with the altitude of injection. To fur
ther complicate matters, the effects are interdependent-
the consequences of one chemical vary with the concen-

tration of the others. According to some models, ozone 

destruction accelerates rapidly when the concentration of
chlorine exceeds that of stratospheric odd-nitrogen (NO,, 
NO 2, HNO 3 -, etc.). 

Growth in CFC emissions seems likely but is difficult to 
forecast. Projections depend on assumptions about eco-
nomic growth, the availability of substi es, and possible 
new uses (88.89). In the last decade, c:jbstantial growth in 
non-aerosol uses (71 percent) ccr,sponded to nearly 
comparable reductions in acrosols, but this balance may 
not continue. 

Ibtal CFC production data are not available because no
figures have been released by the Soviet Union, Eastern 
Europe, and thu People's Republic of China since 1975 
(A). However, most of the world's production of CiP(.s is 
reported to the Chemical Manufacturers Association. Its 
data show increas-s of almost 8 percent in 1983 and 
over 7 percent in 19F-1; even aerosol propellant use 
increased in those years (91). Consumption in the United 
States (almost exclusively non-aerosol uses) increa-ed over 
10 percent per year in 1983 and 1984. International 
action to limit future growth of CF-Cs is currently under 
consideration. (Se "Recent Developments:' below ) 

FOCUS ON: THE GRFEENH-OUS? E"H CT 
The earth's climate is subject to various natural short
term deviations. Recent extreme examples of such 

are the drought in mnuch of sub-Saharan Afiica
and the torrential rins in Ecuador and northwest Peru in 
late 1982 and early 1983 (2). In addition to these natural 
anomalies, there is a large and growing body of evidence 
suggesting that human activities are causing long-termchanges in the earth's climate. 

One important indicator of whether the climate isstable or is changing is the global mean surface tempera

ture. An analysis of surface temperature data since the 
middle of the last century shows that both hemispheres 
experienced a general warming from the late 19th Cen
tury until about 1940 and a cooling until the mid-1960s. 
Since then, the wo) Td as a whole appears to havewarmed. (See Fgure 10.9.) Analyses of these observations 
suggest that the global mean temperature his increased 

- 0 .7'C in the past 100 years. (See Box 10.1.)
This trend in surface temperature could be due to natu

ra factors alone, but there is reason to believe that it is 
at least partly due to human influences. Human activities 
are releasing increasing quantities of certain gases into 
the atmosphere that are thought to contribute to global 
warming. These gases are transparent to incoming short
wave radiation from the sun, but they absorb outgoing
long-wave radiation. Consequently. increases in their 
atmospheric concentrations lead to a "greenhouse 
effect'-a warming of the Farth's surface and the lower 
atmosphere; for this reason, they are often caJled "green
house gases:' Trends in the atmospheric concentrations of 
the most important of these gases are reviewed below. 

Table 10.9 Effects from Ozone Depetion 
Dt.*-on Lt-J 

2.5% 10% 20% 
Human Health Efci 

NonMetanona Cases 470.000 1.890.000 3.770000 

Melanorra Cases 
per year 
I.000 

per year 
65.000 

per year 
146000 

(Relationship not proi.r) per year per year per year 
Suppresion of Immune Sy' em no estimate now possble

Degradaton of Polymer Malerialsl 9$175x I1/yr $2xl09/yr $S&0yr 
Eye cancer inCattle no estimate now posble 
Eftecls on Planls no estimale now possible 

Effects on Aouac Organsss no es ale now Possbe 

.. Uo . Pcc -xAery (EPA),1985Peeerce 84 
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is clear that future emissions from biomass sources 'will 
Figure 10.9 Variation with Time of the Global be far smaller than those from fcssil fuel combustion. 
Mean Annual Surface Temperature, 	1900-81 The CO., contribution from fossil fuel use will depend 

upon how energy demand evolves over time. As Chapter 
'c 	 7, "Energy:' notes (see especially Figure 7.7), because 

there isa wide range of possible scenarios for future 
energy demand, there is a wide range of possible carbon 
dioxide emission rates. Rapid growth in energy and fossil 
fuiel consurption could lead to a doubling of CO, (to 
over 600 paris per million) by about the year 200; a 
low CO, emission scenario could pos;tpone such a dou
bling until after the, year 2100 (,j5) 

T 	 Trends for Other Gi-eenhsuse (kases 

Carbon dioxide is not the only atmospheric 	constituentos c 
that isof importance to the heat budget of the 
atmosphere and, thus, the global temperature. 

It has b(econe apparent in the past few years that the 
combined contribution of other greenhouse 	gases to 
global warming and climate change is already about as 
important a-s that from CO2. These gases, are accelerating 

0 10 1I 10 1 1 1 "1 1 the rate of global warming arising from the greenhouse
1900 1910 1920 1930 1940 1950 1960 1970 1980 effect. Atmospheric concentration!; of some of them (e.g., 

Note: Data ha,,e been ocla~reco from land and miarine temperature records methane and certain chlorofluorocarbons) are increasing 

The filtered curve rhas neon otlained by suppressing variations on lime scales More rapidly than those for CO:. The growing recogni
of less than ten ,ears. tion of their importance is reflected in the fact that the 

Scusc: Ejoln, in press, 1966G.Referarv-L 93 
______es__ _________,_________ 	 title and scope of the Villach Conference were changed 

several months before it took place so that it covered 
these other greenhouse gases as well as CO2. (See Box 

Atmospheric Cahbon Dioxide Concentrations 10.1.) 

The use of fossil fuels and the burning of biomass have Methane 
increased the amount of carbon dioxide emitted into the 
atmosphere. Atmospheric concentrations of 	carbon diox- Methane is produced by microbes during the breakdown 
ide have increased about 25 percent over the past 100 of organic carbon compounds under anaerobic conditions 
years from about 275 parts per million in the late 19th such as those found in waterlogged soils and in the intes-
Century to 343 parts per million in 1984 (93). Further, tines of ruminants. It is also released to the .tmosphere 

when biomass is burned and during the production ofobservations at Mauna Loa, Hawaii, have clearly shown 
an accelerated trend in atmospheric CO, concentrations coal and natural gas. 
over the last three decades: from about 315 parts per In recent years, the analysis of air trapped in glacial ice 
million in 1958 to its current level of 343 parts per nil- has made it possible to measure trends in atmospheric 
lion (9). (See Figure 10.10.) methane concentrations ovcr long pexnods and with con-

The estimated increase in the global mean temperature siderable accuracy. The methane concentration in Green
in the past 109 years is consistent with the observed land ice containing air ranging from 50-27,000 year- old 
increase in CO2 and other greenhouse gases. Additional is approximately 0.7 pats per million, which i,,only 
increases in CO2 concentrations are expected to cause fur, about half the present value t96). Methane concentrations 
ther warming. The most advanced experiments with began to increase about 300 years ago, but only within 
general circulation models of the atmosphere-land-ocean the past 20 years has the rapid change taken place (97,98). 
system show that increases in CO2 and other greenhouse The atmospheric methane concentration h,.s, recently 
gases, equivalent to a doubled atmospheric CO? concen- been increasing at a rate of 1--2 percent a year (99,10). 
tration, would probably increase the global equilibrium There isstill considerable uncertainty over the reasons 
surface temperature 1.50-4.5 0C. for this increase, but possible causes are an increase in 

Future trends in the atmospheric concentrations of CO2 the number of domestic ruminants, more widespread cul
depend upon trends in fossil fuel use and emissons from tivation of rice paddies, and biomass burning. 
the burning of biomass. At present, about 5 gigatons of 
carbon are emitted each year into the atmosphere Chlorofluorocarbons
through the combustion of fossil fuels. Although biotic 

emissions of carbon dioxide as a result of deforestation A recent analysis of the role of chlorinated and/or fluori

and land use changes have also contributed to the raised nated hydrocarbons in the radiativw balance of the 

atmospheric carbon dioxide concentration in the past, it atmosphere showed that CFCI 3 (FII) and CF2C12 (1712) are 
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Bo 101.1The Villach Conference 

In Octoler 1985. a conference was held at gases combined would be radiatively have profound effects on global 
Villach, Austria, on greenhomue gae.s, cli- equivalent to a doubling of CO2 from ecosystems, agriculture, water resources, 
matic change, and associated imp rtsi h- pre-industrial levels possibly as early as and sea ice. 
Villach conlerence was sponsored 1),tN, the 203os. 
the World Meteorological Orgaiii'ation, and U 'he most advanced experiments with RECOMMENDED ACTIONS 
the International C)uncil of Sicientific 
Unions: it was the second in a 7"erie of five-

general circulation modes of the cli
niatic system show increases of the U "Governments and regional intergovern

ye,,ireievs. At the end of the confereice, global mean equilibrium surface tern- mental organizations should take into 
tle following statement was issued outlining perature for a doubling of the account the results of this assessment 
the current international consensus p1. 

"The Conference reached the following 
atmospheric CO2 concent.tion, or the 
equivalent, of 1.5-4.5 0 C... 

in their policies on social and economic 
development, environmental programs, 

conclusions and rcornmendations: W "While other factors such as aerosol and control of emissions of radiatively 
[ "Marry inporlant economic and social concentrations, changes in solar energy active gases 
decisions are being made today on input, and changes in vegetation may "Major uncertainties remain in predict
major irrigation, hydropower, and other also influence climate, the greenhouse ing changes in global and regional 
water prjects; on drought and agricul- gass are likely to be the most impor- precipitation and temperature patterns. 
tural land use; on structural designs and tant cause of climatic changes over the Ecosystem responses are also imper
coastal cngineering projects; and on next century. fectly known. Nonethele= the under
energy planning, all based on assump- 0 "Regional scale changes in climate have standing of the greenhouse question is 
bons about climate. Most such decisions not yet been modelled with confidence sulficientiy developed that scientists and 
a.sume that past climatic data, without However, regional differences from the policyrnakers should begin an active 
modification, are a reliable guide to the global averages show that warming collaboration to explore the effective
future. This is no longer a good may be greater in high latitudes during ness of alternative policies and 
assumption... It is a matter of urgency late autumn and winter than in the adjustments... 
to refine estimates of future climate tropics, annual mean runoff may 13 Governments and funding agencies 
conditions to improve these decisi, ns. increase in high latitudes, and summer should increase research support and 
] "Climate change and sea leve' -Lsesdue dryness may become more frequent focus efforts on crucial unsolved prob
to greenhouse gases are closely linked over the continents at middle latitude lerns related to greenhouse gases and 
witfi other major environmental issues, in the Northern Hemisphere In tropical dimate change...Special emnhasis 
such as acid deposition and threats to regions, temperature iocreases are should be placed on improved model
the Earth's ozone shield, mostly due to expected to be smaller than the aver- ing of the ocean, cloud-radiation inter
changes in the composition of the age global rise but the effects on actions, and land surface processes. 
atmosphere by human activity. Reduc- ecosystems and humans could have far- VI"Support for the analysis of policy and 
tion of coal and oil use and energy reaching consequences... economic options should be increased 
conservation undertaken to reduce acid M "It is estimated on the basis of by governments and funding agencies. 
deposition willalso lower concentra- observed changes since the beginning In thee assessments, the widest possi
tions of greenhouse gases: reduction in of this century, that global varmfing oi ble range ofsoda] responses aimed at 
emissions of chlorofluorocarbons will 1.5-4.5'C would lead to a sea level preventing or odapting to climate 
help protect the ozone layer and will rise of 20-140 centimeters. A sea level change should be identified, analyzed, 
also slow the rate ofclimate changes. rise in the upper portion of this range and evaluated ...Some of these anal
*9 "While soine warining of climate now would have major direct effects on yses should be urdertaken in a regional 
appears inevitable due to plt actions, ccastal areas and estuaries. A significant context to link available knowledge 
the rate and degree of future warming nelting of the Vest Antarctic ice sheet with economic decisionmaking and to 
could be profoundly aflected by goverr.- leading to a much larger rise in sea characterize regional vulnerability and 
mental policies on energy conservation, level, although possible, is not expected adaptability to climatic change. Candi
use of fossil fuels, and the emission of during the next century. date regions may include the Amazon 
some greenhouse gases. 0A"Based on analyses of observations, the Basin, the Indian subcontinent, Europe, 

"These conclusions are based on the fol- estimated increase in global mean tem- th( Arctic, the Zambezi Basin, arid the 
lowing consensus ofcurrent basic scientific perature during the last 100 years of North American Great Lakes:' 
understanding: 0.3°-0.7°C is consistent with the 
U -7be amounts of some trace gases in 
the troposphere, notably carbon dioxide 

observed increase in CO2 and other 
greenhouse gases, although it cannot 

References and Notes 

(CO),nitrous oxide (N,,O), methane be ascribed in a scientifically rigorous 1.United Nations Environment Pro
(CH4), chorofluomcarbons, and ozone, 
are increasing... 
ITS"The role of greenhouse gases other 

manner to these factors alone. 
0 "Based on evidence of effects of past 
climatic changes, there is little doubt 

gram/World Meteorological Organiza
tion (WMO)/International Council of Scientific 
Unions, An Assessment of the Role of Car

than CO, in changing the climate is that a future change in climate on the bon Dioxide and of Other Greenhouse 
already about as iml)rtant as that of order of magnitude obtained from cli- Gases in Climate briationsand 
Co2.If pre-wnt trends continue, mate models for a doubling of the Associated Impacts (",MO, Geneva, 
atmospheric CO, and other greenhouse atmospheric CO, concentration could Switzerland, 1985). 

the most important ones lft). At the beginning of 1980, Production of these gases for non-propellant uses has 
the average concentration of FI1 in the lower been increasing steadily (see "Potential Changes in 
troposphere was estimated at 168 parts per trillion by Stratospheric Ozone:' above), and if it continues to do so, 
volume, increasing at an annual rate of 5.7 percent 002). CFCs' contribution to the greenhouse effect will be the 
The F12 concentration was estimated at 285 parts per second largest (after CO,) during the first half of the next 
trillion by volume, with an annual increase of 6 percent 003). century. 
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Figuro 10.10 Mean Monthly Concentrations of Atmospheric C02 at Mauna U., 1958-80 
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NOrW The yearly oscillation is explained mainly by the annual cycleof photosynthesis and respiration ofplants in the northern hemispnere.
 

Nitrous Ox7ide (N20) 

During the last few years, several studies have shown a 
stadyrinceastew rsper C4,105Tha o ndn studiestaea inrbse in troposphericpm0405,106).N20 This trend 
appears to be due pimarily to rapidly increasing emis-
sions from fertilizer applications and the combustion of 
biomass and fossil fuels r07).

Anthropogenic N20 emission rates are expected to 
increase less rapidly because of changes in fuel consump-
tion trends and limitations on the total amount of land 
available for cultivation. (See Chapter 7, "Energy") How-
ever, because N20 has a long atmospheric residence time 
(about 170 years), concentrations would continue to 
increase for several decades even if release rates were to 
remain constant. A 20-25 percent increase in N20 con-
centrations by the year 2030 was suggested recently 

Ozone 

Ozone concentrations vary considerably in both space 
and time as a result of atmospheric motion and chemical 
reactions. The lifetime of the ozone molecule in the rop-

WCAL D iPSOURCESiis 

osphere is only a few weeks, making it difficult to iden
tify long-term global trends in ozone concentrations. 
Despite these difficulties, it is now accepted thattropospheric ozone concentrations (near the earth's sur
face) are increasing due to photochemical processes. An 
increase has taken place at middle and high latitudes of 
the Northern Hemisphere during the last 2-3 decades:changes of 20-50 percent have been recorded and the 
present rate of increase seems to be 1-2 percent per year 
(re0nI ncrease seem to eccurr en e r 
ic).aIncreases also seem to have occurre in the tropics, 
The increase in ozone in the troposphere has been 

matched by a decrease in the stratosphere. Because 
about 90 percent of the ozone is found in the strato
sphere, total ozone concentration trends primarily reflect 

changes at these higher levels. Therefore, overall ozone 
levels have been decreasing 011). 

The Effects of Climate Change 
As well as leading to a general global warming of 
1.5-4.5oC, a doubling of the atmospheric CO2 concentra

1980 
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tion or the equivalent is expected to affect different parts level rise vary considerably. One estimate is a rise of 70 
of the world in different ways. Equatorial temperatures centimeters over the next 100 years 020), another that a 
are thought likely to increase by about 50--09 percent of global ri'e of 144-217 centimeters by 2100 is most likely
ihe average global warming. At the same time, average (121). Another more recent estimate is that a global warm
annual polar temperatures are likely to rise by two to ing of 1.59-4.51C would lead to a sea level rise of 20-140 
three times the average global increase (2). There is also centimeters. (See Box 10.1.) 
some evidence that mid-latitude, mid-continental drying An increz'se in the global sea level of one or two 
during the summer (113) will occur, posing prob!ems for meters would Omificantlv affect coastal activities. A rise 
agriculture in some developed nations. It is not yet porsi- of two meters would inundate some major coastal 
ble to assess the regional impacts of the changing climate regions, parts of Louisiana and Florida in the United 
with any certainty, although many studie-s have been States (122), for evxample, and would flood many coastal 
done on the type of impacts that could occur. beach esorts and marshes and low-lying flood plains

Agriculture tends to be acutely sensitive to climate. For ;.daong rivers and bays. A 0.3-meter rise would erode most 
example, in the United States the areas of optimal cereal sandy beaches along the U.S. Atlantic and Gulf coasts 30 
production are nanowly defined. The western boundary meters inland axid could destroy buildings, roads, and 
of Corn Belt production is set by moisture requirements, "ther sirurtures and cause the intrusion of salt water into 
especially by the need for a minimum of 20 inches of ,oundwater soppies (123).
annual moisture. The southern boundary is defined by It seems unlikely that even intensified research will 
thermal considerations. On average, yields for corn make it possible to foresee the geographical patterns of a 
decline 20 percent and 10--15 percent, respectively, with climatic change in significantly greater detail before clear 
increases in regional temperature of 20C and reductions signs of an ongoing chang,: are apparent 024). But there 
in precipitation of 10 percent (114). Other crop yields, such is a consensus among scientists that the greenhouse 
as wheat, are similarly climate sensitive. Thus, U.S. effect is leading to major climatic changes. This view was 
agriculture might be significantly affected by a major reflected in the Villach Conference statement, which 
greenhouse warming. called for prompt initiation of policy studies by govern-

Agriculture in the developing countries would also be merits and international agencies in order to better assess 
affected by changing climate. An average global warming the implications of a warmer climate and evaluate ways
of V°C is expected to result in a 2.5-4'C increase in to anticipate, mitigate, or prevent climate change. (See
regional temperatures between 350 North latitude and Box 10.1.) 
20' South latitude. There is some evidence that 
increases in tropicAl and subtropical temperatures would result 
in overall reductions in some crop yields (ls). Food _CENT NTENTSR DE 
production in many developing countries has increased
 
partly through the expansion of cultivation into the more INTERNATIONAL EFFORTS TO COMBAT
 
marginal lands. This process may be increasing the sensi- ACID DEPOSITION AND TRANSBOUNDARY
 
tivity of agriculture to climatic change (116). POLLUION 

Climate Change, Sea Level Rise, and The Organization for Economic Co-operation and 
Coastal Impacts Development and the U.N. Economic Commission for 

Europe have done much to bring about international con-,
Since the turn of the century, the ocean surface tempera- sensus on the need to control emissions of sulfur and
 
ture appears to have risen by 0.6 + 0.3 0C (117), a warm- nitrogen, but the European Economic Community (EEC)

ing effect that conrelates with the increase in the earth's is unique in its ability to impose binding directives on its
 
surface iemperature. Measurements of relative sea level at member states (Belgium, the Netherlands, Luxembourg,
the same time suggest a global average rise of 1-3 mil- West Germany, Denmark, France, the United Kingdom,
limeters per year (118). If the earth's atmosphere continues Italy, Ireland, and Greece) by unanimous action. During
to warm, further rises in the global sea level are the mid-1970s and early 1980s, the EEC imposed increas
expected, due partly to the melting of land ice and ingly stringent standards on the sulfur content of fuels. 
partly to thermal expansion of the oceans' upper layer. The Commission of the European Community has recom-

Large gaps and uncertainties in our understanding of mended directives for its members that require the best 
oceans and glaciers make it difficult to predict the effects available control technologies to be used in all new sta
of further global warming on sea level. For example, tionary sources of S02 emissions. The growing interna
knowledge of ocean circulaticn near and under Antarctic tional commitment to action on the emission of acid 
ice shelves is limited, and the models that are currently precursors engendered a July 1985.directive implement
used for coinputation of thermal expansion generally do ing auto exhaust emissions standards designed to reduce 
not incorporate the essential physics of deep-water form..- sulfur and nitrogen oxide emissions by 60 percent, These 
tion and movement (119). reductions will be achieved through the phased introduc-

Because the uncertainties involved in estimating the tion of catalytc converters on vehicles and increasing the 
effects of various factors on s2a level between now and use of unleaded petrol through 1993. (For a more thor
the year 2100 are large (assuming a doubling or there- ough discussion, see Chapter 12, "Multiple Pollutants and 
abouts in the CO., concentration), predictions of the sea Forest Decline:') 
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VIENNA CONVENTION FOR THE PROFECIION 
OF THE OZONE AYER 

On March 22, 1985, represtntatives of 20 nations cc 

cluded the first international environmental agreement 
providing an anticipatory respornse to an emerging prob-
lem (125). The Viema Convention for the Protection of 
the Ozone layer 126)is the first world-wide legal instru-

to the protection of the atmosphere as ament directed important
(127). The convention represents an 

resource 
breakthrougl for the United Nations Environaent Pro-
gram, which has acted as secretariat for government 
meetings on the ozone layer for almost a decade. 

The exchange of information concerning production of 
chle( )luorocrbons is considered particularly significant, 
especially since the U.S. Chemical Manufacturers Associa-
tion stopped reporting global production data several 
years ago because of the lack of reporting by the Soviet 

Union and Eastern Europe it28). 
Despite extended efforts to include a protocol on COI-

trol strategies, the convention does not do o (129). Ioblocs of countries, the EEC arid the Toronto Group (the 

United States, Canada, Firland, Norway, and Sweden),wUn e tre aca anmproiseaThe ECpSwed, 
were unable to reach a compromise.The EEC proposed 

a limit on production capacity and a 30 percent reduc-
tion in unessential uses of CFCs, while the lbronto Group 
proposed more imnmediate and substantial reductions in 
aerosol uses coupled with a ceiling on per capita usage 
030). 

A resolution adopted by the parties to the convention 
provides for continued efforts by UNEP and a working 
group tc, conclude a protocol, and it authorizes UNEP to 
convene a Diplomatic Conference in 1987 for that pu.-
pose. The resolution calls on nations to control their CFC 
emissions "pending the entry into force of a protocol" 

Another important result of the convention is the crea-
tion of a new permanent institution to oversee its 
implementation. Secretariat functions will initially be 
assumed by UNEP until the parties act. The convention 
will become effective upon ratification by 20 countries, 
Most countries that produce and use significant amounts 
of CFCs are expected to ratify, with the possible excep-
tion of Japan. 

NUCLEAR WINTER 

During the first half of this decade, scientists identified 
for the first time a human influence on climate that 
appears to be more important than any other-nuclear 
war. In the 1970s, there were various assessments of the 
long-term global effects of nuclear war, notably that by 
the U.S National Academy of Sciences 131), but none 
of these studies identified climatic change as a major 
consequence. 

In 1980, scientists theorized that the mass extinction of 
specie that occurred 65 million years ago could be 
attributed to the blocking out of sunlight by a dust cloud 
tossed into the atmosphere by the force of an asteroid 
striking the earth (132). A possible parallel between the 
dust-lofting effect of an asteroid and that of a sizable 
exchange of nudear warheads was quickly recognized, 
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encouraging a fresh look at the :(lsquefces uf nuclear 

war 133). 1.82, C tzen frc,m the MaX Planck) Paul 
Institute for Chemistry and John Birks from the Univer
sity of Colorado, Boulder, were the first to sugge'st ;hat 

smoke and soot generated by lrge urban and forest fires 
might induce prj)ofound change:; In weather. Their sugges
tions stinulated furtier resach and appraisal world-wide 
(1:31.The possible effect of duIst and soty snoke on Cli
mateinte"in the wakeess). a war asof nuclear is known nuclear 

The nuclear wint,.r hypothesis has been examrined and 
refined considerably since it was first advanced 036). Mis 
givings and reservations about the findings were voiced, 
partly because they were so much at variance with con
ventional thinking, partly because they had profound 
implications for prevailing nuclear strategic policies, and 
partly because of sienthe uncertainties and complexity of the 
underlying atmospheric physics (13;'). The principa 

tific criticism was that the study by Richard Turco and 
others had used a simple one-dimensional model of the 
climate that ignored seasonal effects, cloud feedback, and
the effects of atmospheric winds. Nevertheles'-s. subse.

ubtefecsoamspriwnd.Nvthlsquent studies have confirmed that the potential exists for 
a major climatic disaster (138,139,140,141). 

The latest and most thorough assessment of the cli
matic and associated biological effects of nuclear war was 
published in September 1985 by the Scientific Committee 
on Problems of the Environment (SCOPE) 612). The 
SCOPE report is based on a two-year study in which 
more than 300 scientists from 30 countries participated. 
According to the SCOPE scenario, 6,000 megatons of 
nuclear explosives (involving more than 12,000 warheads) 
would be detonated, injecting as much as 50--100 million 
metric tons of smoke into the atmosphere, 30 million of 
which would be light absorbing carbon. The study con
eluded that the smoke would rise higher than previously 
thought. Much of the dust and soot would be driven into 
.he stratosphere, where it would stabilize. Trapped above 
altitudes where precipitation occurs, the smoke would 
remain for months, and possibly more than a year. If the 
30 million metric tons of carbon were to spread over the 
mid-latitudes of the Northern Hemisphere, the sunlight 
reaching the ground would be reduced by at least 90 

areas would blot outpercent. Smoke clouds over some 
all incoming sunlight. 

Critics of the nuclear winter hypothesis have argued 
that as the atmosphere cooled beneath a smoke cloud, 
condensation processes would scavenge aerosols 043,144). 

The SCOPE report concludes, however, that condensation 
would not affect the upper levels of the aerosol layer anid 
that the amount of water actually condensing would in 
any case be limited, so that not enough aerosols would 
be removed to prevent the nuclear winter effect 045). 

Perhaps the SCOPE report's major finding is that the 
majority of the world population would be facing starva
tion in the aftermath of a nuclear war due to disruptions 
in agricultural productivity and/or food trade and aid. In 
Africa, for example, 100-450 million people could run 
out of food within the first 10 days of a war in which no 
nuclear weapons struck the continent. The study found 
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that staration and other indirect effects of a nuclear war ha-'s rapidly moved from being an interesting and novel 
could have a bigger impact on both combatant and non- idea to one that has been neavily scutinized and widely 
combatant countries than the direct effects of blast, heat, accepted by the international scientific community. 
and radiation. Despite that, it has not yet influenced nuclear strategic 

Within the past four years, the nuclear winter' concept thinking. 
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I11. Polies and I stiutions
 

Are the world's institutions up to the management tasks 
suggested by the preceding chapters? Is there sufficient 
expertise, money, and political will to protect fragile 
ecosystems like the tropical forests, manage highly 
stressed environments like the semi-arid crop and range 
lands of Africa, provide essential services for rapidly ex-
panding populations, and regulate pollutants that travel 
thousands of kilometers across many national boundaries? 
Are policies and the means to execute them keeping up 
with the environmental challenges of today's generation 
and the next? These are big and important questions. 
This chapter presents some answers, albeit preliminary 
and partial ones given the scope of the subject and space 
limitations. 

SEITING THE STAGE 

Awareness of human impact on the natural environment 
has grown rapidly over the past t",,, uecades. It has been 
manifest in countless conferences, meetings, publications, 
and debates. Man' have taken an intelligent guess at 
what the future holds and have reacted with alarm: 
many more with numbed complacency. Still others have 
accused those who point out adverse trends of alarmism 
or pseudoscience 01. There is no consensus. 

Forming a considered evaluation of institutional 
progress is made even more difficult by the scale and 
geographical scope of the issues. In 1982. a report 
entitled "Economic and Ecological Interdependence" (2)by 

the Organization for Economic Co-operation and Develop
ment (OECD) pointed out that the growing interdepen
dence of the international economic and political system 
had become a central concern. This interdependence is 
seen to cover not only population, migration, energy, 
food, financial transfers, and technology, but also the en
vironment and, increasingly, the ecological basis for eco
nomic activity. "Understanding of this interdependence 
and its implications can lead to hope or despair," the 
report concluded, "depending on one's view of the will 
and capacity of Governments to make necessary adjust
mens within and among their countries:' 

Political will can be strongly affected by public opinion, 
which is not easy to pin down. Although the state of the 

environment is not typically an issue that wins or loses 
elections, opinion polls conducted in the developed 
countries show that the long-term condition of the planet 
and, in tui , the quality of life on it are of surprisingly 
significant public concern (3). (See Figure 11.1.) Arid to 
judge from the number of organizations courting such 
opinion, the politics of the environment are stronger than 
ever. 

Despite all the activity, it is easy to mistake the degree 
of real progress from inside the environmental com
munity. People intimately invclved with a set of issues so 
loudly debatd and discussed necessarily think everyone 
else is concerned. There is also a new difficulty in 
choosing priorities. In the world of fundraising for crisis 
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Figure 11.1 Surveys of Putblic Opidnion 


about Environmenta Issues in 

Selected OECD Countries 


or, -.er. ;ire to oonons ,hcn-uez! sometmes heard ,nare 
G tuS.on awl growlh Wrich ofof !ne eowronmen e.onomc 

tner s c!oser to jour pon f 


Possibte resroonss 

Pr,crey S_,ould ue given to protectig the Lmonment even if 
hF means resirc!ing (onom~c gcrwi 

ri 	 Prorily snould te gven to :,on grc.'wih even) if the en
or-iment sudrs a 'e as, a resu t 

Do sr h e a s 
- Dpractices 

United State (1984) Euopman Economic Community (1902) 
(sampling of 1,5930 oople) (scmpllng of 9,719 people) 

,C1'o14% 

28 62 270/b 59% 

B 	Ouest'on Whrch of the oallowng three vevs on environmental pro- 
lecton and economc groWh oest re!lects your Cwn thinking? 

Poss,ble responses 

sacri ce rn orner to protec the emayhrcnvento 

EConomic growin stioid rae given rrorty even if the environ-
men[ suffers somewhat. 

~ 	 Envronmen:al protection and economic growh are both 
posstU 

Do not know 

Japan (1981) 
(sampling of 2,426 people)

S.......efficient 

20% 
28 

... .. 
. .... . .. 

.ttt.....ttt........... 

State onte Ermronment oqn5 (OECD, Paris, 1985) p 25 en 
SV 

relief there is talk of "compassion fatigue" Those con-
cerned with environmental issues might recognize "com-
prehension fatigue" as everything comes to be understood 
as linked to everything else. 

But certainly, the state of the world's natural environ-
ment, as an issue, has matured since the days of the U.N. 
Conference on the Human Environment (the Stockholm 
Conference) in 1972 (4). Statements of alarm have become 
practical agendas for improvement. At the rLetorical lev-
el, at least, environmental management is being seen less 
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1s 	 2.roadbock to economic development, and more as anecessary condition for it. Achieving sustainable 

development-by way of environmentally and socially 
sensitive economic growth-has become the new agenda. 

While the term "sustainable development" has slipped 
into common parlance, its meanirlg remains elusive. In 
an 	 international meeting it is used by those on the leftt is 
and the right of the political divide. Natural and social 
scientists refer to it. It is applied to macroeconomnic and 
microeconomic problems alike. It is all things to all 
people: a comfortable, but ill-defined concept. Various 

authors have described what is not meant: excess pesti
cide use leading to pesticide resistance; poor agricultural 

leading to soil erosion and dams that silt up; 
excess pollution leading to environmental hazards and 
decay; planned obsolescence leading to a wast,, of 
resources and so on (5). Others have poh,!t1d to manage
ment decisions that fail to consider social equity, cultural 

sensitiviiy, the involvement of people, ecological concepts 
such as biological stability and resilience, and erviron
mental ideas on minimizing waste by recycling and 
renewal. 

Attempts to arrive at a positive definition usually 
produce a result too general to be useful. For instance, 
the Wbrld Conservatioh,Strategy says that development 
is: .. the modification of the biosphere arid the applica
tion of human, financial, living, and non-iiving resources 

to 	 satisfy human needs and improve the quality of 
human life. For development to be sustainable It musttake account of social and ecolog;ca L,rtors. as well as 

economic ones" of the living and non-living resource 
base; and of the long-tern as well as the short-term ad

vantages and disadvantages of alternative actions" . 
More specific definitions usually reflect the preoccupations 
of their authors. For example, a panel of business leaders 
proposed a four-part description of sustainable develop
ment that is useful though its source is readily identifi
able: non-renewable resources are used in a technicaly 

manner; earnings from non-renewable resource 
exploitation are used to build the productive capacity of 
a country through investment in physical and human 
capital; the productivity of renewable resources-soils, 
forest, fisheries-is protected and maintained for future 
use; and valuable but non-marketed services provided by 
environmental resources-such as clean air, potable water, 
recreation opportunities-are also protected and main
tained 7).

What then are some essential features of this importantbut slippery concept? Fiist is the effort to unite the ingre

dients for current economic output with the future 
productivity of the resource base (8). Second, the creation 
of 	wealth is measured over the long (rather than the 
short) term, though neither period is defined. A third 
common element is more sophisticated assessment of 
costs and benefits that account for the indirect costs of 
economic activity (such as the impacts of pollution dis
tant in space or time), the value of non-ntarkete goods 
and services (such as regulation of the hydrologic cycle 
by forests, or the aesthetic value o, undisturbed wilder
ness), and impacts on commonly-owned property and on 
the global commons (such as the stratospheric ozone 



layer). A fourth feature of most definitions is that "de. 
velopment" is used to mean economic growth (rathler
thant something tiat happens to developing countries), 
making the concept applicable to all countries. 

Tiffs chapter is concerned with how sustainable de-
veloproent, though still a lIooe ideal, is manifesting itself 
in institutional terms. It reviews selected political initia-
tives, changes occurring in environmentad evaluation and 
assessrnent, the availability of environmiental data, some 
of the key c&angrye in law and administrative practice, re-
cent changes in development assistance, arid unanswered 
questions being raised by the non-governmental corn-
munity 

THE PROCESS OF CHANGE- SIX 

INiTI FAVES 


The emerging necognition that environmental protecdion
and economic growth can be complementary goals is the 
result of many pressures working on government. Most 
are dornesic in orientation but some are organized inter-
nationally. Change at the international level takes thime. 
What may be accepted in the corridors of New brk, 
Geneva, or N,robi is only rhetoric until carried hack for 
national debate and agreement. As a result similar state-
ments are repeated again and again before thty are 
translated into concrete action, 

Six recent initiatives, each a variation on a theme, have 
set out the prevailing view that is creeping into action. 
Each is having an impact on policy formulation by in-
fluencing different constituencies which in turn pick up
the concepts. All are parts of the process of change. 

The Inter.Pa-iauentary Union Meet-ing, 1984 

The Inter-Parliamentary Union t(PU) conference on the 
environment brought 98 legislators from 44 national pai 
liaments together in Nairobi to encourage them to create 
greater environmental awareness within their own gov-
ernments. In four days, conference delegates produced 93 
reccmmendations, covering nearly every device for na-
tional and international action f9). 

Common problems such as desertification and trans-

boundary air pollution understandably united many of 

the delegates. But even normally divisive isues produced 

some strong recommendations. The IPU distributed its 

recommendations to a participating parliamentary 

groups, and the United Nations Environment Program's

(UNEP) Executive Director, Mostafa K. Tolba, promised a 

follow-up meeting for 25 national delegations in 1986. 
Addressing the conference, Martin Holdgate, Chief Scien-
tist of Great Britain's Department of the Environment, put 
forward five propus-tions that mark the present consensus 
on international efforts to safeguard the environment O0):
0First, that the prysical, biological, social and economic 

linkages of the world are so all-embracing that an 
international dimension must be looked for in most en-
vironmental problems, and that decisions on the policies 
to solve them will increasingly be taken internationally
IMSecond, that the experience of the past ten years
shows that environmental problems can be, and are be- .-

ing solved. These problems do not justify the pessimsm
about the future that dominates muck of the press cover
age in Europe and North America. 
ORThird, that an approach can be made to work only if 
there is genuine ccoperation between rich and poor 
nations. 
K-Fourth, that we shall adequately manage the planet
only if we think and work on nature's time scales, and 
apply measures that are in miarmony with the pu!.,e of 
the earth. 
0 Fifth, that we can deal with major environmental 
problems only if we act in depth. international discus
s;ons alone acNeve little or notfing. There has to be a 
sound supportive basis of national policy, national la,
na'.tonal executive structure, national commitment, na. 
tiora education, htaining, comumnication, and nationals.cience. 

"The. Giobal Vos,1'1&' Conl-ey-.ne., RDSY4 
In Ma'; 1984 the World Resources institute (W1R) con
veied a meeting of 75 government, science, industry,
environment, and development le,-rAen from 20 countries 
to iden'ify problems of globJ1 significance and to propose 
strategies for their solution gl.

The conference's summay statement vas cautiously
optimistic: 'At a tine when bleak p.edictions are all too 
familiar, the Global Possible Conference was convened to 
re-examine the relationship between Earlhs resources and 
the human future, The Conference accepted that these 
predictions could be accurate. But its cenqtral and emphatic 
message is that they need not be-that it is possible to 
build a world that is more secure, more prosperous, and 

more sustainable broth economically and environmentally(12)."
The con~erence identified five transitions "essential toa 

world at once sustainabie and renewed": 
[ 'A demographic transition to a stable world population; 
0 "An energy transition to an era in which energy is 
produced and used at hgh efficien.y without aggravating 
other global problems; 
o 'A resource transition to a reliance on natre's 'income'; 
and not depletion of its 'capital';
 
N "An economic transition to sustainable growth and a
 
broader sharing of its benefits; and
 

'A political transition to a global bargain grounded in 
complementary objectives between North and South 03):'

In all, 84 specific policy recommendations emerged in 
13 interrelated categories covering population, poverty,
and development, as well as the more familiar themes
such a urban environment, tropical forests, biological 
divuehity, atmosphere and climate, infernatioalg istance 
and the environment, and assessme of conditions and 
trends. This conference, to judge by the number of cita
tions of its findings internationally, again caught the 
emerging consensus. 

The World Commission on Environment 
and Development, 1983 

The World Commission, established by the United Na
tions in December 1983, is organized outside the U.N. 
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systern, but will presen its report, Comrmon Future, tolhe General Assembly in 1987. Significantly, I4 of the 
Commission's 22 members are from developing countries 
According to Gro Harlerm Brundtland, its chairman, the 
group intend, W 
ig Re-examine the critical issues of environnent and de-
velopment, end formulate innovative, co'rete, and reahis-
tic action proposais to deal with them; 
5 Assess and propose new forms of international co,Operation onl environmient and developmen, that can 
oratiou co eirnmen and e lec h 
breat (jut of existing pattrns and influence and 

ain tle lrection of needed change; ait. 
Q Raise the level of understanding anr cosmitltet to 
action on the paes,of indgividuals, vountsry organizations, 
businesses, instiutions, wnd governments (14). 

Not Jet;osrriients welcome the Comn-ission. Soni-
fear the pessures that iray be genesratid for ew initia-
tis; othogrs are skeptical about putting the world to 
rights through the thoughts of a wortay few, Neverthe-
less, Ole Commrission's raisor, detre was dlue, atl least in 
part, to the U.N. systern's failure to change the worst of 
environrnental deterioration since the Stockholn ,onor.f 
nce. ioat important, it is a route by which governments 

can shift vround toward a more interdependent world 
view should they wish. 

From the outset the Commission's agenda has differed 
from tie. standard agenda of environmental and ratural 
resource issues. It places the interdependence of statar-s 
at center stage, in terms of transboundary pollution, 
'ransboundary management needs, common property 
resources (e.g., genetic diversity, the oceans, and the 
atmosphere) and, not least, economic activity. The "new" 
agenda joins issues across the traditional sectoral linas. It 
identifies "energy, environment and development"; "food 
security, agriculture, foresti-y and environment"; and "in-
ternational economic relations, environment and develop-
ment" as integ,:ted subjccs C,5). Though not truly novel, 
the Commission's "new" agenda represents an unusual at-. 
tempt at the intergovernmentad level to link environmen-
tal disruption to its major causes: bad development or no 
development at all. In effect, the Commission's agenda 
restates the view that those who promote an environ-
mental ethic are not "antigrowth:' but instead are solidly
based in the business of economic development. 

'he World C"" r 'tio S 1 

Many tr'aditional wil!dlife conservatior.ists made their first 
contact with the broader environmental agenda in 1980 
with the drafting of the World Conservation Strategy 
fWCS). Its impact continues to be felt, helping bring
about the new approach toward sustainable development.
The United Nations Environment Program commissioned 
the International Union for Conservation of Nature and 
Natural Resources (IUCN) to prepare, the Strategy and 
oinad with the World Wildlife Fund in supporting its 
preparation, 

The WCS was first and foremost an attempt to bring 
conservation am., development together: "Human 
activities are progressiveiy reducing the planet's life-
supporting capacity at a time when rising human 
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numbers and consumption are irakiig increasingly hea.vydemands on it. The combined destructive irnFpacts of a 

pour mojority struggling to stay alive and all affluent 
ineority consumning most of the world's resoujrces are 
dcrrnin very eans whiCh a!i People car, 

survive, i.,d flourish" (161.Tlb some peor(e, the zlmphasis 
i pon mans, as o posed to ature', ,,e: was out of 
balance. B3ut that i; not the point. The consrvation 
lobby, once so strongly associated with wildhie protection,had come of a!e n i~t tw syn:"ewn

ct, it wassain: "wdewant a 
better sthyle o n . i deveiopment
because t is tn only way ts achitee conservation."ingt

rhe tak of &atinrg w'vs in itself a rearkane feat of 
consultation and evie.*acr)."sa vestnge of interna
tional opimen and expCitise. The iesut, in SUrnrnialrrw, i: 
1ieple and !t,- iurib: 
1. It eplains thc contrbution- of living resource conser

vation to human ;urvivii and to sustainable de
velopient,
 

2. It identifies prior.ity conocervation issuces and the mnain 
requirements for deaiing with them. and 

3. It rroposes effective ways of achieving the strategy's
 
goals.
 

The attempts hy IUCN to have national coner,,. vation 
strategies prepared the. world ow:r is a continuing pra
gram (rh.In many cases it is stimulating the integrative 
approach to the environment in previously barren ad
ministration.,; By November 1985 about 40 countries were 
preparing or had prepared national or sub-national con
servation strategies (1s). (See Faft IV, "Policies and Institu
tions," Tble 12.2.) A critical review of progress made and 
changes needed will take place in 1986 at an inter
national conference in Ottawa. 

The World indistry Conference on 
Envmnmrnta Mans...ment, 1984 

.t 

Business leaders tend to be realists when it comes to 
-ssessing the poiential for economic growth. A small but 
growing number realizes that, especially in the Third 
World, the cycle of poverty and natural resource degrada
tion can be broken only by creative management of both 
economic growth and resource conservation. 

industry, en masse, blessed the current consensus at 
the first World Industry Conference on Environmental 
Management (WICEM), convened at Versailles by UNEP 
and the International Chamber of Commerce (iCC) in late 
1984. Some 300 participants were expected, but more 
than 500 attended, representing 71 countries. 

The meeting produced 15 broad recommendations 
grounded in five principles on the environment and de
velopmerit that repeat the often-heard ideals. Sustainable 
economic .Ievelopment was mentioned along with en
vironmental management, planning cycles, cost benefit 
analysis, anticipatory policies, and other measures o9). 
WICEM's 15 recommendations, if taken seriously by 
industry, could dramatically improve how commerce and 
the environment can be reconciled. 

Unlike many other conventions, WICEM did not lead to 
a new institution to implement its agreements. Rather,
the co-sponsors, UNEP and ICC, agreed to strengthen or 



modify their own structuyes to accommodate the fruits of 
this collaboration. 

Shortly after attending WICEM, Maurice Strong, Secre-
tary General of the 1972 Stockholm Conference and a 
businessman and po!icymaker on internatioeal envion-
merit and development i.sues, urrecd environmental 
acfivists "to establish closer links and better under-
standin2 with busine and ind:stry as weU as with 
governments and inter-governmental organi.ations' Busi-
n s and industry are "the principal agents through 
which environmental correction and prevention must take 
place:' he said. 'And they are increasingly sensitive and 
responsive to these needs. Industry has become far more 
environmentally oriented than many in the envircnmnental 
communi'ty have yet been prepared to recognize" (2o). In 
the developed countries environmentalists are beginning 
to drop their coifrontational attitudes toward industry in 
favor of a cooperative approach. In the United States, for 
example, groups comprised of representatives of industry 
and enviionmentai organizations have undertaken to for-
mulate joint policy on a range of is.,ues from pesticide 
policy to hazardous waste disposal. And while relatively 
few business leaders fully share Strong's views, many cor-
porations, large and small, have made important positive 
strides, 

The Global TAting on Eniironment arnd
elobal eetnnent1985Mostfor N 

Development for NGOs, 985 

In February 1985, the Environment Liaison Center (ELC), 
with support fron UNEP, convened the Global Meeting 
on 	Environment and Development for Non-Governmental 
Organizations (NGOs) at its Nairobi headquarters. 

Reflecting the growing confidence of the worldwide 
NGO community, the meeting brought together for the 
first time the leaders of more than 100 citizens groups, 
voluntary organizations, and other private groups from 48 
countries to discuss common issues in environment and 
development. A broad spectrum of environmenta, de-
velopment, relief, population, and religious organizations 
was represented (21).

Anil Agarael, chairman of the E[(, struck the theme: 

"what we face today is nothing less than the failure of 
0

the development process, the deveicpment paradigm, that 
we have been so avidly running after. . .Finding and 
implementing a new development process, an equitable 
and sustainable development process, is the biggest 
intellectual and poltical challenge we face"(?2). 

The conference participants answered this challenge 

not with a final declaration (which they feared might 
smother the diversity of cultures, values, and models of 
sustainable development represented there), but with a 
commitment to actively pursue 119 prposals stressing 
citizen participation and the role of NGOs. Needed 
actions were identified in more than a dozen different 
fields, including the traditional sectors (e.g, agriculture, 
forests, water, and energy) and several cross-cutting areas 
(e.g., development assistance, appropriate technology, 
international debt, and impact of militarization). 

The meeting also highlighted the need for a two-
pronged approach involving both "macro" and "micro" 

levels. Macro Issues concern broad poiic-y questions and 
lend themselves to lobbying governments and inter
national agencies thiough the media, mernbership efforts, 
arid leadership education. These approaches are quite 
distinct from strengthening grass roots capabilities to, for 
example, manage community forestry projects at the 
micro level. Both approaches were comoined in a "No 
More Bhopals" network launched at the meeting. 

This gathering may have sparked a new phase of NGO 
cooperation that could improve NGO efrectiveness both in 
national capitals and in their communities. 

Three Essential Capacities 

Many of the hundreds of recommendations offered by 
these six recent initiatives require thine essential 
capacities, principally at the national level: 
1. That countries actually know the status and trends of 

their natural resources and enviroaniint-ase:sment.; 
are available. 

9. 	 That they can make and execute environmental
 
policv--they have the capacity to n:na.e.
 

3. That their ervironment, a;id rwource management 
programs operate in a supportive largeri context-
international cooperation, external financial assistance, 
public support and participation, 31id a helpful attitude 
in the busine.ss community all contribute. 

developing countries aie we ak on all three 
counts. The developed countries tend to be much more 

diverse. Some still know very little about the actual state 
of 	their resources, for example, though they may possess 
strong management capacifies. 

The next sections deal separately with the tools avail
able for progress orn each broad front. As with the 
political initiatives just discussed, we do not attempt to 
cover everything. In a description of the most recent 
ighlights, much of importance has had to be omitted. 

ASSFSSMENT 
Accurate data on demographic and resource conditions 
and trends are the first prerequisite to sound policy. In
the environmental field, as this volume demonstrates over 

the aailasitits o ute d at ca eb 
and over again, the availabifity of adequate data can by 
no means be taken for granted, The next necessity is the 
ability to assess both the baseline information and the 
pluses and minuses of alternative projects and policies. In 

this respect, also, many countries capacities are terribly 
weak. 

Colleeting Data 

In the 1970s, data collection focused on pollution. But 
even in this field, progress. has been slow. Basic informa
tion on the extent and consequences of air and water 
pollution is still lacking for much of the world. Moreover, 
the meaning of the mass of data that is available is 
limited by large gaps in knowledge that have come to 
light from many fields of research. 

Alss in the 1970s, the first large-scale regio-al pro
grams were undertaken to measure pollutants of common 
concern. For example, around the Mediterranean iea 
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more than 80 institutions are today engaged in a cooper-
ative program )f :eseatch and monitoring that as" s r-
vived the politi(::jivicijsittda:s of the area. The resulting 
assessments have 1,.d 	 to) ;egi.u.nal convention~s andi:ation, an vities to 'educe pollutant Poa; into the 


hared s a. Thi., iei;mral program has been 
 replicated in 
a dozer, similar "Pegionl Sea:;- programs serving some 

..
) costal st.,':s (23). 

New polhution problems continoe 
 to einerge-such as

the recent indications of widespread contanination of 
groundwater-for which severe anaiytic:al problems 
remain to be overcome. But, by ,nd lamo, the procedures-for 	 neas:uring and mo itoring pollutars and A'OrU!ing,"o
them into account in natiorial planning ;nid decis~ao
making are now reas5onably vel! Under-iocod. They can
be 	 applied whop? there is the will. 

On the other hand, accurat' fneasuremeot an(,

monitoring of many foiis of 
 resource degradation (e.g.,
deforr'tatin, desertification, soil erosion, -rdini:tton, and
saterloging) ire variously spotz.y unroie, or still im-
possible The tool's to accurately locate and measure 
r!,atural resources are confined mostly to no,-renewableresources, suchsti a; minerals,there isxaera a id oil and gas, fee which
there is a stvug mc:nmercial motivation,.

As 	receirtl' c ,:1 NNP's authoritabve "The WorldEivironmnrt--,i72.- 9;,2" concluded that: "There are 
general calnd,;r ;giorn
g 	 al figures for the extent ofdesers, ran..elaijds, fo mlands, and other major lans
categorie,s trt retal'd inforrmation, about their condi-
tions-and rates of deradation-are rarely available" (2.The oppor uriity !or improved assessment of these 
natural resources rests heavily on the development of air-
boine and satellite sensors that measure signal strength
from the earth's surface in various spectral frequenciesand convy these data in digital form. Unlike the chemical emulsion plates on which high-altitude "pictures" used 
to be bar;ed, -.uch data are now L-ansmitted aid recorded 
on 	 magnetic tape as signals that can be converted intoimages, much like those on television screens, though far more detailed, 

The availability of such data has forced the develop-
ment of machines and software that can align remote
sensing data with the ground elements to which the datacorrespond. Called Geographical Infonnation Systems

(G3s), this technology can present an image that geo-

graphically corresponds to 
a given area, and can realign

other data points to the same area, 
 even if acquired atdifferent times, from different sensors. Although these
techniques have obvious application for military and intel-
ligience uses, the requirement of the U.S. National Aero-n,.utics and Space A_'t of 1958 that "activities in space
s.hiould be devoted to ps aceful purposes for the benefit ofall 	mankind" has meant that the results of the U.S.

National Aeronautics and Space Administration's (NSA)

extensive data collection, and the technicines it has devel-
oped for interpretation of the data, have been placed in
the public domain. 

In 1985 the first formal transfer of this capability to an 
international organization took place when The GlobalResourCe Information Database (GRID) was dedicated inGeneva by UNEP and the Swiss government. GRID 

oe	gxeatl'y accelerated in future yeas as countries develop
their own mea-ns to carry out such arnalyses in more
detaL Ultimatey, W.prhaps, such data and the skills to in.terpiet there may become routinely available even at the 
local leve!. 

Natio e.1 a ml Se cXr,A se sm entl 
The first complaint of policyniakers and politicians, when
confvrnting a new problem, is that they do not have

enough information for making decisions, and, more

often th,.m not, they 
are correct. Until recently, few couot
tries took stock of their environmental conditions and
trends except as thcy related to specific activities such asmining, forestry, irrigation, or energy production. Butwith the growing sensitivity of governments to environ
mental issues and the increasing number of international 
agreements dealing with resources, the need for both

national and international data on the environment has
 
been dramatized repeatedly.


Before the Stockholm Conference, only Japan and the

Unitad States compiled comprehensive nationa! reports

on their environmental conditions; both began doing so
in 1970, although many others had sectoral reviews. Since

then, national state-of-the-environment reports have been

published by: France in 1978; Belgium in 1979; Yugoslavia

in 1980; India in 1982; the Philippines and Sweden in
1983; Malaysia in 198; and Finland, Chile, Ireland, and
Poland in 1985. Country state-of-the-environment reports

are being drafted in Burkina Faso, Sudan, Saudi Arabia,

arid Canada. (See Part IV,"Policies and Institut ,. ,"Table
 
12.2.)


Many other countries, such as the United Kingdom,

rely on standing committees or comnmissions to periodi

consists of tle 	machines and the software developed hyNArVSA and made available to UNEP and the U.N. system
to analyze data collected try these international organiza
tions (25). 

GRID's inmediate applicaion wil be t,.) andintegrate

improve the analysis of various data 
 sets already built up
by UNEPs Globid Envir'anrnental Monitoring System
fGEMS) program, with data sets from the Wcrl( Health 
Organization, the 	Fcod and Agriculture Organ;ization, the
World Mettoniogical Organization, and other-. Ifthe pro
gram works as intended, drarnatically iMprovied asse-ss
 
nerts of the planet's environmental trends 
can 	be carriedout ard kept up date 
Th. GRID facility will al-o be a training- site, helping to 

,ran for digi:tal an-dysis s'kills to the national livel, where
they ara gzneraly abrent. Although the hardware and
soihv,-a': at GRID in Geneva represent an investment of 
nnan 
millions of dodlars, the growing capacitifs and
dehlring costs of microcomputers puit the capability to 
cary out suth analysis within reach of any university,
and make it an attractive area for donor "eito 
suPjl)h-t. 

Already, ' 'oRIDunderway 	 a'-1k at theth, Worid fnl: usesuses data 
genera ed by GR1 D .oanalyze soil, veoetaion cove, and
meteorological conditions in some African countries as aprelude to finding new ways to irlcreoa;e !ocal food 
production on a sustainable basis Th;s process can be 
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cally review key aspects of national environi-ntritil policy. own purposes. A parallel library of reviews and analysesState-of-the--environment re-rs, environmentJ profiles, of the process itself has also grown up.and national conservation strategies are all variations on The most comprehensive review ef the EIA process asthe national assessment theme. They are nrepared by a tool for development in the Thiid World was preparedgovernments, agencies, or non-goverrimental organi- for the International Union for Conservation of Naturezations. and Natural Resources p9). Called Status and Application
The two editions of The Sate of India's Fnviroarnent of Environmental Impact Assessment, this valuable docu

0982 and 1985) provide an excei:ent e;-.amp!e of the ment sets out the basic methods, experience, ardlatter. Prepared by the Centre for Scence and the En- benefits of the EIA proces to date and presents a seriesvioarent in New Delhi (2), the reports atternpi to cover of recommendations for its use in situations where thethe gamut of India's vast and complex envionment, administration and basic data a.re w-ak. The study showsdrawing on official and non-govemmental data -dike. The tha EIA procedures are now used extensively by exteradvantages of an independent assessment are that it can nal fhinding sources as weil as ty some Third Worldevaluate both business ajnd government policies and can countries themselves. This review will be updated in 1986point out information gars--things gevenrrmets are often when the results of a joint execise on the appropr!i.atereluctant to do. In tids cas, the reports have dealt with use of ELks in development projects by the nvimonmnensuch touchy subjects as the loss of common property tal and development assistance committees )f OECD are 
resources for the poor, and corruption or abuse oi the pubiished.
country's natural resource stock by various agencies, Underlying the process of enironmental impact essdomestic and foreign. ment is an attempt to bypass intuition and to construct aGeneral assessments of a country's environmental con- more formal approach to decision making. That is, ofdition are, without question, a key step toward building ccurse, the purpo;e of much of planning law, which haspublic awareness and fostering sound decision making. a tradition going back decades. An EIA, if well clone, has3ut such overall assessments are generally not directly tw,; particular strengths: it forces an integration of naturaluseful for management purposes. They often fail to bring science with economic evaluation, and it lays out the openough focus or detail together on particular sectors to tions considered and-often more important--those notr.atisfy the specialist, the relationship between sectors is considered by the polic3rmaker. On the other hand, nearcfter unclear, and the prescriptive elements of the reports ly all project-specific assessments are cartied out late inare weak. Furthermore, the data axe often fragmented the planning process and are therefore often !seen as aand inconsistent, hindrance rather than a useful contribution to good deci-

Related to the preparation of national overviews is the sion making.
growing tendency of international assistamce agencies to Fer good or ill, much EIA activity in developingcall for general environmental appraisals and specific countries takes place as a result of, or with the assistancesector reviews where environmental policies are seen to of, extern;l agencies. For instance, few countries in .Vricabe significant (e.g., in forestry, land use, and renewable have a fornmial mechanism for injecting environmentalenergy). The World Bank, the U.S. Agency for Interna- factors into project planning. But this is not universallytional Deveiopment (U.S. AID), the European Economic true. Most members of the Association of Southeast AsianCommunity (EEC), and other multilateral and bilateral Nations (ASE-AN) do have formal EL, policies (0) and
agencies are commissioning environmental reviews of one 
 have accumulated considerable e.',perience with them.
 
sort or another. There is great variation in the type. fo
cus, and level of detail of these efforts, and a clear need Improving Asse,ments

for some coordination of all this activity through an 
open In addition to environmental impact assessment, otherinternational referral system. methodologies are now being used to bridge the gap
An innovative and valuable effort to assess the state of 
 between environmental management and developmentthe environment at the international level is now pub- practice, including napid rural appraisals (31), land capalished annually in the United States. State of the World, bility analysis (32), and more. Perhaps the most important
prepared by the Worldwatch Institute, attempts to mes- area of progress is in the development of more sophistiure progress in "the extent to which our economic and cated alternatives to traditional cost-benefit analysis; that
social systems are successfuilly adjusting to changes in the 
 is, developing methodologies that can express economic,underlying natural resource base:' It examines issues as environmenti, and ecological change in a common unit
diverse as "reducing dependence on oil:' "maintaining of measurement, and within 
 a single planning process orworld fisheries:' and "managing rangelands" P). procedure. 

In some cases, these new approaches involve modifying
Project Asses.orneniL, the practice of traditional economic assessment. One suc

cessful method, called "natural systems assessment withThere is also an expanding library of project-specific en- economic valuation:' has been formalized and testedvironmental assessments, which has ballooned since the enough to have been adopted by the Asian DevelopmentU.S. National Environmental Policy Act initiated the tech- Bank (33). !ts authors consider that the system has fivenique of formal environmental impact assessment (EIA) in special features:
1970. The variations on the theme are legion, as each 1. "Consideration of sustainable use and environmentalcountry or sector has devised a model best suited to its .. quality at the earliest stages of project inception; 
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Bgox 11.1 Lessons of the Global Models 

Predicting the future from current conditions not being met now x-ause of scial and and needed, no st of purely technical
and trends is inevitably risky. For example, l×ofitical structure, values. norms, and changes temstedInany of tic models wasthe very act of dehiong a tierd often causes world vie,:, not bkncaue of ab:Slitte suificieII in keif to bong axt)ut a desirapoli.y changes, and these cannot be antici- ptry.e!cal varities. bi future. fbtriietturmg s'x-iaf, econumic,
pated ttmwever, in the 1970s. the linerging 2. "1)pulation and physical (materiah capital and politicai ;y teis was much more ef
capacity of computers to handle mass.s of cannot grow forever on a finite planet. ftctive.

data led to the flowering (i an international 3. "There is no 
reliable, complete infornia- 9 'The interdependence aioiig people andw:hmo of global modmlers. Prominent among tinn about the degree to which the nations over time and space are greater
the global o dek were: earths physical envirinment can absorb that, commonly imagined. Actions takenEl The nodel. Sloan and meet the needs of further growth in at ,ne time and On one part of the globe

ml:Oie'tMeadv,,School 

of Managemeilt, Nlasachusetts [nstitute of population and capital. There is a great 
 have fa;-taching consequences that areTechnio'logy, Camobridge, Massachusetts. United deal of particular inlormation, which op- imposible to predict intuitively, and prob-
State. 	 timists read optimistically and pessinmisLs ably also impossible to predict (totally,6,7 The Metsarivic/Pestel models: Systems read xssimistically. precisely, maybe at al!) withf computer
Research Center, Case Western Reserve 4. "Continuing business-,s-usual policies modes.

University, Cleveland, Of-do, United States; and 
 thrmugh the next few decades will not 10. 	 ' Because of these interdependencies,
Technical Univerity ljanmive, West Gerrnany. lead to a desirable future-or even to single, simple measures intended to reach
0 	 The Baritloche mmmdel: Fundacion Bariloche. meeting basic human needs; it will rwult narrowly defined goals are likely to IbeSan Culos fe Bariloche, Rio Negro, Argentina. in an increasing gap be-tween the rich counterproductive. Decisions sbould bethe 	MtiIRA- (Mode of InLtrnational Rela- and the poor, problems with resource made '.itnn the broadest possible con
tions in Agriculture) model: Economic availability andand environmental destruction, text. acMSs .-pace, tit:j-. aric; are.,s of
Social1 lnstitue, Free lmiversity, Amsterdam, and worsening conomic conditions for knowledge.
Netherlands; and Agricultural University, niost people. 11 	 "Cooperative approaches to achieving in-Wageningen, Netiherlands. 5. 	 "Bccaue of these dificultiE-, continuing dividual or national goal, often turn out
* 	 The S\RU model: S.sinems Analysis Re- current trends is not a likely hiture to Ie more bcn,'fkcial in itfe long run tosearc:h Unit, Department of the Enviromrent, course. Over the next three decades the al! parties than competitive approaches.
London, United Kingdom. world socio-economic system will be in a 12. "Mar, plaits, programs, and agreements,
M 	 The FL!GI rnodl Engineennq Research period of transition to some state that will particularly cormplesc international ones,Institute, Faculty of iigimeering, 1hkyo Uni- be, not only quantitatively but aN) are based upon as.umptions about tie
veisity, Tokyo, Japant. qualitatively, different trom the present. world that are either mutually inconsis,
-	 The United Nations World model: Economic 6. Th eact nature of this future state, and tent or ircon;istent with phyical reality.
Research Center, New York University, New whether it will be better or worse than Much time and effort is spent desigting
York, United States; ,and 13r-andeis University, the present, is not predeternined, but is a and debating policies that are, in fact,
Walfttsayn, MasachisetLs, Ur,ited Siatcs (it. function of decisions and changes being simply imimsible" 21


An analysis Of these niodels concluded that made now.
 
despite strc;ig dc!fer-iuce_ in approach and 7. "Owing to the inherent in the
momentum 

methodology, 12 conni ne.-slles could 
 world's physical and social p"xes.e, P0li- Reference, and lNotea
 
be drawn about the state o! 
 the world and its cy changes made .soon are likely to have
 
posoibmle futures, 
 mure impact with less effort than the I. 	 1 Meados, et ol, Groping in the Dark-

I. 	 'There s no ktown pfc.Sical or technical same set of changes made later. By the Th e First Decode of Global Modelling
reason wtwi basic n-e'xs ,annlot be time a problem is obvious to everyone, it (John Mileiy and S-ns, Chiche,_ster, 1982),supplied for all the world's pr-ople is often toointo far advanced to he solved. it 20.
 
the forteseeable future. These rieeds are 8. 
 "Although technical changts are cxp.cted 2. Ibid., ft xviii. 

2. 	"Integration of the assesstment into both the economic needs to know, is unknown. (See Table 11.1 for one
appraisal and the economic planning organization example.)
rather than its treatment as a separate, externally In a different' approach, UNEP is working on changing
generated document added at a later stage; the calculation of national accounts: a key form of eco3. 	"Quantification and monetization to the fullest extent nomic assessment. The motivation for the change is the
possible; imbalance codified in the present international system of4. 	"Continuous monitoring oi indicator parameters for drawing tip these accotnts, natnely that man-made assets
feedback into adaptive management; and are valued as productive capital while natural resources5. 	"Post-project review to judge the accuracy of predic- are not. Thus, while man-made assets are depreciated,
fions and the extettt to which mitigative measures natural resources are not. 'As a result, says one economist, 
were implemented" (34). "a country could exhaust its mineral resources, cut downWhile a definite inprovement on common practice, this its 	forests, erode its soils, and htmnt iLs wvildlife and fisheries

systern remains weak in dealing with the monetization to extinction, but measured income would rise steadily as
of many important parameters (such as esthetic values, these assets disappeared" 135).
human mortality the services of undisturbed ecosystems, To correct this asymetry, econtntists are attemptingetc.) and in the quartilication of costs and benefits that to 	devise methods to uroaden niational income accounts. 
occur in the mid- to long-term (i.e., it proposes no alter- In this Nay they hope to adequately account for thenative to traditional di:Couriing. But, as in many other depletion of natural resource stocks, the effects of polluinstances illustraled in this volurMe, the system's greatest lion, and other environmental variaoles in a country's
weakness is th t much of what the careful decisionmaker assessment of its economic development. The United 
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Nations Enviroment Program and the World Bank have 
sponsored international workshops in 1983, 1984, and 
1985. From these exercises it is apparent that "in most 
countries it would be more appropriate to emphasize 
separate environmental accounts for subsequent linkage 
with GNP accounting, that considerable data already
exists .... and that the most important resources and en-
vironmental services to be accounted for and the ap-
propriate levels of aggregation would vary from country 
to country in accordance with environmental, technologi-
cal, and social factors" (36). Norway provides an advanced 
example of natural resource accounting in practice with 
its long-term program 1986-89 (37). 

MANAGEMENT HE CAPACITV FOR ACUIlON 

A government's ability to move from understanding the 
condition of its resources to the creation of policy, and 
from there to the execution of that policy, depends prin.. 
cipally on its stability and political legitimacy, and on the 
availability of funds and adequate human and technical 
resources. Such general characteristics apply, of course, to 
all policy anid can rea-lly be appraised only on a country 
by country basis. 

Narrowing the focus to resource and environmental 
policy makes the task of evaluating management capacity 
only a trifle easier. It does, however, highlight a steadily 
expanding network of instruments and institutions that 
has grown up over the past three decades. The number, 
scope, and complexity of these agencies, laws, treaties, 
guidelines, and the like have increased dramatically dur-
ing the past 15 years. Yet, they by no means tell the 
whole story: The best laws in the world mean little in a 
country unable to apply them; an environmental agency
that looks fine on paper will make little difference if its 
representative is not at the table when decisions are 
made; and an international agreement honored princi-
pally in the breach will change reality very little. 
Nonetheless these tools provide a sound index of overall 
trends--certainly management without them is impossible" 
in modern societies--and can be used to review in broad 
outline the capacity for resource management around the 
world. 

National Environmental Agencies 
The number of national environmental management 
agencies skyrocketed in the decade after the 1972 U.N. 
Conference on the Human Environment in Stockholm. At
the time of this conference, 25 countries, 11 of them in 
the developing wor!d, had environmental management 
agencies. Today, more than 140 countries, including 110 
developing countries, have them (38), and a listing of the 
principal agencies runs to several hundred pages (39). 

The creation of an agency is one thing; its effectiveness 
quite another. In developed and developing countries 
alike, environmental agencies have been plagued by the 
lack of human, technical, and financial resources and 
have been very much junior members within the circle 
of government ministries. Often, heads of these agencies 
operate at the mid-level, without access to decision- . 

makers at the top. Beyond that, monitoring and enforce
ment vary widely from close control to none at all. 

As government debts have grown, especially in the 
past few years, environmental agencies and priorities 
have lost money and influence-sonetinies disproportion
ately (40). OECD closely reviews management trends in its 
member states, and in 1987 its Vienna Center plans to 
publish a comprehensive comparison of 14 Eastern and 
Western European countries. No doubt this report will 
confirm OECD's earlier assessment that even among
these we-dthy nations "several countries were unable to 
devote the resources to environmental programs that 
were rC-quih!d" (41). 

Legislation ad Policy 

The 1970s were also marked by a rush of environmental 
and resource-related legislation, especially in the indus
trial countries. (See Table 11.2.) Within the past few years, 
the stream of egislation has slowed in the industrial
 
coUntries, and the emphasis has shifted to implementing
 
the laws already on the books, making changes for
 
greater effiiency or consistency with other programs,
 
and carrying out the necessary research and monitoring
 
(42). 

Generalizations about the state of environmental legisla
tion and policy in the developing countries are bound to 
be crude, since conditions vary widely and few surveys
exist (43). In many parts of the developing world, the 
1970s were at first a period of antipathy toward, and 
then gradual acceptance of, the notion that environ 
mental issues are a valid concern. In 1985, Julius Nyerere 
of Tanzania spoke for many countries inside and outside 
of Africa when he said, "Until the last few years, Africa 
regarded environmental concern as an American and 

'hb'e TM.1 Discounted Present Value of Costs 

of Geothermal Wastewater Disposal Under
 
Alternative Schemes in the Philippines
(mdfhons dl pesos) 
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European matter. Indeed there was a tendency to believe 
that talk of the environment was part of a conspiracy to 
prevent modern development on our continent Now we
have reached the stage of recog.izing jhat e.nvironmental 
concern and development have to be linke-d together if
the latter is to be real and permanent. The question is 
how to do this" (,m) 

As acceptance of the validity of environmrnoaI con-
cerns slowly spread, a recog)nizable theme oi the many
statutes passed during the decacde was the centralization 
of authority at the national level. But of course, there ara
exceptions, even within individual countries. In India, for
example, the 1981 air pollution control act covers all 
states, but the water pollution law is applicable only to 
those states that adopt it. 

As to content, most developing countries are by and
large still in the "react anud cure" phase, while the devel-
oped nations are beginning to address a ne ' agenda of _ 
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"anticipate and prevent:' though the earlier agenda is far
from complete. In numerous developing countries, effec
tive "react and cure" remains a distant goal, even where
the desire to correct a problem is present. Air pollution
in urban areas, for example, is chronic. Emissions legisla.
tion is typically inadequate, and those laws that do exist 
are poorly enforced. Many factories do not have pollution
conlil equipment, even if such equipment has been 
mandated. Because of a lack of zoning policies, pollution
intensive industry has fiequently been situated near or
within residential areas, re'nforcing the impact of indus
trial air pollution. Moreover, power plants and factories
often burn high-sulfur coal and heavy residual oil, releas
ing large quantities of sulfur oxides and particulates into 
the urban atmo-tere (45).

As for the developed countries, the issue cited in the
Final Communiqu6 of the 1985 Bonn Econjmic Summit 
(attended by the United States, United Kingdom, France, 



the Federal Republic of Germany, Japan, Canada, an,
lIty) provide as go d a snapshot as any of the concerns 
now occupying center stage: 


New approaches to 
strengthening internationa! co-
operation are essntiai to anticipate and prevent
damage to the environment, which knows rio 
national frontiers. We shall co-operate in order to
solve p.essing environmental problems such as acid 
deposition and air pollution from motor vehcles 
and all other significant source& We shall also 
addrvzs other concerns such as climatic change, the 
protection of the ozone layer and the management
of toxic chemicals and hazardous wastes. The pro-
tection of soils, fresh water and the sea, in partic-
ular of regional seas, must be strengthened (46).

The themes here are evident: a rfspectful bow toward
"anticipate and prevent" policies; a concern with trans-
boundary problems, especially those of acid deposition
and associated forms of air pollution (see Chapter 12,
"Multiple Pollutants and Forest Decline"); and an emer-
ging recognition of fully global issues such as climate 
change. Finally, there is mention, as there might not have 
been a decade earlier, of the ineed for basic resource 
conse,-vation; in this case, of soils. And the unmet clean-
up needs of the "react and cure" agenda are still a high
priority. 

The newly prominent problems of transboundary pollu-
tion control are forcing sacrifices and adjustments that 
previous international e.greements generally did not. In the 
past, international environmental controls have advanced 
at a rate largely determined by national self-interest and 
a will to harmonize domestic progress between neigh-

bors. 


But now there are signs that a 
true weighing of national
with international interest is beginning. Examples can be 
found in the Europ . Economic Community (EEC),
bilaterally in North America, ard in the Economic Corn-
mission for Europe (ECE). Until 1983, the EEC generally
made proposals to its member states. But now Britain,
the Federal Republic of Germany, France, and others are 

themselves making substantive proposals for multilateral 

consideration on air and 
water pollution as well as 

transfrontier shipments of waste (17). 
 The 1983 German 
initiative on acid rain is the best example, for it forces a 

clear linkage between domestic and international policies

and squarely inserts environmental issues on the diplo-

matic agenda. What must 
 follow is an apportionment of
the substantial costs involved in air pollution control 

among countries. In effect, IWaly 
 has to pay for damage 

to German forests, the United Kingdom for damage to
Scandinavian forests, and so on. If this linkage is 

achieved, the European Community will have 
 moved forward from a position of harmonizing national environ-
mental regulaticns designed for the benefit of each 
member statd' economy to one in which the wider Euro-
pean ecoro,' (and that of countries outside the EEC) is 
to the fore. It wil, be a slow and difficult process.

The Bonn Commrniqu6 also called for greater integra-
tion of resource management and environmental policies
with other policies. On pollution control, countries such 
as the Netherlands, Sweden, and the United States are 

hying to correct the inefficiencies of dealing with indi
vidual problems in separate programs. "This approach:' 
says the OECD, "may only result in moving a pollutant
from one medium (such a3 air) to another (water and 
land). The problem is no eliminated but just moved horn 
one place :o anothecr, and in some cases may create a 
greater risk in the new incation than in the old" on The
Netherlands has a, new statute requiring coordinated 
licensing procedure, arid plans to "integrate all the en
vironmenta] law. with land use planning at the provincial
level" Japan, the Fiederal Republic of G-rmany, and the 
Netherlands all have programs to address "soil pollution;'
which deal with pollutants regardless of source-from the 
air, in the water, or through waste disposal.

AttempBs to integrate environmental protection with 
other governmental programs are not confined to pollu
tion contro: i mice, Sweden, and the Federad Republic
of Germany, industrial insiections and audits may now 
.ombine environmental protection with occupational
health and safey. In the United States, the agencie-s
responsible for po lution control, food and drug safety, oc
cupational health, and consumer protecticn have attempt
ed to coordinate many of the health protection provisions
of their individual mandates. In resource conservation, 
there is a growing employment of complex "multiple-use"
policies that recognize the many functions a sinRle piece
of land may serve, such as commercial timber proauc
tion, wildlife habitat, soil conservation, hydrologic regula
tion, and recreation (49).

Finally, the Bonn Communique reflected the current 
political context when it talked of harnessing both the
mechanisms of governmental vigilance and the disciplines
of the market to solve environmental problems. The 
utility of the "polluter pays" principle was highlighted.
Background material, based on the conclusions of the
 
OECD Environment and Economics Conference of 1984,

stressed that environmental regulation need not hive a
 
negative impact on macroeconomic performance.

Analyses presenied at the 1984 meeting demonstrated
 
that net .acoeconomic effecs of environmental controls
 
aie very smal! for those economies studied (Finland,

France, the Netherlands, Norway, and the United States)

(50). The papen; for that conference show how far
 
economic evaluation of environmental poiicies in the
 
OECD countries has come. The arguments for and
 
against different modes of control, the costs of different
 
standards, and the array of economic instruments
 
available are laid out, and the impacts in terms of em
ployment, productivity*, inflation, and trade analyzed (51). 

InternationalAgreements 

Environmental problems have been handled at the local 
level for almost as long as human society has existed. By
contrast, international attention is relatively recent, and 
attempts to achieve it in a systematic way have hardly
reached beyond the stage of infancy (52).

The UNEP "Register of international Treaties and Other
Agreements in the Field of the Environment" lists a total 
of 108 texts, including only two items approved earlier 
than 1939 (53). A more comprehensive register lists 257 
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relevant niultilateral treaties for the protection of the Tblo 113 Intermitiona! Agreitments 4an t
environment thma were signed before 1978. Of these Environment, 1968-1983 
treaties onty I() were signed before the end of 1939 (5. N, b¢ r 

The growth in the number of rnvironrmental treaties ,. 
since the rnid-19350s cat be seen in Table 11.3. 'able 11.4 2 

.,bows a se-ection, dawn up by OECD, of the most riecent i901-19 0 

the dates of signa-	 1920-29arind important conventions, showing 1930-39 34 

ture and cf entry into torce upon ratification. 9.15-49 271940-44 	 6 

international 21950-54 
C.nvention 1960..64 48 

The most recent agreement, the Global 	 7 

on the Protection of the Ozone Layer, was 1955-59 	 38 

signed Marbch 22, 1985, by 20 countries and the EEC. For'' 	 1965-69 44 
1970-74 49the first time in such an agreernent, the Convention aims 

y 1975-79 39 
at 0rtlcip(itg a problem by calling for cooperation in 1980-83 20 

SOcg: HaV, iS',5 Re1e93 52,,eresearch aild monitoring, information exchange, and, 

Tatbla IN4 flnu.2-r~armnaoinl Legal !nstr'utnents Concerin the Environmnent 
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landbatro, sOb,eS
 
Conv. Barcelona, 1976 	 2/12/788 Prole'zion of Mererranean Sea 


9 Protoxi to No. 0 (durnp;ng from 
 Prot. Barcelona, 1976 2/12/78 

sp,,s and aircrat) 

10 Protocol to No. 3 (protection against Prot. Athens. 1980 5/17/80 
Iuric,'based sources) 

11 P'olocol to No 5 (pollution by oil; Prot. Barcelona, 1976 2/12[78 

soopefaton in Emergency cases) 

12 L,rrtation of labiy for maritime Cony. London, 1976 	 Pending 
Claims 

c
London, 195 4	 7/26/5813 Pr, erition -1 po tion of the Co'. 

spa btyOil" 
8/96914 Potuiron of the No 1 Sea by oil Ag. Bonn, 1,.9 

15 Civi liblty for oi pollution Con'. Brusiels, 1960 6/19[75 
camage 

16 interventon on tho High Seas Conv . SruSs., 1969 5/6/75 

17 	 Prolocol to No 16 (substances Prot. London, I3 Pending 
olher than 04P, 

4/8/8118. 	 Prcocol to N. 16 (CLC) Prot. London, 1976 

Agr. Copenhagen. 1971 1016/7119. 	 Cooperation agaanst pollution o 

tho sea
 

20. 	 InternalonaJ fund for compensation Conv. Brussels, 1971 10/16/78 
(o1lpollution damage)' 

Pending21 	 Co liability fu cg pollution Conv, London, 1977 
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eventually, for a protocol to control emissions of chioro-
flurocarbons, now considered by scientists to pose the 
greatest threat to the ozone layer and also contribute to 
the greenhouse effect. (See Chapter 10, 'Atmosphere and 
Climate:' Recent Dev,.lopments.) 

International law has developed rapidly as the planet
has shrunk, since it is the only assured way of making
nation states act :n concert to overcome problems. Infor-
mation exchange, conference pronouncements, and set-
ting a good example we all parts of the process, but 
they cannot substitute for a lody of law. 

Yet the effectiveness of these international instruments 
varies widely. As conventions and treaties h we had to 
deal with increasingly complex problems, their contents 

trupoee ef jra~ 
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have become less precise and their effectiveness less pre
dictable. Moreover, enforcement usually depends on ih 
degree of general convergence of interests among tile 
contracting parties. The more heterogenecous the contract
ing parties, the !ess precise and constraining tl contents, 
and the less likely it is that they will be effectively en
forced (55).

A good example ok this phenomenon is the Convention 
on Long Range Transboundary Air Pollution prepared by
the ECE, signed in 1979. The text ismodeled on a prior
convention signed by the members of the Nordic Council. 
In a comparison of the two conventions, it is striking
how the greater number and variety of contracting pai
ties have led to a significant reduction in the precision of 
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the final text, although perhaps n is too soon to say 
whether the larger number of parties to the ECE conven-
tUon-all of which must be involved if the convention is 
to achieve its objectives-can ultimately work together (56). 

A major difficulty in naking international law is the 
gap between what is agreed tL in ncegotiation and what 
is subsequently acceptable 1o national parliam.ents. The 
best known recent example in the environmenLl field 
was the initial failure of the convention for reducing 
chloride pol!ution of the Rhine, signed in 1976. The text 
was so specific in its terms and so constraining on the 
sinatories that the French National Assembiy refused to 
agree to its ratification (57). 

The road between a sound negotiated text and eifec-
tive action is long and tortuous. Most conventions specify 
the number of ratifications that are required before a 
convention enters into force, and even when in force it is 
only effective in those states that have ratified. Ratifica-
tion is a national matter; other countries cannot compel 
a state to ratify. The states that have both signed and 
ratified must then take the necessary legal and adminis.-
trative steps to ensure that the ends specified in the con-
vention are achieved, 

Some measures in international law create new organi-
zations, a process that is sometimes only the beginning 
of a whole new set of dilficulties. (See Box 11.2.) Given 
the lack of policing and verification of intemational 
agreements, the difficulty of incorporating the texts into 
national laws, and the freedom of governments to inter-
pret provisions as they see fit, it is easy to see why new 
enviionmental law is not always synonymous with 
progress. Sometimes, because of the apparent advance, 
the reverse is even true: "Out of sight, into law and out 
of mind:' 

THE LARGER CONTEXT 

Many actors other than those directly responsible for 
resoirce and environmental management have a great 
dea! to do with the success or failure of the work of 
those directly involved. Public support and participation 
at the local level are crucial; so, ultimately, is a willing
attitude in the business sector that recognizes its self-
interest in sound environment .J maragement. On the 
other hand, for many developing couctries, the bilateral 
and multilateral assistance agencies can make a major 
difference. Bad policies-in terms of sustainable develop-
ment-can send billions of dollars into counterproductive 
programs, 

Here we briefly review the activities of some of those 
groups whose attitudes and actions strongly affect en-
vironmental outcomes. Subsequent editions of World 
Resources will review other diverse factors that determine 
the larger context, including: science and engineering, 
from basic research to new technologies; management of 
the international debt crisis; trade and protectionism; and 
the role of women, 

Citizen. Efforts annd Public Support 

Within the OECD nations, public support for environmen-, 
tal improvement-even at th,! expense of economic . 
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growth-remains surprisingly strong. (See Fig. 11.1.) Only 
about one quarter of the people are wi!lino 'o see the 
environment suffer in order to secure economic growth; 
in Japan, even fewer. Where publiL opinion polls have 
asked the same questions over many yea-s, the majority 
favoring stronger programs has grown steadily, despite 
ever-tightening budgets or, as in the United Slates, hostile 
administrations, 

The recent rapid growth in citizens' groups dedicated to 
die environment and relaied issues should therefore be 
no surprise, though its dimensions are striking. The 
history of citizen cl;,cner- with the environment goesback to theilat century and many of the NGOs now 

involved are well over 50 years old. But since the late 
196Js the number has exploded. More than 3,000 NGOs 
are now listed with the Environment Liaison Center (ELC) 
in Nairobi, a clearinghouse for environmental NCO 
activity. 

The major feature of the citizen-based organizations for 
the environment is fhcir remarkable diversity. Organiza
tions reflect the global range of political arid rehgious
opinion, the salient local issues, and countless modes of 
working. It is lpe!ess to generalize, although several 
valuable nation;d and regional survey, exist (58.59). 

The sheer volume of reports, lawsuits, field projects, 
research, rallies, and press notices generated by NGOs 
has tended to ove-whelm the bureaucrat. Indeed, there is 
plenty of anecdotal evidence to suggest that administra
tors have a deepseated dislike of the tangle of NGOs, 
despite the fact that in many ways it is the NGOs who 
make the government worker's life possible in political 
terms. 

Most NGOs are local and focused on the immediate 
problems of day-to-day survival, the quality of the local 
environment, and community needs. Their activities are 
crucial: from tree planting, family planning work, wiidlife 
ard habitat conservation, to monitoring and forcing the 
clean-up of pollution sources and hazardous waste dumps. 
Arid the world over, they protest against the status quo. 
Countless organizations are not only questioning how we 
should live with respect to natural resource constraints, 
but are the mainspring of change. 

A series of publications capturing some of this diversity 
in the Third World was the product of a major gathering 
of "grass roots NGOs" held in New Delhi in February, 
1984 (60). The overriding message of the 1,000-plus local 
projects reviewed in tie process was that, at the commu
nity level, environment and development concerns are so 
closely linked that it is somewhat academic to separate 
them. Survival for the rural and urban poor is so depen
dent upon their immediate environs that its custo
dianship is a prerequisite to breaking out of the cycle of 
poverty. 

This linkage of environment, development and, to a 
lesser extent, population groups, which grows out of 
community-based development in the Third World, is also 
beginning to characterize groups in the developed 

countries. In effect, the traditional environmental lobby 
that grew out of the conservationist tradition is adopting 
a wider focus. The trend is not without some pain as the 
leaders of the conservation movement struggle to keep 



Box 11.2 The International Tropical Timber Agreement 
In early 19&5, the International Tropical Tim-
her Agreement (1 rA) came into force after 
a decade 'A negotiation between timber con-
surner and producers, and a major intema-
tiona campaign to secure ratifications. It is 
primarily a trade agreement promoted by the 
United Nations Commission for Trade and 
Development (UNCTAD), but unlike other 
such agreements it envisages the sustainable 
development and envirornentally sound 
management of the commodity it seeks to 
regulate. Such management is vital if the 
tropical forestu are to survive. (See Chapter 5, 
"Forests and Rangelands.) 

What has happened since is all too typical 
of the international system and illustrates the 
real difficultfies of forging cooperative policies 
from divergent economic interests, even when 
agreement exists on paper. 

The new timber organization met once in 
July and again in November 1985 in Geneva. 
Each time delegates hoped that the basic or-
ganizational questions of headquarters' loca-
tion and choice of executive director could be 
setted, so that the business of forest manage-
ment could begin. But, on each occasion, the 

unwieldy politics typical of international com-
modity agreements got in the way. 

Japan, importer of 40 percent of all traded 
tropical timber, insisted that the headquarters 
be in Yokohama. The North American and 
European group of importers preferred Am-
sterdam. Asian timber exporters, chief among 
them Malaysia and Indonesia, wanted Jakarta, 
and Latin American producers favored Rio de 
Janeiro 

Each location had its supporters from 
among the 37 IT'A members, but none 
managed to gain a simple majority of the dis-
tributed votes. Voles are allocated by means 
of a complex iormula, with producers dividing 
1,000 votes according to the export value of 
their timber trade, and the area of forest they 
possess. Thus Latin America, which has only 
7 percent of the tropical timber trade, 
receives additional votes because it has 70 
percent of the world's tropical forests, 

Each consumer nation gets 10 votes when 
it joins, plus additional votes calculated ac-
cording to the volume of its timber imports 
Japan, with 398, has more votes than any 
other single consumer 

an eye on their past concerns. But environment, as far as 
the citizen NGOs are concerned, has moved a long way
from pandas and pollution control. 

Similarly, "development" NGOs are increasingly recog-
nizing.the environmental component in their work and 
are beginning to promote an environmental message in 
their fundraising and opinion-forming activities. For 
example, the Swedish Red Cross and Earthscan recently
published Natural Disasters:Acts of God or Acts of Man? 
investigating the degree to which environmental destrtc-
tion from man's activities is the real cause of major
floods, famines, and other "natural" disasters (61). The 
1985 Global Meeting on Environment and Development,
described earlier, included a broad range of development 
groups such as OXFAM, and the International Coalition 
for Development Action (ICDA) as well as the traditional 
environmental groups. 

At the national level the thrust of environmental or-
ganizations is becoming more political. But how this 
manifests itself in terms of political parties varies, depend-
ing in part upon the voting system that applies. Thus in 
the Federal Republic of Germany, Holland, and Belgium,
where there is a system of proportional representation,
"green" parties have political force. To varying degrees, 
the major political parties in many countries, including
Canada, New Zealand, the United Kingdom, and the 
United States are influenced by the environmental move-
ment's ever-expanding agenda. This influence extends 
from the village green to the reform o; the European
Common Agriculture Agenda, from wood stoves to 
nuclear power, and from aid projects to international 
debt. 

Business and Industry 

The first decade of the environmental movement was 
marked in some places by confrontation between busi. 

nation, and needs the 

support of only a few other countries to 
swing the balloting its way. Instrumental in 
the process of creating the timber agreement, 
the Japanese want to play a major role in the 
organization. But the other producer and con
sumer blocks appear equally committed to 
ensuring that their interests are well served 
within the ITA. At its most recent meeting, 
the council resorted to secret balloting, a 
procedure that UNCTAD, in its caretaker role 
in many sensitive trade negotiations, has not 
found necessary since 1972. Even when Latin 
American producer nations withdrew Rio de 
Janeiro as a proposed headquarters site, the 
deadlock could not be resolved. 

Though interest in 'he timber agreement 
and in the problems of deforestation still runs 
high, time is running out for 1 rA. To date, 
its administrative expenses have been met by 
a $270,000 special advance from the U.N. 
General Assembly. This money has been used 
to hold the Geneva meetings, but is only a 
loan. ITrA members will have to come up 
with funds to pay hack the loan, and to 
finance their next meeting. 

ness and NGOs on almost every issue. While this posture
persists, it is slowly giving way to a recognition on both 
sides that cooperation can accomplish more, with less 
delay for business activities, and at less cost (62). The new 
relationship comes from greater familiarity with the issues 
on the part of the business sector and the experiefnce of 
a growing number of firms that good environmental 
practice is not prohibitively expensive, indeed that it may
occasionally even improve the bottom line. On environ
mentalists' part, there is a new maturity and a recogni
tion of business' immense influence-because of the size 
of investment and lending-on the futures of the develop
ing countries. (See Table 11.5.)

Business' position, at least at the rhetorical level, was 
set out at WICEM. But who is bridging the gap between 
industrial activity and environment,', needs? There are a 
few bridging institutions such as the UNEP Industry
Office in Paris and the international Environmental and 
Development Service (TEDS), established in 1983 by the 
World Environmental Center (WEC). On the recipient
government's request, IEDS supplies pollution-control 
experts from industry free of charge to provide technical 
advice. Industry volunteers specialists; U.S. AID pays their 
expenses. It is an innovative and effective program, but 
small compared to the need. 

Another bridging initiative, UNEP's report on WICEM 
noted, was the 1984 international conference on the role 
of multinational corporations in developing countries, 
attended by corporate and industry association execu
tives, developing country environmental officials, and 
other experts. This diverse group's conclusions appeared
in 1985 as Guidelines for Growth, a set of commendable 
recommendations for host governments and corporations 
alike. Unfortunately, some of these recommendations,
while perfectly reasonable, are out of reach of some de
veloping country governments. For example, the report 
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notes that "delays, uncertainty, and uonpredictable changes
in environmental regulations do discouirge investors, 
and should be avoided' (63). While unarguable, the recom-
mendation is nonetheless irrelevant to a country with 
little or no envionnental policy or oiw that und,'-goes 
regular political coups. 

As :t is for so many government rds;instrators, the 
i:sck of reliable information is a real consoajot to 
progress in the private sector. A 9MI U.S. Council on En-
vironmental Quality survey of 45 large U.S. corporations 
concluded that corporations urgently need mrajnterna-
tional data and believe that the government's natur:d 
resource foiecasts afe not credible. Gover;,ment's data, 
say business experts, are not up to date, although thj," 
are. nonethdes, business' principal source of inormation 
(6-i. Nearly all rf those survey.d (96 percent) favored the 
creation of W1 international clearinghouse for natural 
resource information and imprrovement in the credibility 
of government natural resource forecasts. 

United Nations EnvlronmeWi Pro[ -am (UNEPM 

Since its creation following the 1912 Stockholm ccnfer-
ence, UNEP has been the international agency charged 
with spreading sound environmental policies inside and 
beyond the U.N. system. Over the year.s, as more and 
more countries have taken on environmental issues as a 
priority, they have turned to UNEP for technical advice, 
support and coordination, 

But this tiny "catalytic" agency is not in a position to 
respond fully. With a small and politically vulnerable 
annual budget of $30 million, and the power to convince 
hut not to coerce, UNEP is a David confronting a Goliath 
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of issues. While it has been called "the environmental
conscience of the U.N. system and the s,urce of many 
important initiaves, contributions to UNEP's budget are 
voluntary, unlike the official U.N. "specialized agencie.s" 
such as the Wor!d ij.th Organization. it is charged only 
with coordinating J activities of otherenv7rornental 
U.N. agencies and 1t . (Ional organizations, and en
couraging national pr.:r:o-ns. And with a stafi of about
 

('"i.,it is dwarfed ,by the va.;: U.N. system. ,TkOugh
 
L,,'rmolicaly important, UNEP.; iocation ;ilwsirobi has
 
ro improved its acce -zibiiity or efficiency.


I.NE's answer to its mandate to coordi:i, 'e environ
rneital activities of the rst o:,the United Nal'ul:s is a 
device known s wthe "svstern-.wide mediurnotern enviroi
mentd plan" (SWMTEP). As the namne hints, it is a slow 
and cumbeisome means of producing consens.. At 
UNEP's Governing Council rneetingF, now,, held e'very two 
years, many nations, large a.'d .mal, show unwiilingness 
to commit sCcu Te levels of funding, while demanding an 
elaborate program rf work. About one third of UNEP's 
operating budget Pia; comi from the Unoited States, where 
it is the subject ot an annual political struggle.

With its limited budget, UNEP depends on a small 
profes,ional staff to understand, coordinate, and report on 
the sea of environment related activities throughout the 
international system. Staff turn-over has been high in 
many important areas (6i5). The program cannot criticize 
or praise member coutries for their environmental actions, 
making ;tdifficult to focus public atiention on the best 
and the worst situations and poii'ies. 

In many ways it is a hooeless task. Nevertheless, UNEP 
has some solid achievements to its credit. Ithas helped 
catalyoe a number of important ir 'tiatives, many of them 



described in this volume, including the World Conserve-
tion Strate.,cy, the Regional Seas Program, WICEM. and 
environmental work by the multilateral development 
agencies and banks. It has iaised public awareness by in-
serting the environmental dimension indozens of other 
U.N. programs. Perhaps moat significant has been its con-
tributior; in the fields of erivircnrnmcntal data collection 
and assessment through GFIS,GRID, and other efforts. 

Interiyatioral Assistajicc&-?- ti1t0ez-a Fowg 

The World Bank is te largest single source of external 
development assist-mce for many poor countries. Because 
of its size and its large professional staff-more than 
3,000-it is also often the policy leader in development 
assistance. In 1978 the World Bank's environmental prac-
tices received a quaiified endorsement in a study of inter-
national development agencies called Banking on the 
Biosphere? by the International lustitute for Environment and 
Development (''ED)(0-). A year later, the Rank's environmen-
tal office, together with UNEP, was instrumental in formu-
lating the Declaration of Environme PotalPlicy and 
Procedures n.odin forming the Committee of Internation-
al Development lnstituticns on the Environment (CIDIE). 
CIDIE has had a series of lack-luster meetir!gs every year 
since, involving a dozen or so of the multilateral develop., 
ment agencies and regional development banks (67). 

Yet in recent years the Bank has been the taiget of 
widespread, international presure to become more eco-
logically soptisticated and responsible. It has been urged 
to expand its Office of Environmental and Scientific 
Affairs because that office has only a small voice in deci
sions on which projects are to be financed. The oftice is 
also understaffed and underfunded to review the 
hundreds of projects amounting to $14 billion that the 
Bank funds annually in 80 different countries. Because of 
the sheer size of World Bank projects, which average 
about $10 million, the Bank's activities are inherently 
mn're likely to have environmenta side-effects than those 
of small agencies. 

For example, World Bank ecologist Robert Goodland 
characterizes much of the criticism directed at Bank-
funded water projects: These large capital..intensive 
projects, which have been a major focus of Bank lending, 
destroy natural environments and rob inhabitants of the 
resources their watemsheds provide. Goodland noted that 
major water projects can cause "massive damage" such 
as the "failure of involuntary huirian resettlement, irre-
versible loss of wildlife and genetic diversity, loss of 
agricultural and forest land by inundation, reduction of 
site-related soil fertility, intensified erosion below the dam, 
sedimentation into the reservoir, induced seismicity, and 
an increase i.,water-related diseases such as malaria and 
schistosomiasis" (68) 

In 1984 the Bank set oui its environnc-tal policies, 
procedures and requirements (69,70). These documents 
attach great importance to environmental questions 
within the project cycle and in the economic and sector 
work of the Bank. But there is an acute shortage of en-
vironmenta specialists the Bank's large staff (71),on and 

early and thoroughly enough in the design of individual 
projects (72). !ntestimony before a U.S. Senate sub
committee, the U.S. Treasury pointed to another problem. 
it suggested that all the multilateral banks tend to over
emphasize the quantity rather than the quality of 
lending: "We suspect that the problems encountered in 
the environmental aspects of projects may be an instance 
of such an overeml)hasis. If environmental considerations 
threaten expeditious project processing, the environment 
is assigned low priority and is left to be dealt with late,-' 
(73). In effect, under crrent procedures, the desire to ac
celerate development assistance is pitted against environ
mental and social considerations. The conflict is not 
inherent; improved procedures would resolve much of the 
problem. However, because of the vastness and diversity 
of the Bank's lending, it is no mean task to determine 
how to make these changes. .till, indications are that the 
Bank's Jending is mo)-- iigorously scrutinized than that of 
the regional bank- for Asia, Latin America, and Africa, 
and the Bank is currently attempting to identify ways to 
better integrate resource and environmental concerns irto 
its programs 

While the capacity of the multilateral agencies tc antic
ipate the environmental consequences of their project 
lending is still inadequate, lending for projects specifically 
designed to improve or rehabilitate the environment has 
increased. Also, the World Bank is a leader in the effort 
to slow tropical deforestation (7-1), and it has highlighted 
the need to pay greate, attention to environmental and 
resource constraints 'Mdeveloping a new lending strategy 
for sub-Saharan Africa (7r). 

Bilatemal ,,isisi, co 
Most bilateral aid agencies have expressed the right senti
raents about the importance of environmental problems. 
However, many would go on to point out that they
respond to requests for assistance and do not have the 
freedom to lay down the rules. They would also empha
size that the broader context of international develop
meet is more important than environmental concerns. 
F-litical instability, lack of humran resources, corruption, 
and the international economic setting are the principal 
problems, and not the environmental or social procedures 
they follow. Yet there is room for progress,. 

A recent review by lIED of the environmental proce
dures and practices of the national aid agencies of 
Canada. the United States, the Federal Republic of 
Germany, the United Kingdom, the Netherlands, and 
Sweden, concluded that U.S. AID was the only agency 
with systematic, enforceable procedures backed by the 
staff necessary to carry them out (7). Since then, the 
Nordic, Dutch, and West German agencies have made 
some progress on the policy level, have begun to make 
some money available for environmental programs, and 
have produced guidelines or checklists to guide their 
programs (77,78,79). 

However, developing the language is one thing; putting 
the ideas to use another. A subsequent study of the 
guidelines drafted and used by the major de,elopment 
agencies concluded that there was little evidence of the 

environmental considerations are not routinely considered .. systematic application of the existing texts (80). (U.S. AID 
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has gone beyond guidelines and adopted formal regula-
tios. f'he stud,, d;es not suggest that these regulations 
are not being followed.) Some agencies never put some 
eiivironmental guidelines into oeration biecause their 
purpose was only to improve public relations or to pro
vide edu:atiornal mateiial to the development community
i ierenral, i otlher cases staff of agencies do not use 
guidelines systematically because they are too general or 
incompatible with real tasks and problems. In many cases 
t he agencies do not organize the appropriate training, 
nor establish any institutional penalties for failing to use 
the guidelines, 

Most of the major bilateral asistance agencics would 
probably accept the following environmental objectives: 
r lb ensure that environmental planning is not left out 
of development planning or the aid project cycle;
&.Ib raise indigenous environrriental/natural resource 
imanagetnent capability to enable such planning to occur;

1To gather sufficient hard data of an environmental 
kind (taxonomic, ecological, geological, etc.) for the same 
ends; 
P To encoura;.e public education, particularly in the de-
veloping countries, since judgments and policies must in-
creasingily be made at the country level;

"lTcrncen, ate financial and hurnan resources on 
systems aiid sector; that are particularly at risk: be they
deserts, water-hdi moist iorests, the urban environment,
renewable energy supply, or sustainable 
agriculture/forest' . 

There would be argument over environmental tech-
niques within the a,'d process, with some, for example,
preferring formal impact assessments, others a looser 
review. Priorities would differ among countries. Guidelines 
would be employed (or riot) as indicated above. In a few 
cases, a body of "law" would help ensure that environ-
mental considerations are addressed, as in the case of 
U.S. AID and the European Development Fund. The 
Lome Ill convention among the African, Caribbean, and 
Pacific States, and true European Community and its 
member states contains general articles on environment 
as well as specific items on reforestation, desertification,
and sustainable yield managemtnat (81). But, sadly, there is' 

1. This issue is discussed in: JG. Speth, "Pro- Sweden, 1972). 

little evidence that the funding, staffing, or will is there 
to see these sound policies put into effect. 

CONCujJSION 

A review such as this cannot definitively answer the 
question whether the world's institutions are responding
adequately to the environmental needs before them. Solid 
answer, would require far more country-by-country data 
than exist today, and a volume as large as the one 
before you. Yet this preliminary survey does permit some 
conclusions. Environmental policy is more sophisticated
and is being practiced more widely than ever before. Few 
if any governments any longer see conservation of natur
al resources as irrelevant to their economic goals. Most 
have taken steps, at least on paper, to protect their en
vironments, and public support of such policies is strong
(though little is known about public opinion on this sub
ject in many parts of the world). Nevertheless, many of 
the tools for sound management are weak. In a great 
many countries, even where there is a political commit
ment P.nd adequate legislation, implementation, enforce
ment, and monitoring are generally deficient. The 
reasons are an inimidating combination of inadequate
financial resources, trained staff, tectnical capabilities, and 
reliable data. 

Though domestic issues still pose formidable 
challenges-.from soil erosion to toxic waste disposal-the 
environmental policy agenda is becoming increasingly
crowded with issues that must be addressed on a 
regional or even global basis. In the cases of acid deposi
tion and associated forms of transboundary air pollution,
and of changes in the ozone layer, governmentr, are 
taking the first tentative steps to find ways to address 
them. Still, however, the record of accomplishment of the 
more straightforward, traditional international agreements
is weak. Finally, the course of economic development in 
the Third World is strongly influenced by external 
funds-from official sources of assistance and direct in
vestment by the private sector--and here there is room 
for much needed progress if sound environment and 
resource management policies are to be widely achieved. 
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A specter is haunting Europe and North America-the 
specter of widespread forest decline. The mass mortality 
of trees observed across la:'ge areas of Central and East-
ern Europe over the past five years seems to be accel-
erating. Europe's forests appear to be threatened by a 
mysterious and deadly combination of airborne pollutants 
and natural stresses, including climatic factors and patho-
gens. New evidence suggests that a similar process. is un-
dermining the health of North America's high elevation 
eastern coniferous forests. Despite the frenetic research 
programs launched over the past few years to discover 
the causes of Waldsterben (forest death}-the collective 
name given to this frightening collection of symptoms in 
West Germany-there is no scientific consensus as to ils 
primary triggering agents. (See Table 12.1.) Sorting out 
the causal agents is among the most challenging scien-
tific detective tasks of the century. Given the severity of 
the Waldserben syndrome there is no time to lose in 
grappling with its causes and formulating effective control 
strategies. 

The stakes are high. The future health and vigor of 
virtually every major species of coiifr and hroid-leaftd 
tree in Europe are threatened, as well a s1,., 'o nimer-
cially important conifers in North Aneri, :. at risk 
is the future of the multi-billion dollar fore,t itiluistrv. 
which provides jobs fur 1.4 million pepl., iii Ow Lhuro-
pean Economic CommunitY alone (7iO.Ol, i0n W,'st (G!-r. 
many). The ultimato victims, however, may I,, frest 
ecosystems themselves, which may be gradaaliv dt'graut'd 

fr1.r L;{il ~ik tsem 

and perhaps genetically impoverished by humankind's 
polluting activities. 

The extent of destruction is staggering. Today, nearly 
6 million hectares of forests have been affected by Wald
sterben in just five countries: West Germany, Austria, 
Czechosiovakia, Poland and Yugoslavia (2). Extensive for
est damage has al-so been reported in East Germany, 
Hungary Rumania, the Netherlands, Belgium, France, 
Swit.erland, Sweden, and the United States. It is said to 
be appearing in the Soviet U.nion (though to an unknown 
degree), as well as Great Britain, Spain, Italy, and Canada 
(3). (See Bo,, 12.1.) 

When the first signs of this unique disease phenome
non began to show up in the early 1970s on West Ge
man white fir (Abies alba, also called silver fir), forest 
researchers toiught it might be similar to the white fir 
decline (Tnnensterben)that had been periodically affect
ing fir forests in central Europe for the past 250 years (,). 
But, in the late 1970s the decline symptoms spread to 
Norway spruce (Picea abies) and by 1980 it was apparent 
that scientists were faced with an entirely new set of for
est decline symptoms, some of which are unprecedented 
in the literature of forest diebacks and declines. 

The fir and spruce forests were only the first to be af
fected. Scotch pine (Pinus sylvestris, called Scots pine in 
Europe) began to decline throughout it. range in 1980, 
followed by European beech (Fagussylvatica) (5). Now 
libldsterben affects at least 11 species in Europe: four of 
the most important conifers including Norway spruce, 
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Across th E:uropear continent and into 
o eandinarair: the scour- of Wild-

s 'rhetspreading rapid!. an uncon-i like 
troled cancer.At the ir.rid 1985, forests 
IhatI ,*linstricken acre,s at lea.t 7 million 
fiotart-s in 15 Eurpean countries (both East 
and \VeA,) 

1VF-ST1-AiN EUROPE AND 
SCANDINAVIA 

1. West Gnrmany is the most seriously al-
tected country in Eurnpe vlith 52-55 
percent ofits forests, covering nearly 4 
million hectar-s., in various stages of de-
cline
and death. Wlisterben has 
devastated ine Federal Republic's forests 
,ith alarming speed. In 1982, only 8 per-

cent of the country's forests (not individual 
trees) showed signs of damage. By 1983 
ihis figure had jumped to 34 percent, and 
in 1984 the Federal Ministry of Food, 
Agriculture and Forestry, relyrted that 50 
percent of the forests, were suffering. The 
1985 survey showed a slight increase in 

destruction: nearly 55 percent of the foriest 
stands were damaged. The wot afie(cted 
areas are in the Stztes (lander) of Bavaria 
and Baden Wurttemberg (borne of the 
Black Foriet). Severe damage has al..o 
t,.erreportd for the Ht-rz, Sauerland, and 
Eggegebirge mountain areas (2l. 

The econ)mI: costs ,o Wdsterben are 
mounting ti In one estimate vest Ge-
man timber and related industrie ae Ios-
ing up to 5509 million annusJly, and 
damages could go as high as 9-11 billion 
a year 3t.The Union of German Forest 
Owners, however, calculates the eventual 
damage at nearly $1billion a year if pnes-
ent trends conitinue (4) 

2. Switzerland ranks second in damage (in 
Western Europe) after Wst Gernarry. In 
1983, t-1, percmt of the country's total 
forested area was said to be affected by 
t'i/lL tertxn. fly 1984 this figure had bal-

lAmed to a full third (33 prcent) of Svis 
fomte, and 12 million sick trees (representing 
14 percent f the total forest area) had to be 
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ited. The wort affi-ct,.d arem, are located 
in the southern alpine cantons of Griaon 
and Valais,,e 50-60 percent of the 
trees are said to be severely affected ts. 

3. Aistria has also F-een badly hitby Wald-
sterberr-16 percent of its forests covering 
600,000 hlctarls are nported injured. Au-
trian authorities are concerned that the 
counzry could be stripp-zd of 4.2 million 
cubic meters of timber a year at a cost of 
$160 million I% 

4. The Netherlands cataloged ti extent of 
foresI damage in December 1984, "thesur-
v,' included 2,80 sites covring an area 
of 281,000 hectares, or 85 percent of Dutch 
woodlands. The prognosis was grim: 40 
percent showcd signs of damage, but for-
estry officials clerned that about halt the 
damaged trees could recover Sti1l, 8 per-
cent of the country's forests were in the 
critical categoly (7). 

5. France also suffer. from Wdstierben. In 
mid-1985, the French Ministry of Enviton-
ment put the toll damage in the Voges 
region of northeast France at 20 percent; 
35,00 hectares were affected with 5,000 
hect, 'is in serious condition However,(8). 

long-term residents in the area clu n the 
damage Is more like &0 percent. Say, Jean- 
R'u! Otscheidt, a naturalist from Vogfe, 
"there are no lieat'ly conifers oin the forest 
flor" tet.Furhferno.-e, i! has been reported 
that fir tr-',thu-oughout Alace and tine Donon 
Massif have been losing their needles at an 
unnatural rte for four years,(tt. 

6. 	 Belgium reports that 70 percent of the 
forests along '.heborder witth W-, (",rr-
marry are damag:ed to one degree or an-
other oil. 

7. Denmark claimris that trees covering l,t100 
hectares in west Jutland are suffering from 
Waldsterben-like symptoms (12). 

1. 	Sweden surveyed its southrn forests in 
1084 and found that 2,10forest stands in 
II counties were showing symptons of de-
cline The National Swedish Environment 
Protection Board puts the damage at 10 
percent; i6rother wo.di every 10th tree is 
injured gjst 

9. 	 ireat Brtain maintains that it has not 
been affected by Woldsterben and report
no official damage to forests. A 1984 sur
vey by Britain's Forestry Commission, how
ever, concluded thet6 percent of the spruce 
and 20 percent of the Scotch pines were 
suffering, but attributed the damage to 
"cold, windy, winter weather" (14).Swedish 
plant ecologist Bengi Nihlgrd visited Britain 
in the summer of 1985 and reported see
ing extenive damage to oak, beech, and 
ash. He told the Guardian iiewspaper that 
the symptoms of decline were identical to 
those in Central Europe (t5). 

EAS"EW4 EUROPE AND THE SOVIET 
UNION 

I. 	Czechoslovakia is the most seriously af
fected country in Eastern Europe. By 1980, 
400,000 l c.rea of forests were reported 
damaged 0t6)and the figure now stands at 
betwen 500,000 and I million hectares, 
with 200,000-309,000 hectares said to be 
completely destroyed (17).A report issued 
by the Czechoslovak Academy of Sciences 
(CSAV) entitled "An Analysis of the Ecologi
cal Situation in Czechoslovakia" documents 
frightful damage over wide areas. More 
than 6,000 square kilometers of the Czech 
Lands-which constitute 60 percent of the 
country's land area-are permanently ex
posed to excessive concentrations of air 
pollutant.; and 24 percent of the forests in 
this region are injured tim. The list of darn
age is horr'fic: 
13 Norway spruce are reportedly dying in 
over 32,00 Iectare of forests in the 
Giant Mountains 
P1 Sity pea:ent of the trees in a 19,200 
hectare-section of the Orlicke Hory 
Mountains were dead by 1980. 
17 Inthe Ore Mountains (Krusne Hory 
Mountains) of Northwest Bohemia 
(near the borders with East and West 
Germany) the damage is so wide
spread that most of its 85,000 hectares 
of woodland will be dead by 1990, in 
just four years 1ts?. 



white fir, Scotch pine and European larch (Larix decidua) four cztegories of damage. Every year since 1982, the 
and seven of the most significant broad-leafed trees- various provincial governments have conducted a nation-
European beech. silver birch (Betula pendula), European wide inventory of the country's forests, ranking them ac
ash (Fraxinus excelsior), European alder (Ainus glut- cording to the amount of leaves or needles on the tree. 
inosa), common maple (Acer pseudoplatanus) and two It includes the following stages: 0) heathy, less than 10 
species of oak (Quercus robur and Quercus petraea) (6). percent loss of foliage; 1)slight, 11-25 percent loss of foli-

The new kind of forest decline observed in North age; 2) moderate, 26--6 percent loss of foliage; 3) seri-
America is distinct from European Waldsierben. The ous, over 60 percent loss of foliage; and 4) death. By this 
"New World" version affects only conifers with each spe- method the affected species can be assigned a damage
cies showing different symptoms. Scientists have inves- category so that the advance or retreat of Waldsterbn 
tigated at least eight species in North America: white, can be assessed every year for each species (8). (See fable 
loblolly, shortleaf, pitch, and slash pines, red spruce, and 12.3.) Variations on this theme are used in other Euro
balsam and Fraser firs (7). (For a comparison of the pean countries in determining the health of forests and 
symptoms of Woldsterben in Europe and the new kind rating the damage. 
of forest decline in North America, see Table 12.2.). Figure 12.1 shows the alarming progression of Waldster-

The Federal Republic of Germany (West Germany) has ben from 1983 to 198, in the Federal Republic of Ger
established a Waldsterben survey procedure that involves many. White (silver) fir is the most seriously affected tree 

Czechoslovak scientists attribute the dam-
age to heavy metal fallout, acid rain, and 
gaseous emissions of sulfur dioxide and 
ozone. The CSAV report predicted that 
over 50 perent of the country's woodlands 
would be injured and dying by the end of 
the century, if present trends continue r0j 

2. Poland is said to be one of #he world's 
most potluted countries 1211.In the Upper 
Silesian Industrial Region (in Southwest 
Poland), around Krakow and in the legnica-
Glogow copper basin, forests covering 
500.000 hectares-6 p,?rcent of the total--
are reportedly affected by serious dieback, 
with 200,00 hectares already ded p. 

3. Yugoslavia reports 450,000 hectares of 
forests damaged, with 5(,000 hectares on 
the critical list ,3. 

4. The German Democratic Republic (East 
Germany) does riot officially report its 
forest decline problems Nevertheless, scien-
tific accounts published in 1980 estimated 
that at least 350,000 htctares, or 12 per-
cent, of the country's forests were suffering 
from Wialdsterben (24;.However, recent evi-
dence indicates that the extent of damage 
may be as tigh as 2.5 million hecta.re, 
The damage is particularly acute in the 
Erzgebirge Mountains near the Czech and 
West German border. East German scion-
Lists blame gaseous pollutants; namely sul-
fur dioxide, nitrogen oxides and ozone. in 
combination with acid rain 

5. Rumania claims that at least 170,0(10 hec-
tares of forests are damaged in the western 
part of the country ui;). 

6. Hungary reported in the summer of 1985 
that 11percent ol its forests--covering 
120,000 hectares, along the northern bar-
der with Czechoslovakia were injured (27;. 
Over the past thiee year%the dariaged 
timber is estimated at 1.2 million cubic 
meters, worth more than forintsI billion 
($20 million). Winter damage has seriously 
affected 10,000 hectares of Scotch pines, 
which may have been predisposed by p1-
lution. But Hungarian scientiss are moe 
alarmed about thie increasingly critical con-
dition of their oak forests. which account 

for 70 percent of u,,total damage a8). Ini-
tialstudies have indicated that Hungary s 
younger oak forests ae suffering from a 5 
percent reduction in growth rates when 
compared to okler stands. Forest specialists 
confirm that all kinds of trees besides oaks, 
are affected, including firs, pines, spruce, 
beech, and elm. A concerned government 
has earnazked iialf of the annual foresby 
budget of 15-20 million forints 
($200,000-300,000) for research into the 
causes and remedies of forest decline (29. 

7. The Soviet Union is known to be ex-
periencing acid deposition over Some 
90o,000 hectares in European Russia, but 
there are no confirmed reports of forest 
decline, except near the industrial town of 
Togliatti and along the Volga River 3o01. 
These declines may be due to entirely 
different factors. 
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Table 12.2 Co ,?arison of Symptom-.s and Possible Cause', of Forest Declines in Europe kid North 

America 
Poori Causate Aljrt ~ nn 

olar Leaching, 0Oone. Dro;ghl Yellowing of !lojlae trownthe !cvr to 
thp upper aril har., tie rr to mIc 
'.tel frP O oof r res--o!de-
trss;ulJ- arf.c ,c first 

Natural Stress, Ab,olic and Biotic 	 Dying back frou the top of !roes--
youngest t; ;o ; f, 0ctedtr-',t 

S02, Insect Pests, Drought 	 Ircreased tIisplieicy(t cr,,",ns due 
hogradual lo.s; of .cievs but with Ieavc-s 
retained to le very lop cf ine trees 

Ferti ization 	 Losses of fine roe tocrass arid 
rn,-orrzae (beiericial Yrnbiosis 
ft'ewte.en tree ioot and .c'il fungi) 

Ciroric Ozone Synchronized dccreat,3 in dirneter 
Chronic *;:owhwithoul ulthet vsble symptoms,SO 2 

Acute Ozone Synchronized decrease in diarnetei 

Acute SO2 groMh with other viebO symptoms 
Foliar Fertilization May result in motllity 

Heavy Metals, Nutrient Stress Progressive decrease i! diameter 
grOwh wilh oler vi,;fbie symptoms 
May resuilt in moria!,ly. 

Heavy Metals, Organic Substances 	 Death of herolsccous vagetation 
beneath some affected trees, 

-on 

Organc Substances Active cos nq off (ahris.rion) of leaves 
and shoots whie still green 

Abn rrmai-grevtll nv t .. 

Organic Substances 	 Change -n retacive length of long shoots 
and short shoot 

Ozone 	 Concentration of leaves and needles at 
rips of branches in tufts or clumpS, 

Organic Substances 	 Change :n ,oze and !hape of leaves 

Stress 	 Excesive oroduction of adventtous 
shools on branches 

Stress, N Fertilization 	 Excessive priyJucton of seeds and 
cones 

S..Orc: Barluska of al. ')85 Pv iiiene 21. Cu .viiiq !9t5. Relerence 20 

Table 123 West German Forest Damage 
Surveys, 1982-84. 

MIllions C1H&_-1cZlr Percnt of Fore.tc Darnr.Oii 
Tree Sp#cloa 19-92 1983 19841 1982 198, 198,4Sp c1 	 19 19 11 1P1
Spruce 270 1,195 1.477 9 41 51 

59 
Fir 100 135 152 60 7526 50 
Pine 090 641 863 5 44 

87631 4050 326 
Oak 020 090 269 4 15 43 
O.hers .032 161 303 4 17 31 
Beach 

otal 2549 	 3.698 8 34 50
562 

Sour=.: West German FedofajMi stry of Fo , Agricutture ari Foarerry. 19.4. R0t6er.o 8. 

species in West German forests, with 87 percent of its 
stands damaged and Scotch pine is not far behind with 
59 percent of all stands affected. In trees 60 years or 
older the damage is most severe with 95 percent of all 
white fir, 73 percent of all Scotch pine and 82 percent of 
all Norway spruce stands showing visible decline symp-
toms (9). 

Furthermore, the severity of the dieback in Europe is 
escalating as more trees move into the terminal stages of 
"decline" The 1985 forest survey in West Germany re-
vealed that many trees that showed only mild damage 
(stages 1 or 2) in 1984 had moved into stages 3 and 4. 

Cafnit Europa 	 Eusa~mtiihd Are don 

Observed mainly in while fir awd Our,,,-d in whil fir in the San 
Norway spruce at h gi elevaorr Berrhardino Mounlans and trcerilly in 

fea spruce in Ni7,v 'York and Vermont. 

Common in oak and ash. less common Conspcuous in red spruce. maple and 
in bcri arid bec-h oak declnes, ash and birch debacks. 

ft. Observej onl,, in tnr!ltileleat diseaseObur'.wd in Norway spruce. white 
Scols pine, larch, beech, Ditch oak, of shorleaf pune ann in the besehbark 
maple, ash, and alder disease. 

Common in white fir, Norway spruce, Observed mainly in red spruce decline. 
and beech Not studied in other birch deback, and hitileaf dsease 
species. 

Not reported in Europe 	 Observed in ptch pine and shortleaf 
pine. 

Sludrid mainly in No- may spruce ,0hile Observed in red spruce and Fraser fir 
fir. vnd besech Not studiod i oth i nanly at high elevation. 
spec es 

Sluded manly in Norway spruce. whtle Observed in ash and bircl d:ebacks, 
fir, and beech Not Studied in other sone maple and oak doctines, siet. 
specie& gun blignt. ittleleaf disease, ano pole 

blight. 

Observed it hign elevaton spruce and Not observed in North America. 
niedium eevation beech forests 

Common in spruce, fir, beech, ash, Reported only rarely in North America. 
larch, and Scots pine. in ioblolly pine, red spruce. and Fraser 

fir 
Conion in beech. Reported only in the rnycoptasma 

iinduced yeilow" of ash. 

Common in oak and ash 	 Observed in nearly all decline of broad. 
leaved trees and in some conifers 

Common in beech and orch, occasion. Common in whilj pine, litleleaf disease 
ally in oal, spruce, and Scotch pine. of shortleaf pine. and some maple and 

oak declines 

Common in Norway spruce, wfhite fir, Observed recently for tie first time in 
and larch coniers Common ini maple and oak. 

ash, and birch. 

Common in spruce, fir, Lech, and bitch: Obseerved in many stressed ftees mainly 
othen observed several years n a r e, one year at a tirne 

For most species the period of time between the first 
symptoms of damage and the stage at which the tree 
has to be cut varies from a few weeks to thre'e years 00). 

In the Black and Bavarian Forests of southwestern and 
southeastern Geimany, respectively, [vbldsterben is partic
ularly acute. Both conifers and broad-leafed trees stand 
.stripped of all foliage and some are covered with lichens. 
Dead, brittle branches litter 	the forest floor. Other trees, 
weakened from the "disease and uprooted by winds, 

show stunted and deformed root systems. In some cases 
the fungus roots (mycorrhizae)-responsible for nutrient 
uptake-are very limited or completely absent. Waldster
ben seems to affect every part of the trees physiology. 
Among those trees still alive, many have lost 60 percent 
or more of their leavens and needles and will soon perish, 
finished off by frost, wind damage aid insect attacks. 
Many of the stressed trees attempt to fight off death by 
shedding leaves and needles while still green, others pro
duce masses of cones or seeds in efforts to reproduce. In 
parts of the Bavarian forest, even the vegetation beneath 
the drip line of the canopy is brown and lifeless. It's al
most as if the entire ecosystem has been poisoned. As 
the forests go, so too does the wildlife. Noticeably fewer 
birds and animals inhabit some Waldsterben stricker, 
forests. This same picture is repeating itself across at least 
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Figur 12.IA Foreit Decine ia the FedernI 
Republic of Gernmany, 1983 
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countries. (See Box 12.1.) 

HISnORIC FOREST DECLINE 

Of course, air polution damage to forests is nothing new 

As the Industrial Revolution gathered momentum in the
latter part of the 19th Century many point sources of 
pollution were responsible for high levels of atmospheric 
contaminants. rees 1and other vegetation have 
been dying near metal smlters, chemical plants, refine 
ies, and fo il fel.fired power stations for the past one 
hundred years or more oi). Forests in Central eid E-asteirn 
Europe have been suffering periodically from noke 
damge" since the middle of the 19th Century The 
smoke usually consisted of a toxic concoction of sulfur 

dioxide, nit:gen oxides, and heavy metals ong withto 
soot, ash, ind dust from coal-fird industrial processes, 
metal smelters, and power plants. However, such damage 
was usually found close to heavily industrialized, urban 
areas; it was seldom generalized over entire regions 

In recent years the pattern of pollution in Eastern Eur-
ope has changed dramatically. Czechoslovakia, in particu-

FIlura 12.0*1, 7 te . Ded ie in tile Fcderd 
Republic of Germailly, 1984 

adsU i.y

< 

35,50 
*rru U) 

Dee 

Berlin 

West ,js 

HA.tarzMountains 

Dussldorf 

1osecsnd am eFichtelgebirge
 

hl
,ainz 

aarbrucken 

lack Forest l gr 

the Czechoslovak Academy of Sc:iences [CSAV1]). (See Box 
12.1.) Total gaseous emissions jumped from 3.6 mrillioni
metric tons in 1960 to 7.3 million metric tons by 1980, 
an increase of more than 100 percent (1) The amount Of 
sulfur dioxide generated in 1980 was 3.2 million metric 

tons, while 1.6 rnillion metric tons of nitrogen oxides 
were also produced along with 500,000 metric tons of 
ldrocarbons 04). 'As a result of these various facts:' 
writes W Carter, aceographer at University College, 
L Tndon, is now the most"Czechoslovakia among one o 
imensely air polluted countries in the world. On average, 
about eight metric tons of atmospheric pollutants per in
habitant are generated annually and in urban areas the 
average yearly solid particle emission reaces 500 metric 
tons per square kilometera m).)Little wonder that the 
country's forests, not to mention human population, are 
under increasing stress from air pollution. The same is 
true for the heavily industrialized parts of Poland and 
East Germany, which are known to have large areas of 

b2).itsmoke"damaged forests. In an effort to combat the 
damage, Poland has been experimenting with pollution
resistant trees for the past 15-20 years. 
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Gaseous pollutants, like sulfur dioxide, hydrogtrn fluor- Never before has sw:h large-scale and rapidly spreading 
ide, a-,d ozone, have played prominent roles in past forest decline been observed affecting so many different 
declines, but their destructive effects have beer relatively species under such varied ecological conditions. Over the 
"hoc:alb'd:' or limited to specific areas under continuous past 50 years there have been 19 major or minor 
assault from airborne pollution. As early as !910-1I regional forest declines in Europe and North America. Of 
damaged trees (mostly lodgepole pine and Douglas fir) these 19 reported declines, at least seven implicate air 
were investigated inthe Deerlodge National Forest 10- pollutants as a primary, or at least a contrib:tory, cause 
eated near the Washoe metal smelter at Anaconda, Mon- (20). (See Table 12.,4.) With one exception, all of the 
tai'a (U.S.). They were found to be suffering, in part, from pollution-related declines developed (or at least were no. 
sulfur dioxide pollution, which retarded their growth ff6). ticed) within the last eight years. increasingly, the finger
 
Similaly, ozone has damaged or killed thousanas of pon- is being pointed at airborne chemica! pollution as the
 
derosa and Jffrey pines in the San Bernardino Moun- major cause of forest decline and death (21).
 
tains east ol Los Allues, California, a city famous for its
 
yellow-Abrown photochernical smog. A U.S. Forest Service DAh1AGMM E '1O FORESTS
 
survej carried ou in 1969 revealed that some 1.3 million lWaldsterben is, by far, the most complicated and serious
 
ponderosa pines grow ing oi 405 squa.e kilomneters . tile
ponder pines grational Foit405 sressoed ianItheng forest decline on record. Dr. Peter Schtitt, Professor of 
San nadin [iona Fost wer stressed a dying any and Patholoy at the Universit of Munich 
1-,). In are~s with lthre hikhest ozone, onceration-, tim waid Dr. Ellis Cowling, Associate Dean for Researh at the 
ber yield was found to be reduced by (l0percent or School of Forest Resources at North Carolina State 
more. Tbday, ,both pontderosa and Jeffrey pire; have been University in Raleigh, have produced a comprehensive 
seriously damaged or killed over wide areas in the San 

dea-ription of P,,ldsterben (22). The following features of
Bernardino Mountains, resulting in a markedly altered 

the "disease" and its extent are noteworthy:
forest ecosystem, 

1. Visible symptoms of WValdsrerben began aroundHowever, natural stresses like drought, frost, and winter 
1979-80 in many different parts of Eurcpel andearwithineaoverdamage (called abiotic factors) along with biotic factors fouye rithe "dseas, h a,.dspread 

four years the "d"ge 
 areas

su:h as insect infest:tions, funli, and other disease organ-

isms hawe probably figured prominently in most large- of the continent.
 

scale forest declines of tne past. Between 1871 and 1880, 2. As of late 1985, 1Walserben was still increasing in
 

York State to intensity ard geographic distribution and is associatedfor example, red spruce forests from New 

New Brunswick, (-anada were devastated by what has
 
since been aitributed to a combination of drought condi- "Ok,,. ' 19x '' , of the.
 
tions and insect attacks w18t. 
 LA 50 YCIS-r 

These earlier experiences have led some researchers to
 
assign Woildsterben to natural causes, rather tLan the Widdy ,-modmajor ren:
 

wide spectrum of antlhropogenic pollutants now under in., M Wdiet.i inEurope
 

vestigation on both sides of the Atlantic. Dr.Otto Kandler M .olina intMe San Bornarno Mcurntini
of p.ni:.iosa and Jerey pir.s 

of the Botanical Institute at the Univesity of Munich be- c.-*a
 
lieves that Vh.?dsterbcn is due to a mysterious virus im- n Rogton decdino ci ,Aide pine intho e arnUnited Stal and Canada
 

ported from Czechoslovakia. "There are several epidemics Pw: Uo r'.r o:
 
iorinlour forests says Kan dler, "they are periodic with spuc. and balsrn, ond Frase firs ai high tlev inte 

rf :awAp.achiMntains frcm Goorgia to Nae Englx 

peaks and troughs. What we now is the coincidence ,pioms in Iolb!y. siborteV, and sLshhave 13 Grcwh dedine wthoul othor vi.qte 
of several pc-acs in the old diseases, plus a ne- one" 09). pns inthaPiedmn reoions clAtabzAna, C-ecegia. Nordi and South Cr-

So far the "virus" has yet to be identified or described i' 83 G 'ohoutVhir vtsibt s)riptors in pch ", chorra[4 pine in 
any detail and many researchers are skeptical of the idea the Pine Barrefe; rogion o '!cw Jotmr 
that Wdldsterben is just one more chapter in the familiar I Widepread diebak (Asugzr maplrs inn rthioaem United Staes and 

"We are faced with a very corn- soFuthoern CeGe,dnbook of forest dieback. 
-V e-.-,plex problem:' says Dr. Claude Martin, Director of the 

in Europrafir dx"odr)World Wildlife Fund of Switzerland, and "it would be N "hnnnsitbo (whivi 


wrong to nut forest death down to one cause. Itisjust as DKrfctrbin (Scotch t,/1ddiro) inEn;AOarmantr and Europoi'. Rtw
 

EJOFL% 

were dying only because people were diving their cam F Da.cina c)Pirus pinsrron the Afieti coai of France since eaty 19£9 
too last. There re a multitude of factors leading to this R0ech bak diz&..a Of rtrq1o'r1%91T Unld St.te, rnd southoalem Carda 

situatioi and we are convinced air pollution is a major U Lh,6aJ droeim ol dhor'iat pna inth cuthea-om United States 

one" 

stupid to blame a viras as it would be to say that forests ddciino inGermany -hdespc'izl.y in France sinca early 19009 

da .ackinth nonh,,,smrn Uritecj States and sAtheasern Car.ada 
611 wito pre inthe Rocky Mourtains 

IBrch 


The virus view ignores important clues that clearly sep- Pok-lde4 d wwnm 

previous documented declines 0 Ma, deriro in the nornoaewein United States and otholeastrn Candaarate V11aldsterbn from 
dr Oa d.cine inPenniva nia, Virgqinia, ana T-h.'rs
 

due to biotic or- ahiotic factors. Hlistorically, most forest 1 Ash ieback in the nouae.::trn United Stes and southe3ven Canada

damage was limited to one or two agents, or a combina- A] bSlght inth6vutha-efrnUnd Staes
 
lion oi several,; in nearly eery case the.- were visible
 
"smoking pistols." Moreover, the damage was ur t, ,ixtu , ",e = rrxusually - am -inc= 'a,e, ,-anc' .t aWstron
 
locJaized o, ifregional, involved only a few species, Sczm Adaled runco". 18 %e=wz 2a
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with an alarming frequency of damage from second-
ary stress factors such as insects, needle and root 
tungi, end climatic stresses (i.e., frost, wind, and snow' 
damage). 

3. Within five y-ars it affected nearly every tree spe-
cies in central Europe including the four most corn-
mercially hnportant conifers (spruce, fir, pine, and 
larch) and iix angiosperms (beech, birch, oak, ash, 
maple, anna alder). 

4. 	Various sp-cie of shrubs and herbs hive been 

damaged in cer-ain affected forests. 


5. The symptoms are heterogeneos from one region to 
another, from one stan ,' h another, and even within 
the same species in the ,ume stand. 

6. 	 Waldsterben occurs with similar intensity on poor 
and rich ,oils, acid and basic soils, and on wet and 
dry soi!.s, independent of their geological origin. 

7. The symptoms often are more severe in higher eleva-
tions, but they occur in middle and low elevation 
sites as well. 

8. 	Different forest management practices and the com-
position of the forest (i.e., singie versus nixed stands, 
planted vs. natural) do not appear to have a signifi-
cant impact on the amount of damage. 

9. 	 Young trees are normally not as severely affected as 
older ones, but even this varies from region to re-
gion. 

10. 	 Some of the typical symptoms have never been 

described before (especially for beech, spruce, and 

larch). 


11. 	 The worst damage appears in higher elevation forests 
on slopes facing the prevailing winds, 

12. 	 Most of the victims show both growth-decreasing and 
abnormal growth symptoms (23). 

The Woldsterben phenomenon is characterized by
three broad indicators of destruction: growth-decrease, ab-
normal growth, and water stress (24). (See Table 12.1.) 

Dr. Cowling cautions that although the common syrp-
toms of Waldsterben include increased susceptibility to 
biotic and abiotic stress factors, this dieback pattern is 
very different from the normal diseases induced by famil-
iar biotic forest pathogens-fungi, bacteria, nernatodes, in-
sects, and viruses. "It is also distinct:' says Cowling, "frorri 
the typical injuries to forests induced by drought and 
frost, or by gaseous air pollutants like ozone and sulfur 
dioxide" (25). 

A widely accepted conceptual framework summarized 
recently by Dr. Paul Manion from the State University of 
New Y rk helps to understand the complex interactions 
involved in forest declines. In this scheme, stress factors 
fall into three categories: predisposing, inciting, and con-
tributing (26). Predisposing factors include clhinate, soil 
condition (moisture and nutrient supply), long-term at-
mospleric deposition of pollutants, and the genetic make-
up and age of the tree. The effects of predisposing factors 
are generally asyrnptornatic. Inciting factors produce visi-
ble symptoms of injury. These include such abiotic 
stresses as drought and frost damage; biotic stresses like 
insect defoliation; and the short-term impacts from toxic 
gases (i.e., ozone, sulfur dioxide, etc.). These injure the 
tree and cause a relatively rapid deterioration of its con-

dition. However, it is the contibuting faco.;s that actually
"pull the trigger" Bcavuse of the interaction of the other 
two factors of decline, trees b eome susceptible fo severe 
damage from abiotic tress agents like drought, frost, and 
wind damage as well as the usual litany of biowic strsses: 
insects, inernmodes, fungi, mycoplasnas, bacteria, and 
viruses. Most of these agents may hhve been present al
ways, but had little previous impact until the tnx e was 
weakened by predisposing ard inciting factors r27). It is 
also interesting to note the overlapping role played kry 
different stress agents. Drought, for example, can be a 
factor in all tluee categories. 

Whether or not Manion's analytical framework can be 
applied entirely to Waldsterben remains, to be seen. A 
number of s-cientists are convinced that airborne che-ni
cal fallout may play a role in all three decline categories
predisposing, inciting, and contributing. 

The array of symptoms and the speed with which en
tire stands are affected suggests lihat the causes are multi
pie. W ldsterben, along with the North American dncline, 
mort certainly cannot be attributed to a single !actor or 
even several factors. Em;.. -in - evidence points to the 
combined effects of a iumbL of pollutants working syn
ergistically, antagonistically, or in an additive manner.
 
"Regional declines of forests ,on both continents are be
lieved to result from the combined action of several 
different competitional, biological, physical, and chemical 
stress factors that act simultaneously or sequentially to in
duce the symptoms of. damage:' says Dr. Cowling (28). 

The continuing debate swirling around the issue of acid 
deposition (commonly called acid rain) has, in a certain
 
sense, only added to the muddle over the causes of
 
Waldsterben. "When it comes to forest decline:' declares
 
Dr. Chris Bernabo, former Executive Director of the U.S.
 
National Acid Precipitation A.,essnent Program, "the
 
acidity (f rainfall is no longer the primary issue. Many
 
pollutalts are probably involved in this process" (29).
 

Given this, the scientiiic community stil! continues to 
debate the role of air pollution and acid deposition in the 
European and North American forest decline syndromes. 
Is air pollution only a preconditioning factor? An inciting 
factor? A contributing fictor? Or all three? Is it a pinmay 
agent? A secondary agent? Or both? And all this is fur
ther aggravated by the fact that so little is known about 
how forest trees respond to different kinds of stress fac
tom 

Since the symptoms of Waldsterben in Europe and the 
regional declines of certain conifers in North America 
vary, the research efforts on opposite sides of the Atlantic 
also differ. Nevertheless, the two forest decline syndromes 
have a number of instructive, if not disconcerting, similar
ities. Recent research has revealed that the coniferous 
forests in both North America and Europe have been un
der continuous stress for the last three decades. Incre
ment cores taken from thousands of conifers over the 
past few years show that their annual growth rings have 
become markedly narrower since 1970 as compared to 
the 1950s and 1960s. Growth declines of up to 20 percent 
have been observed in red spruce, and loblolly, shortleaf, 
and pitch pines in the eastern United States. In an inter
view with the New York Times, Dr. Samuel McLaughlin-
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Tis dead comLerous foest on Mount ithel,North aralirna, is 
the result oif th'e cortplx intenction of rultiple .nt hitanfs, 

a forest plrsjoloist working at the Oak Ridge National 
L.iboiaorna 
sabotory 'f7,000 3i species in 15' rees, ;-- lsta 
stltes frormnMaine"If,00 totoMissouri,, he had foundfound "a'a sy.to 15staes r hehnting 3 

ternatic, regionally scaled and sustained decline in the 

growthIn someof several soecies ovr the past 20-25 yeas" (30).'v ere c:ase;, as on Mount Rogers in V 3irginia 

and on Moore . Mitchell in North Carolina, the growth ra'es 

o! red spruce and Frasr firs have been severely stunted. 

Tfhe radial growth of red spruce on Mount Mitchell and a 
few other sites has dectased an average of 82 percent, 
a livefold drop sin,-, the 1960s (when compared to the 
period l1J50-60) (31). 

In Europe, diam-eter growth reductions began in white 
fir about 19160, tollowed by Norway spruce (circa 1970), 
and seemn to have started in Euiopean beech as of 
1978-80 (x'. 

Tlhese ivisible" growth symptoms, undetected :riil re-
cently, occur long before the visihic health of the tree 
begins to break down. 

There are other connections too. In both Europe and 
North America the most severely damaged trees are 
those found consistently on higher elevation slopes iac~ng 
the direction of the prevailing air masses, particularly 
thoe shrouded in cltoms or fog much of the time (33). 

Arother disturbing upect of Waidsterben-orie more 
piece af circumstanr a evidence pointing to air pollution 
stress-i, the fact that mixed stands of trees are more 
damaged thani rnorwcultures. Air currents can penetrate 
the canopies of n-mi::ed forests more easily, while it takes 
longer for air masses to invade mrcnocultures, where the 
trees ar all roughly the saroe heig$ht (except at higher 
elevations and in steep terrain). Hungarian research has 
borne this out aE well. Scientists there have even found 
that during heaxy pollution episodes, peculiar kinds of 
circular air currents are created over mixed forests (34). 
But in the end, ronocultures too succumb to the 'IVald-
sterben syvndrome, 

As the evideice mounts up, a growing number of U.S. 
scientists fear thai the eastrn forests of North America 
may soon e:xperience l.Viusterben.like symptoms over 
wide areas. "Something very dramatic is happening very 
quickly to the forests of the eastern United States, espe-

... . LD R :xJ TS . .. 

Cially up the spine of the Appalachian MiountainFs notes 
Dr. Robert Bruck, a plant pathologist at North Larolina 
State University in Raleigh and Project Leader of the 
Mount Mitchell study (35). 

THE CHEMICAL ETIOLOGY OF 
W4LDSTERBFJV 

Despite all the scientific squabbling over the causes ofWaldsterben in Europe and tihe decline of c,ieru 
forests in North America, there appear to be four broad 
areas of agreement at least among the scientists working 
on the air pollution connection. This emerging "con-

Ssesus' tenuous as it is, involves the following assump

1. Like cancer, Waldsterben must be understood as a dis
ease syndrome, induced by multiple factors involving 
several "predisposing and stress-inducing factors. ll

lewed by numerous secondary effects of abiotic and 

biological origin" (3).
2. The primary causes are not due to insect or known 

forest pathogens, although these agents do play a sec
ondary role. 

3. Climatic fa(tors such as drought or frost may also be 
involved, but their role is mos-t probably secondary or 

"predisposing' 
.The atmospheric depositin of air ollutants or 
pollutant-related toxic, nutrient, or growth-altering sub
stances are among the primary causes. The major air 
pollutants of concern ae listed in Table 12.5. 

San "Schoos of Thought" on Fooelt Decline 
and Air Poliudon 
Six major "schools of thought" or general concepts have 
evolved over the past five years to explain the role of air 
Pollution in the forest declines observed in Europe (to a 
certain degree these also apply to North America). These 
hypotheses are: 1)General Stress; 2) Soil Acidification-
Aluminum Ibxicity; 3)Ozone and Sulfur Dioxide Injury; 
4) Magnesium Deficiency; 5) Excess Nutrient or Excess 
Nitrogen; and 6) Growth-Altering Organic Chemicals (37). 

This hypothesis was developed by a group of botanists, 
plant pathologists and physiologists at the University of 
Munich. According to SchL-,t, "air pollution and Lssociaed 
atmospheric deposition of nutrient, growth-altering or 
toyic substances has ied, in recent years, to a decrease in 
net photosynthesis and associated diversion of photosyn
thate from mobile carbohydrates tO less mobile and 
potentially toxic secondary metabolites" (38). In other 
words, this process leads to poorer energy status in the 
tree's root system, coupled to an increase in toxic sub
stances in the shoots. This complex interaction eventually 
results in the "starvation" of the fine roots and mycorn'hi
zae (fungus roots) as well as loss of needles or leaves. 
Since the tree's overall energy balance is reduced, it is 
much more susceptible to other stress agents like 
drought, frost, and wind, as well as any number of sec
ondary biotic pathogens (3'J) (just as a starving person of
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'bbh 12.5 Chemical and Physical Nature of the --leads to increased moisture and/or nutrient stress and 
Most Common Air' Pollutant8 eventually to "drying out" and death of the trees, particu-
K Sufur dioxide (SO9) A colorless gas produced during combustion of sulfur- larly during drought periods (41). Because their root sys

and oil) 	 terns arecontaining fosil fuels (ie. coal and during smelihng of Fulfide metal so damaged, the afflicted trees cannot take up
ores SO 2 is erirled mainly by large stationary sources such as fossil-fuet
fired powr plants, met m and other indusliaJ and commercal Ins needed nutrients from the soil nor eiough water to stlr

lons 	 vive. Using this data, Dr. Ulrich predicted the dedine of 
ES Nrtroan cxides (NO): T." c*!orl, g -s (NO and NO2 ) produced in cry Europe's forests in 1979.
 

high temperature proce-ses (i.e. c.irnbustion olcoal, o1,gasoine, and natural
 
gas). NO, are emirled by boh sationary sources and transportalion v-hroes.
 
"Tm rrYs: Lead,cadmium, nickel, and other toxicelements (eg fluorine) 3. Gas-eopts pollutant injury-ozone and
 
reteased mainly by large me!ae smelters and by transportation shic-fs using
 
leaded gasoline s r dioxide
 

* 	 V-atile organic compounds (VOCs) A wde variety of carbon compounds
ranging frorn such simple in0aculos as ethylene, gasolinh and cleaning and This hy'pothesis has been advocated particularly by Dr. R 
painting so,,ents to comp ex compounds such as psi-des. VOCs are Prinz of the Landesanst-lt fur lmmissionsschutz in Essen,
procducecd by many diflerent, usuily small, stationary, and mcle surces. 

15	Carbon mor,oxide (CO) A colorless and odoiless but highly toxic gas pro- West Germany. It is founded on many field observations
 
duced ounng incomrpele combustion of coal, oi,gas, or incineraton of ,ar. and measurements of ozone and sulfur dioxide concen
bage and oWherAaste prdiucts Carbon monoxide inhibits respra!ion in u- trations in West Gemany as well as on controlled
 
mans and eh6r animals Itis of concern to s ciety mostly :,urban weas
 
whe"sreit ta-curnulates in stagnanl airrrnly from translpoftition ' ,ctes. exposures of seedlings to these pollutants alone and in


13 Parculate matter: A catch-all category .;bstances various combinations (42). So fai; only the yellowing orf pollutants The s of con-
cern range frcrn coase "fugWve dust"particles that cause soing cf textiles, 
%,ndo,s pairts etc, to fine aeroso parides that cause atmosphernc hazeof browning of needles and leaves have been duplicated in 
are drawn intothe tur's Yhere they, induce rspiralo;Y dciee. laboratory studies. 
These substances are vry diresse. both chemically and physically. :a large,
 
parbtc-s range frcym pure carbon in the case Despite the fact that are to be
alrnot of soot from CAIburners, 	 ozone levels known 
to mineral dusts in th czas of manufaturing facilites that produce c,.&ment, high in many parts of Europe, data on its actual extent 
s,'testos,clay, cerarrecs, toleJes, anti s.nor mater riThe fir,;itidrs nge
frim smoke to all sorts of su;icie ammonium, organic, metallc. and other fire and effects are "patchy' In North America, ozone has 
a.rosol particles formed by conderisaon of gaseous and other volatile at- been identified as a primary factor in the decline of pine
.nospheric substances Some oftheseoatic4s have remarkable and comn 
piex fine structures thal are characteristic o the original sources of emissions. forests for the past 20 years. 

* 	 Ozone (03)and other photocherncal oxidants: These substances occur only
 
as seconoary pollutanLs They are produced when NO6 and VOCs interact
 
with atmosphenc oxygen in the presence of sunlight zone is the most in- 4. Magnesium deficiency

porlant photochemical oxidant It is one of the mor toaxic gases to which
 
plants end human beings areexposed in tha enronmnt. This hypothesis has been advanced especially by Profes

[1Acid deposition: Acdic and acidifying substances produced when SO2 , NO5, o
 
and HCI combine with oxygen and moisture in the air to gWe aqueous solu. so Karl Re'uess of the Department of Soil Sciences at
 
bons or erosols of sulfuric, natnc, and hydrochloric acids. Ac d deposition cc- the University of Muni:h. It is founded on field observa
curs when thee substan.es are dissolvd in rain, snow.hail, ck., and fog 
(west It by dry deplsions of sulfate nitrale and chic- tions and both foliar nd chemical analyses in sprucedeposition). also occurs 
nde aerosol paricles, and as gaseous S02, NO5 , HNO 3. and HCI The stands at high elevat",gns (43). Rehfuess believes that the 
acidic substances in wel and dry deposition may be parialy or conrplelely
neutralized by alkaline soilelements suchi as calcium, magnesium, potassium, yellowing of spruce foliage is due to extreme magnesium
and sodium, or by ammonium ions. N.dlcation of aquatic and terrestrial deficiency,and •ocludes that "acid deposition .may
ecosystems also occurs wh-en ammonium sulfate aerosol and other ammonia d m 
or ammonium compounds are taken up t, plants aftet deposition into contribute to these growth disturbances; it adds nitrogen 
e___ ____ ,the ecisystem but may leach out magnesium and cal-

Swim: Cn-1994,Referr"e 121 	 cium from needles and soils. The leaching from foliage is 
presumably accelerated by episodic ozone or frost dam

.en succumbs to some common disease or infection be- age to cuticles and cell membranes" (44).
 
fore d ing from lack of food).
 

5. Exce-us nutrient or excexs nitrogen
2. Soil acidif'icaticn-ahumnnum toxicif , 	 This hypothesis is the result of cumu!ative research over 

This hypothesis was advanced by Dr. Bernhard Ulrich the past 20 years and is based on the premise that with 
and his colleagues at the University of Gottingen, West the onet of the Industrial Revolution-and the "mass 
Germany. The concept rests on Ulrich's long-term studies production" of man-made sources of pollution-forest 
of nutrient cycling carried out on the Soiling Plateau ecosystems have been receiving excessive doses of the 16 
near Gottingen. According to UlMich, the natural acidifica- elements considered essential for all plant growth (45). All 
tion of forest soils (due to a number of processes, includ- 16 elements can be taken up by trees through their foli
ing humus disintegration and nitrification) is accelerated age or roots. 
by the chronic atmospheric deposition of wet or dry In particular, the atmospheric deposition of nit.rogen
acidic, or acidifying substances (40) Acids drastically alter over wide areas has increased dramaticalty since the Sec
the chemical structure of soils and plants. In ecosystems ond World War and could be contributing to the Kald
subjected to a constant "acid bath:' nutrients like calcium, sterben syndrome in Europe as well as the forest declines 
magnesium, and potas;ium that are essential for growth in North America. "Excess nitrogen is known to induce 
are eventually leached ftom the soil by acidified particles, the following detrimental effects:' write chtitt and Cowl
while aluminum (present in all soil) is liberated and ing, "increased growth and hence increased demand for 
becomes toxic. Just as the process of aluminum toxicity, all other essenti-I nutrients may luad to deficiencies of 
generated by acid rain, kills freshwater fish and other these other elements; inhibition or necrosis of mycorrhi
aquatic life, mobilized aluminum in the soi' attacks the zae; increased susceptibility to frost; increased susceptibil
fine roots of the trees, resulting in necrosis. This, then, . ity to root-disease fungi; changes in root-shoot ratios; and 
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altered patterns of nitriication, denitrification, and possi-
bly itrogen fixation" i) In other words, just 1s crops 
can be overlertilized and "burn up:* so forests can fall 
victim !o "ovrhA6tilization" by excessive airborne deposi-
t:0n Of [ rienuts. 

6. Grouwth-alteringorganic chemnicals 

'fhis verv speculative hypothesis was suggested by Profes-"gr&-
scr Fritz Ftihr, Director of the Institute of P.dioagronomy 
at Jtlich, near Bonn, West Germiany. F'Jhr postulates that 

amgthe thousands of organic conpuds produced 
every year in Europe and North America, a fer of 
them-singly or in combination-may :ciduce some of 
the growth-altering synptoms described earlier (47). (.See
T"hble 12.1.) Ethylene and aniline are examples of such 
compounds. 

Air- Pollution D~anage MechasniM3 

Since there is no single hypothesis that can explain all 
the symptoms of damage observed, ten specific damage 
mechanisms based on these six "schools of thought" 
have been postulated to explain the means by which air-
borne chemicals may contribute to forest dechCoes. (S-e 
"hble 12.6.) As mentioned before, Table 12.2 compares

the symptoms of the forest declines in North America 

and Europe and links them with possible etiologiczd 

agents.
 

Ozone Damage 

Ozone (O:) and other photochemical oxidants-including
PAN (peroxacetyl nitrate), PPN (feroxyproprionyl nitrate), 
and hydrogen peroxide-have been known to damage 
trees arid other vegetation in concentrations of as little a: 
1Od-200 mnicrograms per cubic meter (g/m 3) for periods
of six hours or more extending over several days (481,
(zone damage to crops in the United States has been es-
ti:nated to cost roughly $1-2 billion a year (49). So far, no 
:nonetary figure has been placed on ozone damage to 
forests, but the eventual price tag could be staggering. 

Ozone is formed when nitrogen oxides and volatile 
hydrocarbons (also known as volatile organic carbon-
VOC) react with oxygen in the presence of sunlight, par
ticulary when 1.V radiation is high. The major sources of 

T Wab'12.6 TeeA Hypothes an), HvW Air 
PO~lltic"I Ci~ 

1 O ,, d ga 1C~et .::. ,o rr- eIie y 

1 Czorie darmcgea end dfcroacW phc~osyrithessi eifency 

2. Onne damagap in c'xnbr',t:nlrxi Y^t -id ran and inrcrasod foair leaching 
,3 Sutfur dioAyo danajwr:
 
4 Fc)!ar feitic~lu yn ed incra -ad mrnicr injry (orzcs nirt -an de ion) 

5 Fcar fezt&jz.un and aatoioz rAwe , (ytcas, ntrcCn dspostUon) 
6, Gith atlrn~g orgv,- s ' ,,stress 

7 Nu!nent Viahing from folt.ge (= id depo*5lon) 

H,~ 

3 Nutrient Isc:hirg fr 'od (acid 6-pctjbon) 


9 Aluminum toxict t ."tr)
r-ur,ty, an"id ' d"X 

10 Hey mntd r,.vcgv (l",.vy rnti, d4io ) 

Sor:e A ti~i ~ ~~ 2.ualiy 
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e precursor chemicals are 
tions, industrial . ,ss, refin.riLes, vehicle exhausts, and 
volatizkation of (urgani solvents "md fuels. Once in the 
atmosohere' this chemical "soup becomes highly reactive. 

In contra1! Europei ambient o.ne l.vels vary from 50 to 
250 pg/nl, and in West Gerrmany hourly ean concen
iratiors ranging fromn 100 to 250 pg/ni 3 are quite com. 

,hes .ossil-fuel -fired power sta

with pcaO .100-1-1 ov:r wdea', .... :,su.,"' reachinga 0 
. Ove . beala1 . pas 2 yaziz, t, herea enaclauard trend in ozone conce;t tions in lb a a,en ~ ~ nI andY~~~ nooe(..rcnrtin~ ~ ~~~~~,,t Eas;rt 

talO, n!Lega oxide emissions
important in the formn of ozorne---have increased by 
50 percent between )9'id and 197. i. Wet Germany(52). 
Si 
Sta.
 

Figures 12.2 and 12 show the major pathways by
F"ue 1. n ' "sho th•nio pt sbwhich ozono may damage trees. The most extensive 

work on ozone pollution in relation m forest decline has 
been done in the United States. European research into 
ozone damage is fragmentay and has usually been done 
in connection with sulfur dioxide fumigation studies. 

Two large-scale studio, caided out in the United States
 
are particularly relevant to hypothesis I (Figure 12.2),
 
which ri;untaiins that ozone directly damages foliar tis
sues. LlBoh studies conclusively link ozone ,oo ution to
 
forest damage (53). The first-carried out in the San Ber
nardino Mountatins, east of Los Angeles, California-

'tt' , .. Hypsthesfed Path'a< .itvolving

DiJtgsc Ooii, Damage to Fo!ar Tissne
 

Polluun, Iposibon ur Expostim 

'oeozone 
e4oosure 

L of Po_______ Symptoms
 
,--____o_____l__n_ 
 _Symptom,, 

Enzyme iactvation 

I 
Dsrupticn of cell membranes 

l 

Death of cells 

INecrosis 
Decreased pholosyrnlhesis, Premature 

increased respiration, senescence of 
transpiration. and leaching older foliage 

Decreasing 
radial growth 

Reduced assimilation ncrement 

Predisposiion to injiry" ---- toduced growth 

from ibotic and botic
 
lactcrs
 

1 

Mortality 

Note: See Table 12.6. Hypothesis 1 
Sawooe: Adapied from A. M..Barluska, ef al.,' The Role of Air Prllution in Forest 

Decline: Hypothesized Mechanriims of Responsa Journal of Envronmental
 
Q (submtted. 1985).
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concentrated on ponderosa and Jefirey pines, American 
white fir (Abies concolor), black oak, and incense cedar,
while the second focused on eastern white pine (Pinus 
strobu.s) in Virginia. The resu!ts dennonstrated that "ozone 
induced foliar in:jury and premature leaf fall, leading to 
decreased photosynthetic capacity, decreased radial (an-
nual) growth, airn reduced nutrient retention in foliage, 
This weakening of the trees led to increased susceptibility
to pine beetles and root rot, thus leading to mortality" (i,).

It was stre-sed, especially in the San Bernardino study, 
that ozone predispose., the trees to insects, pathogenic
fungi, and other biotic agents which finish them off; 
ozone does not, in itself, hill the treen,

The second hypothesis involving ozone (Figiure 12.3, 
hypothesis 2) sugests that ozone exposure in combina-
tion with acid ist or fo-:' incrcases nutrient leaching 
from the leaves or reed. and the resulting nutrient 
deficiencie.s (e.g., ma.nesiu, and calcium) reduce photo-
synthesis and biomlass production both in the canopy and 
in the root systems (55). This loss of magnesium may ac-
count for the yellowing of spruce needles commonly 
see Ve Germany,since magnesium plays a central 
part in the structure or the chlorophyll molecule, as iron 
does in hemoglobin. The loss of magnesium and calcium 
from the leaves cause.; the roots to work overtime to re-

Ozone DarrHypthedizdee hway lnvcdving 

Ozone Daaage and Acceerated 1 iar 

Leaching 


Pdollutnt Deposilion or Exp sure 

exposure 

Chain of Responses 	 Symptoms 
Increased leachsig of nutoenis from fofiage 

by acid ran ar, tog 

Nutrient defcienr~y ChiorosisN twhere 

Increase h olosensldwnlyand chlorophyll breakdown 

Necrosis 
uptake Reduced assimilation

I 

Reduced root growth 

an increased root injury 

PredisOosition to injury - Redicecl growahfror 	 ablolic a'a biotic 

stress factors 


Mornilty 

,ote: .See Table 126. HV0,,a hesi, 2 
Somm: Adaplj. rom A M BairuslZ et al. The Role of Air Polutior rn Forest 

De-line Hypoiheszed Mechans,-rns of Response," Journal o Ernronmental
Qualt(Submited.195) 

Place the.v. crucial nutrients, and the resulting trensfer of 
ihese nutrients froni ;he soil increases the hydrogen
calcium ratio in the soil, and hence the acidity. The ma
jor evidence comes frorn studies coordinated by Dr. Prinz 
and colleagues in the Norh.Rhine Westphalia region of 
West Germany. Field observations and analysis showed 
that all age classes of Norway spruce and white fir are 
affected, but lab experiments could duplicate only the 
characteristic miattlii-,g and cthorosis ef needles in spruce, 
not white fir (rz- Aithouigh it is known that ozone to
gether with acid rain is . nasty combination,, so far field 
observations have not been uccesfly duplicated under 
controlled conditions. 

Ozone in combination with acid deposition (arid heavy
metals) may also be playing a major roale in the dete'ia
ration of Hungary's fore.s. Dr. R. 3olynos, head of the 
Forestry Departmernt iu the Ministry ot Agriculture, states 
that the serious oal dccline observed in Hungary is due 
-to this combination, which "fosters the aridity noticed in 
the oaks, causing trees to die from the top down, with 
yellowing of the leaves and complete shedding of bar!k. 
This, in turn, leads to the appearance of fungal patho
gens and insects which dispatch the trees in short order" 
(57). 

Sulfur dioxide dai.oire 

Gaseous sulfur dioxide (SO2), a product mainly of thecombustion of fossil fuels in power plants and industrial 
processes, is a potent pollutant even before mixing in the 
atmosphere with nitrogen oxides to form acid rain. 
Somewhere between 110 and 115 rillion metric tons of
SO 2 are emitted across Ervrope (including Eastern Europe 
and the USSR) and North America every year (55). De
spite this tremendous amount of pollution, acute SO,damage to forests is limited to areas surrounding major 
point sources. Nevertheless, a vast literature has grown up
around 302 injury to trees and vegetation in the vicinity 
of power plants, metal snelters, and other polluting in
dustries.
 

It has been well established that SO, injures trees by
 
entering the stomata (pores) in the lea1ves or needles,
it reacts with water to form sulfuric acid, which 
collects in a thin film on the cell walls. The results are 
easy to spot: the leaves on deciduous trees take on a"bleached" look, while the needles on 	conifers turn redbrown.
 

Figure 12.4 (hypothesis 3) details the pathway by which
 

2 causes 

tivity and cell destruction within leaf and needle tissues,
 
acute exposure to SO alterations in enzyme ac

resulting in plrysiological changes and reduced growth (59).
SO2 pollution ias also been linked to overall reductionin radial growth and, in some severe cases, death of 

nearly all vegetation near heavily polluting inoustr'es. 
The classic example of point source SO pollution is the
Inco metal smelter in Sudbury, Ontario (Canada)-thelargest single source of sulfur dioxide pollution in the 

world (650,000 tons per year, more than Sweden's total 
output). Complete mortality of vegetation was reported in 
an inner zone of 1.865 square kilometers surrounding thesmelter (f0).Similar "tree graveyards" have been observed 
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;i~.4 1-yvpothesi.ed Pathlway inv,,olvitg 
Sulfutr Dioxide Damage to Foliar Tissue 

Pullutant Deposition otExpoure 

SymptomaChain of Response 
Enzyme ,nacovah~on aridaridhioype naymptomn 


rriernbrane degradation 

Chloros:,S 

Cell cestruction 

Necrosis 

Reduced hOiosynlhesis Loss o oder 

!oliage 

Reduced assmlation 


I 
from ,7rboi,dfnd OOtC . Rduced growlhPreusposIon tO r,u 

stress factors 
L._. !,damage 

tlortaily 

Note: SereTatni 12.6, Hyrotnies~ 3-

M, Barlusa. etal.,"The Role o;Air Pollution in ForestSmna: Adapted from A 

Decline. Hypothesized Mechanisms cfResnorrse. Journal of Envronmental 


uaty (Subomtled. 1985) 

in southern East Germany and northwestern Czechoslova-

kia, where SO.) and "smoke" damage is extensive (61).
Howeerhe tyical"smtomdaca tenwith . 
However, the typical symptoms rmociatedwith S 2 


dart,agere neted toun in We poin sore. 

cept where connected to an identifiable point source 
Average annual s concentrations in pollution-damaged 
West German forests range from 7 to 21 gams per cubic 
meter (g/m2), well below the permanent damage level 
which begins at almost 40 g/m3 (62). Given this fact, 

2Professor Rehfues-s has advanced the notion that SO

damage in Central Europe may be due to chronic stress
brought on by low level doses over a long period (63). It 

should be noted, however, that peak half-hour mean con
centrtinterns 

(64).regions in Central oEurope'clean air" 

depoiition
Ex,.,SnibvogebIfnift-ote-ammQoia egreater 

Of tile 16 elements considered essential to forest growth, 
nitrogen is generally regarded as the most critical nutri-
ent regulating optimal forest productivity. Experimental 
evidence suggests that il more nitrogen than usual is 

available, the tree take- up the added nitrogen, thereby 
increasing its need, proportionally, for other important 

nutrients. If they are not available, then the tree's normal 
physiology is disrupted (65). 

The main anthropogellic source of nitrogen is agricul

tural fertilizers, but it also origiinates from sewage sludge 
treatment, from chemical fertilizer piants, and (avery small 
amount) from vehicle exhausts. In Europe aboit 70 per
cent comes from agricultural land (and sewage treatment) 
and 10.-2) percent from natural sources (661. 

Fertilize- use i massive thlroughcut the developed 

world. In Sweden, for ,the average application of 

nitroger-based fertilizers is 8", kg per hectare per year. 
found that 13 percent o( adNorth American studies hav, 

applied doset of nitrogen fertilizers evaporate into the at
mosphere, 17 Sweden,ithas been estimated that every 

year some 25,000 metric ons of nitrogen go up, while 
over 80,000 metric tons come down as wet deposition 
alone, printing to substantial transboundary transport (o). 
Futhermo.re, across wide areas of Central Europe and the 

midwestern United States, 10-25 kg/ha/year of nitroge. 
talls in wet plus dry deposition (in West Germany the 
range is 15-30 kg/ha/year)(6S}. By contrast, in "clean"

(69).unpolluted areas deposition is less than I kg/ha/'yea-

However, in the higher elevation spruce-fir forests of 

the rnortheastern United States, totai atmospheric rdtrogen 
is estimated to be as high as 37-44 kg/ha/year, with at 
least half of itcoming down as wet deposition (m). 

There are two hypotheses as to how excess nitzogen
ammonia deposition harms iorests (abie 12.6): thrcugh
 

increased fertilization of foliage, leading to more winter
 
(Figure 12.5) and thruugh excessive fertilization 

of foliage in combinaton with altered nutrient allocation 
within the trees' metabolic system (71). (See Figure 12.6.) 

of destruction illustrated in Fiaure 12,5The mechanism 

is straightforward: in a sense, excess nitogen stirulates
 
the tree into extra growth activity thereby prolonging the 

growing period, so that the trees do not have enough 

time to prepare for winter (72). Norrnally, trees and shmbs 

must go through a cold-hardening process in autumn, 
when they essentially stop growing and undergo impor.. 
tant metabolic changes (somewhat akin to hiberoating 
animals). Too much nitrogen at this critical stage, and the 
adjustment process is totally disrupted. 

The visual symptoms of damage include red-brown dis
coloration of the needles and needle loss in spring. These 
symptoms have been observed in Central Eurpe and inaoNorthhigher elevation sites in the United States f 

Carolina to ermont.
 

The second nitrogen typothesis (Figure 12.6) finks exThseoditgnhyteisFgue1.)6'kex 
cess nitrogen deposition to changes in the allocation pat

of carbon and other nutrits within the plant,
 

predisposing the tree to lethal secondary pathogens like 
nematodes, fungi, and insects (73). Because increased 

nitrogen overstimulates the tree, causing it to take up 
quantities of other nutrients, the tree s)on 

depletes its soil mineral reserves. In order to compensate 
for this, the tree's overall root nat system eventually 
shrinks, making it susceptible to drought in summer and 
wind-throw in winter Overfertilization of nitrogen by 

even 10 percent above normal levels is enough to affect 
the feeder root systems (ectomycorrhizae) of some trees, 

as well as rendering the trees more palatable ioi 
insects (74). 
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Note: See Table 12.6. Hypotnesis 4 
So.ce: Adapted 1,om A M.'Barfuska, e! al. "The Role of Air Pollution in Forest 

Decline: Hyrolfheszed Mechanisms cf Response." Journal of Environmental 
Quality (surimrrted. 1985) 

Citing Swedish research, Bengt Nihlgdid, a plant ecolo-
gist at the University of Lnd, has surmized that
"nitrogen-saturated forests would begin to appear after 
20-25 years if the nitrogen deposition r ite was in the 
range of 30 kg/ha/year" (75). Much of Europe and some 

high elevation sites in North America are already ap-
proaching such levels. 

Grow.1iCaeeringOrgaliC 	,'nbslIances 

Professor Fritz Filhr at JTlich has added this ingredient 
to the Waldsterben stew. "No one knows about.the role 
of organic chemical,; in forest death and this is a critical
area;' insists Fdhr. "Today, some 1.5 million tons of or-

ganic chemicals-pesticides. 	herbicides, ad thousands of
the Federal Republic everyacrossothers-are released 

year. Some of these may interfere with the tree's hor-
mone production system and other processes" (76). Dr. Pe-
ter Schiitt agrees: "in one study we found traces of 400 
organic compounds in one cubic meter of ambient air" 
(77). 

Hypothesis 6 (Figure 12.7) may be rather bpeculative, 
but there is at least one instance linking the atmospheric 
deposition of synthetic organiic compounds to the abnor-• 

mal growth symptoms seen in West Germany (and on 

"12
 
Mount Mitchell, North Carolina). The chemical, aniline. 
has been implicated in the rapid mortality of loblolly 
pines near a chemical plant not far from Raleigh, North 
Crolina. Major sy:maptoms include browning of needles, 
shedding of need!-s while still green, and death of ma
tare trees (78,. 

Ethylene is also known to affect plan' growth, causing
leaf abscission (shec ding of leaves and needles) in concen
trations as low as 0.1 gram per liter of air (79). 

an impoIrtant plant hormone, has also been 
linked to leaf irurlii.g and distortion of leaf blades or nee
dies; in higher concentrations it is used as a herbicide. 
Professor Schiitt speculates 	 that two chemicals may come 
together in a binary fashion (80)-like chemical warfare 
agents--forming a highly toxic substance in very small 
quantities. This h',pothesis needs the most attention, as 
little has been done, to date, to show how organic chemi
cals (particularly those sred in the manufacture of herbi
cides and pest icies--s-ingly or combined-may play a 
role in forest decline and death. 

Acd deiposltion 

Acid deposition is a combination of sulfur dioxide and 
nitrogen oxides together with lydrogen cldoride and 

-e1,,Sr 	 InvolvingHypothesized Pathway 
Changes in Nutrient Allocation Pattiarns as a
Response to Increased 	Nitrogen Availability 

PolfuXnt Depozition or Ezposure 
[ -_ 
I Nitrogen deposi!on 

fromn atmosphere 

C 
Chain of Response 	 Symptoms 

Increased nitrogen ovalablity 

a 	 Elevated 
foliar N 

Re allocaton of carbon 
and oiler nutrients 

Increasing Foh ar biochem~strv
shoot roc: ratio altered Reduced root 

bomass and 
ncdence 

e tPfecliSposilon Io) nlur "="--" Redoicel grovoin 

tro- abolc and .olc 
stress factors 

Monailk 

Note: See Table 126 Hypoies,.. 5 
Source: Adapted from A M Bartuska. et al.'The Role of Air Pollution inForest 

Declie Hypothesized Mechanisms of Response' Journal of Envronmiental
Quality (submitled. 1965) 
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Figureo 12.7 Hypothesized Pahway lnvAvif1F 
Growth AIte ing Substapces and Alter*ed 
Physiology 

ollutant
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Vi iole injury 

Abnorm al fo liar LIdevelopm ent 

Los.s of green 
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Note: See Table 12 6. flypor-e,,;is 6 

So'.eva: Adaped from A M Bariuska. et a!. The Role ot AirPollution in Forest 
Decine: HyPolnesized Mehani.nrs olRea'onis< JournJ ofEnvironiintal 
Quality (submted. 1985) 

other compounds which MiX in the atmosphere with 
oxygen and water vapor to form dilute solutions of 
strong mineral acids. These substances then fall to earth 
as acid rain, snow, or fog, or as acidified dry particles, 
Acid deposition originates mainly from fossil-fuel-fired 
power station.s and industrial processes, although NO, 
comes about equally from vehicle exhausts. (See Table 
12.5.) 

Foliar leaching is considered a normal part of the tree's 
nutrient cycling system and does not inherently pose any 
threats to health, However, the tree's critical internal 
clock, or nutrient balance, must be maintained. A num-
ber of studies in North America have shown that acid 
precipitation in the range of pH 2.3-5.0 leached potas-
sium, c .ciuni, and magnesium from the leaves and nee-
dles of sugar maples. yellow birch, and white spruce (81). 
Despite the fact that many forest ecosystems in Europe 
and North America regularly ritceive up to 30 times 
morc acidity than is deposited in unpolluted, "pristine"
environments, so far there is no evidence that foliar 
leaching affects overall productivity and growth. 

Figure 12.8 (hypothesis 7) shows the pathway by which 
essential plant nutrients, particularly base cations, are re-
moved from leaves and needles at an accelerafe,. zate 
due to acid deposition. (See Table 12.6.) Ozone's role in 

WM1LORESOueCt 1e6 

216 
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Note: See Table 12 6, Hypothesis 7 
CSorx%=: Adapted from A M BariumSa. etal, The R.ae ofAir Pollution in Forest 

Decline Hypothesized Mechanisms of Respons'$" Jotmal of ErMrorimental 
Quality (submitd. 1985) 

leaching nutrients from foliage has already been dis
cussed. 

Research on 194 forest sites in southwestern West Ger
many demonstrated that trees attempt to compensate for 
foliar leaching by taking up more nutrients from the soil 
(82). If nutrients are not available, the trees are more sus
ceptibie to climatic stresses. 

Dr. Bernhard Ulrich, the main proponent of hypotheses
8 and 9, contends that acid deposition accelerates normal 
soil acidification processes. Ulrichs work on the Soiling 
Plateau has demonstrated that acid deposition does ]each 
essential nutrients from the soil, at the same time 
mobilizing aluminum, which then damages the root sys
terns (83) 

Figure 12.9 (hypothesis 8) shows tha pathway through 
which plant nutrients ate leached from the root zone of 
the soil by acid deposition. As discussed previously, soil 
acidification is a oatural process that takes place in most 
soils in humid climates. 

However; this entire process is very site specific. Soils 
with high bufering capacities-like much of the U.S. 
Midwest, which sits atop limestone or sandstone 
formations--are not as affected by acid deposition as are 
those soils found above thin glacial tills or thick granitic 
bedrock (as in much of Scandinavia, Canada, and parts of 



Central Europe). In other words, thin soils with restricted 
root zoi es arc more vulnerable to the effects of acid
leaching than richer, deeper soils with higher concentra-
tions of buffering agents like calcium and potassium. An-
other !actor to consider is that each tree is different. 

ridividual trees. !ike Preople, react differently to eniiron-
mental stresces. 

The third part of thi, acid rain "trilogy" (Figure 12.10)
shows how acid derxosition may mobilize phytotoxic con-
centrations of aluminum in the soil, which t.en kills 1he
fine feeder roots. During Spring snow melts, soils also ex-
perience acid "pulses" in which great quantities of alurni
num and other heavy metals are liberated at the sametime, soaking into soils and leaching into wate: courses.
Dr. Ulrich found that aluminum concentrations of as little 
as 1-2 milligrams per liter (rg/l)in soil solutions could 
damage root sy~items (&4). At Soiling, he found 6 mg of
aluminun per liter under beech forests and 15 mg of
aluMninuTI per liter under spruce forests, well above his
threshold levels fhr injury (85),

On the other hand, Norwegian research carried out by
Abrahamsen and 'IVeite suggests that concentrations of
aluminum must be 80-160 mfg/I in solution before dam-
age to roots isevident (86). The wide differences in find-

il-tire '12,9 Hypozhesized Pathway Involving
the Development of Nutrient Deficiencies in 
'Frees Due to Excessive Cation Leaching from 
Soils 
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Soure: Adapted from A M Bartuska eta' The Role of Air Pollution in ForestDeclir, Hypothes.zed Mechanisms of Response* Journal of Enronmental

Qualt) t ubmitled. 1985) 

ings have been swept aside as "site specific." Says Ulrich,
"soils with ieserves of calcium are not as affected by
mobilized alumninum as soils with less buffers" (87).

Soil acidification and aluminum toxicity appear to be
probiem.s in .oine parts o!Europe, where middle- to
higher-eklvation spruce-fir forests are found on mineral
soils, with poior buffering capacities. By contrast, the
higher elev'on forest in the eastern United States are
mostly foulu on organic soils. For this reason, U.S. scien
tists place acid rain much farther down the list of possi
bie causes of forest decline than is the case! in Europe. 

h'eavy nretal ole'kfiirofn 
Heavy metals in the atmosphere resull from the combus
tion of fossil fuels in power plants and industry and from
the smelting of metal ores, although leaded petrol (gaso
line) is also a major source of airborne lead. 

Elevated levels of lead, cadmium, coppei; and ziwc, in
particular, have been found in forest litter and soils at
higher elevations throughout the Appalachian chain up to
New Enigland. As much as 2 grams of total lead per
square meter of forest floor (up to ten times normal con
centrations) have been found at Camel's Hump, Vermont,
and at Mount Mitcheil, North Carolina (,8. 

Flqure "12.10 Hypothesized Pathway Involving
Aluminum 'Foxicity aid Forest Species 
Response
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Andrew Friedland, from the University of Pennsylvania, 
discovered 200 mg of lead per gram of soil in the forest 

litter on Camel's Hump, where 70 percent of the red 

west slopes shows serious darnage (89).spruce on the 
Comments Friedland, "lead israining down here at the 
rate of 700 grams pet hectare, but it is not being taken 

up by the trees; most of it remains in the soil where it 
interferes with microbial processes" (0). 

U.S. Environmental Protection Agency studies indicate 

that lead can inhibit root growth and root elongation at 

levels between 3 and 10 grams per gram of soil (91). But 
more indirectthe worst effects from toxic metals may be 

and much more insidious over the !ong term. 
Dr. D.R. Jacksor, and coworkers found that heavy met

als are indeed mobile (particularly when combined with 
acid rain) and contribute to increased nutrient leaching.I 

' 


However, Jackson concluded, "soil nutrient cycling 
sensitive to heavy metal contamina-

processes are more 
tion than plant assimilation processes" (92). Apparently, 
beneficial soil microorganisms, especially fungi and bacte

ria, are inhibited by heavy metals and fail to break down 

organic matter into the nutrients trees need, thus altering 

normal biogeochemical cycling patterns. 
It is also known that soil acidity has a profound effect 

on the mobilization and utilization of lead, as well as 
other h'avy metals. In controlled studies, soil microorgan-
ism. exhibited marked metal toxicity as the sot! pH was 

lowered j:):.M 
Hypothesis 10 holds that atmospheric deposition of 

heavy metals interferes with normal plant functions. Fig-
ure 12.11 shows the pathway whereby heavy metals may 

interfere with both plant and 	soil microbial processes. 

So far, West German research 	 has not been able to find 
other heavy metals inphytotoxic quantities of lead or 

soils of Waldsterben-affected forests. But this does not 
mnean chat heavy metals do not play a role. The North 

American work on heavy metal contamination of forests 

is much more thorough than European efforts. Heavy 

metals may be working together with other pollutants to 

create multiple simultaneous stresses to forest ecosystems 
at specific sites over wide areas. 

Ranking the Suspiec5 

As the research programs in Europe and North America 

begin to narrow down the field of suspects, it is apparant 

that the agents of destruction vary from region to region 
same area. Sinceand even from stand to stand in the 

local differences inthere are important regional and even 
the symptoms of Waldsterben, the mix of causal factors 

one place to another. In thisgets shuffled around from 
decline syndrome, nothing remains constant. Researchers 

find the clues shifting from under them as they try to 

compare the data from different sites. 
is emerging as toNevertheless, a scientific consensus 

the primary etiological agents. (See Table 12.7.) Since bi-

otic and abiotic factors are considered, by and large, to 

play secondary roles, only pollutants are included on the 

lists. As is evident, the North American picture differs 

from the forest decline in Eastern and Western Europe. 

The same major pollutants are thought to be at work, 

but in different orders of magnitude and importance, 

CILO RESOJKLS 1Wu, 
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7-E BU-WEN OF RESEARCH
 

The West German reseat h programs are the most exten

sive and heavily funded in Europe. Official estimates put 

the total research effort in the Federal Republic at 

roughly 300 projects on both federal and state levels, 
soaking up about DM 205 million (deutsche marks) a year 

(US $68 million) (94). 
The Federal Ministry for Research and Technology (the 

an effort to correct themain coordinating ministry), in 

helter-skelter approach to forest decline research, has
 

focal points for its official workdesignated two centers as 

the biological effects of Waldsterben. Both centerson 

KFA at Jtllich, outside Bonn, and GSF at Munich-although 

primarily nuclear research establishments, have depart

institutes that have been active in environmentalments or 
1985, Jtilich administered DMresearch for some years. In 

29 million of the Ministry's research funds and supervised 

64 research groups (95). GSF in Munich works with 11 

other institutes and is the headquarters for a series of 

elaborate chamber studies, where seedlings are being 

subjected to a variety of airborne chemicals, singularly 

and in combination, under varying climatic conditions, 
to see if any more of the classic Waldsterbenin an effort 

symptoms can be duplicated in the laboratory (9%Y 

Despite the obvious limitations of such studies (it is 
in a test tube), if more sympdifficult to duplicate nature 
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Tab!O 12.7 Airborne Pollutants fiat May Play 
Significant Roles in the Forest Declines 

Observed in North America and EK-ope 

rooV,,n,za 


inordcr(rank,,' importance) 
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toms can be reproduced under controlled conditions, then 
perhaps the twisted knot of cause and effect can be 
unraveled, at least a little. 

Closely linked to the lab work is an extensive field re-
search program. This is concentrated in four regions: the 
low mountain ranges of northern Germany; the Schwarz-
wald (Black Forest) in southwest Gemany; and the 
Fichtelgebirge and Bayerischer Wald in Bavaria (south-

eastern Germany) (97). 


In the first region (low mountains of northern Ger-

many), research efforts are focusing on the connection 

among pollution deposition, soil acidification, and the 

changes generated in soil biology and root formation. 

Supplemental studies include: influence of atmospheric
pollutants on changes in ground vegetation, soil biology,
and microbial decomposition processcs in the soil. 

Research efforts in Region 2 (Black Forest) are concen-
trating on "silvicultural measures aimed at prevention and 
therapy (e.g., fertilization and thinning) as well as their 
effects on the development of tree stocks, metabolism,
humus layers arid fine root systems." The following pollu-
tants are also being measured: SO, NO,,, 03, and PAN. 

In Region 3 (Fichtelgebirge), efforts are concentrated on 
questions regarding soil chemistry plant nutrition, and
whole plant physiology. In addition, fertilization experi-
ments are being carried out along with gas-exchange 

studies (water staius, transpiration, and photosynthesis) on 
badly damaged spruce. 

The fourth part of the research program (Bavarian F'or
est) is centered on the development of rerrote sensing
methods for the identilication and categorization of dam
age. The end result will be a "balance sheet" of the 
structure arid nature of affected stands. Soil studies arealso underway to shed light on the influence of gaseous 
S0 2 on sulfur accumulation in the soil (9,s1.
 

The official program is well underway with the firstcomprehensive results expected in two years. There 

are fringe he efils to sith a large-scale centrally
coordinated research program-West Gerlan scientistsare being forced to work in interdisciplinary teams, some
thing they are unaccustomed to doing. It has been recognized that the traditional piecemeal methods of scientific 
investigation will not suffice. When it comes to t4ildst ,,ben, only a comprehensive ccosystem approach is most
 

likely to yield useful data. Comments Dr. Berniard Rami 
of the Ministry for Research and Technology, "since the
combination of pollutants is more damaging than in
dividual elements, we have multiple teams of researchers
air chemists, soil scientists, water specialists, plant physiol
ogists, meteorologists, and plant pathologists--working on 
the proDlem" (99),Since 1980, increased evidence of forest danage in Eu
rope and North America has led to a rapid expansion ofresearch in this crucial area. The U.S. Forest Service and 
the Environmental Protection Agency (ERI\) have formed a joint research program under the umbrella of the National Acid Precipitation Assessment Program. This newlyestablished effort will channel an initial $4.8 million intotwo major initiatives: 60 percent has gone for research 
on northeastern forests-.to be administered by the North
eastern Forest Experimental Station (U.S. Forest Service);
the remaining 40 percent supports research on 
southeastern forests, supervised by the Southern Ap
palachian Research Resource Management Cooperative

(SARRRMC). The research is concentrating on spruce-fir

forests in the Northeast and Southeast; (omrnercial pine

fo,'ests in the Southeast, and mixed hardwood forests in 
the Northwest and Southeast. In fiscal year 1986, the 
funds will nearly double to $8 million, $4 million for 
each center 000). 

The research plan has three major goals:
1. "To characterize and describe the current state of
 

forests where air pollution effects are suspected to oc.
 
cur (as well as control areas) and to search for possi
ble correlations of damage by airborne pollutants;


2. "Ibdevelop conceptual models of the cause and effect
 
relationships between forest damage arid air pollutants,

and to use those conceptual models to design experi
ments, and then impleni-nt them to test different ihy
potheses of damage; and
 

3. "To refine and develop quantitative models of stand 
dynamics to predict the responses of forest stands 
under different air quality scenarios and ) extrapolate
the current responses of forests across broad spatial
regions" 00).

What this means is that specific research efforts must 
do two things within the general framework: 1)character-
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ize the e'cosystern-at-rsk, incluling determination of 
the quality and quantity of deposition. analysis of key 
site variables like soil condition, tissue chernisuny, pests 
and pathogens, and a complete d.cumen:'ation of site his
tory; and 2) institute field and greenhouse experiments to 
identiN' plant responses to various airborne pollutants 
and other variables like climate-both singularly and in 
combinations (102). 

In addition to the $4.8 million research package, arn-
other $2.5 million has been earmarked for a National 
Vegetation Survey (coordinated by the Forest Service) that 
will attempt to assess the extent of productivity losses 
and visual symptoms of decline in U.S. forests thought to 
be at risk from air pollution (103). The program will also 
establish long-term monitoring plots to serve as "early
warning stations." 

Perhaps most important of all, there is general agree-

ment among scientists that alter the initial research, at-
-S~oden 

tention will have to shift more toward the combined or 
additive effects of "nultiple pollutants. And these "inter-
action studies" will require, by far, the greatest output 
of effort and money as the s ,ch for the causes of the 
North American and European forest declines moves into 
its final phases. 

SEEING 'TE FREES THROUGH THE FOREST: 
GRAPPLING WIIT-1 THE POLICY IMP.LCA-
TIONS OF FOREST DECLINE 
It stands to reason that a disease syndrome as complex 
and widespread as liiddsterben, requires a comprehen-
sive and multi-staged response. 

So far, the international response to the threat of con-
tinued transboundary airborne chemical pollution has 
been neither comprehensive nor multi-staged. Since "acid 
rain" is still regarded as the grim reaper of the 
environrnent--thereby ignoring dozens of other harmful 
chemical compounds-control efforts have centered on 
sulfur dioxide, and to a certain extent, on nitrogen oxides. 
It is increasingly clear that whatever combination of pol- 
lutants is killing North American and European forests, 
they are not the same agents that are acidifying lakes 
and streams in those same countries. Important as it is to 
control acid rain because of its deadly effects on fresh-
water resources, terrestrial ecosystems, and the built en-
vironment, it should be recognized that battling the 
agents of forest decliie is a much more complicated and 
far-reaching process. West German scientists investigating 
Waldsterben have identified as many as 160 different pos-
sible causative factors (i0i. 

There is little doubt that sulfur dioxide and nitrogen 
oxide emissions are enormous, but they are only part of 
the problem. In 1980, roughly 115 million metric tons of 
anthropogenic sulfur dioxide were belched into the north-
ern hemisphere by the industrialized countries in Western 
and Eastern Europe (including the USSR), Scandinavia, 
and North America. (See Table 12.8.) That same year, 
nitrogen oxide emissions totaled 21-23 million metric 
tons for the United States, 1.8 million metric tons for 
Canada, and 9-10 million metric tons for Western Europe. 
(105). Unlike sulfur emissions, which are expected to drop 
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significantly by 1995, nitrogen oxides are projected to in
crease still further by as much as 25 percent for Norlh 
America and 5-21 percent for Western Europe by the 
year 2000 (106). 

The progress made in Europe to curtail SO2 emissions 
to date isdue in large measure to the U.N. Economic 
Commission for Europe's (ECE) Convention on Long 
Range Transboundary Air Pollution (LRTAP). Signed in 
Geneva in 1979, the Convention did not come into effect 
until March 1983, but as of April 1985, 30 countries had 
ratified it (including the United States and the USSR) (107). 
Although the LRI'AP has been criticized for not having 
real teeth-until recently it had no timetable for reducing 
SO, emissions-the Convention has been credited with 
beefing up Europe's pollution data gathering network: 
there are now 88 monitoring stations operating in 23 
countries 00s).Transboundary pollution issues were given 
a badly needed nudge during the 1982 Stockholm Con
ference on the Acidification of the Environment. At this 
critical meeting it was concluded that anthropogenic 
emissions of sulfur and nitrogen compounds were primar
ily responsible for acid deposition, that a decrease in 
emissions over large industrialized regions would lead to 
an "approximately proportionate" decrease in acid deposi
tion, and that the technology was already commercially 
available to radically reduce pollution loads (09). 

The Stockholm Conference was also noteworthy in that 
the West German Government announced a major policy 
shift: literally, from putting the brakes on further pollution 
abatement efforts to stepping on the accelerator by insist
ing on new and much more comprehensive control legis
lation. The reason was simple: reports that West Ger
many's forests were dying from air pollution, and the 
subsequent political fallout prompted the "change of 
heart" in Stockholm. 

As part of the Nordic initiative to speed up compliance 
with the ECE Convention, delegates from ten countries 
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gatherd in Ottawa in 1984 and agreed to reduce SO2
emissions by at least 30 percent by 1993 (using 1980 
emissions as the baseline). Some countrie,; even agreed to
higher reductions. (See 'lable 12.9.) The group was 
dubbed the "30 Percent Club:' and as of April 1985, 19
countries had agreed to lower their emissions of sulfur,
along with unspecified reductions in other pollutants,
mainly nitrogen oxides 010. 

At Helsinki in July 1985, LRTAP was finally given some 
real substance. A protocol mandating definite SO2 reduc-
tions of 30 percent by 1993-under the same tetras as 
the 30 percent Club--was opened for signature. It was 
immediately signed by the 21 members (representing 19 
countries) of the 30 Percent Club, giving it more thn 
enough signatories to bring it into force in October 1985 
(II1). 

Still, two of the largest emitters of both SO, and NOR,
Great Britain and the United States, refused to sign the 
protocol on the grounds that scientific uncertainty made 
further reductions problematic. 

The European Economic Community (EEC) has also 
been moving to reduce pollution loads in menmber coun.,
tries. In 1983, the Commission of the European Commu-
nity proposed a Council Directive calling for significant 
cuts in three categories of polluting emissions by 1995:
60 percent reduction for SO,, 40 percent for NOR, and 40 
percent for dust. ILarge fo:sil-fuel-burning pov,'er stations 
were the main targets (112). 

Such plants account for mote than 80 percent of SO2emissions and 40 percent of NO emissions within thex
European Communit)y The Cominission calculated that 
additional costs for the slated reductions would be less 
than 10 percent of total production costs 013). The OECD 
estimated that the damage from acid rain alone costs the 
European Community somewhere between $1.4 and $4.2 
billion a year 014). 

The Commission has also recommended that all mem-
ber countries switch to unleaded petrol by 1989 and that 
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catalytic converters (wih U.S. standards)--e infull use 
withn the Community by 1995 (15). 

In June of 1985, at the urging of West Germany, the 
Comrnission met to discuss the adoption of U.S. emission 
standards on all new vehicles throughout the Community
Typically, resistance from the other three big car 
producers-Paly, France, and Great Britian--scotched 
plans to introduce more stringent, U.S. type controls on 
motor vehicles. The resulting compromise placed emis
sion controls only on larger vehicles (two liters or more).
As of 1988, all large new cars will have to be fitted with 
catalytic converters and will not be permitted to emit 
more than 25 grams of carbon monoxide, 6.5 grams of 
hydrocarbons, and 3.5 grams of NO, per test. Small (tin.
der 1.4 liters) and medium-sized vehicles (1.4 to 2 liters)
will be regulated beginning in 1992, but these constitute 
the bulk of Europe's road traffic. Lead-free petrol will 
have to be available throughout the Community by 1993,
but its introduction will begin much earlier 116).

Disappointed with the outcome, West Germany decided 
to step up its own program of pollution abatement. New 
legislation provides tax incentives for those who are 
willing to retrofit their cars with catalytic converters, and 
unleaded petrol introduced in 1984 will be commonplace 
by 1988 (117).

West German regulators have not stopped with mobile 
sources of pollution; emissions from fossil-fuel-fired power
plants and indus.:ial complexes will also be reduced. By
the early 1990s, NOX and SO2 emissions will be slashed 
by 70 percent (over 1980 levels): SO 2 will drop from 3 
million metric tons (1982) to 1.2 million metric tons by
1993, while NOx will go fron I million metric tons (1982) 
to 0.3 million metric tons by 1993 (118).

Officials are even considering imposing speed limits of 
80-100 km/hr on the autobahns (freeways) to reduce pol
lution. But this is a highly emotive issue. 'Autobahn
 
speed limits arouse the same kind of passions in West
 
Germany as gun control laws do in the United States:'
 
noted the New obrk Times in 1984. Regardless of the 
state of Germany's forests, imposing speed limits is likely 
to be a long and difficult route. 

Despite this impressive record of recent regulations, the
Federal Republic is still plagued by the anomaly of
 
Buschhaus, a huge coal-fired power station at Helmstedt
near the East German border. Commissioned in April
 
1985, the plant burns lignite with a high sulfur content
(3.5 percent). Each year its 307-meter-high stack will emit125,000 metric tons of SO,, or 18 metric tons per hour 

(119). For technical and "legal" reasons, it was allowed to 
operate viutuafly without pollution controls, even thoughthe country is clearly making irrportant strides in reduc
ing pollution loads. 

Important as all these steps are in bringing pollutants"under the heel" of regulation, how far such agreements 
as the 30 Percent Club and LFTAP will go toward solving 
even the problem of acid deposition is uncertair. In anycase, there will be no noticeable changes for ten years; it 
will take that long for control measures to have a major 
impact. There is also inbuilt government inertia when it 
comes to implementing and paying for pollution control 
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technologies. Reducing air pollution is still regarded as an 
unnecessary economic sacrifice, hampering development 
and growth. 

The existing quagmire of conflicting national laws and 
policies spills over into regional (i.e., European Economic 
Community) or international attempts at curbing emis-
sions of polluting substances. Current naional and inter-
national controls on pollution are inadequate to deal with 
the array of airborne chemicals responsible for forest die-
back and death Such indequacy is reinforced by scien-
tific tncertainty and indecision, which in turn fosters frus-
tration and paralysis at the policy level. This "vicious 
circle" is made infinitely more complicated by the trans-
boundary nature of air pollution, especially since national 
control tmlicies will, iumany cases, have only a cosmetic 
effect. 

This is certainly true for North America, where Canada 
and the I.United States are locked in a dispute over the is-
sue of acid rain. Canadians claim that many of their 
50,000 acid snsitive lakes and stands of dying sugar ma-
ples are damaged by pollution imported from the United 
States. 

Because of the Clean Air Act, the United States is 
ahead of Europe arid Canada when it come; to control-
ling emiss ions from vehicles; two-way catalytic converters, 
which reduce emissiorns of hydrocarbons and carbon 
monoxide (but not NOx), and low lead petrol have been 
required since 1975. Lead-free petrol will be required in 
1986. Great effoi s have also been made to control emis-
sions from stationary sources. Despite the Tennessee Val-
ley Auti.ority's (TVA) successful effort to cut its SO, emis-
sious in half (about one million tons), further progress to 
curtail national emissions has been put in- the slow lane, 
especially in regard to ;he retrofitting of fossil-fuel-fired 
power plants in the Midwest. And it is these emitters-
particularly the belt of larile coal-fired power plants run-
ning through Indiana. Ohio, and Pennsylvania-that are 
sending their polluting gases over the Canadian border. 

With little hope for a bilateral agreemnent to reduce pol-
liting emissions, the disgruntled Cmadians have taken 
unilateraI action to at least put their own house in order. 
In March 1985, Canada announced that it would halve its 
domestic SO. emissions by 199.4 (from 4.6 million to 2.3 
million tons) at a cost of around $300 million. At the 
same time, officials decided to reduce NO,, ermissions by 
introducing new vehicle emission standards (equivalent to 
those in the United States) to be effective beginning Sep-
temober 1, 1987. Unleaded petrol is already available in 
Canada, but a complete switch is planned for sometime 
in 1988 when catalytic converters will be required on all 
new vehicle models t2). 
Dr. Ellis Cowling of North Carolina State University has 

drawn up a list of scientific generalizations regarding air 
pollution and its various effects that bear directly on 
policy decisions: 1)comtbustion of fossi, fuels is the single 
most important source of air pollutants; 2) the concentra-
tion and depo.,ition of primar. air pollutants decrease 
progressively with increasing distance an.d time after 
emission from any particular source; 3) the concentration 
and deposition of secondary pollutants are a complex func-' 
tion of meteorological, seasonal, altitudinal, temporal, geo-

', Ct D E'C"*t CES '986 

222 

graphical, and other factors; 4)the clapsed time between 
emission and deposition varies with the pollutant in ques
tion but ordinarily ranges from a few minutes or hors to 
a maxilTium of four or live days; 5) this time is sufficient 
to disperse pollutants over both short distances (,-500 
kin) and long distances (500-2,000 kin); 6) for these rea
sons no state or province can control the quality of air 
within its own borders without cooperation by other 
nearby states or provinces; 7) the atmosphete over most 
industrial re.,ions is very well mixed and the distance be
tween most sources of air pollution is much smaller than 
the average distance of dispersd from any given source; 
8) thus, pollutants rarely, if ever, occur alone--they fre
quently react with each other forming new chemical 
products that can Lie additive, synegistic, or antagonistic 
in their effects; 9) for many pollutants with biological ef
fects there is no distinct "threshold dose" or safe concen
tration below which we are certain there will be no ad
verse effects; 10) therefore significant decreases in emissions 
of SO2, NO, arid hydrocarbons (VOC) are very likely tox
have significant and si:nultaneous beneficial effects on 
human health, visibility, materials damage, surface water 
quality, and both crop and forest productivity 021). 

This implies a rather broad-based approach to pollution 
control involving the reduction of emissions from both 
stationary and mobile sources. Cowling's view was sup
ported by a contribution from Dr. Ann Bartuska, of North 
Carolina State University, to the latest Assessment of Acid 
Deposition Gnd ItsEffects. The report concluded that 
sulfur dioxide is not the only airborne chemical that is 
injurious to the environment, aid that "if ozone and/or 
biologically available nitrogen compounds and/or toxic 
metals prove to be among the airborne chemicals that 
have significant detrimental effects on forests, it may 
be desirable to decrease regional emissions of nitrogen 
oxides and volatile organic compounds either simul
aneously with or independently of future changes in 
emissions of S02" (122) 

Current control strategies throughout much of Europe, 
while dealing successfully with SO2 and to some extent 
with NO, from stationary sources, have almost totally ig
nored volatile organic hydrocarbons, organic chemical 
compounds, heavy metals, and riitrogen-ammonia deposi
tion from both stationary and mobile sources. The United 
States, on the other hand, has successfully lowered veld
tie emissions of hyd'ocarbons, lead, and NO., but has 
been prevented by political considerations from further 
controlling the emissions of these same substances from 
power plants and industrial processes. Having reduced 
S02 emissions by an impressive 36 percent between 1973 
and 1983, U.S. policy-makers are now stalled. The Reagan 
Administration has consistently delayed attempts to 
further reduce current SO., pollution loads. 

Dr. Bartuska highlighted the dilemma that forest death 
and decline poses for policy-makers: "1) atmospheric 
depositions of biologically available nitrogen compounds 
and heavy metals are more likely to be important in 
high elevation rather than low elevation forests, and 2) 
ozone, either alone or in combination with other toxic 
gases, is the chemical most likely to be important in low 
elevation forests" (123). 
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What this means is that no single pollutant control Fluidized bed coinbuaion
 

strategy is likely to be effective in dealing with forest

decline---it wifl take nothing less than a total integrated Although this technique has been in use for some time,mix of strategies and technologies, tailored for each re the latest advances are noteworthy. New fluidized bedgion, to significantly improve air quality in Europe and boilers burn not only a1 kinds of fossil fuels but a wideNorth America. variety of bio-fuels as well (i., peat, garbage, woodFrom a technological point of view, a package of con- wastes, sawdust, etc.). The newer models are extremelytrols must be developed and put in place. The technologies fuel efficient-with combustion efficiencies of almost 99for reducing harmful emissions, of pollutants are, by and percent--and are able to remove 80-95 percent of SO2large, already on the shelf. Like any sensible shopper, and NON with significant cuts in heavv metalspolicy-makers, will have to sele-t the right combination of 	

as well. 
This is done in situ by the injection of lime or limestonethese technologies for the greatest impact at the least into the combustion bed.cost. The Limestone Injection Multi-Staged Burner (LIMB) isan 	example of technology developed in the United Statesto 	burn multi-fuels and remove multiple pollutants, al-

Technoiogical S 	 lution, to Political Problems though there are other versions of this under develop
ment, or already commercially available, in Europe andThere are many technological routes to take in reducing Japan. LIMB has been estimated to cost $30-AO per kiloairborne pollution; the big stumbling block is the cost watt 028).


and social consequences of their actual introduction. In
Western Europe and North America, broad-based political Deceasing ntrogen oxides
 
considerations often 
 override environmental concerns. 

Nitrogen oxides can be decreased in power plants and in-Fuet switching dustrial processes through fairly well established technologies: using low NO, burners, modifying boilers, andOne of the simplest methods of reducing SO2 pollution is through selective catalytic reduction (SCR) of NO× in theto 	switch to fuels with a lower sulfur content. The sulfur combustion gases (also called "fuel gas treatment").content in fossil fuels varies fiom 0.2 to 5.5 percent by Since vehicles contribute 40-80 percent of all NO.weight. Switching from a high sulfur coal, for example, to emissions. (depending on the country), it is imperative
a lower sulfur coal can have immediate benefits for the 
 that all cars be fitted with three-way catalytic convertersenvironment 02-1). Such a policy does, of course, have (which, in turn, require very low lead or lead-free petrolharmful economic impacts in regions mining high sulfur in order to function). Catalytic converters, in combinationcoal. with coanbustion modifications in engine design, can 
greatly decrease NO., carbon monoxide, and hydrocarbonsCoal cleaning in 	vehicle exhaust. The new three-way catalyst now un-

In 	 der cevelopment can decrease these pollutants by 90-95a number of countries, particularly Scandinavia, Japan, percent, but its general introduction is still s-:,,eral yearsand the United States, coal is physically and chemically away. Another technological breakthrough-the leanpre-treated to remove some of the sulfur The process is Burn Engine--is estimated to reduce NO, by 	75-90 perwell established and rather inexpensive. Physical cleaning, cent, but it will not be commercially available for aboutwhich includes grinding arid washing, adds only $4-9 per ten years (129).

ton to the price of coal in the United States (125).
 

Oil desu1!ui.z:a!ion WHAT MUST BE DONE
 
This is a widely applied method and is similar to coal 
 Although it appears unlikely that a generally agreedcleaning in that it is also a pre-combustion technique. upon public consensus about decreasing emissions of ma-The oil is pre-treated with hydrogen, which partially re- jor pollutants, other tan lead, will emerge during themoves the sulfur by combining with it to form hydrogen next 2-3 years, Iwo general points remain clear:sulfide gas 026). 1. 	The American and European policy debates about sul

fur dioxide have obscured the importance of otherFlue-gas desrufurizatin TFGQ) pollutants-namely hydrocarbons, heavy metals, NOx,organic chemical compounds, and other secondaryFGD is a post-combustion process that involves spraying toxic gases like ozone and PAN. All of these warrantthe hot exhaust ga,.es with lime or limestone before they increased regulatory attention.are blown up the stack. Commonly referred to as "scrub- 2. Acid rain has been used as 	a catchall phrase by enbing.' the process involves the injection of lime, either vironmentalists pressing for changes in pollution conwet or dry. It combines with the sulfur to form gypsum, trol strategies and by governments as an excuse to dowhich can then be sold as roadbed filler or for other nothing or very little. This continuing controversyconstruction purposes. This technology is well developed; camouflages the real picture: pollution has multiplethere are about 1,000 plants equipped with FGD worldwide, causes and multiple effects, acidification is just one of100 of them in the United States (1271. many. 
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The search for a way out of the maze is complicated 
by inconsistent and inadequate mnnitoring methods that 
generally look at only one or two i.-lutants, like SO, or 
NO,. differences in the interpretation of data, and an ab-
sence of coordinated research between countries This is 
made worse by intramural bickering among different 
,cientific camps as to the exact ,elationship between pol-
lution and environmental damage. Furthermore, the de-
bate has often been tainted by nationaism, with scientists 
falling prey to assessments colored by national interests, 
Great Britain and the United States are prime examples 
of this tug-of-war between science fact and science fiction. 

At present, the path recommended by the Commission 
of the European Community is probably the best model 
for tackling the specter of multiple pollutants and result-
ing forest death. The speed of implementation may be 
too slow, but the program, if eventually adopted, is corn-
prehensive and transboundary. In order to control polilu-
tants, countries need integrated approaches. Yhe following 
measures need to be legislatively worked out and im-
plemented by the early 1990s: 
1. Three-way catalytic converters should be fitted on all 

new passenger cars, thereby necessitating the wide-
spread introduction of lead-free petrol. In some cases, 
like West Germany, speed limits may also be required, 
(This, of course, does not apply to the United States.) 

2. 	 New emission standards for refineries, petrochemical 
complexes, and chemical fertilizer plants to lower 
emissioas of hydrocarbons and other organic chemi-
cals, as well as airborne nitrogen compo, nds. 

3. 	Stricter controls.on fossil-fuel-fired power stations. New 
plants should have lower stacks, and multi-staged com-
bubtion burners and/or fucl-gas cleaning processes that 
eliminate not only SO 2, but also NOX, heavy metals, 
and particulates i.e., dust, soot, ash, etc.). / 

In the interim period, fuel switching should be enco,.r-
aged. 
4. 	Stricter controls on metal smelters that produce high 

amounts of SO, and particularly heavy metals like 
lead, cadmium, zinc, copper, and nickel, 

5. 	 Setting standards for the application of nitrogen fer-
tilizers on agricultural land and in forests. 

All of these ,neasures require more research and a rig-
orous cost-benefit analysis. Although the actual mechan-
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isms of destruction may never be completely understood, 
in a few years, scientists will know much more about the 
role of air pollutants in the growth and development of 
forests, and will be in a better position to make more 
specific recommendations. By introducing comprehensive 
measures to decrease emissions of S02, NO,, and VOC, in 
efforts to control forest decline, policy-makers w;ili also be 
improving the situation as regards to human health, 
materials destruction, acidification of lakes and rivers, and 
polluted air in genera. 

To achieve these multiple benefits it is vitally important 
that these recommendations be dealt with as a 
package-the "one pollutant at a time" regulatory ap
proach will not suffice to tackl- the problem in time. 
Money will have to be spent where it will do the most 
good. This may mean that certain heavy point sources of 
pollution in sensitive areas must be identified and con
trolled more than others. As for Europe, it is critical that 
a continent-wide switch to catalytic converters and lead
free petrol be carried through as planned. The big hitch 
is that Eastern Europe-particularly Fast Germany, Po
land, and Czechoslovakia-lack the hard cash t(, invest in 
many of these measures. So transboundary pollution will 
continue to be a nagging and perhaps even a bitter issue, 
dividing Eastern and Western Europe. The same is tru 
for North America where the United States and Canad 
are at loggerheads over transboundacy Pollution and acid 
rain. 

No doubt the costs for such a long-range and in
tegrated program will be high. The U.S. Office of Technol
ogy Assessment (OTA) estimate5 that reducing sulfur diox
ide emissions by nearly half (!0 million ions) from 
existing sources, would cost $3-4 billion a year, increas
ing electricity rates by 2-3 percent. If NO, were figured 
in, the costs might be as high as $6 billion a year (130). 

The solution may ultimately depend on narrowing the 
dichotomy between rhetoric and reality, on persuading 
governments to invest in sound environmental manage
ment plans, and on balancing short-term interests against 
long-term policy. It also depends on recognizing that ai
though the costs of controlling pollution are high, the 
costs of not doing so could well be astronomical. It's a 
matter of whether we start spreading the burden around 
now, or leave the costs and consequences to our children. 
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World Resource Data Tables art I
 

1. asic Ecooi nialrre
 

Employment, production, and price statistics are three 
basic economic indicators that are used in most countrijs 
to monitor levels of, and short-term changes in economic 
activity. 

Gross National PHoduct (GNP), perhaps the most impor-
tant indic;ator of economic growth, measures the total 
rymaket wri'ue of god. and vevices produc d in a ccun- 
try in a ycar, talnf! into account trade with other coun-
tries. There are two major pioblens with using GNP as a broader measurc of economic development: th. first is 
comparability among countries; the second is the extent 
to which econlomdcally valuable activities and resources 
are covered. 

The GNP figures used here have been taken from 
World Pank data iiies and publications. The, ame usuadly 
more acarate for countries in which economic trmsac-
tions (trade in goods, service, and labor) go thr'ough a 
marketplace and can be accurately recorded. Data for
wely developing countries, where markets are not as 
well d.-veloped or where data collection systems are:Adimentary require extensive iniputations. In al coun-
tries a fraction of econornic activity occurs in black 
markcts and its value is .ot adequately represented in of-
ficial statistics. Countries at war or suffering civil strife, 
such as Lebanon, Democratic Kampuchea, Afghanistan,
Iran, and Iraq, do not report GNP data, or the figures
they have are incompiete. GNP data for non-market 
econonies such as the Soviet Union, Viet Nam, and 
Cuba are very difficult to calculate and interpret, and, eiz-
cept for Hlungary, are omitted from Table 1.1. 

Comparing the CGP of one country to another requires
the use of a common currency (most often, U.S. dollars)
and a common base year. However; currency exchange 
rates do not accurately reflect the relative purchasing 
powers of currencies. For example, the price of labor ser-
vices (such as haircuts) relative to those of commodities 
that enter international trade (such as wheat) differs 
systematically between high- and low-income countries,
GNP estirnates converted to dollars using currency ex-
change rates substantially overstate international dif-
ferences in real living standards. The procedures used by
the World Bank to calculate GNP in constant U.S. dollars 
are described in the World Development Report 1985. 
Updated GNP figures are available in the latest issue of 
the World Bank Atlas. 

The problem of coverage is more difficult to overcome-
GNP tells us little about a nations wealth in humai and 
natu.al resources, and changes in a nations natural 
resource assets are not adequately accounted for. Rapid
depletion of ground-water, ishcies, forests, soils, and 
other natural mzovrces meduce a riation's potential lluture 
income. The current economic gain firm the water used,
the fish caught, the wood sold, and the crops grown iS 
treated as a positive contribution to GNP, but the dl'pietion of the value of the natural resource asset is not sub
tjacted. Using curent GNP figures as indicators of 
long-term economic opportunities, therefore, ca be very 
misleading. 

The size of the labor force presented in Table 1.2, is 
an important measure of employment opporul.ity icl a 
country. 'he total labor force iscoinpo.!d of : persons
who work to produce zconomic goods and services, in
cluding the unrnmployed. Current estimautes are based on
information avaiable to the Inter-ational Labor Organiza
tion (11O)in the vnid-1970s. Becausi! of severe economic

cessions and substantial migration of workers across 
irntenationua border-,, the figures for some countries may 
no longer be reliable. 

World commodity prices pr-esented in Iable 1.3 (also
from World Bank sources) are for commodities that are 
traded i world market., These soine materials ae traded 
locally withlin countries at prices that may vwy widely

from those of lobai markets because of transportation
 
costs, tarifts, trade restrictions, and other factor Many

important commodities, such as wild plants and aninals,
 
are traded less frequently md sometimes illegally. Data
 
for these commodities are not included here 

The data on internaijoral commodity price trends 
reflect rtu'ket prices converted to U.S dollars and 
deflated for inflaion. The World Bank uses the Manufac
turing Unit Value (MUv) Index as a deflator because it 
reflects changes in the price of goods that developing
countries buy on the world market. The price trend for 
33 non-fuel commodities, for examnple, has been one of 
sharp decline. Using the MU1V deflator, the combined 
price index of these commodities stood at 160 in 1970, at 
100 in 1977-79, and at 84 in 1984. Fhis represents a 
haring of the purchasing power of raw materials in 
terms of manufactured goods. 
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fhbko 1.1 GROSS NATIONAL PRODUCT 1960-83
 
Grca, Av'rsgf Annual Ditribultlon cf 

Natlonid Growth Rair if Gr Dorss tr.y,o 
Prc:teal ProliucI 1tI3GNP 

19V,3 -rr__ jporcent) 
____l__Iemiws of Vi S) w,C.upl (SUS) 1940.75 1975-83 Aptrai- kurtry Soe-*l 

49450 2400 58 60 6 54 40 
Angxa x3 2 8 03 X X X 

'lrln 1110 290 2 ) 53 40 14 47 
B:,w.3na 920 920 101 11 7 Yx X X 

Faso 1210 180 28 33 41 19 40 

al'rtnfcl, 1050 240 40 39 58 16 26 
-a)Mnoon 7640 800 4 2 7 3 24 32 45 
(:,e_Verde 110 260 X 75 X X X 
Cnra African Rep 690 280 2 3 -02 37 21 42 
C(>3d x X 07 -95 X X X 

CFroros X X 5 1 60 X X X
 
Corqo 2180 1230 52 96 7 55 38
 
L,,JIJ xX1 x 18 X X X
 
E,I iP 31L80 700 4 5 86 20 33 67
 
Eqiualool Guinea X X 0 7 X X X X
 

ETrlnopa 4660 140 43 3 1 48 16 36 
Galon 2950 4250 73 -74 X X X 
GaI;ia 200 290 61 15 X X X 
(Ghana 3950 320 24 -1 1 53 7 40 
Gu.ona 1740 300 33 15 38 23 39 

Guinea-B,ssau 150 180 X 1,8 X X X 
I,ory Cowa 6730 720 73 34 27 24 50 
Kerrja 6450 340 71 50 33 20 46 
Lescqr-o 670 470 86 42 23 22 55 
L ena 990 470 49 1 5 36 26 36 

a 25100 7500 125 20 2 64 34 
Madagascar 2730 290 2.8 -03 41 15 44 
,ata,, 1390 210 60 37 X X X 
Mj, 1110 150 3.1 3.1 46 11 43 
Mar'iana 720 443 4.8 2.9 34 21 45 

Maurftus 1250 1".0 2.8 2.7 X X X 
k'lrc,.o 15620 750 4.9 35 17 32 51 
Moarn00ue X X 4.5 0.1 X X X 
MNer 1460 240 07 5.5 33 31 37 
'tcera 71030 760 64 -0.3 26 34 40 

Rwanda 1540 270 41 5 1 X X x
 
Sene4a 2730 440 2 1 18 21 26 54
 
Sierra Leone 1230 380 4.1 18 32 20 48
 
Sorrala 1140 250 17 12 50 11 39
 
SoJth Aflca 768c9,0 2451,0 56 2.9 x x X
 

S,dan L420 400 1 2 3.3 34 15 51 
Sazlarzid 510 890 92 25 X X x 
Tanzana, United Rep 4880 240 5.7 1 8 52 15 33 
Tygo 790 280 6.8 1.8 22 20 50 
Tunsa 860 1290 6.3 55 14 36 50 

U:)anda 3090 220 43 -20 X X X 
Zare 5050 l1O 4.0 00 36 20 44 
Zamba 3630 580 4.5 0.4 14 38 48 
Zontabwr 5820 740 58 4.6 11 32 57 

carbadon 10'20 3.30 60 27 X X X 
Canada 3004(1O 12000 5.4 17 3 29 68 
Costa Rca 2420 1020 6.8 10 23 27 50 
Cuba X X X X X X X 

.,ncan Rep: 8170 1380 64 3.9 17 29 55 

El Salvadoi 3690 710 53 -2.2 20 21 59 
Gualeern;a 8890 1120 5.7 30 X X X 
Hal, 1700 320 1.3 29 X X X 
Ho,rduas 2740 670 4.4 4 1 27 26 47 
J rnaca 2940 13W0 45 -19 7 34 60 

Mexca 168070 2240 75 5.1 8 40 52 
luc.araua 2640 900 . 5.7 -27 22 32 47 
Pararra 4070 20?3 72 55 X X X 
(rn~dad aldTobago 7870 6.(30 35 45 X X X 
Unled States 3'92340 14090 37 24 2 22 68 

SVTH A '-_, 

Argerra 58560 2030 42 -08 12 39 49 
Bolvia 3070 510 418 -14 23 26 52 
Brazil 245590 189- 7.5 34 12 35 53 
Chile 21890 1870 30 34 10 36 55 
Colombo 38830 1410 56 40 20 28 51 

Ecuadr 11690 1430 82 40 14 40 46 
Guyana 410 520 46 -2.9 X X x 
Paraguay 4540 1410 48 83 26 26 48 
Peru 10650 1040 4 5 07 8 41 51 
Surrayte 1280 3520 70 30 X X 9 

Uruguay 73"4) 2490 1.8 18 12 28 60i 
V-erezue'a 70820 4100 61 0.7 7 40 53 
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Solon160 

16230 
1190240(0 

10780 
1790Y7410 
790 
640 

52 
6039 
60 

X 

23 
3104 
12 
48 

N 
X8 
x 
x 

x 
X33 
x 
X 

X 
X59 
X 
X 

Sokwr.R: lhe World Bank 

For awIronarl nirm3lhon see Source, and " rmn.a! Note3 
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1 Ne t2 LABOR FORCE, 1965-2000
 
Avzt'irg ArFAil GrvIh 

Pr,.n!!19 Of L-bof NrvG In of If- Lbo F=. 

iatai utb- FrcKa 19&'3. 
(ttards) 19I 197 95 78 165 19311 1965-73 1913-83 1980-2000 

__ 

WOfILD___ 

AFMCA 

7''.,) 
67 

, 
519 13 6 

27 
,' 

i) ', 
.16 

415 
28 

'is'7405 
, 

5< 
7'.','7 

, ,IcanRep 
di 

. 

L',XA,I 

1751 

3927 

2141 
4112 
109 
307 

1605 
140
563 
X 

52 

iX) 

89 
86 
X 

93 
93 
X

47 
X 

46 

82 

84 
83 
X 

88 
85 
X

34 
A 

'0 
X.AA 
6 

-
6 

3 
3 

4 
19
X 

6 

13 

5 

A 
4 
7 

K 
26 
A 

3. 
A 
4 

-7 
8 
A 
4 
4 

34
A 

38 
< 
5 

'7 
* 
8 
8 

A, 
41 
.A 

27 
A 

16 

112 
1 9 

XA 
1 
16 

19A 

x 

:10 

1 5 

" -1 
18 

X 
1 6 
23 

18X 

27 
X 

2 1 

25 
32 
X 

24 
2.3 

X 
38X 

-1Gunea 
12753 

114 

13676 

56 
X 

86 

50 

80 

15 
-

6 

30 
- -

7 

29 
x 

8 

20 
x 

13 

22 

22 

24 

1 4 

23 
A 

22 

5a11 
Gxrti,a 
Ghana 

268 
312 

4719 
2376 

X 
X 

61 
87 

x 
x 

53 
82 

X 
16 

7 
20 
11 

A 
a 

23 
6 

. 
1 

27 
1 

A 
xA 

16 
1 2 

xX 
A 

20 
1 3 

xA 
A 

38 
24 

qor, Coasi 
,'err,-
Lilsomho 

1/ 

tdaga,.r 
3..a,. 

Ma: 
Mauran1a 

182 
4338 
6903 

743 
785 
632 

4544 
2992 
3999 
538 

X 
87 
84 
92 
78 
42 
92 
91 
93 
90 

79 
78 
60 
70 

'9 
87 
86 
73 
69 

xA 
3 
6 
3 
11 

20 
3 
4 
4 
4 

A 
4 

10 
15 
14 

28 
4 
5 

12 
8 

X 
10 
10 

5 
11 

38 
5 
5 
3 
6 

17 
12 
25 
76 

53 
9 
9 

15 
23 

A 
42 
32 
1 7 
20 

36 
19 
24 
22 
19 

xX 
38 
29 
19 
39 

43 
17 
28 
20 
24 

X 
33 
40 
25 
28 

43 
30 
28 
26 
20 

77 ,h7,77$ 
,'I,1co 

374 
5938 

X 
60 

X 
52 

X 
15 

X 
21 

X 
25 

A 
27 

X 
1 6 28 

X 
31 

M13zambque
r'9er 

4173 
1794 

77
94 

66 
91 

10 
1 

18 
3 

13 
5 

16 
6 

22 
24 

30 
30 

29 
31 

t -e,, 

Pvrnda 

wve'raLeone 
,,"ah3 
South Altca 

St.,an 
S,'.rIand 
1,':ana,Untea Re 

31436 

2718 
2491 
1383 
1994 
11433 

6158 
273 

7909 
1159 

67 

94 
82 
75 
87 
32 

84 
X 

88 
81 

54 

91 
77 
65 
82 
30 

78 
4 

83 
67 

12 
! 
6 

14 
5 

30 

7 
A 
4 

10 

19 

2 
10 
19 
8 
9 

10 
Xx 
6 

15 

21 
5 

12 
11 

8 
38 

9 
Xx 
8 
9 

27 
7 

73 
16 
10 
41 

12 

11 
18 

78 
27 
1 7 
07 
38 
2 7 

25 

25 
2 2 

20 
30 
22 
1 2 
20 
32 

25 
A 

25 
19 

33 
32 
2 6 
1 7 
1 7 
29 

29 
A 

31 
29 

16nsia 

Uqanda 

2arr,l3
Srnbawe 

1646 

5860 
127172263 
"41 

53 
88 
81
76 
67 

35 
83 
75
67 
60 

20 
5 

70 
8 

*2 

3? 
6 

13 
11 
'5 

27 
7 
9 
16 
21 

3 
'7 
12 
22 
25 

14 
30 
1 8 
23 
27 

29 
1 7 
22 
21 
1 4 

29 
34 
30 
33 
44 

NORTH AKMEtflCA 

541 .371,3(17 178 X A A A A X A A A 

Canada 
Co -ra 
Cuba 
Dorn,-3n Reo 

ElSalvacO 
Guatemaja 
Hai 
Honduras 
Jama-ca 

Meoco 
N-caragua 
PanarnA 
Tnndad and T,.ligo 
UnleXdSales 

70695 
809 

3079 
6a 1 

1637 
2407 
3091 
1206 
824 

21961 
B98 
692 
481 

107136 

11 
47 
35 
64 

59 
64 

.7 
611 
34 

50 
57 
46 
23 

5 

5 
29 
23 
49 

so 
55 
74 
63 
35 

36 
39 
33 
10 
2 

33 
20 
24 
13 

B 
1i6 
7 
12 
25 

21 
16 
15 
35 
36 

29 
23 
31 
18 

22 
21 

7 
20 
18 

26 
14 
18 
39 
32 

15 
33 
s1 
23 

23 
20 
16 
20 
41 

29 
27 
:19 
42 
59 

66 
48 
45 
3.1 

28 
24 
19 
17 
47 

38 
47 
49 
51 
66 

27 
36 
10 
2 7 

32 
29 
07 
24 
07 

3 1 
28 
3 1 
1B 
19 

20 
36 
21 
32 

28 
30 
1 5 
33 
26 

31 
.10 
26 
,2 
1 7 

1,1 
28 
1 7 
28 

34 
29 
20 
35 
26 

32 
38 
24 
23 
09 

SOU1THA161EYCA _____ 

Atenina 
B w' 
Bfaz7 
Chle 
C('-nta 

Ecja.do* 
Go nna 
Paraguay 
Peru 
Surina.'7e 

Uruguay 
Venezma 

10691 
1966 

4 406 
3c438 

8297 

2830 
318 
1124 
5705 
108 

.159 
5.369 

18 
58 
49 
26 
45 

54 
X 
55 
50 

A 

18 
30 

13 
50 
30 
19 
26 

52 
X 
49 
40 
X 

11 
18 

34 
20 
17 
21 
20 

21 
X 

19 
19 
X 

30 
24 

28 
24 
24 
19 
21 

1 
X 
19 
19 
x 

32 
27 

48 
22 
34 
f3 
35 

25 
A 
26 
31 
X 

52 
46 

59 
26 
46 
62 
5-3 

31 
A 
32 
41 
x 

57 
C5 

1 4 
1 
2 5 
13 
3 

26 
A 

2 6 
24 
Xx 

0 3 
37 

10 
25 
3 1 
2 6 
28 

26 

3 3 
29 

05 
47 

14 
28 
24 
20 
2 6 

33 
A 

3 0 
3 0 
A 

09 
34 

3'07.0 R E- 77706 
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Atghan'suan 5715F84 79 7 a 9 13 1 9 2 3 2 A 
Bahrain x X X . x x x x x X 
Bang!3dash 32392 J67 74 3 11 10 15i 23 2 6 2 9 
Bhutan 664 f;.'5 943 2 2 3 5 10, 1 9 2 1 
BJrna 1,193FU X 67 x l0 X 23 1.3 1 4 22 

China 480379 4 X 13 X 13 2 4 1 2 i 6 
Cyprus 279 X X X x X X X X X 
India 27!.xa.9 74 71 11 13 15 "16 1.8 2 1 2.1 
h-,cdons,a 52963 71 !,8 9 12 20 30 1 9 2.3 2 4 
Iran I1 5603 50 39 26 34 24 27 31 303 35 

IrdQ 3529 so 42 .1 26 30 32 2,9 3 1 3 7 
Ist -e i 1469 12 7 35 36 5.3 57 3 2 23 22 
Japan 6163.4 26 12 32 39 42 49 117 1 1 0 7 
Jordan 058 41 20 16 20 43 60 2 6 1 4 4 6 
Kamrpujchea. Dem 2722 .9 X 4 X 16 X 1 3 X X 

Kor3,ea.Da P.eop;s Rep 8605 59 49 25 33 f6 18 2C 29 2 7 
Koea Rep 15732 58 1 13 29 203 37 2 9 2 7 1 9 
KU,.,r 4 Lao Feoe SDe n Rep 401163 181. 25 3-l5 346 6,14 6419 5 30 6 7 1 0 9 3 225 
Lebaon 729 '3 11 25 27 17 62 2 5 -01 2 1 

Malaysia 571 C. 50 13 16 27 29 3.2 27 
Mogoaa 676 66 55 1 12 19 13 2 2 26 29 
Nepl 7177 9,5 143 2 2 3 5 10 23 25 

On~in
Pak!!nn 

X
25315 

X
0 

X
57 

9
19 

X
20 

Y
21 

X
23 x

23 X32 X27 

P,hpnes 3 5 46 16 17 27 37 2 1 30 25 
Cytar x X x X X x X , X X 
SIud Araia 2551 69 61 11 14 20 25 39 58 2 
Snga po5 19 76 2 2 31 .0 59 34 2.3 1 1 

Sr; i.znka 55;4 E"6 *.4t 14 14 -ND 32 2 0 2 1 2 2 
Syran Arab Rep X 53 33 20 31 27 36 3 5 40 
Thaar, 2,357 62 76 5 5 13 15 24 3 1 21 
TUey 19.442 74 54 11 13 15 33 1 2 20 22 

United Arab Emratles
V,e anm 

X
25782 

X
79 

x
71 

X
6 

x
10 

X
15 

x
19 XX X

X X29 

Yr, 1701 41 75 8 11 1 14 26 1 33 
Yemen cDem 512 608 45 16 15 16 40 1 1 18 33 

Albania 1257 69 61 19 25 2 14 24 26 24 
kosira 3430 19 9 45 37 3 54 -02 0 9 03 

e1gurnBulgaria 4C07A687 651 337 4,5
28 4139 4820 5,624 0 5 06 03701 03202 

Czecho~lo,,.kia 769q "I 11 48 48 .1i 41 0 H 0 6 0 6 
Denma,, 2483 14 7 37 6 49 58 06 04 25 
Finland 2412 28 11 33 3 39 54 05 -04 04 

France
German De Rep 236288922 is15 810 A')49 3.3E6 422 5340 0 704 1 008 0 603 
Gmanv Fe7 Ge29525 10 5 1A 42 42 3 23 08 -01 

G7ce 4138 51 37 22 8 27 J5 01 09 205 
H,4ga2y 5207 32 25 39 20 21 05 X 01 
Ieixp1e 1304 31 18 26 37 41 45 052 5 1 5 
Ita r, 2165 24 11 42 45 34 44 00 06 02 

Li )m e,,Jufr x.X x X X x x x x X 

M3aria
Neihela,rs 

122
5605 

X9 X
6 

x
43 

x
45 

X
48 X9 X1 4 X1 4 

x05 
Nzir4a, 1,68 15 7 3 37 48 596 4236 037 
Pland 20395 44 31 32 9 24 30 1 7 1.2 08 
Porluga, 3892 39 28 20 35 30 37 01 39 06 

Roaan., 12372 58 29 19 23 35 06 05 07 
Spa.r 13428 7 14 35 43 31 46 04 12 0 
SU,,riA 3w4 11 5 43 34 46 61 07 04 04 

wsntnnar_ 3248 79 5 50 46 40 49 15 04 01 
lJnY:'.L K,N Jom 26241 3 2 46 42 51 56 012 4 02 
rugo.3awa 10493 57 21 21 35 22 36 07 05 26 

e 136140 33 33 45 34 41 08 1 1 06 

ABrara 676 10 6 3 33 52 61 25 1 02 

F ,
ND',, Zealan 

227
1289 

l~Ii~ary520732 x
13 

X
10 
2 X36 

39 X35 
3 I51 

29 X55 
38 X20 

0 x1 2 X10 
21 

Papia New Goa 1678 88 8 5 7 10 019 1 4 22 
SraDM IsFeO -9ancs x X x 4 4 X X x X 

Sourcet: Irnternatonal Labor O £}antZalion. U N Food andl Agricur ue Otanzathon 
X - noe.av,,abteFor aw,o413 orma37on re2 a501 T0h9 al No720s 1n 27 
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T o3 WORLD COMMODITY PRICE ARD IND-E(XES, 1961-84 
COMAt4O0ITY IhlO8XES (tr:6t,:rg1),6.:u4 6,.m- csai 17 - , 

u 40o) 
1011 1992 1933 104 11.6 193.5 1"07 19,10 13181 19170 

7u 7 'S7793 94 130 117 92 87 86 91 100 
FKV11v(1(ES 70 63 67 73 71 cc C,3 G7 68 7? 
C-PEALS
iATS ANOJ OILS 

128113 143107 143113 138114 '35126 1441
116 

150
108l 

153
ill 

153
109 

126
116 

OIHER FCIDS 103 107 241 179 93 81 K3 89 122 122 
LyFOD AGICUlrURAJL 

T', EfR 
139 

78 
141 
87 

130 
84 

129 
70 

120 
.31 

120 
80 

113 
84 

125 
92 

132 
88 

112 
85 

ML A! S AND MINERALS 129 127 124 149 170 173 143 156 169 161 

CC*AUGDM P13=- (0-nV1.to p in )c'm3t39 
1(IM 

i2A 
1952 

r 
'1.0 1 VI 100)5 19a;i 1.07 190( IS69 1970 

Ccx:cu Crrm. 049 046 055 0.51 037 052 060 072 090 068 
mkq)cqdlard 1 74 169 2.01 1.79 130 1 74 196 254 3 15 214 

Cob"o cure-'Y 079 0 Y3 075 103 091 090 083 083 090 1 20 
(kg) ccv3.- 256 2 71 2.7,4 365 347 300 274 290 3 13 380 

Tea curreN 136 1 38 131 133 12D 1 26 1 27 10"5 097 1 10 
(19) cOn'A4r 489 502 475 470 4.55 4 19 4 17 367 338 346 

(IcNe Cufrr.'r1 1 ,M5 152.8 1433 1377 1.363 1632 205 8 2016 1689 1440 
(.'Thc lol crrofian 491 0 557 7 521.1 4F8.3 4799 5440 677.0 7074 6490 4543 

(Xro,.urn curreNr 426 156 480 48.2 472 51.7 504 4655 501 518 
rrvlrxE ton) C.rivanI 1532 1664 1767 1709 1652 1723 1658 1b3 2 1740 1634 

Maize curre:q 459 51 4 547 55,8 550 594 49.9 49 1 539 584 
tro,lc)n con'are 1651 1875 1989 197.9 1917 19d.0 1(A. 1 1723 1872 184.2 

'lOrrea junr -1 595 599 592 636 581 621 617 584 532 570 
trlnrr!on) c,r.Iar 2140 2186 215.3 2255 2344 207.0 203.0 2049 195.1 1798 

Jga" curreTff 006 006 018 013 004 004 0.04 004 007 008 
nkq)w.ns l 021 022 067 045 0.16 013 0.14 015 025 026 

R, current 0 68 071 067 0 84 0 6 102 1 04 109 1 22 1 30 
(k) CoI.,'ar 245 2.61 243 298 311 341 342 381 425 4.11 

Fiarw'rms current 0 14 013 017 0 17 0 16 015 016 015 0.16 0 17 
( ol corlsar 050 048 061 0 GO 056 051 052 054 0 55 052 

Ccx:ornutOd curre. 2535 251 3 2863 2965 3478 3238 3279 399 2 361 2 3973 
(N)C CC rdJIN 911 9 9172 1041.1 10514 .12247 1079 3 10786 1400 7 1254 2 1253.3 

Grxr~rtdw Od Curre" 3307 2745 26 4 315,3 32 3 2962 2832 2707 331 (5 3786 
rTf)e Cr) co art 1169 6 10018 9760 1118 ; 11401 987.3 9316 9498 1151.4 11943 

Pan O0 curr 2320 2163 2224 2395 2725 2350 2236 166 9 181 2 260.1 
lm rc Ion) cont.lart 83A 5 7894 80 7 849 3 959.5 7853 7355 592.6 6292 8205 

SayIoxin Mt"4 curreft 97 39 91 89 97 107 99 9-8 95 104 
(r-erirc Ion) conrarv 349 325 331 316 342 357 326 344 330 328 
F-,timmlJ CurreNt 131 148 145 1C51 190 160 134 129 172 197 
(rw-trxl Ion) caxmrr 471 540 527 571 669 533 441 453 597 621 

C,.wl currt 067 0 65 064 064 063 061 065 0.67 061 063 
(kg) corrXa'4 241 2.40 233 228 220 202 214 236 2.11 199 

J,,e currn 224 9 18.16 1790 2230 254 0 3060 2w 0 2710 286 0 2740 
('rrrc OtI) con8.-r4 8090 673 7 6509 7908 6944 10200 9540 9500 9CL3.1 8&14 

Wool crrenL 194 193 227 237 198 2.18 1 8 1.71 163 1.46 
(kqn) const nt 699 7.05 86 840 697 728 6.11 6.01 564 462 
Rubee curerq 064 060 0%0 053 0.55 051 044 0 0 55 045 
(,.j) conoJa' 229 2.19 204 188 1.94 1 70 1 45 145 192 1.42 

Lo,3l currefv 300 329 321 27.4 31.7 333 35.6 36.5 352 37.2 
(cu ,re1BI) ccCK=rl 1079 120 1 1167 97.2 1116 1110 1171 1211 1222 1174 

Coal 
(nrnetr ton) 

curru. 
con,4y 

1006 
36,19 

1008 
3679 

1006 
3658 

1014 
35.96 

1022 
3599 

1024 
3413 

1057 
34.77 

10 80 
3790 

1148 
39 86 

;4.7 
4659 

PcuroltUm Currwrf 1 5 14 1.4 13 1.3 1.3 13 13 13 1.3 
barrrA cc'ra31!l 54 5.1 5.1 46 4.6 4.3 43 46 45 41 

GdnoIno currwen X 11 X X X 30.5 261 195 213 
(m1,.,rrIo) consrt X X X X X X 1003 91 6 677 672 

Aumnururn uculr" 561 527 499 5m3 540 540 551 50.4 599 633 

(rnr.c M) rae1l 2018 1O23 1815 1,55 1901 1800 1813 1979 2,4.0 1997 

Rlucta currei 75 75 75 75 75 120 12.0 120 120 12.0 
(frrc o) co,3-A 27 0 274 273 266 26 4 400 395 42 1 41 7 379 
Crct cu'reN 633 644 616 968 I.0 150 1138 1241 1466 1413 

(m-',rv' kn) ce.i.ar 2177 235 2349 3433 4542 5100 3743 4a54 500 4457 
Lead curro,' 176 154 174 278 317 262 229 240 289 334 
( Incto-r) r",r, 633 562 6,T3 e8 1116 873 753 842 1003 959 

cTh,Curtfl 2,47 2471 2507 340 33"13 3574 3331 3126 3428 3673 
(r,,ncIon) mar±1yt 88"32 9018 9116 12005 13706 11913 10957 10368 11903 11587 
Zr. -urrt 24 105 212 324 311 2'82 273 262 287 295 
(metrc wo) cyirtanm 170 675 771 1149 1096 94 833 919 997 931 

!trn06e curr&t 115 10 10.1 10.1 10.1 99 8.7 834 84 93 
(frncltm) cornnl 41 4 394 26r 7 358 356 330 286 295 9J2 293 

Man. Vwl Ore curut O7 086 081 0868 075 076 0.72 0 62 052 0.54 
('0 krj Mn) Con1ra 3 13 3.12 2.95 2.42 2.65 253 238 2 18 181 1 72 
Nckel curraoy 1711 1761 1742 1742 1735 1739 19,36 2075 2363 2846 
rr<4rvrtc,') cc,-wot G155 6A27 6335 6177 6109 5797 636 7281 8205 8978 

So curment 1062 109.5 1095 109.5 107.3 109.3 102.0 945 1005 1249 
(mar ton) corrrejl 389.2 399.6 3%-.2 3,3 377 8 34'4.3 3355 331.6 340 3940 

P-l F pR -k ceurre 13.0 115 115 12.5 140 13.0 12.0 11.5 113 110 
(nnv l ln) Crn 468 420 41,8 4.4.3 493 433 395 404 392 347 

WX:32RESOU4.C46olA 
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_!271 197 1973 1974 11V75 190 21 1G7 108M1070 15 l2NI7 IN 
91 9 124 178 8 1 109 120 92 92 117 95 74 76,0
5 56c 62 57 ,10 89 139 88 62 67 5p1 61 C4 71112 109 187 216 148 119 101 103 97 107 119 88 98 92108 96 165 152 89 93 107 96 99 54 84 69 83 D6126 167 172 381 2.10 147 105 92 103 223 151 91 96 66104 98 130 116 89 110 10,3 05 102 109 (01 w, 102 9780 72 10c5 101 88 79 125 131, 11167 92 109 107 1:.
127 115 140 152 115 110 105 a1 105 10M6 102 U5 8 91
 

1071 1972 1973 1074 1975 1176 1077 170 io 189 1k31 11t2 19P3 1931 
0.54 064 1 13 1 V 125 2.05 379 340 32. 2.61 2.08 1.1 2.12 2.401.56 172 251 278 1.94 313 5-M 4.10 3.50 2.6.) 2.17 1.84 2.32 x 
099 1 12 1 53 1(2 185 3.30 6.79 320 3.111 458 2.87 317 3.15 3.30287 2.98 339 287 289 505 952 3.R5 4.21 4.58 4.04 3.37 3.45 X 
1.05 105 103 1.140 1.39 1.54 269 2.19 216 2.23 2.02 1.fk 2.33 346
3.06 2.97 235 249 216 2.35 3.81 264 2.34 2.23 211 2.05 2.55 X

1290 1470 3500 542 0 363 1 2545 272.2 367.5 334.2 -133.9 482.8 292.S 276.9 2E2 13750 309.9 7778 951.0 566.5 389.7 356 442.8 359,0 431.9 504.0 311.3 303.3 X 
557 560 930 121.0 111.9 105.2 93.8 1289 12 4 12838884 1031 108.5 1182

161 9 1"485 20 7 2145 1746 161 1 1252 '13 0 117.3 128 Z" 131.9 115.3 1411 X
584 560 980 1320 1196 112.4 953 1007 1155 125.3 1308 109.3 136.0 1359

1698 1485 2178 2340 1866 172.1 135.0 121.3 1251 125.3 138.5 116.2 1490 X
62 1 691 1368 1780 138 4 1227 95.5 124.9 15.3 160.3 154.6 132.6 137.3 140.2

1605 1833 304.0 3155 2159 1879 135.3 150.5 169 3 1683 161.4 140.9 150 4 X 
0.10 016 021 065 045 0.25 018 0.17 0.21 0.63 0.37 0.19 0.19 0.110.29 043 046 1,16 070 0.39 0.25 0.21 0.23 063 0.39 0.20 0.20 X 
135 148 201 1.58 133 1.53 1.51 2.14 288 2 76 248 239 244 2.27
3.91 3.93 2181 242 213 25.8 2.75447 207 3.08 2.58 2.54 267 X 
014 0.16 017 018 025 026 028 029 033 0.38 040 037 0.43 037041 043 0-37 033 0 39 0.39 039 035 035 0.38 042 040 0,7 X 

3705 234.2 5130 9980 
 3935 .1180 5782 6833 984.5 673.8 589.9 464.4 7299 1155.0
10770 6212 11400 17695 6139 640 1 1319.0 023 1 10.66 673.8 594.9 4935 79.5 X
 
440 7 4259 5462 10768 651.0 741.0 852.3 1079.2 C.8 7 8.58.8 10430 584.9 710.9 1017.01281.1 11297 12138 19092 1137.0 1134.8 1207.2 1300.2 00,2.8 858.8 1038.7 621,6 7786 X 
2"61.1 2173 3775 6690 4342 4065 530.0 W002 653 5.5 570.7 445.1 5014 7290
7590 5764 8389 11862 677 4 6225 750.7 723.1 708,3 53.5 595.1 473.0 5492 X 
105 129 302 184 155 198 230 213 243 262 253 219 238 197
305 342 671 326 242 3Q3 326 257 263 262 284 232 260 X
 
167 239 42 372 2.15 376 454 410 395 504 468 353 453 373
485 634 1204 660 382 576 643 494 428 50-1 489 375 493 X.

074 079 136 1 42 " 16 169 1.55 1.57 1 69 2.05 1.85 1.60 185 1.79215 210 3.01 251 181 2.59 2.20 1.09 1.113 205 1.93 1 70 2.0 X 
2860 2990 289 0 353 0 371.0 2956 320.9 3984 3874 3136 275.0 285.8 302.2 530.8
831.4 793 1 642 2 6259 5788 452.7 454.5 523.7 419.7 3136 287.1 3037 331.0 X

1.37 240 5,14 367 274 341 3.58 3.75 443 4.60 2.48 3.93 3.64 367
399 637 1141 651 4.28 5.22 507 4.52 4.80 4.60 446 4.17 3.99 X 
037 037 078 077 067 087 0.91 1.05 1.29 1.54 1.17 091 1.15 102
1.07 0.99 173 1.37 1.04 1M.3 1.29 1.27 1.39 1.54 1.22 096 1.25 X
380 376 656 78.6 593 796 898 91.8 160.2 192.9 144.6 145.2 135.2 151.0 
1105 997 1458 1394 925 1219 127.2 1108 1736 1929 1509 1543 1481 X 
17.35 1916 2090 44.52 
 53.56 54.26 55.71 56,50 55.70 5305 5340 57.47 57.77
5043 5082 4644 7894 8202 76.80 67.16 61 21 i5.70 6063 5994 6295 X 
17 1.9 27 112 .09 11.7 12.8 12.9 186 205 344 33.2 291 285
49 50 60 199 17.0 17.9 181 155 202 20.5 35.9 3,53 31.9 X 
25 ! 304 878 1311 1203 137.9 131.6 1600 3350 35,0 354 1 3236 2839 2591
730 806 1951 2324 187.7 211.2 1864 192.8 362.9 359.0 3&96 '3Q 9 311.0 X 
639 58? 551 752 877 978 1132 1170 1310 153.4 1676 1676 1712 178618.58 154" 1224 1333 1368 1496 1603 1410 1419 15,34 1749 1781 1875 X 
120 120 12.5 232 253 27.2 30.8 34.2 366 41.2 400 35.0 347 33.2 
34.9 318 278 41 1 395 41 7 436 413 096 41.2 418 383 380 X 
1080 1071 1786 2059 1237 1401 1309 136.5 195 21M3 1742 1460 1592 1379

3140 2841 3969 3650 1930 2145 1854 1645 2151 2183 1018 1573 1744 X
254 302 430 593 417 445 618 662 1206 906 727 546 425 444738 801 956 1051 651 681 875 798 1309 900 759 580 466 X

3501 3770 4828 8201 0070 7582 10762 12909 15458 16775 14159 12826 12988 1227310177 10000 10729 14541 10718 11611 15244 1555.2 16748 16775 14780 13&0 14226 X 
309 377 851 1239 743 712 591 593 ',2 761 846 745 764 922
898 1000 1891 2197 1159 1090 837 714 804 761 W93 792 837 X
105 108 101 128 193 161 13.4 159 143 176 185 193 216 171
305 28'7 224 22 7 301 247 190 192 155 176 193 205 237 X 
063 064 075 112 138 145 148 143 1.38 157 168 164 1.52 1.13
1.83 1.68 166 199 2 15 222 210 1.72 149 157 1 75 1.74 1.66 X

2932 3080 3373 3825 4570 4973 5203 4609 5a1C 7520 7560 7055 7055 70558523 8170 7496 6782 7129 7615 7370 5553 6485 7.528 7891 7497 1727 X
1371 1574 2079 2500 3008 3295 3200 391.8 4283 46,0 3755 4024 3,118 35323986 417.5 4620 4693 4,33 4721 4640 3920443 3 04 6 4550 4276 3634 X 
113 11 5 138 545 67.0 360 305 290 330 467 49.5 424 369 383 
32.9 305 107 966 1045 551 43 2 34.9 358 467 51.7 451 404 X 

Source: The World Bank. X - not ave4ableForPdd.Waj inofmwxo,. s6e Sorcss end TchrmaJ Notes. 
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Sources and Technical Nqmle 

"Thble 1.1 Gross National
Product, 1960-83 

Sorces: (Nl' l Woirld 1iank. hT'e oirld;,Uik
Atlfs 198,5,
(he A'orld Bank, Washing-
too, l985) GNP gnw th rates: unpublisied
Worid ink daia Gri, rticsh) Product 
data:"F,'
Wod Bank, . th,N lopneo't
Report 115 l -'id 
 Pr New 

ork, . pp.~I . f-I 79. 
Grma; National Plni;,ic is the sum of two 

coml nents.output ofIh Gross P,.nemeic Prodict, tilefinal 
 goods and services prorduced
by the doniestic economy (inclding net ex-

ports ofgoods and nrir-aitor rervices). andret factorincone from abroad. Net factor in-corte from abroad is income residents receive 
on a net basis lumn abroad frfactor services 
(labor, inrvrstmeret and ai'reAt). Gross
Domestic Product was cstinimat-dby the pro-dcltion method. This method sums tire final

oUtputs Ofthe various sectors ol the economy
(agriculture. tianufacturiig, goverrment ser-
Vices, eLc.) frnoi :wh the value ofthe inp~utsto production have been subtracted. 
(rossnational prtuductindomestic currencywas coni'4-rledI, US dollarsusing a three-year a,.erage em.change rate. adjustd for


domestic 
and U.S inllation. 
The average annual percentage change of
GNP was calculaterd
by filling a least square


regressin line ti 
 the loiaritlrnic values forGIL 
Flre agriclt ural sI-,:(tr it eludes forestry

hunl.ii aid ifisrig; the indi;tril sector in-

(rlides tinlini, ilainutactriritrn. conslruction,
,:leclricity water, and gas; and the service see-
1,,r
sir rirnaz salloher erconomic activitylltecause a izeable frotin ofagricUltuIal,forestry, hulllRiug,and fishing output does riot 

enter tire money economy (especially in

coveloping countries with large subsistence 
POllatUlrsi. 
secrir and ot 

?'routput ofth agriculturalGDP art iftondifficult to
eStimate. 

Tire Gross Natioal Fi'ducl data are pro-duced by countries that ore a market-oriented 
syshteofnational accounts. Over tireyears,World Bank economists have reviewed the
national income accounting practices of devel-

oping 'untries and adjusted theirnational 

GNP figureS to conmmonfit de initiousIO. 
'conomrc Analysis and Prowj-eion DepartmenOfithe Bank re'ievcs country data annually

and ftitheradjusts thbem s needed. 
For additional information on pro,:dirri-s

used to estimate GN ,see the lichnicAl
Notes.
Worid Development Indicators Annex, Wrld 

fl'oprnent Reort 

"ablo 1.2 Labor Force, 1965-2000 
Soulfres: Total labor force data: U.N. Fi:od

and ARiiculture Organization (iAO), /IO P>-
ducriuo h'rrhook 1983 (U.N. FooxdaridAgriculture Organization, Rome, 19,1)

pli 
 61-72. [ibor force by economic sector 
and labor force growth rates: FileWorld 
Bank, brld Develo.,ment Report 198!;
(Oxford University Press, New York, 1985).
pp. 214-215. 

The labor force is made up of all persons
who work to produce economic goods and

services It includes all employed persons

(employer-, persons working on 
 their own ac-
count, salaried employee, wage earners, un-
paid family workers. members of producer
coxiperatives arid armed forces) and all the

unemployed, both experienced 
 workers and

those looking for work for the first time.
Tfie labor force sectors correslxn d to the 

production sct(,rs used in Tlle 1.1. 

Most of the data were originalty compiled


by tIn iternational [irbor Organizat 
on (1tj))frim national ceirsuses and laxr surseys. The 

ILO standardizes latbor 
 force data to a base
year (1970) arid prepares estimates and proj..c-

tions
ofthe size atid sectoral composition oftit labor force forthe years 1980, 1990, and20(Wt.Tire 1W estimated the size ut the 1970

labor force using data collected from popula-

lion censuses and labor force and 

denographic surveys. Datawere foreach countryadjusted to fit the ILO definition of
economically active. Tire most difficult groups 

Ioestimate were 
the unpaid household

workers (mostly female) and young people
working on family farm&

When data for 1970 were unavailable, 
estimates were made based on experiences in 

culluraily 
 similar 

fie 

and socially coiItries. For 
h 1) estimated roiLsing data for 

Jordan, &.i Arabia, Yemen, and DemocraticYernen by anaivzing recent restis of censuses
from ten other Miamric countrie.
 

For a (ornplolit discussion 
 of definitions arid
nelhods, see Lgbor Force Estunates on q Pro.
jechims 1950-2o00 (International Labor 
I )r.arrization, Gneva. 1977). Data for the
lSt) base year will be published in early
1986. 

lab'e 1.3 Word Corniodity
Prices and Indexes, 196I-8,4 
Sources: 'lre World Bank, Commodir Tradeaind 'rie Tiends (lie Johns Hopkins Univer
,ity
Press. Baltimore, Maryland, 1985), and 
unpublished World Bank data,


Price data are compiled frort major
marketplaces for standard grades of each 
commodity. For example, the gasoline series
refers to 91/92 octane regular gasoline, in
barges, fob (free on board) R,.tterdam.

Average monthly current prices in local cur
rencies were converted to U.S dollats using
the monthly avara.ge exchange rate. The
rnonthly average U.S. dollar figures were 
averaged tisproduce an annual average dollar
figure. Th-e resulting U.S dollar series was adjusted to 1980 conatani dollar-iusing the
 
Mamofactiring Unit Value (MUV)Index. The
%IljV Index isa con poite price iidex of all
manufactured goods traded internatinsally,

'rhe aggregate price indexes hartutiIe
 
ifto',,ing ccnotnents:
 
I. AllFoods: beverages., cerealK. fats and oil. 

other ooLs;
2. Beverages: coffee. ccoa, tea;
3. Cereals: Maize, rice, wheat, grain sorghum;
4. Fats arid Oils: palm oil, coconut oil, groun

nut oil, soybeans, copra, groundnut meal, 
soybean meal;5. Otler Foods: sugar, bcef, bananas, oranges;

6.Non-food Agricultural,: coton, jule, rubler, 
tobacco;
 

7.Timber: logs; 
8. Metals and Minerals: copper, tin.nickel,bauxite, aluminum, iron ore. manganese 

ore, lead, zinc, phosphate rock. 
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2.Population and Health
 

The tables in this chapter deal with the size and growth 
of population and include a few important indicators of 
the state of health and education. Tables 2.1 and 2.2 
present national, regional, and global data on population" 
size and growth and on two major factors that determine 
population change--birth and death rates. These statistics 
and those on age distribution (14ble 2.3) and infant mor-
tality (Table 2.4) are taken f,-om periodic asessments by 
the Population Division of the U.N. Department of Inter-
national Economic and Social Aifairs. 

Of the 146 countries shown in these tables, 128 con-
ducted a national population census or major population 
survey between 1970 and 1982; 14 conducted a census 
before 1970; 3 (Somalia, Oman, and LuaPDR) have not 
conducted a modern census, and 1 country, Ethiopia, 
conducted its first census in 1984. Although the number 
and frequency of national censuses have increased over 
the past decade, their quality is sometimes poor. Inmany 
.frican countries they are inadequate and the U.N. 
Po,,ulation Division must substantially adjust the figures. 
Censuses are generally good in Ltin America. in Asia, 
the results from recent censuses in India and China--the 
world's two most populous countries--could not be fully 
incorporated into the U.N's 1982 assessment. 

Crude birth and death rates along with net migration 
are the three basic determinants of population change in 
a country. When birth rates remain relatively high and 
death rates decline, the population increases rapidly, as 
many developing countries have experienced in the past 
20 years. When both birth and death rates decline, the 
population growth rate also declines. In Australia, Canada, 
the United States, and some of the oil-rich Middle East 
countries, immigration has considerably increased the 
population. In other countries--Afghanistan, Ethiopia, 
Lebanon, arid Viet Nam, for example-emigration has 
had the opposite effect. 

Crude birth and death rates are heavily influenced by 
the age structures of the population, as shown in Table 
2.3. In Kenya, Botswana, Rwanda, and many other Afri-
can countries, ii:rre than 45 percent of the population is 
under 15 years of age and only 1 or 2 percent is over 65 
years. The reverse is true in Europe: in Sweden, Switzer-
land, Denmark, and Norway, at least 15 percent of the 
population is over 65 years of age and about the same 
percent is under 15 years. Age distribution also has 
important implications for economic development (essen-

tially, the middle group must support the other two 
groups by providing services such as education, jobs, 
social welfare, and health care). 

In addition to crude birth and death rates, Table 2.2 
gives figures for two synthetic indicators used tu analyze 
population and health bends. The "total ferility rate" is 
an estimate of the number of children ani average 
woman would have if current age-specific fertility rates 
remain constant d. ing her reproductive years. Total fer
tility rates have faJIen vorldwide !rom 4.9 in 1960-65 to 
3.55 in 1980-85. Currently, tile highest rates are for 
women inKenya (8.1), Jordan (7.4), Rwanda (7.3), and 
Libya (7.2); they are lowest in Switzerland (1.3), the Fed
oral Republic of Germany (1.4), Uixembourg (1.4), and the 
Netherlands (1.4). 

"Life expectancy at birth" is a common measure of 
mortality. Many developing countries have achieved 
impressive gains in life expectancy at birth largely 
because infant and childhood mortality have been 
reduced. In Africa, infant mortality declined 27 percent 
between 1960-65 and 1980--85, in Asia by 35 percent, 
and in South America by 37 percent. But in many coun
tries one of ten babies still (lies in the first year of life. 

Food supplies are inadequate in many countries, as 
Table 2.4 shows. India, ior example, is able to supply 
only about 90 percent of the calories, needed to feed its 
population. Yet in other countries-Libya, Ireland, and 
Bulgaria, for example--calorie supplies, as estimated by 
the U.N. Food and Agriculture Organization, are in sub
stantial excess of requirements. The "minimum daily calo
rie requirement" is the energy intale that is adequate to 
meet the needs of an average healthy person. It is impor
tant to note, however, that the figures are national aver
ages and therefore do not reflect sharp differences in 
access to food between the rich and the poor in a coun
try. Nor do they reflect the amounts of dietary energy 
lost or wasted during storage, preparation, and cooking 
of food. 

The growing use of contraception, also shown in Fable 
2.4, indicates that many families desire to control the 
number and spacing of children. It also indicates the 
growing demand by women for preventive health care. 

Most countries attempt to provide basic education to all 
children. An important indicator of their success in 
achieving this social goal is the percentage of school-age 
children wlho actually attend school, as shown in Table 2.5. 
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" 2 ST vIF SIZE AND GROWTH OF POPULATION, 
El . E~tfr~t fl tmfid AwmErlirnMtd Avar~ug: #,nui aa.. .pua 

P' ,:llizcofm Grwith of Poputiilon 

193 19615 200 1960-US 1970-75 1900-05 2000-0S 

3013018 qP.1204'J 6127117 1.06 2513 1.67 1 .3 

AF,4,,. 277541 55.211 8T7436 2.44 2.7d 3.01 2.96 

10800 21993 35194 198 306 328 250 
,816 1754 13234 1,5 309 251 281 
2251 4005 681 154 233 286 3 10 

481 1079 1865 263 3 77 346 365 
4279 F,39 1054165 185 234 282 

3,, 2927 431 6951 i67 162 267 251 
',eroo 

Cap.e Vede 
5545 
195 

9714 
3,21 

14424 
382 

195 
280 

224 
197 

254 
; 36 

262 
091 

C,,-Mrai Arcan Rep 1605 2567 3736 1 18 1E5 229 258 
Chad 3064 5018 7304, ; 69 1 97 2 28 257 
C ,moLic..
C,.go 

215
972 45!

1740 
715

2646 
225
206 

340
237 3 04

?59 
236
284 

DpbI.1 78 293 X X 560 200 X 
Fgyl 25490 46800 65200 250 195 252 1 89 
Fcr-tonalGumnea 252 392 559 1 33 1 78 2 15 240 
Er ona 20021 36454 58407 232 265 2 60 302 
Gibtor 867 1166 11 087 108 164 274 
Garrtia 
Griana 

374 
6772 

643 
13478 

898 
21923 

2*8 
2.79 

223 
258 

194 
325 

232 
293 

Gu:rea 3271 5429 7935 168 201 233 256 
,,u nea.Bsau 540 889 1241 -056 355 1 91 2 32 
l,.yCoast 
Kenfa 

3731 
7903 

9797 
20600 

15581 
38534 

380 
348 

395 
387 

344 
4.12 

292 
389 

L.,oho 871 1520 2251 201 2 18 253 261 
.,beria 1047 2191 3564 258 294 3 16 318 
Libya
Madagasca, 
Malawi 

1349 
5362 
359 

3604 
10012 
7016 

6072 
15552 
11669 

370 
218 
238 

403 
248 
269 

384 
280 
323 

300 
2.93 
333 

Mahi6
id.mjtana 

4636 
981 

8053 
1838 

12363 
29"399 

193 
235 

200 
2 61 

278 
293 

274 
301 

Matilus 660 1050 123 318 3 47 190 109 
Morocco 11626 23602 36325 2.73 .?45 326 2 40 
Mozambque 6546 14065 21779 2 08 355 305 287 
Nigo' 
N'qeria 

3234 
42305 

6115 
95198 

9750 
61930 

289 
260 

236 
335 

282 
334 

3 15 
349 

A .vanda 2753 6115 10565 296 3 19 346 3 58 
Snegraj 
SIerra Leone 

3041 
2475 

6520 
3602 

10036 
4068 

264 
133 

348 
1 43 

266 
177 

292 
2 12 

Somal'a 2271 5552 7079 198 227 371 276 
Sout'i Africa 18281 32392 46918 212 227 248 228 
Sudan 11165 21550 32920 203 289 286 254 
Sw.iland 338 649 1041 231 252 303 305 
Tanzania. United Rep 
Togo 

10026 
1514 

22499 
2923 

,'g129 
4599 

269 
144 

325 
2 17 

3 52 
256 

362 
303 

T__,,_ __ 4221 7209 9725 185 1 81 241 156 

Ugad.a 6562. 15697 26774 4008 268 350 336 
Zare 17755 33052 52410 190 2C5 294 3.10 
Zamoa 3141 6663 11237 2.80 289 331 349 
Zrnab.v, 3604 8767 15132 4 13 3 17 350 359 

NORTH AP ,A26854 400603 48,073 1.85 1.57 1.38 1.13 

Barbado 221 265 307 039 039 082 090 
Canada 17909 25605 29,135 185 120 1 21 069 
CostaRca 1236 2600) 3596 3663 2 52 264 1 72 
Cuba 7029 10038 11718 210 1.70 062 076 
Dcm,"nrcanReo 3224 6243 8407 291 2 85 232 174 
ElSaivado 
Gualenaia 

2574 
3966 

5552 
8403 

0708 
12739 

309 
303 

291 
307 

2 93 
292 

262 
244 

Ha~i 
rHond-ras 

3723 
1943 

6585 
4372 

9E6 
6978 

2.11 
341 

226 
3 18 

251 
339 

2.70 
308 

Jamaica 1629 2323 2VA9 1 55 1 78 136 1 13 
Mexico 
r1'caragua 

37073 
1493 

78996 
3272 

109180 
5261 

320 
319 

323 
J 20 

259 
332 

170 
2.72 

Panama 1148 2.80 2893 289 265 2 17 1 48 
TrndarJand Totago
Unfeo Slates 

843 
180671 

111 
237660 

1321 
2C5079 

290 
I 46 

1 04 
104 

092 
086 

100 
068 

SOUTH---A4 3CA 14174 268525 35951 2.75 2.33 2.24 1.63 

Afq~enlino 20616 3056.4 37197 1 55 1 67 158 113 
B,.,a 3420 6371 9724 227 2 48 269 282 
Brazi 72594 135564 179487 299 2.39 223 1 51 
Cnmle 7585 12074 14934 230 1 70 1 68 1 15 
CO3Cntba 15530 28714 37999 307 2 16 2 15 150 
Ecuador 4422 9380 14596 299 291 3 13 2.57 
Guyana
Paraguay 

569
1778 

953
3681 

1196
5405 

252
254 

189
3 19 

1 95
300 

121
216 

Peru 9931 19698 27952 288 2 78 2 60 1 91 
Surname 290 353 423 272 -029 006 1 58 
Uruguay 2538 3012 3364 1 19 014 070 065 
Venezueta 7550 18386 27207 3.38 358 326 2A4 
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1960-2005 2 
E 4n1 . riantad Average/ arnu:rI 

Papui,,on 
 Cro'41h J)? FopUt~on 

Anlyin s-n 
Bh,'an 
rnlsh 

Bhutan 
Burma 

C -ina 
Cyprus 
India 
I"vo;e.si 
Iran 

Iraq 
Israel 
,Japan 

Jo~rcan 
,ampchea, Oerm 

Ko'a.Dekm Pceples Rep 
Korea.flp 
KUjwa 
Lao Peole's Dxm Rep 
Let__ncrn 

Majoa 
Mo9ioa 
Nep,' 

Ol, n 
Pakjan 

Firhprpxs-. 
Qatar 
Saud,Araba 
S-ngiapoe 
SriLnga 

Syrian Arab Rep 
Thailand 
Turkey 
UrlodArab EmiraCes 
Viel Nari 
Yemen 
Yemen. Dem 

190 

165557] 

10016 
156 

51565 
857 

21780 

O67322 
573 

431463 
9194 
20301 

6847 
2114 
1940". 
1695 
543 

10528 
2503 

278 
2355 
1857 
8205 

931 
9404 

505 
50093 

27904 
45 

4075 
1634 
9899 

4561 
26367 
27509 

90 
33923 
4039 
1208 

10 5 

2e 08 

14636 
431 

10117 
l417 

.49487 

1063105 
637 

761175 
164.M17 
4510 

15676 
4228 

120072 
3509 
7393 

2-.582 
40672 

17M 
.1423 
268f 

15.551 
1900 

16432 

1228 
10169 

5470-
301 

11240 
2572 
16404 

10581 
51571 
49974 

1312 
59451 
6547 
2124 

2X0 

34303 

24180 
641 

145100 
1693 

55'18, 

1155 56 
759 

.,1531 
204486 
.5a.49 

249 
376 

1276,13 
6400 
9"918 

2725 
4M9485 
2959 
6213 
3l 7 
21015 
2673 

23048 

1909 
1425414 

74810 
469 

1894 
2976 

20843 

18102 
66115 
68A66 

1916 
78129 
9859 
3309 

1960-63 
2.14 

208 
404 
247 
181 

2.28 

1.76 
0.32 
2 50 
214 
341 

305 
3 85 
0 9 
z93 
2.45 

279 
264 

10.53 
2.37 
29.1 _ 

300 
278 
1.90 

246 
2.66 

3.04. 
8,84 
3.25 
281 
243 

3.10 
3.02 
249 
936 
219 
2.13 
2.24 

_ 

1970-73 

239 
4.29 
2.77 
205 
240 

-0 19 
2.31 
241 
3.21 

327 
3.00 
...13 
246 
046 

264 
2.00 
604 
254 
2.28 

2.50 
2.93 
247 
316 
2.69 

251 
860 
4.66 
1 74 
1.67 

346 
258 
2.50 

1C.35 
235 
1,77 
200 

10W-05 

1.73 

00i 
4 32 
274 
203 
252 
1.17 
1 15 
199 
1 76 
302 

343 
205 
057 
366 
2.89 

2.31 
1.39 
526 
251 

-001 

2.29 
266 
2.33 
4.55 
3008 

249 
402 
3.94 
127 
203 

3.69 
209 
2.33 
5.83 
202 
237 

2 Fr 

20,)-05 

1.22 

1.95 
219 
2 04 
1 71 
1.94 

095 
077 
1 (Y) 
1 15 
1.97 

271 
1 22 
029 
370 
0.89 

1.62 
0.81 
243 
1193 
1.67 

1.35 
1.65 
1.94 
269 
2.02 

1.53 
252 
292 
0.54 
1 20 

2.82 
1.44 
1 €. 
.66 

151 
2.57 
2.66 

S ',5120 49200 5tl3ll0 0.91 0.64 0.33 0.18 
Albania 

Belgium 
Buoarwa 
Ccechoo.,aka 

D rrmark 
Firarnd 
France 
German Dem Rep 
Germany Fed Roe 

Greeve 
Hungary 
Ifeiand 
Italy 
Luxembourn 

Malta 
Netherlands 
Norway 
Poand 
Ponugal 

Romnan;a 
Span 
Svexrien 
Swverland 
Unred Kingdom 
Yugo-awa 

1611 
7048 
9153 
767 

13654 
4581 
4430 

45684 
17240 
55433 

8327 
9984 
2834 

50223 
314 

329 
11480 
3581 

29561 
8826 

18407 
30303 
7480 
5362 

52559 
18402 

3050 
7487 
91380 
9220 

15648 

5144 
4875 

54608 
16M42 
61106 

9332 
10797 
3595 

56874 
363 

.32 
1450 
4150 

37556 
1 377 

23065 
39019 

8278 
6289 

55640 
23191 

4102 
7498 
925 

9713 
16776 
5126 
4970 

570,93 
16553 
59755 

107 -, 
"08 
4247 

58155 
358 

419 
15011 
4221 

41391 
10995 

25629 
434-42 

808.5 
5889 

56235 
25200 

2,99 
0.58 
067 
0 83 
073 
1.(6 
0.60 
1.30 

-026 
1.25 

053 
0.33 
029 
067 
111 

-0.55 
1.37 
078 
127 
091 

0.67 
1.03 
057 
1.77 
0.73 
1.09 

2.51 
0.20 
0.33 
048 
060 

0.52 
045 
079 

-0.26 
037 

0.57 
0.36 
164 
0.83 
1.32 

1.19 
1.14 
066 
082 
1,77 

065 
1.05 
037 
044 
020 
0.94 

2.21 
-0.05 

004 
0.47 
043 

0.08 
037 
0.30 

-011 
-018 

059 
016 
1 11 
025 

-012 

0.68 
040 
027 
0.95 
06 

076 
0.82 
001 

-026 
-001 
0 7Z 

1.59 
-008 
-002 
026 
053 

-0.18 
-002 

0.16 
-003 
-033 

041 
010 
1 04 
000 

-0 19 

0.53 
002 
003 
053 
042 

060 
059 

-020 
-056 
001 
037 

ISS 

OCEAMA.8 

214335 

15762 

278373 

4320 

314,91a 

0403 

1.49 

2.08 

0.95 

1.05 

0.95 

",30 

0.69 

119 
kisirala 
Fij, 
Ntv Zealand 
PapajaNev Gunea 
Solomon Isands 

10315 
394 

2272 
1920 
126 

15714 
(8A 

3291 
3695 
273 

18668 
021 

3693 
5292 

X 

1 98 
3.27 
205 
224 
2 50 

1 64 
203 
1.81 
262 
340 

1.31 
166 
075 
2169 
3 E0 

1 03 
079 
063 
205 

x 

ANUMM=TIS 

Source: U N Department ofInlernationalEconomic and SocialAffairs 
X notavditable 
For additional info'rmation, see Sources and Te-hncal Noles 
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Table 2.2 BIRTH, DEATHS, FERTILITY, AND MORTALITY, 1950-85
 
Es hweod Lit? 

Estiwed EstrilWd Empecancy 
C at eLth 

Birdi ftai 
(hit8 p,thmmnol 

Death1Kato 
(deft p.1thou34!Ttd 

rstknaled 
Total 

Fert ty 19fk-Since 
Yearv 

popultion) pop ftln) Rate 19DG ince 

1960-65 1980-85 1960-65 1980-85 1960-65 1980-85 T.Wag.9 1955 

WORFILD 35.9 273 16.4 10.6 492 3.55 G4.6 14.7 

AF4 % 48.3 46.4 23.3 16.5 6.54 6.43 497 12.2 

. 504 45 1 194 123 738 697 5713 147 
a 494 47 3 302 22 2 630 639 420 120 

Ben;n 
F,,, 
K ,ka Fa7o 

48 3 
526 
502 

510 
500 
478 

JI 9 
196 
303 

225 
127 
222 

681 
6 .12 
650 

700 
6 5: 
$50 

425 
54 5 
420 

100 
120 
120 

6"qdl 
Car-croon 

456 
432 

476 
432 

253 
23 7 

209 
178 

569 
5 77 

644 
579 

440 
480 

75 
120 

Caoey 'hda 
C.'2lma) AIocan Rep 
Chad 

448 
435 
455 

239 
44 7 
442 

169 
286 
z ., 

103 
21 8 

A 

609 
',o6 
600 

264 
589 
589 

570 
430 
430 

135 
105 
105 

C§:floOS 
Cog'go 
D;tCui 
Eq yl 
Ej..anoral Guinea 

482 
452 

X 
459 
41 3 

463 
445 
470 
384 
425 

21 2 
24.7 

X 
198 
280 

15.9 
186 
205 
125 
21,0 

632 
587 

X 
656 
553 

629 
599 

X 
523 
566 

500 
465 

X 
573 
440 

100 
105 

X 
166 
10.5 

Etn,opa 
Garion 

502 
31 5 

492 
346 

270 
22.8 

21 5 
18.1 

666 
406 

670 
467 

429 
49.0 

100 
11.0 

Garvh. 47.2 484 33.0 290 636 639 350 4.4 
urana 482 470 204 146 648 6 50 520 120 
Gunca 482 468 31 4 235 639 6 19 402 95 

Gunea 8,ssau 41 4 407 274 21 7 506 5.38 430 9.5 
Ivr Co. 432 460 24 7 18.0 661 670 470 110 
Kenya 
Lvsol~ho 

571 
428 

55 1 
41 7 

225 
227 

140 
164 

8 15 
5 75 

8 12 
5 79 

529 
493 

14.3 
120 

I 458 48 7 229 172 627 690 490 115 
b'bya

M2.iagascar 
490 
438 

456 
444 

183 
220 

10.9 
165 

7 17 
5 79 

7 1 
609 

579 
496 

150 
119 

Mala, 536 521 275 199 687 700 45.0 11.0 
Mall 50.9 502 286 224 652 670 420 95 
Maulanta 502 50 1 267 209 686 690 44 0 105 

425 255 91 60 573 276 667 157 
Mooco 501 440 196 11 5 7 15 644 579 15 0 
MozambKque 
l,0er 

448 
458 

44 1 
510 

226 
295 

165 
229 

570 
706 

609 
710 

494 
425 

12.0 
95 

_N- -- 51 6 504 236 17 1 687 7 10 485 120 

.bRanda 512 51 1 21 6 166 683 730 495 95 
,,nec 
,er,aLooCe 

Sorrala 

472 
480 
465 

477 
474 
465 

262 
34 7 
267 

21,2 
297 
21 3 

643 
611 
6 11 

650 
613 
609 

433 
.340 
429 

86 
50 

100 
Aha 41 4 38 7 203 139 562 507 5355 20 

Suan 470 459 248 174 668 658 477 10.5 
S a iland 483 475 244 172 641 650 486 12.9 
ranzaraI, Unried Rep 517 504 228 15.3 686 7 10 510 140 
TChgo 47 7 454 244 169 615 609 487 12.7 
Tunsa 465 341 179 101 7 17 492 606 160 
Uganda 
zaae 
"amta 

487 
48 1 
494 

499 
452 
481 

20.1 
238 
21 4 

14.7 
158 
151 

691 
60i 
662 

690 
609 
676 

520 
500 
51.3 

120 
11.5 
135 

Z,moae 467 472 180 12.3 G61 660 55.7 14.2 

noRf 'T AME1PACA 28.2 21.6 10.0 6.6 4.11 2.69 71.1 6.7 

0auados 
Cdnada 

291 
253 

199 
162 

92 
7 7 

86 
7.1 

405 
362 

223 
181 

71. 
749 

14 1 
58 

CU4aRr-a 453 305 91 42 695 350 730 157 
Cuba 353 169 88 64 467 197 734 146 
LDoxn,.an ReO 47 7 33 1 154 80 732 4 18 626 175 
E'.&Iao 471, 402 153 81 685 556 64,8 195 
Guaxtyrvaa 4,/6 384 173 93 685 5 17 607 180 
H-3r1 44 4 41 3 216 142 6 15 5 74 52.7 151 
Honouras 509 439 177 101 736 650 599 17 7 
JaTMaKM 396 283 91 67 545 333 703 131 
Miewxo 449 339 113 7 1 6 74 461 657 150 
N14.arag.a
Panamna 

503 
408 

.42 
280 

171 
96 

97 
54 

734 
592 

594 
346 

598 
710 

175 
157 

rt;.:Iaoand Tooago 363 24 6 73 6.2 502 293 701 122 
Ul oaJst$es 226 160 94 93 332 1 85 740 50 

SOUTH &2A 39.7 30.9 12.2 8.5 5.60 4.00 64.0 11.7 
232 246 88 87 308 338 697 70 
46 1 440 21 5 159 662 625 5a 7 103 
421 306 123 84 6 15 361 634 124 
35 7 24 9 119 7 7 502 290 670 129 

Guyarn
lauagay 
Peru 

4C.rL.a.146 
46 1 
404
422 
463 

JI 0 
406 
25
360 
367 , 

122 
158 
86

119 
176 

7 7 
8.9 
59
72 

10.7 

6 72 
6 99 
5 01
662 
687 

393 
600 
326
485 
500 

636 
626 
682
651 
586 

130 
157 
130
132 
147 

SuilamT 444 295 103 61 656 4 10 694 134 

Uruguay 21 9 195 96 102 289 2 76 703 40 
Venrcue'a 452 352 101 56 670 433 678 155 
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Table 2.2
 
E~tkMWla U.% 

glf;", .Expectvxy 

BMIh Pizta Dtalh Haza t.alnd 

UVwxnd thouaed F,.aq 195a- Si,.Ice 
pc xt12car) 

1265-81 -5 
Ir0-47dde1) 

8,%,0-65 1 -85 
Pam 

190-65 i90--85 
17,85 1950

1955 

A ~IA/ 40.7 27.4I 19.4 10.2 5.67 3.56 57.9 16.7 

Afgtanisan 
B3hran 
Banrglldesi, 
Bhutan 
Burma 

50 8 
470 
46 7 
422 
428 

4q6 
323 
448 
384 
37 9 

30 0 
136 
220 
242 
199 

27.3 
53 

17,5 
18 1 
12 7 

701 
7 17 
668 
52? 
584 

6 90 
4 63 
615 
553 
5 33 

370 
682 
478 
459 
550 

54 
17 2 
74 
.96 

150 

China 
Cyprus 
Iruita 
Indoeeota 
Iran 

372 
252 
47 1 
429 
51 8 

185 
197 
332 
307 
405 

197 
105 
22.2 
21.5 
177 

68 
82 

133 
130 
104 

538 
342 
651 
542 
8 13 

233 
231 
441 
369 
564 

67 4 
74 3 
525 
525 
602 

268 
73 

138 
150 
!1 1 

;raq 
Israel 
Japan 
Jordan 
Kampuchea, Dam 

Korea. Dem Peoples Rep 
Korea. Rep 
Kiv,,art 
Lao People's Dem Rep 
Lebanon 

493 
255 
17.2 
480 
44.9 

395 
396 
445 
422 
427 

449 
236 
124 
449 
455 

305 
21 0 
368 
406 
293 

le.8 
60 
73 

187 
204 

122 
12.5 
90 

185 
133 

107 
68 
67 
84 

196 

74 
63 
3,5 

155 
88 

7.17 
385 
2.03 
7 17 
629 

5.57 
537 
7 318 
568 
635 

5.66 
309 
171 
7.38 
F 12 

400 
2.46 
615 
584 
379 

590 
740 
766 
642 
434 

646 
67.5 
71 2 
497 
650 

150 
86 

12.6 
21.0 

40 

17 1 
200 
If 4 
93 
90 

Malaysia 
Mongolia 
Nepal 
Oman 
Pakistan 

432 
41,2 
458 
504 
484 

292 
338 
41 7 
473 
426 

13.3 
1: 4, 
250 
261 
219 

64 
7.2 

184 
159 
152 

669 
5.72 
586 
717 
7 15 

369 
482 
625 
7.07 
584 

669 
646 
459 
49 7 
500 

184 
196 
96 

150 
11 1 

Philippnes 
Qatar 
Saud, Arabia 
S, apore 
Sr = a 

436 
408 
489 
340 
347 

323 
30 1 
430 
18.0 
270 

131 
167 
21.3 

7.1 
8.5 

69 
4.6 

121 
5.3 
67 

657 
697 
7.26 
487 
512 

4.20 
676 
707 
1.74 
3.37 

645 
706 
560 
722 
675 

17.0 
236 
170 
118 
109 

Syrian Arab Rep 
Thailand 
"rrkLy 
United Arab Emiratos 
VietNam 

474 
435 
41 0 
436 
41 1 

465 
286 
32.5 
270 
31.2 

166 
134 
15.0 
173 
19.5 

72 
7.7 
90 
4.0 

101 

746 
642 
601 
687 
564 

7.17 
3.59 
,A.45 
594 
430 

670 
627 
630 
706 
588 

210 
157 
160 
236 
184 

Yemen 
Yemen, Dem 

493 
503 

485 
476 

281 
279 

21 6 
188 

697 
697 

6.76 
687 

440 
465 

11 0 
135 

EUROPE 18.7 14.0 10.2 10.7 2.59 1.90 73.2 7.9 

Albania 
Austna 
Br.gum 
Bulgaria 
Czechoslovakia 

399 
185 
17 1 
169 
163 

27 7 
121 
121 
154 
161 

101 
125 
121 
82 
95 

58 
126 
122 
107 
11 8 

574 
279 
266 
219 
240 

360 
163 
1.60 
225 
220 

709 
730 
733 
723 
716 

157 
; 3 
58 
82 
57 

Denmark 
Finland 
France 
German Dem Rep 
Gemrany.Fed Rep 

Greece 
Hungary 
Ireland 
Italy 
Luxembourf 

170 
181 
180 
17.4 
180 

18.1 
136 
21.8 
18.8 
160 

11.1 
127 
13.8 
125 
102 

158 
14.3 
209 
128 
101 

97 
9.3 

11.2 
133 
11 4 

7.8 
10.1 
11,8 
98 

119 

109 
10.3 
107 
137 
120 

99 
127 
9.8 

104 
119 

259 
258 
285 
2.45 
249 

218 
183 
396 
2.55 
2.36 

1.52 
1.60 
1.83 
1.65 
1.42 

2.31 
2.06 
3.19 
1.81 
1.38 

749 
732 
745 
727 
73.3 

740 
71 2 
730 
744 
728 

3 9 
69 
80 
56 
58 

81 
72 
61 
84 
69 

Malta 
Nelrertands 
Norway 
eoland 
Portugal 

Romania 
Spain 
Sweden 
Switzerland 
United Kingdom 
Yugosavia 

.. 

22.6 
20.9 
174 
20.1 
240 

167 
21 5 
145 
185 
182 
221 

17.3 
11.6 
123 
185 
17 8 

174 
17.0 
105 
80 

12.8 
164 

88 
7.8 
9.5 
7.6 
7.7 

86 
88 

100 
95 

11'8 
94 

10.5 
87 

105 
90 
9.9 

97 
ca 

11 6 
107 
124 
88 

311 
3.14 
290 
266 
306 

2 01 
287 
234 
252 
2.83 
270 

1.97 
1.44 
1.69 
225 
2.28 

245 
240 
1.55 
1 33 
1.78 
207 

71.7 
759 
759 
720 
708 

709 
7-"3 
758 
759 
73 7 
71 2 

58 
38 
32 

107 
11 5 

98 
104 

40 
67 
4 5 

13 1 

USSR 22.3 18.8 7.2 9.3 2.54 2.36 70.9 9.2 

OCEAMA 26.7 21.1 10.5 8.4 3.69 2.71 67 6 5.6 

Aistraia 
Fiji 
New Zealand 
PapuaNew Guinea 
Sdomon Islands 

21 9 
394 
259 
437 

X 

162 
27.2 
156 
404 
470 

87 
70 
69 

213 
x 

7 7 
4 1 
31 

136 
110 

328 
592 
3 79 
6 26 

X 

200 
3 18 
1 F5 
599 

X 

74.4 
725 
734 
53 3 

4 8 
119 
3 8 

16. 

Sourcm: U N Department ol Inlorrialonal Econonic and Socia, Aflairs 
0 - ze'o or Iess than one-half the unt of measre X - not avalabe 
For adddlonal inlormation. %e SoLj,ceS and lechncal Noes 

%yOLDRtCJRCES 19 

239 



EDSTTBVON,AhA 1960-2000 

__,_--1 _ 

Aga D~btr6,uImj 
(;,.,rrr. otOu5l 

15-64 
____...u___) 

65 

ORO37.5 33.7 30.4 57.5 U0 F3.0 5.1 5.7 676 

.FRkA 4. 4.4 4.53 51.5 51.63.3030 

1A 

Bk~ra Faso 
Cmroundo 
Camen 
CapeVeRde 
Cerd Alncai Rep 
Chad 
Corncoos 

j")IXE (gol 
Equa~oraiGune. 

.3 Crxon 
Gamba 
Ghana 

.r'ea 
GFunea.Pssau 
I-r/yCoa'. 
Kena 
co

Lmner~a 
..:a 

Madagascar 
A457
Maha 
Maur1anwa 

Maurius 
Mo8occoMozamque 
rqer 
1 
gerla 

Rwanda 
Seorjal 
Ser'a Leone 
Sornaha 
S,.,njrAlrma 
Sw.4ar, 
Swaziand 

a.UnileJ Rep 

s,a 
Uganda 
Zare 
Zaniba 
?mtbit,,a 

NO ,r..A 

Od~ados 
Cna.a 
CoaRa 
Cuta 
Dornncanflep 
Elvoo. 

Ha,li 
Hondura 
Jamaca 

t'J'car,ua 
Panama 
Trdad anJ Tobago
UrlStec 

S&J,,i Amm..A 

Aren(rsa 
E:ca;.a 
9ra.T 
Cr, 
C(kctla 

G.uyxO
G..Pxa 
ParagLay 
Peru 
Sunrmne 
Uruguay 
Venzuefa 

438
41, 
407 
4/5

423 

404 
403 
456 
385 
396 
44 2 
409 

406 
375 

440 
324 
397 
446 
415 
374 
40.9 
497 
405 
424 
433 
411 

434 
436 

466
48

408 
415 

454 
446 
426 
402 
415 
401 

443 
432 
460 
424 
434 
466 
441 
45 2 
455 

34.6 

361 
335 
475 
344 
468 
45.1 
462 
409 
456 
41 

456 
480 
435 
430 
310 

41.8 

308 
429 
,136 
391 
463 

4,14
485 
460 
433 
476 
27.9 
462 

459
446 
465 
497 
444 

443 
42 9 
314 
425 
423 
462 
436 

X
394 
414 

45,
355 
425 
465 
431 
407 
451 
525 
423 
468 
465 
442 
481
461 
464 

316
456
448 
4S7 
483 
4.8 
450 
414 
43.7 
410 

51 
4C0 

488 
445 
396 
4a5 
451 
473 
476 

28.3 

276 
22.5 
367 
264 
407 
446 
43 1 
436 
469 
36,0 

42.2 
467 
375 
31 6 
219 

36.7 

31.0 
438 
364 
31.2 
372 

44 2
370 
41 7 
405 
42.6 
269 
41.0 

432
452 
475 
490 
453 

444 
429 
258 
434 
4.32 
444 
444 

X
359 
422 

464 
406 
435 
460 
4,39 

41.4 
455 
51.9 
42.2 
470 

44.7 
448 
4a7
d57 
A69 

262407
44.4 
477 
4a9 
49.5 
456 
42.1 
448 
400 

435 
45.2 
49.4 
453 
330 
482 
453 
479 
481 

26.7 

24.7 
205 
32.5 
24.1 
33.6 
40.7 
395 
43.4 
42.3 
299 

34.1 
427 
315 
27.6 
217 

32.7 

28.5 
435 
31 8 
280 
32.7 

41 3
28.2 
377 
356 
36.3 
25.0 
35.7 

_54 

'-2 4 
654 
520 
491 
548 
506 
5-63 
51 G 
57,3 

56 7 
52.3 
-.8 

X
551 
576 

53.5 
617
5%7 
530 
54.2 
591 
544 
477 
556 
54 
52.7 
559 
517 
54.0 
53.7 

50.952.6 
55,2 
52B 
523 
530 
544 
566 
554 
550 

52.7 
539 
51.2 
540 
525 
508 
52.b 
52.4 
51.8 

57.8 

55.2 
590 
49,5 
608 
489 
52 0 
51.1 
551 
52.2 

0 

510 
49.7 
525 
530 
59.7 

54.7 

63.7 
540 
53.5 
56 5 
506 

520
482 
507 
532 
483 
64.0 
51.3 

506 
524 
507 
453 
52. 
524 
532 
647 
5'17 
541 
510 
530 

X 
562 
544 

517 
-5
545 
506 
540 
550 
520 
457 
54.1 
-402 
51.2 
524 
496 
512 
508 

649514 
518 
500 
493 
48 
521 
556 
523 
5.49 

521 
510 
489 
523 
561 
490 
520 
500 
496 

62.9 

63.0 
679 
595 
65.7 
563 
520 
539 
53.0 
502 
574 

543 
50.7 
580 
626 
66.7 

59.0 

605 
530 
593 
63.1 
59 

524
59 1 
54 8 
559 
53 0 
62.4 
560 

535 
51 8 
499 
489 
51 7 

523 
533 
685 
530 
532 
525 
523 

594 
528 

50.9 
538
534 
511 
530 
544 
515 
,63 
31 
f31 
25 

518 
490 
515 
503 

68455.9 
52.2 
498 
46 
460 
514 
547
51.4 
559 

535 
508 
483 
516 
62.1 
49.2 
517 
494 
492 

64.4 

65.9 
67.8 
62.5 
66.9 
623 
555 
56.7 
.35 
544 
645 

61.7 
542 
63.1 
650 
666 

61.8 

619 
532 
628 
652 
628 

552
669 
585 
60.1 
59.1 
62.9 
60.5 

39 
28' 
72 
34 
29 

30 
31 
28 
41 
37 
30 
32 
X 

43 
49 

26 
59
6 
36 

43 
35 
47 
2 
40 
3.2 
40 
30 
26 
2.6 
2.7 

2.52.6 
30 
57 
23
25 
30 
32
30 
49 

29 
28 
29 
36 
4.2 
26 
31 
24 
27 

7.7 

67 
7.5 
30 
4.8 
43 
2.9 
2.7 
3.9 
2.1 
43 

34 
23 
4.0 
4.0 
92 

3.5 

5.5 
3.2 
2.9 
43 
3 1 

36 
3.3 
33 
34 
4. 
8.1 
25. 

35 
30 
28 
20 
28 

33 
39 
39 
38 
36 
28 
34 

44 
42 

26 
6131 
28 

29 
43 
29 
186 
36 
30 
23 
34 
24 
2.7 
2.8 

3530 
34 
33 
24
25 
2.9 
30
40 
40 

23 
30 
23 
32 
43 
25 
29 
2.7 
27 

8.8 

93 
96 
38 
7.9 
30 
34 
30 
3.4 
29 
59 

35 
25 
45 
58 

115 

4.7 

85 
32 
43 
5 7 
38 

34 
39 
36 
36 

435 
107 
2.9 

33 
30 
26 
2 
30 

33 
37 
54 
36 
35 
30 
34 
x 

47 
39 

2,6
563.1 
2.9 

3.1 

4.1 
30 

a 
3.7 
29 
28 
34 
24 
28 
2.7 

5334 
3.4 

25 
24
25 
29 
32
38 

41 

31 
30 
24 
al 
49 
25 
30 
27 
2.7 

8.9 

83 
11,8 

49 
89 
4.1 
3.8 
3.8 
3 1 
3,3 
5'6 

42 
3. 
54 
7.4 

11.7 

5.5 

96 
3.2 
54 
67 

45 

35 
49 
37 
43 
46 

12.2 
38 
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32 

0-14 I-Aq. 

40 .4 3 5 .0 2 9 .2 5 . 0 tD5 .1 3 . 7 4 4. . 

Afghanistan 
Bahrain 
Bangladesh 
Bhutan 

Burma 
China 
Cyprus 
ndia 

Indonr-a 
Iran 

429 
431 
408 
402 

391 
401 
367 
413 
402 
47.1 

433 
333 
457 
400 

41 3 
30 7 
249 
373 
385 
43 1 

43 1 
29 D 
404 
37 1 

37 1 
240 
23,0 
307 
298 
369 

546 
54.2 
551 
56 6 

57.5 

574 
5.46 
56 
508 

542 
FA 7 
51.2 
56 

550 

65 0 
59.2 
5h I 
f535 

'A 4 
67.8 
5G7 
rl5.91 

E5,77 

6.5 
6.8 
55 

2 ( 
27 
40 
32 

34 
3 

5-9 
41 
33 
21 

24 
2.0 
31 
33 

3 7 
2652 

101 
35 
34 
34 

25 
23 
28 
37 

4.2 
6,482 

101 
48 
46 
36 

Iraq 
Israe 
Japan 
Jordan 
Kampuchea, Dem 
Korea. DOn Peees Rap 
Korea4 Rep 
Kuow 
Lao Peole's Dem Rep 
Lebanon 

Malapva 
Mongolia 
Nepal 
Oman 
Pakistan 

461 
361 
302 
444 
425 
437 
419 
34,8 
41 3 
408 

44.9 
41 6 
384 
433 
437 

464 
328 
21 5 
478 
326 
38 1 
297 
41 1 
428 
375 

207 
41 0 
43,3 
44 2 
142 

41.9 
27.2 
17.5 
488 
368 
330 
25.3 
3, 8 
279.4 
33.7 

308 
350 
396 
43 3 
39.2 

514 
591 
64 1; 
51.5 
548 
53.0 
547 
62.9 
564 
534 

50S9 
54 3 
57.7 
54.0 
51.8 

09 
590 
656 
494 
647 

5th 
659 
574 
54 1 
574 

595 
556 
538 
53.4 
530 

550 
G43 
67.6 
48.5 

5b.6 

625 
69 2 

33 
5,31 
60 5 

64.6 
608 
57.0 
".".9 
579 

24 
49 
5.7 
4 1 
27 

33 
33 
22 
2.3 
58 

4.2 
4 0 
3 9 
2.7 
44 

27 
82 
9.9 
28 
2.6 

3I 
4.4 
1.5 
3.1 
5 

3.9 
33 
2.9 
2.5 
28 

31 
8.4 

14.9 
2.7 
36 

4.5 
65 
29 
35 
5 8 

4.5 
4 2 
3.5 
20 
3 0 

Philippines 
"3atar 
Saudi Arabia 
Sngapore 
Sri Lanka 

Syrian Arab Rep 
Thailand 
Turkey 
United Ar,,h Emirates 
Viet Nam 

469 
390 
433 
43.2 
421 

444 
456 
41.2 
43 Y 
39 7 

38 
3313 
43 1 
24 8 
342 

47,5 
367 
371 
307 
402 

32.9 
37.1 
42.6 
21.4 
233 

45.7 
)94 

"3.8 
2 6 
323 

40 5 
5.3 
53.4 
54.7 
54.3 

51,8 
51.0 
552 
53.0 
564 

5483 
63.6 
54 1 
701 
61.4 

493 
600 
53 6 
658 
559 ___ 

6130 
587 
54 5 
71.5 
657 

51.3 
63.1 
60.9 
68 6 

0 

36 
2.7 
33 
21 
36 

38 
3.3 
3 5 
3A 

" 3 8 

3' 
26 
2.7 
5 t 
44 

32 
3 3 
4.2 
24 
39 

41 
4 3 
2.9 
7.0 
5.9 

3 0 
4 5 
54 
38 
4.7 

Yemen 
Yemen, Dem 

424 
448 

453 
452 

44.6 
445 

,4.4 
524 

51.4 
52.1 

51.9 
52.C 

32 
29 

33 
27 

3 5 
29 

E______ 25.0 20.9 19.3 64.s C2.0 56.1 9.7 12.4 14.5 
Altb,.-na 
Austria 
Belgium 
8ulgara 
Czechosov'alka 

41.1 
221 
23 5 
261 
27.4 

354 
183 
187 
223 
275 

31.3 
17.8 
17.1 
20.6 
21.7 

537 
658 
64.5 
65.4 
64.0 

59.7 
67.5 
680 
06 3 
644 

62.8 
67.0 
670 
639 
66c0 

5.2 
120 
120 
7.5 
86 

49 
14.2 
13.3 
11.4 
1 1 

59 
152 
159 
155 
12.3 

Denmark 
Finland 
France 
German Drm nap 
Germany. Fed Rep 

Greece 
Hunqar 
Ireland 
Italy 
Luxembouro 

252 
304 
26.4 
21 1 
21 3 
265 
253 
31.1 
24 9 
213 

!88 
190 
209 
185 
157 

21.9 
218 
305 
199 
175 

160 
16.9 
190 
17.4 
159 

21.9 
18.7 
269 
180 
158 

F4 2 
624 
62.0 
652 
67.8 

65.3 
65.6 
57.7 
658 
67.8 

664 
68.7 
67 
67-5 
"03 

64.8 
658 
586 
66.7 
691 

62.6 
689 
66.2 
80 

67.6 

62.3 
66.6 
03.8 
65 a 
685 

106 
7.2 

11.6 
137 
10.8 

83 
90 

11.2 
9.3 

108 

14.8 
12.3 
12.4 
140 
14.0 

133 
123 
10.9 
134 
13.5 

154 
14 1 
14 8 
14.6 
165 

156 
14 7 
94 

16 2 
15 7 

Malla 
Netherlands 
Norway 
Poland 
Porugal 

368 
300 
25 9 
33 5 
29 2 

239 
190 
201 
250 
248 

21.3 
163 
17.2 
21.6 
22.2 

55 9 
61 0 
63.0 
608 
629 

671 
690 
645 
656 
647 

686 
696 
67.5 
66.1 
65.9 

7.3 
90 

11 1 
58 
8.0 

9.0 
11.9 
155 

9.4 
104 

9 9 
14 1 
153 
12.3 
119 

Romania 
Spain 
Sweden 
Sw CAriard 
Un l K rgdom 
Yugoslavia 

282 
274 
22.0 
23.6 
233 
305 

251 
246 
178 
157 
193 
234 

23.1 
227 
155 
12.0 
191 
20.3 

651 
64 4 
660 
65.3 
651 
632 

654 
643 
652 
686 
60 
681 

64.1 
639 
67.3 
67.4 
6r 0 
66 9 

67 
8.2 

120 
10.1 
11.7 
63 

96 
11 1 
17.0 
15.7 
147 
84 

12.8 
135 
17.2 
206 
14.9 
12.9 

307 2.. 23.6 62.6 65.9 64.5 6.8 9.3 11.9 
OCEANIA 32.9 28.4 26.1 59.6 63.4 64.8 7.4 8.2 9.1 
kj,,fzha
Fqi, 
li.,Zealand 
Papua Nc, Guina 
Scomorn Is.and 

30 1 
48 0 
329 
405 

X 

24.2 
355 
24 7 
426 

220 
301 
223 
385 

X 

61 4 
495 
58 5 
56 6 

X 

661 
60.9 
65.7 
541 

X 

67.0 
64.9 
67.3 
57.8 

K 

85 
2.5 
8 6 
29 

X 

9.7 
35 
96 
33 

X 

110 
5 0 

105 
3 7 

X 

ANTIIHCTW.A 

Source: U N Depanment ol Inler'r t,oral Econoric and Social Atairs 
0-zero or iess than onainall the unit of measure X-not available 
For add;lionl infomalon. se Sources and r,chnical Notes 
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Table 2.4 HEALTH INDICA4DF6496085
 

morlnfty mkl S yaC1i 
(Pr di-and Di1 1lf; CAjI A~Iq
Ivabirft) ___ RoK1 

1960-65 1530-85 RezlL,nert 1944-60 1974-74 l58t-82 15"0 192 
WORLD 117 81 

AFRY: 157 114 
.).ra 160 109 
 24C "77 0 110 X 7

Angola 200 149 2350 81 68 99 X X 
Berln 200 
 , 9 2300 92 87 94 X 
 18
 
Bo?,7.%ara 111 79 2320 85 90 106 X XBurnna Faso 200 149 2370 86 83 81 X I 
Burudl 172 137 2330 9T 6 102 ICartIC'oon 160 117 2320 87 102 93 x 11Ca e Verde 115 77 2350 76 94 116 X xCprtal Air an Rop 189 143 2260 94 99 95 X XCl-ad 189 143 2360 100 74 75 X 1 
Cumoros 128 8 2340 .9"95 8X 
 X
Congo 166 2220 102124 102 111 X X 
D,Luti X x X X
X X X

Eg.ul 160 113 2510 103 112 130 X 24Euawtoial Guinea 183 137 X X X X X X 
Elmopa 170 143 2330 90 79 95 X 2Gawon 151 112 2340 88 104 119 X XGa!ita 220 193 2380 99 90 93 x xGhana 137 98 2300 87 94 72 X 10
Guinea 202 159 2310 
 89 89 81 X I
 
Guinea Bissau 183 143 2310 86 94 97 X X
h.oryCoast 166 122 
 2310 110 102 115 X 3
 
k.nya 130 82 2320 97 94 88 6 8
Lcsolno 141 
 110 2280 90 90 103 X 5

L:bena 154 2310
112 
 104 95 98 X X
 
L't)-a 
 150 92 2360 84 147 1CI0 
 X X
.Madagascar 104 67 220 
 106 1 1 111 X

Malam, 
 205 165 2320 91 98 96
Mal 189 149 2350 88 53 74 

X 
X 

1 
1Mauritania 
 176 137 2310 89 78 95 
 X 1
 

Mauril
ius 61 32 2270 105 ill 124
Morcco 154 99 2420 107 
X x 

94 109 X 26
Moambique 154 
 110 2340 86 85 80 X 
 I
Niger 186 
 140 2350 
 91 84 105 X 1

Nigeria 
 157 114 2360 95 94 104 X 6
 
Rwanda 143 110 2320 
 75 88 91 X 1

Senegal 
 177 141 2380 101 94 99 X 4

SierraLeone 232 
 200 2300 88 85 84 X 4
SomaIa 170 2310
143 
 91 91 90 X 1

SrAuthAfrca 129 
 92 2450 119 X
111 17 
 X
 
Suaan 165 118 2350 
 79 91 99 X 5

S.,1wland 
 150 129 2320 87 106 109 X X
7anzana,Unled Rep 145 98 2320 
 85 90 105 X 1
Togo 
 170 113 2300 97 89 94 
 X X
Tunisia 152 85 2390 
 94 110 115 X 41
 
Uganda 132 94 2330 
 95 88 76 X 1
Laire 146 107 2220 97 102 96 X 
 3

Zambia 144 101 2310 
 89 99 90 X 1
Zimbabwa 111 70 2390 88 89 91 X 22 

NORTH A14A iCI 43 27 

Barbados 61 2420
23 108 120 127 X X
Canada 26 11 2660 120 125 129 X xCosta Rica 81 20 2240 104 114 X11 65
Cuba 60 20 2310 102 116 126 
 X 79

Dominian Rep 110 64 
 2260 83 93 95 X 46
 
ElSalvao 
 128 71 2290 80 90 92 X 34
Guatemala 115 68 2190 92 95 96 XHa 170 108 2250 88 85 84 

18 
X 20Honduras 137 92 2260 87 92 96 X 27Jamaca 54 28 2240 98 116 113 X 51 

Me,,co 88 53 2330 ill 117 126 X 39N-caragua 136 85 2250 111 109 103 X 9
Panama 63 26 2310 99 104Trinidad and Tobago 103 X 6148 28 2420 95 102 121 44 52United Stales 25 12 2640 127 133 138 65 76 

SOUITHA!ERIr.A 101 64 

Argentina '0 2650 12736 121 127 X X
Boiva G4 124 2390 77 841 89 X 24Brazil ICt.,3 X 2310 102 104 108 X 50
Chile Ill 40 2410 109 1Cv 111 X 43
Colomb '- 85 53 2320 93 1 )0 109 X 55 
Ecuador 132 77 2290 84 91 91 X 40
Guyana 62 35 2270 105 104 103 xParaguay 81 2310 

x 
45 113 1l8 123 X 35
Peru 136 99 2350 96 95 91 X 41

Suriname 63 31 2260 104 108 111 X X 
Uruguay 48 2670 11138 105 105 .X x 
Venezuela 77 39 2470 92 95 
 104 X 49 

WO4LDRESCUaCss 191 
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2.4 

33 7
 

Afgarnlaar, 223 205 2440 92 88 84 2 X 
bahrain 110 37 X X ), X X X 
Bangladesh IV) 133 2210 90 a3 83 X 25 
Bhulan 189 144 2310 X X X, X X 
EBurma 150 94 2160 92 102 IX09 5 

Crina 115 38 238C 5'6 93 106 X 71 
Cyprus 29 17 2480 107 122 138 X X 
India 157 118 2210 89 87 92 12 32 
Indonesia 145 87 2160 82 95 109 X 58 
Iran 156 101 2410 92 117 120 X 23 
Iraq 130 72 2410 91 103 116 14 X 
IS1eE OJ 15 2570 110 120 118 X X 
Japan 24 8 2340 113 119 122 56 56
 
Jodan 126 63 2480 95 07 105 22 26

Kampichva, De,m 140 160 2220 97 84 69 x X 
Korea, s Rep 32 97 131 xDen FDepim 71 2340 116 X 
Kcirea Rep 71 29 2350 9. 117 125 25 58 
K3wa't 77 30 x X X X X X 
LA- PeoplsDem Rep 150 122 2220 87 84 89 x X 
Labnon 62 48 2480 100 104 120 53 X 
M aaysia 63 29 22,"0 62 111 118 33 42 
Morn'.,' 97 50 2430 106 105 113 x X 
Nepal 189 144 2200 91 91 91 X 7 
Oran 184 122 X X X X X X 
Pakslar, 15,3 12r0 2310 77 89 97 6 14 
Phlppanes 97 50 2260 82 94 106 15 48 
Qatar 120 45 X X x X X X 
Saucl Araba 174 103 2420 80 83 123 X X 
Singapore 30 11 2300 111 130 128 60 71 
Srt Lanka 65 38 2220 100 92 98 X 55 
Syran Arab Rep 124 57 2460 90 103 125 X 23 
Thailand 95 51 2220 94 100 104 15 59 
Tjr .i,/ 176 110 2520 105 116 121 32 38 
Unted Arab Emirates 120 45 xI IX X X X 
Viet Nam 150 90 2160 93 95 93 X 21 
Yemen 205 154 2420 93 92 104 X 1 
Yemen, Dem 202 138 2410 84 60 94 X X 

37 16 

Albania 95 43 2410 101 113 121 X X 
Auslr~a 32 13 2630 125 "126 133 X X 
Bfglum 27 11 2640 133 139 140 X X
Bulgaria 36 20 2500 137 141 147 X 76 
CzechosJovakja 23 16 2470 138 138 142 X 95 
Denmark 20 8 2690 126 125 139 67 x 
Finland 19 7 2710 116 116 117 77 80 
France 25 10 2520 134 137 141 64 79 
German Dem Rep 31 12 2620 124 134 142 X X 
Germany. Fed Rep 28 13 2670 115 120 126 X X 
Greece 50 19 2500 121 141 143 X x
 
Hungary 44 21 2630 120 130 133 67 74

Ireland 28 13 2510 137 142 158 X X 
Italy 40 14 2520 126 140 141 X 78 
LWxemoourg 29 11 X X X X X X 
Malta 34 15 2480 111 123 118 11 X 
Netherlands 16 8 2690 127 131 134 X X 
Norvay 17 8 2680 115 116 124 X 71 
Poland 51 21 2620 123 133 128 60 75
 
Ponugal 76 25 2450 112 128 127 X 66
 
Romania 60 26 2650 113 125 126 X 58 
Spain 42 12 2460 116 133 134 X 51 
Sweden 15 7 2690 111 117 119 X 78 
Swzerland 20 8 2690 126 122 129 X X 
United Kingdom 22 12 2520 134 129 129 69 77 
Yugoslavia 80 29 2540 127 137 143 59 55 

USSR 32 25 2560 126 132 132 X x 

OCFANA 55 39 

Australa 20 11 270 118 1'S 117 X I 
F.11 63 28 2680 93 101 115 X x 
New Zealand 21 12 2640 131 136 136 3'x 
Papua New Gur)ea 154 98 2660 73 77 79 X 5 
Soomon Islands X X 2630 02 76 77 X X 

ArTARCTC 

U N Department olInlernalodl Econovnc and Social Allairs World 
0-zero or less tlan one-hal theur, U. measure. X-not avatable 
For addlonal inlormation, see Sources and Tehnical Notes 

Sources: U N Food and Agricultufe Organizalion, Health Organization. The World Bank 
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2 EDUCA: IFON,1,7.-

AF?ICA 29 35 30 '2 72 30 

AIgeia 45 64 57 74 34 
Anglca X X X x 
Benin 24 40 33 55 15 25 
lk3oiwana 47 73 44 60 49 79 
Burkra Fasm 7 It 9 14 5 8 
Burun;i 17 15 24 19 11 12 
Cameroon 50 64 59 72 41 56 
Cape Verde x x x x x x
Central African Rap 35 41 51 55 22 28 
Chad 18 19 28 29 9 10 
Cca'noros 19 64 26 77 12 52
 
Congo X X X X x X
 
Lbxu X X X X X x


Egyp( 55 64 69 77 40 51
 
Eaualonal Guinea 48 x 57 X 29 x
 
ErhoPa 11 28 15 31 7 20
 
Gaboin X X X X x x
 
Gaibta 16 32 23 42 10 22
 
Ghana 52 52 61 61 43 44
 
Gunea 24 25 34 35 14 16
 
Ganea.B~ssau 29 8 40 82 18 36 
1oryCoast 37 49 47 C1 25 36 
Ienya 41 73 49 78 33 68 
L-a.5otho 62 72 49 58 74 85 
Libera 31 45 43 58 20 33 
Libya X X x X X x 
Majagascar 50 54 55 58 46 50 
Matae 23 44 30 52 17 36 
Ma!, 15 19 20 25 10 13 
Maurtania 8 23 13 31 4 15 
Maurtius 62 72 65 73 59 72 
Morocco 32 48 42 59 22 36 
Mozambique X 47 X 55 X 39 
Niger 7 14 10 18 5 10 
Nqera 21 X 27 X 16 x 
Am-nda 41 45 47 48 36 43 
Sene.a, 24 29 31 36 18 22 
S&era Lone 22 26 28 32 17 20 
Somala 7 23 11 31 3 17 
FS'ij:h Africa X X X X X X 
Sudan 24 36 30 42 18 29 
S .,zland 63 81 65 82 61 81 
lanzarva.United Rep 24 62 30 66 19 58 
Togjo 39 75 55 98 24 53 
Tunisa 63 64 79 75 48 53 
Uganda 25 33 31 8 19 28 
Zaire 52 59 67 72 37 47 
Zambia 61 67 69 73 53 51 
Z,rb,;bwi 47 56 52 60 d2 52 

87 -fib. 92 87 91 

Barbados 89 99 90 9,3 m 99
 
Canada 87 94 67 94 86 94
 
Cota R.ca 76 80 76 79 77 81
 
Cuba 75 91 75 91 76 90
 
Domninn Reop X x x x x x
 
El Salvador 60 63 61 63 58 63 
Guatema.a 35 45 38 48 32 41 
Hailt X 43 X 47 X 40 
Honduras 58 69 58 69 58 69 
,Jama&ca 82 77 82 75 82 79 
Me Ko 7 68 70 89 63 86 
N.caraga 54 77 54 74 54 80 
Panania 76 90 7S 90 75 91 
Trinidad and Tobago 83 79 82 77 84 80 
UrtedStatos 100 99 99 99 100 99 

r5O1 JA51t6A 37 8137 GO0 36 8 
Argentina 81 O 83 95al3 91 
3olivia 61 70 72 76 50 64 

Brai X 77 X 76 X 77 
Chite 68 96 85 95 69 96 
Colombo 67 83 66 81 8i 
Ecuador 63 77 64 77 62 76 
Gana 79 78 80 77 79 78
Paraguay 67 66 70 69 64 (4
Peru 72 89 78 93 66 84 
Suriname 92 78 93 79 92 77 
Uruguay 46 82 85 81 85 83 
vezue a 69 74 69 75 70 73 
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Afghaivsan i j26

Bahrain 
 B3 

Bh~utan 4 

Burma 
 54
Ch~iina X 

Cy'parus 

India 49
&1hrr8 
Incloreaa 49n52 
I~rva 49 


924 

Jordan X 


apuJheas X 


e.a,RFi) op-es FRep 76 

IKa, 762 

LraoPeo4e's Den Rep 29 

Lebano 77 


VKoxea. eal FW' XXXX 


Mong9;a X
M~a. 362 


N'epal 18
Ornan X 


pak'Stan 2,5

PNrppoe-3 X 

Claur 77 

,SaudJ, Aratmwa 10 

S-r,;apoye 77
Sn Lank, 71 

kLan Arab Rep 61 

TLaland 58 

Turzt 67 

United Arab Emrates 65 


Vie Narn X
Yemen 7

Sula r aYemen, Dem 27 


Albana 86 


Austriaelgium 94
92 


Czec, opov'alB u=9g n a 765 


DenmnarkFinlandJ 87
92 


France 92 

German DemFed RepRep X
GeranA 78 

Greece 85 


Hu~ngary 72 

Ireland E12
Italy 81 

Luxembourg 81 

Malta 78 

Nelhedands 68 


Norway 87 

Poland9Da-,so
o1n. 87 


Romana 87 

Spain 8 

Sweden 90 


Sw~tzedanvdUnited Kngdoa 88X 

Yugosjawa 77 


M.IR X 


OCEANIA 89 

Aus r6al7 IT 
Fr 82X 

Ne Zealano 93 

Papua NLw Guinea 32 

SoIoon Islands X 


Source: United Nat,on cairt Scientific and Cultural Organiztibon 
0 =ze~uo@e',. than cr('half the unlt .(measure, X-=not availabie 
For add,l~onal inl0 maiion. see Sources andiri,tnc?.al Not(.s 

a1t, 

7 

51 

69 S 
X 

5M
8 

71
68 


1M 
V2 

57 

83 


999393
71 


44

41 


35 

92 

87-


50 

79
74 


76 

65 

71 

44 


77

27 

51 


93 


a195 


q370 


1019
97 


96 

79X 


91 


80 

97
84 

79 

89 

97 


99 

9251 

93 

97 

92 


X
91 

68 


X 


8 

.(7 

92 


91 

40 

X 


32 

7 

59 


(Q 

55
67 


68'3 


X 

X 


B49O 
QA 
3a 
a5 

66 


30

X 


37

X 


80 


42 

79
72 


78 

61 

60 

75 


X

14
2
59 


9 


04093 

0735 


91 


so 

78X 


90 


70 

91
85 


2 

80 

91 


65 

884 

89 

91 

90 


89x 

81 


01 
1019 

84 

9.0 
40 


1 


41 

.5 


10 

61 


9 5 

65
66 

7a 


101 


9
7 


93 

X 


97 

07 

63 

86 


72 


64

94 


5013

91 

84 


59 

79
7"7 


87 

67 

82 

84 


841

49
91
73 


97 


44 


7419 


128
94 


92 

78X 


S7 

78 

95
85 

78 

92 

98 


98 

92
89 

94 

.6 

90 


X
90 

91 


89 


92 

91 

46 

9 


5 

71 


04 
49 


x 

35
71 

43
23 
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Soures and Technical NO&S_ 

" 2.1 Lstimated Size mid 
(.r th o 'Popul-atii 

1960.-20"03

Source: tI. Departoent of rItcrnationai 

Allair.'-. rld . 
fiwi Pmspe:ts ,'imot's and ['n;pjioiis(s 
Lr,.'ortinw and !';cial ti poula-

in 1582 f.iaed Nations., New York, 
-'5) 

I,pul,!ion relers (o the ni:ueai Ix plation. 


Must data ate estirllates based on popiulationi 
censuses and survey All pro,( Sons are for 
the mediuni-case senara (See discu.Sion 
below.) The average annual Igrowth rate of 
population Lakes into account [he effects of 
international migration. 

Man-y of the pre-198) data inTabies 2.1-2.4 
are estimated using models. Severa! kinds of 
demographic information ale required to estt-
mate the gn)wth and conpoition of a counl-
try's population, the size of the population; 
age and sex distribution, fertility and nurlsdity 
rates by age and sex groups; the growth rates 
offyith the urban and niral populatiois; and 
levers of intemial and internaliondl migration. 

Retenl population censuses alld surveys 
have collec.ted information needed to calculate 
or estimate the above indicalors. although [tie 
degrfee of acuracy varies The Ropulation 
Division of the U.N. Department of lItemna-
tional Economic and Social Affairs compils 
and evaluates national census and survey 
reports from all cOuIntrie-, When 'ccesary, 
tbe data are adjusted forunderenun'ration of 
certain age and t:.x (ntants, femalegroups 
children, young niales), niisrpoorting of age 
and ex distributions, changes in definitions. 
etc, Totese adjustments incrporate inforima-
tionfrom civil registnations. population sur-
es, earlier censuses, other stiurc s arid 

xpulation modeLk(lBecaus-e the figure ltavt 

been adjusted. thy are iot stricTly comparable 

to tileoffici"d statistis oinpilcd hy the U.N. 

Statisqal Office ar-dpiliabed in; It:D mo-
gaplf: lrtx)xo) 

After the figures for sie :%ndane,sex com-
position of tire poipulation have been adju.sted, 
tie data are scalcd to 1980. Because niost 
countries conducted a population ccnsus or 
large.-fale population survfy ini the 1970s or 

early IMf-, tle scaling Lsusually uinur Simi-


ni ai d e r ch -,faryeZ.1ateate saierman fo v~a i e -y,..,ufar e suarh iyr. 

period between 1980 and 1950. Historical 
data ore used whenii' med.accurate, withr 

toti",s.ee 

described above. For nlairy developing coun-

trie.:, however, accurate historical data do not 

exist. The !'opilatioll 


adjustnietts and s.aling similar 

Division estimates the 
main dertopi-aphic pirameters for these eoun. 
tries using available inmation and demo-
graphic models 

Projections are bfsacd en]O stiniates of the 
,


1980 bas- year prlpiilation.i and sex-
specific mortality rattys applied to bseare tile 


year population to determine the number of 

survivors at the eil i eat c r period. 

Fture births are -ey
projected applying age-

spFtic fertility rise !o the projected fenale 

poipulation. The biths ajedistributed by an 

assumed sex rntioand tho appropriate age-

and sex-stsrcific survival rates are applied. 
Future migration rates ae also estimated on 
an age- and s_x-specific basis. CuniLining 

,5,-QO in s,_ ,s "mae 

2,48
 

futue fertility, mortality, and rnigration rates 
yelds the projected sizt, and composition of 
the population 

Assunpon abXt furLte mortality. fertility.
aid migration-the threc conponents of 

opulatiun growth--are made on a counritr 
liy-cfmitpy basis aid, whewever possible, are 
faaj on historical trends. Four scenarios of 
lpopuLotion prowth (high, nedlium, low, arid 
cilseant) ate createCi using different assump-
lions about e ratr The medium-case sce-
naris. for example, assumes medium ofle,els 
fertility. mortality,and migration, assumptions 
that may %-vrywidely among the countries 
fhe tnjium mortaliiy a~sumption inc!ludes- a 
quinquennial gain of 2.5 yen; in life expic-
fai' at birth until it reach s 62.5 years Life 
expectancy is assumc-d to increase more 
slowly thereafter. However, lr the countries 
that have hid little irno reduction in mortal. 
ity recently lome sutt-Siharan Ai'iosrr arid 
Sutll .iarn countris,., die quiiriquenial g-in 
in life ,:-pectarcy wassasruied tobe 2 years 
or lss.. Raer to the source lorfurther details. 
, 2 1:i-ha, . 

tertill.j, and Moil-A!Pty, I-50--g5 
Source: U.N. Deparnei-t ofInternational 
Econonic and S.cial Allaihi,1brld Popu117-
io,'r Prospects: Fstimnu/es and Projectionscis 
A.sessed in 1982 tUnited Natior, New York, 
I985). 
The..crude bhijh rate isthe number of live 

births in a given year divided by the midyear 
ppulation and nultip'led y 1,00 

The crude death rate is the number of 
deaths in a given year divided by the mid-
year popu!ahon and rultiplied by 1,000. 

['he total tertility rte is an etimale of the 
Tumber of children an aversrde woman would 
have if current age-specific fertility rates 
reuiained corstant during her reproductive 
Years. 

Life expectanicy at birth is the average nuns-r 
ber of years a newborn baby is expected to 
live if the age-specific death rates effective at 
the vear of its birth are applied. 

For detail; or data collection, estimation, 
and proicbton methods, refer to the sources 
or to the Tinical Note for Table 2.1. 

4 l n 

I90-..1 
Source: U.N. Department of International 

Fconomic and -Social Affair, World Pcpula-
rPospects: Estimates and Projectionsas 

Asse,,sed in 1982 (United Nations New York, 
1985'. 
Ag' distribution estimates refer to the total 

population. The male and female age distribu-
tiions differ from the age distribution of the 
tolal population rnd from eacti other. For 
details on methods of data collection, estima-
lion, and pmjc-ction, refer to the ou-ces or to 
tihe Technical Note for Table 2.1. 

tion 


2.4 h1idicalor-i,2.-leald 
1960-85 
Source-: Infant mortality: U.N. Department of 
Intematiorial Economic mud Social Affairs, 
World Population Prospecs: Estimates and 
Projections as Assessed in 1982 (United 
Nations. New York, 1985). Mininum daily 

requirement of calories and calorie supply as 
rrcentage ofluirement for 194"2: U.N. 
F:,od: kg9ricultumv: Organization (FAOD),arid 


State of Fod and Agriculture 1981 (AO,
Pome, 1Y85). Calorie supply as percentage of 

requirements for 196,-66) and 197.76: FAO. 
(FAC.,Rome, 1984). 

PcIrentage of maried couples of childbearing 
age using contraception. The World Bank, 
M' rld Detlopment Report 1985 (The World 
tank, Washington, DC., 1985). 

Tie inf;ant mortality late 

Pr:h.uctinn Yi)irbno/i 19,'3 

isthe numoer of 
hIbies who die belore their first birthdays in a 
given year divided by the number of live 
binths in that year and multiplied by 1,000. 

The minimum dily calorie requirement is 
the energy intake necessay to meet the 
energy ii-ess of an average healthy person. It 
is calculated for each country by the World 
Health Organization, which takes into account 
b'dy size, age and sa-x distribution, physical 
activity level of the population, climate, and 
other factor 
The calorie supply as a percentage of 

ieqiiretn--nts includs calories from all 
o domestic production, internaitional.i-urce.: 

trade, stock drawdowns and foreign aid. The 
quaitity of food available for htman con
sumption, as e-.tiatod by FAO, is the food 
that reaches the consumer. The amount of 
focd actualiy on.osinit.d rmy be lower than 
the figures show, de nding on 'low much is 
lost in home storae, preparatior, and cook
lag plus what is led to pets and domestic 
animals of is thrown away. 
The !)etientieC of niarried couples using 

contaception includ(s women of childbearing 
aie (or their husbands) who us; ary method 
A contraception. Data for 1970 refer approxi
imately to 196-'72; dctoi lor 1952 naer gener
ally to 1980-84. 
T , E 19O-4) 

.osrnss: U.N. Startiio Office. Se!ect.d Statfs
 
tics and fadicatots on the Status n1 tomnen
 
(Utited Nations, New York, 1985). 

The number of tudents enrolled in primay 
arid econdway sclmol is derived from the 
annual Slatistical Yearbook of the U.N. Fduca
tiona], Scientific and Cultural Organization. 
The age- pecific population estirnates we pre
pargeeDi.t tie BFpulationred by Division of the U.N.
 

Scretarital
 
The comLined pritnary aid secondary 

enrolltent rate is the ratio cf total primary 
and s.,tcondary enrollmenl (regard.!'eof age) 
to the nutiber of pei-.o. in the primary and 
secontiry age g;oups. The ratio may over
state the actual percentage of the popu-Mlaion 
of priroiy- and tcoruday-. a chi!d&m 
enrolled b-cause the denomiator may not 
cover the entire range ofages covered by the 
numerator. 

For anample, the pementage of school-age 
children enrllLd in school in Demark is 
reported in the tables as 101percent. This 
indicates that some students are yrounger or 
older than the standarnd age groups used to 
form the demoninator. 

Differences in the enullnent ratio may reflect 
the different definitions used, variations in the 
quality of the statistic-, and different atten
dance patterns. 
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3Human Settlements
 

This section provides data on two important aspects of 
human settlements: patterns of population distribution 
and living conditions, 

"lhbles 3.1 and 3.3 include the latest estimates of the 
number uf people living in urban and rural areas, the 
percentage living in cities over 100,000, and the 25 
largest cities of the world. 

As important s cities and towns have been thluoughout 
history, no single internationally recognized definition of 
urban pupulation exists. As a result, countries supply the 
United Nations with data based on definitions shaped by 
local and national customs. Despite differences, however, 
these data indicate remarkable urban growth. The period 
between 1960 and 1985 saw an increase in the fraction 
of the population living in urban areas and rapid growth 
of cities of more than 100,000 people. But all population 
growth did not occur in cities and towns. Between 
1980-85 rural populations grew in 46 of 49 African 
countries; 13 of 15 North and Central American countries; 
7 of 12 in South America; 30 of 37 in Asia; and 3 of 26 
in Europe. 

The largest cities of the world increasingly appear in 
rapidly developing countries that support large, diverse 
labor forces. Most ot these huge cities are still growing in 
population and area. The) aye doing so, though, at lower 
rates than 10 or 20 yeajs ago. For instance, Mexico City 
grew by 92 percent between 1955 and 1965, by 75 per-
cent between 1965 and 1975, and by 52 percent between 
1975 and 1985. 

Access to sale drinking water and sanitation is fun-
damental to development. Data (or rural and urban popu-
lations, shown in Table 3.2, were compiled by the World 
Health Organization (WHO) for the international Drinking 
Water Supply and Sanitation Decade (1980-90). The data 
represent the situation in developing countries in the 
early 1980s. The information is the latest available from 
WHO's ongoing program to develop baseline information, 
establish targets, and assess progress in this field. Indus- 

trial countries are not included, but they routinely report 
that between 90 and 100 percent of their populations 
have access to safe drinking water and sanitation facili
ties. 

Statistics on access to safe drinking water, particularly 
for rura-l areas, have been difficult to collect in a valid 
and reliable manner. Technical problems include defining 
what is meant by "access;" testing to determine s;afe 
levels of contaminants; determining if treatment facilities 
are operating; etc. Other problems stem from instituzional 
and political conflicts. Some countries report high levels 
of access to demonstrate substantial progress in develop
ment. Others may report low levels to establish a record 
for seeking international aid for rural development and 
public water supply projecLs. Despite problems with the 
data, they show clearly that hundreds of millions of peo
pie do not have adequate access to safe drinking water 
and sanitation. Countries reporting especially poor access 
include Mali, Uganda, Bolivia, Paraguay, Nepal, Lao PDR, 
Bhutan, and Papua New Guinea. 

One of the most costly environmental problems facing 
industrialized countries is the control of wastes, particu
larly hazardous wastes. Table 3.4 shows information on 
municipal, industrial, and hazardous wastes. The data 
shown for hazardous wastes are the amounts generated 
principally by industry. They are based on definitions, 
regu!ations, and collection methods unique to each coun
try. In the United States, 32 of 50 states define hazardous 
waste (based on existing laws and regulations) differently 
from the U.S Environmental Protection Agency. Since 
1976, four major studies have estimated the total annual 
amount of hazardous waste produced in the United 
States. The results ranged from 41 million to 264 million 
metric tons per year. The high figure, based on studies 
completed in 1984, is believed to be the best approxima
tion of the amount of hazardous waste that requires 
treatment or long-term safe disposal as mandated by the 
Resources Conservation and Recovery Act. 
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able 3. POPULATION DISTRIBUTION, 1960-85 

UitnAvw.Vq ArwIu P(Prrla
Pi.t fwt G, tJ LivVg h 

o- 100,1O
of TOW__ U_____- "______ 

19eh 1905 19-80-6 1)0-88 196C- 5 1980-85 1960 1980 
YW3f?LD 3.6 41.5 3.1 .51.3 1.1I____ 

A_ _ 1_.4 32.1 4.0 5.2 1.9 2.0 

Alger a 304 66 6 62 5 1 -02 01 171 56 
Angola 104 245 51 56 10 1 6 4 6 133 
Blenin 95 385 52 73 1 2 05 65 226 
Bot(vana 1 192 136 80 22 25 03 59 
Burk;na Fas3 4 7 79 37 47 1 5 2.1 2 5 62 

44 19 2.6 22 22 
C,-nerun 139 42.4 53 66 1.4 00 50 119 
Cal, Vrde 70 61 16 22 2.9 13 X X 
Central Alrcan Rep 22.7 457 47 45 

Burund 22 25 19 

0.4 06 90 147 
CrlaJ 70 216 66 61 1 3 13 25 70 

Crn;,os 5.1 140 65 6.8 20 25 X X 
Corgo 330 39.5 26 37 1 8 1.9 33 1 37.1 

X X X 00 492 70.7D;,boul X X 
Egjypl 37.9 46.5 39 33 16 19 28.3 33.5 
Eaalond Gurea 255 597 58 43 -05 -06 254 556 

Ehopa 6.4 17.6 5.7 65 21 19 25 68 
G02bon 17.4 48 -0.1 66409 43 00 24.1 
Garya 12.4 209 4.1 4.3 20 14 124 18.5 
Ghana 23.3 39.6 51 5.2 2.0 20 110 19.0 
Guinea 9.9 222 51 5.4 1 3 1.5 37 152 

86 
Iv"yCoas 193 42.0 74 5.9 2.8 1.8 6.6 15.4 
Kenya 74 16.7 66 7.4 32 3.5 49 106 
Le-otho 1.5 5.8 76 74 1.9 2.3 1.5 4.5 
LDera 186 39.5 6.0 56 1 7 1.1 93 15.9 

Guinea-Bissau 136 27,1 2.3 45 -1 1 1.0 49 

L.Oya 22.7 64 5 65 64 28 -0.1 206 31 6 
Maclagascar 10.6 21.8 52 5.7 1.8 2.1 4.6 67 
t/,ahr 4.4 12.0 46 76 2.3 2.7 1.6 4.3 
Mahl 111 20.8 45 53 1.6 2.2 3.3 7.5 
Maurtania 6.7 34.6 99 80 1.7 07 0.5 168 

M'4,us 33.2 56.8 54 3.6 2.0 -0.1 16.8 148 
MOOccO 29.3 439 4.4 49 20 2.1 267 31.4 
Mozambique 3.7 19.4 65 10.9 1.9 1.5 2.8 6.0 
Niger 50 16.2 6.1 69 2.7 2.1 1.1 4.1 
Nqena 13.1 230 50 58 24 2.7 9.7 17.6 

Rwanda 2.4 5.1 5,6_- 6.8 2.9 3.3 X X 
Sengal 22.4 42.4 55 4.9 1.7 1.2 16.4 21.7 
Sierra Leone 130 28.3 47 4.6 0.8 0.8 7.2 15.7 
sc.ma1a 17.3 34.1 49 62 1.3 2.6 6.3 11.2 
So.trh Africa 46.7 559 2.4 35 1.9 1.3 26.9 25.7 

Sudan 103 294 68 6.3 14 1.6 4,3 97 
Swailand 3.9 263 12.4 8.7 1.8 1.3 2.1 51 
Tanzania. Unitedl Rep 4.8 14.8 5.7 8.1 2.7 28 1.6 59 
Togo 98 20.1 4.4 57 1.1 2.2 5.4 105 
Tri,sa 36.0 56.8 3.7 4.0 0.7 0.4 178 207 

Uganda 5.2 14.4 8.3 73 38 2.9 2.0 61
 
Zaire 223 44.2 50 52 0.9 1.3 100 231
 
Zr.itj~a "7,2 49.5 69 62 13 0.8 152 323
 
Z,mrjabtAe 12.6 246 68 58 37 28 94 173
 

NORTH 70.0 2.C, 1.3 0.7 0.73.2 2.5 

Babadc. s 354 42.2 08 18 0.1 01 354 386 
Canada 68.9 750 3 0 1 2 -0.9 1.2 442 55.0 
Costa Rica 366 45.9 45 38 3.1 1.7 244 27.3 
Cuba A,9 71 8 31 17 09 -1.8 31.2 333 
Dominican Reo 302 55.7 5 9 4 3 15 01 '91 371 

El Salvador 383 43.0 24 3 9 29 23 13 0 11.5 
Guatemala 330 41.4 3.8 41 2 6 2.1 13 6 142 
Haiti 156 280 45 4 9 16 1 7 6 6 139 
Honduras 227 399 5 9 5 4 2.6 2.1 9 9 190 
Jamara 338 538 3.7 29 04 -03 26,1 331 

Mexlco 508 70.0 48 3 6 14 0.5 28.8 432
 
N-caragua 396 594 4.7 4.7 2.1 1.5 14.1 285
 
Panama 41.2 51 9 4.4 29 1.8 1.5 28 2 37.7
 
Trindad and Tobago 22.2 22.6 26 1.9 30 06 11.3 68
 
United States 700 74 2 2 0 1,0 02 0.5 524 56 5
 

SOUTH AUM= 51.7 72.4 4.3 3. 0.8 -0.3 

Argentina 736 84.6 2 2 2 0 -04 .0 7 53 0 58 3 
Bolivia 393 43.7 27 3.3 2.0 2.2 194 286 
Brazil 449 727 53 3 7 0.9 -13 283 430 
Cole 678 83.4 34 2 2 -03 -08 360 475 
Col ornda 48 2 674 5 2 3 1 0 9 0 3 32 1 434 
EcuadOr 34 4 477 4 5 4 4 2.1 2 0 196 246 
Gi,/ana 290 322 2 7 3.0 2 5 1 5 264 209 
Paraguay 35.6 41 5 2 9 40 2.3 23 15 8 173 .j 
Peru 463 67.4 52 3.5 0.7 09 265 413 
Surinr,amoa 47.3 45.7 2.7 04 2.0 -03 359 208 

Urugu.y 8'1 850 1 4 09 02 -06 454 405 
Venezuc4a 66 6 857 54 3 8 0 6 0 2 352 48 0 
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~~ p _______rxisr of 
t1. _a______5 54 2.6 2 3 7.n 

AIAA 20.6 22 3.9 2.9 1.6Afghanizian 1,3(10 18.5 5.2Bahrain 34 1.8 -. 74.4786 11.361 7 4.0Barigladesh 51 4.6 4AI 3.1 43211.9 6.3 3.54Bhutani 2.2 2.42.5 38 7.045 4.0 4.9Burma 1.8 19193 n0 4.0 4.5China 168 21.0 44Cyprus 356 495 1.7 
1.9 1.2 10 11.5 11


India 180 255 34 
2.5 -0.5 -0.1 165 189


Indoo sa 3.7 2.3 1.4 107 14 4
146 25.3
Iran 336 55 0 

37 4.4 1.9 0.9 11.0 14.352 4.7
Iraq 429 706 

24 1.1 215 312
64 4.7Israel 77.0 907 

01 0.7 84 69.3
Japan 49 2.4 0.1 -1.1625 765 25 5.19 493Jordan 0.6 -1.7427 644 4.5 0.3 3 7 456Kampuetea.Dem 50 1.6 1.4103 15.6 23.7 33835 5.2 2.3 25 72 89Korea, Dam Paoprita .4op 402 63 8 51 -___________Krea. RepRepKorea. 277 65.3 5.7 36 I 14.2 0.21.3 -3.0 169 24.9Kuwail 723 q3 7 120 

28.2 55.6
Lao People' rri Rep 79 159 60 62-5 779 740.3 5.Lebanon 2.3 1.9 5.5396 804 6.574 1.2 -06 -4.5 324Malajga 68 6252 31,5 37Mongolia 357 37 2.3 1.7 11.3550 12561 4.0 0.7 1.1 189 267Nepa 
 31 58 43 5.3
Oian 35 18 2.2 1.3 1.4
8 e 6.2Pakistan 8.2 2.3221 29 8 4.2 2.7 4.2Phirpp:nes 39 4330.3 396 2 3 26 1213 9 3.7 17.9Qatar 724 880 27 1.7 16.2 21.6100 4.5Saudi Arabia 5.6 10 724297 730 66.1

S'napoye 776 
86 5.7 05 -0.2 132742 25 4041.3 3.8Sri Lanla 179 211 4.5 1.2 77.5 74 116 1.9 2.2- 89 62Syrian Arab Rep 368 474 4.8 4.5 2.0 29 290 322',and 12.5 15 6 36 38Turtcy 2.9 1.87 8 2 99,29 e8 1 52 3 8Un;leo Arab Emirates 1.2 1.1 189400 &1A778 163 50 3.0V,et Nam 92 11.5147 203 44 31 234 

18 18Yemen 34 20 0 101 18 112Yem en. Do rn 28 0 39 9 - I. 323 6 7.8 1.7 1 .2 1 .9 21 

" ' O -- 605 73.3 1.8 0.9 ,-06 -1.3 
,taria 306 393Austria 499 

4 0 3.5 2.5 1,4 83561 09 9.30.5 0.2Belgium -07 35 0 343846 892Bulgaria 336 
1.1 0.1 -1.7 -0.6 298686 264

Cza,-hosio,aka 469 
43 1. -1.7 -2.2 16565.3 24 2531.5 -09 -1.5Denmark 155 16473 7 859 1 7Finland 0.5 -2.0 -22381 669 38.2 .358

FranDe 3 5 1.8 -1.4 -2.3624 77.2 28 161 24 70.8 -14German em Rep -1.4 A0.0723 46.3782 -01Germany. Fed Rep 77.4 
03 -0.8 -1.5 23.2 248861 1.8 0.1 -0.7Greece -21 52.9 5.11429 659 26Hunga'y 400 570 1.6 
1.8 -1.2 -16 31.5 40.71.4Ireland -0.6 -1.4458 51'.0 1.5 17 238 297Italy -0.8 03594 717 1.5 274 1990.9 -06Luxemoouro 621 -1.4 406 .197818 1.4 0.7 06 -3.6 22.7Malta 70.0 854 22.505 1.2 -34 -2.0 53 43Netherlands 768 92.5 1.6Norway 32 1 1.3 0.7 -8.3 376803 3.5 393

Poland 3.2 -0.6 -8.547.9 592 228 24321 1.8Poriuclal 225 31 2 04 -03 290 32824 1.8 04 ..12 150l 17Romania 3,12 548 26 2.4 -0.4 -1.0 2018 29 
Spedn 566 774 26Sweden 72 E 855 19 

16 -1.3 -1.8 355 500Switzerland 03 -29510 604 2.5 -1 7 259 463United Kingdom 857 05 10 -1491 7 1.1 308 3690.2 -1.3Yugoavia -2.1 703 678279 463 33 2.5 01 -07 96 170
 
ta w48.8 66.3 2.0 .9 0.0 
 7.9 36.2 

OCEANIA 65.3 71.7 2.8 1.5 0.7 1.4 
AustralhaFiji 806 868297 26 1441 2 51 -06 0 5 6002.9 73 1New Zeatand 760 83 7 2 8 

24 08 1U-4 213

Papua New Gunea 08 -05 03
2 7 143 425 500154 4.5Solomon Islands 1 7X x 24 1t 4 1x X X X 6O 81 
AI4TrAFRCTCA 

Sourun: U tN D-emrtrnent of International Econom:c and Social Affairs, The VWorldBank0 - 7ero or less than one-half Itre unit Ofmeasure X - not availableFor addtonal intormation, see Sources and Tec ncal Notes 
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Tab 3.2 DiNI<JNG WATER AND SANITATION, EARLY 1980s
 

A cna j 
wAc tc O 

Dt4I.Wan 

st 
WWIi2 

U~rt*On Dvic'i 

AFRICAxx3'I 
A I 

. ,a 
E,nJ 

iB Fa'so 

Cameroon 
Cape VetO9 
Ce rialA rcan Rep 
Chaid 

cc~lorsCcongo 
OCgoua 
Egyb° 

Egl 

E-uatovial Guinea 

Eioca 

Gabon 
Gana 
G.Jnea 

Gunea.,ssauheo Cas 

Le 

Lc,,a 
a 

MJadgascar 
Mali 
Mau.1n~a 

MauritiusMOROCCO 

Mozambique 
',get 

Nqeria 

Rwanda 
Snegal 
Serra Leone 
Somaha 
South Alfrica 

S,%an 

SazaniiRd 
TogoTuul,Sa 

l1"IM3 

1.n0n . 

Z:f 

n 

28
18 

855 
3.3 

2490 
X 

31 
X 
X 

x20 
,10 
75 
2 

25 

X 

48 

15 

33217 

38 

96 
21 
41 
15 
84 

84
Y. 

X 
34 

36 

60 
45 
19 
34 
x 

48 

45 
3360 

16043 

4a7a47 

x
26 

98 
27 

Y 
99 

X 
X 

42 
80 
88 

7XX9 

47 

X 

100 
72 
69 

21X~y~~61 

71 

10 
73 
77 
46 
80 

I100 

X 
41 

60 

55 
77 
61 
65 

X 

100 

88 
68 

45 

65 

,291 

12
15 

47 
31 

22 
X 

27 
X 
X 

7 
40 
64 
X 

K 

36 
39 

3721 

114 

90 
9K100 
37 
8 

85 
X 

X 
33 

30 

50 
25 

6 
21 

31 

39 
2 

125 

33 

X 
18
18 

33 
7 

52 

10 
X 
X 

X 
18 
26 

X 
27 

15K44 

1 

88 

83 
6 
X 

95X 

X 
7 

X 

60 
39 
20 
18 

X 

51 
1113) 

146 

70 

x 
2
484 

90 
38 

x 
49 

X 
X-xX 

X 
75 
45 

x 

47 
6 

6XK75 

1324 

10072 

18 

5 

1009xX 

X 
36 

30 

60 
100 
52 
A8 
7 3K 
73 

4 

034IOi 

100 

7 
15 

23 
5 

x 
8 
X 

KX 
18 
10 
X 

x 

16 

1 

139 

14 
20 

81 

X 

3 

X 

60 
2 

10 
5 
x 

X 

47 
8
10lp 

10481 

X 

Ca ad aa 

Costa R 

Conawc~ 
CuoaDomin...a 

F, Saaaor 
Guatemola 

HJI 
Honduras 

Jaeo 
N,caragua 
Pinaryid a100 

hr,u.30 and To bdgc
Un,ie'jStates 

82 

K
5985 

51 
51 
33 
68 

74 
55 
8397n 
97X 

100 

K67Re 

6726 
90 
58 
91 

91 
91 

100 
KX 

60 

x
32 
40 

25 
55 

40 
10 
6596

K 

87 

25
25 
48 

19 
44 

56 
19 

Xxxx 

93 

41
4 -
80 

48 
4 
41 
50 

78 
35 
6210X6

K 

.43 

______ 9 

28 
228 
12 
40 

12 
9 
28 

t'OUI'H A,3.fr-A 

( nr 

cr in 
C6nx 

Co-. 

Ecuaoo 
Guyana0 
Ouy 
Pelu 
SFern 

VeuCa81Uruguay 
Venezueta 

6240 

75 
85 
92 

55 

24 
53 
98 
81' 

72
78 

86 
100 
100 

98 

46 
73 

100 
9696 
95087 

17 
12 

5 
l8 
79 

21 
60 
10 
18 
96 

2 

8394 
22 
8

X 

66aa3 

G 
87 
37 
98 
59 

40 
100 
120 
1064 

10 

571 
100 
9.59, 
37 

32 
9 

4 
426 

26 

9 

96 
70,.,6, 0 
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9j vlttd t'.i~ wlth 	 'rA... . 

"5bxI;, 	 Rrl Tot~l U~b'tn l 

Afghan~sl3rr 	 21 39 i8 X 3 X 

Banogtde,-.., 42 29 43 4 21 2 
Bhuran 15 40 14 )t X X 
Burma 25 36 21 20 34 15 

China s100It 103X 100X 100 D 100X 
CypruS 4is 81 30 1 
Ird3oor.ma 31 40 29 30 31 30 
Iran 66 82 50 70 96 43 

har 	 82 100 46 71 100 15 

X 	 X XIsrael X 	 X x 
X X X X X X 

94 34
Japan 
Jodan 86 100 65 70 
Kampuchea, Dem X X X X X X 

Korea. Dern People Rep XI X X X IX 
Korea. Rep 75 88 61 100 100 100 
Kjw,it x x x x X X 
Lao People's Dem Rep 21 28 20 5 13 4 

X 	 X -X
Labanon X 	 X X 

Malaysia 79 97 71 71 100 59 
Mongola X X X X x X 
Nepal 14 71 11 2 16 1 

22 100 16 19 100 13 
Pakisman 39 78 24 19 53 6 

54 53 55 57 75 47 

Oran 

Phihpanes 
Qatar 71 75 43 X X X 
Saudi Arabia 89 100 68 78 100 33 
Sngapore 100 100 NA 74 100 NA 
Sr Lan a 28 65 18 67 80 63 

Syrar Arab Rep 	 79 1CA) 51 47 66 29 
50 70 45 50 44Thailand 67 

lurkey 7 95 62 25 56 A 
United Arab Emirates 92 95 81 80 93 22 
V,elNam X X 31 X 70x 

X 75 xYemen 33 100 21 
Yemen Dem 52 73 39 46 69 33 

x X X X xAlbania X 
kstnra X X XX X 	 X 

X X X X I XBelgium 	 "I X IDuigarra Xt Xt 	 Xt 

X 	 X
Czechoslovakia X X 	 X X 

X XI XDenmark X X X 
Finland X X X X X X 

X X X X X XFrance 
German Dem Rep X X X X X X 

X X XGermane Fed Rep X X 	 X 
Xt Xt 	 X XIXX 	 tGreece 

X X X X X XHungary 
X X X X
 

x X X X X X
 
Ire-and X 	 X 
Italy 

X 	 X X XLixembourq X 	 X 

Malta 	 100 100 100 97 100 84 
X 	 X X IX
Nelnerlands x 	 X 
X X X X XNorway X 

Pcand X X XX X X 

PUrlugAl X X X X X X 

X X X X X XRomania 
X X X IX
Sprn. 	 X X 
X 	 X XSweden X X X 

Switzerland X X X X X x 

United Kingdorr X X X X X X 

Yugoqsavia X X X X X X 

ItLSS ItX 	 I It X 

OCEAMA 

XI 	 IX
Australia X X 	 X 
Fy 77 94 66 70 85 G0 

Ne, Zealand x X X X X X 

Papua Ne,, Guinea 16 55 10 14 91 3 
Sotomon Iiands 50 96 45 26 80 21 

S.xce: World Health Orgarnizaton
NA - not applcable X - not evailabe 
For addilonal information. see Sources and Technical Notes 
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3 

Tae 3-3 POPUL I\TON OF THE WORLDS 25 LARGEST PURBAN
 
AGGLDMERATIIONS, 1985
 

flark (na930M) 1^.SO-4,0 19Wl 1970-03 1'2530-j (r

1 
2 
3 

Mexico C~ty. Mexico 
tokyVirkohan'.a, Japan 
SkO Paulo. Brail 

181 
172 
159 

53 
4 8 
58 

59 
34 
54 

50 
13 
4 4 

318 
02 
414 

484 
157 
468 

4
5 

Nc,N'ork/Norwea iem Nnv Jersey, United Stales 
Shangra C.a 

153
118 

14
04 

1 4
06 

-04
03 

-04
00 

23
15 

6 
7 
8 
9 

10 

Calutla, India 
Grealer Buenos A,re- Arg(nti., 
Rio de Janero, Brail 
Seol, Rep of Koea 
Greater Bornbay India 

110 
109 
104 
102 
10 1 

23 
28 
38 
81 
33 

26 
20 
3.5 
8.4 
4 0 

30 
1 7 
25 
46 
37 

30 
1 5 
2.5 
3.7 
3.5 

150 
106 
197 
827 
246 

11 
12 
13 
14 
15 

Los Ange:e-tong Beach. United Sltis 
London United Kingdo 
Bevl,n9, China 
RhenRuhi Fed Rep ofGermany 
Pan,, France 

100 
98 
92 
92 
8.9 

49 
0.3 
0.9 
2.3 
2.7 

2.4 
-0.1 

1.3 
07 
1 4 

12 
-06 
0.9 
00 
06 

10 
-04 
02 

-02 
02 

144 
-6 
37 
33 
62 

16 
17 
18 
19 

Morrcj, USSR 
Ca'rVGiza/lnbaba Egypt 
OsakaKobe. Japan 
Jakarta, tridor,"-i 

87 
85 
80 
79 

2.8 
4.0 
4.1 
4.5 

1.2 
3.9 
29 
49 

1.5 
3.1 
05 
4.1 

12 
3 1 
00 
33 

81 
240 
il1 
339 

20 T,.anpnChrNN 78 1.1 1 4 1 1 03 44 

21 Dei. India 74 51 4.6 5.1 46 429 
22 
23 

Baghdad. Iraq 
Teheran. Iran 

7.2 
72 

5.2 
7.2 

9.6 
62 

86 
5.4 

48 
5.2-

1100 
700 

24 
2! 

Manla. Ptidipper a 
Mlan. It~ly 

70 
70 

37 
23 

46 
22 

52 
1 7 

3.1 
1 2 

338 
94 

Totli - 25 CIties 254.7 2.7 &.6 2.1 1.8 126 
m'Ad P V -td)Ln 
Largest 25 Otc.1s rt, Pp.rcara2 o: W..sd TeelW 

4042.0 
5.3 

1.9 2.0 1.2 1.7 93 

Source: U N .et!atinent of Internalionai Econornc arid Social Aflfais, 
0 "ero o; les th one-hall the unit of meaure 
Fr ad1 ,ona ilo(nation. see Sources and Technca NOCs 

Ta3AVA, TEGENERAtiON INSELECT.ED COUNTRIES, 1.980 
-_ V4vmlQIwwt O~elr Mn.W-l Vk~aa G0srreeet'z an pc~ 
Total 'Meric TxvwWsearI 

(u)S~rad is o,U (th-wwortuaid 
twle tore PI-- Cnii rsrt~ I=i tlwil*3 GMsIA rnldxlc kms 

Pw ywre' pN P' e) er) Ocrstk. Pro c t p e Yziz) 

Australia 1WOO G31 20000 X X 
Ajstna 153 20 300 10 100 
Belgium 3082 313 8000 186 915 
Canada 12600 526 61000 730 3290 
Denmark 2046 399 814 63 

Finland 1200 290 X X 87 
France 15500 289 38205 163 2000 
Germany. Fed Pep 20780 338 52469 X 4892 
Greece 2500 259 X X X
 
Ireland 640 188 1200 X X 

Italy 140M1 246 3500 207 X 
Japan 4021 ,344 161677 379 768 
Netherlands 5 t00 382 4869 79 280 
New Zealand 1528 488 498 67 X 
t o ,(ayl 1700 415 2186 93 120 

Porlugal 1500 152 11200 1110 X
 
Spain 8328 215 X X X
 
Sedc-rr 2500 301 4000 102 550
 
Switzerand 2148 337 X X 100
 
Unted Kingdom 15816 282 89749 490 1500
 
United States 160r" 703 400000 45. 264000
 

Source: Orgarzation for Ecorrnc Coorxatcn and Dovoictpimnr.
 
X - not avaiable.
 
NOte: Industrial Gross Domstc Produ t is the portion of Gross Domestic Product contributod by industry.
 
For aciditional informatiol, see Sources and Techn,caj Notes
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l.D :M Population Distribution, 

Soures: Urlan population and average 
annual g-ryowh rite: Deparlnenl of Inter-U.N. 

nat;onal Economic and Social Affairs 

(UNDIE.Sk), World lbpulatron l'sespects. Esii. 
mates ond Prujoction. es Assessed in 1982 
(United Nations, New York, 1985). Population 
living in drties (ver iI00,()J: World Bank. 

lKbrld Dtes.,lopmert Report 1985 (Oxford 

University Press, Ne,v 'rbrk, 1985). 


Urban population i defined a the porticn
of the total population residing in urban aras. 
The remainder of the pIeuaiation is defined as 
rurl. However, the definition of urban area 
varies widely rom country to country (See 
Part It, Chapter 3, "-lunan Settlements," Box 
3.1.) For a list of individual county eefinition, 
see UNDIFSA Estiirate5and Projections of 
Urtx-n, Rural, and Cty Rpulotions, 
1950-2025: The 1982 Assessment (United 
Nations New York, 1985). 

The definition of a city with over 100,000 
populatio also varies from country to coun-
try Most national censuses collect population 
data on one of three settlenent patterns: the 
urban agglomeration, the metropolitan area, 
or the city proper. The United Nations uses
data for the urban agglomeration when avail. 
able. An urban agglooeration is defined as 
the population contained within the contours 
of the contiluous territory inhabited at urban 
leve!s of residential density without ,egard to 
administrative boundaries. The metropolitan 
area incldes the urban aglomeration as well 
as surrounding areas oflower population den-
sity. Ifneither ofthe;e isavailable, the city 
proper definition is u-c; this tends to 
underestimate the I)Opulation. For additional 
information on methods of data collection and 
estimation, refer to the 'lIchnical Notes for 
Table 2.1inChapter 2 -Population and 
Health." 

Thbk7 2 Drin!dng Water andl1980 

Sources: World Health Organization (WHO), 
T/e Internaotonal Drinking Water Supply and 
SanitationDecade Review of National Base-
line DAta: December 1980 (WHO, Geneva. 
198-M); The Internationaland draft tables from 
Drinking lHiter Sipply and .initation 

Decade: Review of A'otional Baseline Data 
Decenser 1983 C'HO, Geneva, in pre.,
196)

Data were collected Iron1national govern-
ments by the World Health Organization 
(WHO)iii 198(0 and again in 1983 by means 
of questionnaires. The questionnaires were 
answered by public health officials, WHO 
exper:,arid Resident Repiesentatives of the 
United Nations Development Program. The 
data collection effon was ued to develop 
baseline information with which to assess pro-
gress inmeeting national goals set for the 

Intenational Drinking Water Supply and Sand-
o360-05
ation Decade. Ninety.4hree of the 113

developing countries shown in Table 3.2 
resiponded to either the 198f0 or the 19,3 
que.;tionnaire. These countries represented 
about 91 percent of the population of the 
developing world, excluding China. This kLotal 
included 37 countries in Africa, covering 78 
percent ol thle population (excluding South 
AUrica); 23 countries in the America, covering
97 percent of the developing country popula-
don; and 29 countries in Asia, covering 98 
percent of the population, excluding China. 
The next round of data collection is set for 
1986. 

The definitions of urban and rural ppula-
tion were spplied L-ynational governments. 
(See Notes to Table 3.1.) 

The WHIO defin-s reasonable access to safe 
drinking water in an urban area as piped 
water to a housing unit or to a public ,tand-
pipe within 20M rnete., In ual areas, 
iraso:iabe acces implies thiat a family mer-
bet need not spend a disproportionate pi.rtof 
the day fetching water. "Safe" drinking water 
inciudcs treated surface water and untreated 
water from protected springs, borhole, and 
&anitary wells. Oher sources are considered 
unsafe. 

Urban areas with acce2s to sanitation serv-
ices were defined as urb'n populations served 
by connections to public sewers or household 
systems such as pit privies. pour-flush latrines, 
septic tanks, communad toilets, etc. Rural 
populations with access had adequate disposal
such as pit privies, pourflush latrines, etc. 

The application of tIbese definitions to the 
situation in a country is clearly open to a 

considerable degree of subjective judgement. 

Comparisons between countries may therefore 

be misleading because of varied interpreta-

tions of definitions as well as incomplete 

responses. WHO reports note that access to 

sanitation in rural areas is systematically 

under-reported; no alternative estimates have 

been provided. 

Saniai9 3,3 Population of the
World's 25 Largest Urban 

Aggionerzitiin% 1985 


Sources: U.N. Department for International 
Economic and Social Affairs, Estimates and 
Projections of Urban, Rural and City Popula-
tions, 1950-2025.- The 1982 Assessment 
(United Nations, New York, 1985), Tables A-12 
and A-13, pp 144-148,

The 25 largest cities are large urban 
agglomerations, composed, in most cases, of 
the central city, adjacent smaller cities and 
towns, arid suburbs. City boundaries depend 
on local administrative boundaries, population
densities, types of econoIic activity ah 
other characteristics. Rankings depend theon 
population living within the urban agglomera-
(Jon boundaries as determined by local and 
national go,'ernments. Rankings would not 

necessarily be the saime ifinikirm criteria 
were used. The estimates forthe Chinese 
cities-Shianghai and Rtijinr-chouid be consid
ered tentative. Results of fhe 1982 Chinese 
Census may lead to substantial revisions. Aver
age annul percent change_ viere calculated 
using the compound grw h formula. 

. AM Wamte Generation Iv 

Selected Countriea R980 
Sources: Wate data: On-:ization for Eco
nomic Co-operation and D6evelopment (OECD),
EnironmentalData Compendium 1985 
(OEC, Paris, 1985), pp 147 and 153. Gros 

'DomesticProduct data: The Worid Bank, 
World Development Report 1982 (Oxford 
Univerity Pivess, New York, 1982), Table 2, p. 
112. 

Municipal was e is compo.ed of trash col
lected from households, commercial establish
rnenl, and small industies. It includes refuse 
from markets and gardens if collected and 
disposed of r.y the mtunicipality. Paper, card
board, and plastic packaging compise 25-50 
percent of municipal waste, depending on 
local consumption and production patters. 
Other municipal wastes include organic mat
ter, mtals, leather, textiles, wood, and rubber.Industrial waste comprises chemical and 
nori-chemical wastes. Amounts of industrial 
waste depend on the levels of industrial 
production, types of tecnlology used, and the 
definition of waste used in the country. 

Haeaidous waste is that waste known to 
contain potentially harmful substances. 
(Nuclear waste are not included in this table. 
See Table 8.3.) 

Additional caveats concerning national
 
waste estimates are as follows:
 

1. New Zealand-municipal waste includes 
demolition waste; industrial waste is non
chemical waste only.

2. Autraia-special and hazardous wastes 
are included under industrial waste. 

j. 	 Netl'erlands - industrial waste covers thatfrom enterprises that em-ploy ten or more 

people only and includes office and can
teen wastes; hazardous waste refers to 
"notifiable" wastes only. 

4. 	 Norway-industrial waste includes ihr mi. 
cal waste only. 

5. 	United Kingdom-idustrial sa....
 
includes some agriclr.r ,sst.<
 

6. 	 Canada-hazardous . ne _,,e-tdin 
wet weight. 

7. Denmark - inclti-- oiiy h.aro u- waste
that has bvii l'!ally disposed of 

8. 	 France-hl.ii,lim waste is toxic or h,
 
ardou waste.
 

avdetailed n ivs: je-ous 
, .i(in l, : , tates see 

.' ', i . ',,t'nt .srnett At 
,Mit Inccode (ihe Conservatuon keundation, 
Washington, D.C., 1984) pp 6-73. 

)RILDRIFSOUJM IN 

253 

http:compo.ed
http:UNDIE.Sk


RE.ScUPCESWcOiLO 194
 

2.14 



4.Land Use and Cover
 

The tables in this section are intended to provide a 
global picture of land cover, land use, a.id natural 
disastem caused by land disturbances, Data with which to 
examine )pecifickin&s of land use ard cover in more 
detail are shown in th" sections on food- and agriculture, 
forests and rangelaid, wildlife resources, oc.earns and 
coasts, and human settlements. 

Data on land use, collected by the U.N. Food and 
Agriculture Organization (EAQ), ate shown in Table 4.1. 
They higtlight country and i'eijonal changes inr, 
agriculture, forestrye,and range rnainet over the last 
10 to 20 years. Because the FA0 is p1riipally concerned 
with the production of crops, forest products, and 
livestock, it classifies the rest of a country's land as 
"Other Land:' which includes vetlands, tundra, deserts, 
ciie-s and towns, madways and transport facdiie-s. and all 
other unclassified land. The table, therefore, cannot be 
used to analyze chant-gas in settlement patterns, parks 
and protected areas, inddusry, energy and transport 
facilities, "r other uses. 

The statistics on percentage distribution show a picture 
of changing patterns of !and use over the pa.st 15 to 20 
years. In 1983, Africa i-ad a"-out 6 percent of its total 
land area in arable and permanent cropland; the figure 
was 5 p-rcent in 1965. This change represents roughly a 
20 percent inc-ease over the past 18 years. Of the 49 
African countries shown in the table, 41 reported in-
creases in arable and permanent cropland, with 12 hay-
ing increases greater than 25 percent. 

Changes in land use are net changes. In the United 
States, for eample, bottomland-hardwood forest adong 
the Mississippi River has been drained and planted with 
soybeans, while marginal cropland in the Northeast and 
Midwest has returned to woodland and forest. 'The tot-l 
amount of arable and permanent cropland remrnains about 
the same, but different kinds of land are now under 
cultivation than in the 1950s. 

The FAO depends principally on figures supplied by na-
tional governments. When governments do not provide 
figures, the FAO develops estimates from unofficial 
sources, other international organizations, and their own 
best judgemnents. Preparirg these estimates on an annual 

basis is riot easy Short-term changes (one to five years) 
in land use are generally very poorly monitored at the 
national level. In its most recent Production Karbook, 
for example, the EC, had to provide its own estimates of 
agricultural land use for all African countries. When 
countries repo.t a rapidly growing population over an 
l8-year perid, but no clrange in lanid use, the statistics 
are probably unmliable. 

The FAG's bas.line infomation oil land use for most 
countries is drawn from the. World Census of Agriculture. 
Ab.out every ten years, court.ries collect extensive data 
on agriculturaJ land use, tenure, and holdings using 
classifications and methods designed by the FAO. With 
the completion of the 1980 Census--the results of 31 
countries had been publishd. as of May i985-.nationa 
governments and the FAO will be better able to estimate 
the etent of and changes in major land uses. 

With the incresing aw-iabiiity of data fmrn remote 
sensors on satelites and other platforms, broad structural 
changes in vegetative cover and lwad use (forests to 
grasslands, for .x-ip!e) can be monitored more precisely. 
This information will not rmplace the need for on-the
ground rnjsu'ements; however, if wvit,help analysts im
prove the iden'fication of land suitable (and unsuitable) 
io' cultivation, monitor the extent of settlements, identify, 
areas of rapid defolestation, rand more. 

Table 4.2 provides statistics on the current extent and 
type of vege ation and he patterns of vegetation that 
prevailed before the w,,idespead establishment of agricul
ture and urban centers. The!e data can be used to 
analyze long-terr changes in oresti and g-assland and 
can be compared with changes in cultivated area. 

Important land disturbances include earthquakes, 
volcanoes, land subsidence, and mud slides. With the 
rapid improvement in seismology and remole seasing, 
virtually all significant earthquakes and active volcanoes 
are known and many smaller earthquakes are recorded. 
Although there is a noticeable decline in the number of 
deaths from major earthquakes in a few regions, the 
overall totals still reflect the devastation of a few major 
events, such as the 1976 earthquake in Tangshan, China, 
that killed 240,000 people. 
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Tabl 4o1 LAND USE, 196/--85
 
Populstic. I'vrceningt DMmr!bultor 

Arom Gon~lly 

(thousand gquwra 
kI!:mrto) 

(pgre-nu p:er 
P.luerv kllowirotir 

of to1 .1ae.') 

4.rablf Lend 
anrd Permanint 

Croiplind 

Maadowea and 
Pormenvnt 

Pazirir 
_____ 

Forel and 
WoCdli€ic 0lh itr Land 

Wrtand-
TotnA L..nd W.tr 195 I84-6- 198I-53 1954-16 13 14-Oe 1321-83 4-85 195183 

WOR L 147972 144774 3148 36.2 1V 11 24 24 33 31 33 33 

AF,A 30331 2964 {67 10.2 5 6 2 7 35 23 43 44 

AI," ia 
Anga 

2382 
124' 

23,2 
1247 

0 
0 

92 
70 

3 
3 

3 
3 

16 
23 

14 
23 

1 
44 

2 
43 

80 
J 

81 
31 

Bilri'm 
Bc4swana 
E8Aura Faso 

113 
600 
274 

ill 
585 
274 

2 
15 
0 

35 6 
18 

253 

13 
2 
8 

16 
2 

10 

4 
71 
37 

4 
75 
37 

4.1 
2 

30 

35 
2 

26 

39 
26 
26 

45 
21 
28 

Biu7no. 
Carner'on 
Cape Verde 
Central AfrKcan Rep 
Chad 

28 
475 

4 
023 

12B4 

26 
469 

4 
623 

1259 

2 
6 
0 
0 

25 

1664 
204 
79 7 
41 
39 

39 
12 
10 
3 
2 

51 
15 
10 
3 
3 

25 
19 
6 
5 

36 

36 
18 
6 
5 

36 

2 
58 

0 
64 
17 

2 
54 
0 

64 
16 

35 
11 
84 
ae 
45 

11 
13 
64 
28 
46 

Conoos 
Congo 
opb)Iull 
Egypl 
Equaloial Guinea 

2 
342 

22 
1001 

28 

2 
342 

22 
0J5 

28 

0 
1 
0 
6 
0 

2106 
51 

133 
467 
140 

39 
2 
0 
3 
8 

4." 
2 
0 
2 
8 

7 
29 

9 
0 
4 

7 
29 
9 
0 
4 

16 
64 
0 
0 

61 

16 
62 
0 
0 

61 

38 
5 

91 
91 
28 

35 
6 

91 
98 
27 

Elhowa 1222 1101 121 296 11 13 42 41 27 24 20 22 
Gabon 
Gamoia 

268 
11 

258 
10 

10 
1 

44 
569 13 

2 
16 

20 
9 

18 
9 

78 
10 

78 
20 

2 
48 

2 
55 

Ghana 
Guinea 

239 
246 

2.0 
246 

9 
0 

565 
221 

11 
6 

12 
6 

16 
12 

15 
12 

43 
49 

38 
43 

30 
33 

35 
39 

GuineaBisssau 36 28 8 246 9 10 46 46 39 38 6 6 
ivcvy Coas 
Ke'nya 

322 
583 

318 
569 

4 
1? 

304 
354 

8 
3 

12 
4 

9 
7 

9 60 
5 

28 
4 

22 
85 

50 
85 

Lesolho 
,.Oeria 

30 
111 

30 
96 

0 
15 

501 
197 

12 
4 

10 
4 

73 
2 

66 
2 

0 
40 

0 
39 

15 
54 

24 
55 

Lba 
Madagascar 
Malaw 

1760 
587 
118 

1760 
582 

94 

0 
6 

24 

20 
171 
592 

1 
4 

21 

1 
5 

25 

6 
58 
20 

8 
58 
20 

0 
27 
53 

0 
23 
45 

93 
10 
6 

91 
14 
10 

MflI 
Mauritania 

1240 
1031 

1220 
10,30 

20 
0 

65 
1 6 

1 
0 

2 
0 

25 
38 

25 
38 

8 
15 

7 
15 

66 
47 

67 
47 

Mauritius 
Morocco 
Mozambtque 
t4'ger 

2 
447 
802 

1267 

2 
446 
784 

1267 

0 
0 

18 
0 

5645 
529 
176 
48 

50 
16 
3 
2 

58 
19 
4 
3 

4 
28 
56 

8 

4 
28 
56 

7 

33 
12 
22 

3 

31 
12 
19 
2 

13 
44 
18 
87 

7 
42 
21 
80 

Nqera 924 911 13 1031 32 33 21 23 21 16 26 28 
R ,anda 26 25 1 232.2 26 41 34 18 13 11 27 31 
Senegal 
Sierra Leone 
Somalia 
Scuth Airca 

196 
72 

038 
1221 

192 
72 

627 
1221 

4 
0 

10 
0 

332 
502 
87 

265 

23 
20 

2 
11 

27 
25 
2 

11 

30 
31 
46 
69 

30 
31 
46 
66 

35 
29 
15 
4 

30 
29 
14 
4 

12 
20 
37 
16 

13 
16 
38 
20 

Sudan 
Swaziland 
Tanzania, Un4ed Rep 
To-
Tunisia 

2506 
17 

945 
57 

164 

2376 
17 

666 
54 

155 

130 
0 

59 
2 
8 

86 
37.4 
238 
51 5 
44 1 

5 
8 
4 

21 
28 

5 
8 
6 

26 
31 

24 
78 
40 
4 

16 

24 
67 
40 

4 
20 

24 
8 

50 
45 

3 

20 
6 

47 
29 
4 

47 
6 
7 

31 
53 

51 
19 
7 

41 
46 

Ugarica 236 200 36 665 24 30 25 25 32 30 19 15 
Zaire 2345 2268 78 141 3 3 4 4 80 78 13 15 
Zambia 
ZmbaMC 

753 
391 

741 
387 

12 
4 

89 
22.4 

7 
5 

7 
7 

47 
13 

47 
13 

30 
6: 

27 
62 

17 
20 

18 
19 

NHA !VA 22415 2135T 1059 17.9 12 13 17 17 33 32 38 39 

Batbados 
Canada 
Coqa Rca 
CL 

-
ai 

Oyni an ReCo 

0 
9976 

51 
115 
49 

0 
9221 

51 
115 
48 

0 
755 

0 
0 
0 

6163 
2.6 

51 3 
87 7 

128 1 

77 
4 

10 
17 
22 

77 
5 

12 
29 
30 

9 
2 

21 
25 
43 

9 
3 

42 
22 
43 

0 
34 
58 
14 
14 

0 
35 
33 
17 
13 

14 
59 
11 
45 
21 

14 
57 
13 
32 
14 

El -alvado 21 21 0 2639 32 35 29 29 9 6 30 29 
Guaeriala 
HaMr 
Honduras 
Jamaca 

109 
28 

112 
11 

i08 
28 

112 
11 

0 
0 
0 
0 

772 
2373 

390 
2114 

14 
22 
13 
25 

16 
33 
16 
25 

12 
18 
30 
22 

12 
18 
30 
19 

48 
3 

47 
28 

40 
4 

35 
28 

26 
57 
9 

24 

31 
46 
19 
29 

l'Car'gua 
I-anarna 
Trnmicadand lobago 
Urted Siaes 

1973 
130 

77 
5 

9363 

1923 
119 
76 
5 

9127 

50 
11 
1 
0 

236 

400 
252 
283 

2179 
254 

12 
10 
7 

27 
20 

12 
11 

8 
31 
21 

39 
35 
14 
1 

28 

39 
42 
15 
2 

26 

29 
52 
61 
48 
32 

25 
36 
54 
44 
30 

20 
3 

18 
24 
20 

24 
11 
23 
23 
23 

SOZ74aCA 17819 17535 2C4 15.1 6 6 24 26 57 53 13 13 

Arge.n2767 
P..cvia 1099 

2737 
1084 

30 
14 

11.0 
58 

11 
2 

13 
3 

53 
26 

52 
25 

22 
55 

22 
52 

14 
13 

13 
20 

Brazil 
Cnile 
Cr*.:mba 

8512 
757 

1139 

8457 
749 

1039 

55 
8 

100 

159 
160 
25 2 

6 
6 
5 

9 
7 
5 

15 
14 
29 

19 
16 
29 

71 
21 
63 

67 
21 
50 

8 
60 
4 

5 
56 
16 

Ecuador 
Guyana 
Paraujay 

284 
215 
407 

277 
197 
397 

7 
18 
9 

33 1 
'14 
90 

9 
2 
2 

9 
3 
5 

8 
5 

35 

15 
6 

39 

62 
92 
54 

52 
8.3 
52 

21 
1 
9 

24 
8 
4 

Peru 1285 1280 5 153 2 3 21 21 58 55 18 21 
Surne 163 16i 2 22 0 0 0 0 95 96 3 3 
U'uquay 176 174 3 171 8 8 79 79 3 4 9 10 
Vene~zutia 912 882 30 202 4 4 18 20 45 39 33 37 
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Total14Ylwctd U oCIS Q1l~ 

ADA 
Alghan,.lan 
Barrrn 
Ban ladesh 
Bhutan 
Burma 
Ch'na 
Cyprus
India 
Indonesia 
Iran 
Irao 
Israel 
Japan 
Jordan 

Kr.ampuchea, Der 
Korea Oen Poople, Rep
Korea. Rep 
Kuw,18Lao Peoples DemrRep 
Let)anon
Malaysia 
Mogolia
NFe.,al 
Oman 
Pakifilan 
Ptl,!ppnes 
Qatar 
Saudi Arabia 
S,ngapore 
Sri Lanka 
Syrian Aral Rep
Thaland 
Turlrm 
United Arab Emirates 
Viet Nam 

Yemen 
Yemen Dem 

27575 

6483 
1 

144 
4) 

677 
9597 

9 
3288 
1905 
1648 
435 

21 
372 

98 
181 
121 
98 

237 
10 

330 
1565 
141 
212 
804 
300 

11 
2150 

1 
66 

185 
514 
781 
84 

330 

195 
333 

26/91 
648 

1 
134 
47 

658 
9326 

9 
2973 
1812 
16,36 
434 
20 

371 
97 

177 
120 
98 
18

231 
10 

329 
1565 
137 
212 
779 
298 

11 
2150 

1 
65 

184 
512 
771 

84 
325 

195 
333 

7A4 
0 

10 
0 

19 
271 

0 
314 

93 
12 
1 
0 
1 
1 
5 
0 
0 
0
6 
0 
1 
0 
4 
0 

25 
2 
0 
0 
0 
1 
1 
2 

10 
0 

4 
0 
0 

102.4 
226 

695 2 
7024 
301 
58.4 

1108 
721 

231.5 
866 
27.4 
360 

2'n.9 
322.5 

359 
408 

1666 
415.0 
100.2

187 
2565 
47.2 

12 
1171 
5.8 

1265 
182.4 
274 
52 

434 5 
2500 
571 

1003 
640 
157 

1804 

336 
64 

16 
12 
3 

67 
1 

11 
47 
55 
10 
9 

11 
20 
16 
4 

16 
16 
23 

0
4 

28 
11 

1 
13 
0 

25 
31 
0 
0 

23 
26 
35 
25 
34 
0 

18 

14 
1 

17 
12 
3 

68 
2 

15 
11 
47 
57 
11 
8 

13 
21 
13 
4 

17 
19 
22 
0
4 

29 
13 
1 

17 
0 

26 
38 

0 
1 

11 
34 
31 
37 
36 
0 

21 

14 
1 

25 
45 

6 
4 
4 
1 

31 
10 
5 
7 

27 
9 

40 
0 
1 
3 
0 
0 
8
3 

1 
0 

8 
12 
5 
6 
3 
5 

40 
0 
4 

42 
1 

14 
2 
1 

36 
27 

.14 

46 
6 
4 
5 
1 

31 
10 
4 
7 

27 
9 

40 
2 
1 
3 
0 
1 
6
3 
1 
0 

79 
13 
5 
6 
4 
5 

40 
0 
7 

45 
1 

12 
2 
6 

36 
27 

a1 

3 
0 

17 
66 
49 
11 
19 
20 
63 
11 
4 
5 

69 
0 

76 
74 
68 
0

63 
9 

79 
10 
33 
0 
3 

57 
0 
1 
7 

49 
3 

51 
26 
0 

43 

8 
8 

1 

3 
0 

16 
70 
49 
14 
19 
23 
67 
11 

3 
6 

6a 
0 

76 
74 
67 

0 
55 

7 
67 
10 
33 
0 
4 

41 
0 
1 
5 

37 
1 

31 
26 

0 
38 

6 
7 

33 

3,1 
9) 
12 
26 
35 
47 
25 
20 
15 
E3 
75 
35 
15 
95 
5 
9 
9 

92 
30 

61 
10 

1 
41 
95 

66 
10 
95 
59 
70 
19 
20 
24 
25 
98 
38 

42 
64 

38 

38 
90 
11 
24 
35 
45 
25 
17 
15 
54 
75 
33 
17 
94 
4 
6 

11 
92 
37 
63 
20 
1 
37 
95 
64 
17 
95 
59 
84 
23 
21 
31 
26 
97 
36 

42 
65 

______ 

Aibania 
Ausfria 

Belgium 
Bulgaria 
Czechosovaka 
Denmark 
F,iland
France 
German Dem Rep
Germany Fed Rep 
Greece 

Hungary 
Irtland 
ItalyLuxembourg 
Malta 
Netherlands 
Norway
Poland 
Ponugal 

Romania 
Spain 
Swoden 
Switzerland 
Uried Kingdom 
Yugosav'a 

ULIS 
OCEANIA 

Ausgraha 

Fi;
New Zealand 
Papua New.Guinea 
Rolomon lsanas 

ANUTA 

4871 

29 
84 

33 
III 
128 
43 

337 
E47 
108 
249 
132 
93 

103 
301Y, 

0 
37 

324 
313 
92 

238 
505 
450 

41 
245 
256 

22402 
0510 

7687 
18 

269 
462 
28 

14000 

4728 

27 
83 

3:1 
11 

125 
42 

305 
546 
106 
244 
131 
92 

100 
294
X 

0 
34 
308 
305 
92 

230 
499 
412 
40 

242 
255 

22272 
0429 

7618 
18 

269 

28 

14000 

143 

1 
1 

0 
0 
2 
1 

32 
1 
2 
4 
1 
1 
3 
7

X 
0 
3 
16 
8 
0 

7 
5 

38 
2 
3 
0 

130 
81 

69 
0 
0 
Cl210 
1 

0 

101.0 

1061 
893 

2985 
83,1 

1224 
1194 

145
998 

153 6 
2458 
753 

1161 
349 

1888 

1193 8 
3888 
128 

1201 
1094 

971 
773 
184 

1523 
2273 
907 

12.4 
2.0 

20 
374 
122 
80 
96 

X 

28 

19 
21 

30 
41 
42 
64 

8 
38 
47 
31 
29 
61 
18 
52 

44 
29 

3 
52 
46 

46 
0 
8 

10 
25 
33 

10 
5 

5 
11 
2 
1 
2 

X 

30 

26 
19 

25 
38 
41
62 
8 

34 
47 
31 
30 
57 
14 
42 

44 
25 
3 

49 
39 

46 
41 

7 
10 
29 
31 

10 
6 

6 
13 
2 
1 
2 

X 

20 

6 
27 

24 
11 
14
8 
0 

25 
14 
22 
39 
14 
64 
17
X 
0 

39 
1 

14 
6 

19 
41 
2 

44 
55 
25 

17 
55 

59 
4 

4P 
0 
1 

1) 

20 
25 

21 
18 
13
6 
0 

23 
12 
19 
40 
14 
70 
17 

0 
34 
0 

13 
6 

19 
21 
2 

40 
48 
25 

17 
5.; 

59 
3 

5.4 
0 
1 

32 

46 
38 

21 
33 
35
11 
72 
23 
28 
30 
20 
15 
3 

21 
X 
0 
9 

23 
26 
36 

28 
45 
64 
25 
8 

34 

41 
22 

18 
65 
27 
72 
93 

33 

45 
39 

21 
35 
37
12 
76 
27 
28 
30 
20 
18 
5 

22 
X 
0 
9 

27 
29 
40 

28 
31 
64 
26 
9 

37 

41 
is 

14 
65 
37 
71 
93 

20 

9 
14 

24 
15 
91-6 

20 
15 
12 
17 
12 
9 

15 
10 

X 
56 
24 
73 
8 

13 

8 
14 
27 
21 
12 
8 

32 
19 

18 
20 
23 
27 
4 

19 

9 
'17 

33 
9 
920 

15 
16 
13 
20 
10 
11 
11 
19 
X 

56 
32 
70 
9 

16 

8 
6 
27 
23 
1.1 
8 

32 
2 

21 
19 
7 

28 
4 

Source: U N Food and Agriculure Onganiza!,or,
0 = zero or less than one-half Ine unit of measure, X - not availab!F 
For addbonal inflornation tEie Sourc"s and TeChnici Notes 
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LID USE AND COVER, PREAG-.IC ',UfJEO F Ti4U2 

Ty 1w Merofqw-v-mn*e 
onurroc Ufv~I ~jrt'41~4r2Ot. 1

0 -,or 'r.S..uLti m r; eOl 

TOC~o~~v~7m~roic~U043~xite~ ew-l~ ye o *ivntmli t r~:rvio 
CE'rreotoIo,'dsct~ w torn~ rV"* 

.~Y~rJtfei0531'c~~~e v~oo 
ecmn963 

., 
Cod CX'..Xr.,,uakrv- *ionf."Efowrr. 

rid<'i.ri,.".rZsJ:.'ii O775 

Xto ,i'c&arlioT $,ct 

.~V,O.A... 
Evorg bFo. ie3tad It,k2."JS nd 

C ,r~en ~..xtnjr0rie.' 
[tora LstuhfroCc. dror0og 4eo.duuS wco ,nd 

Cod ecictuoUs Actnd 

.4rrle~d1e , .hniotaiv and dwarl 

' nee m~rovh'tt h rt Wit.hrbadJE'erit,:: eN'.od as ala 
6'stgien I(et i crorhilous shru av2Ahckzl 

Drcyight-dtC"iduOuas srubandc4,!kevi & dwir shnJstlrdlthki 
Ccij oxi(iuo, s %wiLw-?itrJFJlbpOldrsruband ar d dw,. snruLratd 

rr'om~i(OriiC stiuarsttdd,,l shnruiarv. 

T12;'8)f A 

A;.ctj.ual0pne trundra mo"nayt.y. 

AA34.01 

tree cove 
rT Or tu.ptant cved

TilIedIrnJ)t o( grfdarj with -40% 
a'dunivshofl gr:sisand with l5cs than 104b tree cover 


dqra'arndwth stnjo cooer 

T"0grina no woody Ccc.'& 

MTLmgr ia.!da no wnooyCovr 

Mc.,o .urno woody cover 

Forb forl,h)OnS 

DESERT (bw4 W) 

Source: Journal of Cimate aroAppted Metecrvogy
 
0 zero of Iess than one-hail the unit ,,! mea ,,re.
 
For aononal information, ee Sources and Technical Notes.
 

4.8 

12 Er 
40)0Z 

120 
064 

395 
55 

310 

12.32 

233 

2 64 

472 
2033 

13.1, 

5rubarv155 
0 71 
0.9lra 
046 
941 

7.35 

7.35 

853 
4 19 

1072 

1 46 

1 49 
7.34 
028 

15.65 

42.10 

120'b 
3X3
019 

03M9 
061 
047 
050 
920-
2955 18 
399 
270 

10.4A 

1 71 
251 
372 
2 50 

12.15 

131 
0 67 
015000 
046 
87 

7.35 

735 

27.45 

646 
360 
935 
081 
0.79 
610 
0.28 

15.56 

7.7,1 

05 
0 7* 
003 

004" 
03'I 
017 
04 
0341C0200
257 
1.53 

040 


1-

062 

0 13 

1 00 

0 13 


0.17, 

024 

0 04 


015 
0 0 

054 


0.00 

0100 

6.56 

207 
053 
137 

065 

070 

1 24 

000 


0.27 

4CO 
1900 
1..00 

00 
32 0 
2700 

00 
4500 

3300 

2800 
13W0 

15.26 

27 00 
5.00 

2100 
5.00 

7.39 

1500 
6.00 

000 
600 

0.0 

000 

19.29 

24.00 
1300
1300 
45.00 
4700 
1700 
000 

2.00 
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MAJOR........... . EVENTS AND DE.ATHS,900-85
19 011 IQ7-7 IS, ! 00 -8 
!I0 0-tl5 

E0arTOqI,,k. 1, .11,11 110IIA.009 12003,344J IND171,52G6 1649,372 18312,3GO 211f4,004 212tz.,5,694 10020,012 1,3501,535, 357 

Ea.1hku ti.i 
Deaths 

1 
40 

0 
0 

0 
0 

0 
0 

2 
0 

2 
7 

3 
8 

2 
0 

1 
2 

11 
57 

Eartwi-okcs 
Deas 

10 
68.874 

9 
32.166 

8 
1.887 

11 
1,613 

18 
1.070 

23 
945 

39 
1.611 

21 
2.682 

16 
3.150 

165 
113.998 

e.FFDICAEart ,iqakes 
Deaxts 

Li'XXAN 0Earthquake.=-H 
Deaths 

0 
0 

0 
0 

0 
0 

0 
0 

4 
0 

4 
0 

3 
16 

1 
25C 

3 
267 

0 
0 

4 
1,2,9 

1 
0 

12 
13.525 

3 
5 

3 
14 

0 
0 

2 
5443 

1 
0 

31 
20,544 

10 
255 

EarrrquaG 
Doas 

9 
28,106 

10 
371 

15 
7.639 

15 
44.127 

27 
20425 

23 
5.582 

34 
27.768 

35 
56.082 

21 
9.689 

189 
199.789 

Earinquak&ee 
Deaths 

7 
6,262 

5 
490 

3 
3 

7 
148 

8 
20.209 

8 
1,251 

1i 
125 

9 
1 

2 
0 

60 
28489 

Earthquakes 
Deatrs 

10 
1.156 

10 
12,895 

15 
488,647 

33 
88,171 

21 
1,090 

5 
133 

5 
3,001 

11 
240.279 

6 
216 

116 
835.588 

JAPAN A ,1 NC "II4Wf.ST 
WA.VC ISLAW4SEarthquares 
Deaths 

22 
1.386 

15 
229 

14 
103.228 

18 
6.217 

12 
10,380 

16 
781 

22 
250 

17 
74 

7 
240 

141 
122.785 

Errtsquakes 
Deatrs 

13 
14 

2 
50 

1 
600 

2 
0 

3 
72 

4 
454 

2 
234 

10 
8,034 

1 
24 

38 
9.482 

PW*fS"1A ANDfSMM4UT.17' 
A~C~tICISLAIME;Earl IqaLCs

Deaihs 

, m',,t L , .PU rEarlhquakes 
Dit~hs 

, ZI.AN,JJJ A4, 

17 
0 

1 
0 

25 
15.000 

0 
0 

9 
0 

1 
17 

16 
58 

4 
256 

17 
7 

1 
0 

16 
31 

0 
0 

24 
1.201 

1 
3 

35 
8880 

1 
0 

14 
595 

0 
0 

173 
25772 

9 
276 

FPrCPCEarrrquaesOCEANIC 
Dea!hs 

SOUTH A D NS 

1 
0 

2 
0 

1 
0 

0 
0 

2 
0 

2 
0 

0 
0 

3 
2 

1 
0 

12 
2 

EarthQuakes 
Deaths 

7 
5,260 

15 
190 

12 
609 

7 
28.062 

23 
15,491 

24 
548 

26 
6,503 

27 
80.861 

10 
474 

151 
137.998 

BROIZZILEarinquakes 
Deaths 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

1 
0 

1 
1 

0 
0 

0 
0 

2 
1 

CAR30EANEarthquakes 
Deaths 

3 
1.400 

3 
116 

1 
0 

2 
34 

5 
130 

5 
13 

6 
239 

5 
9 

2 
15 

32 
1.956 

PIA ICEarntQuakes 
Dealhs 

,1TIiA;&EIt,. 
17 

3.018 
11 

2.501 
13 

662 
11 

2,570 
12 
49 

19 
1,323 

16 
215 

25 
28,774 

13 
102 

137 
39.214 

AlLVe(AEanhquakes
Deatts 

8 
0 

2 
0 

2 
0 

0 
0 

4 
178 

4 
5 

5 
115 

4 
0 

0 
0 

29 
298 

AILANTIC W0Y1TEarlhqua'res 
Deaths 

AAMfl1CA 
1 
0 

1 
1 

4 
0 

5 
4 

2 
4 

5 
28 

3 
0 

1 
2 

2 
2 

24 
41 

XXrJLAiTnCEarmrrualesO0EAN 
Deatns 

0 
0 

0 
0 

2 
52 

0 
0 

3 
0 

1 
0 

6 
0 

3 
0 

1 
60 

16 
112 

ANTARCT1CAEarthquakes 
Dearis 

0 
0 

0 
0 

1 
0 

0 
0 

1 
0 

0 
0 

0 0 
0 

0 
0 

2 
0 

Earihcl,ake$ 
Deaths 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

Source: US Natotal Oceanic and Atmospheic Adminisralion
0 = zero a - 1985 data are for Januarj through mid-May only
Fo, adot,onal ihormalion, see Sources anid Technical Notes 
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IWO 0 La'nd J,c, IS4-

Sourcea: Land .and land-u.;e data: U.N. Food 
and Agriculture Organization, FAO-1 u 

XYerbook 1"983 and 1931 (U.N. Riotd and 

Agriculture Organization, Rome, 19V, and 

1985). Fable 1,and unpublish-d FAO ste. 

Population data: U.N. }opulation Division, 
Whrld Poulation rh-aspects Estimates and 

Prloctions a.sAsse.,scd in 1982 ((Unite-d 

Nations, NLW York, 1985). 


Data for land area andt land use are pI-
vided to tile PAO by national goveirnmer3 in 
respon,e to annual 'kO questionnaires. Willr 
official information is lacdng, th-PAO 
prepares its own e.stimates or lies on uriaf-
ficiai data. 

Area data for land and inland w ter are for 
1982. Inland waler area rifrrto major rivers 
and lake. Tbtal area is the stm of inland 
water and land area and excludes nations) 
claims to the continenLtal shelf and exclusiv. 
economic zones. The world total therefore 
excludes the pecan 


A-able land includes lond under temporary 

crops, temporary meados,, land ued fot 
market and kitchen gardens, and temporariiy 
fallow land. D'imanent cropland is land under 
crops that do not need to b-ereplanted after 
each harvest: cocoa, coffee, nibber, fruit trees, 
vines, etc. (It excludes land uzed to giow trees 
for wcxd or timtxrj 

Permanent pasture is land used five or 
more years for cultivated or wild iorage crops. 

Forests and wxxodland include, land under 
natural or planted stands of tees as well as 

logged-over areas that will Ie reorested in 

the near future, 


Other land includes unused !and, builton 

areas, wasteland, parks, roads, etc. 


Anltarctica is included inthe! world area 

figures; however, the population density arid 

land distribution figures for tle world refer to 

the six inhabited continentL& 


Several countries Lce definitiotus of total 
area and land use that differ from thosa used 
above. Refer 'othe sources fordea.il, 

TWabO 2 L4,in Use and Cc.wielr, 
Preagriculturg to Use Pr' 'unt 

Sourt'e: Elaine Matthews.-, 'Global Ve etation 
and Land Use: New High Iesolution DataButnia i D.Bas e s fo r Cin a te Stu d i e .. offJournal C l im ate 
and Applied ,eteorolog)y Vol. 22, ppdeveloped
474-487 (19F3j. 

Thre atdtot hasm twvo se2paratedvelored 
global geographic data as: a vegetation 
data bae of natural vegetation and a land-u 
data base ifcurrent land-use pr.ctices. The 
current ,ixtent of the world's natural and 
anthrlpogenic vegetation was calculated from 
the two data bseas. 

The vegetation data bse. provides informs-
lion on preagricultural vegetation; the lid-use 
data base (inconjunctior,with the vegetation 
data base) was utsed to calculate tileanmtout 
of vegetation remaining. Both data basezwere 
deeloped using cells of one degree latitude 
by one d(-grc-elongitude. Cells in which there 
was less tt-an 50 percent land were clasified 

as wate: An, rctica was exfduded bec use 

vegetation i orated. 

Ve-getation was. dassified u ing the UNESCO 
cFritiction sy-steln.This five-lEVel sc-.zheme 
usts the following cl;asi,:_t;icr crit,:i, 
lifelorm, density, setncraiity (emrgrien Cr 
deciduous), altitude. cliniate, and vegetation 
au-chitecture. The UNESCO systenI ' hiecnr-
chical, allo.ring a ciassificatiotn to have vhry-
ing degrees of detail; for Eaanmpe, a 
vegetation type can be classified -is a fote', 
an evergr-en fore.t, a tropical eversreen 
fozest, etc. This ireralry allows aggecation 
and .agrregation tothe inrits- of dea'il in 
the original dht",. 
The UNESCO classification systrem identifies 

225 vegetation type.s, of which the author u.S-
ed 178. Thee veieaflgregated into 30 broad 
categolies for this table. 

Appcoxirrately 40 :o urcs, n Wof thme 
nationa itlc.as, were used in compiing the 
land-ore data b-. Thie hierarchica.' land-ust 
classifiCaijti, a'hch wns dev. oped b) the 
author, took intoaccount intensity knd eir--
mnan-ncy of land.ls's activitiel Tive land-use 
data base ro.l,the pre-ince and type of 

a£iiculture in the one deree cells; 119 

distinct land ttrs weie identified. Different 

types of land use leave varying portions of 

tie natun-d vegetation intact. For cia-rple, Ile 
author c--tiroata. that intensive subsistence rice 
Coultivation and lartle-ele cormnerecial cultiva, 
tion leave 0 percent of th': naturl vegetatiori. 
Small wale commerci fiamrn dairies, plants-
tions, and iitensive subsistence agriculure 
leave 25 ipe.rcent of the nat-al vegeation. 
Fxtensiv-: subsistence agriculturm with 
rargind cash crops lea"c 50 percent of the 
natural vegetation, Rudimcntary subsistence 
agriculture leaves 80 percent, while nomadic 
he.rding and grazing leaves 10) percent of the 
natuml vegetation intact. Since Luban area 
wne not the dominant land-ore feature in any 
one cell, they are classified under cultivation, 

As noted b7 the author, the major limittiUon 
o!this an.lyhs is tbat much of the data are 
frxm atlases prepared doting the 196Os and 
197&s. Although these data are adequate for 
the long-term climate analyse.s forwhich they 
,ere prepared, they do not relect short-term 

changes in land u. '1 fre may have been 
significent changes in land use in certain 
ce isesthat were not taken into accountin this sttudy 

.3, r o Ezrfi ucie; 
r~tiy, 

E'ur 
Soue-a: U.S National Oceanic and At-
mospheric Administration (NOAA). World Data 
Center for A Solid Earth Geophysics, Catalog 
of Significant Eartlhquakes, 2000 BC4979, 
(US National Oceanic arid Abn"osprerk
Administration, Boulder, Colomado, July, 1981, 
Data through May I1,1985,were provided by
NOAA. 

Major earthquakes include earthquakes arid 
any awsciated tsunamis that caused at least 
ten deatfr,, or caused at least$1million in 
damage, or had an energy of at least 7.5on 
the Richter scale, (The Richter scale measres 

earthquakes by the logarithm of their erier-, 

An eailquake of magnitude 8.01611 ten 
times the energy of an el.uthquake of 
nagnitude 7.0.) 

The regions ;e.defined as follows: Wetern 
Euro.e and Scandiravuia: The Scandinavian 
penin.ula, the British Isles -and Western 
Europe including the Fedral Republic of Ger
nany but xduciq! Italy; Southern and 

Eastern Euroj-e: Italy, thi Cernian Democratic 
Republic, Eesten Europ., Grerce, and the 
Mediterranean Sea; Ahica: AJIof Africa, in.. 
eluding MadasL,,car; ,outlwru.ot Asia: India, Sri 
lana, Pakistani, Ira, Iraq, Tur"oy, Syria, 
Leb:a'non, Joidai, IraLel, and the Arabian 
rnin.ula; Inlian (.ean:The open Indian 
Ocean, eXclud.ng Madagacar and Sri Lnka; 
USSR: All of the USSR; Cost Asia 

oikgladelh, Burna, China, the Korean penin
sula,
and Southeast Asia; fapan aind 
Northwest facific Isla:rds:SU.halin, Japan, 
Tajl,i.the 1Kile, Ryukyu, and Volcano 
Islands, ti- Sea of Okhotsk, the Sea of Japan, 
and the '.ellov. Ce: trriplirnes:'[he Philip
pine archipastago: lIndamsia and Southwst
Pacific lands: The lndonesian archipelago 

ald the Micronesian, Pulynesian, and Melane. 
sian islan(; Austulia and New Zealad:" 
Australia., New Zealand, and the Tasman Sa 
and Indian Ocean to 60' S; Paciic Ocean: 
The open oce.a ion 60" S to i)0N, outside 
of archipelagic arexa; under Japan, the Philip
pines, and frdane'ia as litEd above; Southern 
and lVestern South Anterica: Argentina, Chile, 
Peiu, Bolivia, Paraguay, D.uador, and the 
PNcific coast oi Colombia: Brti!: Brazil and 
Urug)uay; Caribtbean: Al Caribbean isl.ndt, 
th-Claribbean coa.t of Columbia, Guyana, 
Surinarne, anid French Guiana; Pacific North 
America: Central Americz and the Pacific 
coast of the United States and (anada; 
Alaska: Alaka'., including lie Aleutian Islandus, 
Atlantic North America: All of North America 
east. of the Roc-ky Mount ins; Atlantic Ocean: 
The Atlantic Oc a, xcluding the Canbbez 
Sea and Gulf of Meico, and including 
Iceland; ,4ntarc'ice:All land and sea routh of 
600 S;and Arctic: All land and se north of 
70* N, including Greenland. 

The NOAA data bae of niajor eartlquk.eTS 
has been compiled from over 1() regional 
and global catalogs of earthquakes and iron 
aconstznet sb-emln of incoming reports. Since 
reporting Is been more cornprhensive ind v l p d c u t i , t a n d e vl p n o n 

cintri_ than in develping coun
trieerpe-iilly in lhe early pat of the cen

the nmlser olmajor z.-thqvakes ard 
their death tolls may have been unter
rel)rted for many de atuelopingreot. 

The most ca i 
century were. 
Yenr Country Deatho 
1908 
1915 
1920 

Italy 
Italy 
China 

75,000 
30,000 

200,000 
1923 Japan 99,000 
1927 
1932 
1939 

China 
China 
Tha-key 

41,000 
70,000 
30.000 

1970 Peru 67,000 
1976 Ch'na 240,000 
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This section provides information on agricultural produc-
tion; on the changing uses of agricultural inputs such as 
mechanical energy, water, and fertilizer; on trends in
agricultural land holdings; and on soil erosion from 
cropland. 

Indexes of agricultural production, shown in Table 5.1,
summarize changes in output over the past two decades,
Globally, agricultural output has increased approximately
20 percent since '._w mid-1970s: it increased in 119 coun-
tries anJ declined in 17 countries 

Trends in yields (metric tons of crop harvested per hec-
tare per year) are shown for two of the most important 
groups of crops: cereals and roots and tubers. Roots and 
tubers (potatoes, cassava, yams, taro, sweet potatoes) are 
an important source of food and fiber in many txopical
and subtropical countries. Over one ,hird of Burundi's cal-
or supply, for example, is from ioots and tutbers. Their 
yield, however, has not increased over the 20..year period,
but the population has -grown almost 50 percen:'.. Of the 
49 African countries shown in Ta' 'e 5.1, only 10 show a
yield increase of greater than 30 percent since 19C4-66. 


The increased use of chemical fertilizers, t.actors, and 

irrigation is responsible for much of the gio,.,th in 

yields. As Fable 5.2 shows, the 
use of such inputs varies 
greatly by continent: Afiica ai:d South Akmerica se fewer 
inputs than do the S-viet Union, Asia, and North Ameica. 
Europe is the laigest user. For e_'ample, fertilizer use per
hectare was less than I kilogram in the Central Airican
Republic, 19 kilograms in Zambia, 115 kilograms in Costa 

Rica, and 754 kilograms in the Netherlands. 


Fable 5.3 shows three indi(atois of food production: an

index of total production, an index of production per
capita, and the number of food calories produced domes-
tically as a percentage of calories consumed. Asia arid
Europe had the highest per capita gain since the mid-
1970s, registering increases of over 10 percent. North and 
South America and Oceania had increases of 3 to 7 per-
cent; the Soviet Union's per capita food production index 
was unchanged. Africa, although registering a 15 percent 

andAgriculture
 

increase in gross food production, had a 10 percent
decline in per capita food production. 

One of the most important questions asked in recenL 
years is whether a country is becoming more or less self
sufficient in food. Ifa country is becoming less self
sufficent, does it have the income to purchase food on 
the world market, or is it becoming more dependent on 
food aid? Of the 28 African countries that had a calorie 
suqplus in the late 1960s, 18 had fallen into a deficit posi-
Lion by the late 1970s. Only 4 of the 28 (lvory Coast,
South Africa, Swaziland, and Zimababwe) were able to 
increase their surpluses, usually by ouly a few percent.
Canada, Argentina, Thailand, the United States, and 
Australia increased their food surpluses.

Land distribution data, summarized in Table 5.4, iidi
cate the extent to which holdings are becoming more or 
less concentrated. For exanmple, in France in 1960, 65 
percent of the holdings (occupying 67 percent of the 
agricultural area) were 5-50 hectares in size; in 1980, 60 
percent of the holdings (54 percent of the area) were 
5-50 hectares. During the same period, holdings larger
than 50 hectares increased from 6 to 12 percent of all 
holdings, and increased in area from 29 to 42 percent of
the total. Note that the three size-classes in the table may
hide important diffeiences. In Bangladesh in 1977, for 
example, 54 percent of the agricultural holdings were 
under I hectare and only 9 percent were larger than 3 
hect.res. 

One of he most serious problems in maintaining good
cropland is the !oss of tops.Al. In Table 5.5 data from a 
number of studies of cropland erosion, carried out in the1570s and 1980s indicate the presence of severe soil 
erosion in many parts of the world. Although there is no 
single standard with which to judge the severity of ero
sion, rates in excess of 0.5 to 2.0 metric ions per hectare 
per year can affect crop productivity. However, the 
degree of impact varies greatly depending on the depth
of topsoil in a particular area. 
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Table SA(ARICULTUFiL PRODIRON, 1964-84 
CropIn*o% of 

c t r l	 l 
A r ltu 

(4ilh~arne per hart~rt)
Poductloi. 


(1974-7 
 100) 

POr AorllUmi Aolis anti Tubir 
Wor' _Cera,Total 	 1982-F41952-114 19 t.-36 1974-76 

1964-6 :G i982-4 1902-1 19e4-13 1974-7619646-6 
1953 2373 	 1570 1WO-RLD 	 10 

762942674 
AFRICA 

51 7301 7340 14504
Algeia 70 i0 	 73 104 513 1,,2
Angola 	 95 82 105 73 8/7 7Y 479 11589 13175 4045 

81 121 87 112 539 721 676 h155 76
- 4 7347Aengn 

50 86 95 80 317 599 229 4O6O 4641 5385
Boesw.ura 


3352 488 444

96 106 518 33 521 

Bursk'ia Faso 89 116 	
91 117 984 1134 1045 7778 6963 7115 

85 110 

75 94 1122 1017 353 
Burundi 

917 3936 3516 2.07
 
Cameroon 448
66 103 	 454 6604 4244 

177 100 691 	 3283150 X 	 549 365 3231Cape Verde 	 98 753 518
76 108 84 	 4562 4048 4456

Cenlral Afr.an Rep 	 614 573 539 
100 110 112 101 	

1118 3402 3451 3368Chad 	 95 1308 110880 X 96Co6oos 	 5658 652484 18 1125 665 566 4946
Congo 86 117 
Cjobout1 

82 111 
x 

93 
X x 

102 3712 
X 

3921 
X 

4327 
X 

17311 
X 

17805 
X 

17307 
Egy , 
 X 	 X 3565 2738 2451
EpualO. i Gunea X X X X 

966 1210 3046 3259 3144
 
92 122 107 112 775 


Eth~op 	 106 114 1570 1459 1520 6383 5866 6634
Gabon 	 105 116 

936 1003 4667 3274 300089 	 88Gabons 84 5 1050 

Ghana 74 87 78 79 892 073 638 8334 6136 6696
 

32 7463 7115 7293
 
Guinea 78 109 	 86 100 811 878 

730 752 6151 4872 6154Gu~nea-Bissau 97 117 107 100 720 

88 113 800 813 904 3693 4145 3972
 
IvoryCoast 66 136 	 1228 1564 1472 7363 7807 79(0
Kenya 68 123 	 91 100 14667 12951 150086 91 98 90 780 772 844Lesotho 

77 99 698 1220 1158 4164 3886 3908 
67 112 	 5071 7&44Libera 	 449 455 4535
45 125 34 186 299

lbya 	 8 100 1712 1805 1685 6361 6118 5899Madaga8r 	 45 110
131 114 	 1057 4858 3997
Malaw 69 	 83 94 1164 3892 


116 	 779 742 8218 9041 9463 
85 131 98 	 784Mall 	 N871103 362 414 274 2511 1119

122 119 146
Maunlana 
 2589 2514 12318 15E3 20009Mauntus 91 104 95 94 1723 	 10)446 11449 13,,078 115 86 95 739 1049 910
Morocco 


929 719 646 4822 4691 5952 
Mozambique 83 98 96 87 	

372 8120 6602 609123 	 395
141 128 	 522
Niger 108 
98 116 669 662 675 7910 10062 10005
 

Nigena 86 125 120 1295 1037 12',9 5674 62j 9137
59 	 76
wand --	 145 

80 87 98 76 569 720 616 4250 3049 341."5Snega 


3330
109 1323 1428 1371 3624 105604305 1084184 108 84 	 493 636 611 10000Sierra Leone 113 	 99 75 12039Somalia 	 85 101 8 97 g47 1403 1178 8292 11E663
South Al c 	 72 

696 645 470 3457 3604 3500
70 106 83 106Sudan 	 3828 3777 2446 
56 146 61 134 471 1484 1244 5288 7027 10716Swala'd 	 789 980 964

116 99 98 	 11919 13024 11231Tanzar'a. Unnad Rep 79 	 10.9 474 939 924 
Togo 	 89

8 
114

105 
108

5 105 691 624 827 8217 9500 13093
Tuna 

117 67 92 90I 1216 1620 455 3729 3805
Uanla 53 	 821 6741 68W2 687679 121 90 107 668 7-5Zajre 

70 8, 8 1217 16.37 3261 337? 3635
Zaieba 	 60 96 

896 1446 926 4033 39-5 4514 
76 8763 997;mbaowo 

15187 1702
FN 237.115 	 176 10559NORTH AMERICA 110 	 106, 113 1910 2614 2500123Barbados 

89 129 69 165 17,3 2,027 ?2-45 18504 21501 23478 
60 71Canada 1C0 13,4 1735 1873 7350 86360 590 

Cuoa 73 137 63 155 1178Coda Rca 113 	 2034 2779 5397 5435 6129 
70 15 82 10,o 20531 2696 3112 62C62 6073 6030

COrnbrcai Rap 

1543 170') 77 2n 4215ElSaJvador 72 104 89 89 1179 	 3851 452665 114 79 102 925 1459 148U 38.21Guatem,"a 108 	 89 101 10158 1176 1034 4223 4320 4019Hatl 	 84 

115 1166 10 3 1363 53.56 3468 5287

Honduras 76 143 	 93 
Janac,.a 	 88 98 69 112 1179 1763 1703 9234 10207 18127 

Mexico 	 75 126 2 129 1309 1698 28 5576 12070 13064 
1713 4133 4058 40391030 1045 	 737468 94 75 87 1194 1461 8250 8230 

PanaT 73 120 87 78 2425 2859 3321 8913 11812 11775Nicaragua 	 81 117 90 

Tnadarx TCbao 82 67 

2901 3339 40-0 21468 27227 29525 
83 113 54 149Unitlod Stales 

1551
OUT H AMI'PICA 	 121' 
Argentna 78 121 	 73 121: 1552 1971 2420 1002 13278 15561 

62 100 71 92 953 1150 1212 5502 6975 5049
AWin 

135 77 130 1335 1420 1604 1301-1 1200 11174
B u70 	 .
Ca 89 117 	 83 119 1756 1679 3170 9287 9793 11206 

65 135 1338 2367 2533 7592 9243 1110471 125 
912 135? 1855 8224Cc. ocreb 10749 10109
 

80 113 94 97EcuOr 	 3191 6051 6604 6734 
84 105 80 99 2031 2139 

1269 13515 14144 14045Guyana 135 	 93 117 1263 140075Para~u~ay 79037007 0092 96 1551 1830 2674
Peru 85 103 	 3072 3630 3946 7058 r560 5000 

64 140 49 168
Surnarne 	 4835 5250 5,07969 1282 191770 125
Un ay 90 112 	 8631 7647 6483 

67 127 1260 1548 1982 
66 114venorzula 
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lnd(uxW? 
Agrlcui'ur@l Crop 

Pa;r A.ultural 

______ ________ Ceiralal ~ und T'a,-x 
194-1 112-4154-M19A04 164 19144.48 1032-B4 11#6 1 W417 1032-44 

=WlA 1809 U22 2595 114 . 

13a8ainX ) X X ?000 ?00 20 153 
Bangladesh 90 125 114 102 1M15 1TI1 2033 12c(; ,.V345 10463 
Bt.Aarn 79 122 93 107 1419 1424 1413 6511 'YJ2 6802 
Burma 80 151 81 145 1525 1736 2)32 3392 5528 8972 
China 72 145 81 149 1750 2479 3899 92" 1 12904 15552 
Cyprus 75 118 73 128 1059 1396 1626 15494 19042 21770 
India 76 130 fm 123 D0, 1179 1466 13,41 12C63 13775 
Indonas4 10 141 76 137 15219 2338 3352 697(8 (360 9316 
Iran 63 123 72 118 873 1057 1107 179-1 17273 14921 
Iraq 78 117 90 114 779 854 733 .1003 -019 19207 
Israel 59 125 55 143 1650 2112 2205 23247 "<05",9 4540) 
Japan 92 96 60 158 4409 5.20 5521 181 21297 2380 
Jo'dan 171 172 166 191 1020 643 65.1 W.126 117.13 185 34 
Kampucie., Dem 146 9B 152 117 1118 1206 93, 10132 M403 7720 

Korea, Cern Peopo's Flop 62 137 70 131 2A 3590 4115 10519 12101 12524 
Koroa. Rop 6i3 122 89 143 3031 4140 5356 1.91X3 16953 19319 
Kuwart X X X X X 2000 3262 X 10500 10 0 
Lao Peor'c D.m Rep 85 158 95 142 818 1312 68 7492 9939 11.547 
Lebanon' 90 132 54 248 951 1222 1211 11786 6970 1-1909 
Malaysa 55 127 63 121 2087 2724 2647 0.,03 10506 10273 
Monglia 
Nepal 

87 
83 

112 
110 

92 
102 

114 
96 

778 
1831 

904 
1755 

1147 
1616 

7952 
5717 

7655 
5648 

1C)553 
6129 

Oman X X X x 3 1273 1754 X x 3555 
Pakisan 70 133 81 117 871 1389 1637 9225 10168 10302 

Ph
i
hppnes 65 134 68 127 1048 1303 172_3 5596 5293 6516 

Qatar 
Saudi Arabma 

X 
56 

X 
136 

X 
75 

X 
196 

X 
1324 

3568 
737 

3711 
1942 

X 
8775 

10647) 
5045 

1000 
7500 

Sa apore 49 94 33 130 X X X 5762 6217 58.: 
Sn Lanka 82 127 97 111 1777 1825 2903 6196 4,35 11060 

Syrian Arab Rep 67 158 85 127 780 950 777 X 130-17 15674 
Thailand 57 136 60 125 1819 1882 19W, 13042 14261 16394 
Turkey 73 121 71 130 1176 1579 1925 11657 13870 16664 
Untied Arab Em:rates X X X X x X 2491 Y. 15533 14575 
Viel Nam 87 148 (4 137 1906 2127 2523 5820 E461 5301 

Yemen 87 103 94 95 744 817 865 6184 10'190 1.2318 
Yemen, Dem 75 99 81 95 1228 1651 1549 5004 11364 10547 

" 
UO

, 
115 3173 5989 1 6346 18770 

Albara 74 128 87 115 1126 2112 '974 7842 7032 8029 
Ausira 64 115 51 163 2631 4000 .881 20469 23679 256 3 
-,glium 79 103 49 147 3613 4203 .542 2A68 33463 3590,? 
Bulgaria 82 115 67 155 2,155 3460 4181 10840 11201 10613 
C.zh(rrIovakia 75 122 50 169 2202 3578 A.4Q3 15148 16026 18471 

(rcmark 100 127 67 171 3&5 37(05 di]'.' 23382 22497 32935 
Finland 87 103 54 1,53 1790 2592 20.4 15002 "14477 1705.1 
France 87 115 57 16 2946 3776 6,312 18671 20906 29555 
German Dem Rep 80 106 59 131 2745 3575 4124 17829 15419 16436 
Germany, Fed Rep 88 115 46 176 30" 3973 4880 24353 .27133 28,974 

Greece 70 113 58 12.1 1705 2493 3300 q428 .5003 16742 
Hurigary 73 126 49 189 2276 3806 50,1 9106 12416 16497 
Ireland 77 111 63 127 3104 3,929 56 22934 25668 27303 
Italy 86 114 52 166 2347 K.282 3667 10722 16551 1786 
Luxembourg X X X X X X X X X X 

Malta 69 141 58 127 15,32 2089 3724 6318 8784 6985 
Nelherlands 69 125 55 166 3161 4771 6752 30147 3 

, 
141 37460 

Nonvay 92 120 59 160 2439 3052 3753 21437 229-58 24091 
Poland 79 101 74 105 1797 2673 2777 16411 18743 15880 
Ponunal ,87 90 68 123 825 1118 1115 9360 8764 8416 

Roman:a 67 126 62 145 1853 2628 3628 V-610 12685 1B18 
Spain 68 115 45 152 1252 1834 2139 11533 14088 1t933 
Sweden 94 115 58 166 2979 3635 4036 23719 234219 27110 
Smtzerland 83 115 63 153 3332 4521 5,181 25500 35544 36733 
Unled Kitigoom 91 124 64 157 3677 3930 5'95 24080 2564 -4346 
Yugo--avia 77 118 66 144 2297 3292 4&13 8263 859 9321 

gSSP 77 0 1$1 141 11I53 "1.16 18811 11)68J 11084 1188 

OCEANIA 1 1420 1404 9"01 10382 

Australa 3 14 74 136 1247 1384 1394 14973 19785 2391 
Fij 94 135 112 12-1 1738 218-1 2061 8930 9463 9206 
New Zealand 84 111 61 134 3376 349.I 4751 20690 25385 25264 
Papua New Guinea 75 123 90 106 2218 1871 11349 67K3 6936 6973 
Sclornon Isands B8 166 98 142 20-5 1995 3,199 1279,5 13146 14092 

ANTARCTICA 

Sourco: U N Food and Agn, rure Organiz.aron 
X - no! avadabie 
For addlonal informalon see Sources ana Telnn~c,31 Noies 
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5.2 Ap3b CUUFURAL INPIJ, 1964.-83 

WC6"1.fl 1435133: 14sc6 o+""3 14 80O 78 12.65 15.3 

170527 127102 4 1 1 19 2.2 2.7 

G774 
3313 

7469 
3: 

7510 
3,&00 

1 
0 

5 
0 

7 
1 

20 
3 

1 
2 

43 
1 0 

5 5 
26 

86 
29 

£Lnn 
lcoswana 

Burka,.3 Faso 

1439 
1027 
2179 

1762 
1'30 
2509 

1002 
135 
2633 

0 
0 

1 
0 
0 

1 
2 
0 

2 
2 
0 

2 
I 
4 

0.1 
i 

00 

00 
A 

00 

0 1 
16 
0.0 

'urund 
Cameroon 
Cape Verde 
Central Afrca.: Rep 
Chad 

988 
5740 

do 
1700 
2900 

1255 
6395 

40 
1,187 
307 

1306 
6950 

40 
195N9 
3152 

0 
0 
5 
0 
0 

0 
0 
5 
0 
0 

0 
2 
X 
0 
0 

1 
2 
0 
1, -

1 
6 
0 
0 
2 

00 
00 
0.2 
0.0 
0.0 

00 
00 
07 
0.1 
0 0 

00 
0.1 
0.8 
01 
0.1 

Coca, 85 90 92 0 0 X 0-. 0 X 00 00 
Corw o 624 652 672 0 0 3 5 2 0.6 1.0 1.0 
D , 'tJl 
FOyp4 

x 
2653 

0 
2799 

0 
249 

0 
100 

0
100 

X
117 

0
166 

0
311 

X 
5.5 

0.0
8.7 

00
16.2 

Equatow,a Guinea 222 230 230 0 0 3 0 0 0.2 0.4 0.4 
lEthopa 12442 13730 13953 0 0 0 2 3 0.1 0.3 03 
G0bon 
Garn,. 
Ghana 

15 
125 

2627 

374 
151 

2700 

452 
159 

2767 

0 
17 

1 

0 
21 

1 

X 
3 
0 

0 
7 
6 

2 
12 
10 

1.6 
0.4 
0.8 

2.2 
03 
1.2 

2.9 
0.3 
1.3 

Guinea 1570 1570 1574 0 1 2 1 2 0.0 0.1 0.1 
Guinea.Bissau 
Ivory Ca 

263 
2670 

28.5 
3483 

287 
3%02 

0 
1 

0 X 
4 

0 
10 

4 
10 

0.1 
0,3 

0.1 
0.5 

0.2 
0.8 

Kor~a 
Le",ho 

1890
357 

2240
351 

23X 
293 

2 
0 

2 
0 

13 
2 

22 
4 

32 
15 

3.1 
06 

2.6 
3.6 

2.8 
50 

Libena 372 366 371 1 1 2 11 9 0.3 0.7 0.8 
Lbya 
Madagascar 

1997 
2245 

20.54 
2666 

2091 
3004 

10 
16 

11 
16 

3 
2 

14 
3 

38 
4 

1.6 
0.8 

6.3 
08 

12.4 
0.9 

Maaw 
Mali 

1967 
1688 

2273 
1900 

2332 
3055 

0 
5 

0 
5 

2 
1 

6 
2 

14 
5 

0.2 
0.2 

04 
04 

0.5 
0.4 

Mauritania 273 183 199 4 4 0 3 0 0.1 1.0 1.6 
Maurmus 
Morocco 
Mozambique 

93 
7223 
2687 

106 
7699 
3380 

107 
8401 
300 

14 
6 
2 

15 
6 
2 

245 
7 
2 

241 
21 

2 

224 
26 
13 

•3.0 
1.1 
1.0 

2.8 
2.4 
1.8 

3.1 
2.9 
1.9 

Niger 2260 2497 3590 1 1 0 0 1 00 0.0 0.0 
Nigena 29197 300W 30418 0 0 U 1 7 0.0 0.2 0.3 
Rwanda 655 912 1011 0 0 X 0 1 01 0.1 1 
Senegal 
Serra Leorie 

4500 
1435 

50X0 
ltk3 

52206 
1769 

3 
0 

3 
0 

3 
0 

9 
1 

4 
1 

0.1 
01 

0.1 
0.1 

0.1 
0.2 

Somaia 981 1055 1083 16 15 1 3 1 0.8 1.2 1.5 
South Attica 13055 13393 1362-0 8 a 29 56 87 10.8 12.9 13.3 
Sudan 11200 12160 12448 13 14 2 6 6 0.2 07 0.9 
SwaZ;land 
Tanzania, Unrtl Rep
Toga
Tun~sw 

143 
3797 
1123 
4334 

.64 
5030 
1415 
.4860 

139 
519J 
11426 
4705 

16 
1 
0 
3 

22 
1 
1 
4 

15 
2 
0 
5 

55 
6 
1 

10 

129 
5 
2 

17 

5.4 
4.6 
0.0 
3.3 

14.9 
35 
0.1 
5.0 

20.7 
36 
0.2 
5.5 

Uganda 4876 541 59637 0 0 1 1 0 01 03 0.5 
Zaire 
Zambia 
Zimbabw 

5670 
4860 
2118 

6117 
4,98 
2524 

6408 
5158 
2714 

0 
0 
3 

0 
0 
4 

0 
2 

35 

1 
12 
60 

1 
19 
60 

0 2 
0.3 
6.9 

0.2 
0.8 
7.0 

0.3 
0.9 
7.5 

NOERT11AP. A 267067 273203 9 10 77 03 21.7 20.2 

Barbacos 
Canada 
Costa Rca 

3.3 
41550 

485 

33 
4333 

508 

33 
4(;194 

629 

0 
1 
5 

0 
1 
4 

211 
17 
59 

167 
29 

137 

182 
43 

115 

10.5 
14.1 
95 

145 
13.5 
89 

17.2 
14.2 
9.6 

Cuba 1646 3087 3213 19 31 134 103 181 11.9 162 20.6 
Domini.can' Rep 1050 1263 'W45 11 12 12 68 38 21 1,9 2.2 
El Salv lcD 
Guatemala 
Hwti 

658 
1544 
730 

657 
1640 
&W 

725 
17.5 

97 

5 
4 
8 

15 
4 
a 

71 
14 
0 

147 
36 
2 

102 
53 
6 

2.7 
1.7 
0.4 

4.0 
2.1 
0.5 

46 
2.3 
0.6 

Honduras. 
Jamaica 

1507 
287 

134 
262 

1768 
267 

5 
12 

5 
12 

6 
62 

12 
84 

15 
64 

03 
137 

1.6 
9.3 

1.9 
109 

Meco 
Nicaragua 
Panama 
Tnndad and kbag 
Uru!od States 

23482 
1192 
558 
139 

170754 

23200 
1230 
559 
157 

188218 

2350 
1260 
5,2 
153 

0368 

10 
5 
4 

12 
9 

22 
6 
5 

13 
11 

15 
17 
17 
58 
63 

4. 
. 

47 
51 
93 

72 
33 
49 
35 
94 

3.1 
0.2 
2.2 

118 
28.1 

4.2 
0.6 
63 

133 
269 

6.7 
1.8 
7.0 

156 
24.2 

SouTrt A ,5A 121(159 130121 5 6 22 27 4.2 4.9 

Argenina 29286 34.650 35557 4 5 1 2 3 5.3 5.1 4.3 
Bd.a 
Brazl 
Che 
Colconmta 

1640 
51390 
4427 
5052 

3..4 
60672 

5250 
5310 

3375 
74213 
5528 
5673 

4 
2 

24 
5 

4 
3 

23 
6 

1 
5 

26 
28 

1 
31 
25 
44 

1 
37 
20 
53 

0.2 
23 
76 
4 1 

02 
34 
62 
4 3 

02 
46 
6.3 
5.0 

Ecu' do 
Guyana
Paragulay 
Peru 

2527 
362 
903 

2648 

2553 
388 

1233 
3222 

2550 
495 

1940 
3516 

20 
31 

4 
35 

21 
25 
3 

34 

6 
23 
2 

29 

14 
37 

1 
38 

28 
25 
4 

32 

08 
9.1 
19 
3.2 

20 
68 
16 
35 

2.0 
7.1 
4.1 
4.7 

Suriname 38 45 57 67 68 33 89 120 200 216 409 
Uruguayt 140, 1439 1448 4 6 29 40 41 176 20.6 23.2 
Venezuela 3484 3532 3756 8 8 10 38 40 44' 74 10.7 
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---

19 4-7f 14-90,91-83 " 77-77r, 1-,t I - 74_76 165.-3 1 , 174-7&,.";2035 ',538 27 7'5 71 4.2 I.
Alh'rutn788? 11:-11 8054 31 33 0 48a.rw-n 6 0.0 0. 1 0 12 2[ar adeh 0 509002 x 0 104912 9134 X 0.0Bhutn 69 
1 2 6 19 48 

00 
84 0.1 0.3F' -a 0 0 X 01 

05B , 10205 0 195 10071 10 10 0.0 0,01 5 , 15 0.3 0.81035'73 101075 100695 o.42 45 24 61 155 0.0 44 8. 
4:32 432 432 22 22 38167610 461,706162.24 46 41 11.5 22(GIrxkInosa 20 23 25.517380 5 15 3419516 1.820 25 27 0.3 1.3 27Iran 615A3 25 75 0.4I450 13700 36 30 0.5 0.73 20 57t -I 0. 32 5.54903 5213 5450 30 32 1i407 6 14

Jx. rr 420 425 4358 5ri? 4829 49 6 167 179 26.3Jcrdan 64 67 333 378 400 47.0 63.4 
391 413 9 9.9 1452 312.2Kamirxochoo, ["n 

49 
9 12 142900 3046 26 5,4 9.1 

Kooa. 0on ,-'e'& Repup 1931 2440 2272 
3 1 0 5 0.3 04 04 

304G 3 11.9 

Vor, pop go3642 47 90 1992240 2239 2178 61 11.0 24647 54 167 383 317KA, 0.0 0.3 2.611.11'PIW e's Dor 1 2 100 60Rep 83.3 X 0 370848 83 5 3.0 10.2 15.2W.anoin 13 1291 335 2 ,, 26 29 
0 2 01 0.4 0869 82 134 6.5 10.1 10.13700 4199 4337 

4,o834 
7 8 27 56 97 0.7 13 1.8I ,p4J 59 1259 3 31 j31 2.26 2331 8 10 X 5 11 5.0 6.3O3.rnn 1 5 8.326 37 12 0.2 0.242 92 94 0.2Pakrsn X 019234 19715 33 0.3 1.620372 2.669 72 5 25P1~tt,.'fl'aS 57 0.4 199210 6.09132 11387 11 12 11 26 29Saudi1 .6 11 1.6Sau3Ara 2 3 0 0 X767 1108 1131 34 35 8 

0 
8 

277 13.0 12.7 248 
r13 72 0.3 07 1.2Sn Ln - 8 0 01075 20F6 2172 185 375 742 0.6 52 7.623 25 51 42Synan Arab Rep 70 4.1 7.26461 5725 5722 10 11.0 

T. arvj 10 3 912607 16677 1-009 14 18 25 1.2 27 6 1Turkey 3 1126207 27764 19 0.3 13

Urited k-ab Emirales 8 6 25


27395 7 54 
9 50 2.112 14 42 88 178Vw,,Nam 36 X5-85 6273 6779 17 25 

83 283 x 0.0 0.012 49 38 0.5 1.1 56)tfnf. Dert-Yemen 2597174 2785 2790195 209 298 9 0 131 X 5 0.1 04 083 10 3.7 4.5 5 1MP-wF~t,. 142133 140532 9 11 102,5.2 3. 
AJ6ana 52r 608 708 49 54 15 95 135 8.5 13.2 153&Su1nae10cc 1713 1613 1600 0 0Sugana 1194 831 180 2024567 0 0 . 

234 112.1 181.0Czechrdova!aIa ,386 4152 26 4&6 544 508 20185262 5268 29 a2 68.6 127.15170 3 142 251 9.2 13763 167 307 '15.4 143335 234 27.4 258Fcrinark 2716 251 2647Finiand 7 15 183 22a2526 240248; 2364 2 594 70.1 689France 3 13520528 223 20918855 18655 4 501 78.2 95.6German -f Rep 6 155 243 2995009 4942 5006 487 72.8 8203 3Germany FPd Rep 257 371 3137639 7576 7465 4 24.9 27.9 3004 367 410Greec- 3851 
427 152.1 191.6 19,S73873 3953lun~lary 23 25 66,5634 115 145540 5303 5 10.2 236 401Ireiand 3 641252 1006 972 

260 284 11.2 11.7 104lialy 0 0 19715311 394 62212318 12354 22 47.7 1167 1499Lxem bougr X X X 
24 68 112 16 27.4 66.5 921X 1 X XMa ria X X14 13 X14 8Nelhelanos 7 30 0 25964 841 862 6.6 23.6 31 4NtOI\,,ay 51 49 582 757849 793 841 754 97.5 181.8 2146Poond 5 9 1.96 29115769 15067 309 84.8 125.71482f6 1664ca1up,3 1 1 84 2374170 3620 220 7.9 27.0


Ftrozmna 18 40 63

3550 17 480 

10491 75 3.810496 10531 15 23 126 21.4 
Spain 25 101 144X 20792 20,96 7.9 11.5 15.614 15S%,dcden X 70 703179 3009 2979 X 18.5 27.82 2Sw~eryland 121 163 162403 393 411 53.9 6286 6 637LJntid Kingdon 324 366 413


8305 1 2 2486
Yvug<oslaya 5449 7028 6987 1594 200 18035 7839 2 288 249 3472 57 87 87.0 69.3 74,7~~~~~229350 124 131 28 8 62 7232406 
 232276 

8 
 00 


430 5 69 
1. 

47051 4 4 30 
85 x 10.0 11.435 
 9.1 9.2
AuSwr'ljr 37503 42315 45433 28 19Fij 206 230 

3 4 25 8 1 7.3 73NeN ZeaLad 236 0 04S7 411 32 52 69464 36 43 55 60 6.8Paa New Gunea W0 1187 1014310 351 371 1862 201.7 2072Sc monldanrs 0 0 1 1950 50 24 328 3253 0 0 X 0 0 X 00ANUUTC 0.0 

Iguow: U N Food and Agncullurv Orpanzaton
0 - 7fo 0" c n Co.e-hal the unit of reasure; X - o avalabjeIeta 
Fo acJdfcnaJ in'rmaton. s,3e Sources and lhnrcaJ Nows 
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5FOOD PRODUCTION AND CONSUMPTION, 1964--M,
 

Pro&lctq P.Odon.4d 

-Totl N Ctptta CAco ~ 
1SG4-66 1902-84 1964-ti 19 32-34 19e7-70 1977-110 

Vgfl1D 119 104 101 101 

ArfbCA 11 90 102 93 

Alqgta 
Angoa 
Bor 
Dotstaira 

,,wkna Faso 

70 
86 
82 
80 
90 

101 
103 
120 
86 

114 

95 
109 
100 
116 
1083 

79 
81 
97 
61 
96 

85 
109 
110 

6,9 
102 

50 
86 

100 
52 
95 

Burundi 
Cdmetoon 
Cape Verde 
Ceritral Afncan Rep 
Chad 

86 
F5 

149 
76 

103 

108 
101 

X 
111 
114 

101 
82 

188 
91 

124 

92 
83 
X 

94 
96 

99 
104 
58 
98 
98 

98 
98 
46 
99 

100 

Comoros 
Corgo 
D0,t,:xb 
EqyrA 
Equa!ora Guinea 

81 
86 
X 
77 
X 

X 
117 

X 
112 

X 

108 
108 

X 
96 

X 

X 
96 
X 

91 
XI 

93 
113 

x 
91 

86 
89 
X 

79 
IX 

Eihopa 
Gabon 
Garnrya 
GhanrI 
Guinea 

92 
104 
84 
75 
78 

121 
116 
89 
87 

109 

118 
116 
105 
97 
96 

102 
103 
76 
68 
91 

101 
90 

127 
106 
100 

97 
72 

1.12 
98 
93 

Guinea 8issau 
I,,yCoa 
Kenya 
Ls1-SD(1io 
ibona 

100 
60 
70 
61 
67 

117 
148 
117 
89 

116 

119 
90 

101 
96 
89 

86 
109 
85 
73 
90 

105 
104 
102 
84 
93 

88 
106 
97 
73 
87 

L L-a 
M?,aagascwa 
Malawi 
Mah 
Maurtania 

45 
74 
72 
87 

122 

126 
112 
127 
119 
119 

74 
93 
93 

108 
150 

92 
90 

100 
107 
95 

54 
103 
105 
99 
81 

45 
98 

104 
96 
54 

Mauritius 
Morocco 
Mwozarnblu 
Niger 
Niaefia 

91 
78 
80 

108 
86 

103 
116 
100 
141 
126 

103 
106 
108 
138 
117 

89 
91 
73 

115 
96 

1/8 
98 

110 
111 
105 

158 
79 
97 

104 
93 

Rwanda 
S-inLi.)aJ 
Sierra Leonec-.,ahia 

59 
81 
84
85 

145 
66 

108
113 

81 
115 
97

108 

111 
67 
95
68 

99 
112 
101
94 

98 
95 
9
80 

South Africa 69 101 87 83 115 116 

Sudan 
S nziland 
Tanzania, United Rep 
Tgo 
Tunisa 

71 
58 
71 
88 
69 

108 
144 
126 
113 
104 

93 
75 
99 

121 
84 

85 
114 
96 
92 
85 

103 
147 
101 
104 

91 

100 
151 
98 
95 
76 

UgandaZire 
80
80 

119
121 

84 
101 

91
96 

102
102 

98
96 

trnbia 
Zimbabwe 

58 
55 

94 
90 

79 
76 

73 
69 

92 
113 

89 
114 

NOFITH A10 117 104 116 130 

,atbatdos 
Canada 
Cosla Rica 
Cuba 
Do ,nrcanRep 

123 
89 
57 
73 
69 

110 
129 
104 
138 
117 

135 
105 
76 
90 
94 

103 
11B 
83 

130 
97 

158 
131 
109 
1418 
135 

118 
143 
109 
139 
121 

El Salvador 
Gualrna al 
Ha 
Honduras 
Jamaica 

69 
63 
82 
74 
88 

112 
126 
109 
138 
90 

92 
87 
99 

101 
108 

e39 
100 
90 

104 
88 

97 
101 
90 

113 
115 

97 
104 
87 

104 
81 

Mexico 
Nrcalagua 
Panwama 
Tinidad and Tow go 
Uritc- States 

70 
64 
72 
81 
82 

130 
99 

118 
67 

114 

102 
88 
93 

104 
87 

104 
78 
99 
f8 

105 

105 
110 
106 
104 
115 

94 
107 
109 
76 

134 

SOU IfAMERICA 128 107 107 10 

Arijintina 
06 ,,a 
Pr, ;rl 
Ch,i 
C,ioyn a 

Ecuador 
Guy na 
Paraguay 
Peru 
Sunname 

77 
64 
64 
88 
68 

81 
83 
79 
80 
64 

12J 
103 
139 
1lb 
123 

114 
104 
136 
103 
140 

91 
81 
81 

108 
90 

107 
102 
101 
106 

75 

108 
83 
116 
101 
104 

89 
89 

105 
83 

146 

139 
88 
102 
88 
99 

108 
148 
99 
96 

100 

153 
93 

105 
82 
96 

99 
135 
112 

87 
105 

Uruguay 
Vrnezu ia 

85 
65 

110 
116 

89 
99 

105 
88 

101 
84 

103 
70 
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hu4n7
Ch __977 


IrA 


Aghan6an 827

BOan x 

Banadesh 
 68 

Bhutan 
 79 

Burma 
 80 

China 
 72 

Cyprus 74 

Inda 75 

IKonetaa 
 69 

Iran 
 62 

Ir:' 
 78 

LarIe 
 61
Japan 91 

JOfrdan 172 

Kampuchea', 5e
141 

KaonPazetRep 61 

KNrea,Rep 70 

Kuwant X 

Lao Peoples Rep 6e984 

LParso 1 
 90 

Malayaia 54 

liMLnka 85 


Nepan 82

Ciman x 

Palkjian 69 

Prhiippnes 85 

Qatar x
SaudArabia 56 

Singapore 50 

SriLanka 69 

Sran Arab Rep 62 

TOn66 

Albania 
 73

Uniled Arab Emirates x 

VietNarr 
 87 

Yemen 87 

Yemenem 74 


C 1o7 


Albania 70 

AFitra 84
Big'um 79 

BulFara 81

Czochoslcwialka 74 

Denmyark 100 

Finland 
 87 

France 87115

German Dem Rep 79 

Germany Fedt Rep 88 

Greece 
 69

Hungary 72 

Ireland 77 

Italy 86 

Luxemrnbourg X 

Ma a 
 69 

Neherlands 
 68 

Norway 92 

Poland 78 

Porlunal 86 

Romania 67 

Spa'n 65 

Sweden 
 94 

Switzertand 83 

United Kingdom 91 

Yugosavia 76 

USLI. 
 76 

OC'Fi.l 


jtraha 78 

u 95 

Ne' Zealand 80 

Pap aNew Guinea 79 

Scrxnon islands 
 85 


Stvrca: UN Food and Aqnr,.ulure Organization 
0 - Inan one-half l measure. X - n.4arailablezeoor less the unq
ForaddtionaJinformation, ee Scurces and TechnicalNotes
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0 
x 


125 115 

122 96 

152 104 

4193 

118 83 

131 9.4 

142 87 

125 87 

118 107 

119 79


97 106

172 228 

99 162 

137 79

125 88 


X X 

158 108 

137 117 

134 71 

114 119 

110 104 


x x 

133 too 

132 86 


X X

135 84 


94 4486 

140 84 

163 88 

136 90 

123 92 


x X 

148 il 
104 103 

100 91 


112582 


128 91 

115 86

104 87 

121 90

122 82 

127 104 

103 87 


G3
106 76 

115 90 

113 76 

127 75 

111 78 

114 91 


X X 

144 7,

125 77 

120 94 

101 88 

89 99 


126 77 

115 77 

115 89 

116 89 

124 88 

119 82 


107 05 

117 


117 90 

136 121 

114 89 

122 102 

166 117 


1 6 


11 


10 

X 


100 

104 

124 


1 

111 

110 


121 

98 

89 

100 

91 


137 

98 

113

i11 


X 

129 

142 


9493 

91 

01 

X 


104 


108 

X 


94 
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124 

113 

104 


x 

123 

88 

82 


117 


106 

115 

103 

119

117 

126 

100 

ill 
107 

116 

104 

125 

101 

111 


X 


132 

119 

116 

94 

85 


119 

107 

113 

114 

124 

111 


100 


103 


104 

18 


110 

95 

124 
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1 -70 1977-80
 

00 6
 
900 99
 
X
x
 

96 95
 
04 84
 

105 105
 
100 08
 
86 59

100 93
 
100 99
 
96 81
 
92 66
 
54 49

73 61
 
63 38
 

112 93
 
96 87
89 98
 
X X
 

96 93
 
55 47
 

132
 
02 87
 

105 99
 
x X
 

11 9
W 
114 112
 

X X

67 34
 
36 39
 
82 83
 
93 93
 

118 33
 
100 103
 

x x
 
89 93
 
94 so 
57 60
 

91 92
 

94 100
 
92 5

75 75
 

102 916

90 94
 

103 108
 
97 98
 

112 118

88 84
 
83 86
 
98 95
 

101 107
 
96 100
 
83 82
 
X X
 

34 30
 
80 76
 
81 81
 
97 86
 
83 57
 

105 100
 
90 89
 

101 104
 
63 66
 
70 79
 

101 96
 

10 92
 
159 174
 

170 192
 
169 153
 
129 130
 
115 112
 
136 161
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°,L> 1 ) D!3TR. 3LPHO 1960-80
 

iw( IU,50 ;.N.I...................... ........ (M nL . tr........ .. ..... 

5 f ,5-58tal 50 N4 6 hpa59 5)z 5 i. 5.50 . 60 1,115 he. IM toi V1 41 5 a 1;-- 5lV-0a ha 5-50 hg700lir 

AFRIA 

Algena 
Angola 
Benin 

x 
X 
x 

X 
x 
X 

x 
x 
X 

69 
X 
X 

30 
x 
x 

1 
X 
X 

X 
X 
X 

X 
X 
x 

X 
x 
X 

X 
A 
X 

X 
X 
X 

x 
x 
X 

14 

X 

6,i 
X 
X 

23 
x 
Y 

X 
x 
X 

X 
x 
X 

x 
X 
X 

Botswana X X x 71 26 0 x x X x A X 26 74 0 X X X 
Bu'kina Faso X X x X x x X X X X X X x X X X X X 

Durun X x X X x X X X X X X X X x X X X X 
Cameroon X x X 97 4 0 X X A X X X 84 16 0 X X X 
Cape Verde 
Certral African Rep 
Chad 

X 
X 
X 

X 
X 
X 

X 
X 
X 

A 
98 
89 

X 
3 

11 
0 
0 

Ax 
X 
X 

X 
X 

X 
X 
, 

X 
X 
X 

X 
x 
X 

x 
X 
X 

x 
90 
72 

X 
10 
28 

X 
0 
0 

X 
X 
x 

X 
X 
x 

X 
X 
X 

Cor(Vos
Congo 
0ibo 

A 
X 

X 
X 
A 

X 
X 
X 

X 
99 
X 

X 
1 

X 

X 
0 
A 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
x 

A 
x 
X 

X 
98 
X 

X 
2 
X 

X 
0 
A 

X 
x 
A 

X 
x 
X 

X 
X 
X 

Egyp( 
EnuatOnxaj Guinea 

90 
x 

10 
x 

0 
x 

X 
x 

X 
x 

X 
x 

X 
x 

X 
x 

X 
x 

51 
x 

34 
1: 

16 
X x 

X 
x 

X 
x 

X X 
x 

X 
x 

X 
x 

[thoo
Gabon 

X 
X 

X 
X 

X 
X 

X 
100 

X 
0 

X 
0 

96 
X 

4 
X 

0 
X 

X 
X 

X 
X 

X 
X 

X 
100 

X 
0 

X 
0 

82 
X 

18 
X 

0 
X 

Gambia X X X X X X X X X X X xA X X X X X 
Ghana X X X 86 14 0 X X X X X X 47 54 0 x X X 
Guinea X X X X x X X X X X X X X X X X X X 

Gunea-Bissau 85 16 0 X X X X X X 61 39 0 X X X X X X 
IvoryCoast 
Kenya 
Lesotho 

X 
74 
94 

X 
25 
6 

X 
1 
0 

64 
90 
96 

36 
10 
4 

0 
0 
0 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
14 
77 

X 
21 
23 

X 
65 
0 

32 
38 
84 

68 
18 
16 

1 
43 
0 

x 
X 
X 

x 
X 
X 

X 
X 
X 

L'bena X X X 93 7 0 X X X X X X 36 35 29 X X X 
1jbyji 24 62 14 X X X X X X 2 35 63 X X X X X X 
Madagascar
Malaw 

97 
A 

3 
X 

0 
X 

X 
100 

X 
0 

X 
0 

X 
X 

X 
X 

X 
X 

89 
X 

11 
x 

0 
X 

X 
100 

X 
0 

X 
0 

X 
X 

X 
X 

.X 
X 

Mali 68 32 0 X X X X X X 37 63 0 X X X X X X 
Maurania X X X X X X X x X X X X X X X X X X 
Maurmus X X X X X X X X X X X X X X X X X X 
Morcco 75 25 0 X X X X X X 38 62 0 X X X x X x 
Mozanl-que

NAe 
X xA XX XX XX XA XX X

X 
XX XX XX XA XX XA XX X

X 
XX XX 

Nena X X X X X X X X X X X X X X X x x x 

Rwar'w X X X X X X X X X X :4 X X X X X X A 
Seiioqai 
Sierra Leone 

72 
X 

28 
X 

0 
X 

X 
94 

x 
6 

X 
0 

X 
X 

X 
X 

X 
X 

41 
X 

59 
X 

0 
X 

Y 
80 

X 
20 

X 
0 

X 
X 

X 
X 

X 
X 

Somalia X X X X X X X X X X X X X X X X X X 
South Afnca 5 19 76 X X X X X 0 0 100 X X X X X X 
Sudan X X X X X X X ' X X X X X X X X X X 
SA-,land 
Tanzania. United Rep 
Togo 
Tunisia 

X 
X 

87 
41 

X 
13 
55 

X 
X 
0 
4 

87 
95 
97 
X 

13 
5 
3 
X 

0 
0 
0 
X 

X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
57 
6 

X 
X 

43 
54 

X 
X 
0 

40 

8 
79 
74 
X 

6 
21 
27 
X 

85 
0 
0 
X 

X 
X 
X 
X 

X 
X 
X 
x 

X 
X 
X 
X 

Uganda 
Zi-re 

75 
x 

25 
x 

0 
: 

X 
S9 

X 
1 

X 
0 

X 
X 

X 
X 

X 
X 

43 
x 

57 
X 

0 
X 

x 
60 

X 
5 

X 
35 

x 
X 

X 
X 

X 
X 

Zambia 0 14 86 94 6 0 X X X 0 0 100 34 19 47 X X X 
Zimbabwe 0 9 91 X X X X X X 0 0 100 X X X X X X 

NORTH AMERICA 

Barbados 81 7 1.3 X x X X X X 6 5 89 X X X X X X 
Canada 4 30 63 5 24 72 X X X 0 7 93 0 3 97 X X X 
Co=a Rica 39 48 15 49 37 16 X X X 2 22 76 2 18 B0 X X X 
Cuba 
Dominican Rep 

X 
86 

X 
13 

'(
1 

X 
77 

X 
21 

X 
2 

X 
X 

X 
X 

X 
X 

X 
21 

X 
31 

X 
48 

X 
13 

X 
30 

X 
57 

X 
X 

X 
X 

x 
X 

ElSaiveoor 85 13 2 89 10 1 X X X 15 28 57 20 31 49 X X X 
Gual'iala 74 24 3 X A X X X X 13 24 63 X X X X X X 
Hat X X X 96 4 0 x x X X X X 78 23 0 X X X 
Honduras X X X 64 32 4 X X X X X X 9 35 56 X Y X 
Jamaia 90 10 1 94 6 0 x x X 23 23 54 29 19 52 X X X 
Mexico 66 22 12 60 26 14 X X X 1 3 96 1 4 96 x x X 
Nicaragua 
Panama 

40 
46 

43 
47 

16 
6 

X 
56 

X 
37 

X 
8 

x 
68 

X 
27 

X 
7 

2 
5 

18 
37 

79 
58 

X 
4 

X 
3 

X 
64 

X 
4 

X 
30 

X 
66 

Trinidad andiobao 72 27 2 X X A X A x 20 34 46 X X X X X X 
Uniled Sales 8 45 47 7 39 54 X X X 0 9 91 0 8 94 X X X 

SOUTH AMERICA 

Argentina 15 39 47 X X X X X X 0 2 98 x X X X X X 
Bolivia X X X X X x X X X X X X X X X X X X 
Brazil 31 51 19 37 47 16 X X X 1 13 86 1 14 85 X X X 
Chile 38 44 18 X X X Y X 1 5 A A A A A X 
Coiomba 63 31 7 60 32 8 Y X X 5 20 76 4 19 78 X X x 

Ecuador x X x 62 27 7 x X X X X X 7 28 65 X X X 
Guyana
Paraguay 

X 
44 

X 
51 

X 
6 

X 
X 

X 
X 

x 
X 

X 
X 

X 
X 

X 
X 

X 
1 

X 
7 

X 
92 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

Peru 14 2 78 20 2 X x X 6 8 86 7 14 79 X X X 
Sunnan'm 19 0 81 19 0 X x X 24 27 49 28 28 45 X X X 

Uruguay 15 50 36 14 48 38 12 46 42 0 5 95 0 4 96 0 4 96 
Vo!nezuela 50 40 10 44 43 14 X X X 1 7 92 1 7 93 X x X 
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.'49C1uliural
Hr lifirlgo: UL)ltrIuon b~ySla o4 tA,~ArituI rr M0~tuifrrn Ly C'u Q1NGol 
77 -190 lb a 0 $ M hist1 lTtn 


5 ha~ S50 Piet 80 h~i 5 h-9 53W (toF0 tvi 8.ht, 65,P4~tt 601 i: b I=h 8.5t.U6 0 lia 8.ha d8.8011160 Ntr1 b 11V l5595 

Aghantstan X Ix 
 X X X X X XBahrair X X X X x XX X X 100 0 0 72 1.8 0 X 
) X X x 

Fangdaw',sh X X X X 
X X 35 63 3 2 03X 700 0 0 XBhu,.tar, X X 1 X I, 10, 0X x X X X X 0 

8Wrma X 
X X X x X X X x x e Y X XCh X 

X 
X 

X X X X 1X X X Xx X XX 4 14 4 14 14 14 14 X X
X X

X X
1 

XX X 
Cyprus X X X X xx 76 23 0 XIndia 87 13 0 8.9 11 

X X x X X 31 55 14
Indonesa 98 

0 X X X 47 51 3 47 50 4 X X3 0 98 2 0 XX
Iran 53 46 1 
x X 67 21 12 69 18 14 X X Xx X X X X X 17 69 14 X X XIraq X X X357 7 49 49 2 X X 436 2 1979 668 26Isad X X XX X X 68 30 3Japan 98 2 0 99 2 0 

X X X X X X 12 30 U X X XO8 2 84Jamcd,Mi X X X 
0 16 0 83 17 0 79 21 0

Kao Dni X X X X X X
1 x 14 
X 

x x 
x 

x x x x 
X X ," x XX

Keea, Dem Peopla's X X X X X 
Yx x x x xRep X x x x x 
 x x - 7XXXX __ x XKorca. Rep 100 0 0 100 0 0 X X XKuwait 100 0 0 100 0 0X X X 74 23 X X X
3 X x X X X
Lao Peowpe's X 1i 47 37 X X
DixnRep 
 X X X X X x X
X X X 1 x xLebanon x x x x x x x80 20 1 82 17 1 X X X 39 45 17 22 43 35 X X XMala)-a 
 69 10 
 1 X X X X XMongota X X X X X x X X 

X 30 14 56 X X X X x1 
NepaJ X X x X X X X XX X X 97 3 0 X 1 X X 
Oman X X 1X 72
X X 27 1 X X
X X X X X X X

Pakistan X X X X X X
80 20 0 08 31 X X X x
1 73 26 0 32 68 
 0 3) 58 11 34 57 9
Philippines 81 19 0 85 15 X X
0 X
Qatar 43 45 12 48 38 14X X X X X X X X X X X x 

X X X
Saud: Arabia X X X X XX X X 77 20 X 
Sngapore X X X 100 0 

2 
0 

X X X X X X 15 39 46 X X XXSn Lanka 97 3 0 
1 X X X x 98 0 0 X X X98 2 X X0 X 53 20 28 58 42 0 X X Xrrn kab Rep X X 1 62 36 3 X X X X Y72 11 57 32 X X X

Turkey 58 28 1 X X XUnited Arab Emirates X 
41 
X 

62 37 1 22 Pt 13 X X X 21 71 8X X XX XVie!Nam 0 X X X X X X89 11 0 X X X X1 X
X 1 X X X X 61 29 11 X X X X X XYenen X X XX X 89 11Y,., en. Dern 

X 
X 

X 
X X X X 

0 X X X X X X 44 52 5XX x X X X X X x X Xx X
72 


E U RO PE -.28 

AJha,-wa X 1 X 17 X X 1X X0 X X1Austna 42 53 5 41 54 

X X x 1 X x15 X X X 435Belgium 62 45 51 5 47 49 X Y37 1 53 4r 1 44 53 16 57 11 
X 

Bulgaria X X 
3 73 10 77 13 6 74 20
1 X X X X X X X X X
CzohoJovakia X XX X 1 98 2 1 90 10 0 X 

0 X 1 X X 
Denmark X 6 67X X 7 5 38 719 78 3 10 84 7 14 77 9 4 78Frnland 53 18 1 73X 26 2 6347 0 36 63 1 x 35
France 29 65 

X X 28 68 4 53 46 1X X X X6 31 61 8 28 60German Dei Rep X X X 
12 5 67 29 5 62 34 394 54 42X 1 X X X XGermany. Fed Rep 55 44 1 

X X X X x X X 61X X39 59 2 X X X 17 71 12 9 77 14 X XGreece XX X X 80 21 0 1Hungary X X X X x X 45 53 3X X 99 0 0 100 X X X
Ireiand 17 76 

0 0 X X X 5 0 95 3 0 747 20 73 7 X XIla v 76 23 1 76 
x 3 65 32 3 65 32 X X X23 1 X X X 20Luxembourg 43 36 18 40 42X X X 25 63 13 X X X X X 

X X X
1X 3 83 14 X XMal a 75 25 0 91 9 0 

X
 
Neterandr 97 3 0 77 23 0 77 23 0 83 17 0
54 46 1 35 64 1Norway 69 

X X X 12 79 9 6 85 9 X X X31 0 57 43 1 XPoland X X 42 6 2 3463 37 0 62 38 64 2 X X X
Porlugial 0 X X X 24 61 15 26 74 0 XX X X 82 17 A X1 X X X X X X 18 31 51 X X X 
Romania 
 x x x
Spain 50 X X X1 X x x X X45 5 X X X X 1 X 1 XSwden 37 60 

x X 6 29 65 X X X X X X
3 26 67 7 X X 
 X 10 68 22 16 64
Sw14rt d 21 X X X
X X 45 54 1 X
UrJled Kingdom X 1 X X X 45 67 71
32 49 19 2 52. 26 X X X 2 24 
X X X 

Yuqostavia 74 1 20 79 X X71 29 0 74 16 0 X X X 33 
X 

U ,.SR 57 11 33 48 19 X X Xx xX x x X x x X X ; x 9 x X X X 

Au .tr.at 7 25 69 - 24 ,.! X X 1 0 0 100 0 0 100 1 X 1 
FipX X X .58 42 0 85 14 1 x X 13New Zeaand 36 x 87 0 17 41 423 61 5 29 67 x XPapua New Guir3a X X X X X 

< 0 4 96 C 3 9q) X X X 
Solomon s nInds X 

x X X x X X X X X X XX X X X X X X x X XX X X X x X1 X
 
ANTA,,TCA 

Sourc: U N Food and AgnCu'ture Oroanzation
0 - zero orles-sthan one-har te unit of measure. X - data nol availztaFor additional inlornation, see Sources end Toidinc al Norris 
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0ta 

N gar 

Nigeria 

I'acagascar 

Z,mbal,, 


Guatemala 
Jamaica 
United States 

Argentina, Paraguay. and Brazil 

Ecuador 
Peru 


China 

India 

Nepal 

Belgum 


ha)
1970c AND 
Ar-I (ma. ra (melh.tF War oaFo 

e 43 1 6 ;,ion 34 13.4 

(4 mi.on ha)
 

Small Waereshed 001 468 thorjsaryd 40 X 
(11,700 ha) 

13millon 144 1974 
(900.OKI0 ha) 

X 25-250 1970s 

St~ate01Ima 1 

Mostly Croplarid 79 
(45.9 millin ha)
 
Area with Moderate to Severe Eroson 0.8 15 million 50 1979
 
(304.0O0ha) 

X X 5-35 1979Western Highlands 
X X 90 XUpper Yatluhs Valley 

TotalCropiand 19 1.66 dlilon 96 1982 

(169 milton ha) 
La Plata River Basin X 95 million 18.8 X 

210-564 XHigh Sierra X X 

Country 100 1.9 bIlion 15 X 
(128 million ha) 
Lo"-,s Plateau Region 6.4 X 

Entire 


11-251 1980 

(60 milonhc to) 
Senoutsy Affected Cropland 27 6 bllion 75 1975 

(80 mhlon ha)
 
Entire Country 100 240 milhon 35-70 X
 
(137 million ha)
 
Central Belgium X 


Ior Errmronment and Develolnenl.Source: Woridl Reiourcos ins e.elnterrattora ',nsttute 
X - no avalabUe
 
FOraddlonal infOrmatmrn, see Sourcez and TechncaJ Nloes.
 

Sourem an ,"e hrif '710v 

IbL £ Agricultural 1o 

19G4-84 

Sour.es: Ditto for 196.1-66: UN. Food and 

Agricullure Orgatnization ( unOi,
,mpublshed 
dAta, 1985. lb)ta agricultural production for 
)982-&4 and yields for 1974-76 and 1982-84: 
FA, hoducton K"arbook 10,.1(FAO.Rome, 
1985). Agricultu-,d produclico per angcuitural 
worker, 1982-84: EO,unpublished dat:, 
1985. 

Indexes of agricultural pr!ruction represent 
tfie disposable output (alter deduction (o, Ieed 
and seed) ofa country's agriculture s-ctor 
relative to thenb'a.2 1974-76. Theperiod 

index (or a given :,,aris calcul.ated asfollows: 
the disposable outaut of a commodity in 
weight or "olune.ten , is multiplied by the 
1974-76 unit vamue ol the commodity. The 
product of this -lcuation is the total value of 
the crop for that year in terrs of 1974-76 
prices. The valucs of all crp and ,'e.strick 
products are totaled to derive the value of all 
agricultural prduction in1974-76 prices. The 
aggregate output far other years i. then 
divided by the aggregate output for 1974-76
and multiplied t 100 to obtain the index 

number. 
Indexes for continents and the world are 

computed by con,-rting national production 
figue in local c'artrendes to U.S, dollar 
equivalents using International Monetary Fund 
(IMF) exchange rates. The country outputs e 

.ORLO RESOWIRCES 4)6 
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tro,totaled to derive the regional aridglobal 

agrpcgatcs. 
Index numbers of agricultural production 

include all crop and livestock products 
originating ineach country for which infor-
marion is avaiiable Agricultural labor data are 
coil-ctL.i Iy tha InternationA Labor Oraniml-
tion iLO). e Chapter 1, "Basic Economic 
Idicator,<" intrduction, and Table 1.2, 

E-ourc-' 'nd Tchnical Notea 
Yields ut:calculated from nationd ptodu, 

tionand area data. Production data include 
cereal us-d as feed and se-ed. Area data relate 
tothe area hamvested 'rather than the atea 
sown. Core.is refer toall cereal. (wheat, 
maize, rice, etc.) harvested for dry arairr, 
exclusive of crops cut for ha, or harvested 
green. Rznts amid tubers refer to all root crops 
grown p zipally for human consumption 
(Potatoes, a ms, taro, etc.)ns, ait crops 
grown principally for leed (turnips, owede, 
mangels) are excluded, 

Most of the data i Tables 5,1, 5.2, 5.3,5.4, 
and 4.1 (s-e Chapter 4) are supplied by 
nrational ag-riculhure ministrics in response to 
annual FAO questionnaires, or ae derived 
from agricultural censuse,- FAO compiles data 

from more than 200 countri-es ano many 
other sources, and enters them into e corn-
puterized database. The database facilItates 
the calculation of analytical indicators such as 
agricultural and food production indexes and 
ratios of calorie sell-sufficiency However, 

X 10-25 1970s 

many gaps exist in the data, which FAO fil 
by prepAring its own estimates. As more infor
rnation becomes available, FAO con'ets its 

estirates and recalculates the whole time 
taries as necesiary. 

Countries colrict marwy kinds of information 
through agricultural censusya: tiesize and 
age distribution of the aricuiwtual labor force; 
tie amiount of land planted in various crop.; 
the degree of farm nechanization; the use of 
fertilizers pesticides and i-irgation, etc. Most 
of the aggregate daia eae broken down by 
size-classes o! holciirgs. Sr eximple, of the 
2.5 million wheat hodings counted in llrk..'s 
1980 census of agicultum, 53,000 were 
smaler than 0.5 rrieare and 1637,000 were 
b.2tveen 5 and 10 hecares. Simrnilar data ae 
ieported for holdings of 1-2 cctare.. 2-3 
heclares, 3-1 hectars 1--5 hectas. 10-20 
hecLams, 20-50 hectaye., and 50-100 htcares, 
FAO hs conducted world censuses of 

agriculture in 1950, 1960, 1970, and 1930. 
The 1980 ceneu is still in proess. FAO's 
predeceasor, tihe International Institute of 
Agriculture, also conducted a census in 1930. 
The table below summarizes the number of 
countries that have participated in the 1960, 

1970, and 1980 censuses of agriculture. The 
table includes fonner colonies whose censuse, 
were conducted by the colonial adminLstra 
tion. The table exdues countries that are not 
independent. 



1914 Ccmfu9w 
16 1i70 P n io, U ,dod 
eC4nam .. __ f_____r.l_______ ___ 

EurOpe 17 24 20 4 

NOrth-mericab 2 2 2 0 

Latin America 19 24 19 10 

Near Eafsc 7 10 15 6
 
Far Eaht 13 10 io 9 

Africac 26 22 29 12 

Oceara 	 4 3 4 1 

as D5 99 42 

a Intisrnaton asofMay 1917'FAO sent Oert#,'ey 1977to147rmnemocoi¢nleS AseCocl( ,Me-A.,one wasan o;:mlYit'are i 

sn1tto !52counlt'es Aeooe rcceivn aee,vuoet' Isttale
in May 1980 ryfMay 19 1 a it 


b Ur,,rStatels andCa,,sa

Sus.it 1	 N'a, Ea5!r Lia EoyPst t. tc SCDmw, iv'adtr- andmOoo NtYo.A,,,ca 

"IO ',U Aaricnltuz'A hnputz, The proportion of the total calorie supply 
j984-83 	 produced domestically is calculated from Ihe 


Supply Utilization Accounts developed by 


r D-UO. of the fraction, caloriesThe numerator
nit 194-:.,npboi andAure D ra:for 	 domesically pmduced, is computedAgrieuhiure Org,".nization OFAd}, unpublished on a 


data, 1985. Arable and pe.rm~aennt cmpltd, comimodity-by-comitrodity basis Imm pmduc-

data. Th.e denominator is the
irrigated nd, andtrac , 1974 arid otin 	 sum of the 

donctic ca!orie pwoducior (the numenator):
1984 (FA, roe cti98 a985). 190iand net iiports of c'ttories in food.tu.tseand the
Consumption 194 F rid F985).rtilizer calories ,epplied 1/the net nawdown of food 

stocks. 
book 1983 (FAO, Rome, 1984). Fertilizer con- Refer to thetJe.,nic;Al Note for fable 5.1 for 

mption 1981-M3: FAQ, "~ontly Mullein of detaild inforrmation on dita coll:ction and 
Statistics April 1985. aneJys.& 

Arable and permanent copl sd is defined 
in the technical note in Chapter 4, "land tIUe 4 andandCoer se fr...l..~O J Ltamd Di&tribution,tisTecnialNot 	 '" A
and Cover";ri -ethld porTeTefrsical Note lo- .I4.1. Irrigated land re!ors to --eas uurpoely I,,¢)-{ 


provided with water, including land flooded by 
river waler for crop production or pasture,rces: Data for 1960: U.N. Food and 
improvemrnct, whether this are.a is irriated Agriculture Organization (FAO), Report on the 
several times or only once during the yvear- 1960 World Census of Agriculture. Analyis 

Fertilizer u.e refers to application and foternationol Comparison o,of " Results 
nutrients in terms ef nitrogen (,),phosphate 0-AO, Ron,, i71). Data for 1970: FAO, 1970 
(P205)and potash (K20). The fertilizer year is World Census of Agriculfure: Analysis and 
July -June 30; for 1964-66, fertilizer uSl,'n ternational Comparison of Results (FAO, 
refer, to the split years erding in 1954, 1965, Rome, 1981). Data for 1960: FAQ. Report on 
and 1966. Data for 1974-76 are the average the 1.980 Wbrld Census of Agriculture, Census 
of the 1974-75 and 1975-76 fertilizer yez' Bulletins 2-13, October 1983-May 195. 
Data for 1981--83 are the a\rage of the The years- 1960, 1970, and 19L0 refer to the 
1981-82 and 1982-83 fertilizer years. World Censuses of Agriculture organized by 

Tractors refer to total wheel and crawler FA. Data for1960 were compild imnil 

tractors used in agriculture; garden Lactors national censuses conducted between 1958 

are excluded, and 1964. The 1970 round of censuses 


Refer to the lechnical Note for Table 5.1 for covered the period 1966 to 1974. The 1980 
detailed infonnation on data collection and census round will include national censuses 
analysis. conducted between 1977 and 1985, with the 

majority falling btoween 1979 and 1981. The 
specific dales of country cens;uses ae reported 

Table &3 Food Production and inthe sources. Refer to the Technical Note for 
Consumption, 1964-84 Table 5.1 for details of participation in the 

thuee most recent censuses. 
Soueew: Data for 1964-66: U.N. Food and An atiicultural holding, as defined in the 
Agriculture Organization (FAO), unpublished World Censes el Agriculture, is a unit of 
data, 1985. Data for 1982--84: FA. Produc agricultural production comprising all livestock 
tion )earbook 1984 (FAO, Rome, 1985). Data kept and all land used wholly or partly for 
for calories dometically produced as percent. agricultural purposes. It may be operated by 
age of total supply: FAO. Socio-economic one person or more, regardless of title, legal 
Indicators Relating to Ole Agricultural Sector form, size, or location. A holding may consist 
and Rural DeLselopmcnt, Economic and Social ofone or more parcels of land, and may 
Development Naper 40 (FAd, Rome, !984). consist of livestock without agricultural land. 

Indexes of food production are computed in Conrnon grazing land is not considered a 
the same manner as indexes of agricultural holding. Establishments producing only forest 
production. Refer to the Technical Note for producLs, race horses, fish, frogs, dogs, or wild 
Table 5.1 for details. The food production game are not considered holdings. Land 
index covers the subset of agricultural crops rented from an owner is considered within 
that are edible and contain nutrients, Coffee the holding of the operator and outside the 
and tea, althouph edible., are excluded from holding of the owner. 
the food production index b.cause they have Agricultural area refers to all land under 
virtually no nutritive value. temporary or permanent crops and land used 

as pe -manent paturi For detiled oefinitions 
iH'er to Chapter 4, "L idUse and Cover" see 

the T,,, Note for '[ble 4.1. 
FAO srives to achik: conparabiLty of data 

across countrias bv circulatirn. standard que!, 
tonnaires; preparing detailed pturam docu. 

seminars, 
etc. Hovazver, to accommodtc: local cilcum
ments: conducting regional trvainig.-

stanices,counties often deviate from Vie 
stand,'ud definitions and survey teicnique , 

mak.ing conparisons acrtoss countries (or 
across years forthe same country) difficul. 
For CY.anple, die censtses of lany countries 

exclde hIKfings that arc below minie mini. 
mum rise or feormnoic importance In1960, 
France counled all hcldings la.,-ger I h'cthan 
tare or layge than 0.2 hectares it engaged in 
speciaized aqricultutte Ziunbias -_nsus 
crover.
only Fauropn holdings taiger than 

Panama counted 
larg:r 11'i0.5 -ctwae, but eclud-d approx
irtately 8,31X) Ikldings operated hy/ indigenous 
popLations.

In 1970 and 1980, France retained the same 
iniunirnm sire criteria. In 1970, Zambia's 

census com,:red the larid under cmps for the 

10.11 h'cctar,.:, Nodings 

traditional ector and the total artez of hold. 
ings for the modern sector. Panama's censuses 
for 1970 and 1980 counted holdings of any 
for 190 clude [liesize trut did not includte holdingsholdings in thre 
indigenous zones. Pcfer to FAd's censas publications lotdet, conce ring the coverag-e of 
ceturiosforand definitioi sand cle sificaetons 

u ld 

" (5.5.Ctopland Soi( Erosion 
i Slected Countrie-s, 

]7M"4 an.d 1980S 

Compiled by World Resources 
tote and Intemational Institute for Environ. 
ment nd Development from nsources listed 
below. 
OnEthiopia: U.N. Food and Agriculture 
Organization, .Protectarid Produce: Soil Con
seration for Detoiopment (FA-,Rome 198-1), 
R 17. 
P1Lesotho: Arid Lands Information Center, 
University of Arizona, Drft Envtronnoental 
Profile of the Kngdorn cf L,2,solho 

-rm,,-,rs: 	 Insti

(Univvrsity 
of Arizona, Tucson, Arizona, 1982). p.77. 
D1Niger: SA. EJ-Swaiy, e' cl. -Soil mnmersion 
by Water" in NaturalSystems for Deve!op
ment: IWhat Planners Nleed to Know (Macklil-
Ian Publishing Company. New York, 1983). 
11 Aigeria" GE.Osuji. "The Gullies of lino, 
Journal of ;oiland Italter Conseroaticn, July-
AugJst 19M-,\,'ol. pp 2/6-247.39, No.,I, 
EJ Madagascar:P. Randjiatnarijaena, "The 
Erm. ion of Madagascar AM1-!O, Vol. 12. No. 
6, pp. 30--311 (1983). 
MJZirrbbwe: Arid ,ancl.s Information Center, 
University of Arizona, Draft Eironmental 
Proftle of Zimbabwe (University of Arizona, 
Tucson, Arizona, 1982), p 8,9. 
a Guatemala: Institute ofEcology, University 
of Georgia, .n Enirnonnentalfrofile of 
Guatemala (University of Georgia, A.thens, 
Georgia, 1981), p 18. 
M Jamaica: U.N Food and Agri,_uliurv 
Organization (FAO), Strengthening the 
A'ational Soil Conservation Programmne for 
Integrated Watershed Development, Jamaica, 
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Terminal Report (f.O, Rome, 19P2). Washington, DC., 1979), V 43. sources did not identify which type of rutirna-
El United Staws: R ! nii.rry and Engli'h in 3 Belgium: G. Richter, "ApWcts and Pioblems ton method was used. CoUntrie rneasur 
"Ersion Control Practic:-.i: Impocs Of /.ct-,J of Erosion Ha.zuad in the XEC Cxoutrikca irk erosion differently d ,ondfng on the cauers o! 
Versus Mcst !-f-,tivc U,-- in Co.crvation Soil Erosion (Comrnwii., isi he Euroofhn' theproblem nd on th:":cfhiques and 
Needs and Opportunties (Woerd of AgTicul- Communitjes Laxemborg, 19,U), p i. methods employed. In the Uited SLates, 
ture., National Re:-aerch Council). Data were Soil erosion is the remov-al of coil from the erosion from wind and/or rain w'aUses5tliILted 
ioen horn the 1982 Natunil ,zekurcea Ihn. land by the erudvi, procc.:,': o!! moving water depending on the location .sempled. In 
ventory, U.S. Delpartment of Agriculture, Soil and And. There &retwo rain types o water Madagascar, where the problem of erosion 
Con:ervation ;Sonvice. erosion: "sheet erosion," Avwch occu: whetn are caused L.,.heaNy raifll, only water
RTAigentia. Organization of Ameeie.u- beating rain and flowing water remove tdn erosion was etinated. 
States (OAS). Cuenco d&l Rio de to Plata: layers of soil hom a field, and "rlil erwioan," There w"eother irnpor:li cave .tsconcern-
Estudio porn su Flatificacin ),Derarollo whkh occurs as fiowin, water carrs out ingthe data: 
(CAVSWasington, D.C., 1974) channels in the soil. I. Most of the field meazurernenLs of e.osion 
P Ecuador: S-. E-Sw ,fy,t atl. "SA Ira- The natura, rate of croson is determined by rate have been carried out in aeas 
mersion by WA l Syntems for climite, topography, -oil t)pe. a.d vegectative rnro_rie-ter" in Alatu where shet and rilerosion is, 
Developmem: Wn1o! Planoers Pleed to Know cover. It can be exacerbated by poor agnicnu.- ous: puats of North and South America, 
(acMillian PRubli5hiinq Company, New York, turai prectices ov'grazing of Uvesiock, and India, atd Chins. Much tos. lies been 
1983). deforestation. On large re&s of crop!3nd the done to rneaure vind ero ion in the arid 

.U ltru: Interv,,w ;6th Loten o Cham.ng loss of top roll is eater th. the amount and semi-arid lands of sub-Satiaran Aln(.c. 
Novarro (Director of Peru's f),lpwunent of added naturally, and as a resALt the Lind and Southern Afria.-
Watershed, Soil, and Wat,'r Coniervatior) n bcome, len, !frtile and fes p"ducive 2. Sortie of the data in the tpble we point 
Abraham Lama, "Peru: a;pid Soil Erosion There axe three locatiorz" within a water- stinate., based on a few meiasurementsq 
Threates P1ruvian Agirictonue" Lawi,d shed at witich woil erw.i-a te5 can ne esti, made at one c.ointin time and extroa',)-
America r, 19F/. mated. The "ustrex&method" etitnte the lated to req.'lct an annnal average. 
I-' China: Lee "oil Cor-z.svstoti amount of erocion ba,.d on field obszrvz- 3. An attempt bas been made to choose"i"viiaa4g, 
in China's I-ess Piatcau' t-ior -rm r t " coLuvaies anld 'sites where '.iV erosion ca.nJourral of S-i! and Th. "midstmae2- ct esimate the 
Woter Consermatioa, Voli.39 flc,4 (9 volume of soil on be as.ocr.ite with a.iculturzl practices.), pp, erosion b':,:edthe .edient 
306-307. Zhu Ling "Study Aims to L, FKx lods c:x-ri!d by ivers and other water- Howevcr, nro attempt has !*en made to 
Ttueat of Ydlo, Pdver," Chino Daily, 'l. 4, courws. The "dmvn entsm eetisdY correct soil erosion estimate for theestim'ate 

Na. 1069 09&4). the severity of soil ero!ion ba-a-si on th" zusounts of tail eroded by factor,
 
11 hid a: Das, "SoiCoizervation Practices volume of Fidimnent depcsited in IL1e4,A unrelated to cultivation of cropland.
r-ese-
and Erosion Control ;n India-A Case Study," voms, or at the drzina-ge point of a water' For a recent and detailed review of soil 
.Soils Bulletfi, No.33 ( AO, Rome, 1977). has.n. erosion in developing countrie, ee A:redo 
FA NepafL Sdience arid Technology Diviorkn, Erosion rates ;r. not rtrictl, cni,::mrble Sfeir-Youtnis, Soil Conserixition in Developinqg 
Library of Congress, Draft Enoirnmnental jcro-4 countries b.caum, difierent methods of Countries, (Tbh World Bank. unpublished 
Report on Nepal (Library of Congre.s, estimation have been tusd and most of the manuscript, Washington, D.C., 1985). 

W2LD FM IM 

272 ..... 



6 Forests and R--- y-p4d
 

Forests and rangelands together occupy roughly three-
quarters of the worlds land suriace. However, the statis-
tics available with which to eval, ate changes in these
lands are weak, particularly when compared to informa-
tion on cultivated lands. 

Some of the besi data on forests are for aris that are
extensive and remote, such as tie vast forested areas of
Canada, the Soviet Union, Zaire, and Brazil, which can
be monitored from satellites, or fo," actively rmanaged 
areas such as plantations. Statistics ar east available
where they are most needed: in developing countries
without the resources to monitor and rmanage forests and
where competing demands for cropland, fuelwod, and 
industizal timber are rapidly changing the forets.

Eable 6.1 provides information on the exteet, change,
and management of forests. The definitions and tech-
niques used to measure forests greatly influence the
numbers shown. For example, the trees of a closed forest
fully shade the ground, preventing the growth oi grasses,
in ar open forest, trees cover at least 10 percent of the 
ground, permitting a nearly continuous grass layer on theforest floor. (Areas meeting this description are classified 
as rangeland in some countries.) 

Omitted frorr the table are forest fallow, about 400 ril-
lion hectares of land that is cut, burned, and cultivated
for a year or two and then allowed to ieturn to trees
until the next slash and burn cycle. Also omitted are 600 
million hectares of shrubland. In densely settled rural 
areas, closed rests may have been largely degraded or 
even eliminated and replaced by shrubs that are impor-
tant sources of hfelwood, forage, and other products.


Deforestation is often defined imrecisely3 
 In Fable 6.1

it refers to the clearing of closed forested land and its

subsequent use for agriculture or settlement. Other altera-
tions, such as logging of closed forests, or active manage-
ment of productive stands, are not considered defolesta-
tion. 

Forest management is the active management of forest 
growth or regeneration in accordance with a plan. Such
plans include logging contro~s, fire and disease prevention
and treatment, and sylvicultural research. Protected areas 
are legal!y defined forests in national or scientific parks
where timber exploitation is forbidden. 

Countries with the largest areas of forest are the Soviet
Union, Brazil, Canada, the United States, China, and 

Indonesia. Those with the highest emtirated rates ofdeforestation are Ivory Coast, Raraguay, Nigeria, Costa 
Rica, and Nepal. Although a deforestation rate of less
than I percent per year is small hi relative terms, in 
countries such as Brazil, India, and Indonesia, even that 
rate can mean extensive lo s of forest land. 

There has, Leen considra.e controversy over the esti
mates of tropical deforestation. Globl reviews conducted
in the early 1970s, for example, found less tropical forest
and higher rates of deforestation than those shown here.
The different estimates can be attributed largely to differ
ent definitions and measurement techniques. The figures
in "Tble 6.1, collected in the late 1970s and first pub
lished in 1981, may not reflect current conditions. 

Table 6.2 provides measures of wood harvests, as well 
as estirats of the economic value of forest products that 
enter into international trade. The figures reveal impor
tant shifts: Brazil and Malaysia have dramatically in
creased exports; Egypt has dramatically increased
imports; and Nigeria has shifted from a net ecporter to a 
net importe.

fi s.ing from these tables are a number of data series
that would be useful to policymacers, foresters, and land
owners who neec plan tili future use of forest land.
Among these are t:e volume of economically valuable
 
trees for timber production, changes in forest conditions

and composition of flora and fauna, and better informa
ion on forest management.

Table 6.3 presents statistics on desertification, based on 
a global review carried out for the United Nations
Environment Program (UNEP). The percentage figures

(which should be regarded as informed estimates) indicate
 
the amount of land that is believed to be reduced in

productivity by 25 percent or more from its original con
ditior,. The Sudano-Sahelian region, which has
experienced a decline in precipitation and an increase in
livestock grazing over the past 30 years, reports increas
ing desertification. More importantly, 14 of the 19 coun
tries surveyed reported increases in rates of desertifica
tion; 5 of the 14 reported significant increases. 
Desertification pressures are greatest on rangelands and 
recently deforested !ands. 
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0 - zeroor less ihan one-hall theundofmeasure. X - rotaviaDle
 
For addtlional inlomalion. see Sources and Technical Notes 
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It7 $..dAIIlqw G,v"Tc,. I naI w 

3 192--.8-3 17-4 27
'l 3'1t 19}2-,' 101-t 1CIS,/. 17-4 16-. 918
 

......L7 ~ . __j _ 

A~.L ngL3, 19 ! 2 Z7254938 95L- 966-,:: 

Joma78 10 1 2 124 17 27 1 8,.-74 131-630 1 X3,-7 X 

Burk a Faso 7087 22 6770 26 324 -28 2 26 4458 X X 

BunviC 3434 22 3395 22 39 26 79 177 X X 
C- neroon 10157 24 7994 18 2163 55 4672 11470 26536 108227
 

X 1X 499 x 
Cenho Aflfcar Rep 3061 8 2544 23 517 -32 164 1790 7673 26555 
chad 7946 20 7479 20 468 21 131 1438 X X 

Cape 898de 9 7 2 X 902 x 

Co(Xuo 2205 12 1470 26 734 -8 661 1989 20433 50470
 

Dt, boL X X X X X X 225 38 X X
Egyp 1889 25 1801 25 8 22 93113 541929 X X 

Equatonal G .nea 465 10 415 12 50 0 X X 269 3477 

[Flhiopox 28989 21 27630 22 1692 34 2216 8296 4 X
Gabon 2525 -25 1222 8 1303 -42 292 3969 25681 145804 
Ga Abra 789 8 773 7 17 67 100 172 X X 
Ghana 9803 26 7284 28 2519 20 13512 2937 86385 14487 
Guinea 3634 21 308.5 22 549 16 X X 3W X 

Guinea.Bssu 527 11 422 11 105 9 131 98 130 130
 
Ivor/ coast 11587 15 6963 39 4624 - 9 10875 18171 233936 3,33703

Kenya 28178 44 26763 42 1415 81 32920 23228 2403 79
 
L..tho 293 is 293 18 X X X X X X
 
LEbya 4491 25 3957 30 534 -2 1086 5553 15296 45686
 

L,bya 630 24 536 19 94 69 72765 127948 X X 
Madagascar 6262 22 5455 19 807 43 2770 7989 704 14506 
Maa 6256 33 58 33 371 31 4104 6454 220 615 
Ma.a 9857 28 4175 28 282 24 617 1174 X X
 
Mauntania 53 22 7 33 46 21 X X X X 

Maunilus 33 -10 23 9 10 -36 385 8709 X X
 
MKcco 1606 49 1105 40 501 B 51449 154205 12826 21554
 

Mozamtbque 14199 47 13350 51 849 -2 6004 12830 10560 4641
N,gen 3621 30 3397 30 224 30 406 285 X X
 
NLg..a 83210 38 75850 33 7360 125 55798 22J494 19149 748
 

R.anda 526 7 4802 3 293 389 232 2416 X X 
Senegal 3784 21 3277 21 507 28 7126 2458 X X 

S,erra Leone 7931 27 7784 27 147 13 1529 1130 X X
,-)maa 4885 66 4815 67 70 31 5237 5505 X X 

-.. lt' Alr a 19003 14 7000 1 1204 23 163526 2O345 82544 242807 

Suan 37067 28 3!417 28 1650 24 13408 14502 X X 
Sawlard 2223 21 560 26 1696 19 452 1539 26033 70220 
Tanzanr. United Rep 38571 31 37474 32 1227 7 965 16850 1"5 1338 
Togo 724 28 327 28 156 28 356 483 X
 
TuarA n 2620 24 2513 24 107 27 31351 92035 3754 X
 

256415 2396 3735
Jgaha 4885 31 31 1515 23 3501 468 38
 

uane 30400 26 2791 28 2410 9 11552 7 8621 17810
 
Torta 9296 31 8808 30 488 46 12222 21877 140 X
 

Z Tbab/w, 6900 59 5546 45 1354 158 X 23201 X 7649 
140,3f1{TIAI CA 612117 19 149677 1,93 4024110 0 4634602 1035.20 163423 16079211 

l1.arbado X X x X X X 6505 24318 X X 
Canadi 141081 4 5488 59 135573 3 3M253 776067 4426255 10023i62 
C''a Rca,1 2624 0 1479 -3 1145 6 34441 73573 2897 19739 

Cuba 3183 27 2803 32 -385 0 61917 172618 X X 
Domnrcn Reo 566 20 557 26 9 -71 23119 63071 26 17 

El &-,ado 4A6 34 4334 34 112 42 12950 33751 407 2838 
Galemaa 6644 23 6459 31 185 -63 15177 61934 9137 17625 
Hab 5491 13 5252 24 239 0 2007 4a97 114 X 
1 
c0ras 5106 23 4109 37 997 -14 19932 31228 3r508 33663 

JarnarCa 48 -22 13 8 35 -36 28697 95535 E4 2744 

Mexico 19372 25 12965 31 6407 14 109315 547233 4970 10445 
Ncaragu 3291 29 2411 -4 880 17 8297 13654 6964 4270 
Panama 2047 36 1708 24 339 181 19517 32506 884 950 
rinidad and Tcoago 83 -19 22 12 61 -27 20056 122331 191 573 

Unled Stales 417891 24 101922 489 315969 -1 386178 8263347 2669032 5961685 

SC~t.J'H,I.iCA 264318 38 205158 25 79161 90 570651 1146548 334782 1365233
 

Argonmina 9962 2 6088 -2 3874 10 186427 255532 16102 115A7 
Bo,w 1348 20 1116 33 233 -18 3475 12463 6121 10I324 
Brazi 216571 43 159058 25 57513 138 179569 19C,610 202240 820264 
Cn.le 12150 30 5798 16 7352 42 604 43300 67066 :338 
Cc4(onba 16394 12 13627 21 2767 -18 40,145 147481 6363 51069 

Ecukad" 7745 40 5592 49 2153 21 32452 82177 6295 33986 
Guyana 201 -21 12 20 183 -23 3422 6329 2067 6260 
Paraguay 6786 59 4374 30 2412 167 2771 94856 14906 69102 
Pefu 7792 22 6456 27 1337 2 308O3 6375 4057 7119 
Sunnarre 278 48 22 400 256 40 4175 12463 6133 10723
 

Uruguay 2556 70 2305 78 251 22 12074 22514 765 6296 

Venezuela 1278 16 642 37 636 0 65754 293706 X X 
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wne.~amn~nt-taXt1n.4 U3 dakn 

Fuocz 1r,9~i~1t 

3tA 

1901.-83 

V09430 

1672-74 

16 

1031-3 

700308 

i972-

16 

1 -.3 

20,123 

1972-74 

10 

172-74 

53S7608 

11021-63 

1272i355 

'IS72-7 

i709011 

1981-R 3 

5728625 
Afo8arvsUn 
Re'hrain 
Baradesh 
Brjtan 
Bunna 

C(rna 
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Iran 

Ir 
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Smar Arab RepT'Vabnd 

rurkey 
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Yernen. Deal 
ZFT"0,' 

6539 
X 

31209 
3224 
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227847 
77 

226407 
125476 

6707 

129 
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32.536 
10 

5111 
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X 
3832 
221 

40418 
2390 
14370 

X 
18574 

35223 
X 
X 
X 

8166 

3839659 
20130 

X 
23181 

X 
264 

336348 

21 
x 
27 
19 
26 
25 

-12 
21 
5 
7 
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53 

-24 
-3 
1 

19 
291 
X 
22 

-40 

185 
0 

23 
X 

29 
6 
X 
X 
X 
19 

-1217 
-45 

X 
23 
X 
26 
2 

4991 
x 

30269 
"x246 
15817 

154635 
20 

206538 
112351 
2331 

79 
11 

594 
6 
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6913 
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7193 
1350 

13810 
X 

17980 

27768 
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X 
X 
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1510 

X 
20353 

X 
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19 
27 

15 
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45 
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22 
17 
X 
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-44 
26 

0 
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X 

29 

27 
X 
X 
X 
17 

4324 
-50 
X 
22 
X 
26 
-2 

1549 
x 
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278 
9 

73212 
57 

19859 
13.126 
4376 

50 
107 

31D42 
4 

587 

600 
3247 

X 
227 
25 

33224 
1040 
560 

X 
594 

7454 
X 
X 
X 

676 

274184 
5130 

X 
2&28 

X 
X 

201779 

10 
X 
5 
17 
21 

56 
-6 
33 

-46 
-6 

2T 
66i 

-22 
-33 
14 

0 
59 
X 
3 

27 
293 

0 
0 
X 
25 

-35 
X 
X 
X 
37 

-24-22 
-21 
X 

31 
X 
X 
3 

10238 
J610 
106 

X 
Coil 

27261 
1lO56 
f13020 
45217 
73094 

55114 
103070 

3673023 
8114 
185 

1879 
3,662 
28835 
886 

34S40 

7385Y 
X 
X 
X 

3.5010 
38902 
2246 

47360 
168289 

9314 

M254
47201 
21144 

x 
5749 

X 
2303 

1302747G 

28530 
27376 
2132 

143 
117 

1419525 
50189 
212042 
105112 
245828 

142221 
Z25902 
63:33159 
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1 835 

1879 
867897 
1575,4 

816 
61873 

215239 
5913 

X 
60267 
82740 

776,4 
2505 

676191 
514131 
33182 

123491 
253005 
70719 

X 
P669 

X 
11498 

26151543 

xx 
17 x 

3452 5078 
X 501 

407.q5 120W 
oS6715 524050 

122 165 
23737 1.6155.60 

512776 9171,5 
237 38 

X X 
9165 13172 

410144 8021'j3 
2 61.55 
173 173 

X 
252246 246154 

2121 28058 
1.26 6706 
3777 3239 

615444 1975786 
4210 9300 
5160 11667 

N, X 
,45 X 

32 3D9 385703 
X X 
.X 

162183 435254 
18 4269 

512 1137 
32513 28976 
13323 29522 

X X 
X X 
X X 

32 29 
06W.330 k0531412 
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i9061 

2950 
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X 

X 
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22499 
7799 

22124 
13987 
51373 
4375 
4151 
14917 
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14 
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1 
23 
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-3 
28 
-1 

8 
18 
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X 

X 
-22 
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11 
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33 
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17339 
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326243 
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SMSSt : U N Food and AlglFCUlureOruanizahon 
0 - zero or ess than one-halfthe unit ofmeasure. X  notavailable 
For addiional informaton, see So,:icesand Techn cal Notes 
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Table DESEIhICATION, EARLY 1980s
 
'ro,
 

Am's 

hatjs~ Drrd 
61T3;17 


8b;-. ,&hoo1anAires ,13 

j tgm Airica 30,4 80 

'1!Oaewh, egu Aica 10 8"3 
1,eeer a 14L 82 

Su lrn Aaa "359 70 

55 
Cnina and Mongclc4a 315 69
U'SR o Asia -08 

-.91 23 

rAviterarean EuroCe 
.,t-'a!a 

76 39 

so,:l Ame,'ca a11 Melco 293 71 
Io, r'nAme,ca 4,5 40 

Sowca: t N Ei rnrle, crr
 
For aj,vorl infc.,rnat:oo). see- yy-rces and 1-,chrn l Noif!..
 

Soum pes and Technicai Not 

TaV'a 6.1 Forest Risources, 1980s 

Soa,.ez;: Forest extent and refrf-stiation: U.N. 
Fnod and Agriculture O) uiaatior (FAO), For-

(st Resouces 190 (FAi. Rone. 19S51. Forest 
loss, protection, arid managementI: EAO arid 
United Nations EVjirnmeiii Prograrr (UNEP), 
7h)pical -b'est Resoun.-es ,AtssssrnentProject 
(TAO, Rome, 1981). FAr and Uiied Nations 
Economic Commission far Europe (ECE), The 
Forest Resources of thre ECE Region (ECE, 
Geneva, 1985). Reforestation data for China: 
State St-tstical Bureau, China: A Statistics 
Surts.' in 1985, (New World Press, Beijing, 
1985), p. 30. 

The U.N. Food and Agriculture Organization 

(-AO)/lUnited Nations Environment Program 


IUNE'.P) study cover; only the tropical moist 
forests ii 76 tropical counrines and thus 
should not (brt occasionally does) count tropi-
cid dry forests or subtropical forests in these 
counwries. The FAO/Uritcd Nations Economic 
Commission for Europe (ECE) report covers all 
types of forests in the 32 member countries 
of the ECE. 

The forests arid open wc:odland referred to 
in Tble 6.1 are natural stands of woody veg-
tation in which trees are prdominart. For the 
purpose of this definition, "natural" means all 
stands except plantations and includes stands 
that h-ave been degmded to some degree by 
fire, loggirrV, or agriculture. -Ttees" are distin-
guished from shrubs on the basis of height a 
rnat'.re tree h,'s a single, wel!.defined -tem
and exceeds sven mnters in 'reight ' un- a 

mature shrl) is usuatly le-ss iran seveti 
mr,-ters highr. 

Reforestation refers to the establishment ol 

plantations Ior industrial and nor-ir dustrial 

uss. P'lanrtahuiis are formedl iin tvo ways: 

a. W' rfforkstoktr tortst sarid. established 

arrtificially on ty renffo, 'sttior, forest
land that previously (lid not carry forest, and ft 

stands ,tstalished artificially on land that car-


ried fort.3t within the previous 50 year.; (or 

within living rnernory) in which the previous 

crop has been replaced b' a new arid 


tially different crop. Reforestation does not 

include regeneration of old crops (either 

through natural regeneration or forest 


' . r P.,;5CE5 rw 

Ar~jA-Nn*ew 

Nmc1srbe) Ohts ec;cef 
2556 62 530 

380 90 90 
250 0 52 
60 85 20 

116 85 18 
150 85 150 

250 W0 40 
300 70 5 
450 22 39 

30 30 40 
250 72 31 
300 42 65 

managen)ent, although , ome countries may 
have reported this as reforestation. Reforesta-
tion figures cannot be subtracted from 
deforestation tigures to derive a "net loss" 

statirtic becausez the two figures ae not corn-
parable. 

Data for the FAO/UNEP axseicsment were 
collected from research institutes; correspon-
dence with the forestry services of almost all 
76 countries; visits to national fore-tr'y, lrad 
use, and survey Institutions in rome of ttie 
major forestry countrie, and to the regional 
offices of FAO; photographic surveys of all or 
oail of five countries; satellite imagery of all 
or part of 19 countries; and sido-f1ce:ing ;iii-
borne radar (!.:,LAR) surveys of four ad,litional 
countries. Three countries (Burma. hdia, and 

Plerni prepmred their own national report,- lin 
many cases. data were adjusted by theI OFA 
to fit common definitions and to correspond 
to a base year of 1980. 

The FAO/UNIP statistics were chosen 
because of their international coverage, tela-
live timeliness, ,rtd extensie documen tation. 
Even so. the quality of the data varies con-
siderably from country to country. Deloresta-
tion estimates were Lonsidered reliable b7y 
FAO for 33 of the 56 countries, !or which data 
collection procedur,,s were documente-

The FAG/ECE survei, relied on four types 
of ,murces: official data supplied in resnsne 
to questionnzre:; estimates by expert cor-
respondents in certain countries; recent ECE 
and FAO publications country reports, and 
official articles and estimates by the proles-

siona staff conducting the study. Most of the
data refer to the period around 1980, but no 

attempt was made to adjust the data to a 
common baseline year.

For an evaluation and dnetailed comparison 

of forest statistics, see Alan Grainger, "Quan-
til iing Chaiges in Forest Cover in the Humid
Tropics: Overturning C, 'ent Lirnita-.Eryl:~ 

tions 'Jotrnal of Vor!d t-ijurst ?esoure rce 
Management, Vol. 1, pp. 3-23 0984). 

T~at 6e&2 Forest Products, 1972-83 

Source: U.N. Food and Agricultum Organiza-
1983 (FAO.tion, Yearbook of Forest Products 

tsett~d Sctarae) Nnefiftd 
60 131 30 

80 3 30 
50 2 30 
75 1 40 
85 8 40 
70 59 35 
30 8 25 
60 10 30 
30 2 19 
32 
77 

6 
12 

25 
33 

39 20 20 

Rome, 1985). 
Total roundwood refers to all wood in the 

rough, whether destined for :ndtcbiaJ uses or 
for use as futilwood. 

Fuelwood includes all rough vood used for 
cooKing, heating, and power pruduction. 
Wood intended for charcoal production, pit 
kihas. 3nd portable ovens i3 includ d. 

Industrial roundwood ,efers to ,ll round
wood products other than fuelwood and char
coal: sawlog vene.r logs, sleepers, pitprops, 
pulpwood, and other industrial product.. 

Imports -re usually ol a cost, insurance, 
fhight (cif) basis. Exports are usually on a 
fee-ooi bard (lob) basi, Data for imports and 
exports are reported in current U.S dollar. 

The FAO compiles forest products data from 

responses to annual que5tionnaires sent to 
national governnits- Data from other 
sources, such as national siatistical yerbooks, 
are also u.".ed, and in some cas s FAO pre
pares its own estimate The FAO mrvise its 
data using new information, so the Latest 
figures are subject to rivision. 

Statistics on the p,-ouction of fnelwoad and 
charcoal are lacking for many cone The 
FAO e:timates fuel-wood and charoal produc
tion for these countries using popultion data 
and country-slcific per-capit;a consumption 
figures. Consumption of non-coniferous fuel
wood nanges from 0.0016 cubic mo-teis per 
capita per year in Jordi to 0.9783 cubic 
meter per capita per year in Benin. Con
sumption estimates were also made for 
coniferous tuelwood. For both conifei,'os and 

nion-coniferous fueloscd these per-capita,country-spe, ific consumption, estimnates were 

multiplied by the number of people in the 
country to deterlirine national totati. 

To 7.,- -vtent of Dettertification,
31 

Sotrce: Mabbutt, .A., New lo Asse 
ment of the Status and Trends of Desertifica
lion:' Environmental Conseration,Vol. 1,
 
No. 2, p. 106 0984).
 

Desertification is tir - diminution or destruc
tion of the biological productivity of the land
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r Jcan lead ul ntdly to dieset4ike Cond 
tk ns. For this table, the defir'tion was applied 
only to the vorld's dryland: bypemarid. arid, 
zen- aid, and subhurnid zones of k and 
vriabfe rincfalJJ. "t-z.e regions ae inhe2ntly 
vulnerable to wate -tress rnd d1mughts and 
awe particularty vulnerable to d--terioration 
txuiting from wuusta nab!e huran Luseof the 
land. 

De:&rtification is generally assciated with a 
sequc-nce of inter-ative pioc,es: irnpoverish, 
ment of, and rieduction in, vegetative cover; 
exposum of the .oil nurface to accelerated 
wind and .vater erosion; reduction of the soil's 
organic matter and nutrient content; and 
deterioration of the strucrue, moisture-holding 
capacity and fertility of the soil. 

The principal indicator, used to assess 
des rtification include deteriortion of range-

land; deterioration of rainfed ropland. water-
lnaing and udinization of irrigated lands; 
deforestation and dest-uction of woody vege-
tation; decline in the availability and quality 
ot .ur"ace rnd ground water, a-nd encroach-
ne-t! and grxwth of sand sheets and dunes. 

Generally, moderate desertification implies a 
toss of productivity of less than 25 percent; 
severe desertilication causes a loss of produc-
tivity of 25 to SO percent, and very revere 
desertification caus s a loss of productivity of 
over 50 percenL The "percent desertified" 
us. d in this table is the fraction of the 
productive land type that i moderately to 
very severely desertififd. 

Data for this table were compiled from 
many sources and involve extrapolation from 
partial data. More than 100 countries affected 
by desertification received d,.ertification ques

tionnizhs from 1INE , that requested informa
tion on land-use patterns, the £latus and 
trends of desertilication, and actions taken to 
combat deszertication. Twenty-five countjies 
submitted exler.s,'vt reports updatina earlier 
tudit.s Conducted for the U.N. Conference on 

Desertification (1977 Regionsl aszeszments 
were prepared by U.N. regional commissions 
(including the U.N. Sudano-Sahelian office). 
Other puiblished and unpublished works by 
the United Nations Educational, Scientific, and 
Cultural Organization, the World Meteorological 
Organization, FAO, UNER, and others were 
u.sed. Refer to these sources for further details 
on data and methods. 
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Many national governments and other organizations have 
only recently begun to monitor their valuable wildlife 
resources (species and ecosystems) and to collect and 
publish the statistics needed to assess them. This edition 
of World Resources presents tables on a few national and 
international efforts to protect natural ecosystems, as %vell 
as data on the number of mammals threatened with 
extinction. 

information on protected areas, as defined by the Inter-
national Union for Conservation of Nature and Natural 
Resources (IUCN), is shown in Table 7.1. Five categories 
of protected areas are included: strict nature reserves, 
national parks, natural monuments, wildlife sanctuaries, 
and protected landscapes. A few well-known e,,amples 
are the Amboseli and Serengeti National Parks of Kenya 
and Tanzania; the Wolung Nature Reserve in China; the 
protected landscape of the lake District in England; and 
the Great Barrier Reef Marine Paruk in Australia. 

Not included are many local and provincial areas, areas 
less than 1,000 hectares in size, areas privately owned, 
and areas where local customs permit hunting and other 
consumptive uses of wildlife. The total protected area for 
each country is therefore greater than indicated in the 
tables. 

However, areas that are officially designated "protected" 
by national authorities may not be well-protected or ade-
quately managed in practice. Management and enforce-
ment practices vary widely within and among countries, 
and many protected areas are being encroached upon by 
settlements and degraded by industrial pollution. Further-
more, because there is no widely accepted classificadon 
of ecological areas (ierrestrial and aquatic), experLs and 
authorities have considerable dfficulty making an effec-
tive case for additional protected areas when faced with 
immediate demands for more land for agriculture and 
settlements. 

Antarctica is a special case. Seven reserves have been 
established under the auspices of the Antarctica Treaty of 
1959. Howevei, because even tourism and scientific 
research can disrupt this fragile natural system, new areas 
are being considered for protection by the Scientific Com-
mittee for Antarctic Research and the IUCN. 

Table 7.2 presents data on protected areas that are of 
global importance. They include Biosphere Reserves, 
World Heritage Sites, and Wetlands of International 
Significance. 

Biosphere Reserves are terrestrial and coastal environ-
ments that have been internationally recognized for 

PIK~k 

conservation, study, and sustained development. A major 
gEl of the Man and the Biosphiere Proamn of the 
United Nations Educational, Scientific and Cultural 
Organization (JUNESCO) is to build a network o mepre
sentative sarnples of the world's 19" biogeograpthdca.l 
province As of December 1985, 243 Siosphere Reserves 
had been e-stablished in 65 countries, covering about 100 
(52 percent) of these provinces. These r-:ervesinclude 
Mapirni Resene in Mexico, Exverflacles 14ationad Park in 
the United State3, C.vennes National ,.rk in Fnmce, 
Sakaerat Reserve in Thailand, Changbai Reseive in China, 
Berezihsky Zapovednik in the Soviet Union, and the Tai 
Forest in the Ivory Coast. 

7hble 7.3 presents data on globally threatened marn
rials of Africa, the Americas, and Australia. (Comparable 
data from IUCN for Europe and Asia are not available, 
nor are global data on other vertebrates, invertebrates, 
and plants.) Numbers of species threatened at the 
national level at-, available for the Americas and for 
OECD countries. See Part II, Chapter 6, "Wildlife and 
Habitat' (Tables 6.3 and 6.4). The total number of mar
mal species that are threatened glouaily include thc::e 
listed as endangered, vulnerable, rare, indeterminate, and 
insufficiently known. The table does not include species 
(or subspecies) that are threatened within one country 
but are :r.elatively abundant in other countries. For exam
pie, the ring-tail cat (Bassariscussur;dchrasti),a member 
of the raccoon family, is now considered threatened in 
Costa Rica, however, since substantial popuilations are
 
found in other countries of Central America, it is not
 
included on this list.
 

Brazil has the largest number of species that are
 
globaliy threatened. Examples of threatened mammals
 
include the bridled nailtail wallaby (Onychogalea
 
fraenata), in AustrAlia; the gorilla (Gorillagorilla), 
in equatorial Africa; the giant anteater (yrmecophaga 
tridactyla), in Central and South America; and 
the polar bear (Ursus maritimus)in North America. 
A few threatened species, such as the polar bear, 
the vicufia (Vicugna vicugna), and the Argentine 
Pampas Deer (Ozotoceros bezoarticus celer), are respond
ing to conservation efforts, and their populations are 
growing. Others, such as the Golden Lion Tamarin 
(Leontopi.hecus rosalie), have declining populations and it 
is expected that, unless individuals bred in captivity can 
be successfully reintroduced to the wild, this species will 
become extinct. 

WCR..DRESOURCES1986 

281 



T'able 7.1
 

Procted Ar ~ Protected 
IcePorsnta Arc p'or 

Tf.tI of Thousand 
GIzU Territory Population

(thoutznd Protected 1985 
Number htwlsrea) 1685 (hoctarts) 

ASIA 790 52414 Z.0 19 

Atr. n 0 0 00 0 
0 0 0.0 0 

Bangladesh 3 32 0.2 0
 
Bhutan 11 950 20.2 670
 
Burma 0 0 00 0
 
China 63 2306 0.2 2
 
Cyprus 0 0 0.0 0

India 239 11149 3.7 15
 
Indon-sia 140 13755 7.6 83
 
Iran 24 3056 1.9 68
 
Iraq 0 3 0.0 0
 
Israel 5 34 1.7 8
 
Japan 50 2196 5.9 18
 
J,dan 2 34 0.4 10 
Kanpuchea, Dem 1 11 0.1 1 
Korea, Dem Peopte's Rep 0 0 00 0
 
Koea, Rep 14 476 4.8 12
 
Kuwa't 0 0 0.0 0
 
Lao People'sDor Rep 0 0 0.0 0
 
Lebanon 0 0 0.0 0
 
MaJaysia 34 1559 4.7 100
 
Mongdoa 4 4673 3.0 2459
 
Nepal 10 974 7.'1 59
 
Onnan 1 20 0.1 16
 
Pakstan 52 637 84 64
 
Philippnes 26 391 1.3 7
 
Qatar 0 0 0.0 0
 
Saudi Arabia 1 450 0.2 40
Singapore 1 2 4.3 1 

Sn Lankan 37 643 9.9 39
 
C ra Rep 0 0 0.0 0
 

a 45 2721 5.3 53
 
TurKey 15 287 0.4 6
 
United Arab Emirates 0 0 0.0 0
 
VietNam 12 158 0.5 3
 
Ye'nen 0 0 00 0
 
Yemen, Oem 1) 0 0 0 0
 
EUROPE 704 17239 3.6 35 

AJbarKa 4 10 0.4 3
 
Austina 27 297 3.6 40
 
Belgiun 4 12 0.4 1
 
Bulgana 12 56 0.5 6
 
Czechosloiaka 26 1157 92 74
 
Denmark 23 126 30 24
 
Finland 33 803 2.6 165
 
France 37 1655 3.0 30
 
German Den Reo 13 21 0.2
 
Germany, Fed Rep 45 531 2.2 9
 
Gr"sce 14 63 0.5 6 
Hungary 36 421 46 39 
Ireland 3 20 0.2 6 
Italy 34 517 1.8 9 
Luxembourg 4 114 38.1 315 
M0ta 0 0 00 0 
Nthertands 50 164 4.8 11 
Norway 61 4717 12.2 1137 
PoLand 15 113 0.4 3 
Portugal 12 381 4.2 38 
Romania 9 98 0.4 4 
Spain 56 1701 3.4 44 
Sweden 67 1463 3.6 177 
Switzertand 19 121 30 19 
Unted Kingdom 57 1553 6.4 25 
Yugodavia 20 336 1.3 14 
USSR 141 15111 0.7 54 

OCEANIA 739 38232 4.5 1540 

Australia 581 35414 4 6 2254 
Fil, 2 5 0.3 8 
New 2u& nd 147 2787 104 847 
Pap.a Now Guic" 2 3 0.0 1 
Solomon Islands 0 0 U0 0 
ATACTICA 7 195 0.0 NA 

Source: Inernatonsl Uron for Coarvaiuon of Nature and NaturaJ Rosourc.s 
0 - zero or less than one-haf th2 un.t of meat, '4. NA - not applicable 
For additional int~nauon,n.ee Sources and 7 slNcasTich 
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7 

11ble 7Z2 BIOSPHERE RESERVES, WORLD HERITAG' SITES, 
tijuraI Wotlhanda of 

pIqihofgf World rt 

10U5 SHtOO 9 
Rftm~a Hetzav In.;) 

WORLD 243 1549316 83 320 193049"3 

AFRICA 38 11761429 20 13 1310541 

Algeria 0 0 1 2 8400 
Angola 0 0 -
Bcon 0 0 0 
Botswara 0 0 

Burkina Faso 0 0 -


Burundi 0 0 0
 
Cameroon 3 850000 0
 
Cape Verde 0 0 -

Contra] Afran. Rep 2 1640200 0
 
Chad 0 0 -


Cornoxoa 0 0
 
Congo I 110000
 
Dpboub 0 0 -

EgyM 1 10o0 0
 
Equatonal Guinea 0 0 -


Etmiopa 0 0 1
 
GaVon 1 15000 

-
Ghana I 7770 0 
Guinea 2 133300 1 -- -

Gun.%a-Bissau 0 0--

Ivory Coast 2 1480000 3
 
Kenya 4 851359 -


Lesotho 0 0 -

Libena 0 -


Gambia 0 0 

0 

Libya 0 0 0 
Madagascar 0 0 0 
MaJaw 0 0 1 
Mah 1 771000 0 
Mauritania 0 0 0 1 1173000 

Maurtus 1 3594 -
Morocco 0 0 0 4 10580 
Mozambique 0 0 0 -
Niger 0 0 0 
Ngena 1 460 0 
Rwxdui 1 15065 --

Sngl3 1093750 2 3 tO 
Scra L.na 0 0 
Sornaia 0 0 -

South Africa 0 0 - 2 8 

Sudan 2 1900970 0 -

SwaLand 0 0 
Tarnzi'a. Urwod Rep 2 2337900 3
 
TogO 0 0 -

Tunisi 4 32425 1 12600 

Uganda 1 220000- - -
Zaire 3 297700 4 - -
ZLmbi 0 0 0 - -
Zmlbabwe 0 0 1 - -

NORTh AL41RICA 50 12927433 19 17 10300014 

Bibal3os 0 0 -
Canada 2 58147 5 17 10380014 
C w:a Ra 1 50000 1 - -
Cub, 1 10000 0 
Do'nircanR'. 0 0 0 -- --

ElSavador 0 0 -
Guatemala 0 0 1 
Hat 0 0 0 
Honduras 1 500000 1 
Jamapa 0 0 0 -- --

Mexico 3 473200 0
 
Nic'a-agui 0 0 0
 
Panam 1 575000 1
 
Trinidad and Tobag6 0 0 -

UnddStales 41 10811086 tO0 -________________
 

SOUT1I AME RICA 20 10850,T7 3 14877 
Argenina3 1 93200 2 - 

2 30000 0 
Bral 0 0 0 
Chila 7 25754169 0 1 4877 
Colomiai 3 2514375 0 ____________ 

Ecuador 1 76514 2 - -
Guyana 0 0 0 - -
Paraguay 0 0- - -
Peru 3 2506733 2 
u-rrane 0 0 - 1 10000 

Unguay 1 200000 - X 
Venezuela 0 0 --
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AND WETL-ANDS OF T'rT........... 
 .. -985 

ASIA 

Afghrnistan
S,'rrain 

Ohuan 

Burma 


ChraCyprs 

Inoa 
Indons4a 
rn 
Iraq 

It~d0 
,Japan
Jotdan 

Kunwidrsa, Dorn 


txcaa, Du'n Pople's Rap
KoAI',Rep
KLrWI 
Lao P"re's Dor Rop
Lc a o 
Malay-3a 
Mogola 

Nepal

OCnan 
Paksian 

Ph pprics 

Owar 

Sauh Ar-aba 

Smigapoe

SriLanka 


Syian Aral Rep
lhla 

Turkey 

Urwle- Arab Emirates 

Viet Narn 

Yemen 
Yemen, Den 

LUR0PC 


AJbara
Autr-a 

Brrgrn
lOulpJana 

Czccrro'.ovakia 
Denmaik 
Finland 
France 
Gcram na Dorn Rep 

Germany,FId Rep 

Greace 

Hungary 

Irdand 

Italy 
Luxembourg 

Malta 

Nelftilands 

Nonvay 

Poland 
Portugal 

Romania
Span

Sweden 

Swrotzrand 

Unied Kingdom 

Yugoda,,,-,a 


US&SI'l 

OCEANIA 
AusaFr, 

New 2ealard 
Papua New Gunea 
Sol on darlnds 

ANTARCTICA 

>J 

0 

0
U 

30 

0 
6
9 
0 

4
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 

1 
0 
0 
0 
2 

03 

0 
0 
0 
0 
0 

78 

0 
4 

017 

3 
1 
0 
4 
2 
1 
2 
5 
2 
3 
0 
0 
0 
1 
4 
1 

3
9 
0 

1 


13 
2 

17 

12 
12 

0 

0 

0 


'd~3 

13 
0 
0 
0
0-

4256450 

0 
131,40
2630731 

0 

0 
116000

0 
0 
0 

37430 
0 
0 
0 
0 
0 
0 
0

31355 

23525 
0 
0 
0 

9412 

026100 

0 
0 
0 
0 
0 

73213505 

0 
27600 

174110 
168892 

70000000 

0 


344527 
3497 

13100 
8840 

128883 
8808 

33738 
0 
0 
0 

1555000 
25576 

395 

41213
 
424977 


0 
16870 
44258 

350000 

=,38653 4 

472313C 
4723130 

0 
0 
0 

0 

O0-

3 

0 
0 

-2
0 

-
-

0

-

2 
0 

0 

0 
0 
0 

0 

0 

1 
-
-


0 
0 
7 

-

2 

-
0 

1 

0 
0 
0 

0 
0 
0 

0 

1 

0 


0 
0 

0 

0 

3 


0 

G 
5 

0 
-

Sourcas: Inlernational Urwon fo Conaivatn of Nature and Natural Resources; Man and tne Bro,;phare Program of UNESCO.0 - zero. X - no available. - - corury noxa fullparty to tha ConvnoronFor addoraJ rnformation. weeSources and Ttr',..la Notos 

5 

-

2 

18 
-


1 

-
-
-

9 
-

224 

5 

4 

26 
11 
1 
'8 
20 
11 
8 
1 


40 

-
_
 

13 
14 
5 
2 

3 
20 

2 
218 
2 

12 

26 

2 

40J 

119400 

1297550 

IS571
7372 

-
-
-

2090 

-

-
197777 

x 

3240 

593372 
10134
1 
49600 

314315 
78200 
29450 

110 
37292 

263185 
17545 
7090 

305&3 

52392
 
271075
 

1616 
09115 
1800Y4 

2LitJ0100 

128780 
1275973 

1407 
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....... 7,,3., OF AFRICA, THE AN RICAS,
 
AND AUSRALIX, 1985 

Tlj IAAMm 
f 8pc149 

97 

275 

187 


U,, ,a 
 154 


8,r,",a Faso 147 


F, r+ ' 103 

297
C eroon 

9
Cd x V.Nde 
206
C"'aJ A r an (qop 131
 

Cnqn 190 

22 


106 


, lGu)ir, 256
182 


190 

108 


G ,ra 222 

188
Ganea 
109 

226 


G,nea 
c-ri 308 


33
Lea 
 193 

Lyi×,,+ 76 


192 

136 

61
Maunriadr~a 108 


'Cf:c-ro 183 

,am - uo1 

161
oam,oa 
131
Nqger 
274 

147
R anda

5--,oToe0 

166 

- 178 

~:a;eaL173 
S."),a 279 

S":.n Afnca 266
'..,dan
 

Swalande 

Tanzlana 
 310
196 


77 

311 


TF'qo 

Uganda 
lb 


z2re" Zara409 

We-iorn Sahara 

.. xnb~a 2N94 
194


Z7mhabwe 

NORTH AMERICA 

163
Canada 
Gr r,laCnd (Do. n"Tra) 

U ;,le Stles 
 367
 

OEN I1AL AMETICA
 
124 

20
ccraa nca 135
1,79
EI&-dy3(~CEIcnj 
173
uatmaleaHornduraS 


MexCO 
 440
 
175
Ncaragua 211
Panama 

SOUTH AMERICA 
,,rgerara 272 


275
Di! 13 

Rra,,1: 1 2
Ch1o 

330
Cconibi8 
280
Eruado 
152
Frerch Gura 
93
2Ijyar.a 

154 

350


Paraguay 
Peru 

15ISunname 
82
Uruguay 2"793','eoe.'uala 

249
AUSTHAUA 

Source: Irofvjbonal IJrvn V Corrorwi of Nature and Natura Resusrcs&
 
For aodl wona xl, soc, Scurcmo ad L c tr"id Nmoe
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Sourcea and 1',chn *PiHates 
TO 7.1 Major P llected Axeas, oriented towi 1 d the maintenance of habitat contain an example of a major -tage of the1985 for traditionil -ocieties Muitip e Use Ma.ag"- earth's evolutionary hbory; a rKgnificant ongoment Arca, (Category V, ) air large ,reai in ing geologicaJ process; a unique or s.pcrlative
Soturie: International Unio,, for Cin.,,ation which the priticipal goal is to mana~e renew naturs phenomenon, !ormation or Lamt; urof Nature and Natural Reource. (IUJC), abl resources such :5 tJmb -r,paarne, a habitat for endangered or re species ofand 
Commi~on on Naonal l1rk Prieeda,'d re-creation potential en s ,) izoned b,:,,is. plants and armals required for the sud-vivaJ of,AJas, 1985 United Nations List of Notiool Riosphere ReFerves (Category LX) and World the spe.,ie.Parks and Protected Arec!, (IUCN, (tjin, lenrltageSites--natu-al area:.-{C4atqo.y X) tre Area- that sre deaignated BiosphereSwitzerland and Cambridge, Engldod, 19K), shown in Table 72. Reseres, World Heilae Sites, or Wetlandsand u.taapublished data supplied ty th Consor- Continental end world totals include infor- of Intervationzl Irnvort.ice, Pod are alsovation nMorutot-.Lg Center, (1UCN, Cambridge, ,nation for countries not included in the table national park., natura monuments, etc. areUnii:.d Kingdoi, August 1985.) bcause they have a population of less than lied und, both leadincs,.TeI Prrtected Ar ,3s lJnit IUC]', 2't0,000. The Bahamas, for example, have.Dita of t1,, catgory of B1,-iopheeIn tl'Le Reserves,Co.,ervation Monitmns, Cemter works -with k,ur protected areas totaling 122,540 hectares, Gz',arJaid i.incuded under Denmark andthe Comrnszan.t on Natioi;al Pariks e-nd ari Iceand has 21 protected artes totaling Ukraine and Byelorus-iu are included in theProtected Anu..: (one of six o,,mmhs.ons of 7C9,420 hectarms Data for the Soviet Uriou USSR figur-. The Urdted Sates and Canadathe Inwrn atie:tlUnion to,Coisentation of include protected areas in the Ukraine and .share one World Heritage Site (Kiuane-Nqature and Natural R.,owces) to mnaintain a Byeiouisia. Data for China include Taiwan. Wrangelis.National Park), which isadetai,-d stirg of pl;ectlci ::r'..'. olm in ,11! Grrt'nland data are included in the subtot! lied fo,bth countries.tyie.:. Five of the ten cm.s 'orias G1p.os.- for North Anerica; thwy are exciuded from Wetlands of International Importance are ares, recognized i IUCN' are mclvic-d to te. Denmark. Specific wetlands smdesignald by any of thetable. I-wy are: 38 coutntries that have ratified the ConveitionI Category L Scietitic e nd strict 7.2 Biosphere Regervez, on Wtlans ot International ltortance Fane

nratLre rserves. sTicdaet a seas 'r'd- rd 1-leritage S6ts, cialy a_ Waterfowl Habitat. The collection ofing and representative ecos':uinm.The siten wetland data is ca.fried out by IiCN with theare ger;,aly dosed to public .cce s. Their nd3 0'Veof lnfi;tipa IOJ assistance of the International Waterfowl.size is d--termined by the a-a r mqred to 7mpart uiee., 198 ) Research Bureau (,WRB), the Internationalensure the btegrit), at the ,;ite. inmare, of Council for Bird Preservation IICi3P), and thethese sitez, natural penuratiom (eg., insect ,owyaNe: [liosphere Rescrva and World Het- United Nations Enrvironment Irinan t.NE?).epiderirA, forest Ems) are flov,-l to >-Cu, taire Site!.: Mian and the Biosphere -,ragrrn, The data are maintained by thecConservation0 Category 11. Ntional parks and piroincial UNESCO List of Biospher, Reserves (UNESCO, Monitoring Center at Cambridge, England.parks. These re relatively large a .as of ,u-is, l)ecunber 1984), World Heritagte In the category of Wetlands o internationalnational or international significance that are Sacerariat UNESCO, ?rop.eris hIscribed on Importance, the Netherlands inclhde.q thenot materially altered th.ah,m.ais. Acce.. is the World Heritage Lut t,,Dcision of the Netherlands Antilles. Iceland, which has one
contmiled, but visitors are ,icouraged to u World leritage Coinlni.hc (UNESCO fs, Wetland of Internationa. lrnportaoce (20,000
the areas for trreation and study. December 1985); inteational Union for hectares), is included in the Europ,:an and
il G tgor. II.Naturalmonumetus and Conservation of Nathre ard Natural Re,ources world totals.

naturul landmarks. These areas contlin 
 IIUCN), Conmiion on National Pu-iks end

uique geological formations s>ecial e'imals Protected Areas, 7Te 1985 United Nation List 
 Mq 0 73 Manma .Sof .,frica,or plarts, or uinusual hallitar. iwas vary in of National 'rrksq)'d ProtectedAreas (1UCN, the Americas, and Avsrtdia,

size. Accc. is uzualy restrice. Gland, Switzerland, i 'i); and Conservation

N Category JV Managed nature rescr-rv and Monitoring Center, IUCi (IUCN, unpublished 1985
 
wildlife sanctuaris. These site a;e designated data, Cambridge, Egland, August 
 1985). Wetmainly to provide Frotection for liarticlagr lands of Intemational iniporinice: Conserva- Sourme: L-emafion-I Union for Conseraticiiuses such as corservaton of a nationally tion Moniforin Center, IUC'1 OUCN, unpub. of Nature an.d Natu.tResources (IUC), 7hesigilicant plant or anirnal specie.s. Some r'5i, l:shed list, Cambridge, Lnglind, August 1983). IUCA Mamairyl Red Data Book, irt 1.
may require managenent. For example, a Biosphfrre Rts.rves are 
 an intenational net- (UCN, Gland, Switzerland, 1382), and Conserparticular grssland or reath community may work of protected areas approved by the vation Monitoring Center, IUCN (IUCN, unpubbe protected and perpeluated best by allowing lnwnational Coordinating Council of UNESCO's 
 lish,d data, Cambridge, England, October
livestock grazing. The sizes of the arf.asvary. Man aPd the Biosphere (MAB) Program. Each 1985).Public access is rv;stric:ted to .cientific and area must contain an ecosastem that is typical The Species Conservation Monitoring Uniteducational puposes. of a biogognipiical prvince in terms of of IUCN maintains a data base of animals thatKACategor-' V Pwrect.d Ia idscaops and diversity, naturainess, and effectiveness as a are threatened in the wild. The following sixseascap.ss. Airas o difnate' may be conservation unit. Each Biosphere Rserve categories are used to classify raaamJs: 

entirely natural, without any hurnam ,"tja.s, must include o mirnimaly disturbed, defined 1. Endangered. "laxa in danger cf e.saxinctionor may include cultur.l landscape& Protected core area available for conseivation and a.ndwhose survival is unlikely if the
landscapes may k coastlinez, lahe hoMI,, rusearch. Around the core a ea 
 there must causal factors continue operating2 Includedhilly or mountainous terrain along rscenic be a transition area, which may contain geo- are taxa whose numbers have beenhighwayzs etc. Areas vary in size, and public graphically defined areas for specific activities reduced to a critical !evel or whosecontrol eepends on the use of the area. such as experimental research on the habitats have been 3odrastically reducedEach irea is greater than L0(W) hectars Lin functioning of ecosystems, rehabilitation that they are deemed to be in immediateize. Islands less than 1,000 hectares bu! of mo.xdied or degraded ecosystems, or danger of extinction. Also included argreater than 100 hectares are also inchded, traditional ust. taxa tlat are possibly already extinct butData for Categories V1, VII, and VIII are Iess World Heritage Sites are structures or natu- have definitely been seen in the wild incomplete and therefore omitted. Resources ralareas of "outstanding universal value" the past 50 years.Reserves (Category VI) are relatively isolated, (Only natural sites are included in the table.) 2. Vulnerable. "Rua believed likely to moveuninhabited areas that have ben little Sites are nominated by any of the countries into the Endangered category in the nearstudied. Anthropological Reserves (Cate- party to the World Heritage Convention and future it the causal factors continue operatgory VII) are natural areas in which humaps are reviewed for the convention committee by ing" Included are taxa of which most orare an integral component. Management is IUCN. To be accepted, a natural site must all the populations are decreasing ,'-cause 
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Iofover.exp oitation, extensive destmct,-,n 

of habitat or other e.,mnmental (atppmr 
,urbance; taxa with popultona tat hc*a 
been sedouy depleted and whose ulti-
iwte e-urity hranoet, been anured, 
and taxa wid popudatioz that am sti 
abundant but ate under thret from severe 

, E=,z factors thituGhcz~ut their ranzem 
3. 	 .re. -x2 v.iZh small woril populations 

th.t are not M p.e~ent Endangered or 
Vulnernble but e.- t risk." Thee taxa are 
uzualy koca!:.ed within restricted 
geojgaphicl areas or habitats or w. 
thinly scattered over a more extenbie 
raig.---

xa4. lndeteimino'. lo-Omknwn to be Etndaf 
geie4 Vu'a.,a'or Rae but where 
there i not enough Inotatelon to 

whitch of the three ratetcri,-,is 

ate. 

5. 	Out ,f/L'Trr. M tomi- y itcluded In 

one ef the .borve cateoriei. but wh:tch 
are no conia,_ied relatie'y ciwum 
becatte efff.ctive cjmertion wm..m 
have been tfken or ', pre- i ho to 
th-&ir ran+=' Itm ben~ riiet'f 

6. 	 Insuffliciently KnoiJL 'Tixa that are sus 
peted b t -o ci-fey known to homidon 
to any of the above calegorlet because of 
tackx of ir.bormation. 

In prixtce. the Endangered tvd Vulere.t 
cettMi,-S may itnclude taxA whoxe poXl.d,. 
tc ,re begindng to recoe as a m± ,v1;N 
r.mneca action but whoe recoery i13ritufl 
dent to lustily the, truer to another cate-
gory. 


T e tc'iJ number of manmmal pe:if that 
are tbhreatened lobally indude Fndangerd, 
Vulnerabe, Rar- Indeterminate, and iisuili
dently Known species 

The totalnumber of mammal species 
includes nplces that were int~r uced to a 
country, but tbe number of treaen.-d species 

1rdC' Pcn 
The data exclude cetace. (whak and 

porpobes. The IUCN nOte3 th1wthe total 
numTbr of the b'ti rlctivvsr , and nr~ient 
spedes may be underrepoted. 

AJthough the 1!,ng of g!obally tlimatened 
-ed; Ii ba..1,oni the judgment vi mrry 

expert working, in the fieldand has talzn 
yew to compile, it is under coninuo s rvi
sion as rew xpeciease di&covwmd and as 
more marin.s become threatened. 
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Able 7.1 MAJOR PROTECTED APR7A .S. 198"5
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The tables in this section focus on the production aria 
consumption of commercial energy and minerals. One 
table presents data on nuclear generation and radioactive 
wastes. Future editions of World Resources will include 
data on h'ydropower, coal, petroleum, and renewable 
sources of energy. 

After the petroleum price increases of 1974, a number 
of countries greatly increased their energy production.
Congo, for example, increased energy production from I 
to 229 petaJoules: a 229-fold increase in 14 years.
Cameroon, Ivory Coast, Giatemala, Ecuador, Malaysia,
and Norway veported 10-fold increases during the ame 
period. 

The con;sumption figutes reflect a different pattern,
Many non-industrialized, peboleura-rich countries greatly 
increased dome!tic consumption. Saudi Arabias consump-
tion increased by a factor of 11: Libya's, by 13, In con-
trast, many industrialized nations reduced consumption. 
The United States' consumption declined by 2 percent 
over this period; consumption per constant dollar of 
Gross National Product declined by 30 percent. 

Imports as a percentage of consumption is an indicator 
of energy seif-sufficiency. The numerator can be positive
(a net importer of energy) or negative (a net exporter of 
energy); the denominator (consumption) is alvys
positive. The ratio, therefore, can be either positive or 
negative. Norway, for example, imported (1 percent of its 
energy in 1910. By 1983, Norway exported the equiva!eni
of three times its consumption. Oman exported 235 times 
its consumption in 1970; 35 times its consumption in 
1983. This ratio should not normally exceed a positive
100 percent. A country with a figure greater than 100 
percent may have imported more energy in a given year
than was consumed in that year, or neglected to account 
for excports of refined products produced with imported
fuels, or misreported its consumption. 

There is no single best nource of international energy
data. The U.N. Statistical Office, the source for Tables 8.1 
and 8.2, compiles data from questionnaires sent to all na-
tional governments. Other information is gathered from 
national statistical yearbooks, trade literature, and special 
energy surveys. The U.N. Statistical Office also gets price 
data from OECD and the U.S Department of Energy, 
which in turn gets much of its information fro pecial 

reports and country statistical yearbooks. The major
petroleum companies (British Petroleum, 'Txaco, Royal
Dutch/Shell, and otheis) also maintain extensive energy
data base& Despite this large and growing effort, there 
e serious, gaps in energy data. Patterns of energy con

sumption broken down by commercial, residentiai, in
diistrial, and iransport use are virtually non-existent 
outside the industrialized countries, and data for even 
these countries have undergone extensive revisions in the 
past few yea. 

The most di.ficult problem in data collection is gather
ing data on renewable energy sources, particularly
fuelwood and crop and animal residues used for cooking
and heating in developing countries. Currently, these data 
are astimated on the basis of the amount oi wood con
sumed by a family or household unit during the year,
multiplied by the number of such units in a country, and 
increased from year to year based on the rate of popula
tion growth. These data have been included only in 
calculating total energy requirements in Table 8.2. For 
countries such as Tanzania, Zaire, Nepal, Bangladesh, and 
even Nigeria (a major cil producer and consumer), the 
non-commercial fuels are a major component of national 
energy use. Libya, rich in petroleum and poor in biomass 
resources, reports very little non-commercial fuel use. 

For man-y countries the production of minerals is as im
portant to their economies as the production of energy.
The U.S Bureau of Mines maintains an international data 
base for more than 30 metals, 28 non-metals, and 7 mineral 
fbels. The three minerals, ten ores, and two primary metals 
listed in Thble 8.4 were selected on the basis of impor
taice to national economies and international trade. 
While v.,orld mineral production is dominated by a few 
major producers, many of these are small countries. 
Morocco, Tunisia, Jordan, Togo, Nauru, Senegal, and 
Christmas Island are all major producers of phosphate
rock, the principal source of phosphate fertilizes 

Consumption of materials, shown in Table 8.5, is 
domineted by the major industrialized countries. Only
data fr metals consumption are available on a country
by-c,intry basis and over time. Metric tons of metal con
sumed per million dollars of GNP is an important in
dicator of the intensity of a metal's use. 
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Taba 81 PRODUCION OF COMMERCIAL ENERG, 1970-83
 

V'ORU3 

1933 
(POO,-

joulri) 
2r2 

1
156 

alratr, 
0vw 
lKim1 

27 

183 
(PM,!

(oulog) 

79415 

Cawl 
Ovu 
1970 

26 

1-l3 QCi, 
(pml- 0VLIr 
joUlis) I970 

110483 Id 

19,.3 
(p449' 
]OU!-) 

54451 

C1tarn1l: 
OvU; 
1970 

42 

1983195 
(P449.

jouIta) 

Mx 

. 
Ony
I07) 

133 

AFrI A 145713 2 3224 108 994 -20 1210 1471 193 114 

,6' 
17 
5 

G219C 
Y 

0 
x 

1916 
354 

-4 
C," 

516 
4 

706 
100 

1 
5 

-50 
150 

i-n 
,., O 

!..,n \ XX 
4,s 

XX 
4 

XX 
XC 

X4 
X 

x4 
IC 

XXC 
X 

XXC 
X __ _ 

xXC X 
XI 

U ,X 
245 6025 

0 
X 

X 
X 

0 
239 

. 

X 
0 
X 

X 
X 

0 
6 

X 
50 

itttalA,can Rep 0 0 0 0 0 0 0 0 0 0 

IC,,ro X X IC X X X XC )1 I 

Dx,t, 
F ,A1655 
-j .:8t1Gu-ea 

Sr,2 

3,rnoa 

2:229 22800 
X X 

130 
0 0 

lt) 

344 48XC XC 

X 
X 
X 
0 

I 
XX 

X 
X 
X 
0 

x 
XX 

229 
X 

15,53 
0 

x 
337C 

22800 
X 

122 
0 

x 
46XC 

0 
X 

59 
0 

6C 

0 

1867 
0 

500IC 

I 
X 

43 
0 

2 
1XC 

NM 
IX 

153 
0 

100 
NMI 

invi, 
I-n 

.i;rea- B,;'siau 

12 
0 
X-

20 
X 
X 

X 
0 
X 

X 
0 

3 
0 
X 

X 
0 

X 
0 
xX 

X 
0 
X 

9 
0 
x 

-10 
0 
X 

Coat 

t ,'- #'IoC 

56 
6 

5500 
500X 

X 
XIC 

X 
xX 

49 
xXC 

X 
XXC 

0 
XXC 

X 
XI 

6 
6XC 

500 
500 

Iera 1 0 X X X X X X X X 

L Iya 
Svhmqascar 

Mdm, 
autd:na 

2694 
1 
2 
0X 

-60 
NM 
NM 

0X 

X 
X 
X 
0X 

X 
X 
X 
0x 

2310 
X 
X 
0X 

-66 
X 
X 
0X 

384 
X 
X 
0X 

NM 
X 
X 
0' X 

X 
1 
2 
0x 

X 
NM 
NM 

0X 

I.lALSrIUAs
Morocco 

' ,.ambque 

tie,ia 

0 
30 
3 
1e 

2836 

0 
43 

200 
C 

22 

0 
24 
11 
1 
1 

0 
85 
10 
X 

-50 

0 
1 
X 
Xx 

2606 

0 
-50 
x 

13 

0 
3 
X 
X 

220 

0 
50 
X 

5400 

0 
2 

22 
X 
9 

0 
-60 

210 
IX 

80 

1 NM X X X X 0 0 1 NM 

'..ra 
ah 

.',;ri Arca 

C. 
ICJ 

3103 

XC 
XC 

118 

XC 
IC 

3101 

I 
XC 

118 

XC 
X 
XC 

XC 
I 
XC 

C 
X 
IC 

I 
X 

XC 
XC 
3 

X 
I 

NM 

F, ~a.2 
S ,,z~a nd 
Tiv'ara Unted Rep 

T-qS0 
T/,,a255 

C 
2 

NM 
XC 

100 
0 

44 

XC 
C 
0 
0 
IC 

I 
XC 

0 
0 
I 

XC 
XC 
XC 
0 

238 

X 
X 
XC 
0 

34 

X 
XC 
X 
0 
18 

X 
I 
X 
0 

NM 

2 
XC 
2 
0 
0 

NM 
X 

100 
0 
0 

.ure 
2amt, a 
Z.:nbrae: 

;ana2 
68 
4? 
84 

-33 
386 
161 
-31 " 

XC 
4 
11 
70 

XC 
33 

-27 
-32 

XC 
49 
XC 
XC 

I 
IC 
X 
IC 

I 
XC 
XC 
I 

X 
X 
X 
X 

2 
15 
38 
13 

-33 
36 

1700 
-32 

NOfRTH A RA 72233 4 18136, 19 30527 13 19789 -22 3629 118 

0ir,,a(os 
Canada 
Cou'ia rca 
Ciuti 
12Ornn~r.nrep 

ECSa,vaic' 
G~a{,ra~a 
1alh 

,Honduras 
,]~:QI 

3 
8236 

9 
32 
3 

5 
27 

1 
3 

141. 
37 

200 
357 
NM 

1,50 
7690 

XC 
200 
NM 

XC 
1061 

XC 
XC 
XC 

X 
X 
C 
IC 
XC 

X 
196 
X 
X 
XC 

XC 
XC 
IC 
X 
X 

2 
3299 

X 
32 
XC 

1( 
26 
X 
X 
X 

NM 
11 
XC 

357 
X 

X 
XC 
C 
IC 
X 

XC 
2740 

X 
0 
I 

X 
X 
IC 
IC 
0 

XC 
30 
X 
XC 
X 

XC 
X 
IC 
IC 
0 

I 
1136r 

9 
0 
3 

5 
1 
1 
3 
1 

X 
100 
200 

0 
NM 

150 
0 
IC 

200 
NM 

M e,rco 
U.caragua 
Painm 
T-rodc and Totlego 
U-ried Stltes 

200 7615 
2 
3 

472 
55820 

383 
100 
200 

24 
-9 

xx 163 
X 
IC 
IC 

17164 

163 
XC 
X 
IC 

14 

xx 6324 
IC 
IC 

352 
20493 

526 
IC 
IC 

14 
-10 

x 1048 
IC 
X 

120 
15880 

132 

X 
64 

-31 

80 
2 
3 
C 

2283 

48 
100 
200 

IC 
132 

504UT1 AE.RCA 10088 -12 362 90 7350 -29 1513 112 857 278 

A r.enlrral 
0c~wa 
Br,,nI 
Cribe 
CcoLyinr, i 

Sc idOl 
Gu jana 
Pa.iaguay 
Peru 
S ;,,rame~ 

1664 
144 

1473 
191 
770 

521 
0 
3 

431 
.4 

52 
177 
169 

7 
21 

46536 
IC 

200 
129 

0 

12 
IC 

141 
29 
176 

IC 
0 
X 
2 
X 

-20 
IC 

147 
-28 
167 

IC 
IC 
IC 

- 60 
IC 

1117 
51 

721 
93 

34.3 

513 
0 
IC 

362 
1 

29 
6 

110 
24 

-31 

5600 
IC 
IC 

135 
NM 

457 
88 
65 
37 

181 

1 
0 
X 

40 
X 

119 
8700 
206-7 
-23 
229 

0 
IC 
XC 

150 
IC 

79 
4 

546 
32 
71 

6 
0 
3 
286 

3 

1217 
100 
270 
100 
223 

500 
IC 

200 
86 

-25 

Uruguaiy 
VenefzulaI 

26 
4862 

550 
-44 

IC 
1 

IC 
0 

IC 
4155 

IC 
-50 

X 
644 

X 
69 

26 
61 

5-:3 
307 

29 ...SOU ES . x x 



Pe. ("6. 

Fwr-ic K 4 Patirrrt Piaxw4 
1983 

(p4tir. 
am-'r 
Qsi 

1993 Ckatncjo 
(ppezv- 0vV 

1033 
(p'atV. 

ctn 
river 

12113 
(pet-

Oftn~I18 
0t,' (P-ata-

ae.
cm.z 

A5.1A 
fthatl 3n 

01210 
107 

30 
6 

90$j9(tU1 
5 0 

3 7G 
0 

4 
0 

:1325 
I9 

220 
4 

1619 
3 

171 
200 

Aaraan 226 28 X X 100 -3-. 126 bm x x 

Banq!adesh 
Bhutan 
Burma 

62 
X 

88 

x 
X 

132 

X 
X 
1 

X 
x 

NM 

0 
x 

64 

x 
x 
8 

79 
x 

19 

x 
x 

8..0 

2 
x 
4 

x 
x 

300 

China 
Cyprus 
Ind:a 
Inclonesa 
Iran 

20005 
X 

4683 
3521 
5591 

125 
X 

136 
88 

-35 

14698 
X 

3300 
14 

23 

98 
X 

110 
160 
44 

4520 
X 

1074 
2811 
52B3 

246 
X 

210 
55 

-35 

4/5 
x 

107 
690 
264 

124 
X 

463 
1368 
-42 

311 
X 

194 
5 

23 

320 
X 

94 
25 

283 

Iraq 
Israel 
Japan 
Jordan 
Kampuche .Dern 

2024 
3 

1284 
X 
0 

-38 
-9) 
-14 

X 
0 

X 
X 

474 
X 
0 

X 
X 

-55 
X 
0 

2005 
1 

19 
X 
0 

-38 
-100 
-. 4 

x 
0 

17 
2 

90 
4 
0 

-45 
-60 
-13 

X 
0 

2 
x 

702 
4 
0 

X 
x 

120 
4 
0 

Korea. on Pep t Rep 
Korea Rep 
Kuwait 
Lao Pec,.p's 13 Flep 
Lebanon 

1401 
407 

2460 
4 
2 

79 
46 

-63 
NM 
-33 

1307 
365 
X 
0 
X 

77 
33 
X 
0 
X 

X 
X 

2370 
X 
X 

X 
X 

-63 
X 
X 

X 
X 

s0 
X 
X 

X 
X 

13 
X 
X 

9,' 
42 
X 
4 
2 

129 
950 

X 
NM 
-33 

Malaysia 
Mogolia 
Nepal 
Oman 
Pakistan 

827 
52 

1 
796 
420 

1780 
148 
NM 

13 
158 

X 
52 
X 
X 

38 

X 
148 

X 
x 
3 

808 
X 
X 

796 
25 

2084 
X 
X 

13 
25 

13 
X 
X 
X 

319 

333 
X 
X 
X 

232 

5 
X 
1 
X 

38 

25 
X 

tIM 
X 

245 

Prhippines 
Qatar 
Saudi Arabia 
Singapore 
Sr, Lanka 

77 
860 

11293 
X 
4 

863 
10 
39 
X 

33 

20 
X 
X 
X 
X 

1900 
X 
X 
X 
X 

31 
649 

11243 
X 
X 

NM 
-12 
38 
X 
x 

X 
210 
50 

4 
X 

X 
438 
NM 

X 
x 

25 
X 
X 

4 

213 
x 
x 
x 

33 

Syrian Arab Rep 
Thailand 
Turkey 
United Arab Emirates 
Vet Nam 

414 
102 
453 

2939 
182 

129 
827 
29 
82 

102 

X 
9 
31b 

X 
176 

X 
450 

68 
X 

100 

399 
8 

94 
2396 

X 

,r' 
NM 
-38 
49 
X 

3 
57 
0 

t.42 
x 

NM 
NM 
X 

5922 
X 

12 
i5 
41 
X 
6 

NM 
'o0 
27 

x 
200 

Yemen 
Yemenr Dem 

X 
X 

X 
X 

X 
X 

X 
4 

X 
X 

X X 
4 

X 
4 

X 
t 

X 
x 

U4OmPo 40004 50 10230 -1 417 415 0127 114 3230 127 

Albania 
Austria 
Belgium 
Bulgaria 
Czechos.ovakia 

198 
253 
293 
552 

1963 

154 
-23 
-13 

17 
6 

25 
40 

201 
478 

1922 

178 
-.26 
-40 

10 
6 

149 
54 
X 

13 
4 

137 
-55 

X 
-7 

-56 

1, 
,'9 

1 
4 

20 

300 
-36 
-50 
-76 
-48 

8 
110 
91 
55 
36 

303 
43 

9X53 
600 
177 

Denmark 
Finland 
France 
German Dem Rep 
Germany. Fed Rep 

92 
120 

1671 
2688 
4624 

9100 
243 

-6 
13 
-9 

0 
11 

592 
2491 
3509 

-100 
1000 
-49 

6 
-17 

92 
X 

100 
3 

175 

NM 
X 

-21 
-25 
-46 

4 
X 

231 
145 
635 

4 
X 

-15 
625 

38 

0 
108 
748 
30 

306 

0 
218 
228 
73 
256 

Greece 
Hungary 
Ireland 
Italy 
Luxembourg 

231 
656 
128 
809 

2 

285 
8 

147 
7 

-33 

167 
280 
39 
18 
X 

234 
-30 
-20 
-.22 

X 

53 
118 

X 
101 

X 

X 
34 
X 

58 
X 

3 
249 

83 
501 

X 

X 
118 

X 
1 
X 

6 
10 
4 

l0 
2 

-20 
NM 
33 
12 

-33 

Mata 
Netherlands 
Norway 
Poland 
Potugal 

X 
3215 
2734 
5010 

34 

X 
143 

1148 
31 
17 

x 
0 

15 
4820 

5 

x 
-100 

15 
33 

-38 

X 
511 

1305 
11 
X 

X 
523 
NM 
-42 

X 

X 
2691 
1032 

166 
X 

X 
141 
NM 
-11 

X 

x 
13 

382 
17 
2?q 

x 
1200 

85 
71 

38 

Romania 
Spain 
Sweden 
Swtuerland 
Uniteci Kingdom 
Yugoslavia 

2707 
812 
381 
183 

9633 
982 

42 
96 

152 
59 

127 
56 

584 
554 

0 
X 

2896 
584 

80 
83 

-100 
X 

-21 
41 

518 
127 

1 
X 

4906 
176 

-12 
2017 
NM 

X 
69986 

43 

1570 
0 
. 

X 
1628 

105 

60 
-100 

4 
X 

274 
169 

36 
132 
383 
183 
203 
117 

260 
27 

153 
59 
78 

121 

usR 60535 TO 14830 9 26311 75 10038 179 957 107 

OC.AA 4216 127 2692 3 852 13"_ 549 615 124 57 

,,stralia 
Fiji 
New Zealand 
Papua New Guinea 
Solomon Idands 

3969 
0 

245 
I 
X 

127 
X 

127 
NM 

X 

2636 
0 

5 
X 
x 

103 
X 

-2 
X 
X 

823 
0 

29 
X 
X 

127 
x 

1350 
X 
X 

463 
0 

85 
X 
X 

727 
X 

2025 
X 
X 

47 
0 

75 
1 
x 

42 
X 

67 
NM 

X 

ANRCTCA 

Source' U N Statistical O11ce 
0 - zero or less than one-half the unit of measure. X - not availabie. NM - not meaningful 
For additional information, see Sources and Techncal Nolas 
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,le 8,2 CONSUMPTION OF COMMERCIAL ENERGY AIND MAL
 

0m"~nPw Corw~zi TOWa 
TOW___ (1975) $US of GNJ ________ 

193
(p-tjl-

Pisroll 
Change

O%.l 
1953

(glga-

FV=Wr~ 
Chanv

OV-f 
1953

( rnnej-

P[n14 l 
CG=*'p

Oxw' 

IkipartUn frmn-
tT, al CoranptL 1983

(peta-

pemgni
(hunip

O%10 

joUlOm) 1970 Joule3) I70 jouIle) 1W70 190 1970 joults) 1970 

WOlLIW 249013 32 53 4 292650 38 

AP.CA 636 114 12 47 -121 -n76 11100 a 

Algena 
Angola 
Benn 
Botwdsna 
Burkina Fao 

376 
31 
5 
X 
6 

154 
19 
25 
X 

200 

18 
4 
1 
X 
1 

70 
-20 
-10 

X 
130 

158378 
12310 
6428 

X 
7W07 

20 
909 

-24 
X 

111 

-501 
-1006 

120 
X 

100 

-1356 
-731 
100 

X 
100 

392 
119 
44 
X 

75 

139 
31 
47 
X 

50 

Burunrh 
Cameroon 
Capo Verde 
CentraJ African Rep 
Chad 

2 
120 

1 
3 
3 

100 
823 
NM 

0 
50 

0 
13 
3 
1 
1 

56 
578 
NM 
-23 

14 

3576 
26499 
9662 
7782 

11472 

41 
341 

Y 
-13 
176 

100 
-88 
100 
100 
100 

100 
69 

NM 
100 
100 

36 
213 

1 
28 
78 

33 
154 

0 
33 
34 

Comoron 
Congo 
Oliboufl 
Egypt 
Equaorial Guinea 

I 
5 
6 

759 
1 

NM 
0 

500 
199 

0 

2 
3 

22 
17 
3 

NM 
-27 
243 
121 
-22 

11710 
3729 

X 
27571 

X 

X 
-63 

X 
20 
X 

100 
-4480 

117 
-104 

100 

NM 
80 

100 
-180 

100 

1 
22 
6 

895 
5 

NM 
22 

5w 
179 
25 

Ethiopa 
Gabon 
Gambia 
Ghana 
Guinea 

25 
32 

2 
35 
13 

32 
146 
100 
-17 

18 

1 
28 
3 
3 
3 

-3 
107 
52 

-43 
-10 

7403 
23732 
14837 
866. 
980 

-10 
81 
22 
-6 

-15 

100 
-953 

100 
89 
92 

116 
-169 

100 
81 

100 

307 
47 
10 

128 
43 

33 
9 
43 
10 
30 

Gunra-Bisau 
lvxy Co 
Kenp 
L&1-,O 
Libena 

1 
53 
53 
X 

22 

0 
66 
56 

X 
16 

1 
6 
3 
X 
11 

-39 
0 

-7 
X 

-23 

5225 
11022 
11T31 

X 
32150 

-21 
-5 

-32 
X 

-10 

100 
8 

106 
X 

105 

100 
103 
112 

X 
-116 

5 
141 
371 

X 
64 

25 
83 
83 

X 
28 

LLya 
Madaga.rair 
Mata, 
Mab 

560 
16 
9 
6 

1336 
23 
50 

100 

168 
2 
1 
1 

753 
-13 

3 
50 

39774 
9192 

10912 
706 

1400 
21 

-24 
27 

-Jb2 
125 

8 
100 

-17362 
92 
8.3 

100 

565 
14 

14G 
48 

1214 
-16 
211 
45 

Mauritania 9 50 5 5 15820 16 100 100 9 50 

Maurtius 
Moocco 
Mamirncbquo 
Nigor 
Nigena 

8 
195 
37 
10 

498 

0 
132 
12 

233 
523 

8 
9 
3 
? 
6 

-11 
61 

-31 
139 
3(k 

9070 
15128 
12162 
10910 
14527 

-45 
27 
34 

163 
321 

10n 
93 
19 
90 

-465 

100 
83 
70 

100 
-2793 

26 
211 

226 
43 

1287 

8 
109 
85 
05 
114 

Rwanda 
Senegal 
Serra Leone 
Somnaia 
SoJth Afnca 

3 
29 

7 
16 

2927 

200 
93 

-30 
433 

"5 

1 
5 
2 
3 

65 

96 
25 

-43 
182 
30 

3708 
12701 
10229 
19935 
70077 

62 
39 

-4.3 
294 
22 

100 
103 
171 
106 
-9 

100 
107 
120 
100 

16 

53 
66 
85 
66 

3068 

23 
50 
31 

113 
71 

Sudan 
Setanzland 
Tanzania. Urtied Rep 
1o00 
Tuniria 

47 
X 

26 
16 

127 

-23 
X 

18 
300 
195 

2 
X 
1 
6 

18 

-48 
X 

-24 
193 
120 

7638 
X 

6921 
24,21 
'9394 

-55 
X 

-16 
210 
29 

106 
X 

104 
63 

-94 

110 
X 

109 
100 

-293 

418 
X 

412 
22 

152 

33 
X 

51 
214 
145 

Uganda 
Zuro 
ZarnbLa 
Zimbabwe 

10 
62 
65 

113 

-50 
44 
38 

-12 

1 
2 

10 
14 

-66 
0 

-7 
-43 

X 
1T/68
27328 
2696,5 

X 
29 
17 

-45 

80 
-8 
26 
26 

90 
70 

64 
5 

257 
380 
237 
207 

32 
42 

166 
-10 

NoWi AJKC 75120 4 105 -15 7 7 u6 11 

Barbados 
Canada 
Coista Rica 
Cuba 
Dominican Rep 

3 
6963 

39 
402 
90 

50 
20 

105 
61 

125 

35 
200 

16 
41 
15 

38 
8 

44 
39 
62 

19251 
37196 
18771 

X 
18793 

9 
-15 
42 
X 
7 

67 
-18 
82 

102 
104 

117 
-9 
84 

100 
100 

12 
9697 

79 
568 
135 

20 
40 
60 
24 
96 

ElSalvador 28 40 5 -4 17759 21 89 95 90 58 
Gualemeja
Ham 
Honduras 
Jarnaia 

47 
10 
27 
88 

57 
100 
50 
33 

6 
2 
7 

39 

6 
47 
-3 
10 

10436 
11312 

1821Q2 
36979 

-5 
39 
-1 
40 

47 
90 
93 

103 

100 
100 
100 
103 

129 
65 
81 
96 

61 
41 
69 
26 

Mexico 3821 145 51 67 32330 32 -96 1 4216 130 
Nicaragua
Panam' 
Trinidad end Thbjo 
Uruted Sl to 

26 
44 
187 

63738 

37 
26 
42 
-2 

9 
21 

171 
273 

-8 
-8 
33 

-14 

19363 
170,17 
529;2 
333131 

18 
-31 
-12 
-30 

104 
102 
-60 

13 

95 
114 

-18-4 
7 

63 
73 

189 
71131 

54 
43 
37 
4 

SOUTH ALICA 722 73 28 26 -20 -132 1210? (t2 

ArW~rtna 
Bohiv 
Brazil 
Chile 
Coormtxa 

1492 
61 

2511 
311 
733 

34 
110 
106 
-2 
98l 

50 
10 
19 
27 
27 

9 
51 
52 

-21 
49 

.'.0104 
2893]1 
16008 
367137 
42783 

23 
80 
-2 
-8 
11 

0 
-128 

59 
39 
0 

10 
-7r6 
61 
44 

-67 

1782 
5 

6091 
441 

1069 

46 
95 

101 
10 
97 

Ecuador 
Guyana 
Paraguay 
Per 

170 
22 
20 

345 

2.7 
0 

100 
47 

19 
24 

6 
18 

135 
-23 

32 
4 

29935 
58C63 

7159 
23349 

51 
-2 

-17 
21 

-176 
100 
90 

-20 

60 
100 
100 
20 

242 
29 
73 

481 

169 
-3 
66 
44 

Sunnarrva 26 4 74 10 40454 -37 88 88 34 -3 
Uruguay 
Vne.zueta 

61 
1468 

-16 
104 

21 
85 

-21 
30 

16303 
49165 

-26 
42 

66 
-21? 

107 
-1070 

150 
1626 

60 
Ill 
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-- -- - - n . lei~usini~ 

REQUIREMNT.S, 1970-83 2 

Cotu(Lino PJ~k- tqN1 

AA 
Akjhan "n 

"'h 

s, ran 
BU,Tna 
China 
Cy&n.Us 

ndaIndonesia 
Iran 
Iraq 
Israel 
Japan 
,Jclan 
Kampuc-hea Dora 
Koraa. Dern Peoples Rep 
Kiorea, Rep
Kuwait 
Lao Peopos Dem Rep
Lebanon 

Malaysa 
Mongola
Nepal 
Oman 
Palistan 
Phlippnes 
Qatar 
Saudi Arabia 
Sngapone 

anka 
SyrnanAi,,b Rep
Thailand 
Tu,-kley 
United Arab Emirate., 
Viet Nam 
Yemen 
Ve-nen, Dern 

il 
Albania 
Ausina 
Belgium 
Bufgana 
Czectiovaolua 
Denmark 
Finand 
France 
German Dem Rep 
Gennany d Rep 
Greoce 
HungaryIreland 

Italy 
Luxembourg 
Matta 
Ne,'herandsNorway 
Poland 
Portugal 

Romana 

SpainSv eden 
SwitzerlandUnited Kingdom
Yugoslavia 

1933 Ct'r,9 
(p412- Over" 

loult.) 19M0 

49927 09 
26 56 
141 729 
33 X 
X X 

73 5 
18438 11 

36 64 
4961 1221121 176 
1380 74 
270 62 
298 60 

11836 21 
88 389 

1 .92 
1532 84 
1694 177 
248 134 

9 13 
67 16 

390 119 
t13 159 
7 40 

22 633 
"33" 97 
.178 63 

232 440 
1097 1306 
392 409 
62 38 

267 287 
511 161 

1039 111 
673 4106 
210 -43 
36 1700 
49 345 

5784 19 
107 182 
783 10 

1432 -10 
1471 57 

2841 25 
650 -17 
633 15 

6101 7 
3569 16 
9954 8 
628 120 
1167 37328 47 

5060 22 
112 -34 
13 44 

2693 54696 35 
4731 39 
388 107 

2972 613 
2398 651137 -16 

693 177638 -4 
1550 84 

1953 
ig 

houle.)joulel) 
18 

2 
355 

0 
0 
2 

18 
55 

77 
33 
18 
72 

100 
27 
0 

80 
43 

153 
2 

22 

26 
46 
0 

19 
7 
9 

826 
105 
156 

4 
27 
10 
22 

563 
4 
6 

24 

122 
37 
105 
145 
161 
113 
126 
131 
112 
214 
162 
64 

10893 

89 
308 

34 
167169 
128 
39 

131 
62137 

110137 
68 

e(me-
1970 

45 

36 
360 

X 
X 

13 
74 
55 
67106 
17 
3 

15 
6 

246 
-92 
33 

122 
8 

-19 
9 

60 
60 

2 
324 

35 
17 

113 
675 
321 

9 
147 
91 
56 

684 
-8 

1297 
232 

11 

106 
9 

-12 
46 
16 

-21 
10 
0 

19 
7 

97 
31
24 

15 
-38 
25 
3926 
23 
60 

49 
45-19 
16

-4 
64 

1982 an 
Or 
1nfo 

12t:38 15 
x X 

",3 X 
X x 

12/6 -16 
71644 1 
27454 -S 
41993 323265 11 

X X 
X X 

18595 -9 
16720 -.32 

375184 76 
X X 

X X 
46403 5 
13210 25 

X X 
X X 

24741 -12 
X X 

3562 2 
7890 247 

3344 1 
20966 -18 

132534 478 
19753 339 

36654 72 
14294 -22 

30585 33 
21537 19 
21926 14 
37688 X 

X X 
21183 477 
79662 X 

X X 
16939 -26 
1S339 -34 

X X 
X X 

14913 -35 
18829 -22 
14858 -27 

X X 
19818 -18 

23891 41 
85809 -2334666 6 

22122 -9 
29089 -65 
15359 -49 
27753 1919428 -15 

X X 
20675 32 
88195 X 

20253 1114776 -31 
11070 129167 -23 

38260 5 

tT: c? 

1M3-3 

-236 
-9 

197 
X 
4 

-5 
103 
12 

-19i 
-289 
-634 

109 
9I 

113 
0 
8 
7 

-80tl 
.,4 
96 

-105 
37 
85 

- 3518 
39 
DO 

-270 
-03 

190 
110 

-32 
01 
64 

-3N42 
14 
97 

134 

3G 

4 
65 
91 
67 
35 
76 
66 
76 
29 
51 
72 
53
61 

es 
99 

100 
-13

-293 
-3 
ID1 

13 
75
72 
74

-26 
40 

I'i-
-. 3 

-456 
-*.5P8 

X 
X 

36 
-1 

100 
19 

-345 
-975 

-1855 
6 

93 
il1 

133 
6 

62 
-5943 

100 
94 

103 
34 
130 

-.23.17 
55 

109 
-1712 

-10)03 
125 
120 

.146 
104 
33 

-9-94 
'6 
100 
318 

54 

-5 
59 
90 
50 
20 

104 
104 
79 
22 
51 
87 
34 
80 

94 
98 

100 
51
61 

-11 
92 
-2 
77
94 
85
53 
30 

1933 Csnrvje
'pet.- Over 
joules) I20 

Gl-V 01 

85 52 
141 729 
47 x 
29 26 

255 47 
20757 109 

36 64 
7704 85
2285 75 
1447 75 
276 64 
293 59 

1,3487 28 
86 389 
16 -16 

1806 86 
1831 176 
248 134 

53 56 
65 6 

476 101 
97 120 
148 38 
22 633 

936 649 
866 56 
232 440 

1097 1305 
392 40) 
146 32 

296 329 
952 10I 

1,122 80 
;73 4106 

431 -1 
36 1703 
52 300 

6010 25 

141 139 
1054 16 
1651 4 
1618 67 
2941 27 
653 -17 
916 30 

7948 25 
3693 20 
10712 13 

666 100 
1218 39 
342 45 

5549 21 
118 -33 
13 44 

2723 55
1595 59 
4786 39 
460 89 

3100 66 
2718 -5
2219 27 
1129 30
8114 -1 
1862 80 

OC.ANLA 
47230 

3159 
61 
52 

73 
131 

43 
22 

X X -21 
-30 

-15 
14 

50277 
3536 

61 
52 

Aisiraha 
FijNew Zealand 
Papua New Guinea 
Soomon Islands 

2697 
9342 

27 
2 

52 
2949 

145 
109 

176 
14106 
8 
6 

24 
130 

69 
28 

23703 
109642,253 
19327 
20725 

6 
-23

15 
90 
X 

-43 
100
31 
96 

100 

5
86
54 
91 

100 

2929
17

518 
84 

4 

52
6 

52 
62 

100 

Source: UN Stat-iocal Office
0 - Wro or less than one-haf the unit of me3sure; X - noFor additional inroimation. see Sources and TchncaJ Notes 

available; N'M- rKXmeaningful. 
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NUJCLEA,,R POWER AND WASTE GENERATION, 1970-8--

Pelrintof 

(GWe) 
0&rI,(k~tYmift 

9E -,_t.y 
L=3 of 
ml 

1970 1110 1970 1964 1973 18 1970 1964 

W O077D T['r0 60 345 1(8.9 228.0 

MARKET ECONOMIOS 65 285 15.2 190.7 6405 56854 

Europo 44 133 8.5 84.4 6060 34236 

, }Jm 
,nd 

1 
0 
5 

5 
4 

41 

00 
00 
1.6 

35 
23 

333 

0 
0 
8 

51 
42 
59 

t,.rmany. Fed Rep 
',y 
c,,e!helands 

Spain
S..doe 

4 
3 
1 
1 
1 

16 
3 
2 
7 

11 

0 9 
0.6 
01 
02 
0.0 

161 
13 
05 
4 8 
84 

4 
2 
2 
8 
3 

28 
4 
6 
19 
41 

S-.te'rland 
iJn,ted Kingdom 
Yugoslava 

1 
27 
0 

5 
38 

1 

04 
4 8 
00 

2.9 
107 
06 

16 
10 
0 

37 
17 
6 

North America 16 103 5.4 01.2 331 17745 

Canada 
Urlet States 

1 
15 

17 
86 

02 
52 

100 
712 

6 
4 

12 
13 

96 6363 
235 11382 

Far East 3 39 0.0 27.0 14 3610 

Jailn 
Ko,ti. Rep 
Tawan 

3 
0 
0 

31 
3 
5 

08 
00 
00 

210 
18 
40 

2 
0 
0 

23 
22 
48 

Other 2 10 0.4 3.5 0 1063 

Argentina 
Brazil 
India 
tafln 
South Afrca 

0 
0 
2 
0 
0 

2 
1 
5 
1 
1 

00 
00 
04 
00 
00 

09 
0.6 
1,0 
01 
09 

0 
0 
4 
0 
0 

11 
0 
3 
4 
0 

NON-MARKET ECONOMIES 15 60 1.6 29.9 x X 

Bulgaria 
Czechoslovalja 
German Oern Rep 
H.n4ary 
USS 

0 
0 
0 
0 
15 

4 
3 
5 
2 
46 

00 
0.0 
0.0 
0.0 
1.6 

1.8 
1.3 
1.8 
09 

24 1 

0 
0 
0 
0 
1 

32 
8 

1? 
10 
8 

Sources: U S Department ofEnergy, OECD; Nucleoncs Week: Nuclear Engineenng Intemahonal. 

0 = zero C leSS,thanone-half the unrl o measure; X - notavailable. 
,r ad(t itioni information, see Sources and Technical Notes. 
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Tabe PRODUCTION OF SELCED MATERIALS, 1965-83
 
AAnl.JPdxucion 

1965 970 
_______________________________(thousan 

1975 190 %98 111.5 131) 
rrlct 

1975 
txg) 

10 1983 

Bovl, 
China 
USSR 
'South Atri 
Me,co 
YUgoniavss 
Australia 
Thailand 
Trin, 
Morocco 
Cmch~tex.da 
Italy 
Canada 

10 
15 
6 

13 
4 
3 
1 
1 
4 
2 
1 
0 
1 

12 
12 
7 

17 
4 
2 
1 
2 
3 
2 
1 
1 
0 

12 
12 
8 

16 
3 
2 
2 
3 
4 
1 
1 
1 
2 

15 
10 
8 

13 
2 
2 
1 
3 
1 
1 
1 
1 
2 

11 
10 
9 
6 
2 
1 
1 
1 
1 
1 
0 
X 
X 

AJstrda 
Untud Stales 
USSR 
Carada 
Feru 
Chine 
Mexco 
Yugoia,, 
Mooco 

i . 
KoreaDt,Dn e 
Swadon 
N.rsba 

Rep 

368 
273 
350 
275 
154 
100 
167 
106 
77 

100 
G0 
C9 
88 

457 
519 
44)
353 
157 
100 
177 
127 
73 
96 
70 
78 
73 

406 
564 
480 
3149 
184 
100 
179 
127 
64 

114 
121) 

70 
53 

397 
550 
420 
297 
189 
160 
147 
121 
115 
'16 
125 

72 
50 

477 
449 
435 
252 
206 
160 
150 
120 
102 
96 
95 
65 
38 

,r V 
' ProfPro r a 

6'03 
6 

70 
92 

70 
94 

84 
95 

3 
9,3 

Warld "h4O, 
-.0 , .1 

2095 3304 
,0 

33.1 
02 

314t 
30 

3324 
so 

Australi 
Guirea 
Jamaca 
Brazil 
USSR 
Yugoslavia
Hungary
Grary 

1186 
1870 
G651 

156 
4700 
157414771270 

9256 
2490 

12010 
500 

4300 
209920222292 

21003 
8-106 

11571 
802 

6470 
23062i903006 

27178 
11062 
12054 
5539 
6180 
313b29503286 

245 0 
111,021
7300 
7000 
61110 
' Z'j2917290 

SSR 
South -a 
Braol 
Gabon 
Cina 
AusAraka
Iw'aMeico 

7576 
1567 
1396 
1280 
1000 
1021647131 

6841 
2379 
1ii9 
1453 
l0c0 

7511651274 

6159 
5"119 
215 
2245 
1000 
15551576428 

9750 
593 
2282 
2147 
1600 
19991692447 

10400 
22600 
2100 
1857 
160 
13531320350 

India 
Guyana 
Sunnama 
Frsce 
UnitedSt(-
Qxd Tti9 

707 
2919 
4360 
2662 
1680 

37460 

1370 
4417 
60122 
2992 
2115 

67785 

1273 
3250 
4928 
2563 
1801 

76895 

1785 
1844 
4646 
1921 
1559 

9075 

1923 
1791 
1750 
1716 
679 

77596 

Gh:ana 
Hungary 
Japn 
Morozoo 
are 
I/trdiTOW 

&A 
213 
303 
340 
378 

1774. 

405 
162 
270 
112 
347 

16222 

409 
162 
158 
131 
309 

24656 

250 
83 
80 

131 
6 

26396 

190 
85 
77 
74 
X 

22443 
i*gl Produz ,it: 89 (tO 91 92 94 rc4iol . st 03 Do 99 99 99 

c~r'Ar-
USSR 
South AMrca 
Abrna 
Brazl 
Zimbabie 
Turkey 
Inda 
Finland 
Philippnes 
New CaWorva 
Iran 
Madagae-ar 
Greece 
Yugoslavia 

1270 
942 
311 

32 
586 
567 
60 

X 
554 

X 
129 

2 
51 
80 

1750 
1427 
466 
27 

360 
540 
273 

51 
566 

X 
200 
105 
27 
41 

2080 
2075 

779 
702 
590 
720 
500 
332 
520 

2 
210 
194 
73 
2 

2450 
3414 

760 
833 
554 
391 
320 
362 
496 

2 
80 

180 
43 
X 

2450 
2232 
900 
670 
431 
400 
360 
34U 
330 
91 
50 
42 
40 
X 

USSR 
Canada 
pua-raila 
Nt-NCCldCndll 
Irdck', 
Cuba 
S'.tLAfric3 
Doin.can Rep 
Ptihipprie 
BcDyoana 
Groce 
Brazl 
Zimnbiwe. 
Firland 
United States 

6.5 
242 

0 
31 

4 
X 
3 
0 
0 
0 
0 
1 
3 
3 

12 

110 
277 
30 

105 
16 
35 
12 
X 
0 
X 

10 
3 

11 
5 

14 

152 
242 
76 

133 
15 
37 
21 
27 

9 
6 

28 
3 

10 
5 

15 

154 
185 
74 
87 
53 
37 
26 
16 
48 
15 
15 
4 

15 
7 

13 

170 
122 
90 
63 
47 
37 
21 
20 
19 
18 
16 
11 
10 
5 

X 
ftild ToWs 4810 6053 8296 9467 6085 Wld 73121 426 628 808 780 089 
LVJaorPrducmc3Iote d & Vkm~ TOWd 95 96 97 95 95 A Pm,dxsrmPamreM of Wodd lbW I O 100 96 96 94 

COPRTIN 

Chile 
UnnoedStats
USSR 
Canad 
Zamta 

606 
1226

700 
461 
696 

711 
1560
570 
610 
684 

828 
1282
765 
734 
677 

1068 
1181
923 
716 
.. 

1190 
1038
1000 
625 
543 

Malaysia
USSR 

iomsiaBolvia 
Thailand 
China 

64 
23 
1523 
19 
25 

73 
27 
1929 
21 
20 

64 
30 
2524 
16 
22 

61 
36 
3322 
34 
15 

42 
37 
2724 
20 
15 

Zaire 
PolaniJ 
Peru 
Philippines 

289 
15 

180 
63 

387 
72 

220 
160 

495 
230 
193 
226 

540 
346 
367 
305 

535 
380 
336 
309 

Brazil 
AustraJha 
Uned Kindom 
Zaire 

2 
4 
1 
6 

4 
9 
2 
6 

5 
10 
3 
5 

7 
12 
3 
3 

12 
10 
4 
3 

"stralia 
South Aica 

92 
60 

158 
149 

219 
179 

244 
201 

256 
211 

Nigeria 10 8 5 3 2 
China 
Japan 

90 
107 

100 
120 

100 
85 

200 
53 

200 
46 

WAUd Tau 
MRor Frduic 

204 
95 

232 
9 

222 
94 

247 
92 

212 
93 

Wibtd ToaW 5044 6036 7009 7739 C027 P _ _o_W__l _ _ 

m arRD&M 91 91 88 87 C3 

WO 
USSR 
Brazil 
Australia 
China 
India 
Urv dSrtes 
Canada 
South nArica 
Franca 
Ubena 
Sweden 
Vonazuela 

153432 
20754 
6803 

39000 
23830 
85842 
36250 
5816 

59532 
15959 
29354 
17510 

195492 
40200 
51189 
40400 
31366 
91201 
47459 

7728 
56805 
23661 
31509 
22100 

232803 
89394 
97651 
65000 
41405 
80132 
46868 
12298 
49647 
24000 
30867 
24772 

244713 
114732 
95534 
68000 
41936 
70730 
48754 
26312 
20981 
18187 
27184 
16102 

245000 
89m0 
71500 
71000 
38800 
38600 
33495 
16/-05
15967 
14937 
13212 
9715 

Canada 
USSR 
Ausraha 
Peru 
Ured StaLes 
Mexico 
JapDn 
SwedOn 
Ireland 
Spain 
Poland 
Korea, Dem Peoplet Rep 
Grriany, Fed Rep
Zaire 
Italy 

826 
470 
355 
254 
554 
225 
221 
79 

1 
39 

152 
105 
108 
119 
116 

1239 
610 
487 
299 
485 
266 
280 
93 
97 
98 

187 
130 
129 
105 

111 

1229 
690 
501 
385 
426 
289 
254 
111 
67 
84 

210 
160 
116 
80 
76 

1059 
785 
495 
488 
317 
236 
238 
167 
229 
183 
188 
140 
121 
67 
58 

1070 
805 
695 
553 
275 
257 
256 
203 
186 
175 
146 
140 
114 
75 
43 

%bow T 
11:Ior P aad 

OzrcaW~ d 

620982 
80 

OWPbrdoJ 

769163 
83 

902018 
88 

895867 
a 

739133 
39 

Word 1i 
Mjr Pdumt m a 

~x 
4308 

84 
6464 

84 
5852 

t0 
5962 

80 
6246 

80 
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Table 8.4 CONTINUED ___ 

195 

Anrjxl = 
(thn ir,Au 

1970 1975 
1 

198 1903 1965 

AnnitAalPVxkxtjon 
(tho ndmretrlic Ions) • 

1970 1975 1900 1983 

V3iOW~AT ROCK 
United States 
USSR 
Morcrco 
China 
Tu. ia 
Joran 
Brazil 
lrael 
South Africa 
Togo
Nauru 
Senegal 
Chnwnas Island 
Vietnam 
Western Sahara 
World Total 
Ma rPmnjcw as 

= Oc~lfimamiThW 

26746 
13600 
9824 
900 

3040 
828 
279 
3Q8 
610 
969 

1496 
1002 
857 

1050 
0 

63776 
97 

35143 
20e00 
11400 

1700 
3016 

841 
173 

116! 
1685 
1508 
2114 
1123 
1089 
455 

0 
07120 

94 

44276 
24150 
'3548 
3400 
3481 
1353 
406 
882 

1640 
1161 
2050 
1863 
1391 
1400 
2682 

107076 
93 

54415 
25300 
18824 
10726 
4582 
3911 
2612 
2307 
3185 
2933 
2087 
1632 
1713 

90 
X 

139214 
95 

42573 
27000 
20106 
12500 
5924 
4749 
3208 
2969 
2742 
2081 
1684 
1249 
1094 
220 

X 
135000 

95 

LLM(t
Untld Slates 
USSR 
Canada 
Germany, Fed Rep 
Noriy 
Ausrala 
China 
France 
Spain 
VoenoJla 
Japan 
Unted Kir dor I 
Nethedarlad 
Int.i 
Ita 
\tid.tdPWb 
Major ;.VWAC 3 

Pwarof V*Ad loW 

2499 
840 
753 
234 
279 

88 
100 
341 

52 
X 

294 
38 
X 

69 
123 

6318 
90 

3607 
1100 
972 
309 
522 
206 
130 
381 
120 
23 

733 
40 
75 

161 
147 

9653 
88 

3519 
1530 
887 
678 
595 
214 
200 
383 
210 

50 
1013 
308 
261 
160 
190 

12140 
84 

4654 
1760 
1068 

731 
653 
303 
360 
432 
386 
328 

1091 
374 
259 
185 
271 

15371 
84 

3353 
2000 
10911 
730 
715 
475 
380 
361 
358 
343 
256 
250 
235 
205 
196 

13865 
79 

USSR 
Canaca 
German, Dm Rep 
Germany, ced Rep 
1-3nce 
UndteJ C...es 
Israel 
Spain 
United Kingdom 
Jordan 
Italy 
Chile 
China 
Wofrdbtkl 
MAor Producer s 

CEordoVxWIbidTheu1 

2553 
1353 
1926 
2384 
1888 
2848 
293 
405 

0 
0 

318 
X 
X 

13724 
10 

4087 
3103 
2419 
2645 
1904 
2476 

55. 
521 

0 
0 

365 
X 
X 

18155 
100 

7044 
5436 
3019 
2223 
1920 
22f,9 

696 
567 

0 
0 

282 
X 

300 
24740 

100 

8064 
7532 
3422 
2737 
1894 
2239 
797 
658 
321 

X 
156 
25 
12 

27057 
100 

9300 
6203 
3430 
2100 
1900 
1429 
1000 
657 
302 
170 
140 
22 
20 

2CO78 
100 

USSR 
Japan 
United Sl ts 
China 
G,.wmany, Fed Rep 
Italy 
Frince 
Czochmv 
Untd Kingdom 
BrarZi 
Poland 
Canada 
Belgium 
Ward btI 
Mijoir Pmrcdimsa 

atz 01 Vb1l TOW 

X 
X 
X 
X 
X 
X 
X 
X 
X 
( 

X 
X 
X 
X 
X 

115686 
93322 

119305 
18000 
45041 
17277 
23773 
11480 
28316 

5390 
11795 
11200 
12607 

594418 
88 

141325 
102313 
105816 
25000 
40415 
21836 
21530 
14323 
20198 
8308 

15007 
13025 
11587 

843768 
84 

147941 
111395 
101455 
37120 
43838 
26501 
23176 
15225 
11278 
15339 
19485 
15887 
12325 

713788 
81 

153000 
97164 
76761 
39952 
35730 
21674 
17612 
15024 
14993 
14659 
13600 
12828 
10155 

657224 
80 

s4Axr4 
USSR 
Uned Staes 
Canada 
Poland 
Japan 
China 
France 
Mexico 
Germany, Fed Rep 
Spain 
Italy 
German Don Rep 
Iran 

1430 
7449 
1876 
431 
250 
250 

1521 
1586 

77 
43 
16 

125 
32 

1600 
8676 
4439 
2683 

342 
250 

1735 
1381 

176 
6 

143 
109 
414 

7980 
11439 
7536 
5081 
2489 
1070 
1993 
2216 
1282 
1371 
703 
365 
495 

9590 
1166 

7260 
5535 
2784 
2200 
2216 
2217 
1799 
1235 
604 
360 
220 

9590 
9290 
6625 
5240 
2645 
2600 
2063 
1633 
1540 
1131 
458 
360 
65 

World Toti 
M)" dcxmi a, 

15531 
97 

22518 
97 

50190 
88 

54620 
7 

50472 

Sirm: U.S. BuJreaJc Minn, 
0 - zeroor less tan one-hafte urt o measuka; X  not available 
For additional infmi, see Sources Techncal Notes. 
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4MARNAELOF METALS, i965- 8 3 
"h 

o 
n nf 

ue..t.ric . p 
. 
- -ar---_ _US 

"8flic Tons of 11i~ Caaune&llll, ConRvrrt (1975)
of GNP " 

psr 

Ur,,d States 
Japan 
Germn."y. Fed Rep 
Frdr.e1tLy 
Ur,-J K;nry -. , 
Cwacl,. 

n64 
9 O- :D Countnaa 

USSR 
Cl-ra 

bla-G ,fnan Dem Rep 
World Totel 
Malor Cxncunrir so 

farerit of World Total 

1-S1 

21152 
765 
337 

249128 
361 
169 
117 

4615 
1000 

95 
52140 

6699 
58 

11071, 

3-4 
0120 
670 
413279 
404 
223 
175 
12 

6712 

1281 
180 
84150 

28 
85 

Ms7 

3265 
1171 
7C)4 
39)270 
393 
23 
1;8 
217 

6890 

1530 
.30 

'23T2(1) 

1123 

44,54 
1 .-J 
1042 
6014513 
409 
312 
233 
23 

'-11 
16 

.0 

20D 

155 
1 

1 

4 19 
6'iOi 

1065 
613430 
323 
295 
272 
217 

9255 

1350 
620 

271230 

15.28 
7 

1015 

241 
1 05 
1.99 
1 48
1.20 
2,12 
195 
4U 
162 

216 

X 
X 

1 32 x 

1970 

2 54 
2.35 
1 76 
148
1.63 
1.93 
1.76 
3.31 
1.62 
2.19 

X 
1.52 
1.12 x 

1975 

210 
2.35 
167 
118
1.41 
170 
182 
281 
207 
1.93 

X 
194 
1.71X 

1580 

240 
2.56 
20,t 
1.50
1.96 
163 
1 65 
3.22 
229 
2.21 

X 
265 
1.77 

I f483 

221 
254 
216 
149 
1.88 
1.23 
1.57 
379 
1 3 
2.10 

x 
241 
1 73X 

United Sitlsa 
Japan 
Germany. Fed Rep 
Fr'v.eUnled t ,nigcnn
Ia!y 
Nigivurn 
Canada 

80ECD Countries 
USSFR 
Chna 

Wo~rld Tolml
M4ajorConauntera a 

Percentof World Total 

1819 
428 
536 

287650 
192 
9" 

20-1 
42,4 
785 
120 

£11 
04 

1854 
821 
60-

331564 
274 
145 
229 

4905 
960 
20( 

26 
03 

1397 
827 
35 

3G5451 
299 
177 
19-H 

4.46 
1220 
315 

79 

1E,.359 
11543 
148 

433,0) 
3?43 
304 
209 

5511 
13Y) 

3 86 

31 
77 

1775 
.210 
737 
390355 
325 
250 
I-5 

5255 
13b0 

42 8 

5211i3 
77 

1.54 
2 77 
2.75 
1.71
380 
1.79 
3.42 
235 
2.01 

X 
X 

135 
2.07 
1.84 
1.183
2.64 
1.00 
2.75 
181 
1.4 

X 
169 

0 90 
1.63 
1.51 
1.07
1.95 
1 56 
2.61 
1.21 
126 

X 
203 

1.01 
1.81 
1 49 
108
1.63 
1.19 
420 
113 
1.33 

x 
1.83 

0.93 
1 72 
1 47 
0.95 
1.37 
1.42 
360 
104 
1.23 

x 
1.66 

UrIted States 
Japan 
Germ.ny Fed Rep 
UnitedlKingao.nItaly 
Frare 
Yugoslavia 
Spa", 
8 0ECD Countries 

USSR 
China 
8u'g"ria 
German DernRep
Mexico 

World Total 
Pa or Consumemo *a 

ercent of World TotalMICKEL 

754 
147 
271 
31294 
145 
43 
87 

1852 

385 
100 

X 
80 
56 

3104 
77 

894 
211 
309 
26?1G8 
193 
45 
78 

2158 
486 
160 
77 

100 
94 

3871 
79 

820 
189 
225 
238146 
174 
a3 
74 

1948 

620 
185 
95 
91 
72 

3914 
77 

10, 
393 
333 
2f.)6275 
213 
128 
11i 

2842 

00 
210 
110 
100 
85 

5346 
70 

1135 
360 
318 
293229 
196 
133 
101 

2765 

805 
220 
117 
98 
E3 

5229 
78 

064 
095 
!.39 
".82088 
0.66 
2.G13 
2.20 
0.91 

X 
X 
K 
X 

1.64 

065 
053 
0181 
1.2509,8 
0.69 
1 95 
0.97 
074 

x 
135 

. 
x 

1.49 

0.53 
0338 
0.53 
1.030.76 
0.51 
269 
0.70 
0.58 

X 
1.19 

X 
X 

083 

0.59 
061 
0 66 
1.18119 
053 
3.14 
096 

70 
X 

101 
X 
X 

072 

0.59 
0.51 
063 
'112100 
0.48 
329 
08 
066 

X 
0.85 

K 
x 

073 

Urhted States 
tapan 
Germany. Fe Rep
France 
Italy 
Uned Kingdom 
Sweden 
Friano 
Canaa 

Austria 

10 OECD CountresUSSR 
Cnina 
India 

World Total 
Mejor Consumert ao 

Peroenv of World Total 

156 
27 
31 
21 

9 
37 
13 
0 
8 

3 

306 
110 

x 
X 

428 
97 

141 
98 
41 
36 
20 
35 
23 
0 

11 

6 

41 
130 

X 
X 

567 
95 

133 
90 
43 
32 
17 
21 
22 

1 
1., 

4 

374 
115 

18 
3 

570 
90 

. 
142 
122 
68 
38 
27 
23 
20 
9 

10 

5 

465 
132 
18 
1? 

715 
88 

139 
115 
63 
33 
23 
22 
16 
10 
5 

4 

429 
140 
19 
13 

883 
go 

013 
0.17 
0.16 
012 
0.09 
022 
035 
002 
009 

021 

0.32 
X 
X 
X 

010 
0.25 
011 
0.13 
0.12 
0.17 
036 
001 
0.08 

018 
024 
X 
x 

X 

009 
018 
010 
009 
009 
009 
030 
002 
007 

0 1 
019 

X 
X 
x 

008 
019 
013 
010 
012 
0.09 
0.26 
029 
005 

012 

0.20 
X 

009 
0.11 

, t 
013 
0 08 
00 
008 
0,21 
029 
003 

009 
017 
X 

007 
011 
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Table 8 CONTINUED
 

19125 1970 1975 1980 1CS2 1085 t970 10)74 1 V139 1o03 

TIti 
Uned Slale 
Japan 
Germany. Fed Rep 
United Kngdcxn 
France 
Netherlands 
Italy 
Canada 
Begurn 

9 OECD Coulries 

USSR 
China 
Prlard 
Brazil 

Ida 

63 
18 
13 
21 
10 
4 
6 
5 
3 

142 

29 
15 
3 
2 
5 

57 
29 
15 
19 
11 
6 
7 
5 
3 

150 

17 
13 
4 
3 
5 

56 
28 
13 
14 
13 

4 
8 
4 
5 

142 

23 
14 

4 
3 
3 

56 
31 
16 
10 
10 
5 
6 
5 
3 

141 

25 
13 
3 
5 
2 

46 
30 
14 
10 
8 
5 
4 
4 
2 

123 

2) 
13 
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World Total 
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Percent of World Total 
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86 

220 
84 

231 
32 

235 
81 

215 
62 

ZINC 
Japan 
Untci States 
Germany. Fed Rep 
France 
1aly 
Unitid Kingdom 
Belgum 
Car.ada 

8 OECD Countres 

0USSR 
China 
Prand 

322 
1221 
334 
186 
116 
282 
123 
85 

2669 

401 
100 
114 

623 
1074 
395 
220 
178 
278 
128 
110 

3007 

510 
I50 
129 

547 
839 
297 
223 
150 
207 
103 
150 

2516 

900 
220 
152 

7 
732 
810 
406 
330 
236 
181 
155 
133 

3003 

1030 
200 
178 

771 
770 
406 
271 
205 
1811 
166 
144 

2916 

1050 
300 
143 

208 
1 03 
1.71 
1.10 
1 08 
165 
426 
098 

127 

X 
X 
X 

157 
078 
104 
079 
104 
1.33 
242 
087 

101 

X 
1 26 

X 

110
0.54 
0.71 
065 
0.73 
0119 
1.63 
093 

0.73 

X 
1 42 

X 

1
0.44 
0.81 
0 62 
1.02 
0.72 
2.14 
072 

0.73 

X 
096 

X 

09 
10
040 
081 
0.66 
0.91 
0.69 
2.31 
0.77 

0.68 

X 
117 

X 

World Total 
Major Consumers as 

Percent of World Total 

4068 
81 

4886 
78 

5028 
75 

5124 
7Y 

6154 
72 

Source: World Bureau of Metal Statistics (London). 
0 = zero nr one-half :he unit of measure: X . not avarlabe. 
For additional nformation. see Sources and Technical Notes. 
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'&,4L P ali', wrt ,c 
. E 19L-_"ury -, 

S m 
Sowe: U.N. .tistiW Otfie, L 
Stist<'iesrbx, 19&? and 983, (Un ld 
Nation., lice' Ybk, 199. and 1913), Table 3. 

Ftea-,cal't ,'fepta mpil.d by the U.N. 
tiIicat irom rM-pon., toOffice pr-041

qu utionr taio.; ent to : 6.oirmg evl weram nnts, 
rupplemented by oaicia nal stati.ticr.l 
publications. A4:it daia end a",alytis cue 
provided wy OEC, OPEC, 11., FAQ the Inter-
national Atomic Energy 1qj'+n, y the Interns-
tional Stt Organization, dathe U.S. 
Departient of Esre , Whwer. GIficiA data 11v 
not available, the U.N. SiaLitical Ofice 
prepares es;timates based 01 prolen.Jod or 
coA necijtsa ptetu . 

All units rr pet1ii{ -Ites 12), which n l0t5 
(one quadrillion) ioul!:n. On lm:petjoe .qut..000918 (Quado (quadrillion Britisl Tib , mal 
Unit) mad -sequiv;'lert to 163,00 "UI.N.i ;--J 
dard' b,,res of oil, cr 34,140 "U.N. sMaynd,zdi" 

.etric tons of c,. TIre heat content of 
various fuels has ben converted to coa!-
equivlent and then elajoule-l-Uivalent 
vlues using country- and year-specific conver-
sion factors. For example, a metric ton of 
h.rd coal prjdiced in A-gentina hs an 
energy valu e of 0.1-3 metric tons of ,tandard 

coal equivrlent (7 million kcal) vj We a metric 

ton of hrd coal produced in "Thrkcy has an 

energy value of 0.929 metric tons of coal 

equivalent The original national production

data for hard coal were multiplied by these 

conversion factors, and the rsulting figurs in 

metric tons of coaf-equiWvalent were multiplied

by 29.3076 x 1-( to yield petajoule 

equivalents. Similarly, other fuels 
were con-

vented to coal equivalent nd ptajoo.le-

equivalent terms. 


Only cominercially t.-aded fuels of the 

following types are included in the production 

statistics: 

1. Solid fuels include hard coal, lignite, peat, 


and oil shale burned directly; 

2. Uquid fuels include crude petroleumn and 


natural gas liqids; 

3. Gaeous fuels include natural gas; 
4. Primary electricity includes hyhlm geother-


mat, and nudear electric power generation 

expressed as the energy value of the elec-
tricity. It is given in gross terms, without 
deductions for plant use and trensmission 
ks.eses. 

Fuelwood, bagasse, charcoal, and new forms 
of olar energy mreexcluded from the produc-
tion figures even when traded commercilly 

bPu 3? Consumption of 
Conunercial Energy and Total 
Reqtdrsments, 1970-g3 

t-cs:Sous Energy data: I.N. Statistical Office, 
Ene ry Statistics "iarboo, 1982 and 19&7, 
(Un.-d Nations, New "'brk, 19Y14and 1985), 
Table 3 and Table 4. Pokpulation data: U.N. 
Department of International Economic and 
Social Affairs, World !brulation Prospects: 
Estimates and Projections As Assessed in 

1982 (United Nations, New Yrk, 1985).
Gross National Product d-.ta: unpubiished f 
World Bank data. 

A gpiqaoula (GJ i,, one bi',llion 00j)oulem. A 
megajioni (i i) on'e rmiion (10) joules 

(,nsrmspion of commemia energy equals 
domestic production Plus mt import-- tinus 
net :re: incresesz, ius aNrMra and marine

'ne 
'lle irrts ierr to unler "I-npoiis w, 

Pec mn-ae ji Counpton" are r .t imports, 
mints S!eCk hcreases, inzusi tmlks. 

*7btrJ i e ents" is an irV.nte of the 
tot aanout' ol energy a nation eq.lircs in -Y 
given year. It dilfers foo +; oitl ir,ercial 
enrgy consumption I, tht:. inclusion of trmdL 
tiorol fueJs (f!evo-d, charcol, bagase, 
anhinal and veeteable w e}e) nd by lthe 
tret.armn rt of prinar etec idty.'9-:: 

To clculate tota! r prairyb yt'.pquire
electridty is vluel on a fill t.iunovoided 

s, rather tham an eneloly-out t,. For 
cunple' a lrydmlecic ti !r'at pis-
ducas 10,30 kWh of .el::uicity pvid's the 
equivalent heat of 0.123 oretric tos of coat. 
However, more than 0.123 ictric tons of cOal 
vaild he reied tW prduce 10M k-wh of 
eecticity. Much of the enerLry lieased from 
coJl combustion in ampower plant is used in 
the mechanical work of turning dyntos or 
lost in waste heat, so le.s energy Lsembodied 
in the final electricity than in the initiaj coal. 
The efficiency of a thermal electric plmt is 
the ratio icetween final electrical energy pro-
duced and initial potential energy supplied. 
Although this rating varies widely from country 
to country and from plant to plant, the U.N. 
Statistical Office uses a standard factor of 30 per-
cent efficiency to estimate the fossil fuel value 
of hydr, geothermal, and nuclear electricity 

Fuelwood and charcoa consumption are 

estimated from pophation data and country-

specific per-capita consumption figures. These 

per capita consumption estimates were 

prepared by the FAOi after arn assessment of 

the available consumption data. Specific con-

sumption of non-coniferous tuelwood ranges


3from .0016 m per capita per year in Jordan 
to .9783 m3 per capita per year in Benin. 

Similar estimates were prepared for coniferous 

fuelwood and chucoal. Although the energy 

value of fuetwlool and charcoal vares widely, 

the U.N. Statistical Office uses standard factors 

of .33 metric tons of Loal equiWvalent per cubic 

meter of fuelwood and .986 metric tons ofcoal equivalent per metric ton of charcoal. 
Bagasse production L;based on sugar pro-

duction data in the Sugar 1earbook of the In
temational Sugar Organization. It is assumed 
that 3.26 metric tons of fuel bagasse at 50 
percent moisture are produced per metric ton 
of extracted cane rogar. The energy of a 
metric ton of bagasse is valued at .264 metric 
tons of coal equivalent 

"be 8.3 Nudea- Power trod 
Waste Generatior.n, )1970-

Sources: Reactor and capacity data for 1970 
for all countries except USSR Nucleonics __ 

I.Vee (Jamuary 1971, Reactor and calpdty
(ta for 1984 for all c)untries: U.S Deport
ment of Fneigy, Commercial Nucle(,r lbu.rvar. 
thospects for the United States and he W'brld 
(US Dz,-- ;-,,tof Errgy/Ene.M, Informs
lion Mristitrou, Walhenbion, DCL, 

septe h-,- 105). kidroeAreectriciy goere.
lion for 1973: uoi'ib o U.S Departywrn of
E.ei g v d Lc.-,g 6 -crrt ' 1en rat or i or 

1973: OE.CD, .0,, gy ,.otIanca of OEC)
Countri,; 19704 (Or,+zadton for 
Enrora&k.: C oqpxcti:.a am..dViYvelopmenuln

ait!iJoal -r',is- Ag.-tcy, ari-, 1981) and 
OECI Fnermgy 13aances of Det.tloping Con
tries 197i,2 (Orgiar'i=fon f r Ei."onoric 
(ootpemltin and bcveloprent/ntei-,tiora! 
Eey Agemrcy, PaR., 198) NucJea electric
y aesecriohpsrcet o, total for nwna 
nrkt t for A ciear E ngne r. 

ing hntwmanode, Vol. 21, p, 3 (October 1984).
Data for USSR Ieacumr, czq),aciy, ond nuclear 
lectric9ty geereraton anpercent of total for 

1970: W. P C de, 'dr?, 1ioUnaid Nue, ar 
P'-,.cr in th.r Saovxm, .hdmsoc:* (npubli 
monograph, November 1984). 5prnt fud in.. 
ventory data: U.S Department of Etrgy, 

MorlM Nuclear Fuel C,cle Aequi,.me its (U.S. 
Departirent of nergy/Energy nlormnr1timo 
Administration. Wasiiqoon, D.C., Novcmber 
1985). 

A gigawatt of dlectricity (GWe) ii one billion 
(109) 	watts of electric power.
 

All data are for December 31 of the year
 
indicated.
 

Nunibe r of reactors refers to those power 
reactors that have produced electricity into 
the electrical grid, although not necesarily at 
full power. Reactors in extended shutdown are 
indudtd. Reaciors under construction or 
which have been decormissioned are eo
chided.
 

Instalted capacity is on a net basis. Electric
 
requirements of the generating plant, usually
 
about 5 to 10 percent of gross genertion,
 
have been deducted.
 

Nurlear electricity generation as percent of 
total is the total electricity generated into 
grids by nudear power plants divided by elec
tricity generation front all sources. 

Spent fuel inventories are expressed as 
cumulative totals to the years given and ae 
net of reprocessing. "Heavy metal" refers to 
the actinide elerrents (uranium, plutonium, 
etc.) contained in the spent fuel. 

'"UhI"! S.4 Pr'oduction of Selected 
hint-itel" , X65-83 

Sourwe ILS Bureau of Mines, Minerals N'ar
book (U.S. Government Printing Office, 
Washington, D.C., 1967, 1977, and 1983). 

Production refers to the amount of material 
mined or refined in the given year

Potash reLers to marketable potash. 
Sulfur reers to elemental sulfur. 
Aluminum refers to primary aluminum. 
Crude steel refers to steel ingots and 

castings. 
Production figures for the ten ores refer to 

the metal content of mine output. However, 
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common definiti-ons are rot zilv,a sLed, m.k-

ing inter-country and inter-yz.r cc_ .iionz
oip 
difficuL In 1983, for examp.r, Birzil' 
manganese pmd)6uc,"'n was es;lifid
"mApganee ore an'J concentrate, mrktable, 
gross weight, diee- sa!es and berieficiated", 
while Morocicos pro ictioin ligunes were fcOr 
"manganee ore, laely chemical gradd' In 
1965, South afrcds mangane.ie production i. 
reporled for "manganese, ore and concentrate 
g~o75weight. chemical and meihr~nar". 
Gabon's manganeze pmduction data for 1965 
are for "ore, 50-53 percent , as'ngan* 
well as "battery and chemical graze p..Je t 
82-84 percent mn[iesnese. Simi e'r pmb!emis 
exist with the data for other materials; refe 
to the source for epmific dini tior and 
qualifications. 

The countries fizted reprresnt the top t-. 

producers of each material for the five yei,; 
in the table. Since two or three countries may 
have moved into anid out ot th.! top ten 
grouping over the 18-,,.ar period, morz, than 
ten counlries are listed for some materials. 
Contmrie. a-e ited in de.5cendin order of 
1983 production. 

Some of the data for 1983 ere estirnte . 
See source for details, 

W,} .ajor Consiunterz oil 
Refined Metlv, 196-33 

S oes: Metal consmption: Wbrld MA.tal 
StatiKi. (World Bureau of Mtal Sttitic, 
Loncion, April 1970, Dtcefnbt i974, Februaiy
1979, and June 1985). GNP for 1970-.-3: t-.. 
publish-d World Bank data. GNP for 1965: 
Wold Bank, Wbrld Tables (The Joln 

Hopkis University PrNcss Ballimo.s, Maryland, 

Ic;. 

h-'r-,th World Bwueau of Meta] Stisti-s 
pub.eb-s consuimption data for the fix mets 
pre.er.ot. as ,ell as occasiov?l consumption 
data for antiinony and cadlmiun. These data 
, ccs.npiled freom metal companie, goern-

ment agencits , trade gr.ups, and statistical 
bureaus. Obvicusly incorrvC data are revised, 
but most dwta are compiled and reported 
without adjustment or restro.spe.edve revision& 

Consumrnpion of refined metals is determ.n 
ed on the basis of first use ifier .rnement. 
Metd that is me.ted and re.cycled L not 
counted as new consumption; sctap that is re-
refined is treated as new coniumptiun. The 
metal used in a product that is thin exported 
is considered to be consuined by the produc

ing coun try 17-er ,,r by the impoina 
couitry. 

Th- coun tries4isted represcnrt the ten 
largzst consu . of each metal for the five 
years ifn the tibe_ Since two or three con
zriesa my have nmoveJ into Lnd out of the top 
ten ,oupi;ig over tir IC-year period, more 
thai, ten countries tre lisled for ,ome metals. 
Countrie:s are listed within grouping in 
descending order of tlisr 1983 consumption. 

The world tot'l refens to the aggregate con
sumption of all countries, not oniy those 
lste. Major conuriers refeis to the 13 to 15 
cc, rtries listed. Major OECD consumers refer 
to the listed ren.!bieri of the Organization for 
Fconomic Cooperation and Development, in
dcuing Yugoslavia. 

Copper data for ChIna for al years indude,' 
in addion to the Peoples Repablic, the ten
trafly planned Asian countries of Viet Naom. 
Democratic Peoples Republic of Korea, 
Democmtic Kampuchea, and Lo Peoples 
Democratic Republic. The consumption of 
these countries is assumed to be minor in 
comparison to that or China. 
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The demand for freshwater has increased with the rapidgrowth of population, agriculture, and industry, and as aresult formerly abundant supplies of clean water have
been z,.jileted or wlluted. The basic unit of concerndealing with freshwater is the wateried or river basin, 

in 

defined as the catchiment area hrm which the waters ofa river or river system flow. Human activities that modiiythe natural flow of waler and sediments-building ca-nfm, •cutting down forests, causing excessive soil erosion, dis-
charging pollutants-have impacts throughout thewatershed, in most large river basins (see ".ble 9.3) theseimpacts are imposed on people living in other regions orin other countries, and this can lead to serious conflicts.

Ideally, comparable and timeiy statistics on waterresources, water quality, and floods should be available
for river basins as well as for countries. But because ofdata limitations, the statistics ri this chapter highlight
conditions and trends for countries only.


A country's water resources 
can be compared with 
others in terms of per capita availability. (See Table 9.1)A supply of 1,000 cubic rneirs or less per capita per
amum is considered very low; 1,000-5,000 is low;
5,000-10,000 is medium; and .10,000 arid above is high.
Of the 98 countries for which data 
are available, 14 arerated very low; 36 are rated low; 14 are rated ediu;and 34 are rated high.


Availability statistics include water fon both internal
and transit sources. For example, Hungary has 
an esti-
mated 120 cubic kilometers of water potentially available

for us: 6 horn internal stabie runoff and 
 14 fromimports, mostly from the Danube. Clearly however, not
all this water is available for withdrawal because most of
it flows to other countries downstream. 


In water-rich countries, per-capita withdrawals are asmall fraction of available supplies. A country may bereaching a critical level of exploitati,-,n if it uses (with-draws) one third or more of its available supplies in an average year. Nineteen of the 98 countries are in thissituation. In arid and semi-arid countries such as Sudan,Yemen, Is:ael, Saudi Arabia, and Libya, available suppiies
are almost fully utilized. 

Freshwate,- qiality can be measured in terms of pollutant discharges, ambient concentrations, and impacts on 

human health aid on natural systems. hble 9.2presents information on anibieni levels of poll!_tion inmajor ivers as reported tc the Organization for LEo
nomic Co-operation and D.veloprient (OECD).


One measure of wate.qu-dy is the anount 
of dis..solved oxIgen (DO), which indicates the axtea1 to whichfresh.wtvat-Cr can suport aquaic life, Depending on tern: .,,,,c, ate
rPxatu water wihw 1less than 5 zmfillirra'-'s of D-0 per
liter is considered of poor 

tL
qualiiSy. The data indicate that

DO jn lyrive in OECD countries ha: icreased ipthe last decade because ahmriount of liodegradable
waste discharged into htream:-hass been ieduced.Water authorities try to nmaintain average phosphorous
concentrations belcw 0.1 milligrams p_- liter of water, tolimit excessive alga ,;rowh and the process of eutrophi
cation. By this measure a few countries have improved,
but most have not aclhieved the recommended level.
Nitrates are found in incr,-,ing concentrations in manyOFCP countries' rivers bccause of increased fertilizer use
and other causes. 

ead, cadmium, chromium, copper, and other metalshave caused water quality problems in OE.CD countries.Most often these nre hot spots where a saiall stretch ofriver is seriously polluted and the use of the water (orfi:'h
from the river) is curtailed or prohibited. Levels of
cadmium above 5 micrograms per iter and lead above
50 micron-ams per liter can r.,n.ke water supplies unsafefor human and animal conumption. However; almost all
annual average data fall considerably below these
 
guideines.


Between 1934 and 19832, floods killed 80,000 people
and affected 221 million 
more. Flo-ds and cyclones arecausing increasing damage and death tolls because moreand more houses and businesses are being built on lowlying flood plains and in the path of tropical storms. (SeeTable 9.4. Rapid population growth and an inequitabledistribution of land in some countries force nany morepeople to live in hazardous zones. Compounding theproblem is excessive sediment from erosion upstream(caused largely by deforestation) that settles in river chan
nels, leaving less capacity for storm runoff. 
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Synan Arab Rep 
Taland 
Tunrey 
UnIed Arab Errrales 
Vie Nam 

Ye. n 
Yw-nen Dem 

1970 
1975 

X 
X 

1970 

I70 
1972 
1975 
1978 
1975 

1969 
1975 
1975 
1975 
1970 

X 
1976 
1974 

X 
1975 

1975 
X 

1970 
1975 
1975 

1975 
1975 
1975 
1975 
1970 

1976 
1975 
1970 
1975 

x 

X 
1975 

5000 
0 00 

"0y 
X 

102 0 

2680 00 
100 

165000 
253000 

11750 

8450 
165 

54700 
085 

8810 

X 
63 CO 

0.00 
27000 

430 

456.00 
24.60 

170.00 
066 

298 00 

32300 
002 
220 
0 60 

4320 

3530 
11000 
16700 

022 
x 

X 
1 50 

401 
000 

177 2 
X 

39 5 

323 
163 
2.99 

1745 
352 

903 
048 
4.10 
033 

1270 

X 
1.23 
000 

7876 
1 55 

3705 
1704 
1400 
0 86 
3-6 

7 59 
0 13 
030 
027 
345 

4 75 
266 
4 73 
043 

X7 

X 
091 

0 20 
X 
X 
X 

X 
055 

38000 
X 

4540 

4230 
172 

11790 
038 

X 

X 
1070 
013 

X 
075 

9.42 
X 
X 

043 
15340 

29 50 
0 04 
2 33 
0.19 
630 

7 00 
X 

1180 
0 36 

X 

X 
1 93 

x 
074 

X 
X 
X 

X 
089 
0.61 

X 
1.36 

452 
0.50 
106 
015 

X 

X 
021 
013 

X 
0.27 

0 77 
X 
X 

0 56 
204 

069 
023 
0 32 
008 
050 

094 
X 

0 33 
0 71 

X 

X 
1 17 

X 
10 
X 
x 
X 

X 
5 
3 

95 
3 

1 
17 
17 
1 
X 

X 
11 
35 
X 

13 

X 
X 
X 
2 
X 

X 
33 
36 
X 
0 

6 
1 
7 
9 
X 

X 
1 

X 
6 
x 
X 
X 

7 
2 
1 
5 
0 

5 
6 

33 
2 
X 

X 
13 
.4 
X 
0 

X 
X 
X 
0 

I 

X 
0 
6 
X 
2 

0 
0 
2 
0 
X 

X 
0 

X 
0 
x 
X 
X 

X 
0 
3 
0 
0 

0 
0 
0 
0 
X 

X 
0 
0 
X 
0 

X 
X 
X 
0 
X 

x 
0 
0 
X 
0 

0 
0 
7 
0 
X 

X 
0 

X 
64 
x 
x 
x 

X 
93 
93 

0 
97 

93 
77 
50 
97 
X 

X 
75 
61 
X 

87 

X 
X 
X 

98 
x 

7x 
67 
58 
x 

98 

94 
99 
85 
91 

X 
99 

EUPOPE 

Aibanra 
AuStIla 
Beig,um 
BulIgaIna 
Czecnoslovakoa 

Denmark 
FrNarn 
France 
Gemnian Dem Rep 
LGerrnar, r1O Flap 

Greece 
Hungary 
Ireland 
Italy 
Luxemb)urg 

Malta 
Netherlands 
Norway 
Poani 

uPolugal 

Ronana 
Span 
Sweden 
Swrtzerlano 
Unled Kngdo.n 
Yugos 

a w 
a 

U';Sl 

1%67 
1975 
1971 
1971 
1975 

1970 
1972 
1975 
1975 
1975 

1975 
1972 
1972 
1970 
1973 

1977 
1972 
1972 
1976 
1977 

1971 
1975 
1975 
1973 
1972 
1976 

19'5 

2750 
9000 
1250 

19700 
9000 

1290 
104 00 
18000 
2620 

160 0 

55 00 
120 00 
4370 

16700 
336 

003 
90 50 

38300 
5880 
8750 

19200 
11000 
18300 
5000 

162 70 
24100 

4714 00 

14 71 
11 97 

130 
23 14 

6 08 

262 
2258 
342 
155 
2 59 

608 
11 59 
1479 
312 
928 

007 
694 

9879 
1.73 
9 11 

943 
3 09 

2234 
781 
293 

1143 

1860 

020 
2 75 
826 

X 
502 

077 
4 61 

2700 
830 

3320 

428 
5 60 
168 

36 00 
006 

002 
1441 

140 
1590 
646 

X 
2500 
500 
250 

1766 
888 

226 00 

011 
037 
0 o6 

X 
0 34 

016 
100 
051 
049 
0 54 

047 
0 54 
0 57 
0 67 
017 

0 06 
1 11 
036 
047 
067 

X 
070 
061 
039 
032 
042 

089 

1 
31 
6 

33 
24 

43 
7 

16 
10 
10 

;4 
9 
11 
19 
47 

X 
5 

14 
14 

7 

15 
7 

0 
44 
23 
16 

8 

1 
69 
37 
67 
72 

38 
85 
20 
77 
35 

2 
34 
14 
4 

50 

X 
24 
84 
21 
38 

85 
5 
50 
48 
41 
38 

.5 

98 
0 
47 
0 
0 

1 
0 

44 
0 
55 

1 
9 
69 
5 
n 

X 
40 
0 
40 
0 

0 
17 
0 
0 

3 
39 

14 

0 
0 

10 
0 
5 

18 
8 

19 
13 
0 

641 
48 
6 
71 
3 

X 
32 
2 
25 
55 

0 
72 
0 
8 
1 
7 

63 

OCEANIA 

Australa 
Fy 
Nr- Zealand 
Papua New Guinea 
Soloron lvrJs 

1971 
X 

196" (8 
xI 
X 

343 (X. 
x 

39700 
x 
X 

25 I7 
X 

14078 

X 

1690 
X 

101 
X 
X 

1 24 
x 

036 
7X 
X 

X 
X 

52 
X 
X 

X 
11 
X 
X 

71 
X 
23 
X 
X 

x 
X 

14 
7 
x 

AN1TARCTICA 

Source: Bureau 01 Geoogcal a,'st Min)n: Researci Nat,onal Geolgical Survey, France 
0 - zero or less han oe-ha the rit ol measure X - not avaalse 
For addclOjraf inlormalon, see Sourc,, arid lenr,cal Notes 
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TabW.ERQURSELECTED RIVERS 1970-83
 
Di sulvod Oxygen (OO 0k1IogicaIl O:yg.2n Omnnd (S0) NItrjat a Phophoru,,

J rnIs pci 1la VrmapaIUr (liiouin p~r 1111) 1m1lrmaprhr 

fitrea Thm3 Thrce Threo
YOM 
 Yeam Years
oZ'Data OD0.f 
 ofDntt of DataIW0 1878 1953 IP.3 (IM.,j 1870 t117 e.) 1C (v ) 1970 1975 1210 183 (avwrio) 1970 1075 1080 1903 (swernge) 

Canada 
SI Lawrnco 81 100 X X X X X X X x 019 0.23 0.16 02" 019 005 003 007 006 007Mackenz.,a X X X X I X X X X X 008 011 011 008 010 X 002 001 001 001F13SV X X x X X X X X X X 0.05 030 006 012 00" 000011 i X XNedrn X XUn~ced S,it 

x X x X x x X X 0.04 0.40 006 009 00 X 002 0.01 002 001e
 
O(l!rawTulnfon 96 100 119 103 11.1 1.9 2.0 2.2 2.6 2.8 a X 0.80 108 X 097 a X 010 010 009 009l..;-vsirip.SI Ffanm 8.4 85 83 6.9 0.9 2.4 2.2 17 1.1 1.8 a X 0.98 1.20 158 161 a X 019 0.23 017 023 

8hn I37 10.6 10.5 1.7 1.4 1.4 1.5 1.487 10.6 0.36 X 053 X x X 009 0CX, 007 009
)rW) 83 89 90 8.2 00 3.6 3.2 3.8 4.2 4,1 X 0.80 0.76 X 0.68 X 019 .,.e20.16 018 
BOisbarsa Estuan/ 

New Zea!nm 
X 56 6.4 60 6.2 X 1.6 1.0 1.2 1.2 X 0.34 085 1.05 0.93 X 020 0.38 0.48 0.43 

waCo X 9.0 X X X X 1.5 X x X X 020 X X X X 060 X X X 
E82 

Meuic.anye 
E cau-Bleriar L.s 
Eut.Do 

D0nzmafk 

77 
X 

62 

108 
J9 
4.0 
1.3 

10.6 
95 
59 
19 

X 
X 
X 

10.7 
9.2 
4.7 
2.1 

4.4 88 
12.5 4,7 

X 24.1 
4.0 8.2 

42 
3.9 

10.7 
5.0 

X 
X 
X 
X 

4.7 
40 
9.6 

14.0 

1.00 7.80 2.18 
3.90 9.40 2.52 
X 0.77 4.17 

3.00 735 4.17 

X 
X 
X 
X 

2.09 
250 
3.58 
3.18 

X 123 
X 141 
X 070 
X 10 

022 
055 
094 
055 

X 
X 
X 
X 

017 
055 
1.03 
063 

Gu.,naa X X 97 10.7 10.2 I. X 3.4 45 4.3 X 1 Pr 1.70 200 184 X 030 016 018 0.13 
SK~cmaaX 

FRnIand
Tononoi 
lcyngcoi 

IX 105 
IsCa,)xI X 

119 11.9 12.0 
95 108 9.9 

10.4 
8.7 

X 
X 

10.4 
9.1 

11.9 
10.8 

X X 
X X 

1.6 16 
3.5 2.4 

7.3 
X 

x 
X 

6.0 
20 

X 
X 

83 
2.1 

1.7 
2.5 

X X 
X 5.27 

x x 
X X 

3.00 
6.73 

x 
X 

3.18 
5.21 

x 
X 

2.92 
6.09 

X 
X 

X X 022 
X 0.66 026 

002 002 002 
005 003 003 

013 
034 

X 
X 

017 
030 

003 
0.03 

!nreJNir 
SIC.eTance','4l 
Garornneoy',eaux 
I"hineS.z 

G,:rnaN FI Per) 

10 7 11 1 
X 33 

97 99 
82 92 

11.0 
49 

101 
109 

12.0 
5.9 
99 
8.6 

116 
51. 
99 
8.9 

6.7 4.4 
X 102 

2.2 15 
X 4.1 

6.6 
66 
23 
4.8 

6.7 
4.1 
23 
30 

6.0 
4.9 
21 
36 

158 
X 

1.15 
X 

1 45 
4.18 
093 
1.58 

1.99 1.85 
535 52.1 
183 167 
2.92 294 

2.12 
518 
173 
262 

X 
X 
X 
X 

I 
X 
X 
X 

X 
X 
X 

047 

X 
X 
X 

020 

X 
X 
X 

023 
Rhnemrnman 

ILl 

Nwheilards 
I.

1 
se.ze,,t 

Meue-E,sden 
&heur.Maaslurs 
Ipj-:(zmpon 

;r 

56 65 
x x 

86 94 
98 95 
X 71 

6.7 6.7 

6.-4 
x 

100 
98 
8.1 
8.1 

91 

x 

9.7 
8.7 
8.7 
8.2 

9.0 
X 

9.8 
9.1 
8.5 
8.4 

6.1 
X 

6.2 
4.1 
X 

5.7 

69 
7.3 

4.2 
37 
33 
6.3 

3.6 35 

7.3 x 

2.3 20 
2.8 2.8 
2.2 1.5 
3.9 23 

36 

7.2 

23 
2.8 
1.9 
2.7 

182 3.12 

x 135 

307 369 
2.45 251 

X 337 
2.76 3.46 

380 

135 

372 
278 
384 
4.27 

368 

x 

370 
271 
380 
433 

367 

x 

362 
268 
371 
413 

0.52 075 048 059 051 

X 023 023 X x 

041 057 050 042 042 
0.43 073 058 05.3 050 
X 056 065 056 053 

0.43 062 063 057 057 
Skr:nsva X X X 30 X 2.5 3.5 X X X 035 035 034 0.34 X 001 001 001 001 

Po~ig,11
teI, 90 x 90 X X 1.6 X 2.5 X X 0.52 X 5.60 X X X X 200 X X 
Guadalazar X X X x x X 123 11.8 X 8.2 X 754 960 X 005 X 081 086 X 043 

IrslCl XC Xx X I X IX X 012 0.11 0.14 012 012 002 002 002 002 002 
Rh,)Vliaoe 
Aare Dug0
L,rnmalBadon 
RhonePortdu Scoau 

Unti,. Kngdcn
Th3mrj 
Sevur 
ClXe 
MICy 
na 

116 112 103 10.2 
X 102 102 X 
x X 91 x 
X 107 109 A 

x 108 99 90 
X 105 103 11.5 
I 7.7 9.4 04 
X 51 6.1 6.1 

96 91 92 X 

10.4 
10.4 
X 

110 

9.9 
107 
85 
6.1 
95 

X 
X 
X 
X 

X 
X 
X 
X 

34 

X 
X 
X 
x 

42 
39 
73 
86 
25 

X 
x 
X 
x 

I 
x 

56 
X 

3.5 

X 
X 
X 
X 

X 
X 
X 
I 
X 

x 
x 
X 
X 

40 
32 

-.5.3 
X 

37 

X X 1.39 143 
X 132 1.43 1.38 
X X 091 097 
X 049 0.52 051 

X 6.50 6.89 7.10 
X 552 580 545 
X 266 185 2.15 
X 1.84 229 2.19 
X 1.70 5.80 X 

1.39 
1.33 
092 
0.46 

699 
564 
194 
219 
2.50 

b 
b 
t. 

X 007 0.17 0.13 
X 0.23 011 009 
X X 013 010 
X 0.12 010 0.10 

X 107 116 x 
X 075 054 X 
X 069 050 X 
X X X X 
X X x X 

016 
044 
012 
0.10 

1.11. 
058 
048 
X 
X 

88 74 101 x 10.0 3.4 2.6 3.1 X 3.1 4.60 5.20 7.70 X 6.73 X X X X X 
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Lead Cadrolumv Cht1'unl Cobn,
(mleronamG per Iltv)_ 

) 
Thru ylav TlvcoThreYy¢al-M %5rj veo Data VcraYofit V~1a of Datb of D0t11775 != 3Q3(er.a 1,170%675 1050 W0 1070 1075 3 1013(eme 10 tJ 101751110 10V3 jwweriqle) 

CmnadaSt Lawronoe X X 100 300 1.33 1 X 100 1.60 1.00 0.00 000Madae,okm 1000 500 400 300 )X X X 0.01 001 14001700 13673.67 X 1.00 1.00 1.00 1.00 cFraser 1000 200 X X 
X 001 1 X X 10.00 7.00 2.0014.00 933X X X x 1 XNelson X 400 X x X )X X 1000400 1X X XUnitediSwes 

4r00 7.00 5.00 X 1.00 1.00 1.00 1.00 1 x X X x X 4.00 5.00 1600 7.67 
C.dav.re-Tromo X 600 200 X 200 %, 2.00 350 X 2.75 d X 27.5010.00 X 1000 dMwessmpp .S Franrc X 200 X2000 350 X 3.50200 X 2.33 X 2.00 2.00 X 200 d X 7.801000 X 9.77 d X 40 630 X 6.10JapanIs'lkan 21000 1.0 500 X 8.00 X X X XYodo X 1.00 000 X 0.00 X X 

Xx X X X X1 35.00 3,G80 300 367X X X d X X X X X d X 0.00.00 X 6.67AustraliaBrisbane Estuary c X 5.70 530 500 5.10 c X 2.30 2.00 2.00 200 X X X20.00 1 X 9.70 560 500 520t'e Zealand
 
VWKhito 
 X 1000 X 1 1 x 1.0X x x 1 141000 xx 111.00 x 1 x 1Mrus-Ha. X 1.40 4.00 X 533 X 000 0.30 x 0'3 X 1.20 1.20 X 2.00Mxrvs,.L.nrye X 5.702000 X 1200 X 4.70 7.00 X 7.501 2.60 1.20 X 1.73Exaui.Blahnes X 11.00 1800 X 15.67 x 1.60 60 X 3.17 

X .4.60 2.70 Y 3.40 X 45011.30 X 12.23
X 12.60 &.80 X 12.73Escau Doof X2035025.00 X 38.00 X X 6.00 15,60 X 16.671.50 C0 X 573 X 15.6025.10 X 24.37 16 240 X 27.60D "atGuden,,a X X X X X x X 1o.00 1.00 4.00 7rkSkrinal X X Y, X X 
X X X x X X X X X xx X 1 1000 X X X X X X
Susaa X x X X XX X X X X X x X 1.00 X X X X X x X x 1 1 1Finlandbrvoyolj c X X 006 0.27 0.78 c X X 0.01 0.02 0.0,4 c X 1.00 3.00 0.52 2.17Kymiu c X X 0.28 X 2.00 2.60 1.70 1.63037 055 c X X 001 0.02 00, 1X X X 0.67 2.22 X x 1.40 1.50 1.63FranceLore-Nantes e X 1000 400 500 4.67 f X 1000 100 200 1.33 e X10.00 5.00 5.00 5.00Sene-Tancervle e o X 1.00 8.00 8.00 7.33X 2600 8001400 967 f X 100 1.00 1.00 133 X 12.W 13.003400Garonne-Borooaux e X 1000 500 600 567 f X 1000 1.00 300 1.67 

2067 X 520011.001700 1433
X 1000 3.00 X X X 100 600 3.00 4.33Rh,ne-scqz X 930 1250Germany, Frid Rep 

320 603 Y 1.00 080 2.W0 053 x 90 1&00 760 11.50 X(1130 1590 510 7,80
 
Rhine-Bmmen X 2400 700 .00 967 
 X 240 1.30 040 073 X 40.00 10.00 900 1133 X 2400 1600 1900t a d X 040 05 X 027 n X X 005 X 006 d X X 00 X x d 

1833 
X 060 005 X 091 

Netherlan'jlsMeu .e-N'zersveer X 1200 1203 600 700 X 090 1.50 040 053 - X 7.00 700 5.00 XMeuse.EOden X 17.002300 1200 1700 X 
500 900 12.00 700 633 

SctsucirMaaJuis X 1300 1100 2.00 4.33 
310 340 1.40 177 X 14.00 1000 P00 1167 X 1600 1100 800 900 

Ijs.tWIKampen X 1700 900 500 567 
X 100 090 050 067 x 1600 1900 6O 700 X 1500 1200 600 733X 140 1,30 040 070 X 2500 14.00 700 867 26.00 1600 900 700 767NcnwsySkcnse.va C X 1.00 100 X X c X 1.0 100 X X x X x X x X 400 1 1 1PortugalTejo C X X 5000 X X C X X 1000 X X C X 141000 X X X X x X XSpainGuadala iar X 2000 12.70 XSywen 12.00 X X X X X X X 1000 X 21.20 X X 2.70 X 7B3 

Dalalven X X X X X X X x X X X X "X X X X X 1700 1700 1600SwitzerlandRhneVItlago X 1.60 1.40 1.10 1.60 X 008 014 005 009 1X 1,30 2D0 070 170AareOnugg X 1.80 4.20 360 463X X X X X X X X X X X X X XLrmnrai.Baden X X X X X X X X X XX X X X X X 1 X X XRhore.Po'l du S.eaux X X x Xx338 2.13 268 X X X X X X X X X X X X 348 382 462Unrtod KingdomThames x4 X XX XSevc-r X X X X X 
x X X X 1 X X X X X X X XX X X X X X XX X X X X x X X XClyde X X X X X X X X X X X XMersey X X X X 

X X x X X X X XYu C~2av~3 X X X X X X X X X X X X X X X 
u,1. X 441 29.98 X 3373 X 021 600 X 636 X X XDrava X X X 139 11790 X 5327X X X X X X 1 1 X X 1X 1X X X 1 X 

SoCUIR: O0ranr z on for Economic Cooperation ari De.,ontnt 
0 zero or lisi tn roe-half the unit of Fnaseut.a X - not evartalbe- total Corcentaions b - orthoptosphale COn entrabons C - data reptesent upper limit (ectual everages are lowe);d - drso.ed co,-.rntratons, e - 1975 data repre.ilnl upper limit, I - data for 1975 and 1980 represent upper limit
For additonal information see Sources and Techncl Notes 
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Table 9 MAJOR RIVER BASINS
 
Av Q
AruWr 

ArI 
Suqtt-ld 

Counties 

Bastn Ara 
(1000 Gqamr 
kIre"t) 

L-arqth 
('RIometem) 

(cutkc 

p-e v e) 

(m,,o 
msls~mritori 
perya) 

Arraizon Boivw.Bra3,.Ecuado. Colombia. Peru. 7050 6280 3768 363 
Venleuela 

Zaire (Cor,io) Angoa. ConaJ. 
African Reputc 

Zaire. Came.oon Central 3691 4200 125. 65 

ML'!,spp,Missouri 

Paans 

United Sates, Canada 
Argentina. Daraguay Brazil. Bolvia 

3221 
3103 

6019 
4500 

556 
493 

365 
82 

Nfle 

Chang Joang (Yanigtze Kiang) 

Uganda Kenya, Lire Elhoroa. 
Tanzania Sudan. Egypt, R.anda Burundi 
China 

2849 

1807 

6671 

6300 

81 

6a8 

111 

501 

Nger 

Irnus 

B3rahrnaputra 

Cameroon. Gunea Benin Chad Ivory 
Coast. Nigeria Niger. Mal Burkna Faso 

Pakistan. Incia Afghanistan. China 

Bangladesh. India. China. Bnutan 

1502 

963 
935 

4160 

3180 
2900 

224 

443 
476 

5 

436 
726 

Orinoco Venezuela. Colrnba. Brazil 906 2736 538 87 

Mekong China. Tai,. Lio PDR.Dern Kampuchea. 
V.t Nam Burma 

811 4500 538 170 

Huang (Ye low) 

GaJnges 

Irravaddy 

China 
India. Banglades. Nepal,China. Bhutan 

Buraid China, Ind,S 

684 
489 
431 

5464 
2700 
2293 

104 

440 
443 

1600 
1455 
299 

Sources: US GeoidxTal Su e. Rand McNally. American Society of Agronrmy. Soil Science Society of America, The World Bank. 
For anonal tifornraon. se Source5 ard 

T
L,,rnIC31 Notes 

Table 9.4 FLOODS AND CYCLONES IN SELECTED COUNTRIES,1960--81 
VFtoodzi 

Number of Nm of 
Evente ocatliaEvens Doaithi 

2650 Philiprines 39 5650 
28 14700 Bangladesh 37 86200BItaz.t 2 

ndia India 26 24930Inoone'Aa 23 1200 
14 156017 39900 MexicoBangladesh 


13 160 Korea. Rep 10 700Onova 
13 1400 Madagascar 9 970Ptnl~ones 7 17012 190 ChinaAlgeria 
 7 510Merco 11 370 Hong Kong 

600 Mauritius 7 15 
Argentina 9 200 Burma 7 1350 

Kroa Rep 

Colomlbwa 10 

9 1950 Haiti 6 5800 
9 350 Vist Nam 6 7480Peru 

Vet Narn 9 350 French Caribbean 5 100 

Costa Rica 8 30 
Morocco 8 -0 

Burma 7 140 
Ecuado / 20 
La Peolpes 7 400 
Chia 6 1650 
Iran 6 350 

Mozambique 6 850 
Nepal 6 1500 
Pak stan 6 2100 
Panama 6 100 
Sn Lanka 6 100 

Torina 6 700 

cJth Africa 5 28J 
Tinzania 5 65 

Source: League of Red Cross and Red Crescent Societies US CI cc of Foreign Disaster Assistance 
ifiadditional information, sje Sources and tihnical Notes 
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Sources and Technicl Nems 

7"iba 9.1 Frehwater Ava'labilily by Raymond L. Nace (American Geophysical 

and Use, 1970s Union, 1979). 


Source: J.Forkasiewicz and J.Margat, Tablear,,"
I 9.2 Water Quality,Selected 
Mondial de Donnes Nanonales D~conamie 
de I'Eau, Ressources eiUlilLsotion (Deparle-
ment Hydrog&rlogie Orleans, France. 1980).The amount of water ,vailable to a conr 

depends on the amount of precipitation (ess 
evapotranspiration), and its distribution as 
runoff or groundwater storage. In this table, 
availability refers to stable streamflow or sta. 
ble runofl--.the base flow of rivers supplied by
groundwatr-and excludes flood waters and 
deep ground aquifers. It usually includes both 
internal and transit sources, 

These dat- are annual averages and do not 
indicate peak flows or drought periods. Data 
for :.,ma.l COLIntries and arid and semiarid 
zon.s aie ccnsidered less reliable than the 
data for laiger and wetter countries. flpula-
tion estimates for the same ycar as the "Year 
of Inform ition" were used to c.culate per 
capita aailability and withdrawalr, If no "Year 

Rivers, 1970-83 
Source: Ot-ganization for- E.conomic Co-
Scountryiato frEcnmi 
operation and Development (OECD), OECD 
Environmental Data Compendium 1985 
(OECD, Paris 1985), pp.54-59. 

The data in this table were collected Iron 
OECD member countries using questionnaires 
Counties were asked to submit data that 
could be used to assess trends in water 
quality in major river over the years 1970 to 
1983. For each river wasan attempt made to 
monitor the arribient concentration of a poll"-
t.lnlt (or the eflects of pollutants) at a rite at 
the mouth or tie doi'gntreaat frontier of the 
river. The OECD notes in the Compendium 
that these data should be used to compae 
trends within countries rather than between 
countries because monitoring meihods varyof Irlornctirin data wre to country. Data acceptable (oofchpoir.tion" data were availabe,avaiEbliotethe 1975197ntOCDfrom countrywerecompileiforh39rivers or rive 

population was used tocalculate per capita 

statistic for 1985 per capita availsbility data, 
see Part II, Chapter 8, "Freshwater,' Table 8.3. 

Water is withdrawn when it is taken from a 
surface or undergroundse source and coiveyedto heplceof
Wte i cosuedwhn 


to the place of uise. Water is consumed whzen 
it is no longer available for use because ithasbenlonemveaaiabe uplis ~' 
hts been removed from available supplies by

evaporation or transpiration, by use in agri-
culture or manufacturing, or for human con-
sumption. The amount of water withdrawn 
per person vas calculated by dividing the 
estimated total withdrawal by the total popu-
lation for that year. 

Water u.seis generally classified in four 
categories: public supplies (principally for use 
in homes and ccmmercial establishmens), 
agriculture (principally for use in irrigation), 
industry (selt-supplhed use), arid thermoelectric 
cooling (principally foruse in cooling fossil 
fuel and nuclear power plants) 

Because riot all countries use these cate. 
gories, the sectoral data are riot strictly com-
parable. Data were included in the table it 
statistics for tw Or iuore sectors were avail-
able froam Ihesource doc-ument. 

Omitted are instream uses of watr. such 
as hydroelectric pover generation, navigation, 
habitt forfish and otlher aquatic life, arid 
recreation. 

For additional info-mation on water 
resources, see NIl. Fvovich. 11brld Water 
Resources and Their Future QMysI' P.1. 
Moscow, 1974); English translation edited 

OECD were compiled for39 rivns (or river 

In few data 197(1, 


and 1980 may represent data for adjacent' 

segments)a incases shown for 1975,18 memLer counls;es. 

yearsAJI data for the \Vaikato River in New 
MIdt o.h aiaoRvri e 


Zealand
Data foraretheapproximate.Brisbane FEst'nay in Austrlr.ia 

Dtayfote Brbabe bejause inausure-

mtay not be comparable because measure-
ments were made b' different authorities. 
Data for 1972-75 are not comparable with 
those of later years because of different 
monitoring methods, 

Ibbe 9.3 Major River Bains 

Sources: River lengeland country listing: 
Rand Mc!ally, The Creat Geographic Atlas 
(Rand McNall; Chicago, New York, San Fran-
cisco, 1982) Basin area and annual discharge: 
U.S Geological Survey (USGS), Water Qual-
rnd Availability (vUSGSWashington, unpub-
lishcd manuscript, December 1983). Sus-
pended load for Chang Jiang, Indus, and 
Paran, rivers: Alfredo Sfeir-Younis, Soil Conser-
vaton rnLlewloping Countries (The World 
Bank, Washington, unpublished manus;cript, 
1985). Suspended load for all other rivers: SA. 
L-Swaify arid EW Dangler. "Rainfall Erosion 
in ;he Tropics: A State-of-the-Art:' in Soil Erm-
sion arid Conservation ilrthe Tropics (Ameri-
can Society of Agronomy and Soil Science 
Society of America, Madison, Wisconsin, 
1982). 

Rivers were chosen o:nthe basis of basin 
area size. Omitted were those with relatively 
little human impact (Amur, USSR; O.,USSR, 
Yenisy, USSR; Yukon, United States; Nelson, 
Canada), or for which comparable data were 
not available. 

River length refers to the longest branch ofhfventecaiy leeni ote

the river, not necessarily the length of the 
main sLeam. 
Both Et-Svaify and Sfeir-Younis base their 

sediment analyses on data from J.N. Holeman, 
"'he Sediment Yield of Major Rivers of the 
Wor!d:' Water Resources Research (Soil Con
servation Service, Washington, Dl:., 1968). 
Both analysts have modified Holeman's data 
exlensive!y. Many of tMe original data were 
derived from brief periods of sed:nent sam. 
pling during the 193s, 1940s, and 1950s. 

Tbla 9.4 Floods and Cyeiones
 

in Selected Countries, 19O- 1 
Sourv.: Gunnar Hlagman, el(l., ce-rruion 

etter Than Cure, Report on Jurn andEnvironmental saste s ri the hird Worad 

(The Swedish Red Cross, Stockholm, 1984).
 
flood and cyclone disastes, corn

piled by the League of Red Cross and Red 
Crescent Societies rnd the U.S Department of 

(taDataS onihf endcoss sthl, 198c)nare 

Srece oreign Dnd ssistaete
State, Office of Foreign Disaster Assistance 
(OFDA). 
The League nmaintainsT(ODagi a List of Major Ap

peals and Relief
Actions that include events

that were subject to major Red Cross or Red 

Crescent actions from 1919 to the present.
 
The records include information about the
 
date and location of the disaster, and the
 
amount of aid donated for relief. The Leaqie
 
recorded 389 disasters from 196(0 to 1981. 

The OFDA maintains a Disaster History List 
that provides :aformation on: tire date, loca
lion, and type of event; the number of per
sons killed, affected, injured, and hon-eless; 
and, for some events, damage estimates in 
U.S. dollars. Using records dating back to 
19(10, the OFDA has recorded over 1,622 dis
astersthrough 1981. Because there are wide 
discrepencies in the data prior to 1960, only 
1960-81 data are used. Data for the developed 
countries are riot indcded. 

Tire League arid OFDA have comparable 
records of 227 disaster events from 1960 to 
198). Both sources also have listings of many 
additional events that are not comparable: 
these are excluded from this table. 

Only those countries that suffered five or 
more disasters during 1961-81 are listed in the 
table. Tire data are believed to underrepresent 
Africa. 
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The tables in this section provide information on national
claims to coastal resources, fish catch, tropical coastal resources, and marine pollution,

Table 10.1 presents information on the length of coast-lines, jurisdictional claims to coastal waters, and annual
marine fish catch by country. Three types of jurisdictional
claims are covered: territorial seas, Ecclusive EconomicZones (E.EZs), and continental shelves. Territorial seas areareas claimed by a country as sovereign territory. EEZarid continental shelf claims are economic in nature-
claims to living a:d non-living resources. The pastyears-since the 'rhird U.N. Conference on the Law 

1I 
of theSea began in 1974--have seen a remarkable transition incontrol over coastal resources as more than 50 countries

have established EEs. A significant part of the coastal seas, once a global commons, has come. under the
authority of nation sates in this short time.

Marine fish harvest;, also shown in Table 10.1, include
national totals averaged over a two-year period. These to-tals include fish caught by ina country's fleet anywhere
the world. .apan, for example, took 45 percent of its
1982 catch from the nearby Northwest Pacific fishery andthe remainder from 16 of the other 17 marine fishery
areas around the world. 


Harvests from 
most of the world's marine fisheries,
shown in Table 10.2, have changed in the last decade.The catch from the thee Antarctic fisheries has increased
markedly although it remains small in absolute terms.

The harvest from the Northwest Pacific fishery, source 
of30 percent of the world's marine catch, grew by 24 per-cent, with most of the growth coming from increased 

harvests of herring, sardines, anchovies, and related spe-
cies. The second largest fishery, the Northeast Atlantic,

experienced little change. 


The U.N. 
 Food and Agriculture Organization (fAO) corn-
piles fishery statistics in) cooperation with regional fishery 

commissions and national 
 governments. Several problems,however, namper the collection and analysis of these
data. First, the diversity of species within a fishery makesclassification of the catch by species group difficult, espe-cially for tropical fisheries. As a result, a large fraction ofthe catch is labeled "miscellaneous:' which prevents ma-rine scientists from assessing the sustainable yield of aparticular species or fishery. Second, it is believed thatthe overall quality of the data has declined over the p.,ist
10-15 years. In the 1960s, regional fishery commissions _ 

%,IM 

played an active role in collecting and checking data,
while the FAO performed the same functions at theglobal level. As more fishery areas came under nationaljurisdiction, the influence of regional fishery commissions
declined, but without a commensurate strengthening

of national fishery offices. At the same 
time, FAO's fish
e!i7 statistics staff was cut.

Management agreements also affeLl data collection.
Catch quotas can be an incentive for underreporting atthe local level and at the national level when several na
tions share a managed fishery

The latest information available on the extent and

length of three important coastal resources--mangrove

forests, coral reefs, and scagrass be°ds--is presented in Table 10.3. Found princip.lly in the tropics, these salttolerant ecosystems provide valuable goods and services:
they stabilize coastlines, dissipate wave enery, buffer -alinity changes in coastal waters, retain sedirnents and
nutrients, and support fisheries and tourism.

Data for Table 10.3 are preliminary estimates gatheredfrom recent assessments, maps, and a questionnaire sentto country and regional experts. Because there has beenno systematic monitoring of tropical coastal resources, thedata base required to fully analyze trends in the extent,use, and condition of these resources does not exist.A nuirber of kinds of pollution can seriously damagerenewable coastal resources and threaten the health of
residents, visitors, and all who eat marine organisms.

These pollutants include sediments, heavy metals, organochlorine compounds, petroleum hydrocarbons, sew- age, and radioactive and other industrial, agricultural, and 
domestic effluents. 
. Each type of pollution tends to have a distinct effect 
on different ecosystems. Oil spills, for example, can serously'degrade beaches and harm waterfowl; sedimentation arid organic wastes are particularly harmful 
 to coral
 
reefs.
 

Time series data 
on one of tiese pollutants, petroleum

from tanker spills, are provided in Table 10.4.


The amount of oil spilled into the oceans during theearly 1980s is substantially less than that spilled "i thelate 1970s. However, one large acciden' can distort theyear-to-year trends. For example, in 1983, the Castello deBelver, a Spanish tanker, spilled 255,525 metric tons ofpetroleum off the coast of South Africa-two thirds of all 
the oil spilled that year. 
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Table 1O.1 COASTAL AREAS AND RESOURCES, 1972-83 
L 

Martame Zoziee(nud,J.. mit Lara-.t _ 
AV-,agWnJ 

,___________, 

Coaatinm 
(kgxom,.i,) 

M~ ~Exgkte
Taert(W EconomL 

Sel Zoeia 
Contmirftl 

Shef 

19t2-&3 
(thouiziand 

metrc kot) 

charxm 
OID' 

1-Yt2-73 

WORLD 

AFRICA 

Algera 
Ar.qjoa 
P[mrnn 
B,)iu-ana 
Burkina Faso 

1183 
1600 
121 

0 
0 

12 
20 

200 
NA 
NA 

X 
X 
X 

NA 
NA 

X 
200 

X 
NA 
NA 

67 
104 

4 
0 
0 

126 
-81 
-60 
NA 
NA 

Auvurndi 
Camerfcmx 
Ca .,Verde 
C.rlral Alrcari Rep 
Chad 

0 
402 
965 

0 
0 

NA 
50 
12 

NA 
NA 

NA 
X 

200 
NA 
NA 

NA 
X 
X 

NA 
NA 

0 
42 
12 
0 
0 

NA 
141 
92 

NA 
NA 

Cc,noros 
Congo 
O,,bout 
E-gypl
Ejuatoral Guinea 
E!opa
Gabon 
Gambia 
Ghana 
Gu,rea 

340 
169 
314 

2450 
296 

1094 
885 

80 
539 
346 

12 
200 

12 
12 
12 
12 

100 
12 

200 
12 

200 
X 

200 
X 

200 
X 
X 
X 
X 

200 

X 
X 
X 

2(Xtm/EXP
X 
X 
X 
X 

I0of 
X 

4 
19 
0 

25 
3 
0 

50 
8 

192 
17 

33 
22 

184 
-25 
-38 
-93 

101 
6 

-11 
121 

GuineaBissau 
Ivor Coast 
Ken-ya 
Lesotho 
Lberia 

274 
515 
536 

0 
579 

12 
12 
12 

NA 
200 

200 
200 
200 
NA 

X 

X 
200 

200m/EXP 
NA 

X 

3 
78 

7 
0 

10 

93 
16 
15 

NA 
87 

Lb'ya 
Madagascar 
Maiaw 
Mall 
Mauritania 

1770 
4828 

0 
0 

754 

12 
12 

NA 
NA 
70 

X 
200 
NA 
NA 
200 

X 
150 
NA 
NA 

200/CM 

7 
11 

0 
G 

45 

182 
-25 
NA 
NA 
.47 

Maurtius 
MorCco 
Moambque 
Ngr 
Nigeria 

177 
1835 
2470 

0 
853 

12 
12 
12 

NA 
30 

200 
200 
200 
NA 

200 

200/CM 
X 
X 

NA 
200rn/EXD 

10 
400 

26 
0 

357 

47 
25 

204 
NA 
56 

Rwanda 
SenegaJ 
Serra Loone 
Sor iia 
South AIca 

0 
531 
402 

3025 
2881 

NA 
12 

200 
200 

12 

NA 
200 

X 
X 
X 

NA 
200/CM 

200mrEXP 
X 

200tnlEXP 

0 
213 

V 
15 

611 

NA 
-19 
-37 

99 
-5 

Sudan 
Swaziland 
TEirzania. United Rep 
Togo
Uniea 

853 
0 

1424 
56 

1143 

12 
NA 
50 
30 
12 

X 
NA 

X 
200 

X 

20"nVEXP 
NA 

X 
X 
X 

3 
0 

30 
12 
65 

525 
NA 
12 
61 

119 

Liganda 
Zaire 
Zambia 
Zmbabe 

0 
37 

0 
0 

NA 
12 

NA 
NA 

NA 
X 

NA 
NA 

NA 
X 

NA 
NA 

0 
1 
0 
0 

NA 
-93 
NA 
NA 

WITH A?, A .. 

DaradO)a 
Caada 
Costa Rica 
Cuba 
Doirican R., 

97 
90908 

1290 
3735 
1288 

12 
12 
12 
12 
6 

200 
X 

200 
200 
200 

X 
200m/EXP 
200rV/EXP 

X 
200/CM 

5 
1316 

10 
183 

11 

104 
22 

-3 
27 
70 

El Salvador 
Guatzmala 
Hah 
Honduras 
Jamaica 

307 
400 

1771 
820 

1022 

200 
12 
12 
12 
12 

X 
20 
200 
200 

X 

X 
200fr'EXP 
200m/EXP 
200in/EXP
200m/EXP 

10 
4 
4 
7 
8 

-6 
21 
19 
51 

-15 

Mexico 
Nicaragua 
Panama 
Tindad .r TobaOo 
United States 

9330 
910 

24W0 
362 

19924 

12 
200 
200 

12 
3 

200 
X 
X 
X 

200 

200mEXP 
X 
X 

200m'EXP 
200mlEXP 

1180 
4 

139 
4 

3F91 

178 
-59 

79 
16 
48 

SOUTH AWP,__RI_A 

Argentira 
sodiwi 
Brazil 
Chle 
CccAnb,ia 

4989 
0 

7491 
6435 
2414 

200 
NA 
200 

3 
12 

X 
NA 

X 
X 

200 

200m/EXP 
NA 
X 

350 
200miEXP 

431 
0 

634 
3825 

17 

79 
NA 
11 

423 
-42 

Ecuador 
Guyana 
Paraguay
Peru 
Surname 

2237 
459 

0 
2414 
388 

200 
12 

NA 
X 

12 

X 
X 

NA 

200 

200m 
200/CM

NA 
200 

X 

481 
26 
0 

2465 
3 

267 
42 

NA 
-30 
-18 

Urugucy 
Venezuela 

660 
2800 

200 
12 

X 
200 

200njEXP 
200/VEXP 

131 
202 

590 
35 
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______ 

rTable 1 1
 

_ _ _ti Zone_ tn%) 1072-7 
NAilhr~lnf%1 .. ,111 catch N 

0 NA anNA NA 0 NA 
Burma 3060 12 200 2001CM 447 34China 14500 12 X X 1369 22 
Cypnils 648 12 X 200mjEXP 2 23
India 7000 200Indonesa 54716 1212 200, 2001C X 1501 381538 79 

tran 3180 12 X X 33 95 
Iraq 58 12 X X 9 149 
Israel 273 6Japan 13685 12 XX 200mlEXP 10 - 24X 10789 11
Jordan 26 3 X X 0 -82
Kampuchea. Dam 443 12 200 200m/EXP 5 -67 
Korea, Dam Peoples Rep 2495 X 200 X 1488 79
Krea, Rep 2413 12 X X 2295 72
Kuwait 499 12 X X 4 -6 
Lao People's Dern Rep 0Lbanon 225 NA6 NA NA 0 NAX X 1 -36 
Mala 2068 12 X 2000 696 75 
Mongolia 0 NA NA NA 0 NA
Nepal 0Oman 2092 NA12 NA200 NA 0 NAX 99 -45 
Pashan 1046 12 200 200/CM 281 42
 
P lomes 22540 X 200 EXP 1265 19
Qatar 563 3 X X 2 6
Saud Arabia 2510 12 X X 26 5 
Singapore 193 3 XSrLanka 1340 12 2001CMX 19 16200 186 99 
Syian Arab R p 193 35 XX 1 3
Thailand 3219 1? X 200mEXP 2043 32
Turkey 7200 6 X X 498 20 
UnitedViet NamArab Emlrales 1448 3 X X 72 673444 12 200 200/CM 473 -43 
Yemen 523 12 X X 13 36
Yeme - 1343 12 200 200/CM 72 156 

IEURmOPE
 
Albania 418 15 
 X 200m/EXP 4 0 
Austria 0 NA NABelgium 64 NA3 X X 480 NA-14
BulgaiNa 354 12 X 200/EXP 10 4 
CzechosJovak,a 0 NANA NA 0 N ADenmark 3379 3 X 201 1871 30 
FinlandFrance 34271126 4 X 200m/EXP 118 5612 200 200CMEXP 765 -3 
German Derm Rep 901 X3 200m/EXP 218 - 35
Germany, Fed Rep 1488 3 X 200mlEXP 287 -34Greece 13676 6 X 200m/EXP 89 1
Hungary 0 NA NA NA 0 NA
Ireland 148 3 X X 208 128
Italy 4996 12 X 200m/EXP 437 10
Luxemourg 0 NA NA NA 0 NA 
Malta 140 12 X 200m/EXP 1 -22
Nethrlands 451 12 X 200m/EXP 500 46
Norway 3419 4 200 200m/EXP 2642 -12
Pand 491 12 X 200m/EXP 643 19
Pormal 860 12 200 200m/EXP 250 -46 
Romania 225 12 X 200mEXP 184 2291
Spain 4964 12 200 20m/EXP 1286 -t16
Sweden 3218 12 X 200m/EXP 253 17
Swzerand 0 NA NA NA 0 NA
Unted Kingdom 12429 3 X 200"/EXP 871 -21
Yugosa a 1521 X
12 200m/EXf 47 53 

USSn 46670 12 200 200m/EXP 9057 24 

OCEJAW.
 
Australa 25760 3 X 
 200m/EKP 168 40
Fin 1129 12 200 200m/EXP 26 45

New Zealand 15134 12 200 20/C 130 110
Paua New Gunea 5152 12 X 2Om/EXP 1 -96
Solomon Islands 5,313 12 200 X 40 400 

ANI RCTCA
 

Sources: U S Department of State. U N Law of the Sea Secretariat: U N Food and Agricullure 01,1 nization
 
0 - zero or less than one-hall the unA of measure, X - no claim made or inlormation not available. N~ not applicable, m - meters ol ae (dlepth), f - fathom (183 meters),
CMS edge of continental mar200 EXP - lmits of expitable resources 
For additional information, see Sources and Technical Notes 
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e IOU MARINE FISHERY PRODUCTION BY SPECIES GIROUP
 
1972-3
 

Ain 
Ls"z, 

(IthwYmrl Shltrz u Caf? 
tnotro€ tone'; (pi :v ;n ) 

- - -- - --

Cc,Ici 
1392-13 

O .at ' 197'2-'3 

*AvmArn!uk-
a ath 

(thcu crnd 
rni tr C ton ) 

sh- of Catch 
( ,p-acun) -

Chsnia in 

1982-3 
ov r 

l1'72-? 

Total c37cit 5753 7 .2 17 

Total uO!01 
Ccds, h a-_. ddoCs 
Hetrnrtgs. scattn, arovo..;
Ali otersef-

433,o 
1461 
152 

2032 

2755 
921 
407 

1337 

100 

13 
47 

IN 
-3'1 
18 
49 

-37 
-37 
-862 
-36 

Total catch 
MI~srln,ot'us mwlrx 6ShoM 

er sas.s. notss 
Hernnr.s. s.rnes. arthow.c 
All others 

848 
462 

8 
69 

231 

1716 
794 
159 
167 
596 

100 
54 
10 
8 

27 

100 
46 

9 
10 
35 

102 
72 
84 

142 
159 

Tlot4Jcatch 
Cods hakes, mactdccks 
Jack-, mullts, Skautes 
A! Cthe:2 

1099 
4001 
2154 
4836 

10 46 
3765 
23-40 
4132 

10'3 
2,3 
20 
44 

100 
35 
21 
44 

0 
-5 
9 
0 

l1imn Ct-c ,1.1weisin 
TcIPj catch 

oA..df,&ha&ba.ss, ogera 
Miscellaneous tmarna hrsht 

(3 
58 
5 

145 
30 
0 

100 
D3 

7 

100 
21 
0 

130 
-48 
-96 

Kni. p uanmtt'sc"csle-rt 0 114 0 79 NM 
roltj calch 1439 2212 100 100 54 All otfx- 0 0 0 0 NM 
Hern>s. sardines. ar.cfove,3 625 1039 43 47 E6 
flJfrshes. basuij.. cOr, 
Oirtrus 
A;l trh-s 
-'-~ tta --r-n C-¢-.--,1-

;00 
151 
4E3 

154 
226 
791 

14 
10 
32 

7 
10 
36 

-23 
51 
71 

Total c.zth 
Mscelarsous manno fis 
Cods. hake. haddocks 
Hemrnngs. ssrdnf;-, arnhox-rr 

16785 
5273 
5471 
11343 

20770 
4124 
3824 
4737 

100 
31 
21 

7 

100 
20 
18 
23 

24 
-22 

10 
318 

T,,J catch 3283 3189 100 10O -3 ./V oiher_ 6"07 80M5 41 39 17 
H e-rmos sardarco arvsyaoo
71r-1,nulets sauri:c 
A17cthrS 

1030 
651 

1575 

156 
577 

1757 

32 
?3 
48 

27 
18 
55 

-19 
-11 

12 

VD0lfiv, VNCt'(m1ci~1 
Total catch 
CoS, hake. haddocks 

2338 
125,9 

2326 
1341 

100 
54 

100 
58 

-1 
7 

"f. t;,* M .m tU,,a &,;)iJ hA!
6 

j 
tcA cac!h I I0 1C85MS I 

0 
100 62 

Redfishz., baw . -, congers,Smons, bouts unrsls 
All o t s 

269
184 
3 

142
351 
42 

12
8 

27 
6

15 
2 

-47
90 

2 
Hernr3,sardines aitchowvo 502 957 43 51 21 All oth.ers 6_2 492 27 21 -22 
M"Ec.-anecUs manr, fishe.; 
Jacka-. n'cisi aut-. 
A); oh-, 

127 
97 

434 

144 
165, 
619 

11 
8 

37 

8 
9 

33 

13 
70 
43 

i m,A5a52(4 CCtaM'aI 
T0t catch 
Mitellararts sain'a rhSh';r 

4322 
20"41 

599M 
1608 

100 
42 

100 
27 

23 
-21 

A~tt--nl., - =-----..-Jazts. mutll.s, sun-as I51 700 11 12 27 
Trlal catch 
ll-ng'; srdn-S anvhmic 
Rol,-h-s. ba's, co, DyS 
Coo hake, hacx0 ,o-
Adlc4hus 

175 
218 
192 
162 
304 

1,587 
245 
26,3 
567 
512 

100 
25 
22 
13 
35 

100 
15 
17 
36 
32 

81 
3 

37 
251 
69 

Tunas. bonitos. t.!N;shD3 
All otn rS,. 
Pa2(o, i;.-n C 
Tol. calrd, 
Tu.-ac, (1tzros, b1;ffhc-, 

449 
18' 0 

125 
3'2 

910 
2778 

1992 
364 

- 9 
36 

100 
27 

15 
46 

100 
18 

103 
50 

59 
8 

A- .ii, Souil(ri, sairol... an:hi sne 301 962 24 49 226 
Total catcn 3087 2354 100 100 -24 Al otiaefo 615 646 49 32 5 
Cots hakc' hz'-cdock;t 
I-errn, sard'rits, arehowt-" 
Jacks, rnulils. starle;-
Alt o(he s 
At -ln-l-,Antarcl,-

1014 
1170 
449 
44C 

462 
728 
783 
3130 

33 
39 
15 
11 

20 
31 
33 
16 

-54 
-38 

74 
.! 

Pt.1?ltt, 0t2s,,cd 
Total cOCrI-t; 
Tunas, LMO;tos. Lti!l:nca 
Rcdfi1,.;, ba!.,s. cones-s 
Squids. cuttlelichos, ';iOpus.s 

73 
52 

8 

283 
41 

119 
74 

100 
26 
19 
3 

10,3 
15 
42 
26 

0 
.44 
126 
645 

TotlJ catch I 384 t00 100 264-03 All othots 150 49 53 17 -67 
Re',ofts. ba-'se. 
Knll pih tsoC 
All others 

cory.ra 
VtuataerJ 

1 
0 
0 

114 
254 

16 

100 
0 
0 

30 
6 

4 

7763 
NM 
NM 

tl'.,'c-S 
"t01s catch 
HorZn 0s so1tdin:i, N.94 

43,32 
3532 

7032 
4597 

100 
82 

103 
6.5 

62 
30 

Indian -covii, Wots-
Total catcn 
Mscelianous manna fis". 

1827 
457 

2108 
231 

100 
25 

100 
11 

15 
-49 

Jack, mnuTrIl-,sauno3 
Al! oth¢TrS 
P A-:o2fT,A'c.rcuc 

145 
655 

1951 
484 

3 
15 

28 
7 

1246 
-26 

H"nngs. .irdnel, anchov ca 
Redfisnes, ba zs. cornData 
All othcs 

3.4 
271 
786 

440 
447 
9.30 

17 
16 
r3 

21 
21 
47 

40 
65 
26 

Totaj catch 
Knit,1Oan.-ontc crustsceans 
All cheis 

0 
0 
0 

9 
9 
0 

NM 
NM 
NM 

100 
99 

1 

NM 
NM 
NM 

Sourco: U N Food ar, Agrctjturo O(garzzat.n, 
0 - zero or less than ono-haf the un'i of r', .:jre; NM - nrcl msav'rr-L(.
FO, st o rv.-" it n,,O. vn Sourc a,. echrackdNo(e. 
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Djboti3w4 pap XPP Arta P P P 

AFM1CA 

AngAla 
Boia 
Cameroon 
Comoos 
Congo 
Djibouti" 
Egypt (Rod Sea. Gulls 

cfAqaba and Suez)l
Equatorial Guinea 
Elhiopa 
Gabon 
Gambia 
Ghana 
Guinea 
Gu nae.Bissau 
Ivory Coast 
Konya 
Liberia 
Madagr.9car 
Mauntarva 
Maur,iusb 

R.lriguas IsJandc 
Mozambique 
Namiba 
Ni"eria 

Reunion 
Sao lome 
Senegal 
Seychellesb 
Sierra Leone 

Somalia 
South Alica 
Sudan 
Tanzaniall 
logo 
Zaire 

1500 
121 

402 
310 
19 
314 

19 
104P 
8,35 

80 
&19
346 
274 
515 

536 
57T) 

4828 
754 
217 
40 

2470 
1489 
853 
201 
209 
531 
491 
402 

3025 
2881 
853 
922 

56 
37 

500 
X 

2520 
P 
3 
P 

xx 

2500 
650 

<
2600 
2430 

X 
587 
400 

3207 
3 
P 
X 

850 
X 

93 30 
x 
X 

4400 
P 

1000 

P 
11 
P 

960 
x 

200 

P 
x3 

125 
P 
X 
p 

P 

P-
P 
P 
3<X
P 
P 
X 
P 

50 
1150 

X 
P 
X 

1194 
X 
P 
X 
X 

40 
P 

P 

P 
P 
P 
P 
X 
P 

-

31 
X 

X 

Xv 

3< 
x 
< 

X 
X 
X 
x 
9 

24 
X 
X 
X 

48 
X 
X 
X 
X 
0 
x 
X 

X 
x 
X 
X 
X 
X 

0 
0 
0 
P 
0 
P 

P 
0 
3< 
0
0 
0 
0 
P 
0 
P 
X 
P 
x 
P 
0 
0 
0 
0 
X 
P 
0 

P 
P 
P 
P 
0 
0 

0 
0 
P 
0 
P 

P 

P 
0 
3< 
0
0 
0 
0 
P 
0 
P 
X 
P 
X 
P 
0 

0 
0 
0 
X 
P 
0 

P 
P 
P 
P 
0 
0 

0 
0 
0 
X 
0 
x 

x 
00 

3< 
0 
3 
0
0 
0 
0 
3 
0 
X 
X 
x3 
X 
X 
0 
0 
0 
0 
X 
x 
0 

X 
X-
X 
X 
0 
0 

0 
0 
P 
0 _0 
ppx 

P 
o 
0 
0
0 
0 
0 
P 
0 
P 
0 

3f273 
200 

2500 
0 
0 
P 
P 
0 

2YJ93 
0 

P 
P 
P 

2183 
0 
0 

10 
0 
0 

340 

1100 

321 
06 
0 
0
0 
0 
0 

400 
0 
P 
0 

210 
60 

P 
0 
0 
p 
P 
0 

245 
0 

P 
P 

963 
750 

0 
0 

80 
0 
0 

100 
0 

8 

29 
0 
0 

0 
0 
0 

75 
0 
X 
3 

97 
150 

X 
0 
0 
X 
X 
0 

50 
0 

X 
X 

113 
81 
0 
0 

Bahamas 
Belize' 
Bermuda 
Brazil 
Caymans 
Colombia' 
Costa Rica' 
Cuba 
Dominican Republic
Ecuadn 
El Sal-ador 
French Guiana 
Guatemala 
Guyana 
Haiti 

Hondurasat
Jamaicad 
Lesser Anlillesh 
Mqxico
Hethviands Antilles' 
Nicaraguaa 1 
Panama' 9 
Peru 
Pierto Rico 
Suriname 
Trinicad and Tobago
Turks and Caicos 
US Gulf Stales 
Venezuela' 

3542 
386 
103 

7491 
X 

2414 
1290 
3735 
1288 
2237 
307 
378 
400 
459 
1771 

820
1022 
2138 

10000 
364 
910 

2490 
2414 
498 
386 
583 
351 

4800 
2300 

2400 
X 

25000 
P 

4400 
390 

4000 
90 

2158 
450 
55 

500 
1500 
180 

3000
70 

378 
6600 

5 
600 

4860 
280 
65 

1150 
81 
P 

2050 
u-736 

P 
3FJ 

X3 
P 
P 
p

210 
P 
P 
P 

100 
P 

100 
P 
P 

435
P 

212 
P 

22 
700 
880 

P 
P 
P 

63 
F 
P 

1102 

100 

x 
X 
X 
1 
x 
x 
3X 

3 3 
X 

25 
X 
X 

53
X 

10 
X 
6 

77 
35 
X 
X 
x 

11 
X 
X 

39 

3-486 
650 

. 
P 
P 

27327 
2,457 

42752 
3726 

P 
P 
P 

3312 
P 
P 

22362
327 
505 

P 
36 

28129 
9000 

X 
828 

P 
414 

P 
28393 
2542 

1638 
386 

P 
P 

1001 
136 

1002 
273 

P 
P 

P 
182 

P 
P 

546
273 
255 

1000 
53 

636 
500 

X 
91 
P 

46 
P 

2500 
289 

46 
100 

3x 
x 
x 

41 
11 

29 
21 
x 
X 
X 

46 
X 
X 

67
27 
12 
10 
14 
70 
20 
x 

18 
X 
8 
X 

52 
10 

P 
P 
P 
P 
P 
P 
6 
P 
P 
P 
0 
0 
0 
0 
P 

P
P 
P 
P 
P 
P 
P 
0 
P 
0 

13 
P 
P 
P 

1727 
474 

P 
P 
P 

500 
25 

1046 
455 
P 

0 
0 
0 
0 

182 

364
442 
796 
820 
172 

455 
320 

0 
182 

0 
22 
P 

866 
227 

49 
123 

X 
X 
X 

21 
0.2 
28 
35 
X 
0 
0 
0 
0 

10 

44
43 
37 
8 

47 
50 
13 
0 

36 
0 
4 
X 

18 
8 

(coninued on next page.) 
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1.4ingth zz Langth sa Length *.o 
ToLAt A=~ FPrccsiibv Ansa Purcenup,~ Atea Flontsf~ 

Ce11ins (,irqua- LHgh of fowl (4quram, Lojnh of TotA (Lquar Larngl'j of Total 
tioinler) hiwrir'tore kt.ruas Zoalm omt) (kllofr~.ers) Coamilliqo toralio) (kirolutser) CoziatlLq) 

Andanan and Nicobar Ilands 500 100 300 60 P P X P 325 65 
iahiaen 161 P P X P P X P P X 
an jl.desh 580 4050 P X P P x 0 0 0 
R 161 70 P x P P X 0 0 0 

BjIra 3060 5171 P X P P X P P x 

Chagos Archipelago 
Cra 

a 
14500 

X 
670 

X 
P 

X 
X 

P 
P 

P 
P 

x P 
P 

P 
P 

x 
X 

Hor,qKong 733 x P X P P X 0 0 0 
IndiaPeninsular) 6000 3565 380 63 P P x P 420 7 
Inaone-ja iO00 36000 9696 12 P P X P 175riX 22 

Iran' 3180 X X X P P X P P X 
Iraq 59 X X X P P X 0 0 0 
lsral4 (Gulf of Aqaba) 10 X X X X X X P 9 90 
Japan Nanse Shoto 1500 X X X P P x P 1200 80 
Jordan 26 x x x P P x P 13 50 

Kampuchea. Dem 443 100 P X P P X P 130 29 
Kuaf 499 X X X P P X P P x 
Laccid e Islands 500 X X X P P X P P x 
Malaysa 
Maldives 

4675 
644 

5700 
x 

2971 
x 

64 
x 

P 
p 

P 
P 

X 
x 

P 
P 

1670 
644 

36 
100 

Oman 2092 P 84 4 P P X P 625 30 
Pakistan 
Phlipprres 

1046 
22450 

2495 
1461 

P 
4009 

X 
18 

p 
P 

P 
p 

x 
x 

0 
P 

0 
22450 

0 
100 

Oatar 563 X X X P P x P P X 
Saudi Arabia 2510 X X X X X x P 1955 78 

(Persrn Gulf) 510 P P X P 255 50 P 255 50 
(Rsd Sea) 2000 P 700 35 P 700 35 P 1700 85 

Singapore 193 12 58 30 P P x P 26 14 
Sri Lanka 1340 36 P X P P X P 305 23 
lawan 1240 1 P X P P X P 190 15 
Thailand 3219 2240 1805 56 P P X P 9.00 28 
United Arab Emirates 1448 30 P X P P x P P X 

VietNamd 3444 3200 P X P P x I X X 
Yemen 523 X X X P P X P 160 31 
Yemer,. Dem 1383 X X X P P X x X X 

c
Amencan Samoa 419 P P x X X X P 628 150 
Auvstralia 25760 11617 P X P P X P 3000 12 
Cook Is.landsc 146 0 0 0 0 0 0 P 219 150 
F,-der,i:'ed
Sltes of 

Micronesiac 2610 P P X P P 0 P 3915 150 

Fpi 3640 433 P X P P X P 5360 150 
French Polynesia; 2525 0 0 0 X X x P 3788 150 
Guaer 154 P P X P 0 . X P 154 I00 
Hawa, 22035 P P X P P x P P x c 

K,rbati 1143 P P X 0 0 0 P 1715 150 

Marshall Islandsc 1687 P X X X X P 2531 150 
Nauru 24 002 X X x X P ' 30 125 
New Caledoniac 2254 200 X P P X P 33111 150 
New Zealand 15134 198 X X X X 0 0 0t 

N,ue 70 X X X X X X P 105 150 

Northern Marianas 162 X X X X X X P 162 100 
Pa~auc 500 P P P P X X P 750 150 
Papua New Guinea 5152 4116 P X P P x P 3684 72 
Solomon Isands 5313 642 P X P P X P P x 

c
Tokelau 10 X X X X X X P 15 150 

Tonga'c 419 10 P X X X X P 628 150 
Tuvalu 24 X X X X x X P 36 150 
Vanuatuc 2528 X X X P P X P 3792 150 

c
Walls and Fuluna 129 X X X X x X P 140 150 
Western Samoa .188 P P XX 'X P P x 

Sour es: World Resources in,.tuto Intarriarronal Institute for Environment and Mrelopmant.
 
0 - zero or less than one-half fr ounl of rieasurA; X - data not av-ilable; P - resource present butnol quantlfled.
 
a - tslands.
Includes otisohere 
b - Fs'ture for coral reefsninludes b.ank. 
c - Fsaimate of a 1.5 ID I ato of coral red l;hngth (ototal coiisliria length based on rneasutemerrla of the 107 major islands o Fiji and 27 volcanic and corat islandsin 

Paern Folynesiq. 
d - Excludes oflls)ore lind:/ista. 
e Ihcludes three) rv-ator oft.or0 aills lbrnoffaIsland, Lqrtfhhousi Roofl, and Co,-ersRe.?. 

- Doen nol nr.lude 'o Pacific coae7 scarass, beds. 
g - Do ,snot icude Ih Pacifc; crasat co," assnmblage.. 
h - Includes trrnaU S arid BtislJ gin Islands except for Virgin Gorda; ecludo Netherfands Am" 

- Resource data not availabta forAruba and Bonaire 
- Mangrovw data for V ti .fvu a,,d Vanua Levu. 
oradditional irformdvori. ieo Sourcesi and Technical Noter 
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67115 

,++3,9t Sift ,-9"'11'mJ+i++g &i,..,"I <'. K,2......... ...
ZFVU! i?=Z.7 j, ;I2x....l 

A '.... TAL OILaSILU, 17-1 

1973 3750 596 

1974 3928 481975 4140 45 

1976 4237 291977 4229 49
1978 4137 351989 3945 651.980 3898 32 

1981 
 3937 3319821983 39503582 91"7 

1984 3424 15 
19;51 3285 8 

Sour.: Tanker Aawsory Cente
 

a 1985 latehave been Er-alrnnt by a r-e.dlzri9 trot.1o1tOt firat olirs of tie year
sixrT 

Fra o,;torVJInforr,or. see:Scurc ard T"Sr,,c,Notes 

1b. 2r's crtt, to "mcrulate Scientific eploration, protect the IX -§]3 mariourc.,nine enviTentrnent, and t Lbtlish marine t-r-
ininats and urtiicial ilands

Sournes: Ingtl. of rarine coastline: [).. Continental shelf dinis include the escdu-Cental lntelligel;c: Agency, T"e l'/rfd FRct- sive right to cexplote fur and e,.ploit al miner-
booh 1983 (131&Gov,.rrment Priniag Office. alore , energy resources, ard benthic plants 

Dsingon,D.C., 1983). Jurisdictional and and a irnals are found on 'ticthat or beneath 

economic Clanis to maritime zones: Ofiice of 
 shelf. Clajris are lased on tile di.tance fromthe Spcial Replexritive of the Secrtary the shoreline (e.g. 200 nautical miles) and onG,ene-al for the Law of the Sea, Law of the the outer limit of the continental mi-srin as 

&,aBullein, NQ 
 2 (Marrh 1985). F':h catch: defined inthe )98. convention. 
U.N. Food anid Agiiculturc Organizaioi (FAG), Internatonal fishery are under continu.data

Yearbooh of Fisherv Statistics 1980 and 19& 
 a] revision. The ltest ]"earbook of Fishery
(FAO, Rome, 1981 and 1985). Statistics contains what FAG corides, the
The Office of the Slptcial Rlpres..,ntarive of 
 most accurate and up-to-d.te figuresthe U.N. Secretary General loithe Law of the Data are provided to the FI FisheriesSea compiles information concerning coasial Delprtment by national fisher-y offices and

claims from the U.N. Le7gislative Series, officil regional commissions. Some countries providegazettes, corommunications to the Scretary only provisional data tar thie latest year;

Genera], legal journids, and other publications., others provide no data, If no naw data 
 are 

National claims to maitime zones fah ito submitted, FAG u.s ti;e previous year's

five categories: territoi:al Sea, contiguous figurs or prepares its own e.tinate based on 

zone, exclusive economic zone, fishery zone, other infornnation.
and continential shelf claims. Years refer to calendar years ecept for An,Relevant legislation, decrees, and treaty tarctic fisheries data, which ase for split Yews

commitments for 137 of the 1-11
constal states (July 1--June 30). Data for Antarctic fies;are excerpted in the Liu, of th Sea Bulletin, are given for the cakendat yar in which tirewith a note that information for 13 of tham split yea ends.

wds taken front non-authoritative sources and 
 Catch refers to aquatic plants atnd animals
confirnation oftheiraccuracy and comnplete killed, caught, trapped, collected, bred, or naul-ness was riot alw:.,spo';.sible. The listing is tivated for commercial, n,d2ubsis-

changing as coastal countrics seek to 'cure fence 
 use. Quatities tafien inrecreatjona

their claims to maritime resources under the activities are exclued. 

Law of the Sea Convention. 
 ptes-ents data onThis table nonnin:d catch,"Territorial sea" commonly refers to an adja- which is defined as gross renioval (lota livecent zone of water, sabed and subsoil, and weight of fish caught or kill-d during fishing
airspace inwhich a nation claim, sovereignty. operations) minus ne-catch losses (total liveThe nation's right to enforce its laws and weight ohfish tthat are not caught but die inregulations is qualified only by the right of in- fishing ope tliiOsl), r.lio's iiscarded catchnocent passage of foreign ships. Nations may both live and d-:,c (undersized, unsalable, oralso claim certain jursdictional rights in a otherwise unesirable whole fish disczaded atcontiguous zon-e beyond the territorial sea out the time oi capture or shortly afterward), mi.to 24 nautical miles, these tights may pe2rtain nus utilization and los e.sprior to Landing
only to customs. taxatirn, immigration, and (consumption L'ycrew, use for bait, spnf1aga, 
sanitation. handling losses), minus unrecorded, rejected,

An Exclusive Economic Zone (EEZ) may be or dumped latndngs (unrecorded dumping atestablished by a nation out to 200 nauticalmiies to claim all the resources within the sea, black market landings, unrecorded quanti-ties landed for home consumption, etc.), cni-zone, including fish and ali other living nus losses due to dressing, aandling, and 
resources. minerals, energy from wind, waves, 
 processing (dumpedvisera, headsand -ther
and es, etc.Nalions may ao 
claim rights parts, lossoffluids),
plus gains prior toland-


a,
 

122 

120915.42
 

68
116 2ra& 

5 0-,O-)8
165 723533
 
82 
84 45285 
234 7 1716387773 
4 7 241 4 
24 1BXO 

ing (gain of fluid content, addition of liquids 
or solidsduring shipboard professing)
 

l 
b a,, 

Pra r .

,'kuOtlit'ona by spzs-eCls Gr-oup, 

1972-83
 

and AgricultureSoucea: U.N. Fooad Organiza.
tion(FAG), Narbook of fisher.y Stafstcs 
1978 and 1983 (EAG, Rome, 1980 and 1985).
 

The FAG dividers the world's oceans into18
 
distinct marine fisherie!.
 

The FAO orgarnizt= catch da-ta by 840 spr
cies items, which include speci.s, genera, or
 
families of aquatic plants and animals. Thse
 
&10 species items are first ai.engated rota 51
 
groups of species and then into 9 divisions,
 
recognized as the International Standart
 
Statistical Classification of Aquatic Arnimals
 
and Plents. The divisions are: hesh",,ater ish
es, diadromous fishes, marine fishes,crusta
ceans, mollusks, whales, seals isid other
 
aquatic manmals, m eiscllaneous aquatic
 
animals, miscellaneous animal products, and
 
aquatic planL, 
The spec iesgroups shown in hble 10.2 are
 

those with the largest two calctes in 1972-73
 
and 1982--83. hi many fisheries, the same two
 
species groups were the leadets for both
 
times; for othen, one or both of the top s.,
ciesgroups in 1972-73 fell
beow that level in
 
1982-83.
 

T ~ ",7iTropical Coastal 
1"'eOUYrCeg, 1.1-rly 1980S -

SLaree: Nora Berwick, Tropical Nearshore 
Resources-Flrtterns, Processes, Rolci; and 
Impacts (World Refouxce,; Insti
tutetinternatnzd Institute for F.nvironient 
and Development, unpublished, 19851. 

ii-upif,'l coastaJ rctources refer to mangrove, 
sar,ras.,-, and coral rest s:¢stems. Areas outside 
the tropis thatl have such resurces (New
 

aland, Japan, Bermuda, the U.S states
 
along the Gull of Mexico, etc.) are included.
Figures in the table represent a bounded 
area wheme the rtources are determined to 
be importan no matter walt the density o 
tree grass blades, or coat.Thesedeineted 
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I 
o~I t~e it:~tr~i~ 

mi''T1oiavdefinve As~ ('oits oi 

altirmnt, wcxdy. i~Wrrgpj-4t? 


1mTl~iy;irmThrb~ o toe~
tondin*ours~ 

nfe~odloe rhdpX1 hnthe 

toroats), atoitccg t and tog-wis (hining 

rnan,,(oe2U, ane on Io-ting narhoire ji. 

t' od! (ovwrwh formt~) inl tim hwniO t;-oim 


Seagrass bwodsin s r*p~odio rnarr, 

gx ,- oif /aeying &,..ii!yvAith exterwh.Mv, Sull-


5t,!, root and r~tam 3pitvna 

0;m! rzvlr, com..-.~je prix.-
ji 


cip"N't I !OfuCl cd-N&Jiaq COOI lOdis
t' Il O am 
dt)ITIal-' fV- tore coftho ijha.klw coxni ma. 
ri let l1LI.f ir dSiiot ciall s e~~ 

2S' S 01tht iv nilot! fioul nwjut 
Opwt:!ElM '- J l'f1K)4'!of tn.ltTj. ~ 

'1 bte t0.3 is boawd or. tAinrite hnrn wobt-
co I.,q.inno~3 coptetd by ~)~t5 


and plnmettring of mlaps. The data vary ii 

quadity am! com'erage since a global data bW' 

oilLing a systernatc quandultive survey of 


W A~ Iecoet J "C10,Pft~tC 

For lhz manw rNifilc idami rcunr'~ -cz 
zhe a1r'no)d~ali Oilv of n !I~ 

~II Wk'~ ~ ~~'Y 
con-I Feet LT i-!: Pri CflO -I 

timet thr. I-,nvh0 n ~~o.t. 
mate L;bwa--d on 1ti ohof ca lirv 
of 107 rnvi;Or hhn of ui ' 310 icrn~r 
1-ifi.-nd of th& 27 vclcan:. -Ind icslW i m 

DintyT1an$.. 
For ndditionriat inlorralon on coru me!.t 

the thDvuu~ iiecior)'dC .11 RF. 
prvpar'..,I by~ [,'W. WV!to7)311f'l 
Cutter, Intli mat' Uni,)n for coo,:rviaihnu 
of hat-. s''"d ?Juai ISOS. 
pree"n ,t ~ o the dsisU-1' 

l, 11 C f'6on df ttiiir rtAw' ,md xuL-
vant com~r-vtion a.uaand 1ct-Atun. 
Li--ccountsi M efZArit~ihcd uxd recoin

mrendi!d p'titccc-A nmetucetU aal Of guela well 
known ftlr 1heir sdinific, ftalt44e. or tJYimllf 
value. w'd a~ cmpiehuim-eb, iowp 

ArecdenLP' Oil SPIP, 

Advkory Center, New Yb&k 
The 1,-antie Adv~isory Centtor cornpil-- oil 

dlzni wd olhor kvowii ilccidfmi- m~inhained 
JYA ftn~ n iepxtUdr 

witcn, . a f-'-. !nurobui of :lintelra afloat 
are O i'.nn Ae~7 raTnker Register, uwxir 
taime'd H. Ct rkonu Co., Landonm. 

lor 197&-82, 6diu laroiaolker oftat 
6.,,-'i rnetxic tow. dn::dwreigtt, 1.nd for 

1983-4Js. to LaInkelr, of afkt 10,0G") mecti 
tons ditadweJLi Nt. Vesaot5 co-oing Nieiogas 
am, not includc-d. 

Spills relej to oil L,; oraing aciet i 
lout during deaning and bMItasting operations 
ill not included.-
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The quality of the atmosphere Can be measurjd in three
ways: the amoutMs of pollutants released; the ambient 
concentration of pollutants in air and predpitation; andthe impact pollutants have on humans, other livins or-
ganisms materials and buildings, and natural syztemA,
including climate. The tab!c- in this clrspter present data 
on po.lutLit enmi-sions anIld ambient concentrations;
impact dat, are not available on a comprehensive basisfor most ah orne pollutants. The growing amount Gf data 
being ,enerateW, b~tlh Global Enviionmiental MoitorinTSysten (GEMS) has ben used in this ,-dil.ion nf {'-d
Resoutrae, to highlight urban and regional conditionS. 
Data from GEMS zad other sources have been u Zei
exanine global atmospheric conditbons 

Estimates of the amount of carbon emitted to thce at.-
mosphere frnom the combustion of fossil fuels are prsented in 'itblas 11.1 and 11.2. These estimates, derived
from energy production and consumption data, indicate 
an average annul growth rate in carbon emissions of
about 4.4 percent per year from 1950 to 1973 and erratic
growth averaging about 1.5 percent per year since 1973.
Pheliminary data indicate that the carbon emission rate
turned sharply upward in 1984. 

The geographical pattern of carbon emissions has

changed 
as well. The United States was the source of 44 
percent of global carbon emissions in 1950, but only 24percent in 1983. Japan increased from 2 percent in 1950 

to 5 percent in 1983, while China increased from I per-

cent of the world total in 1950 to 9 percent in 1983.


The results of carbon dioxide monitoring at stations inremote locations are shown in Table 11.4. Since 1958, theglobal concentration of carbon dioxide has increased
from 315 :o 345 paris per million, an increase of about
10 percent. The concentration prior to widespread indus-
trialization and land clearing has been estimated at about275 parts per million. 

Other gases have radiative properties similar to those
of carbon dioxide. Chlorofluorocarbons, methane, and ni-trous oxide (all of which may modify stratospheric ozone)
are of increasing importance in evaluating "greenhouse"
effects. Current research indicates that methane concen-
trations are increasing by about 1 percent per year; ni-
trous oxide concentratiors ty about 0.2 percent per year;
and chlorofluorocarbon releases, after declining because
of regulation and economic recession, are again increas- 

ing. The trend in chlorofluorocarbon releases is some
what uncertain because emissions data are not available 
for the Soviet Union and several oher countrie5.

Data for urban air quality in 62 ,4t.1es in 43 countri s 
are given in Tables 11.5 and 11.3. About one fourth of
the ,:ite. aw-me :anual concelations of SQ2 thatrenort 
ae abow. tbe uppe'- Fude1,Ite (40 to Gi0 rrricr;.ar-s p2r cubic 
meter 0g/n3)) establ.is.e by ......o
tion (WHO) to protect long-term hun hal th. Most of 
these"dtefs ae incdt&nil and ccar narc, ,irl n are, locatedin urban center,. rhe (3 sites that have data for 5or 
more ye.andweIe f-a ,ends. These data indi.to, rtyze 
cate tlit air quality A 54 perment ot the site; had Un
proved during the peniod 1973-80; 50 percent reported nochange; and 16 pdecent report,,id increa:;ed concent ins 
of S 

In Ihble 1J.6 h3 r,'sultr of ihe two principal techiques
uscd to monitor suspend.d particulate rna ter--bigh-volume
sampling and smoke-shade napling-ere shown seaiste
ly. The WHO Opddeline; to protect long-term health are
(9 ,-4 0pOg;/mfor hgh..volule monitorig,nd 40---O
/jg/r, 3 for smoke-shade monitoring. About 40 percent of
all sites are ahrve tle upper guideline Forty-!hree per
cent of the sites recoi-ded downoaard trends; 47 percent

lecolded no 
trnd; ar d 10 percent recorded an upward

trend.
 

Missing frora this table are data for niy large cities

that are 
known to have serious air quality problems.
These cities -are omitted because they failed to accurately
monitor these pollutan!f for the years indicated or they

chose not to parxticipate in the GF-IS prgrdm. Interna
tionafly cormpiarble data for carbon monoxide, photo
chemical oxidants, ,"d lead--pollutants that can also
 
cause ,erous health problems in urban areas--,are not
 
available.
 

The latest, data on acid and ion deposition at sites

around the world are prMdd in Table 11.7. Monitoring 
xas conducted at locations far fr-om human sources of airpollution to ensure that measured values represent regional
or global background conditions, not local problem. A
pH reading of appro:dmately 5 or lower usually indicates
the presence of exces.s acidity. The results indicate that 
even the remote are-as of Northern and Central Europe,
the eastern portion of North America, and Japan are 
receptors of anthropogenic acid precipitation. 
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-b e 11.1 	 GL.OBAL CARBON DIOXIDE EMISSIONS FROM
 
ANrIHROPOGENIC SOURCES, 1950-84
 

Catail EM42~k13 

Fmag Rev Corn,, k'4 OthuLv-E *riJv.uv.1 

Samd L4t3-'LM Gun CUT"Ai
Fnrfr'j '''--'Ttl Tot 	 'A Fuge.a FuG "te ___"__ __ ---

190 1639 1598 1078 .123 ' 23 18
 
1951 1776 1731 1137 479 115 24 21
 
1W? 1803 1755 1127 504 124 26 
 22 
1.453 	 1848 1797 1133 533 131 27 24 
1954 	 1872 1818 1123 557 139 27 27 

1 55 2050 1990 1215 625 150 30 30
 
19x 2185 2121 1281 679 161 32 32
 
1957 2278 2209 1317 714 178 35 
 34
 
1 58 2339 2268 1344 732 192 35 36
 
1959 	 2470 2394 1390 - -790 214 36 40 

1%0 2586 2504 1419 850 235 39 43 
.361 2602 2515 1355 905 254 41 46 

1962 2709 2616 1358 981 277 44 49 
... q 2855 2756 1403 1053 300 47 52 

1964 3016 2908 1442 1138 328 51 57 

15 	 3154 3040 1467 1221 352 55 59 
1956 3313 3190 1485 1325 380 60 63 
1967 3420 3288 1454 1424 410 66 66 
1%8 3595 3452 1455 1552 445 73 70 
1969 3808 3654 1493 1674 487 80 74 

1,970 	 4116 .3950 1595 1839 516 88 78 
1971 	 4267 4093 1594 1948 553 90 M 
1972 4435 4250 1612 2056 582 95 90
 
1973 4678 4470 1622 2240 008 112 93
 
1974 	 4684 4481 1620 2245 616 107 s0 

2132 	 621 98 98
1975 	 4660 4468 1715 
1976 4924 4712 175.4 2313 645 110 102 
1977 5065 4848 1812 2390 646 108 109 
1978 5108 4885 1828 2384 673 106 117 
1979 5345 5152 1899 2538 715 74 119 

1980 	 5255 5056 1924 2408 72.1 78 121 
I981 	 5115 4935 1928 2274 733 58 122 
193. 	 5079 4901 1983 2184 734 56 122 
193 	 5054 4880 1985 2164 731 52 122 

53.30 5155 2103 22"313 784 47 128 

Soucu : Insvuto for Enefgy Analys Oak Rowje Asscr.ted Ura,f,.A1a
 
p - t
proi rnwy 

Fo ,r 4 	 ~o S-jeixisr'zI~tn anw,uchlncal Ncles. 

Taor1 .2 CARBON DIOXIDE EMISSIONS, BY COI JTRY 
AND REGOPN, 1950, 1965, AND 1983 

al Y-k.rj2 	 ofWsi l f 

SoMI Lkuie C"a 	 2AUJ TOWi SOWdLkp;W (k3 j TLS S.A Lf. (1.13 TN7 'Z 

WNO1D 	 1072 96 1553 I000. 1464 1110 347 2919 100.0 2017 2021 7 8 L7- 10.0D35 

432 553 260 1245 25.0 
United S,=oa 

North Am enca 376 259 88 72.3 46.6 318 447 238 1(0 342 
347 245 87 679 437 301 4,3) 228 935 319 405 5,00 233 11Z11 23.0 

41 13 60 23 27 53 27 107 2.2Cana2a 	 29 14 1 44 2.8 17 

Wesen Europe 336 40 1 377 ?43 358 274 11 643 22 0 272 369 112 753 15.7 
United Kin(yJom 125 11 X 136 88 117 52 <1 ,69 58 68 45 28 141 2.9 
Franco 46 9 <1 55 3.5 42 3 9449 32 30 59 14 103 2.2 

91 X 56 86 25 3.7German, Fed Rep 2 93 6 0 115 1 172 5.9 6.1 179 

Itaiy 7 4 <1 11 07 8 37 4 49 1.7 12 65 14 91 1.9 
Other 66 <1 52 87 157 75 3A 5.015 81 	 68 2 54 131 238 

Ea!;ten Europe 250 36 5 291 18.7 495 174 79 743 25.5 609 405 265 127P 26.7
 

USSRI 149 33 3 185 11.9 2D0 151 64 5J09 17.4 355 335 221 
 91 1 19.0 
Poland 30 <1 <1 30 19 61 4 1 65 23 97 Il 5 113 2.4 

German Lem 43 X 2 8 3Rep X 43 79 X 82 2.8 64 13 5 62 1.7 
COrro. 28 3 2 33 2.1 66 16 10 92 3.1 93 45 34 172 3.6 

X 45 2.9 66 71 1 138 4 7 92 173 72. 207 6.0 

.Japan 26 1 X 27 1.7 45 55 1 101 34 
Pafcf: 	 40 5 

61 148 15 224 4.7 

Other 14 4 X 18 1.2 21 16 X 37 1 3 31 25 7 63 13 

5 0 43 73 6 482 10.1 

Crina 21 X X 21 14 120 10 1 131 4 5 365 69 6 4.10 9i 
ther <1 X X x x 14 2 X 16 05 38 4 X 42 09 

aiF:nnodA.m <Ag 	 134Centrally 	 2 X 22 14 11 1 146 

Da-,, .oong Wyd 48 45 2 95 61 93 141 17 251 86 209 4"56 73 7318 154
 

Latin AmoncK 6 29 1 36 23 8 68 1I 67 3.0 18 171 35 224 4.7
 
Alrr.a 19 7 X 26 1 7 34 20 1 55 19 66 C7 10 143 3.0
 

M ddle EwAt 2 2 X 4 0 3 4 23 2 29 10 11 b9 16 116 2.4 

Scr and Sou"'sl Asia 20 7 <1 27 1 7 47 29 3 79 2.7 114 129 11 254 5.3 

Sows,: Irino Ky Energy Anay-, Oak Rk'q, A" U,'14i8:r. ~A
 
X - nol alabka
 
For additionJ nkyrnalar-, see Sou,cwkand Tochnrca Ncts
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ThU e PRODUCriON AND PELEASE OF 
CHLOROFLUOROCAIRBONS, 19314 

CFC-11 
(013mand mt!ricummetkw 

Pmducbmo RaKsage19317 00
1936 01 00
194 1 03 011946 07 06 

1951 91 761956 32.5 287 
1960 49.7 40.51961 605 52.119652 781 65 41963 933 8001964 111.1 95.0 
1965 1228 1083196 141 0 121.31967 1596 137.61968 1831 15681969 2173 1819 
1970 2381 20661971 263.2 226.91972 306.9 25581973 349.1 292.41974 367 3214 
1975 314.1 310.91976 3398 31671977 3205 30391978 308.9 283 61979 2895 263 7 
1980 2896 250.81981 2369 24821982 271.4 239.51983 291 7 252.81984 3124 271.1 

Source: Cherncai Manufacturers Assocaion. 
0 - zero. cr Ies than90 munc Ions
For addctonaJ infomton, see Sources and TOchnical Notes. 

Pwod=ton 
o05 
1 
6316 6 

36.2 
687 
994 

108.5 
12.1 
1464 
1701 
1901 
216.2 
242 8 
267.5 
?97.3 
321.1 
341.6 
379.9 
423.3 
442.8 

381.0 
4107 
382.8 
3721 
3572 
350.2 
351.3 
328.0 
355.3 
342.1 

CFC-12 

Pb%. 
01 
05 
30139 

324 
561 
891 
997 

1145 
1339 
1555 

1754 
1950 
2199 
2465 
2743 
m29 
321.8 
3499 
387.3 
418 6 

404.1 
3904 
371.2 
341.3 
3375 
3325 
340.7 
337.4 
343.3 
3594 

Tabe CARBON DIOXIDE INTHE ATMOSPHERE, 
. a rsT A rr..;I C'xciza1,n-i,'-n cf Cr.,'.n Dgaik+ 

1958-85 

1I___ _ 3170 0.i9
AmuI A'gszw1 

1958 xC C xC x1959 X IC 3161 IC 

1 60 IC I 317.0 0.91961 X X 3177 0.71962 X X 31P:) 0.91963 X X 3191 051964 x x 319.6 0.5 
1965 X X 320.4 081966 X X 321.1 0.71967 x X 321.8 0.71968 X X 322.8 1.019,39 X X 324.2 1.4 
1970 IC X 325.5 1.31971 X X 326.5 1.01972 X X 327.7 1.31973 X X 3297 2.01974 3326 IX 3304 0.7 
1975 3334 08 331.0 0.61976 3,337 03 3321 1.11977 3346 09 333.6 1.51978 3367 21 3352 1.61979 3379 12 3366 1 4 
1980 3399 20 338 1.71981 341 7 1,8 339.5 1.11982 3428 1.1 3407 1.31983 3438 1.0 342.7 2.01984 3460 22 , 44.4 1.7985 X X A,56 1.3 

Source : Scnpps InJutuon ol Oceanography U,S National Oceanic and Almcphenc Admaration. 
X - not availabre 
Foradd-'onalrnonatio, se Sources and Technical Notes 

A Xman 

IC 
IC 

ICX 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
331.2 
332.6 

X 
3361 
3380 
339.2 
3402 
341.4 
343.0

X 

(143S)X 
AnuAl 

I 

IX 
X 
X 
X 
X 
x 
x 
X 
X 
X 
X 
X 
X 
X 

X 
x 

1.4 
X 
X 

1.9 
1.2 
1.0 
1.2 
1.6

X 

_ 

314.6 
3154 
31673175 
318.0 
318.2 
3183 
319.3 
320.6 
321.2 
321.8 
322.6 
324.2 
3250 
325.8 
3274 
3283 

3293 
3304 
3319 
3335 
3349 
3368 
3381 
3392 
341.0 
3424

X 

( 13 
Annual 

IC 
09 
13
08 
05 
02 
01 
10 
1,3 
0.6 
0.6 
0.7 
1.6 
08 
0.8 
17 

09 

1.0 
1.1 
14 
1.6 
1.3 
1.9 
1.3 
1.1 
1.8 
1.4

X 
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T 11. CONCENTIAFIONS OF SULFUR DIOXIDE IN URBAN1
 
&%-c~-'C49 AJ7mill COa1,5wOf - r Ll 3'l't 

St.AU Yz 1973-14 1975-76 197-71 197?2-I1 lr973-M. 1973-LI04 SU paria2 

o2 
Ghana 

Accra 3 

2 

X 

X 

X 

6 

X 

X5 

X X X 

61-69 x 

X 

x 

x 

x 

x 
Nar'b 2 X X X X X X X x x x 

1ori AMO_ 

Caaadli
Ha-nftcn 
Montroej 
T(wcno
VancouivI 

Urwod SLa!es 
Birmingham 
Chcago
Houston 
Los Angaee 
Nw kCty 
St.L-uis 

2 
3 
3 
4 

3 
2 
3 
2 
3 
5 

10 
14 
15 
22 

3 
2 
9 
3 
a 

11 

X 
X 
X 
19 

X 
X 
X 
X 
X 
X 

53 
44 
31 
25 

19 
20' 

3 
33 
X 

91 

43 
47 
27 
X 

17' 
x 
9 

40" 
X 

68 

35 
37 
21 
17 

X 
4" 
20" 

X 
59 
40 

42 
.3 
25 
20 

18 
34 
9 

35 
,9 
59 

32-57 
14-71 
18-35 
14-29 

G-32 
20-48 
3-20 

27-40 
43-80 

25-149 

X 
X 

-7 
0 

X 
X 
X 
X 
X 
X 

-10 
-5 

-11 
-9 

X 
X 
X 
X 
X 
X 

_ 

-9 
-6 
-9 
-2 

X 
X 
X 
X 
X 

LfI A WAEic 

Bra--l 
Ro do Ja,rjro 
Sao Paulo 

Ch!e
Santiago 

Coomt>a
Bogota 
Cali 
Modein 

Cuba
Havana 

Pc-nj 
Lima 

Venazuela 
Caracas 

1 
3 

3 

3 
2 
2 

3 

3 

3 

2 
15 

7 

2 
3 
3 

9 

2 

6 

X 
X 

X 

X 
X 
X 

X 

X 

X 

57' 
100 

60 

18' 
14 
25' 

46 

11" 

14 

1280 
109 

86 

15" 
10' 
16' 

38 

X 

14 

X 
125 

5* 

X 
X 

34' 

X 

3" 

X 

93 
114 

63 

17 
12 
25 

41 

7 

14 

57-128 
72-1.3 

48-93 

15-18 
6-21 

16-34 

22-66 

3-11 

7-24 

X 
+ 1 

X 

-8 
X 
X 

X 

X 

X 

X 
+6 

-4 

X 
X 
X 

X 

X 

X 

x 
+10 

+ 1 

X 
X 
X 

X 

X 

X 

SIA 

Hong Kong
Hong Kong 

India
Bombay 
Calcutta 
DOIh 

ran 
Teheran 

Iraq
Baghdad

Israd1 

3 

3 
3 
3 

3 

3 

18 

7 
21 
9 

11 

X 

X 

X 
41 
X 

X 

X 

33 

X 
35 
X 

84' 

X 

28 

51 
40 
33 

50 

X 

45 

37 
40 
33 

91 

X 

35 

43 
33 
33 

75 

X 

5-100 

20-96 
17-5S 
8-5 

40-160 

X 

+5 

X 
+2 

X 

X 

X 

+70 

X 
0 
X 

+12 

X 

+36 

X 
-6 
X 

X 

X 
TOlAAv 

Japran
Osaka 
Lokyo

Korea,ROD 

'Aalayva
-i.,alaLumpur

Pakivan 

3 

4 
3 

3 

2 

13 

23 
24 

X 

5 

29 

X 
65 

X 

X 

23 

65 
64 

X 

X 

X 

50 
59 

X 

24 

53 

38 
54 

X 

13 

28 

51 
61 

X 

18 

16-54 

29-74 
37-85 

X 

3-43 

X 

-14 
-4 

X 

X 

X 

-14 
-4 

X 

X 

X 

-11 
-2 

X 

X 

La'o-
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Manda 
ThafariBangkokt 

2 

3 

2 

x 

13 

X 

X 

X 

X 

X 

83 

X 

X 

62 

X 

X 

66 

X 

X 

73 

X 

X 

46-130 

X 

X 

-3 

X 

X 

+1 

X 

X 

-2 

X 
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AREAS, 1973-80 "
 

,'a; 1073-74 1l075-75 1977-78 1979-80 1973-00 1973-90 sle- St 

BWpium
rOss 

Czt.chojovakIja
Prague

Dernark 
Copenragen 

Finland
Helsnlu 

France
Paris 
1bucxse 

German, Fed Rep
Frankfurl 

Greece
Altens 

Irulano
Dublin 

Italy
Milan 
Rome 

Netherlands
Ai
5 

nseam 
Poland

Warsawv 
Wroclaw 

Portugal
Lisbon 

Spain
Madrd 

Sweden
Stcckholm 

Switzerand
Zurich 

Unried Kingdom
G :o 

Yugo,-JaviaZagreb 

3 

3 

3 

3 

4 
3 

3 

3 

3 

2 
3 

3 

3 
3 

2 

3 

5 

1 

3 
3 
3 

22 

15 

10 

9 

11 
7 

11 

4 

12 

6 
2 

21 

7 
9 

X 

17 

12 

X 

8 
18 
24 

111 

106 

X 

X 

X 
X 

97 

X 

X 

X 
86 

39 

X 
X 

X 

139 

X 

X 

X 
107 
104 

X 

91 

106 

X 

X 

X 
X 

90 

X 

X 
X 

34 

X 
X 

X 

100 

X 

X 

X 
100 
87 

78 

113 

35 

27 

105 
12 

79 

35 

35 

208 
X 

28 

28" 
33 

X 

44" 

35 

X 

82 
78 
73 

77 

X 

23 

28 

91 
7 

76 

51 

35 
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X 

33 

40 
33 

X 

65 

38 

X 

66 
81 
55 

80 
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27 

28 

98 
11 

88 

43 

35 

207 
.6 

34 

39 
37 

X 

1wO 

36 

X 

76 
92 
79 

60-121 

58-148 

13-57 

24-33 

77-131 
4-39 

74-109 

30-57 

21-56 

167-242 
58-114 

21-55 

28-47 
23-46 

X 

33-193 

16-60 

X 

44-94 
5C-149 
33-195 

-6 

+2 

X 

X 

X 
X 

-.8 

X 

X 

X 
X 

-4 

X 
X 

X 

-11 

0 

X 

X 
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X 
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X 

-5 
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X 

X 
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X 

X 
-9 
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+1 

X 

X 

X 
X 

X 

X 

X 

x 
X 

+1 

X 
X 

X 

-8 

+2 

X 

X 
-2 
-6 

Melbourre 1 5 X 14 
Syr,./ 3 13 X 43 

Nw ZeWand
Auckhnd 3 12 X 12' 
Cl,nstchurch 3 9 X X 

owrr: Wodd Helh Oyiganzation;United Nctions Erreronment Piogram.
X  ico-npilete data, - single year valueonly
For addito,,l inon'nation, see ,curcesand '7chn,cNotlas. 
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..... 1. ..... C..T..T.... OF SUSPENDED PARTICULATE
 
Utmal Am5r,, AwV1UWCocfrlkn (,vIftF5 ef 

Ghna 

3 X X X X X X x x x 
2 X X X X X X X X x 

lJOHrH AMMET1_..._ 

Carida 
Hamlton 

ontre.l 
Toronto 
Var-ouver

Uotec S aies 

RNrmnigham 

Ch'.ag)
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Los AnJeles 
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'I IcJ S 

2 
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4 

3 
3 
4 
3 
5 

10 
14 
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21 
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10 

7 
9 

16 
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X 
X 

66 

X 

X 
X 
X 
X 

113 

118 
84 
74 
69 

83 
107 
83 
89 
69 

104 

109 
71 
71 
73 

108 
110 
102 
103 
7? 
87 

112 
72 
84 
76 

77 
134 
86 
X 

61 
X 

112 
73 
77 
69 

92 
114 
95 
97 
65 

102 

99-124 
64-92 
66-99 
52-97 

53-150 
68-200 
70-115 
74-124 
51-79 

PA-144 

X 
X 

+7 
+5 

-2 
-7 
X 
X 
x 

-3 

-1 
X 

+3 
0 

0

0 
X 
X 
X 
x 
X 

+ 1 
-4 
-3 
-1 

X 
X 
X 
X 
x 
X 

BoTbay 
CaLuta 
Delhi

lnd or aXX 

3 
3 
3 

7 
24 

9 

X 
389 

X 

X 
422 

X 

279 
364 
389 

193 
427 
422 

229 
396 
411 

136-06. 
292-547 
305-535 

X 
-3 
X 

X 
-1 

X 
-3 
33 

Jakarta 2 4 x X X 209 20 138-275 X X x 
Teheran 

IraqBaghdad 

Japan 

3 

3 

11 

X 

X 

X 

330 

X 

393 

x 

336 

3 

356 

3 

285-459 

x 

-3 

x 

-3 

x 

+2 

x 
Coka 
Tokyo 

K4JalaLumpur
Paistan 

4 
3 
2 

23 
24 

6 

X 
66 

X 

78 
65 

X 

60 
57 

122 

59 
58 

129 

65 
61 

126 

49-97 
48-77 

79-182 

-1 
-4 
X 

-11 
0 
X 

-8 
-5 
X 

Lahore 

Ph ppanesIhgan Crty 
ManIla 

Tta nd-XBangkok 

2 

1 
3 

3 

X 

X 
15 

5 

X 

X 
X 

X 

x 

X 
79 

X 

3 

X 
91 

162' 

X 

X 
88 

171 

X 
85 

169 

X 

X 
71-101 

162-176 

X 

X 
-3 

X 

X 
3 

X 

X 
+7 

X 
EUNIOPE 
C.e0oovukJa 

Prague 

DenmarkCorenhagen 

F ir and3 
Ht,nkj 

Ge'rra", Fed RepI-rankfLrt 

Airvis 

Yuqwa(,]via
Zaegrb 

3 

3 

3 

1 

3 

3 

10 

10 

9 

3 

3 

23 

137 

X 

X 

X 

X 

160 

172 

X 

X 

X 

X 

150 

146 

32 

89 

32 

225 

151 

X 

37 

94 

27' 

X 

146 

157 

35 

92 

30 

225 

152 

124-262 

27-52 

52-163 

27-33 

204-255 

127-181 

-4 

x 

X 

X 

X 

-2 

-13 

X 

X 

9 

X 

-4 

-4 

x 

X 

X 

X 

+1 

OC.AMA 
Austral~a 

Melbourne 

Sydney 

1 

3 

6 

15 

X 

X 

27 

97 

42 

92 

73" 

94 

42 

93 

24-73 

72-156 

X 

-7 

-2 

+4 

x 
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MATTER IN URBAN AREAS 1973-80 Table 16
 
i-t5In C~rb~ 

t~nwofA* trvwf Cencerrtm*,n 0-1cru pr- r) _ 

S*5 .t.ars 1673-74 1975-76 1977-78 1379-E8 1973-0 1973-150 S4te Site_,t 

_____ ____ 8.kjc Samplng Matd 

ECiro 3 4 X 67 56 X 61 47-70 X' 'X 

Brazil 
Ro de Jaerro 
Sao Paulo 

Chile 
Sanrago

Colombia 
Bogota 
Cal 
Medeilin 

Cuba 
Havana 

Peru 
Lima 

Verezuela 
Caracas 

1 
3 

3 

3 
2 
2 

3 

3 

3 

1 
15 

7 

2 
3 
3 

9 

3 

6 

X 
X 

X 

X 
X 
X 

X 

X 

X 

31 
90 

68 

32" 
39 
44" 

45 

26" 

22 

X 
77 

65 

24 
27" 
21" 

47 

21 

22 

X 
73 

100, 

'X 
X 

56 

X 

6. 

X 

31"A 
78 

70 

28 
35 
40 

46 

18 

22 

61-98 

25-115 

24-32 
22-55 
21-55 

25-61 

6-26 

14-31 

X 
-5 

X 

X 
X 
X 

X 

X 

X 

X 
-3 

+2 

X 
X 
x 

X 

x 

'X 
-4 

3 

X 
X 
X 

X 

X 

X 

Hong Kong 
Hong Kong 

Iran 
Teileran 

3 

3 

18 

12 

X 

X 

59 

232" 

70 

171 

56 

182 

62 

181 

2.1-120 

9-232 

-1 

-2 

-2 

-3 

-1 

+4 

Belgium 
,Bnsses 

DenrknA 
Copenhagen

France 
Paris 

Iulcuse 
Ireland 

Dublin 

3 

3 

3 
3 

3 

22 

12 

11 
6 

12 

29 

X 

X 
x 

X 

26 

X 

X 
X 

X 

19 

11 

44 
58 

32 

19 

15 

45 
22 

22 

23 

13 

45 
46 

27 

11-38 

8-24 

38-52 
15-179 

14-43 

-10 

X 

X 
X 

X 

-6 

x 

X 
X 

X 

-7 

X 

X 
X 

X 

Lome 
Poland 

Warsaw 
Wroclaw 

Spain 
Madnd 

Unt d Kngdomn 
Glasgav
London 

3 

3 
3 

3 

3 
3 

3 

7 
9 

16 

8 
19 

31" 

X 
X 

188 

X 
33 

51 

X 
X 

162 

X 
34 

X 

C4 
68 

X 

29 
26 

X 

49 
61 

125 

30 
43 

44 

51 
63 

'i0 

3V 
33 

22-80 

40-64 
49-92 

56-307 

20-42 
20-84 

X 

X 
X 

-10 

X 
+8 

X 

x 
x 

-1 

X 
-8 

X 

X 
X 

-6 

X 
-4 

OOEtC__ 

Newi Z aand 
Auckland 
Chn.. hurch 

3 
3 

12 
8 

X 
X 

4" 
X 

5 
23 

5 
29 

5 
27 

4-9 
19-41 

-5 
X 

0 
X 

X 
-9 

Sorow: World Health Orgarnzabon, IrJlod Nations Environmen! Program. 
X - inccfnllete data, '- single year value only. 
For additional itdormation, see Sources and Techrncal Notes 
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ahte 11.7 PRECIPAHON CHEMISTRY MON ITJNQ 1975-3o2
 
J*AlGm Anrwt Cr.gtotte Avw&rVgrAnw-sj! C,--r(w, 

APA0-79 1-74, 12:9-50 11-42 1975-7 1977-71 197M-0 1901-02 1975-78 1077-7i 1979-80 10,1-02 

Nkhornrj X X X X X XX 0.70' X x xTunrsaThaJa 
 X X 6.7" X X X 047' X X X 001" X 
Canadla 

Eds',n 6.1" 5.8 5.9 6.4' 0.73' 0.52Keiosvra X 0.71 064" 038' 0.16 0.20 021' 
Hay Rier 

6.1 5.8 56* X 0.58 0.41 0.25' X 030X Y 65' 6.7' 0 3F 031' 
Marvraij 46 4.3 

X X 0.73' 0.65' X X 0 1.4' 0.10"4.3 4.2' 160 1.40 130Mould Bay 1.10" 064 0.57 061X 6.2' 061"6.5' 5.5"Mt -'keg 4.6 5.1 
X 1.20 058 0.65' X X 0.13' 005"4.9 47* 1.40 2.60" 1,80Pickle Lako X 55 1.40' 069 1.30 0.84 064'5.4 55* X 0.70 061 0.99' XSablo Island 4.9 0.22 0.25 C 19'4.8 51 5.1* 1.50 0.86 0.59 0 36' 0.26 0.13 020, 0.10'E r"rdEl Salvador X 65 6.9 6.7' X 0.83 1.20 0.69' X 051 1.10 0.35'Cerro VerJa 4.7 5.5 5. 1U nited S ~e s X X 0.54 0.70 X x 0 03 0.36* x0 3 . 6AlamcsG. Ccivado 7.0 6.6 6.5 5.9 3.10' 2.60 0.80Alantr City. New Jersey 4.7 1.80 020' 0.38 0.43 0.254.1 4.5" 4.4 2.30 1.5083rhoKA Cajidomia X X 6.2 6.2 

2.70' 1.20 0.59 0.89 0.66' 051 
Caribou, Maine 4.9 

X X 0.50" 0.69 X X 0.77' 0.274.9 5.2 4.8 1.20 1.60 1.10 0.65 0.41Glacier Natona Park, Montana 59 58 0. In 0.31 026 
Huron. South Dakoa 6.5 

X X 0.39 0.72 X X 0.13 0.20 X6.7' 6.4 6.1 0.97' 0.67'Macon County. North Carolina 4.7 4.5 4.5 
0.89 0.92 0.60' 1.30' 0.64 0.50 

X 
X 0.92" 0.90 0.77 XMauna L--a, lawe 5.1 0.23' 035 029 X4,6 5.0 5.7 0,56, 0.29terdian. Missisapp 4,7 4.7 

0.20 0.14 X 0.15 0.07 0.034.7 4.7 0.74 0.69 0.74Pendleton. Oron 5.6 0.75 0.23 028 0.27 0.27 
Raleigh, North Ci.lrra 

5.5 5.7 X 0.77 0.53 0.57 x 033 0434.5 13 4.8" X 0.68 X0.94 1.00 0.87' X 0.37Salem. Illios 4.7 43 0.46 0.28' X4.7" 4.4 1.60 1.10S-n Angeio Te.Qs X 6.1 6.7 
2.60' 12 0.49 0.46 0.90' 0.47 

TahIquah, Oklahoina 5.4 5.9 
X X 0.72" 1.60' X X 037' 0S3" x5.5 X 1.30 1.10 0.97 X 0.39V'c:t.,-a Cojnty, Texas 0.33 0.38 X5.5 5.2 5.0 5.2 045 0.61 0.78 085 0.39 027 0.25 0.36 

AS;.kFrame
::
 

New Amsterdam Iland X X X 5.0 X X X 0.11 X x x X 
Allahabad X X 7.5 7.5 XJodhpur X 

X X 0.19 X X 0.18' 0.708.2' 7.3 7.5 1.30' 0.59Kooaikanal X X 6.3" 6.7 X 
0.43' 0.21 058' 0.14 043 066


Minicoy X 7.1 6.8 
0.26 0,06' 0.17 X 0.06 0.15 0.07
X X 0.48' 0.17'Moyanban 3.5' X 6.5' 6.7 0.67 

X X 0.11' 0.14 X 
Nagpur X X 

1.00 0.49' 0.26 0.59 0.94 1.10 0.776.4 6.4 X 0.52' 0.19'Port Blair 0.19 X 0.68, 0.40' 0.52
Pune 7.6' X 6.3' 6.4 0.337.4 7.4 6.9 0.90 0.08' 0.32 0.16 0.18 0116.9 0.78 0.44 0.541.10 0.07"Snnagar 0.79 088 025 0.44X 7.7 7.3 7.0V sjkapatnam X 7.6 

X 036 0.09' 0.38 X 0.50 0.30 0.726.8 6.6 X 1.40 096 0.42 X 0.91 0.67 1.50IndonesiaJakarta X X X 5.8 X X 050' X X x x 0.57Japan0
 
Malayaon 
 5.6' 5.0 5.0 4.8 0.47' 0.63 0.48 0.56 0.12' 0.18 020 0.14 

Cameron Highlands 5.0' 5.2 5.2 5.4 1.60' 0.15' 0.13' X 0.09' 0.090.35 0.36 
Ausna
 

C zecho-)JovakiaXX X X 4.7'Rez 
X X X 3.50' 1 . 0 Chopok X x x tb'X 4.3 4.3 x 

Svatouch 4.3 
4,3 X 2.40 2.40 2.10 X 0.64 057 0 53Denmark200 4 3 4.4 4.5 2.40 2.30 2.10 2.00 0.78 055 0.65 06107 0 5 06Erce (Faroes) 4.9 064.9 4.7 X 1.60 2.40 1.40 017X 041 0.15 xFinlandJokijnry 4.4 43 4.4 4.2 2.30Sod.ankyla 4.7 4.6 4.7 

1.50 1.70 1 40 0.50 0 61 054 0.584.6 0.65 0.58 0.56 0.59 0.23 027 0.20 0 21 
Abe,le X 4.9 5.0
Ca oe.ntras 5.3 X 1.60 2.10 1.90 X 200 160 081X X 4.9 5.4 XChatauc',non X X 50 

1.20 120 1 90 X 0.90 110 0.42
 
Gour:on 5.0 X X 1.30 0.73 X X 079 026
X 5.1 5.1 5.3r'halsourg X 1.00 '099 1,10 X 0.70X 4.5 4.6 5.2 062 032
Ro.'trenen X 52 

X 130 1.30 1.50 X 2.20 140 0 68
 
German Dern Rep 5 

53 5.4 X 1.20 0.70 100(.7 5 03
 
NeugoLasow 0.77 059 0.364.0Germany. Fed Rep

4.0 4.2 4.4 4.10 3.80 1.80 0.282.40 085' 059 065 
Bro13acklregel 44 4.3 4.2 4.6 130' 1.50Detdo.4bach 4.3' 4.3 4.2 

130 2.20' 0.80' 0.82' 067 064'
 
Lzng'nbrugge 4.2 

42' X 1.50 1.30 0.84' 063' 087 058 0 54'
4.0 4.0 4.1' 1.70"SchaJnstand 4.1 4.5 
2.80 240 1 70' 0.87 1.70 120 0.84'Greenland3 45 4.7" X 0.81 0.85 0.58" 045 0.33042 0..33 

Godhavn 5.8' 5.6 5.0Pr Chr.stlns Sund 5.8' 
5.0' 1.00' 1.10 1.40 1.10' 0 10 0 15 007 0.06'H jr'wQaryX 5.8' X X 0.97' 1.50' x X 0.05' 003' x xX 00" 03 XXr4.6 5.0 5.4 6.1 2.10 2.50 250 2.70 0.91 0.73 0.89 0.71 

'44a!ntia 5.6 5.2 5.5 5.8 1.30 130 0.87 0.62 0.17 0.13 0.12 0.12 
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Table 11.7
 
"Wma Ar"Al Conccntmfion 1"59 Aeml Cxlinc~j

AmseAra Stuft~alo ii~~~ Anua39 t
1975-76 1977-7,3 

mOf 
nirun par lkr)1979-80 191-82 1075-76 lI77-78 1979-80 I(mgrar per Wt:91981-62 1975-76 1977-78 1970-80 1981-82 

Monte Cimone 58 52 54 48 1.20 0.55S Maria de L uca 56 59 55 
062 069 0.38 017 0.46 0.49Trapani 51 140 0.766 0' 61 66 X 073 048 010 024 0.51 040Verona 091 0.64 076X X 4 7 X 0.76 014 0.10 XVderbo X X X 067 X5.2 5.3 X X 077 XNett rla nd~s 5.2 50 1.20 074 0.58 061 0.070 0 0.12. 2 0.6 .4 1.20Witleveen 

Norway095 46 47 4.2' 4.5' 2.50 2.40 2.10' 1.50 0.72 0.91 0.95' 0 74'As 4.6 4.7 4.5 5.2' 2.50 0.7
Birkenes 4.3 4.2 2.00 2.60 1.60' 0.38 069 1.0 0 63'4.1 4.3 *Kise 4,6 4.7 4.8 4.5' 

1.40 1.30 1.50 1.30' 0.58 0.62 0.63 048'Polary,. 1.50 2.20 1.60 1.30' • 040 0.62 0.503 00 0.2 0.62'Suwalki 05 .2 
,ortugal 4.7' 4.7 4.7 4.5 2.70' 2.20 2.10 2.10 0.80 066 0.70 066066Barreiro X X 6.2' 62 X X 1.60' 1.50Rom aniaX X X 0.22' 0.26Fao X X 6.7' X X XFundata 2.70 x X xXXX X XX X 5.7" XParrng X X X X XX X 5.4' X X XRarau X X X 2.30' X X XX X 5.7' 5.4 X XX X 1.50' 2.50SnX X X 0.22' 0.35Sina de Vale X 5.0 5.7 XX X 5.5' X X X

X 
1.30' 3.20 X X 0.13' 0.20Turia X 1.50' XSweden210 X 5.5' 5.0 X X x 0.23' XX 2.00' 2.10 X X 0.28' • 0.28BredkaJen X X 02 025.4 5.0 4.9Ve en 4.9 1.00 0.89 0.81 0.624.4 4.4 0.28 0.24 0.19Swaerland0.1 4.4 4.3 1.40 1.30 0.231.30 1.10 0.51 0.49 0.69 0.43Jungfraujoch 09 069 .3X 6.1- 5.9 6.7Payerne X 0.25' 045 0.33X 56'8 X 0.13" 0.16Un ite d King do m 5.0 5.3 X 0.72' 1.20 0.17

1.60 XX 0.38'. 8 0.65. 5 0.7 1EskdalemuirYugosla a X 5.2' 4.8' X X 1.20' 1.10' X .2 0.30X 0.23' " " XLazaropole 51' 5.3Puntilarka 62 X 2.50' 2.70 1.70 2.20' 0.41 0.225.7 5.2 51 X 0.16 X2.20 1.80 3.30' X 1.10 0.34 006" X 
US M 

Irkutsk 
X 6.6Kurg 6.5'5.4 6.3 5.9" 1.50'X 2.90XX 1.50' 3.60'0.99' 3.20' 0.25'NOy:piXtigorsk 0.77' 0.18* 0,20' XSyrt ,Va, x 6.4 6.6' X X X 018'5.8 59 55 0.61' 1.40' 0.67' X 022• 

X 1.50 1.4( 0.15' 0.24' XTuruhansk 5.5" 1.20 0815.7 5.9 X 0.63' 0 19 0.19' 0.12' X0.77 0.75' 1.50' 058' 0.06 0.21' X 

Cape Gnm X XUrcLd StatesX X X X X X XX XXX xCape Matatu!a, Samoa X 53 53 55 X 0.26AS 0.17 0.18 X 005 0.04 0.02 
Stcme: t ld Meleo-ologc : Organization U N Erronnent Program•- one year's data missng X - oat3i not a,,:ilat,,4e
For additiona information, se S,"rce and Ti,,hnicaJ Nces. 

, -oree, and Wva 'i~W~a 

a"I 11.1Mi Global C'a-bo Dic'Xd2 e of fossil fuels adds carbon to the atmosphere, rels of oil, metric ton of coal, etc-.) areEmissions from kn uxpogellic con.as do gas flaring and cement production. veertd to equivalent energy units by theSO-;urcer, 1950-4 Fially deming of forest land for agiculture UNSO using counb-y, and year-sfrecific conver-Source: Unpublished data from a database emits carbon during the burning or decompo-ritJon of the biomass. This LrVe presents esti-
Zon factors. (Refer to the Technical f!ote fo:


created for the U.S Department of Energy by mates of anth!opogenic emr!oas of carbon 
Table 8.1 in Chapter 8. "Ertergy and MineaLs,'
 

R.M. for details.) Since the enero, content ofRotty Institue for Enery Ana'yss, Oak dioxide, but does not include carbon emis-
a fuel
 

Ridge Associated Universftie 'rhes", ,%res 6on1 
is directdy pro' ortionaJ to its carbon cuntcnt,
from land clearing or natural processesupdate Table 14 in: G Marlnd and R M. one can ue fuel production data reported inRFsil fuel combimtion releases ctrbon diox. energy units to estimate the amouit of car-Rotty, "Carbon Dioxide fmissions from Fo-.il ide at rat'-s that vary depending on theFuels: A Procedure for Etinmation and R-,sults hon dioidde rleased in combuston. 

for 1950-!982:' Tellus, Vol. 36B, pp. 232-261 
amount of each fuel type used (solid, liquid, These data are rot always dbecly usableand gas), the amount tust Is burn-d (a frac-0984); and U.& Department of Ftergy, "Car-

for carbon budget ludie. For e.:omple, tradition is ud for no1-energy purpoe-), and thebon Dioxide Emissions frm Fo.sil Fu-zL: A 
tional carbon analy. of coal have correlatedcarbon content of ttx fuel that is burned. TheProcedure for Estimation and Results for carbon content w~th the gross heating Vaueenergy database of the U.N. Statirdal Office (Gross heating wJue is the amount of heat1950-1981:' Rtport No NBB-0036, unpublished.. (JNSO) is the tource for fuel production andCarbon emisflions can be Caused by that could be etracted from fuel combustionnatural disposition data. Thme data are reported inor human factors. Vol-noes emit carbon di- if the water vapor in the flue gases were conenergy units: thousand tmrajoules fo gazes;ce:ide, and long-t,n, Lh nges in global vege- densed, reie.sng their latent heat of vaporizametric tons of coal equivilent for olids; &ndtation can contribute to, or withdraw from, ion.) Pecently, howvever, the UNSO hastons of o tquvalent for liquids. National rePOrted global coa production on a net heat.the atmosphric carbon reservoir. Combustion energy production data in physical units (bar. ig8 value bAsis. An adustment was therefore 
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ol - p y 1has collected annual pivdut.c.ton data forrinei to eul.ma" ,ilt. :vair, content 

.. .. . A. 11and CIC-12 	from 1931 to tf- present.
iAI cot,,""'-


,ii 	 also prov'ide in hiria-i 'hr cdjiist-lwtlli were nil.1e alY-	 Irodicing conipanie.. 

onl the. uses ,.their products: .erim•icaiy-si )orPxailpie, it we~st- dei- tht aPpnd jiol 

otately I perce t ofthe co used try indttIustry'andnon-bermeticalty sealed refrigeraiu 

and pe r pantsI w;L -t ned (coat du:,t open, and clos-,d-eUtl foam bowig; aerosols; 
are estinatedand ctar),nf a furither t[ew [i(oelt waS Coon- arid solventsen issions of CFCs 

(hr,beitzene, ba.cd on usc-.:pz:ific fele 5aeto.For
Vvele t loolxidizig uses 


Stc).Other oxiLative rractons (A coal (wate exirinple, eros-Ytk*
all C.S usad in solvents. 

bank tires, coa! bank fires, and open-cell foam blowing are assumed toviethaj,- releas, 
be released within s.bmonths of prosduction.froil: al mint-s, anl carit lodi(XidC emnis-

sionl:;ri -i011"lfirliox ide ,Cerufbe,) 11e Refrigeration equipment ana closed-cell loam 

befo i lrtnce blowing assumed to have an early releaseassuned toI,, ligih e ce i are 
with the remain-carbon budget ixideling. 	 peak due to product dnlect 

der of the t:FCs being releaed at a rleRele' toilt- sirce document for a con-
ss- sp cific to the type of use- For 7xample,plete di.-,iito.of the tlta, underlying 

sui lions, hermetically-sealed refrigeration units areand calc'!ititos utd toprelxre 
lb..... ;tiniati. 	 asumed to have ,n initial processing arid fi-

ig loss of two percent, and a mean unit life-
tine of 12 yeaws. For details on the modellingl. 	 1.2 Carbon Dioxide 

oiCMC t'.leas.e refer to RL McCarthy, et al..'e
Emissions, by Country and 
Fluorccarb",n-Ozone Theory-IU' AtmosphericRegion,. 1950, 1965, and 1963 
Environnment Vol. 11,pps 491-97 (1977). 

Source: UnpubliLshed dta rom a database Data are Iot available for CFC pnoucers in 

created fo,le U.JDepattnient of Enegy by India (one company reported data in 1983 
and 1984), Eastein Eucw~o,the -pIpleR.M. totty, Institute for [neigy Analysis, Oak 

Un-
Xidge As-;'i.ated Universities Republic of Chlina (PRC), ,rd the Soviet 
Union is thowylit to be theThes tiiii,5.P of carbon emissions differ ion. The Soviet 

from ibtse preeiet(ed inTable 11.1.The bais !argest producer of the greull it.1975, itwas 

forthe calculations ill TaH!' 11.1is global fuel estimated tiat the Sviet Union produced 

Isbased on na- atxit 7,5tio metric tons of CFC-I1 and 32,X0tproductlin, while Table 11.2 
metric tons of C1-12. These levels of priodic-tonal fiet coIsOllption The author believes 
tion serc equal to abrut 2 percent and !Othat the prxluction Method is inore accurate 

on a global scale thin the consuiption percent of reported world production of 
t e used to provide CFC-II and CFC-12, respectively. More recentithod, but it canno 

estimates of nationl] carbon emissions Tie authoritative data are not available. Data for 

con1isumnption method is more complex. Al, India (except one company in 1983 and 
and thelowances Motst be made for international 	 1984), Eastern Europe. the PRC, 

Soviet Union ae excluded from this table.trade, air and sea bunkers, and stock changes. 
On a global scale, the diftrence between the 
two iltlotds Lsquite s10all. ,'Wo 11AFor example, Carbon Dioxide in the 

Atinosphere, 1958-135production data for1950 yield an estimated 
carot)l emission that is 3 percent higher than 
the estimate calculated fron consumption Sourc: Data for Mauna Lsa and South 

Ible: C.D. Keeling. Scripps Institution of Ocean-data. The difterence is appnximately 4 per-
cett in 1965, and 2 percent in 1983. The ography, unpublished data. Data for Barrow 

authur -stitesal tte margin of ernw in and Samoa: U.S. National Oceanic and Atmos-
pheric Administration (NOAA), Geophysical

the calculation of carbon emissions using fuel 
is 6-10 percent. 	 Mlonitoring fnr Climafic Change.- Summaryprxtuction data 

Report 1983 (NOAA, Boulder, Colorado,
For further inlformation, refer tothe Techni-

December 1984), and unpublished data. 
calNote forTable 11.1. 
 Data fotMauna Loa, Barrow, and Samoa 

are collected and analyzed by in situ non-
"lblo11.3 Production and 

dispersive infrared (NDIR) gas analyzers. TheseRelease of Chlorofluorocarbons, 
instruments monitor the carbon dioxide frac-1931-84 tion of air on a continous basis; the data are 

Source: Chemical Manufacturers Association, then aggregated into hourly, daily, and month-

mean is the mean of
and Calculated Release of 

and CFC-12 through 198:' Washing- the monthly averages. Samples are collected
"Prxfiction, oand, 	 ly averages. The annual 

CFC-I1 
at the South Pole in three five-liter flaskston, )C., Octotber 1985. 
twice a wonth, and ore transported to theTte Chemical Manutacturers Association 
S-.ripps Institution of Oceanography for analy-contracts with Alexander Grant and Company, 

cnltct chlo- sis using an NDIR analyzer. The annual mean'ertlified' Public ACcoutants, to 
and Mauna Loa ,tluomcarbon (Cl-C) orxouction and sales 	 figures for the South P.1le 

dita Iromn companies, based in countries of were derived from iterpolated data; 12 

te t)rganization tor leononic Co-operation 
 months of dc's w-re tot available for all 

years. For de alror:t is procedure, see R.Rand Devetopoent (OFCD), and in India, 
Bacastow, et al. "Seasonal Amplitude IncreaseBrazil, Venezuela, and Mexico. The data are 

emrs it reporting (double- in Atmospheric CO2 Concentration at Maunaexatoited for 
counting of production by subsidiary and par- Lo, Hawaii, 1S59-1982, . Journal of Geophysi-

ent conpaiies), inventory changes, and cat Research, Vol. 90, p.529ff (1985). 
disguise large seasonal varia-coipany-to-cotilany sales of CI-Cs that might Annual means 

tions in carbon dioxide concentrations. Inbe double-counted. Alexander Grant and Corn-
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Aprl 1974 at N-urrw, Alasa the coritra
thin of carxon ohOxide was 337.1 parts per 

rrillic, vol tile (ppinv); the August muean con
c.trion . 3123.5 pn v a &!ernce of 

13.6 I.po;. •TIis .cnal variation in carbon 
dioxidk collcntr._tion is cautseld by carbon up
aketb t. sumphotosynthetic plants during the 

ner rnntbs. 
The data for all monitoring sites undergo 

revision for several years aiter thley are col
ledted. Data are corriete for eeral masorns: 
drift in instnrment c:c'ibation (analyzers .e 

recalibrated every few yese against standards. 
itecessitating revision ofdata collected be
tween caibratiore); hardware changes (roving 
th,- analyter's sampling intake has a signifi
callt inipe,cl n ie data); ant prturbations to 
"background" condtisnis (eg. random carbon 
dioxide er i.,sions from ieMauna Loa volcano 
must be edited out oi the data set). The sum 
,itthese r.-visions s not very large, but it is 

imiportant to nr,te (d.acollected sincethuat 
1983 are povisional, ha 'irg been collected 
since the i-J82 inl;trunient calibration. Data 
collected priorto 1983 are -gely infinal 
form, alt:utillhthere may b some further 
edit;ag unti "final" values a- reached. The 

latest daL may be (. .oied frm the Carbon 

Dioxide Information Center, Oat: idge National 
laboratory, Oak Ridge, l1ennesse. 

l)etails conceriinn data collction, revisions, 
and analysis are contained in tite National 
Oceanic and Atmospheric Adminis'ration 

(NOAA) source and in: C.D. Keeling, et al., 
"Measurement of the Concentration of C bon 
Dioxide at Mauna LDa Observatory, Haw-.:' 
in Ca-bon Dioxide Review: 1982, W.C. Clark, 
Ed. (Oxford University Press, New Ybrk, 1982), 
C.D. Keeling, et nl., 'Atmospheric Carbon 
Diaxide Variations at the South RJlpe' 3ellus, 
Vol. 28, No, 6 (1976); and in a forthcoming 
article by C.D. Keeling in cellus. 

"bb e 115 C eeltratiof,, of 
Sulfur Dioxide in Urban Areas,
 

1973-80
 

Sources: World Health Organization (WHO) 
and U.N. Environment Program (UNEP) Urbcn 

Air Pollution, 1973-80 (WHO, Geneva, 1984);, 
and unpublished data from the Monitoring 
and Assessment Research Center, University of 

London, United Kingdom. 
Sites are monitoring stations. The; are clas

sifted by location as center city or suburban, 
and further classified as industrial, commercial, 
or residential depending on the predominant 
use oi land surrounding the monitoring station. 

A site-year is the number of representative 
annual average values for all sites in a city. 
The maximum number is eight for eaci site 
for the period covered in the table. 

Data for representative sites are submitted 
by national governments to the Global Environ
mental Monitoring byicm (GEMS) maintained 

by the" World Health Owrgs.ation aad the 
U.N. Envii'r,ment Program. By 1983, there 
were 50 coutfries with approximately 75 
cities and 175 sites participating in the project. 
The coverage of stations and data is substan
tially better for the northern hemisphere 
where most large industrial cities are located. 
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Fewer drta are ave.lbte tioan dewloping . , l7 , . o '--- pollutioand re identity Iong-term hands
 
cou n tries, in pEArtb e G EMS p ro,,7,e ,.,. . ,
:su th . nm 

Tho aergc i ot e 1nl Cheti.ry IW. *t-im-r lx ; , d climate c nf~geo;did not become fully -,permional te eesnta- ~ Daa, , and oqi.r effec:s.the conclntateion 1 p-,oltan th.t may in.
The aveigo isthe nean ci :-01re ,a- ,mr..s:D-a forI - "'1w Worldtive daily values ove.r Ebblished in 1970, the rdwork co,",istedth, period 197--,0; the Mleturologil Gran-ation (,VMO), the U.S of 115 sation in 43 countriies in 19PA. Data range is the -'igh and low valuo:s over the EvironinenO Pruov:tion Agency dat. fro: ,il" NI vtations in 32 ceurtthita are iportedsaame period. Trends have been determined U.S National Oceaic ,dAtmospheric Ad- in the tabkL Mos;t stis col!ect ldat,Lorn
for sites that have five or morn yetars of data, mipftretion (NO,.), n. tie UN. Eiionmemn aet de-Iliotn only. Dry dcpe:,i6iun can beby comparing firtand .ccon, halvea of the Program's GC bal F.riAraeJ Monjitoring the pre ominar:t .ou.ce in aid areas, but it ismonitoring period. "rends are ex:presed a a SNtem (UN.TP-GjS), G!obtal Arno" ,;heri not yet monitored with comparable accuracy.percentae change per y.ai. Pachground/r!onitoring for .%-'kctedErwi,.v- Annual averages were calculated for sites 

"3 C , O mental ibnvaefors"RAPAiMoN 4A2, a tbr 1975, where at least sa monthly obo,rvations wereSu pen17. d icumrlo 07 1976. 197, 197i, 1979, and 1930 (NatioraJ recorded.SUrbnded Rr;u cule7-Climate.
,Urban 15173-3 Data Center, Aslville, North Carolina, The dala for sulfate concentrations at Sab!eUnited States, 1978. 1981, 1981, 1983, and tsland (Canada) and American Samoa have 
Sorcc.-.: World Health Orgwnizaaion (WOI-) 1984). 1)ata for 198l-82: unpublished data been corrected for sea salt. 
and U.N. Environment Program (UNEP) LUrbe: bum V40 and the Monitoring and Asse.,s- Concentrations for 504 (sulfate) and NO3Air /blution, 1973-80 (W1lO, Genea, 1984); rment Rez.achil Center (MARC), Univenity of (nitrate) are expresscd in terms o,'the sulfurand unpublished data from tie Monitoring Loadon, Unilhd Ki'ngdor, and nitrogen components.and Assemsment --search Center. University of Th, WVMOIa kground Air Pflltion Morforkr pI Li a logarithmic measure of acidity. ALondon, Uritedl Kn.vgdor . Network (BAPMoN) includes stations world- pH of 7 indicates neutrality; below 7 is acidic,

For a discussion of the urtn air pollution wide that monitor turbidity, CO2 pariculstcs, above 7 isalrahine. A decline in pH from 6.0project within the Global Environment Monitor- and precipitation chemPitry at ,its far from to 5.0 is equivalent to a ten-fold increase ining System (GEMS), refer to the Technical human sources of air pollution. The goal of acidity.
Note for Table 11.S. the program is to determine current levels of 
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A2,Policies and Institutions
 

The growing concern for environm( ntal conservation and 
resource management has stimulated the creation of newinstitutions, laws, and information. 

Table 12.1 lists the countries that have ratified some ofthe most important environmental treaties and conven-
tions of the past 20 year. The list is current &sof
December 1984. Included are global conventions ihat
deal with the conservation of nature (species and
ecosystems), marine pollution, and wceapons and the en-vironment. 


Conventions that deal with workeir 
 saf'ety and con. 
umer products are excluded, as are the hundreds of

bilateral and regional conven.ions that cover transboun-
dary air pollution, weather modification, water use andstorage, hunting and fishing rignts and quotas, research
and monitoring, and other environmental and resource
issues for which international agreements are an iirpor-
tant a;pect of poiicy

Regional Seas Conventions, negotiated under the aus-
pices of the United Nations Environment Frogran (UNEP),
have been signed for the Mediterranean S.a, the Persian
Gulf, the West and Central African coast, the Southeast
Pacific, the Red Sea and Gulf of Aden, and the Wider

Caribbean. On March 22, 
 1985, the Vienna Conventionfor the Protection of the Ozone Layer was adopted at a
conference sponsored by UNEP. It is now undergoing
ratification. In addition to formal treaties, UNEP has
assisted member countries with Policy Guidelines and a
Code of Practice for the Management of Hazardous
Wastes (1981); a Provisional Notification Scheme for 
Banned and Severely Restricted Chemicals (1984); and theMontreal Guidelines for the Protection of the Marine En-vironment Against Pollution from Land-Based Sources
(1985). 


Signing and ratifying treaties does not mean countries

will abide by the conditions. Environmental conventions
have few if any enforcement mechanisms, and countries
with the most to lose (or gain) may simply refuse to par-
ticipate. 


Table 12.2 shows countries that have prepared 
or are
preparing environmental and natural resource reports of
various kinds. Basically, two kinds of reports have beenincluded: assessments of environmental quality and
natural resources, and compendia of statistics. The tableis intended to be current as of fall 1985 but, because 
there is no single clearinghouse for this kind of informa-

tion, reports from some countries may have beers
 
overlooked.
 

The most ambitious of these reports are 
the National
Conservation Strategies in which various grcups within acountry, along with the government attempt to spell outhow the resouices of the country wili be used to support
long-term, sustainable . In 1984, the Conser
vation for Development Center of the International Unionfor Conservati,.u of fiue and Natural Resources (IUCN),supported by the U.S. A'gency for lntern;',tionai Develop
ment (U.S. AID), published A Framnewone for Sustainable
Development to give )dvi-ce to and support for countries
undertakirg te task of preparing National Conservation 
Strategies.

In the early 1970s, Japan and the United Slates were
the first countries to prepare official state-ofth
environment repor-s on a periodic basis. By the ]980s, a
umber of other developed and developing countries

(Malaysia, India, the Philippines, and Chile, for exanniple)
had published or were in the pmcess of preparing, such
report. In August 1985, IJr!EP published Guidelines flo
the Preparationof NationalState of the Environment
Reports, a checklist of items countrie-s should consider in
preparing material for reports.

In 1976, U.S. AID initiated the development of a series
of environmental profiles for developing countries. In thefirst round, 39 draft profiles were prepared and circulated
informally to governments and others. U.S. AID is now

sponsoring the preparation of Phase H1Environmental

Profiles, ercouraging national governmenls and indigenous
organizations to do the work. 

General statistical reports are prepared by almost allgovernments. In most caes, thease reports contain useful
data on temperature and precipitation, water resources,
agricultural production, population, natural caastrophes,
transpoztation, energy production and consumption, national parks etc. A few couritries have begun to publish
separate reports on environmental indicators, statistics,
and trends. UNER in conjuncdon with the Monitoringand Assessment Research Center (London), the World
Resources Institute (Washington), and the International In
stitule for Environment and Development (?-on
donAVashington), is preparing an environmental data 
report that will make natural resource and environmental
quality data more readily available to users in developing
counties. 
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i0;4o 	12.1 raarticipaion in Glolizi 
Conv.entions Prote(tAng, the 

EL',i-onmetl, 198.1 

Soln Iin: 1i'ited Nations Envinliliot I'ingrain 
lUNILH, "Eavirrinrnntat Liw in the United 
Nation.; Fnvirwnment Pr )rarine" (UNIii , 
Nairobi, 1945). 

As rettue.ted b the U.N Coneral A.cmbly, 
the UNEP Eviron',-nutl Liw Unit maintains 
a Register of /terrictional 7nwties and othicr 
.ti,reements in the Field of the "nuirwnrent. 
which sumnarizes "he conent and current 
membershIp status of mere thon 1Il mld-
tilat!ral conveoilons and potc,(o(.5. "lie 
Reiiste: is ujKlated periodically and copies are 

, ' ' :;eit to 	 member staies for OneOeviiof the 
principal aims of this activity is fo prc mole 
the wider acceptance and uwe (: existing in-
tcrnatiunal legal instnents by governhtets. 
The complete titles of the conwentions jnd 
treaties are: 
1. C,vention on Wetlands of ,nternatiorni 

Importance Especially a-, Waterfowl Habitat 
(Ransnr, 1971); 

2. 	Cniivention Concerning the Protection of 
the World C0K.ial and Natural Heritage 
(Iir.P. 1>2); 

3. Covention on International rrude in En-
dan~ered Specie- of Wild Fauna and Flora 
(Washington, 1973); 

4. 	 Cunvention on the Conservation of Migra-
tory Species of Wild Animals (Bonn, 1979); 

5 	 Convention on the Pr~vention ol Marine 
Ik,llution by Dumping ol Wastes and Other 
Matter (Inldon, Mexico, Moscow, Washing-
ton, 1972): 

6. 	 International Convntion for the Prevention 
(4 lolhitin mm Slups (liindon. 197:3); 

7, l'ited Nations invention on the Law of 
8.e t.a (Mointego 198po);r ay, 

8. 	 Ireaty tKaning Nurlear Weapon Tests in 
the Atmosphere, ill Outer Space, and Un-
dcr Water IMosow, 1963); 

9. Conentioi on the Prohibition of the De- 
vclopment, Prodiction, and Sto,kpiling of 
Bacteriological (Bioli gieal) and Toxin 
Waprons. and on their Destruction (ln-
i ,u, Moscow. Wshingioii, 1972). 

S'.ime of thie -vytmbIs u.-d to indicate ratif-
cation of a Regional Sea Convention actually 
idi,:ate ratification oh several related conven-
tions and pmtocis, 

Il full titles of Regional Seas Conventions 
and lie letters s,.i in the table to ibhreviate 
them are listed tIxlow. 
M - C, rcinton for the Proection of ttie 

Mciterrancai Sea Against Pollution 
(1976). Protocol ior the Prevention of 
l'1ilution of the Mediterranean Sea by 
Dlnpinc fron; Ships and Aircraft 
l19761. Protocol ('oncerning Co-
operation in Ctinbating Pollution of 

the Mediterranean Sea by Oil and 
Othei Harmful Subtances in Cases of 
Emergency (1976). 

ML = Pmtacol for tile Prolection of the 
Mediterranean SmaAgainst Rr)llution 
from Laid-based Sourcs (1960). 

MSP =.Frtocol Concering Mediteranean 
Specially Ptrtected Aras (1982). 

WCA= Convention for Cooperation in the 
Protection and Delelopment of the 
Marine and Coastal Environmer;t of 
the W st and Central African Region 
(1981). Protocol Concening Co-
operation in Combating Pol!ution in 
Ca.s of Ermeigency (1981). 

R = 	Regional Corventioa for the Conserva-
tion of the Red Sea ard Gflf of Aden 
(1982). Prolocol Conceming Regionz,2 
Co-operation iaCombatinig Peiluon ty 
Oil and Other llrmful Substances in 
Case!. of Inergency (1982). 

SEP 	 Corventicn for the Protection of the 
Marine Environment and Coastal Area 
of the South-Eas't Pacific (0981).Agree-
ment on Regional Co-operati .n in 
Combating Pollution of the South-Fast 
Pacific by Od end Other Harmful Sub-
stances in Cas( of Emergency (1981). 
Supplementar Protocol to the Agree. 
ment on Regional Co-operation in 
Combating Pollution of the South-East 
Pacific by Oil and Other Harmful Sub-
stances in Cwass of Emergency (1983). 
Protocol for the Protection of the 
South-.at Pacific Ag.drinst Pblution 
from Land-based Sources (1983). 

C 	 Convention for the Protection and Dr-
velopment of the Marine Environment 
of the Wider Caribbean Region (1983). 
Protocol Concerning Co-operation in 
Corr'a2ting Oil Spills in the Wider 
Caribbean Region 0983). 

TabIe 12.2 National and Reonail 
Source-i of Environmental 
Information, 1970-.85 

Source: National Conservation Strateties: In-
ternational Union for Conservation of Nature 
and Natund Resources (IUCIN, Aationl Con-
servation Strategies: A Report to Develop-
ment Asistance Agenciis on Pmgrss and 
Priorities in Planning for Sustainable 13-
telopment. (IUCN, Gland, Switzerland, June 
1983). doi-at; World Conservation Strategy Il 
Action. (IUCN Bulletin Supplement NIL I), Sep-
tember 1985, pL8. 

U.S. AID Phase. I Draft Environmental fro-
files: List from the Office of Arid Land 
Studies, Ltnivetsity of Arizona, .lanuary !985. 

U.S AID Phase II Environmental Profiles: 
list from tie International Institute for En

viiriment and Development, Otob,,er 1985; 
U., Agency for International Dtnlopment 
and US National Park Service, Notiwal 
Resource Technical Bulletin, No, 5, Spring 
1984 

State-ef-the-Enviroarnent elxrLs Various 
SOurc s 

Foreign .)isister Assistance Reports: List 
from the Office o FoIeign Disaster Assistance, 
U.S. AID, Noveimber, 1985. 

Statistical Yearbooks: U.N. Statistical Office, 
Directory of Envimrient Ss'tistic, (United 
Nations, New York, 1983), and other sour.es 

F.nvironmenta Statistical Reports: List from 
the U.N. StaCslicsi Offici, Novcmbei 1985, 
and other soinrc, . 

Reginal Rc ;orts on Natuial Resources and 
the Environment: Orgmization for Econiric 
Co-operation and Developmerm, Stat of the 
Environment 1985 (OECD, Pars, 1985), U.N. 
Economic rnd Social CommL.ionoihr Asia 
and the Racific, .toai of the Environment in 
Auoo and the Plicitic (United Natior, Bang
luk, 1984); Pr-ogram for Intermtional Deelop
n'ent, RenevaibkL Resource "'nds in East 
Africa, (Clarl" University, Worcester, Ma.
sachusetts, 1994); M.J. Douroje-tnni, Renewa
b N'ataralResources of Latin America and 
the Caribbean, Situation und 2Itnds (Wodd 
Wildlife Fund, Washington, D.C., 1982); Inte
national institute for Environment and De. 
velopment, Natural Resources and Economic 
Development in Central America (nteination
al Institute for Environment and Developm, l 
(lIED), Wasbington D.C., 198.5) draft 

INFOTERRA Participants: List provided by 
UNER September 1985. INFOTERRA, the In
ternafional Referral System for Sources of Ea
vironmental Information, is a network of 
aational foc-al points--centers of information
established by UNEP for the exchange of en

vironmental information At pres.ent, IN-
FOIRRA local points are located in 126 
countries, including 103 developing countries. 
The system handles about 750 inquiries per 
month; most of these concern pollution con
trol technology, chernicals, atmosphere and 
cliniate, environmenlal monitoring, and 
management and plhaning. 

National Conservation Strategjy reports refer 
to documents that have been prvared in sup
port of the piokraro. Some are endorsed by 
the national governme;ts; others are not 
Countries that are classified "D"(under di_-j 
sion) are those that have adopted or endorsed 
a National Conservation Strategy plan of ac
tion or have some other involvement with the 
progiam. They may or may not product a 
published documen~t. For more detailed infor
mation on the status of National Conservation 
Strategies see past issues of the IUCN Bulletin 
Supplerent. 
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Appendix B: Organizatons and Reg.ionl Groups
 

ACPE--Asian Centrally Planned Economies 

Burma, Union of 
China, leole3 Republic of 
.'uinpijihea,Dom.xratic 

Korea. Democratic Piops Republic of 
fio Peope's Denocratic Rlepublic 

Viet ,Ni, 

ASEAN--Assochalon of Southeast 
Asian Nations 

Brunie 

Indonesia 
Malaysia 
Philippines 
Singapire 
Thailid 

CIDIE-Committee of International 
Development htstitutions 
on the Enviromnent 

Anon-United Nation- organization that examines the environ-
mental aspects 'v[economic development activities. 

Alrichn Development Bank 
Arab Bank forEconomic De,,elopment in Africa 
Asian [)e'.evpment Bank 
Carihbean I)evlopment Bank 
Commi.sion of the European Communitie. 
Europan Investment Bank 
hiter-,\ncan Development Bank 
The Organization of American States 
The .nited Nations Development Program 
The Unit,d Nations Environment Program 
"the\virld Bank 

CMEA.--Council for Mutual 
Economic Assistance 

Cuba 
Czechoslovakia 
German Democratic Repubiic 
lunqar, 


Mongolia[V~and 

Romania 
Union of Siviet Sxcialist Republics 
Viet Na:n 

DAC-Development Assistance Committee 

A specialized committee of the Organization for Economic Co-
operation and Development (OECD). 

Auitralia 
Austria 
B"l ilui 
Canada 
Denmark 
Finland 


Germany, Federal Republic of 
Italy 
Japan 
Nt herlands 
New Zealand 
Norway 
Sweden 
Switzerland 
United Kingdom 
United States 
Comnnnmilssion ol the European Communities 

,iOrLD PESOURCES1W 

ECE-Economic Commission for Europe 

A United Nations organization consisting of countries from 
both Eastern and Western Europe and North America. 
Eastern Europe 
Bulgaria 
CzechoslovakiaCzechoqovaki
 

German Democratic Republic 
Hungary 
hland 
Union of Soviet SocialLt Republics

Byelorussian Soviet Socialist Republic 

Ukranian Soviet Socialist Republic 
Western Euro.e 
Austria 
Belgium 
Cyprus
 

Denmark 
Finland 
France 
Germany, Federal Republic of 
GreeceIcelandIreland 
Italy 

Luxembourg 
Malta 
Netherlands 
Norway
 
Portugal
 
Spain 
Sweden 
Switzerland 
11hrkey 
United Kingdom 
Yugoslavia 
North America 
Canada
 
United States 

EEC--European Economic Community 

Belgium 
Denmark
France 

Germany, Federal Republic of 
Greece
 
Ireland 
Italy 
Luxembourg
Netherlands 
Portugal
Spain 

United Kingdom 

lEA- International Energy Agency 
An autonomous body within the Organization for Economic 
Co-operation and Development (OECD). 

Australia Netherlands 
Austria New Zealand 
Belgium Norway 
Canada Portugal 
Denmark Spain 
Germany Sweden 
Greece Switzerland 
ieland Turkcy 
Italy United Kingdom 
Japan United States 
Luxembourg 
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IUCN-International Union for Con;servation of Na-
ture and Natural Resources 

There are few countries in which the IUCAN does not hoot, a 
member organization. As of August 1984, IUCN's membeiThip 
included 56 countries, 123 government agencies, 316 national 
and international non-governmental organizations, and 6 non-
voting affihates. 

Least Developed Countries 
In 1982, the United Nations General Assembly agreed upon the 
following three criteria for "least d ,eloped countries". a per 

capita gross domestic product of $S,85or less, a share of 
manufacturing in total gross doestic product of 10 percent or 

less, and a literaiy rate (the propoortion of literate persons over 
15 years of age) of 20 percent or less. In addition to countries 
meeting all three of these criteria, borderline cases (in which 
one criterion was met and the others nearly met) were also in-

cluded. 

Afghanistan Lao People's Democratic Republic
Bangladesh Lesotho 

Benin Malawi 

Bhutan Maldives 

Botswana Mali 

Burkina Faso Nepal 

Pirundi Niger 

Cape Verde Rwanda
 
Central African Republic Samoa
 
Chad Sgo TomE and Principe

Comoros Sierra Leone 

Djibouti Somalia 

Equatorial Guinea Sudan 

EthIiopia Tanzania, United Republic of 

Gambia Togo 

Guinea Uganda 

Guinea-Bissau Yemen Arab Republic 

Haiti Yemen, People's Democratic Republic 

OECD-Organization for Economic Co-operation
and Development 
North America 

Canada 

Jnited States
 

Europe
Austria 
Belgium 

Denmark 

Frand 
France 

Geinany, Federal Republic of 

Greece 


Ireland 

Italy

Italy 
Luxembourg 

Netherlands 

Noruay 

Spain 
Sweden 
Switzerland 
United K 
Unia Kingdom 


Yugoslavia (special participant) 


Asia 
Australia 
Japan 
N w Zealand 
Turkey 

Appendix B 
OPEC--OrganLzation of Petroleum Exporting
 
Countries
 

Algeria
 
Ecuador
 
Gabon
 
Indonesia
 
Iran

Iraq 

Kuwait
 
Libya

Nigeria
 
Qatar
 
Saudi Arabia
 
United Arab Emirates
 
Venezuela
 

SADCC-.Southern African Development Coordina. 

ion Conference 

Angola
 
Botswana
 
Lesotho 
Malawi 
Mozambique
 
Swaziland
 
Tranzania, United Republic of
 
Zambia 
Zimbabwe 

SPF-South Pacific Forum 
Australia
 
Cook Islands
 
Fiji
 
Kiribati 
Nauru
 
New Zealand
 
Nive
 

Papua New Guinea
 
Solomon Islands

Tonga

Tuvalu
 
Vanuatu
 
Western Samoa
 

Sub-Saharan Ceunvries 
Angola Madagascar
 
Benin Malawi
 

Botswana MaliBurkina Faso Mauritania
 
Burundi Mauritius
 
Cameroon Mozambique
 

Cape Verde Niger
Central African Republic NigeriaChad Rwanda 
Comoros S o Tom and Principe 
Congo Senegal 
Djibouti Seychelles 

Equatorial Guinea Sierra Leone
 
Ethiopia 
 Somalia
 
Gabon 
 Sudan 
Gambia SwazilandGhana Tanzania, United Republic of 
Guinea Togo 
Guinea-Bissau Uganda 
Ivory Coast Zaire 
Kenya Zambia 
Lesotho Zimbabwe 
Liberia 

',PL.O RESOURCS IWE..... 
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Afghanistan, 13, 227, 235 
Africa, 59 see also individual countres 

agriculture a,44, 46, 5.5-56, 261 
cropland conversion, 44, 4C, 255

debt in, 40 

ecosystems in, 92, 93, 94, 146, 151 

energy consumption in, 1'8, 109 110, 111, 112
family planning in, 17, 19, 20, 21 
famine in, 43, 52, 56+, 5-58 
fertilizer use in, 48, 55 
food production in, 50, 55, 551, 261 
forest distribuition in, 63 
freshwater in, 122, 124, 125, 126, 128, 131, 132, 138 
irrigation in, 38, 55 
life expectancy in, 25 
mammals threatened in, 286' 
migration from, 22 

moriality in, 13, 15, 16, 17, 235 

population growth in, 10, 12, 55, 235 

rangelands in, 75 

ruralization in, 28 

species in, 87, 39, 90 

soi! erosion in, 53, 54 

threatened species, 281 
tropical forests in, 71+ 

Index
 

urbanization in,33-34, 35 
Agriculture, 03-59, 261-271
 

in Africa, 55-58
 
croplands, 44-49

erosion, 52-55
 
famine, 56-58
 
fertilizer use, 44, 45, 46, 48, 261, 264*
 
food aid, 52 
food production and consumption, 49--50, 266L267" 
food .rade, 51-52 
green revolution', ,43, 47, 57, 58 
iigation, 47-483,4 131-134, 131", 261, 264-265* 
land disiribution, 2 1:.-269 
pesticides, 48-49, 49" 
production, 45-50, 74", 262L262* 
seed wars. 53-59 
soil eros-i)n, 52-55, 270
 
and women, 58
 
see also Cropland, wd individual countries
 

Agroforestry 54 
Air Pollution see Atmosphere and climate 
Albania 

urbanization in, 35 
Amazon Basin, 53, 72, 87, 91, 93 
American Jec ish World Sevices, 57 
Antarctica, 157 
Angola 

famine in, 58
 
food production in, 56
 



Index 
population decentralization in, 37

-Argentina 
rangelands in, 75debt in, 40 


food production in, 50, 261
 
mortality in, 25
 
urbanization in, 31, 32
 

Asia, 235 see also in-dividual countries
 
agriculture in, 43, 44, 45, 46, 55, 57, 261
 

Bali Acion Plan, 95, 99
coastal resource management, 157 

Band Aid Trust, 57146, 147, 150, 152ecosystems in, 93, 
Bangladeshenergy consumption i,-, '08, 111 

energy requirements in, 289 
family planning in, 17, iD, 20, 21 

family planning in, 17, 19, 20, 24 
food production in, 47, 50, 57, 261 

food aid, 52
forest distribution in, 63 

food production, 261127, 128, 131freshwater in. 125, 
mortality in, 13

irrigaticn i.i, 47 
population of, 10

life -xpectancy in, 25 
urbanization in, 33

migration from, 22, 23 
women in, 21

mortality in, 13, 15, 16, 235 
Barbados,pesticide use, 48, 49 10 

mortality in, 25
pollutants in, 167 

Biomass, sce Energy
popultion growth in, 10 

Biosphere R€eserves, 28:
ruralization in, 28, 30, 247 

Bolivia, 40, 247
soil erosion in, 54 

Botswana, 235
species in, 87 

Brazil, 281
tropical forests in, 71+ 

cropland conversion, 44, 45 
urbanization in, 32-33, 34, 35 

debt in, 40
Asian Centraly Planned Economies, 

deforestation in, 72 
Appendix C 

family planning in, 20, 24 
Association of Southeast Asian Nations (ASEAN), 189, Ap-

forests in, 273
pendix C 

population of,
Atmosphere and climate 10 

ruralization in, 30
air quality standard, 161-162, 162' 

threatened species, 281
acid deposition, 167-169, 177 

urbanization in, 31, 32 
acidification of aquatic ecosystems, 169-171 

British Isles, 14 see also England, Great Britain 
carbon dioxide, 165+, 174-177, 176+, 317, 318", 319" 

Burma, 33
carbon monoxide, 166 
chlorofluorocarbons (CFCs), 174-175, 317, 319"
 
climate change. 176-177
 
greenhouse effect, 173.-177
 

174methane, 

nitrogen oxides, 163+, 164-165, 164+, 165+
 

Cameroon, 289
nitrous oxide, 176 

Canadanuclar winter, 178-179 
176 energy consumption in, 103, 110 

ozone, stratospheric, 171-173, 173+, 
176, 211, 211, 212, 212+, 213, and family planning, 24 

ozone, tropospheric, 166. 
fisheries in, 143

213+, 219, 223 
food aid, 52precipitation chemistry monitoring, 317, 324-325* 
food production in, 50, 261

sulfur dioxide, 162", 162-163, 163-164, 164+, 165+, 166+, 
forests in, 273168+, 317, 3200 

(SPM), 162", 163, 163-164, migration to, 22, 235suspended particulate matter 
°, 323* population decentriz.ation in, 37

164+, 165+. 166+, 167", 168+, 317, 322 
Carbon dioxide emisions, 317, 318* 319' 

s-e also Pollutants and forest decline 
CARE, 57Villach Conference, 174, 175 
Caxibbean, 19Australia, 
CARITA, 57ecosystems in, 94, 148, 150 
Carrying capacity, 10. 46, 46" 

energy consumption in, 104 
Catholic Relief Services, 57

fisheries in, 143, 144 
Central African Republicfood aid, 52 

agriculture in, 261food production in, 50, 261 
urbanization in, 34mammals threatened in, 281, 286' 

Central America, 73, 247, 281migration to, 22, 235 
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nde 
Cereal yields, 45, 50, 262 Decade for Women, 58Chad Deforestation, 45, 63, 70-72, 73", 112, 273, 274'-275*;famine in, 56 see also Pollutants and forest decline, and countryfood demand in 45 listings

urbanization in, 34 Demcratic Kampuchea, 227Chile, 20, 25, 31, 38, 329 Desertification, 45, 273, 278*China, 235, 281 Developing countries, see Third WorldPgricuiture in, 43, 46 Dominican Republic, 19
deforestation in, 72 Drinking water, see Freshwater 
earthquak.':; in, 255
 
energy consumption in, 108, 111
 
family planning in, 19, 20, 23
 
fertilizer use, 48 
 E 
food aid, 52
 
forests in, 273 
 Earthquakes, 259*
freshwater in, 127, 132, 135, 136 Eastern Europe
life ex:pectancy in, 25 energy consumption and production in, 104, 106, 107multiple cropping, 49 food tade in, 52
population of, 10, 12, 13 urbanization in, 35soil erosion in, 53, 54 Economic indicators, 227-2340
urbanization in, 32, 33, 38 Ecuador, 19, 30, 289

Christmas Island, 289 Egypt
Climate Change, see Atmosphere and Climate agriculture in, 55Coal, see Energy family planning in, 19, 20, 24
Coasts, see Oceans and Coasts food aid, 52
Colombia formst., 273

family planning in, 19 irrigation in, 48
ruralization in, 30 urbanization in, 33
soil erosion in, 54 El Salvador
urbanization in, 31 family planning in, 24Congo, 289 England, 281, 7ee also British Isles

Conservation Monitoring Center, 87 life expectancy in, 13Consultive Group for International Agricultural Research urbanization in, 36-37

(CGIAR), 58 
 Energy, 289-299

Convention on International Trade in Endangered Species biomais fuels, 110-1III,
of Wild Fauna and Flora (CITES), 91, 92 coal, 108-109, 109' 

1l" 

(Aonvention on the, Conservation of Antarctic Marine liaving consuraplion, 103-116, 104+*, 105+, 289, 292"-293'

Xesources (CCAMLR), 157 
 efficiency, 113-114

Coral reefs, 309, 313' 314" fossil fuels, 109Corbett Action Plan, 95 fuelwood scarcity, 45, 55, 67-69, 69*', 70* 88, 94,

Costa Rica, 13, 19, 281 
 111--113

agriculture in, 261 hydropower, 110, 110*
family planning in, 19 natural gas, 104+*, 107-108forests in, 273 nuclear po.,wer and waste, 109, 109", 110, 294"
mortality in, 13, 25 oil, 105-107, 289threatened species in, 281 production, 103-116, 116", 289, 290'L291, 317-327Council for Mutual Economic Assistance, 38 projection;, 115--1, 315+, 116"Cropland, 44-19 requirement, 289expansion of, 44-.-5 use in th First World, 113-115conversion, 44, 45 Environment, intemational agreements, 193-196, 194--195"permanent, 47*, 256t-257*, 261, 264" Environment Liaison Centre (ELC), 187, 296poL ntial, 47", 261 Environmcnt, national laws, 191-193, 192 ' Cuba, '19 Environmental impact Assessments (EIA), 189mortality in, 25 Erosion, see soil erosion
urbanization in, 32 Ethiopia, 59, 235 

famine in, 56, 57, 58 
food aid, 52. 56 
food demand, 45 
population growth, 55Danish Church Aid, 57 Europe

DDT, use of, 48, 49 acid precipitation in, 317 
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agriculture in, 43, 261 

ecosystems in, 93 

energy consumption in, 104 

fertility, 15, 20 

,ood production in, 26i 

food trade in, 51, 52 

forest decline in, 162, 163. 164, 165, 165, 167, 168, 169. 


171, 203--226 

forest distibution in, 62 

freshwater in, 122, 123, 124, 125, 128, 131, 134-135, 136 

migration to, 22 

pollutaits in, 203-226 

population g wth in, 10, 12, 235 

rangelands in, 71 

ruralization in, 247 

species in, 88, 281
 
urb nizaiion in, 37
 

European Centrally Planned Economies, Appendix CG
 
European Economic Community (EEC), 22, 38, 189, 193,
 

194, 195, 338 

food aid, 52 

food trade in, 51, 52 

urbanization in, 36 


Family planning, 15-22; see also population 

Ferility, 12, 1522, 235, 238t2390 


see also Family planning -ad population 

Friieuse of, 44, 45, 46, 48, 261
Fertilizer,

Fiji, 19, 21Grsd,28 

Fisheries, 141-146, 142, 143, 309, 312* 


Food 

aid, 45, 52, 56-58 

need, 45, 52, 56-58 


production, 44 , 45, 49.52, 5, 57, 261,
5 2.-267
trade, 5--52, 51P 


Forest deai, see Pollutant and forest decline 

Forest management, 6-66

Forestry, res earch, 80.-8I 

Forests and rangelands, 273-279 

area of, 64+, 65+
 
deforestation, 273
 
desertification, 273
distribution of, 62-64, 620, 660, 74*
 
management, 64-66. 66+, 67*, 77, 80, 273, 274-275* 

mangrove, 309, 313314* 

products, 67-70, 6L.+, 63*, 69", 70, 276-277* 

reforestatiori, 66-67 

resources, 61-40, 72-47, 274'L275 *' 

tropical, 273 


Forests and woodlands, 256-257', 258*, 274t-275*, 278* 

France, 13, 20, 281 

Freshwater 


availability ano use, 301, 302°-303* 

cyclones, 301, 306" 

drinking water, 129-130, 138, 250-251* 

floods, 301, 306* 


groundwater; i27, 133, 136-137, 137+
 
industry, 139-131, 301
 
irrigation, 131-134, 131'
 
law, 139
 
non-p.oint pollution, 135
 
pollution and quality, 134-137, 301, 304"-305*
 
pricing of, 134
 
rainfal, 124, 129'+, 128+
 
resources, 121-127
 
river, 138*, 3040'-3054
 
river basiz.s major,306 =
 

runoff, 124-127, 301
 
sanitation, 129-130, 250-215'
 
trends, 134
 

Fuelwood, 45, 55, 67-69*, 70', 88, 94, 110-113, 111*
 

(G.,nxturd, 107-108
 
GennaM Fedeal Republic of, 164+, 235
 

forest decline in, 203-226
 
Ghana
 

family pianring in, 19
 
food production in, 56
 
urbanization in, 34
 

Global Environmental Monitoring System (GEMS), 166,
 
168+, 188, 317
 

GiobaJ Meeting on Environment and Development, 187, 197
 
Global Resibe Confer-nce, 185
 
Globid Resource Infornntion Database (GRID), 188

Grain yields, 47*, 51, 51
 

Grassland, 258*
 

Great Britain, see also England
 
fanmily planning in, 24
 
food aid, 57
 

urbanization in, 35
 
Green Belt Movement, 58
 
Greenhouse effects, 173-177, 317
 
Green Revolution, 43, 47, 57, 58
 
Gross National Product, 227, 228t-229, 289

Gaeaa 4 3
 
Guatemala, 24, 53, 289
 

Haiti, 20, 53
 
Health, 235-246, 242t-2431; see also Population
 
Himalaya, the, 11
 
Human ettlAemen 27-41, 247-253
 

cities, major, 28+, 29+, 252"
 
city primacy, 33
 
decentralization, 37-38
 
drinking water and sanitation, 247, 250t-251°
 

First World, 36-37, 38
 
housing, 38-40
 
migration, 22-23
 
population distribution, 30+, 31*, 247, 248t-249*
 
ruralization, 22, 28-30
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First WorM. 36. 37
 
.cond World, 35-36, 37
 

Third World, '0-34, 3-0
 
urbanizationi, 22, 27-37, 247, 248t249'
U.S. policy. 40 41 

waeJapan, 

see also RNpulation and individual countriesHu n gan, 2 27,3(!!


Hunga-y, 227, 301! 


Iceland, 13

India, 235, 329
agriculture in, 46 


energy consumption in, 11 

family planning in, '10, 23, 24
 
food aid, 52
 
food pioduction in, 47
 
food trade in, 51, 52

forests in, 273 

irrigation in, 47 

population of, 10, 13 

soil erosion, 53 

urbanization in, 32, 33, 34 


Indonesia 

cropland conversion in, 45 

family planning in, 24 

forests in, 273 

pesticide use, 49
 
population 8rowth in, 10
 

Interaction, 57
 
International Board for Plant Genetic Resoures, 58 

International Conference on FNpulation, 23

International Chamber of Commerce (iCQ, 186

International DInking Water Supply and Sonitation Decade,
138, 247 

Internation-A Institute for Applied Sytenis Analysis


LASA), 11 

International Institute for Environment =d Development

(lIED), 199, 329, 353 

fnternationd Labor Organization (IW), 227

International Monelary Fund (OMF), -10 

International Planned Parenthood Federation, (IP:), 24

International Thropical Timhber Agmertent (VITA), 
 79, 197
International Union for Consarvation of Nature and NaturaJ


Resources (iUCN), 66, 87, 88, 44--97, 157, 186, 281, 329
International Women's Conference, 24

Inter-Parliamentaxy Union lecting O(PU), 185

Iran, IslarirRepublic of, 227 


family planning in, 24 

life ex-xecta cy in, 13 


Iraq, 227 

Irrigation, 44, 45, 47-48, 48*, 261 

Islamic African Relief Agency, 57 

Israel, 301 

Italy 


food aid, .57 

Ivory Coast, 34, 261, 273, 281, 281 


Jamaica 
family planning, 19, 20
 

329
 
rb o n 


energy consumption in, 104
 
aan 329em issio n s, 31
 

family planning in, 20

fisheries in, 142, 145
 
food aid, 52
 
marine fishery, 309
 

ppulation decentral .on hn, 37
 
populatidon of, ICrbanization in, 36
 

Jordan, 235, 289
 

Kenya, 58, 281
 
family planning in, 18, 20, 21, 24
 
fertility surve,; 18
 
population growth in, 10, 18, 235
 
urbanization in, 34
 

Korea, ,pepublic of,
 
family planning, 19, 20
 
food tyde in, 52
 
urbanization, 32,.38
 

L 
Labor force, 15, 22, 230123V*
 
Lmnd use and covet; 93--, 255-260, 256IL2570, 258"


aWriculture, 4'3-59, 255, 261-272
 
a-able and 1.ermanent cp!and, 47', 256.'-257"
 
aiea, 256'
 
distribution, 261
 
disturbance, 255
 
foremts and wz,-dland, 255, 256.257*
 
meadows and per' 
 :nt patur, 256t-257-

Lao People's Democra'tic iRepublic, 247
 
Latin America, 235
 

ariculture h,55
 
cropland conversion in, 45
 
debt in, 40
 
deforestation in, 73
 
ecosysterm in, 146, 1,47, 148
 
energy consumption in, 109, 111
 
family planning in, 17, 19, 20
 
fisheries in, 142
 
food productio in, .50
 
fix.shwater in, 122, 124, 125, 127, 130, 131, 135
 
life expe.tancy in, 25
 
migration, 22, 23
 
pesticide use in, 48
 
population growth in, 10, 12, 13, 15, 16
 
ruralization hn, 28
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e'osk-n in,54 

sp:ces in,87, 83, 89, 91, 92 

trop;cal forests in, 71+ 

urbanization in, 28, 31-32, 34, 35, 40* 


Le-banon, 20, 227, 235 

Libya. 34, 235, 289, 301 

Live Aid Foundation, 57 

Loggiig, 64, 67, 69, 70 

hLuxembourg, 235 


.1J.!i 


A ,fertilizerM 
Malaysia, 19, 20, 273, 289, 329 

M;di. 247 


farrine in, 56 

food demand, 45 


Mammals, threatened, 286' 

Man and the Biosphere (MAB) Program, 10, 281 

Mangroves, see Oceans and Coasts 

Mauritania 


famine in, 58 

food demand, 45 

population. growth in, 55 

urbanization in, 34 


MauritiuS., 52 

Meadows and permanent pasture, 256L257' 

Medecins Sans Frontieres, 57 

Mexico, 281 


family planning in, 19, 20, 24 

migr~ktion from, 12 

pesticide use, 49 

population of, 10 

urbanization in, 31, 32, 247 


Mi6dle East, see also individual countries 
ene,-y consumption and production, 107, 108, 117-118 


fertility in, !5 

food production in, 50 

food trade in, 51 

freshwater in, 122, 123 

labor migration to, 22 


Migration, 22.-23, 235; see also Human Settlements 
Minerals 

consumption, 289, 297t-298* 
production, 289, 295t2960 

Missouri 
soil erosion, 53 


Monitoring and tAssessment Research Center, 329
 
Morocco, 34, 289
 
Mortality, 13-14, 15, 24-25, 235, 259*; see also Popu

lation 
Mozambique 


famine in, 56, 57, 58 

food production in, 56 

population growth in, 55 


K'A! 


Natural gas, 104', 107-108 

Nauru, 289 


Near Eas!
 
rangelands in, 75
 

Nepal. 247, 289
 
family planning in, 20
 
forestfs in, 2173
 
mortaJiy in, 13
 
soil ero5ion in, 53
 
urbanization in,33
 

Netherlands, 10, 235
 
agiiculture in, 261
 

use, 48
 
New Ze--n1and
Vn1 1 consumption in,104
 

fisheries in, 144
 
food production in,50
 
migration to, 22
 

Nicaragua
 
urbarization in. 38
 

Niger
 
faairne in, 56
 

Nigeria, 28.9
 
family planning in, 24
 
forests in, 273
 
population growth in, 55
 
population of. 10, 13
 
soil erosion in, 53
 
urbanization in, 33
 

Non-Governmental Organizations Forum, 58
 
North America
 

acid precipitation in, 317
 
agriculture in, 44, 261
 
energy consumption in, 104
 
family planning in, 20
 
fertility in, 15
 
food production in, 50, 261

food trade, 51
 

forest decline in, 203-226
 
mammals in, 286'
 
pollutants in, 161-173. 203-226
 
population growth in, 12
 
species in, 87, 89, 281
 

North Korea 
urbanization in, 38
 

Norway, 235, 289
 
Nuclear power, see Energy
 
Nuclear winter, 178-179
 
Nyerere, Julius, 191
 

Oceania, 261, see also individual countries 
Oceans and Coasts
 

Antarctic, 157
 
areas and resources, 310--311*
 
coral reefs, 150-152, 153-', 156+, 309, 313.-314
 
managenment, 153-157, 157-158, 309
 
mangrove forests, 146-148, 149+, 147+, 1480, 152,
 

154+, 309, 313'-314
marine fishery production, 141-146 142", 143', 309,
 

3121
 

3416 



Index 
oil spills, 3150 Population, 9--26, 235-246

°pollution and o spills, 309, 315 age distribution, 15, 235, 240-2414
 
radioactive wastes, I52- 153 
 birth rates, 235, 238-.239' 

°
seagras beds, 1-8-150, 151+, 152, 155+, 309, 313t.-314" carrying capacity, 10, 46, 46
 
tropical coastal resources, 309, 313-314" of cities. 2520
 

Oil 
 contrLception, 17-22
 
consumption, 10 ',--107, 289 
 demographic transition, 14--15, 16, 17+ 
production, 105, 107, 289 density, 2565-257 
spilki, 315* distribution of, 27-41, 247, 248t-2490
 

Organization for Economic Co-operation and Development education, 17-22, 235, 244-245"
 
(OECD), 87, 8,3, 891, 193
165+, 196, 289, 301, family planing, 17-22, 235 

Organization oi Petrcleum Exporting Countries (OPEC), lertility, 15, 235, 23834'239
".;3,51, 117-!18, 19-
 growth e, 50, 51, 55, 236 -237" , 248-249" 

OXFAM, 57, 197 and health, 23-246, 242t.243*
 
Ozonc see Atnosphcre and Climate 


P 
labor force, 15, 22, 2"0-231* 
life expectancy, 13, 144, 16, 235 
migration, 22-23, 235 
mortality, 13, 131, 15+, 24, 235, 238'-2391 259'
 

Pakistn policies and pro a ., 22-24

family planning in, 20, 21, 24 of world, 10+, 1,


see also Human S-ttlements and individual countries
food aid, 52 Protected areas, see Wildlie and Habitat
 
mortaity in,13 Puerto Rico, 19
 
population of, 10 
 Radda Barnen, 57
 
soil erosion in, 54
 
urbaniizat.ion in, 33, 38
 

Panama
 
family planning in, 19
 
mortality in, 25
 

Papua New Guinea, 247 Rangelands, see Forest and Rangelands

Paag',ay, 19, 20, 247, 273 Realmd, 963oi7s, ,.dtiogergrapliad Provinces of the
Peru World, 96-97 +debt in, 40 Red Cross, lnternationa;l Comrrittee of, 57family planning in, 19, 24 


ruralization in, 30 
Regional Seas Conveition, 329

Resource, Conserra ion and Recovery Act (RCRA), U.S., 247urbanization in, 32, 38 
Romania 

Pesticides, use of, 44, 45, 46, 48-49, 50 urbanization in,3 
Philippines, 191, 329 Ruralization, 28-30 

cropland conversion in, 45 Rwanda, 235 
family planning in, 19, 24 

Poland 
family planning in, 20 
urbanization hi, 35 

Policies and institutions, 183-202. 329-334 Sahel, the 
Pollutants and forest decline, 203 .26 agriculture in, 55
 

acid deposit'on, 211*, 215-217 
 desertification, 273
 
carbon monoxide, 211, 2110 production in, 80
 
forest decline causes, 206, 212" rainfall, 128*
 
growth-altering organic chemicals, 212, 215, 216+ Salinization, 48, 49, 131-133
 
heavy metal deposition, 217-218, 218+ Saudi Arabia, 289, 301
 
magnesium deficiency, 211 
 food demand and production in, 45, 46
 
nitrogen excess, 211-212, 214-215 urbanization in, 32-33
 
nitrogen oxides, 21, 215-217 
 Seagrass beds, 309, 313t--314*
 
nutrient excess, 211-212, 214-215, 216' Seeds, 58-59
 
ozone, 211, 21V,212, 212+, 213, 213+, 219, 223 Senegal, 289
 
particulate matter, 211" 
 family planing, 19
 
soil acidification, 211 
 food production in 56 
solutions, 223-221 population of, 10
 
sulfur dioxide, 211, 211, 213, 214, 214+, 215-217, 220 Shrubland, 258
 
Waldsterben ,ymptons, 204*, 206' 
 Singapore
 
see also Atmosphere and Climate 
 food production in, 46 
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Soi ersion, 45, 52-55, 53' 261, 270 

Som&lia 


kf.iine [, 56 

fo-! production in, 56 


South Africa, 31, 261, 309 

South America, 235 


aricu iture in, 261 

.- op,.a.. cnzveti ion in 44, 45 


kd po*uction in, 26 

manmas in, 286" 

threaiened species, 281 

wddli.- reserves, 281 

uhane.:tion ir,, 31 


South Miea.iR.yptblicsee oiii, of

Soviet Union, 227, 21 


a ,'iuttmin, 43, 2 .1 

enegyonsmptoain, 103. 104, 107, 108 


leiity 4t, 15 


fisheries in, 145 

foo. plutduction in, 261 

food tkade in, 51, 52 

fornst dec-in.e in, 204-205 

forerst in, 273 

frejhwater i1.. 13, 125, 127, 133-134, 135 

life ex ect3ecty In, 25 

KPoputation of, 10, 12 


urbanization in, 35 

Sri Lnka 


family p!annirvg in, 19, 20 

food aid, 52 

mortality in, 13 


Sub-&ihaian Africa 

amgriculture in, 56 

famine in, 57 

fertility in, 15 

life expectancy in, 11, 25 

population growth in, 56
 
ruralization in 33, 34
 
urbanization in, 33, 34
 

Sudan, 301
 
demographic transition in, 14
 
desirtificaJhn n, 273 

family planing in, 19, 24 

fanine in, 56, 57 

fanod wricing, 56 

mortality in, 13 


Sulfur dioxide concentrafions, 320'L321* 

Suriname 


niralization in, 30 

Swaziland, 261 

Sweden, 235 


demographic transition in, 16 

family planning in, 24 

freshwater use, 123-124, 131 


Switzerland, 235 


Tanzania, 281, 289 

urbanization in, 34, 38 


Thailand, 26i, 281
 
family pla-minig in, 19, 2n, 24
 

Third World
 
agriculture in, 44. 46, 56, 58-59
 
cropland conversion in, 45
 
debt in, 40
 
deforestt;on in, 70--72, 73w 
deinograpitc tinasition in, 174+ 

energy consumption in, 104-105, 107, 108, 109, 110,
 
111, 112
 

family planning 4u, 20, 23
 
fisheries in, 141-146
 
food aid, 52
 
food production in,44, 4*, 49-50, 56

food trade in, 51
 
forests i., 253
 
freshwater in, 122-141
 
life expcc~tancy in, 13-14, 14+
 

multiple cropping, 49
 
pesticide use in, 48, 49
 
population of, 10, 11+, 12, 12+, 50
 
soil em.-ion in, 54
 
urbanization in, 27-34, 35, 37, 38, 39, 40
 

Threatened species, see! Wildlif, threatened
 
Tibet, 53
 
Togo, 52, 289
 
Tropical rainfoestsh 44, 45, 71+, 72', 73*, 86-87, 273;
 

see also Def restition and individual countries
 
Trinidad and T'bagc 20
 
bndra, 258'
 

Tunisia, 289
 
family planning in, 19, 20
 
urbanization in, 34, 35
 

Tbrkey
 
soil erosion in, 53
 
urbanization in, 39
 

Udvardy Plan, 95, 96-97+
 
Uganda, 247
 
United Nation.% 12, 45
 

Conference on the Law of the Sea, 309
 
Department of International Economic and Social
 

Affairs, 235
 
Development Program, 58, I16-117
 
Educational, Scientific, and Cultural Organization
 

(UNESCO), 10, 45, 281
 
Environment Program (UNEP), 186, 189, 190, 191, 193,
 

198-199, 273, 329
 
Food and Agriculture Organization (FAO), 11, 28, 30,
 

50, 52, 57, 58, 59, 235, 255, 309
 
Fund for Population Activities (UNFPA), 11, 18, 23, 24,
 

45, 46
 
Office for Emergency Operations in Africa, 57
 
Population Division iojections, 11, 12

Statistical Office, 289
 

World Health Organization (WHO), 49, 108, 247, 162"
 
World Food Program, 52
 



..... nde'x 
Uniied States, 281, 289, 229 
 Water, ee Freshwater

agriculture in, 43, 57, 255 
 West Germany see also forest decline in,ecosystems in, 92, 93, 94, 197 see 

energy concnmption ir, 103, 104, 106, 107, 108, 114

and family planning, 20',23, 24 

fisheries in, 143, 145 

food aid, 52, 57 

food production in, 50, ""7, 261 

food trade: in, 51, 52 

forests in, 63, 273 

freshwater in, 122, 123, 124, 127, 128, 131, 132, 133,


134, 135. 136, 138 

hazardous waste, 247 

life expectancy in, 13, 25 

migration t, 12, 22, 235 

pesticide use in, 49 

pollutants in, 16I, 163, 165, 166, 167, 1674, 168, 169, 170,

171, 317 

population of, 10, 11 

rangeland in, 75 

ruralization in, 28 

roil erosion in,54 

species in, 87, 89 

urbanization in, 28, 36 


United States Government 

Agency for lnternational Development (U.S AID), 24,


189, 200, 329 

Bureau of Mines, 289 

Census Buleau, 11 

Departmcnt of Agriculture (USDA), 52 

Department of Energy, 289 

Environmental Protection Agency (U.S. EPA), 247 

General Accounting Office (CAO), 48 

National Aeronautics and Space Administration (NAS ),


188 

Urbanization, 27.-41 


major cities 28+, 29+ 

Uruguay 


debt in, 40
 
rurali;"ation in, 30
 
urbanization in, 31
 

USA for Africa, 57
 

V , 

Venezuela
 
debt in, 40
 
fertility in, 22
 
migration to, 23 

flrakLzation in, 30 


Vienna Conventon for the Protection of the Ozone Layer,

178, 329 


Viet Nam, 227, 237 

Villach Conference, 174-175


W 

Pollutants and forest decline 
population of, 10
 

Wetlands of Interuational Significance, 281, 284-285*
 
Wildlife and habitat
 

biosphere rneylies, 284.-2850
 
ecosystems, 92-94, 28i-288
 
extinction of, 94-91
 
management and protected azs, 91-92, 93+, 94-98,
 

98 , 282t-283o
 
reources, 281
 
species, 85-92, 281-28, 286 °
 

threatened, 87-92, 281, 286'
 
W,,dland and forest, 2561-257", 258"
 
World Bank, the, 189, 190, 191, 199, 227
 

aricultural pm.iect", 58
 
energy arsement program, 116-117
 
and tamily pla'nin;tg, 23, 24
 
populatio) p-ojctCUonS of, U, 12, 13, 18
 
Third World c-h t, 40
 

World Banh- AWs, 227
 
World Ceasis, of A: cutu.,, 255
 
World Commodity krk:kes and lndexes, 232t-233*
 
'World Conl iS'd'n, 85--i486
 
World Conservation StrateN .;19-10i, ;86

1bridDf'va-:o1racr:11 po:nt, 227
 
World Feitility S,)rvc.cy (WES), 15, 17-19, 20, 21
 
Work'' Food Co.fetmne, 50, 52
 
World Heritage Sites, 281, 2 -285"1
 
World industry Conf, rence on E~wlronmenta Management


(WICETM,), 185-187, 197
 
World Meteroiogic i Organization (WMO), 188
 
World Population Conference of 1974, 10
 
World, population of, 10+, I1
 
World Resources Institute, 185, 351
 
Worldwatch Institute, 189
 
World Wildlife Fund, 186
 

Yemen Arab Republic, 19, 301
 
Yugoslavia, 35
 

Zaire, 34, 273, 289
 
Zambia, 261
 
Zimbabwe
 

food production, 261
 
food pridng, 56
 

Wales, 13 
 * Tables 
Waldsterben, see Pollutants and forest decline + Figures 
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The World Resources lrstitute (WRI) is a policy research 
center created in late 1982 to help governments, inte'na-
tional organizations, the private sector, and others address 
a fundamental question: How can societies meet basic 
human needs and nurture economic growth without under-
mining the natural resources and environmental integrity 

on which life, economic vitality, and international security 

depend? 

The Institute's cMrent program area; include tropical
' "-

forests, biological diversity, sustainable agriculture, global 
energy futures, climate change, pollution and health, eco-
nomic incentives for sustainable development, and resource 
and environmental information. Within these broad areas, 
two dominant concerns influence WRI's choice of projects 
and other activities: 

The destructive effects of poor .esource management on 
economic development and the tfIleviation of poverty in 
developing countries; and 

generation of globally important environmentalThe new 
and resource problems that ti,reaten the economic and 

environmental interests of th? United States and other 
industrial countries and that have not been addressed with 
authority in their laws. 

Independent and nonpartisan, the World Resources Insti-
tute approaches the development and analysis of resource 
policy options objectively, with a strong grounding in the 
sciences. Its research is aimed at providing accurate infor-
mation about global resources and population, identifying 

emerging issues and developing politically and econorni.1 
cally workable proposals. WR's work is carried out by an 
interdisciplinary staff of scientists and policy experts aug-
inented by a network of formal advisors, collaborators, and 
affiliated institutions in 30 countries. 

WRI is funded by private foundations, United Nations and 
governmental agencies, corporations, and concerned 
individuals. 

World Resources Institute 
1735 New York Avenue, N.W.
 
Washington, D.C. 20006 U.SA.
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Matthew Nimetz, Chairman
 
John E. Cantlon, Vice Chairman
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Robert 0. Blake
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Founded in 1971, the International Institute for Environ-
ment and Development (lIED) is a global organization, 
Recognizing that productive use of soils, water, forests, and 
other natural resources was directly linked to economic 
growth and human needs, IlIED was established with Bar.. 
bara Ward as its Presiden: and with sustainable develop
ment as its guiding principle. 

IIED's sustainable development program ificiude; policy
research, in'orrnation, ard fileld activities. "Ibday, ihe Insti-
tute draws staff fiom around the world and oeral3 from 
offices in London, Washington, D.C., 3nd Buenos Ahes. Its 
sustainable development agenda encompasses health and 
living conditions in the overcrowded cities of the Thvd. 
World, forestry and land use, renewable energy, fisheries,
and sustainable agriculture. 

While each of these policy issues has global implicamions, 
IIED's approach is attuned toward practicadlorutions. it uti
lizes case-by-case anaysis and collaboration at the grass 
roots level, involving national leaders, the private cector,
and local people affected by the problem. 

The Institute's field activities draw on IlED's policy ad 
information expertise, but are oriented toward Third World 
organizations and selected governments. These groups
share IIED's common puruit of sustainable d.velopment. 
In 1985, lIED staff and associates worked with norn-
governmental and private voluntary organizations in 25countries worldwide, concentrated in [atin America,

counties
Africa, and Southeast Asia. 

r.ar lcan, IED's editorially independent news and com.-
inunications service, regularly brings timely information on 
Thi:d World environment and development issues to 3,C*,9 
contacts in developing countries, including journalists, pri-
vate voluntary organizations, ard governments. 

lIED is funded by private and corporate foundations, 
international organizations, governments, and concerned 
individuals. 

International h 
for ErAmiryn,-allt and Development
 
North Amerlcii
 
1717 Mssachuve.ts Av iiue, N.W.
 
Washington, D.C. 2036 USA.
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