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". . . I am dk
Councnon Environmental
Quality Eind the Department
of State,- working. irt coop-
eration with . . . other
appropriate agencies, to -
make a one-year study of
the Orobable changes in .*
the world's population, nat-
ural resources, and envi-
ronment through the end of
the century."

PRESIDeNT JIMMY CrIA
4.
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, The Global 2000 Report to
2 the President presents a pic .

ture that can be painted only f

inibroad strokes and with a
brush still in need of aft. , .*/

tional bristles. It is, however,
the most complete and corti-
sistent such picture ever
painted by the.U.S. Govern-
rpent. Many rapid and unde-
sirable developments are
foreseen if puplic policies .

concerning population stabi-
lization, resource conserve
tion, and environmental
protection remain un-
cnanged over the coming

'Idecades. Vigorous and de-
termined new initiatives are
needeo around the world.
These initiatives need to be
taken soon while the picture
is yet fluid and nationslare
still preparing 'to enter a%
twenty-first centui y.
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. Letter of Transmittal
a

, -
ThPresident

Sir: In youcEnvironmental Message to ihe Congress of May 23, /977,
you directed the touncil on Environmental Ouality and the bepartment of
State, workini with other ferlerig agencies, to study the "probable changes in
the world's population, natural resources, and enVironment.through.the end
of the century." This en4eavor was to serve as "the fouhdation of our
longer-term planning."

The effort we then undertook to project present world trends and to
establish a foundation' for planning is now complete, and we are pleased to
present our report to you. What emerges are not predictions but rather pro-
jections developed 'by U.S. Government agencies of what wilt happen to
population, resources, arid environmeni if present policies continue.

Our conclusions, summarized in the pages that follow, are disturbing.
fhey indicate the potential for global problems of alarming proportions by
the year 2000. Environmental, resource, ind population stresses are inten-
sifying and will increasingly determine the quality of human life on. our
planet. These, stresses are already severe enough tp deny many millions of
people basic needs for fo6d, shelter,.health, and jobs, or any hope for better-
ment. At the same time, the earth's carrying capacitythe ability of biologi-

- cal systems to provide resources for human needsis eroding. The trends
reflected in the Global 2000 Study suggest strongly a progressive degradation
and improverishment of the earth's natural resoutce base.

If these trends are to be altered and the problew diminished, vigorous,
determined hew initiatives will be required worldwide to meet human needs
while protecting and restoring 'the earth's capacity to support life. Basic
natural resourcesfarmlands, fisheries, forests, minerals, energy, air, and
waterMust be conserved and better managed. Chges in public policy are

5
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needed around the world before problems worsen and options for effective

action are reduced.
A nutither of responses to global resourCe, environment, and populaion

problemSresponses only' touched on in the Studyare underway.
Heightened international concern is reflected in the "Megaconferences" '
convened by the United Nations during the last decade: Human Environ-
ment' (1972), Population (1974, ) fond (1974), Human Settlements (1976),
Water (1977, i Desertification (1977), Science and Technology for Develop-
ment. (197,), and New and Renewable Sources'"Of Energy, scheduled for
August 1981 in Nairobi. The United States has tontributed actively to these
conferences, proposing and supporting remedial actions of which many are
now being taken. We are also working with other nations bilateralli,
building concern for pqpulation growtii, natural resources, and environment
into our foreign aid programs and cooperating With our immediate neighbors

on common problems ranging from cleanup of air and water pollution to
preservation of soils and development of neW crops. Many nations around
theworld are adopling new approaches=replanting deforested areas, con,-
serving energy, making family planning measures widely available, using
natural predators and selective pesticides to protect crops insteaerof
broidseale destructive application o.f chemicals.
' Nonetheless, given.the urgency, scope, and coMplexity of the challenges
befOre us, the efforts now underway around the world fall far short of what
is needed. An era of unprecedented global cooperation and commitment is

essential.
The necessary changes go beyond the capability of any single nation.'

But our nation Can itself take important and exemplary steps. Because of our
preeminent position as a producer and consumer of fond and energy, our ef-
forts tc conserve soil, farmlands, and energy resources are of global, as well

as national, importance. We can avoid polluting our own environment, and
we must take care that we do not degrade the global environment. .

Beyond our bOrders we can expand our collaboration with both
.developed and developing nations itt a spirit of generosity and justice. Hung
dreds of millions of the'world's people are now trapped in a condition of ab-
ject poverty. People at the margin of existence must take cropland, grazing
land, and -fuel where .they can find it, rejardless of the effects upon the
earth's resource base. Sustainable economic development, conpled with en-
vironmental protection,. resource management, and family-olanning is essen-

tial. Equally important are better.understanding and effective responses to
such global problems as the buildup of carbon dioxide in the atmosphere and
the threat of species loss on a massive scale.

Finally, to meet the challenges described in the Global 2000 Study our
federal government requires a much stronger capability to project and
analyze long-term trends. The Study clearly points to the need for improving
the present foundation for long-term planning. On this foundation rest deci-
sions that involve the future welfare of the Nation.

We wish to express our thanks to.and our admiration for the Director

to,
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Of the Global 7,000 Study, Dr. Gerald 0. Barney -and his staff. Their
diligence, dedication, and ability to bring forth the best from a legion of con-
tributors is much appreciated. Special thanks is also due to those of the
Couficil on Environmental Quality and the Department of State who worked
closely with the Study/and to the 11 other agencies that contributed greatly to
it.* Without the detailed knowledge provkled by theseagencies' experts, the
Global 2000 Study wotild have been impossible.

THOMAS R. PICKERING
Assistant Secretary, Oceans and

Miernational Environmental
and Scientific Affairs;

Department of State

Respectfully,
*t

GUS SeETH

Chairman, .

Council on Environmental
.9uality .

Me Federal agencies that cooperated with us in this effort were the Deratments of Agrkkhure, Energy.
*and,fibe Interior, the, Agency for International Development, the,Central Intelligence Agendy, the En-

vironmental Protection Agency, the Federal Emertiency Management Agency, the National Aeronautics
and-Space Administration, the Natioo4 Science Fowtdation, the Natignal Oceanic and Atmospheric Ad-
ministration, and the Office, el Scitrice ithd Technotogy Policy.

. ,

e

,1



°'+

4.0t.r.

Environmental problems do not stop at
national. tioundaries. In the past decade,
we and othei nations have come 'to
recognize the urgVncy of international el'-
forts to iirotect our coinmon envirod-

As part of this process, 1 am direct-
inglhe Council. on Environmental Quali-
ty and'the Departrent of State, working
in cooperation with the Environmental
Protection Agency, the National Science
Foundation, the National Oceanic and
Atmospheric Administration, and other

.aporopriate agencies, to make a one-year
study of the 'probable 'changes in the
world's population, natural resources,
and environinent through the end of the
century. This study will serve as the
foundation of our longer-term planning.

,

President Carter hsued this directive in his
Environmental Message to the Congress on May
23, 1977. It marked the beainting of what became

Ohne-year effort to discover the long-term Impli-
cations of present world trends in . population,
natural rcsourcii, and the environment and to.

Preface

assess the Government's foundation for long-
range planning. .

Government concern with trends in papilla:
tion, resources, and environment is not 'Flew. In-
deed, study of these issues oy Federal commissions
and plannin's boards extends back at least 70
years.' The earlier studies, however, 'tended to
view each issue v.iithout relation to the others, to
limit their inquiries to the borders of this nation
and the short-term future, and to have relatively
little effect on policy.2 What is new in mare recent°
studies is a growing awareness of the interdepen-
dence of pdpulation, resources, and en4irofitnent.
The Global 2000 Study is the first U.S. Govern-
ment -effort lp look at all three issues from a long-

. term global perspeCtive that recognizes theirinter-
.

relationships and attempts to make connections
among them.

The global 2000 Study is reported in three
volumes. This Summary, is the, first. volume.
Volume 11, the Technical Report, presents the
Study in further detail and is referenced extensive:
ly in this Sunfmary. The third volume provides
technical documentation on the Goyernmeht's
global models.. All three voiumes ire available
from the U.S. Government Printing Office.

v
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Major Findings and Conclusions
If present trends continue, the world in 2000 will be more crowded,

more polluted, less stable ecologically, and more vulnerable to disruption
than the world we live in; now. Serious stresses involving population,
resources, and.environment arerelearly visible ahead. Despite greater mate-
rial output', the world's people will be poorer in many ways than they are
today.

For hundreds of millions of the dssperately poor, tbe outlook for food
and other necessities of life will be no better. For many it will be worse.
Barring revolutionary advances in technology, life for most people od earth
will be more precarjous in 200 than it is nowunless the nations of the
world act decisively Walter current .trends.

This, in essence, is the picture emerging from the 'U.S.'Government's
projections of probable changes in world pbpulation, resources; and
environment by the end of the century,' as pfesented in the. Global 2000
Study. They do not predict what wilroccur. Rather, they depict conditions
that are likely to develop if there areio chahges in pUblic policies, institu-
dons, or rates of technological advance, and if there are no wars or Ottier
major disruptions. A keener awarenesi orthe natute of the current trends,
however, may induce chaves dig will alter these trends and the projected
outcome:

Principalyindings

Rapid growth in world poptilationvill hardly have altered by 2000. The,
world's population will grow from 4 billion in C975 to 6.35 billion in 2000, an
incivase of more than 511.percenti. The rate of growth will sloW only margin-
ally, from 1.8 percent a Vetr to 1.7 percent. In terms of sheer numbers,
population will be 'growing faster in 2000 than it is today, with 100 million
people added each yeaP compwed with 75 million in 1975. Ninety percent df
this grovth will occur in the poorest countries. ;

- %Ale the economies of the less developed cbuntrie (LDCs) are ex-
pected tb grow at faster rateS thkn those of the industrialized nations, the
gross national product per capita in most LDCs remains low. The average
gross national product per capita is projected, to rise substantially in some
LDCs (especially in Latin America), but in` the great populous nations'of
Sduth Asia it remains below OW a year (in 1975 dollars). The large existing
gap between the rich and poor nations widens. .

World food production is projected to increase 90 percent over the 30.
years from 1970 to 2000. This tianslates into a global per capita Increase of
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less thin 15 percent over the same period. The bulk of that increase goes to'
cOuntries.that already have relatively 'high .per. capita food consumption.
Meanwhile per capita constimpliOn in South Asia, the Middle East, and
the LDCs of Africa will scarcely improve or will actutdy decline below pre--

sent inadequate levels. ALthe Same time, real prices for food are expected to
double. ; -,

Arable land will increaSe only 4 percent by 2000, sotthat most Of the in-
creased output of ;food will have to come frbm higher yields. Most of the
elements that now contribute to .higher yield,sfertilizer, pesticides, power
for irrigation, and fuel for machinerydepend heavily on oil "and gas.

During the 1990s world oil production will approach geological esti-

mates of maximum production capacity,:even with rapidly increasing petro-
leum prices. The Study projects that the'richer industrialized nations will be
able to command enough oil and other commercial energy sum:them meet
rising demands through 1990; With the expected price increases, many less
developed countries will have increasing difficulties meeting energy needs.
For the.one-qUarter of humankind that depends priniarily on wood for fuel,
the outlook is bleak. Needs for fuelwood will exceed available suPplies by
about 25 percent before the turn of the century.

While the 'world'i finite fuel resourcescoal, oil, gas, oil shalevtar
sands; and uraniumare theoretically sufficient for centuries, they are not
evenly d?stributed; ihey Pose difficult economic and environmental prob-
lems; and they vary greatly in their amenability to exploitation and use.

Nonfuel mineral.resoUrces generally appear sufficient to meet projected
demands through 2000, but further discoveries and investments 'will be
ineeded tOlmaintain reserves. In addition, production ebsts will increase Ah
energy prices and may Make. some nonfuel mineral rdources-uneconomic.
The quarter of the .World's population that inhabits industrial countries will
cpntinue to absorb three-fourths of the world's mineral produetion.

Regional water shortages will become more severe. In the 1970-2000
period population growth alone will cause requirements for water to double,
in nearly half the world. Still greater increases would be needed to improve
standards of liVing.ln many Lpcs, water supplies will.betome increasingly
erratie by 2000 as a rest& of extensive deforestation. Development of new
water, supplies will become more costly virtually everywhere.

Significant 'losses of world forests will.continue over the next 20 year4

as dethand for forest products and fuelwood increases. Growing stocks of

.8contnercial-size timber are projecied to decline 50 percent per capita. The
world's forests ,are now disappearing at the rate of 18-20 million hectares a

year (an area half the size of Catifornia), with Most of the loss occurring in
the humid tropical fordts of Africa, Asia, and South AmeriCa. The projec-
tions indicate that by 2000 some 4b percent of the remaining forest cover in
LDCs will be gone.

Serious deterioration of agricultural Oils will occur worldwide, due to
erosion, loss of organic matter, desertifivtion, salinization, alkalinization,
and waterlogging. Already, an area of cropland and g,rassland approximately



the size of Maine is becoming barren wasteland each year, andthe spread of
desert-like conditions is likely to accelerate.

Atmospheric concentrations of carbon dioxide and ozone:depleting
chemicals are expeCted to increase at rates that 4ould alter the world's climate

and upper atmosphere significantly by 2050. Acid rain from increased com-
bustion of fossil fuels (especially coal) threatens damage to lakes, soils,. and

/crops. Radioactive arid other hazardous materials present health and safety

problems in inCreasing numbers of countries.
Extinctions of plant and animal species will inctease dramatically. Hun-

. dreds of thousands of speciesperhaps as many as 20 percent of all species

on earthwill be irretrievably lost as their habitats vanish, especially in ,

tropical forests. .

The future depicted by the U.S. Government projections, briefly out-
.

liped above, may actually understate the impending problems. The methods
$railable for carrying out the Study led to certain gaps anti inconsistencies
that tend to impart an optimistic bias. For example, most of the individual
projections for the Various sectors studiafood, minerals, energy, and so

onassume that sufficient 'capital, energy; water, and land will be available

in each of these sectors to meet their needs, regardless of the competingneeds

of the other sectors. More consistent, better-inregrated projections would

produce .a still more emphatic picture of intensifying stresses, as the world

enters the twenty-first century.
4

conclusions

At present ,,and projected growth rates, the world's population would
reach 10 billion by 2030 and would approach 30 billion by the end of the
twenty-first century'. These levels correspond closely to estimataby the U.S.
National Academy of Sciences of the maximum carrying capacity of the en-

tire earth. Already tit( populations in sub-Saharan Africa and in the
Himalayan hills of Asti have exceeded the carrying capacity of the im-
mediate area, triggering an erosion of the land's capacity to support life. The
resulting poverty and ill health have further complicated efforts to reduce
fertility. Unless this circle of interlinked prciblems is broken soon, popula-
tion growth.in such areas will unfortunately be slowed for reasons Witter than
(taping birth rates. Hunger and disease will claim more babies and young
children, and,more of those surviving will be mentally and physically handi-

capped. by childhood malnutrition.
Indeed, the problems of preserving the carry ing capacity of the earth

and sustaining the possibility of a decent life for the human beings that in-
habit it are cnormous and close upon us.. Yet there is reason for hope. It must
be emphasized that the Global 2000 Study's projections are based on the

assumption that nationAl policies regarding population stabilization,

resourCe conservation, and environmental protection will remain essentially
unchanged through the end of the century. But in fact, policies are beginning

to change. In some areas, forests are being replanted after cutting. Some na-

tions are taking steps to reduce soil losses and desertification. Interest in
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energy conservation is growing, and large sums are being invested in explor-
,
ing alternatives to petroleum dependence. The need for family planning is

slowly becoming better understood. Water supplies are being improved and

waste treatment systems built. High-yield seeds are widely available and seed

banks a being expanded. Some wildlands with their genetic resources are
being protected. Natural predators and selective pesticides are being sub-
stituted for persistent ansi destructive pesticides.

Encouraging as these developments are, they are far from adequate to

meet the global challenges projected in this :.tudy. Vigorous, determined new
initiatives are needed if worsening poverty and human suffering; environ-
mental degradation, and international tension- and connic'ts are to be
p`revented. There are no quick fixes. The only solutions to the problems of
populatithrtesources, and environment are complex and long)term. These

problems are inextricably linked to some Of the most perplexing and persis-
tent problems in the worldpoverty, injustice, and social conflict. New and
imaginative ideasand a willikpess to act on themare essential.

The needed changes go far beyond the capability and responsibility of,
this or any other 'single nation. An era of unprecedented cooperation and
commitment is essential. Yet there are opportunitiesand a strong rationale
for the United States to provide leadership among nations. A high priority
for this Nation must be a thorough assessment of its foreign and domestic

, policies relating to population, resources, and environment. The United

States, poissessing the world's largest economy, can expect its policies to haye

a significant influelice on global trends. An equally important priority for the

United States is to cooperate generously and justly with other nationspar-
ticularly in the areas of trade, investment, and assistancein seeking solu-
tions to the many problems that extend beyond our national boundaries.
There are many unfulfilled opportunities to cooperate with other nations in
efforts to relieve poverty and hunger, stabiliie population, and enhance
economic and environmental prquctivity. Further codperation among na-

tions is also needed to .strengtheit4ternational mechanisms for protecting
and utilizing the "global commons"the oceans and atmosphere..

To meet the challenges described in this Study, the United States must
kmprove its ability to klentify emerging problems and assess alternative
responses. In using and evaluting the Government's present Capability, for

long-term global analysis, the Study found serious inconsistencies in the
methods and assumptions employed by the various agencies in making their
projections. The Study itself made a start toward resolving these inade-

quacies. It represents the Government's first attempt to produce an inter-,
related set of population, resource, and environmental projections, and it
has brought forth the most consistent set Of global projections yet achieved

by U.S. agencies. Nevertheless, the projections gtill contain serious gaps and
contradictions that must be cot rected if the Government's analytic capability

is to be improved. It must be acknowledged that at present the Federal agen-
cies are not always capable of providingprojections of the quality needed for

long-term policy decisions.
Whild limited resources may be a contributing faCtor in some instances,
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the primary problem is lack of coordination. The U.S. Government needs a

mechanism for continuous review of the assumptions and methods the
Federal agencies use in their projection models and for assurance that the

agencies' models are sound, consistent, and well documented. The improved

analyses that could result would provide not only a cleare,r sense of emerging

problems and opportunities, but also a better means for evaluating alter-
hative responses, and a better basis for decisions of worldwide significance

that the President, the .Congress, and the Federal Government as a whole

must niake.
With its limitations and rough approximations; the Global 2000 Stpdy

may be seen as no more than a reconnaissance of the future; nonetheless its

conclusions are reinforced by similar findings of other recent global studies

that were examined in the Course of the Global 2000 Study (see Appendix).

All these studies are in general agreement on the nature of the problems and

on the threats they pose to the future welfare of humankind. The available

evidence leaves- no doubt that the worldincluding this Nationfaces enor-
mous, urgent, and complex problems in the decades immediately ahead.
Prompt and vigorous changes in public policy around the world are needed

to avoid or minimize these problems before they become unmanageable.

Long lead times are required for effective action. If decisions are delayed un-

til the problems become worse, options for effective action will be severely

reduced.

4.0
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The Study in 'Brief

The President's directive establishing the
Globa12000 Study called for a "study of the prob-
able changes in the world's population, natural
resources, and environmentlhrough the end of the
century" and indicated that the Study as a whole
wai °to "serve as the foundation of our longer-
term planning."' The findings of the Study iden-
tify problems to which world attention must be
directed. But because all study reports.eventually
become datectanct less useful, the Study's findings
alone cannot provide the foundation called for in
the directive. The necessary foundation forlonger-
term planning lies not in study findings per se,
but in the novernment's continuing institutional
capabilitiesskilled personnel, data, and analyti-
cal midelsfor developing studies and analyses.
Therefore, tto meet 'the objectives, stated in the
President's directive, the Global 2000 Study was

..designed not only to assess probt ble changes in

the world's 'population, natural resources, and
environment, but also, through tihe study process
itself, to identify and strengthen the Government'
capability for longer-term planning and analyst.'

Building the Study

The process chosen for the Global 2000 Study,
was to develop trend projections using, to the
fullest extent possible, the long-term global data
and models routinely employed by the Federal
agenciet. The process alio included a detailed
analysis) of the Government's global modeling
capabilities at well as a comparison of the Govern-
ment's findings with those of other global

analyses.
An executive group, eslabl!shed and co-

chaired by the Council on Environmental Quality
and the State Department, together with a team or
designated agency coordinators, assisted itt Matt-
ing tbe agencies' experts, data, and analytical
models. A number of Americans from outside
Government and several people from other coun-

tries advisecron the study structure. The agencies'
expert met occasionally with some of these ad-
visers to work out methods for coordinating data,
models, and assumptions.

Overalls the Federal agencies have an impres-
sive capability for lOng-term analyses of world
trends in poklatiori, resources, and environment.
Several agencies have extensive, richly detailed
data bases 'and highly elaborate sectoral models.
CollectivelNhe ' agencies' sectoral models and
data constitule the Nation's present foundation
for long-term planning and analysis.'

Currently, the prgincipil limitation in the
Government's long4erm global analytical capa-
bility is that the models for various sectors were
not designed to be used together in a consistent
and interactivef manner. The agencies' models

were created at different times, using different
methods, to meet different objectives. Little
thought has been given to how the various sectoral
modelsand tilt institutions of which they are a

tcan. be related to each other to project 'a
rehensive, consistent image of the world. As.

t, there has been little direct interaction

a the agenqes' sectoralcmodels.6
\ With the Government's current models, the

individual sectors addressed in the Global 2000

Study could be interrelated only by developing
projeiltiont sequentially, that is, by using the
results of some of the projections Is inputs to
others. Since population and gross national piod.
uct (GNP) projections were required to estimate
demand in the resource sector models, the populi-
don and GNP pfojections were developed first, in
1977. The resource projections followed in late
1977 and early 1978. All of the projections were
linked to the environment projections, which were
made during 1978 andA979.'

The Global 2000 Study developed its projec-
tions in a way that furthered interactions, im-

proved intermil consistency; and generally
strengthened the Government's global models.
However, the effort to harmonize and integrate

6.
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the Study's projections was only partially suc-
cessful. Many internal contradictions and incon-
sistencies could not be resolved. Inconiistencies
arose immediately from the fact that sequential
projections are not as interactive as events in the
real world, or as projections that could lie achieved
in an improved model. While the sequential proc-
eis' allaed some interaction among the model's
sectors, it omitted the contittsious influence that
all theeelementspopulation,lesources, economic
activity, environmenthave upon each other. For
example, the Global 2000 Study food projectiqns
assuine that the catch from traditional fisheries
will increase as, faseas wcyld population, while the
fisheries projections indicate that this harvest will
not increase rover present levels on a sustainable
basis. If it has been possible to link the fisheries
and food projections, the expected fisheries con-
tribution to the human supply could have
been realistica0 reflected in the food projections..
This and other inconsistencies are discussed in
detail in the Technical Reiiort."

Difficulties also arise from multiple alloca-
tion of resources. Most of the quantitatiVe projec-
tions simply assume that resource needs in the sec-
tor they coverneeds for capital, energy, land,
water, mineralswill be met. Stnce the needs for
each sector are not clearly identified, they cannot
be summed up and compared with estimates of
what might be available. It is very likely that the
same resources have been allocated to more than
one sector.'

Equally significant, some of the Study's
resource projections implkitly assume that the
goods and services provided in the past by the
earth's air, and water will continue to be
available larger and larger amounts, with no
maintenance problems and no increase in costs.
The Global 2000 Study projections for the en-
vironment cast serious doubt oh these assump-
tions.°

Collectiyely, the inconsistencies and missing
linkages that are unavoidable with; the Govern-
ment's current global models affect the Global
2000 projections in many ways. Analysis of tfie
assumptions underlying the projections and com-
parisons with other global projections suggest that
most of the Study's quantitative results understate
the severity sof potential problems the world will
face as it prepares to enter the twenty-first
century."

'7 s

The questibn naturally arises as to whether
circumstances have changed significantly since the
earliest projections were made in 1977. The
answer is nb. What changes have occurred
generally support the projections and highlight the
problems identified. The brief summaries of the
projections (beginning on the next page) each con-
clude with comments on how the projections
might be altered if redeveloped today.

The Global 2000 Study has three major
underlying assumptions. First, the projections
assume a general continuation arouhd die world
of- present public policy relating to population
stabilization, natural resource conservatiOn, and
environmental protection.* The projections thus
point to tke expected future if poliCies continue
without significant changes.

The second major assumption relates to the
effects of technological developments and of the
market mechanism. The Study assumes that rapid
rates of technological development and adoption
will continue, and that the rate of development
will be spurred on by efforts to deal with problems
identified by this Study. Participatjng agencies
were asked to use the technological assumptions
they normally use in preparing long-term global
projections. In general, the agencies assume a con-
tinuation of rapid rates cif technological develop-
ment and no serious social resistance to the adop-
tion of new technologies. Agricultural technology,
for example, is assumed to eontinue \increasing
crop yields as rapidly as during the past few
decades, including the period of the Green
Revolution (see.Figure 1). The projections assume
no revolutionary advancessuch as immediate
wide-scale availability of nuclear fusion for energy
productionand no disastrous setbacksLsuch as
serious new health risks from widely used con-
traceptives or an outbreak of plant disease se-
verely affecting an important strain of grain. The
projections all assume that price, operating
through the market mechanism, will recluceide-
mand whenever supply constraints are san-

countered.'2
Third, the Study assumes that there will be no

major disruptions of international trade as a result

. 'There are a'few important exceptions to this rule. For exani-.
pie, the popujation projections anticipate shifts in publit policy
that will provide significantly increased access to family plan-
ning services. (ee Chapter,I4 of the Technical Report for fur-
ther details.)

1 .s
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Figure I. Historic anti projected grain yields..1960-2000. The food projections assume a continued rapid
development and adoption of agricultural teajmology, much of it heavily derithdent on fossil fuels.

of war, disturbance, of the intexnational monaetary

system, or political disruption. The findings of the
Study do, however, point to increasing potensial
for international conflict and increasing stress en
international financial arrangethents. Should wars
or a significant disturbance of the interiational
-monetary system Ocetir; the projected trends
would beIltered in unpredictable ways."

Beciuse of the limitations Outlined above, the .

Global 2000 study is not the (lenitive study of
futurre population, resource, and environment
conditions. Nor is it intended to be a prediction.
The Study does provide the most internally consis-
tent and interrelated set of global projections
available so far from the U.S. "Goverment..
Furthermore, its majortindings are supported by
a variety of nongovernmental global studies based
on more highly interactive models that project
similar trends through the year 2000 or beyond."

Population and Wilma

eopulation and income projcc,tions provided
te starting point for the Study. These projections

were used whetever possible in the resource pro-
jections toiestimate demand.

Population

One of the most -importani" ffiidings of the
Global 2000 Study is that enorinous growth in the
World's population *ill occurby:2000Thr der any
of the wide range of assumptions coniidered in the
Study. Pie orld's population increases 55 per-
cent from 4.1 billion people in 1975 to 6.35 billion
by 2000, under the Study's medium-argil/di pro-
jections.* While thlre is some uncerta,inri in these
numbers, even the ,owest-growth popiiration pro-
jection shows a, 46 percent increaseto 5.9 billion
people. by the end of the century."

Another important finding, is that the 'rapid
growth of the world's'population will not slow ap-
preciabl r. The rate of growth per yearin 1975 was
1.8 percent; the projected rate for 2000 is 1.7 per-

'Most of the projections in the Technical Reportincluaing
the populatiop projectionsprovide a high, medium, and low
series. Generally, only the medium series are discussed in this
Summary Rep9rt.



cent. Even under the lowest growth projected, the
number of persons being added annually to the
world's population will be significantly greater in
2000 than today."'

Most of the population growth (92 percent)
will occur in the less developed countries rather
than in the industrialized countries. Of the 6.35
billion people in the world in 2000, 5 billion All
live in LDCs. The LDCs' share of the world's
population increased from 66 percent in 1950 to 72
percent in 1975, and is. expected to reach 79 per-
cent by 2030. LDC population growth rates *will
drop slightly, from 2.2 percent a year in 1975 to 2
percent in 2000, compared with 0.7 percent and
0.5 perceni in developed countries. In some LDCs,

9

growth rates Will still be more than 3 percent a
year in 2000. Table 1 summarizes the population
projections. Figure 2 shows the distribution of the
world's population in 1975 and 2000."

Figure 3 shows the age structure of the
population in less developed and industrialized na-
tiohs for 1975 And, 2000. While the structures
shown for the industrialized nations become more
column-shaped (characteristic of a mature and.
slowly growing population), Mb structures for the
LDCs remain pyramid-shaped (characteristic of
rapict growth). The LDC pbpulations, predomi-
nantly young with their, childbearing years ahead
of them, have a built-in minentum for further
growth. Because of this mpmentum, a world

1

. TABLE 1
Pojoujadoo Projections for World, Major Region, aid §elected Countries

1975

Percent
Increase
by 2000

Average
Annual

P'ercent
Increase

Percent -
of World

PoPolation
in 2000

millions

World , 4,090 6,351 SS 100
More develoPed regions 1,131 1,323 17 0.6 21
Less developed regions e 2,959 5,028 70 2.1 79

Maior teflon'
Africa 399 814 104 2.9 13
Asia and Oceania 044 2,274 3,630 - 60 1.9 57
Win America 325 637 96 2.7 10
U.S.S.R. and Eastern

Europe 384 410 20 0.7 7
North America, Western EuroPe, JaPsn.

Australia, and Nevi Zealand 708 809 14 0.5 13

Selected countries and regions
People's Republic of China 935 1,329 42 1.4 21
India 618 1,021 65 2.0 16
Indonesia 135 226 68 2.1 4
Bangladesh
Pakistan

79
71

159
149

100
I I I

2,8
3.0

2
2

Philippines 43 73 71 2.1 , 2

Thailand 42 75 77 2.3 1

Korea 37 57 SS 1,7 1

37 e5 77 2.3 1

Nigeria 63 135 114 3.0 2
Brazil 109 226 108 2.9 4
Mexico 60 131 119 3.1 2
United States 214 248 16 0.6 4
U.S.S.R. 254 309 21 0.8 5hip= 112 133 19 0.7 2
Eastern Eutope 130' 152 17 0.6 2
Western:Europe 344 378 10 0.4 6

.

Source:. Global 2000 Technical Report, Table 2-10.
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population of around 6 billion is a virtual certain-
ty for 2000 even if fertility rates were somehow to
drop quicklif to replacement levels (assuming there
are no disastrous wars, famine, or pestilence)."

The projected fertility rates and life expectan-
. des, together with the age structure of the world's

population, are extremely significant for later
years since these ,factors infhience how soon
world population could cease to grow and what
the ultimate stabilized global population could be.
The Study's projections assume that world fertil-
ity rates will diop more than 20 percent over the
1975-2000 period, from an average of 4.3 children
per fertile woMan to 3.3. In LDCs, fertility rates
are projected to drop 30 percent as a result of

. moderate progress in social and economic devel-
opthent and increased availability and use of con-

e traceptive methods. The projections also assume
that life expectancies at birth for the world will in-
crease 11 percent, to 65.5 years, asji rmult of im-
proved health, The projected increases in life ex-
pectancies and decreases in fertility rates produce
roughly coullterbalancing demographic effects."

In addition to rapid population-growth, the
L.DCs will ,eXperience dramatic movements of
rural populations to cities and adjacent set-

-, dements. If present trends continue; many LDC
cities will become almost inconceivably large and
crowded. By 2000, Mexico City is projected to
have more than 30 million people-
roughly three times the present population of the
New York metropolitan area. Calcutta w$11:' ap-
protich 20 million: Greater Bombay, Greater
Cairo, Jakarta, and Seoul ire all expected to be in
the 15-20 millibn range, and 400 cities will have
passed the million mark." Table 2 shows 'present
and projected populations for 12 LDC cities.

Rapid urban growth will put extreme pres-
sures on sanitatibn, water supplies, health care,
lood,.shelter, and jobs. LDCs will have to increase
urban services approximately two-thirds by 2000
just to stay even with 1975 levels .of service,per
capita. The majority of people in large LDC cities
are likely to live in "uncontrolled settlements"-
alums and shantytowns where sanitation and other
pilblic services are minimal at best. In many large
chief-for example, Bombay, Calcutta, Mexico
City', Rio de Janeiro, Seoul, Taipei-a quarter or
moo Of thft population already lives in uncon-
trolled settlements, and the trend is sharply up-

-ward, It is not certain whether the trends projected

L.

TABLE 2
Estimates and Rough Projections of &kited

Urban Agglomerations in Developing-Countries

1960 1970 1975 MOO'.

Millions of persons
Calcutta 5.5 6.9 8.1 19.7

Mexico City 4.9 8.6 10.9 31.6
Greater Boinbay 4.1 5.8 7.1 19.1

Greater Cairo 3:7 5.7 6.9 16.4

Jakarta 2.7 4.3 5.6 16.9
Seoul 2.4 5.4 7.3 18.7

Delhi 2.3 ' 3.5 4.5 13.2
2.2 3.5 4.4 12.7.Manila

Tehran 1.9 3.4 4.4 13.8

Karachi 1.8 3.3 4.5 15.9

Bogota 1.7 2.6 3.4 9.5
Lagos 0.8 1.4 2.1 9.4 4

Source: Global 2000 Technical Report. Table 13-9.

for enormous increases in LDC urban populations
will in fact continue for 20 years. In the years
ahead, lack-of food for the urban poor, lack of
jobs, and ihcreasing illness 'and misery may slow
the growth of LDC cities and alter the trend."

Difficuleas uroan conditions are, conditions
in rural areas of many LDCs are generally worst.
Food, water, health, and income problems are
often, most severe in outlyina agricultural and
-grazing areas. In some areas rural-urban migra-
tion and rapid urban growth are being accelerated
by deteriorating rural conditions."

An updated medium-series population pro-
jection would show little change from the Global
2000 Study projections. World pdpulation in 2000
would be estimated at about 6.18 (as opposed to
6.35) billion, a reduction of less than 3 percent.
The expectation would remain that, in absolute
numbers, population will be irowing more rapidly
by the end of the century than t y."

The slight reducti in th population esti-
mate is due primarily to w data suggesting that
fertility rate3 in some are have declined a little
more rapidly than earlier estimatis indicated. The
new data indicate that fertility declines have bc-
curred in some places even in the absence of over-
all socioeconomic progress." Between 1970 and
1976, for example, in the presence of extreme
poverty and malnutrition, fertility declines of
10-15 percent occurred in Indonesia and 15-20
percent in the poorest incoine classes in Brazil."

2 4



Income .

'Projected declines in fertility rates are based
in part on anticipated social and economic prog-
ress, which is Ultimately reflected in increased in-..

come. Income projections were not possible, and
gross natiotal product projections were used as
sdrrogates. GNP, a rough and inaciequate mea-
sure of social itici economic welfare, is projected
to increase worldwide by 145 pereent dyer 25 years
from 1975 to 2006. But because of pOptilation.
growth, per capita 1'0NP increases much more
slowly, fronr$1,5 n 1975 to $2,300 in 2000an.
inciease of 53 perc t. For both the poorer and
the richer countries, ates of growth in_ONP are
projected to deeelerat after 1985."

GNP growth is expected to be faster in LDCs
(an average annual growth' of 4.5 percent, or an
approximate tripling over 25 years) thadin devel-
oped 'regions (an average latnual growth of 3.3
percent; or somewhat more 'than a doubling).
However, the LDC growth in iross national prod.?
uct develops from a very low base, and population
growth in the LDCs brings per capita increases in
GNP down to very modest proPortions: While
parts of the LDC world, especially veral coun-
tries in Latin America, are projected4o iinprove
significantly in per Capita GNP by 2000, other
countries will make little or no gains from their
'present low levels. India, Bangladesh, and
Pakistan, for example, increase their per capita'
GNP by 31 percent, 8 percent, and 3 percent,
respectively, but in all t%eoe countries GNP per
capita remains below $ (in 1975 dollars)."
Figure 4 shows projected per capita gross national
product by regions in 2000.

The siresent income dispirities belween the
wealthieit and poorest nations ate projected to
widen. Assuming that present trends continue, the
group of industrialized countries' will hive a per
'capita GNP of nearly_$8,500 (in 1975 dollars) in
2000, and North America, Western Europe, Aus-
tralia, New Zealand, and Japan will average more
thdn $11,000. By contrast, per capita GNP in the
LDCs will average less than $600. For every $1 in-
crease in GNP per capita in the Liks, a $20 in-
crease is projected for the industrialized
ceuntries." Table 3 and 4 summarize the GNP
projections. The disparity befween the developed
countries and the fess' developed group is so
marked that dramatically different rates of change
would bp needed to reduce the gap-significantly,by

ode
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the end of the cetitury.* Disparitigs between the
rich and poor of manY LDCs are equally sttiking.

Updated GNP projections would indicate
somewhat lower economic growth than shown in
the Global 2000 projections. Projections for the
member nations of the Organization tor Eco-
nomic Cooperation and Development (OECD).
have been revised downward over the past 2-3
years because of the effects of increasing
petroleum prices and because of anticipated mea-
sures to. reduce inflation, in. turn, depressed
growth in the OECD eetonomies ik expected to lead
to slowed growtb in LDC economies. For ekam-
ple, in 1976 the World Bank projected that the in-'
dustrialized nations' economies would expand at
4.9 perceht annually over the 1980-85 period; by
1979 the Bank had rrised 'these. projections
downward to 4.2 percent annually over the
1980-90 period. Similarly, between 19.76 and 1979
Bank projections for LDC economies dropped

'from 6.3 percent (1980-85 period) to 5.6 percent.
(1980-90 period)."

Resources

The Global 2000 Study resource projections
are based to the fullest extent possible on Ole
population and GNP projections presented pre-
viously. The resource projections cover food,
fisheries, forests, nOnfuel minerals, water, and
energy.

Food

The Global 2000 Study projects world food
production to increase at an average annual rate
of about '2.2 percent over the 1970-2000 period.
This rate of increase is roughly.equal to the record
growth rates experienced during the 1950s, 1960s,
and early 1970s, including the period of the so-
called Green Revolution. Assuming no deteriora-
tion in climate or weather, food production is pro
jected to be 90 percent higher in 2000 than in
1970.'°

e
'The 4ap would be significantly smallerin some cases it
would be reduced by about one halfif the comparison were
based on purchasing power considerations rather than ex-
change rates, but a large gap would remain. (See I. B. Kravis et
al., International Comparisons of Real Product and Purchas-
ing Power, Baltimore: Johns Hopkins University Press. 1978.)
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GNP Estimates (1975) and Projections and Growth Rates (1985, 2000) by Major Regions and
Selected duntries and Regions

(Billions of constant 1975 dollars)

1975 1975-85 1985 1985-2000 2000

GNP Growth Rate Projections& Growth. Rate Projections&

percent parent

WORLD 4,025 4.1 8,991 3.3 -14,677

More datieloped regions 4,892 3.9 1,150 3.1 11,224

Less developed regions 1,133 5.0 1,841 4.3 3,452

MAJOR REGIONS
Africa 162 ' 5.2 268 4.3 505

As la and Oceania 697 4.6 1,097 . 4.2 2,023

Latin Americab 326 5.6 . 564 4.5 1,092

U.S.S.R. and Eastern Europe 996 3.3 1,371 2.8 2,060

North America, Western Europe, Japan.
Aistra lia, and Nevi Zealand 3,844 4.0 . 3,691 3.1 8,9k

SELECTED COUNTRIES AND REOONSc
People's, Republic of China 286 3.8 413 3.8 718

India .
92 3.6 131 2.8 198

Indonesia 24 6.4 45, 5.4 99

Baniladesh 9 3.6 13 2.8 19

Pakistan 10 -3.6 14 2.8 21

Philippines 16 5.6 27 4.4 52

Thailand 15 5.6 25 4.4 48

South Korea 19 5.6 32 4.4 61

Egypt 12 5.6 20 4.4 38

Nigeria 23 6.4 43 5.4 94

Brazil 108 5.6 185 4.4 353

Mexico 71 5.6 122 4.4 233

United Statesd 1,509 4.0 2,233 3.1 3,530 i!

U.S.S.R. 666 3.3 917 2.8 1,377

Japan 495 4.0 733 34 1,158

Eastern Europe (excluding U.S.S.R.) 330 3.3 454 2.8 682

Western Europe 1,598 4.0 2,366 3.1 3,740

&Projected arowth rates of gjoss national product were
developed using complex computer simulation teAniques
described in Chapter 16 of the Global 2000 Technical Report.
These projections represent the result of applying those pro-
jected growth rates.to the 1975 GNP data presented in the 1976

World Bank Atlas. Projections shown here are for medium-
growth rates.
bIncludes Puerto Rico.

cln most cases, gross national income stowth rates *ere pro-
jected for groups of countries rather than for individual coun-
tries. Thus the rates attributed to individual LEX, in this table
are the growth rates applicable to the group with which that
country was aggregated for Taking projections and do not takr
into account country specific characteristics.
dDoes not include Puerto Rico.
Source: Global 2000 Technical keport, Table 3-3.

.16.



TABLE 4
Per Capita GNP Estimates.(1975) and Projections and Growth Rates (1985, 2000 by Major Regions

and Sekcted Countries and Regions

(Constant 1975 U.S. dollars)

1975
Average Andut Gro4ith 1985 Average Annual Growth 2000

Rate, 1975-85 Projections& Rate, 1985-2000 Projections&

percent percent

WORLD 1,473 2.3 1,841 1.5 2,311
More developed countries 4,325 3.2 5,901 2.5 8,485,
Less developed countries 382 2.8 501 2.1 587

MAJOR REGIONS
Africa 405 2.2 505 1.4 620
Asia and Oceania 306 2.7 398 . 1.3 557
Latin Americab 1,005 2.6 1,304 1.8 1,715
U.S.S.R. and Eastern EuroPo 2,591 ' 2.4 3,279 2.1. . 4,472
North America, Western Europe,
'Japan, Australia, and New Zealand' 5,431 3.4 7,597 2.6 11,117

SELECTED COUNTRIES AND REG1ONSc
People's Republic of China 306 2.3 384 2.3 . 546

. India 148 1.5 171 0.8 J94
Indonesia 179 4.1 268 3.1 422
Bangladesh 111 0.6 , 1 le 0.1 120
Pakistan 138 0.4 144 -0.1 142

-
Philippines 368 3.2 503 2.3 704
Thailand 343 3.0 460 2.2 633
Sduth Korea 507 3.5 718 2.7 1,071
Egypt 313 2.9 416 2.2 . 578
Niger* 367 3.3 507 2.2 698

Brasil 991 2.2 1,236 1.6 1,563
Mexico 1,188 2.0 1,454 1.3 1,775

United States 7,066 3.3 9.756 , 2.5 14,212
U.S.S.R. 2,618 2.3 3,286 ; 2.1 4,459
Japan 4,437 3.1 6,02.3 / 2.5 8,712
Eastern Europe . 2,539 2.6 3,265 . ,/ 2.2 4,500
Western Europe, 4,653 3.7 6,666 2.7 9,889

&The medium-series projections of gross mitional product and
population presented in Tables 3-3 and 3-4 of the Global 2000
Technical Report were used to calculate the 1975, 1985, and
2000 per capitavoss nationat product figures presented in this
table.
tincludes Puerto Rico.
&In most cases, grou national product growth rates were pro-
jected for groups of countries rather than for individual coun-

. The projections indicate that most of the in-
crease in food production will come from more in-
tensive use of yield-enhancing, energy-intensive
inputs and technologies. such as fertilizer,
pesticides, herbicides, and irrigationdE many
011SCS *ith diminishing returns. Land under
cultivation is projected to increase only 4 percent
by 2000 because most good land is already being
cultiVated. In the early 1970s one hectare of arable

tries. Thus, the rates attributed to individual LDCs in this table
are the growth Tates applicable to the group with which that
country was aggregated for making projections and do not take
into account country-specific characteristics.
dDOeS not include Puerto Rico.
Source: Global 20011 Technical Report, Table 3-5.

land supported an average of 2.6 persons; by 2000
one ,hectare will have to support 4 persons.
Because of this tightening land constraint, food
production is not likely to increase fast enough to
meet rising demands unless world agriculture
becomes significantly more dependent on petro-
leum and petroleum-related inputs. Increased
petroleum dependence also has implications for
the cost of food production. After decades of



generally falling prices, the real price of food is
projected to increase 95 percent over the 1970-

2000 period, in significant part as a result of in-
creased petroleUm dependence." If energy prices

in fact Ilse more rapidly than the projections an-

ticipate, then the effect en food prices coUld be

still MON marked.
On the average, .world food production it

projected to increase . more rapidly than world
population, with average per capita consumption
increasing about 15 percent bttween 1970 and

2000. Per capita consumption in4he industrialized
nations is. projected to rise 21 percent from 1970

levels, with increases of from 40 to More than 50

percent in Japan, 'Eastern 'Europe, and the
U.S.S.R., and 28 percent in the United States.* In
the LDCs, however, rising food output will barely

keep ahead of population growth."
An increase of 9 percent in .per capita food

consumption is projected for the LDCs as a
whole, but with enormous variations among
regions andinations. The great populous countries
of South Asiaexpected to contain 1.3 billion
people by 2000improve hardly at all, nor do
large areas oE low-income North Africa and the
Middle East. Per capita consumption in the sub-

s Saharan African LDCs will actually decline, ac-
'cording to the projections. The LDCs showing the

greatest per capita growth (increases of about 21
percent) are concentrated in Latin America and

gest Asia." Table 5 summarizes the projections

for food productton and consumption, and Table
6 and Figure 5 show per capita food consumption

by regions.
The outlook for improved diets for the

poorest people in the poorest LDCs is sqbering. In

the 1970s, consumption of calories in the LDCs
averaged only 94 percent a the minimum require-

, ments WI by the U.N. Food and AgricultUre
Organizifion (FAO). t Moreover, income and

"Consumption" statistics are based on the amount of food
that leaves the farms andlioes not leave the country and there-

fore include transportation ana preocessing losses. Projected in-

creases in per capita consumption in 'countries like the United

St es, where average consumption is already at least nutri-
tip.4a11y adequate, reflect increasing losses of food during

ansportation and processing and might also be accotinted for
by increased industrial demand .for grain, especially for

t fermentatidn intO fuels.

rthe FAO standard indicates the Ittinimum consumption that

will allow normal activity and good health in adults and will
permit children to reach normal body weight and intelligence in

the absence of disease. 0
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food distribution within individual LDCs is so
skewed that national average caloric consumption
generaify must be 10-20 percent above minimum
levels before the poorest are likely to be able to af-
ford a diet that meets the FAO mirdinum sten:.
dard. Latin America is the only major LDC region
where average caloric consumption is projected to

'be 20 percent 'or more above the FAO minimum
standard in the year 2000. In the other LDC
regionsSooth, -East, and Southeast Asia, 'podr
areas of North Africa and the Middle East, and,
especially Central Africa, where a calamitous diop
in food per capita is projectedthe quantity of
food available to the poorest groups of people will
simply be insufficient to permit children 'to reach'

normal body, weight and inteliigence and to permit
normal 'activity and good health in adults, Con-
sumption in the .LDCs of central Africal pro-
jected to be more than 20 percent below the fAO
minimum, standard, assuming no* recurrenc4 of
severe drought. In South Asia (primarily 19d1a,
Pakistan,. and Bangladesh), &verge caloric intake'
is projedted to remain below. the MO minimum
standard, although increasing slightlyfrom 12

percenkbelow the FAO standard in thi mid1970s
to aboqi 3 percent below the standard in 2000. lb
East Asia, Southeast Asia, and.affluent. areas of
North Africa and the Middle East, average Per

capita caloric intakes are projected to be 6-17 per-

cent above FAO minimum requirement levels, but
because the great majority of people in these

regions are extremely poor, they will almosi 'cer-
tainly continue to eat less than the minimum, The

World Bank has estimated that the number of
malnourished people in LDC's could rise from
400-600 million in the mid-1970s to 1.3 billion in
2000."

The projected food sit9ition has many impli-
cations for food assistance and trade: In the devel-
oping world, the need for imported food is ex-

. pected to grow. The most prosperous LDCs will
turn increasingly to, the world commercial
.markets. In thc poorest countries, which lack the

Wherewithal to buy food, requirements for inter-
national food assistance will expand. LDC ex-
porters (esplikially Argentina and Thailand) are
projected to enlarge food production for export
because of their cost advantage over countries

dependent on energy-intensive inputs. LDC grain-
exporting countries, which accounted for only a
little more than 10 percent of the world grain
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TABLE S
brain Prodnition, Consumption and Trade, Actual and Projected,
and Percent Increase In Total FOod Production and Consumption

Industrialized countries
Production
Consumption
Track

United States
Production
Consumption
Trade

Other developed exporters
Production
Consumption
Trade

, Western Europe
Production
Consumption
Trade
Pan
Production
Consumption

'Trsde

Centrally planned countries
Production
Consumption

.Trade
Eastern Europe

Production
Consumption
Trade

U.S.S.R..
Production
Consumption
Trade

Peoples Republic of Chins
Production
Consumption
Trade

4

Grain
fmlillOn met& tons)

Food
(Percent increase

over the
19704000 period)196401 IV3-75 2000

401.7 434.7 679.1 43.7
374.3 374.6 610.8 47.4
+32.1 +.61.6 +68.3

208.7 228.7 4020 78.3
, 169.0 158.5 272.4 51.3
+39.9 +,72.9 +129.6

58.6 . 61.2 106.1 5$:6
33.2 34.3 65.2 66.8

+ 28.4 + 27.7. +40.9

121.7 132.9 133.0 14.6
144.2 131.7 213.1 31.6

-21.8 -19.7 -60.1

12.7 11.9 18.0 t 31.5
27.9 30.1 60.1 92.8

- 14.4 =19.3 -42.1

401.0 .439.4 722.0 74.0.
406.6 472.4 758.5 79.9 .
-5.2 -24.0 -36.5

72.1 82.4 .140.0 83.2
18.7 97.7 151.5 81.7 4

-6.1 -7.8 -11.5

165.0 179.3 290.0 72.7
161.0 200.7 305.0 . 85.9
+ 3.9 -10.6 -15.0

163.9, 176.9 2920 69.0
166.9
-3.0

180.8
-3.9

302.0
-10.0

71.4
P.

market in 1915, are projected to capture more
than 20 percent of the market by 2000. The United
States is expected to continue its role as the
world's principal food exporter. Moreover, as the
year 2000 approaches and more marginal,
weather-sensitive lands are brought into produc-
tion arotrAd the world, the United States is likely
to become even more of a residual world supplier
than today; that is, U.S. producers will be re-
sponding to widening, weather-related swings in
world production and foreign demand."

Revised and updated food projections would

reflect reducell estimates of future yields, in-
creased pressure on the agricultural resource base,
and several changea in national food policies.

Farmers' costs of raising-and even main-
taining-yields have increased tepidly in wcent
years. The costs of energy-ROVsive, yield-

enhancing inputs-fertilizer, pesticides, and
fuels-have risen very rapidly throughout the
world, and where these inputs are hemily used, in-
creased applications are bringing diminishing
returns. In the United States, the real cost of pro-
ducing food increased roughly 10 Percent in both

31



TABLE 1 (Cont.)

Grain
(million metric tons)

1969271

Less developed Countries"
ProduCtion
Conaunthtion

uction
Consumption
Trade

a

uction
Consumption
.Tratla _

LathrAttariei
Production
ConsumPlion
Trade .

' Noith Africa/MWdic East
Produiaon
COnsumption
Trade

Other African LDCs
Production
Consumption
Trade

South Asia
Production
ConiUmptiop
Trade

Southeast Asia
Production
Consumption
Trade 4.

East Asia
Production
Consumpthm
Trade

306.5
326.6
- 18.5

30.1 ,
18.4

+11.3

276.4 .
308.2
- 29.8

63.8
61.2
+3.2

311.9

49.5
- 9.1

- 32.0
33.0

- 1.0'

119.1
125.3
-6.2

22.8
19.3

L+ 3.4

.

38.3
-8.8

1973-75

328.7
355.0
-29.3

34.5
21.5

+ 13.1

294.2
333%5

72.0
31.2
+0.2

42.4
54.1

-13.8

31.3
33.8
-2.4

127.7
135.1

9.3

21.4
17.9
3.7

34.0
42.9
-9.7

World 'y

Production/Consumption 1,108.0 1,202.0

Food
(Percent increase

over the ,

2000 1970-2000 piriod)

/ '
740.6 147.7
772.4 142.8 . .
-31.8

84.0
36.0

+48.0

656.6
736.4

-79.8

185.9
166.0

+19.9

89.0
123.7

-29.7

63.7
63.0

+0.7

259.0
275.7
-16.7

125.0
58.0

149.3
148.9

184.4
163.3

r -

157.8
167.3

104.9
96.4

116.8
119.4

65.0 210.0
47.0 163.6

+18.0

155.3

97.0 164.9
-24.0

2,141.7 91.0

19

Note: In guide figures, plus sign indicates export, minus sign

indicates import.
'Argentina and Thailand.

I.

bAll others, including several countries that export in some
scenarios (e.g., Brazil, Indonesia, and Colombia).
Source: Global 2000 Technical Peport, Table 6-5.

1978 and 1979.6 Other industrialized countries
have experienced comparable production cost in-

Wines) Cost increases in the LDCs appear to be
lower, but. are still 2-3 times the annual increases
of the .1960s'and early 1970s. While there have
been significant improvements recently in the
yields of selected crops, the diminishing returns
and rapidly rising costs of yield-enhancing inputs

suggest that yields overall will increase more
slowly than projected.

Since the food projectiohs were made, there
have been several important shifts in hational
food and agricultural policy concerns. In most in-

dustrialized countries, concern with protecting
agricultural resources, especially soils, has in-
creased its the resource implications of sustained

-



'TABLE 6
Per Capita Grain PI:eduction, Commotion,. and Trade, Actual and Projected,
aid. Permit Iscrease in Per Capita Total Food Production and Consumption

Industrialized countrks
Production
Consumption
Trade.

Unit Ed States
Production
CoikumPlion
Trade

Other developed exporters
Production
Consumption
Trade

Western Europe
Production
Consumption
Trade

how
PrOduction
Consumption
Trade

Centrillly planned countries .
'Production
Consumption
Trade

Baskin Europe
Prod*: liOn
Consumption
Trade

Production
Conon Option
Trod,

Peoples Republic of China
Production ,

Consumption.
trade

()fain
(kilograms irer capita)

Food
(Percent Increase

over the
1970400D period)1.969-71 2000

573.6 02.6 769,8 18.4
534.4 310.7 692.4 21.2
+45.8 +$4.0 +77.4

1,018.6 1,079.3 1,640.3 31.1
824.9 748.0 1,111.5 28.3

+194.7 +344.0 +528.8

1,015.6 917.0 913.6 -11.3
575.4 314.0 562.6 -3.7

+492.2 +413.0 " +353.0

364.9 388.4 394.0 .0
432.4 443.3 548.8 15.5
-63.4 - 37.6 -154.8

121.7 108.5 133.4 6.1
267.5 274,4 . 452.3 54.2

-138.1 -173.9 -316.7

356.1 368.0 431.1 29.6
361.0 393.6 473.9 33.8
-4.6 -20.1 -22.8 er

374.0 693.0 921.9 33.3
626.6 737.4 997.6 32.1
-48.6 -60.5 -75.8

697.6 7112 903.2 28.1
663.1 796,1 9499 41.4
+16.1 -42.0 -46.7 .

216,3 217.6 259.0 17,4
220.2 222.4 267.8 19.1
-4.0 -4.8 -8.8

production of record quantities of food here
become more apparent. Debate on the 1981 U.S.
farm bill, for exaMple, *ill certainly include more
consideration of "exporting top soil" than was
foreseeable at the time the Global 2000 Study's
food projections were. made." The heightened
concern for ptotection of agricultural resources is
leading to a search for policim that encourage im-
proved resource manageMent practices. Still fur-
ther pressure on the resource base can be expected,
however, due to rising industrial demand for
grain, especially for fermentation into alcohol-

4 s .

based fuels. Accelerated erosion, loss of natural
soil fertility and other deterioration of the
agricultural resource base may have more effect in
the coming years than is indicated in the Global
2000 food projectiona. .

In the LDCs, many governments are attemp-
ting to accelerate investment in food production
capacity. This policy emphasis. offers important
long-term benefits. Some LDC governments are
intervening more frequently in domestic food
markets to keep food prices low, but often at the
cost.of low rural incomes and slowed development
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TABLE 6 (Cont.)

Grain
(kilograms per cap. ha) Percent

Food
increase

over the
period

1969-71. 1973775 2000 J970-2000

Less deveiOped countrles
Production 176.7 168.7 197.1 10.8

COastaniption 188.3 182.2 , 203.3 8.6

Trade - 10.7 - 15.1 -8.4

EIMMIOM°
PrOdtglion 491,0 521.9 671.7 10.4

ConstiMption 300.1 32) 287.8

TM* + 184.3 +1981, + 383.9

Importerst. .

ProdcUn 159.4 173.8 180.7 10.8

ConstRuption 177.7 193,6 . 202.7 10.8

TO* .
-17.2 - 24.1 - 21.9 ,

Latin Melo
ProdOction 236.1 241.0 311,4 33.7

Coasumption 226.5 238.3 278.1 23.1

Vida +11.8 + 2.7 +33.3

North Africa/Middle East
1Prodliction 217.1 214.6 222.5 -1.8

CoNUMption 276.2 273.8 292.8 2.2

Trade
Other Afficsn LDCI

-50.8
4,

-69.8 -WO

PrOdUction 134,9 118.3 113,2 -15.5

ConsuliPtIon 139.1 127.7 112.0 -19.1

Trade -4.2 -9.1 +1.2

South Asia
Production 161.6 162.4 170.0 4.6

ConsOmption 170.0 171.8 181.0 5.8

Trade -8.4 - 11.8 -11.0

Southeast Asia
Production 244.7 214.5 316.5 33.9

Consumption 407.2 182.6 228.5 14.6

Trade +37.5 +31.9 +87.5

East Asia
'Production ,

137.3 136.0 163.5 22.8

Consumption; 176.2 171.5 217.3 27.3

Trade -40.4 -38.8 -53.8

World
Production/Consumption 311.5 313.6 343.2 14.3

Note: In trade figures, plus sign indicates export, minus sign in-

dicates import.

Argeritina and Thailand.

bAll others, including several countries that export in some
scenarios (e.g., Brazil, Indonesia, and Colombia).

Source: Global 2000 Technical Report, Table 64.

of agricultural production capadity."
Worldwide, the use of yield-enhancing inputs

is likely to be less, and soil deterioration greater,

than expected. As a result, revised food projec-
tions would show a tighter food future-some-
what less production and somewhat higher prices

-than indicated in the Global 2000 projections.

Fisherks ,

Fish is an important component of the
world's diet and has sometimes been put forth as a

possible partial solution to world food shortages.

Unfortunately, the world harvest of
pected to rise little, if at all, by the year The

s ex-

world catch of naturally produced fish leveled off

in the 1970s at about 70 minion metric tons a year

*The food projections assumed that the world fish catch would
increase at essentially the same rate as population and are
therefore likely 'to prove too optimistic on this point. (See
Chapters 6, 14, end 18 of the Global 2000Technical Report for

further discussion of this point.)

4
4.



Figure 5. Per capila grain consumplion, by regions,.1975 and 2000.



(60 million _metric tons for marine fisheries, 10
million metric tons for freshwater species). Har-
vests of traditional fisheries are not likely to in-

crease on a sustained basis, and indeed to main-
tain them will take good management and .im-
proved protection of the marine environment.
Some potential for greater harvests comes from
aquaculture and from nontraditional marine
species, such as Antarctic krill, that are little used

at present for direct human consumption."'
Traditional freshwater and marine species

might be augmented in some areas by means of
aquaculture. The 1976 FAO World Conference on
Aquaculture concluded that a jive- to tenfold in-

.. crease in production from aquaculture would be
possible by 2000, given adequate financial and
technical support. (Aquaculture contributed an
estimated 6 million metric tons to the world's total

catch in 1975.) However, limited investment and
technical support, as well as increasing pollution
of freshwater ponds and coastal water, are likely

to be a serious impediment to such growth.'°
While fish is not a solution to the world needs

for calories, fish does provide an. important source
of protein. The 70 million metric tons caught and

raised in 1975 is roughly equivalent' to 14 millioh

metric tons of protein, enough to supply 27 per-

cent of the minimum protein requirements of 4
billion people. (Actually since more than one-third

of the fish harvest is used for animal feed, not
food for humans, the contribution of fish to
human needs for protein is lower than these
figures suggest .4') A harvest of about 115 million

metric tons would be required to supply 27 percent

of the protein needs of 6.35 billion people in 2000.

Even assuming that the catch of marine and
freshwater fish rises to the unlikely level of 100

million metric tons annually, and that yields from
aquaculture double, rising to 12 million tons, the
hypothetical total of 112 metric tons would not

provide as much protein per capita as the catch of
the mid-1970s. Thus, on a per capita basis, fish
may well contribute less to the world's nutrition in

2000 than today.
Updated fisheries projections would show lit-

tle change from the Global 2000 Study projec-
tions. FAO fisheries statistics are now. available

for 1978 and show a world catch of 72.4 million

metric tons. (The FAO statistics for the 1970-78

period have been revised downward somewhat to
reflect improved data on the catch of the People's

23

Republic of China.) While there has been some
slight recovery of the anchovy and menhaden
fisheries, traditional speciei continue to show
signs of heavy pressure. As indicated in theOlobal
2000 projections, the catch of nontraditional
species is filliiig in to some extent. Perhaps the big-

gest change in updated fisheries projections would

stem from a careful analysis of the effects of the
large increase in oil prices that occtCrred in 1979.

Scattered observations suffst that fishing fleets
throughout the world are being adversely affected
except where governments are keeping oil prices to

fishing boats artificially low.:'

Forests

If present trends continue, both forest cover
and &rowing stocks of commercial-size wood in

the less developed regions (Latin America, Africa,

Asia, and Oceania) will decline 40 percent by

2000. In the industrialized regions (Europe,

TABLE 7
Estimates Of World Forest Resources,-

1978 and 2000

Closed Forego
(millions of

hectares)

drowing Stock
(billions ea m

overbark)

1978 2000 1978 2000

U.S.S.R. 785 775 79 77

Europe 140 150 IS 13

North America 470 464 58 55

Japan, Australia,
' New Zealand 69 .68 4 4

Subtotal 1,464 1,457 156 149

Latin America 550 329 94 54

Africa 188 1.50 39 31

Asia and Pacific
LDCs 361 181 ; 38 19

Subtotal (LDCs) 1,099 660 171 104

Total (world) - 2,563 2,117 327 253

Growing Stock
per 'Capita

(cu m biomass)

Industrial countries 142 114

LOCs 57 21 .-

Global 76 40

'Closed forests are relatively dense and productive forests.

They are defined variously in different parts'of the world.
For further details, see Global 2000 Technical Report,

footnote. P. Ir.
Source: Global 21300 Technical Report, Table 13-29.

3 7
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Figure 6. Per capita water availability. 1971. 39
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the U.S.S.R., North America, Japan, Australia,
New Zealand) forests will decline only 0.5 percent
and growing stock about 5 percent. Growing stock
per capita is expected to decline 47 percent
worldwide and 63 percent. in LDCs." Table 7
shows projected forest cover and growing stocks
by region for 1978 and 2000.

Deforestation is projected to continue until
,about 2020, when the total world forest area will
stabilize at albout 1.8 billion hectares. Most of.the
loss will occur in the tropical forests of the devel-
oping world. About 1.45 billion hectares of forest
in the industrialized nations has already stabilized
and about 0.37 billion hectares of forest in the
LDCs is physically or economically inaccpssible.
By 2020, virtually all of the physically accessible
forest in the LDCs is expected to have been cut,4

The real prices of wood productsfuelwood,
sawn lumber, wood panels, paper, wood-based
chemicals, and so onare expected to rise con-
siderably as GNP (and thus also demand) rises and
world supplies tighten. In the industrialized na-
tions, the effects may be disruptive, but not cata-
strophic. In the less developed countries, however,
90 percent of wood consumption goes for cooking
and heating, and wood is a necessity of life. Loss
of woodlands will force people in many LDCs to
pay steeply rising prices for fuelwood and char-
coal or to spend much more effort collecting
woodor else to do without."

Updated forest projections would present
much the same picture as the Global 2000 Study
projections: The rapid increase in the price of
crude oil will probably limit the penetration of
kerosene pies into areas now depending on fuel-
wood anddung and, as a result, demand for fuel-
wood may be somewhat higher than expected.
Some replanting of cut tropical areas is occurring,
but only at low rates similar to those assumed in
the Global 2000-Study projections. Perhaps the
most encouraging developments are those asso-
ciated with heightened international awareness of
the seriousness of current trends in world
forests."

Water

The Global 2000 Study populatickn, GNP,
and resource projections all imply rapidly increas-

Ing demands for fresh water.17 Increases of at least

200-300 percent in world water withdrawals are
expected over the 1975-2000 period. By far the
largest part of the increase .is for irrigation. The
United Nations has estimated that water needed
for irrigation, which accounted for 70 percent of
human uses of water in 1967, would double by
2000. Moreover;irrigation is a highly consumptive
use, that is, much of the water withdrawn for this
purpose is not -available for immediaL reuse
because it evaporates, is transpired by plants, or
becomes salinated."

Regional water shortages and deterioration of
water quality, already serious in many parts of the
world, are likely.to become worse by 2000. Esti-
mates of per capita water availability for 1971 and
2000, based,on population growth alone, without
allowance for other causes of increased demand,
are shown in Figures 6 and 7. As indicated in these
maps, population growth alone will cause
demands for water at least to double relative to
1971 in nearly half the countries of the world. Still
greater increases would be needed to improve
standards of living."

Much of the increased demand for water will
be in the LDCs of Africa, South Asia, the Middle
East, and Latin America, where in many areas
fresh water for human consumption and irrigation
is already in short supply. Although tir data arc
sketchy, it is known that several nations in these
areas will beapproaching their maxihium develop-
able water supply by 2000, and that it will be quite
expensive to develop the water remaining. More-
over, many Llks will also suffer destabilization
of water supplies following extensive loss of
forests. In the industrialized countries competition
among different uses of waterfor increasing
Food production, new energy systems (such as pro-
duction of synthetic fuels from coal and shale), in-
creasing power generation, expanding food pro-
duction, and inereasing needs of other in-
dustrywill aggravate water shortages in many
areas."

Updated water projections would present
essentially the same picture. The only significant
change that has occurred since the projections
were developed is that the price of energy
(especially oil) has increased markedly. Increased
energy costs will adversely affect the economics of
many Water development projects, and may
reduce the amount of water available for a variety
of uses. Irrigation, which usually requires large
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amounts of energykfor pumping, may be par-

ticularly affected.

Nonfat! Minerals

The trends for nonfuel minerals, like those for
the other' resources. considered in the Global 2000
Study, show steady increases in demand -and con,-
sumption. The global demand for and consump-
tion of 'most major nonfuel -mineral commodities
is projected to increase 3-5 percent annUally,

slightly more than doubling by 20D0. Consump-

tion of all major steelniaking mineral commodities
is projected to increase at least 3 percent annually.
Consumption of all mineral commodities for fer-
tilizer production is projected to grow at more
than .3 percent annually, with consumption of
phosphate rock growing at 5.2 percent per
yearthe highest growth rate projected for any of
the major nonftiel mineral commoditils. The non-
ferrous metals show widely varying projected
growth -rates; the growth rate for aluminum, 4.3
percent per yeir, is the largest."

The projections suggest that the LDC's share

of nonfuel mineral-use will increase only modest-

ly. 'Over the 1971-75 period, Latin 4tnerica,
Africa, and Asia used 7 percent of the world's
aluminum production, 9 percent of the copper,
and 12 percent of the iron ore. The three-quarters

of the world's population living in these regions in

2000 are projected to use only 8 percent of alumi-
num production, 13 percent of copper production,
and 17 percent of iron ore production. The one-

quarter of the world's population that inhabits in-
dustrial countries is projected to continue absorb-

ing more than three-fourths of the world's nonfuel
minerals production." Figure 8 shows the geo-
graphic distribution of per capita consumption of
nonfuel minerals for 1975 and 2000.

The projections point to no mineral exhaus-

tion problems liut, as indicated in Table 8, further
discoveries and investments will be needed to

maintain reserves and production of several
mineral commodities at desirable levels. In most
cases, however, the resource pot ntial is still'Iarge
(see Table 9), especially for low rade ores."

Updated nonfuel minera rojections would
need to give further att , n to two factors af-
fecting investment in m mg. One is the shift over
the past decade in investment in extraction and

processing away from the developing countries
toward industrialized countries (although this

trend may now be reversing). The other factor is
the rapid increase in energy prices. Production. of
many nonfuel minerals is highly energy-intensive,
and the rec int and projected increases in oil prices

can be expected to slow the expansion of these
mineral supplies."

Energy

The Global 2000 Study's energy projections
show no early relief from the world's energy prob-
lems. The projections point out that petroleum
production capacity is not increasing as rapidly as
demand. Furthermore, the rate at which pdro-
leum reserves- are being added per unit of ex-
ploratory effort appears to be falling. Engineering
and geological cOnsiderations suggest that world
petroleum production will peak before.the end of
the century. Political and economic decisions in
the OPEC countries could cause oil production to
level off even before technological constraints

come into play. A world transition away from
petroleum dependence must take place, but there

is still much uncertainty as tO how this transition
will occur. In the face of this uncertainty, it was
_not possible at the time the Global 2000. energy

projections Var'madelate 107for the
Department of Energy (DOE) to 'develop mean-
ingful energy projections beyond 1990." Updated
DOE analyses, discussed at the end of this section,

extend the global energy projections available

from the U.S. Government to 1995.
DOE projections prepared for the $udy

show large increases in demand for all commercial

sources over the 1975-90 period (see Table 10).
World energy demand is projected to increase 58

percent, reaching 384 quads (quadrillion British .
thermal units) by 1990. Nuclear and hydro Sources

(primarily nuclear) increase most rapidly (226 per- ,

cent by 1990), followed by oil (58 percent), natural

AS (43 percent), and coal, (13 percent). Oil is pro-
jected to remain the world's leading energy
source, providing 46-47 percent of the world's
total energy through 1990, assuming that the real

price of oil on the international market increases

65 percent over the 1975-90 period. The energy
projections indicate that there is considerable

potential for reductions in energy consumption."
Pet capita energy consumption is projected to

increase everywhere. The largest increase-72 per-
cent over the 1§75-90 periodis in industrialized
countries other than the .United States. The

4
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TABLE 8
Life Espeetascies of 1976 World Restryes of Selected Mineral Commodities

at Two Different Rates of Demand

Projected t Lite Expeitancy in Years*
1976. . 1976 Demand browth Static at drawing at

Reserves Primary Demand Rate 1976 Level Projected Rates

percent
Fieenne On,..ico Mort tom) ' 37 2.1 4.58 18

Silver Of Ott fro7 (*KO 6,100 305 . 2.33 20

Zloc sP9tIdrr4 166 64 3.05 26
5,210, 239 0.50 22

Su111!it t 1,700 50 3.16 34

Le;14(. AO tOns) 136 3.7 , 3.14 37

itinsOilifitMoi1powd0 4,200 81 3.26 52
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. smallest increase, 12 percent, is in the cent'rally
. planned econOmies of Eastern Europe. The per-

centage increases for the United Stateland'for the
'. LiDes are the same-27 percent-but actual per
, capita energy consumption is very different. By

20004 U.S. per capita energy consumption is pro-
jected tti be about 422 millionStu.(British thermal
'units) innbally. In the LDCs, it will 60, only 14
million Bttl, up from 11 Million in 19,5" .(see
Table 11 and Figure 9).

-., While prkes 'for oil and other commercial
ineresOurces are rising, fuelwood-fhe poor per-
/son's oll-is expected 'to become far less available
than it is to4ay. The MO has estimated that the

'idemand for fuelwood in I.Des will .inctease at 2.2
percint per year, leading lo local fuelwood short-
ages In 1994 totaling 6$0 Million-cubic meters-
approximately 2$ perceni of the projected need.

ditits'are now local but expanding. In the arid
I of Africa, fuelwood gathering has become a

full-time job requiring in some places 360 person-
days of work pet household each yeir. When de-
mand is concentrated in cities,. surrounding areas

with updated ind
mend data froM U. .
roams, -1979. Pro
blob*, 2000 Techn

have already become barren for considerable dlp
tancts-S0 to 100 kiloilieteil inPrne. *cis
ban families, too far from coned* w
20 to 30 percent of their inconte Mk wood
West African cities."

The projected shortfall ce fuelwood Implies
'that fuel consumption tor essential Uses will be
reduced, deforestation expanded, Wood pricee in-
treased, -and growingamounts of dung and crop
riesidues shifted from the field to the cooking fire.
No explicit projections of dung and crap retedue
combustion could be made for the Study, but it is
known that a shift toward burning these organic
materials is already well advanced in the Hitt*:
layan hills, in the treefess Ganges plain of India, in
other parts of Asia, and in the Andean region of
South America. The MO reports that in 1970 In;
dia burned 68 million tons of cow dung and 39
million tons of vegetable waste, accounting for
roughly a third of the nation's total noncommef-
cial energy consumption that year. Worldwide, an
estimated 150-400 million tons of dung are burned
annually for fuel."
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TABLE 9

World Production and Reserves in 1977 (Estimated), Other Resources In 1973-77 (as Dela Available),

Res ()stet 'Wendel, and Resource Base ok 17 Elements
(Million of metric bons)

Production Reserves
Mr

Resources
Resource Potential

(Recoverable)
RESourCi Bate
(Crustal Mass)

Aluminum 1746 5,2001 2,8001 3,519,000 1,990,003,000,000

Iron 495e 93,100 143,000' 2,035,000 1,392,000,000,000

Potassium 9,960 101,000 n.a. 403000,000,000

hionlanese 10d 2,200 1,1006 42,000 31,200,1,1,000

Phbspborus 14r 3,400' 12,000 51,000 211,1100,, I MOO

Fluorine 21 . 12 270 20,000 10,1100,000,000

Sulfur 52 1,700 3,11001 9,600,000,000

Chromium 31 780 6,0001 3,260 2,600,000;000

Zinc 6 159 4,000 3,400 2,250,000,000

Nickel. 0:7 54 103' 2,590 2,130000,000

C0PPer 456 . 1,770 2,120 1,510,000,000

Lad 4 123 1,250 550 290,000,000

Tin 0.2 10 27 68 40,000,000

Toast= 0.04 1.8 3.4 SI 26,400,000

Mercury 0.008 . 0.2 0.4 3.4 1000,000

Silver. 0.010 0.2 0.5 2.8 .1,1100,000

Platinum poupk 0.0002 0.02 , 0.051 1.241 1,100,000

dln bauilte, dry basis, assumd to aerate 21 percent
recoverable aluminum.
tolgb OM aid concentrates to &verge 58 percent
recoverable iron.
cm Ofe and concentrates usuthed to average 26 percent
recoverable iton.
dln cwe and concentrates ammthed to WIMP 40 percent
manganese.
dExcludesolotal in deep-sea nodules and, in the case of nickel,
unidentified resources.
(In phosphate rock ore and concentra. tes athumed to average 13

percent phantoms.
Mt fluorspar and phosphate rock ore and concentrates as-
sinned to average 44 percent fluorine.

hExcludes unkientified sulfur resources, enormous quantities
bf sulfur in gypsum and anhydrite, and some 600 billion cow
of sulfur in coal, oil shale, and in,shale that is rich in organic

MOW.
lin ore and concentiates assumed to Offer 32 percent
chromiuM.
llneludes 690 million tons in deepsea nodules.
kPlatinum, palladium, iridium, cesium, rhodium, and
ruthenium.
!Approximate midpoint orestimated range of 0.03-0.06million-

metric tons.
oPlatinum only.

Source: Global 2000 Technical Report, Table 124.

TABLE 10
Global Primary' Energy Use, 1975 and 1990, by Energy Type

, 1975 1990

10" Btu
Percent
of Total

Percent
Percent Increase

10" Etuk of Total (1975-90)

Average
Annual
Percent
Increase

Oil 113 46 179 47 58 . 3.1

Coal 68 28 77, 20 13 0.8

Natural gas 46 19. 66 17 43 2.4

Nuclear and hyd 19 gc 62 16c 226 7.9

Soler (other than conservation/
and hydro)d -

Total 246 w 100 384 100 56 30

BAB of the nuclear and much of the coal primary (i.e., input)
energy is-used thermally to generate electricity. In the process,
approximately two-thirds of the primary energy is lost as waste
heat. The figures given here are primary energy.
kthe conversions from the DOE projections in Table 10-8 were
made as follows: 01184.8 x 10' bbl/day x 365 days x 5.8 x

Btu/rl it 179 x 10" Btu. Cool: 5,424 x 10' short tons/yr
x 14.1 x Btu/short ton (DOE figure for world ayerage

grade coal] is 77 ,x 10" Btu. Natural gas: 64.4 x 10"fe/yr x

1,032 Btu/ft, si 66 x 10" Btu. Nuclear ond Hydrb: 6,009 x
10" Wh toutputyyr x 3,412 Btu/Wh x 3 input Ilte/output
Btu 62 x 10" Btu.
CAfter deduclions for lost (waste) heat (see note a), the cor-
responding figures for output energy are 2.7 percent in 1975

and 6.0 in 1990.
dihe IIES projection model is able to include solar only as con-

servation or hydro.
Source: Global 2000 Technical Report, Table 13-32.
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TABLE 11
Per Capita Global Primary Energy Use, Annually, 1975 and 1990

1975

Percent of
World

let Btu Average

1990

Percent of
World

lee Btu Average

Percent
Increase

(1975-90)

,

Average
Menus!
Percent
Increase

United States 332 553 422 586 27 1 6
Other industrialized countrits 136 227 234 325 72 3.6
Less developed countries' II 18 14 19 27 1.6
Centrally planned economks 58 65 '90 12

World 60 72 100 20 1.2

*Since pOpulation projections were not made separately for the LDC category.
OPEC countries, those countries Kaye been included/here in Source Global 2000 Technical Report, Table 13-34.

Updated energy projections have been
developed by the Department of Energy based on
new price scenarios that intiude the rapid 1979 in-
crease in the price of crude oil. The new price
scenarios are not markedly different from the
earlier estimates for the 1990s. The new medium-
scenario price for 1995 is $40 per barrel (in 1979
dollars), which is about 10 percent higher than the
$36 pribe (1979 dollars) implied by the earlier
scenario. However, the prices for the early 1980s
are almost 100 percent higher than those in the
projections made by DOE in late 1977 for the
Study," The sudden large increase in oil Prices of
1979 is likely to. have a more disruptive effect on
other sectors than would the gradual increase
assumed in the Global 2000 Study projections.

DOE's new projections differ in several ways
from these reported in this Study. Using the
higher prices, additional daia, and a modified
model, DOE is now able to project supply and de-
mand for an additional five years, to 1995. De-
'mend is projected to be lower because of the
higher prices and also because of reduced esti-.
mates of economic growth, Coal is projected to
provide a somewhat larger share of the total
energy supply. The nuclear projections for the
OECD countries are lower, reflecting revised esti-
mates of the speed at which new nuclear plants
will .be built. Updated estimates of OpEC max-
imum production are lower than earlier estimates,
reflecting trends toward resource conservation by
the OPEC nations. The higher oil prices will en-
courage the adoption of alternative fuels and tech-
nologies, including solar technology and conser-
vation measures."

Environmental Consequences

The poptdation, income, and resource projec-
tions all imply significant consequences for the
quality of the world environment. Virtually every
aspect of the earth's ecosystems and resource base
will be aefected."

Impacts on Agriculture

Perhaps the most serious environmental
development will be an atcelerating deterioration
Itpd loss of the resources essendal for agriculture.
This overall development irOudes soil erosion;
loss of nutrients aitd compaction of soils; increas-
ing salinization of boih irrigated land and water
used for irrigation; loss of"high-quality cropland
to orban development; crop damage due to in-
creasing air and water pollution; extinction of

. local and wild crop strains needed, by plant
breeders for improving cultivated varieties; and
more frequent and more severe regional water
shortagesespecially where energy and industrial
developments coMpete for water supplies, or
where forest losses are heavy and the earth can no
longer absorb, storet and regulate the discharge of
water;

Deterioration of soils is occuding rapidly in
LDCs, with the spread of desert-like conditions in
drier regions, and heavy erosion in more humid
areas. Present global losses to desertification are
estimated at around 6 million hectares a year (an
area about the size of Maine), including 3.2
million hectares of rangeland, 2.5 million hectares
of rainfed cropland, and 125 thousand hectares of
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irrigated farmland. Desertification does not
necessarily mean the creation of Sahara-like sand
deserts, but rather it includes a variety of ecological
changes that destroy the cover of vegetation and
fertile soil in the earth's drier regions, rendering,
the land useless for range or crops. Principal
direct causes are overgrazing, destructive cropping
practices, and use of woody plants for fuel.

At. presently estimated rates of desertifica-
tion, the world's desert areas (now some 800
million hectares) would expand almost 20 percent
by 2000. But there is reason to expect that losses to
desertification will accelerate, as increasing
numbers of people in the world's drier regions put

Inoreprt-sures on the land to meet their needs for
livestock rangc, cropland, and fuelwood. The.
United Nations hai identified about 2 billion hec-
.tares of lands (Figure 10) where the risk of deser-
tification is "high" or "very Izigh." These lands at
tisk total about two and,one-haif times the area
now classified as desert. '

Although soil loss and deterioration are
especially serious in many LDCs, they are also af-
fecting agricultural prospects in industrialized na-
tions. Present rates of soil loss in many in-
dustrialized nations cannot be sustained without
serious implications for crop production.. In the
United States, for example, the Soil Conservation
Service, looking at wind and water erosion of U.S.
soils, has concluded that to sustain crop produc-
tion indefinitely at even present levels, soil losses
must be cut in half.

The outlook for making such gains in the
United States and elsewhere is not good. The food
and forestry projections imply increasing pres-
sures on soils throughout the world. Losses due to
iniproper irrigation, reduced fallow periods, culti-
vation of steep and marginal lands, and reduced
vegetative cover can be expected to accelerate,
especially in North and Central Africa, the humid
and high-altituR portions of Latin America, and
much of South Asia. In addition, the increased
burning of dung and crop wastes for domestic fuel?,

will deprive the soil of nutrients and degrade the
soil's ability to hold moisture by reducing its
organic content. For the world's poor, these
organic materials are often the only source of the
nutrients needed to maintain the productivity of
farmlands. It -is the poorest peoplethose least
able to afford chemical fertilizerswho art being
forced to burn their organic fertilizers. These
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mitrients will be urgently needed for food produc-
tiOn in the years ahead, since by 2000 the world's
croplands will have to feed half again as many
people as in 1975.6 In the industrialized regions,
indreasing use of chemical fertilizers, high-yield
plant varieties, 'irrigation water, and herbicides
and pesticides have so far compensated for basic

declines in soil conditions. tiowever, heavy
dependence on chemicfl fertilizers also leads to
losses of soil organic matter, reducing the capacity
of the soil to retain mqisture.

Damage .and loss of irrigated lands are
especially significant because' these lands- have
yield5 far above average. Furthermore, as -the
amonnt of arable land per capita decline's over the
next two dccades, irrigated lands will be counted,
upon 'increasingly to raise* capita food avail-
ability', As of 1975, 230 million hectares-:-.15 per-
cent of the world's arable areawere being irri-
gated; 'lin additional 50. million hectatres are ex-
pected to be irrigated by 1990.i Unfortgiftely
there is great difficulty in maintaining the Produc-
tivity of irrigated lands. About half of the wOrldts,
irrigated land has already /been darhiged to-sOMe'
degree by salinity, -alkalinity, and water.loggiilv.
an'a much of the additional land expected fo be irr:
rigated .by 1990 is highly vulnerable to irrigationr:.
related damage.

.

Environmental.problems of irrigation exi
industrialized countries (for example, in Ole n:
Joaquin Valley in California) as well as hit ps
(as in Pakistan, where three-quarters,optie irri-
gated lands are damaged). It is 'possible,tbiltislow
and costly, to restore damaged landsiprevenlion
requires careful consideration of. gels Ina atten-
tion to drainage, maintenance, ahd appropriate., ,

, water-saving designs. - v -
A .

Loss of good cropland to ilYban encroach;
ment is another problemt affecting all countries.
Cities and industries are Often located on a

nation's best agricultural taddLrich, well-watered
alluvial soils in gently slopitfi river valleys. In the
industrialized countries that are members of.the
OECD, the amount of land devoted fcourbin tiles
has been increasiii twicte es fast 'as population. v.,.

The limited data a liable for k,DCs point to .

similar trends. In,% ,pt for 'exattiple, despite ef-
forts to open nei,..1, pds to avicultdre, the total
area of irrigated ill-Wand hu remaifted almost

ditional acre§ are i ated with water from the
unchanged in the deCiades. As last as ad-
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Figure IL Desertification map (U.N. Dewt(fication CoVerence, 1977).
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Aswan Dam,kold producing lands on the Nile are
converted to urban uses.

The rising yields assumed by the Global 2000
food projections depend on wider adoption of ex-
isting high-ysield agricultural technologr.and on
accelerating- use of fertilizers, irrigation, pesti-
cides, and herbicides. These yield-enhancing in-
puts, projected to more than double in use world-
wide and to quadruple in LDCs, are heavily
dependent on fossil fuels. Even now, a rapid
escalation of fossil fuel prices or a sudden inter-
ruPtion or supply could severely disturb_ world
agricultural production, raise fog's1 prices, and
deprive larger numbers of people of adequate
food. As agriculture becomes still more,derndent
on energy-intensive inputs, the ocifential for
disruption will bevven gr'eater.

Accelerating use of pesticides is expected to
raise crop yields quickly and substantially,
especiatly in LDCs. Yet, many of these chemicals
produce a wide range of serious erivironmental
consequences, some oflihich adversely affect.
agricultural production. Destruction of:

predator populations and the increasing resistance
of pests to heavily used pesticides. have already
proved to be significant agricultural problems. On
CalifOrnil farms, for example, 17 of 25 major
agricAtural pests are how resistant to one or more
types of pesticides; and the populations of pest
predators have been severely reduced. Many
millions of dollars in Crop damage are now caused
annually in 'California by resistant pests whose
natural predators have been destroyed.

Crop. yields are expected to, be increased
3ignificantly by much wider use of high-yield
strains of' grains. Unfortunately, large mohocul-
tures of genetically identical crops pose increased
risks of catastrophiu loss from insect attacks or
crop epidemics. The corn blight that struck the
U.S. corn belt in 1970 provided a clear illustration
of the vulnerability of genetically identical
monocultures. .

impacts on Water Resources

The quality of the world's water resources is
virtually certain to suffer from the changes taking
place betWeen now am the year 2000. Water
pollution from heavy application of pesticides will

cause increasing difficulties. In the industrialized
countries, shifts from widespread use of long-lived

0.

chemicals such as DDT are now underway, but in
the LDCswhere the largest increases in agricul-
tural chemical use is projectedit is likely that the

*persistent pesticides will continue to be .used.
Pesticide use in LDCs 'is expected to at **least

quadruple over the 1975-2000 period (tsixfold in-
crease is possible if recent rates of increase con-
tinue). Pollution from the persistent pesticides in
irrigation canals, ponds, and rice paddies is

already a worrisome problem. Farmers in some
parts of Asia are reluctant to stock paddies and
ponds because fish are being killed by pesticides.
This means a serious loss of high-quality protein
for the diets of rural families.

In addition to the potential impacts on soils
discussed above, irrigation adversely affects water
quality by adding salt to the water returning to
streams and rivers. Downstream from extensive ir-
rigation projects the water may become too &aline
for further use, unless -expensive desalinization
measures are undertaqn. As the use of water for
irrigation increases, water salinity probelems are
certain to increase as well.

Water pollution in LDCs is likely to worsen
as The urban populartm soars and industry ex-
pands. Already the waterNelow many. LDC cities
are heavily polluted with sewage and wastes from
pulp and paper mills, tanneries, slaughterhouses,
oil refineries, and chemical, plants.

River basin development that combines flood
control, generation of electricity, and irrigation 6
likely to increase in many less developed regions,
where most of the worLi's untapped hyaropower
potential lies. While prOviding many benefits,
large-scale dams and irrigation projects' can also
cause highly adverse changes in both freshwater
and coastal ecosystems, creating health problems
(including schistosomiasis, river blindness,
malaria), inundating valuable lands, and displac-
ing populations. In addition, if erosion in the
watersheds of these projects is not controlled,
siltation and buildup of sediments may greatly
reduce the useful life of the projects.

Virtually all of the Global 2000 Study's pro-
jections point to increasing destruction or pollu-
tion of coastal ecosystems, .a resource- on which
the commercially important fisheries of the world
depend heavily. It is estimated that 60-80 percent
of commercially valuable marine fishery species
use estuaries, salt marshes, or mangrove Swamps
for habitat at some point in their life cycle. Reef
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.habitati also provide food alid shelter for large
1- numbers of fish and invertebrate species. Rapidly

expanding-citiis and industry are likely to claim
coastal wetland areas for development; and in-
creasing coastal, pollution from agriculture, in-
dustry, logging, water resources development,
energy systems, and coastal communities is antici-
pated in many areas.

Impacts of Forest Losses .

' The projected rapid, widespread loss of
tropical foregs will have severe adverse effects on
water' and other resources. Deforestationespe-

icially in $outAsia, the Amazon basin, and cen-
tral Africawill destabilize water flows:leading
,to siltation of streams, reservoirs behind
hydroelectrç dams, and irrigation works, to
depletion ofground water, to intensified flooding,
and to aggravated water shortages during dry
periods. In South and Southeast Asia appron-
iMately ore billion people live in heavily farmed
alluvial basin ahd valleys that depend on forested
mountain w rsheds for their water. If present
trends sontinu , forests in these regions will be
reduced by about half in 2000, and erosiOn,
siltation, and erratic streamflows will seriously af-
feet food production.

In' many tropical f forests, the soils, land
forms, temperatures, patterns of rainfall, and
distribution of nutrients are in precarious balance.
When these forests are disturbed by extensive cut-
ting, neither trees nor productive grasses will grow
again. Even in less fragile tropical forests, the
great diversity of species is lost after extensive cut-
ting.

Impacts on the World's Atmosphere and Climate

Among the emerging environmental stresses
are some that affect the chemical and physical
natur e atmosphere. Several are recognized
as oblems; thers are more conjectural but
nevertheless of oncern.

Quantitati projections of urban air quality
around the world are not possible with the data
and models now available, but further pollution in
LDCs and some industrial nations is virtually cer-
tain to 'occur under present policies and practices.
In LDC cities,' industrial growth projected for the

next 20 years is likely to worsen air quality. Even
now, observations in scattered LDC cities show
levels of sulfur dioxide, particulates, nitrogen
dioxide, and, carbon monoxide far above levels
considered safe by the World Health Organiza;
tion. In some cities, such as Bombay and Caracas,
recent rapid increases in the numbers of cars.and
trucks have aggravated 'air pollution.

Despite recent progress in reducing various
types of air pollution in many industrialized coun-
tries, air quality there is likely to worsen as in-
creased amounts of fossil fuels, especially coal,
are burned. Emissions of sulfur and nitrogen
oxides are particularly 4roubling because they
combine with water vapor in the atmosphere to
forin acid rain or produce other acid deposition.
In large areas of Norway, Sweden, southern
Canada, and the eastern United States, the pH
value of rainfall has dropped from 5.7 to below
4.5, well into the acidic range. Also, rainfall has
almost certainly become more acid in parts of Ger-.
many, Eastern Europe, and the U.S.S.R.,
although available data are incomplete.

The effects of acid rain are not yet fully
understood, but damage has already been ob-
served in lakes, forests, soils, crops, nitrogen-
fixing plants, and building materials. Damage to
lakes has been studied most extensively. For eiam-
ple; of 1,500 lakes in southern Norway with a pH
below 4.3, 70 percent had no fish. Similar damage
has been observed in the Adirondack Mountains
of New York and in parts of Canada: River fish
are also severely affected. In the last 20 years, first
salmbn and then trout disappeared in many
Norwegian rivers as acidity increased.

Another environmental problem related to
the combustion of fossil fuels (and perhaps also to
the global loss of forests:and soil hum's) is the in-
creasing concentration of carbon dioxide in the
earth's atmosphere. Rising CO: concentrations
are of concern because of their potential for caus-
ing a warming of the earth. Scientific opinion dif-
fers on the possible consequences, but a widely
held view is that highly disruptive effects on world._
agriculture could occur before the middle of the
twenty-first century. The CO: content of the
world's atmosphere has increased about 15 per-
cent in the last century and by 2000 is expected to
be nearly a third higher than preindustrial levels.
If the projected rates of increase in fossil fuel com-
bustion (about 2 percent per year) were to con-
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tinue, a doubling of the CO: content of the at-
' mosphere could be expected after the middle of

. the next century; and if deforestation stibstantially
reduces tropical forests (as projected), a doubling
of atmosphereic CO: could occur sooner. The
result could be significant alterations of precipita-
tion patterns around the world, and a 2 °.-3 °C rise
in temperatures in the middle latitudes of the
earth.' Agriculture and other human endeavors
would have great difficulty in adapting to such
large, rapid changes in climate. Even a 1 °C in-
crease in average global temperatpres would make
the earth's climate v;armer than it has been any
time in the last 1,000 years.

A carbon dioxide-induced temperature rise is
expected to be 3 or 4 times greater at the poles
than in tht middle latitudes. An increase of
5 °-10°C in polar temperatures could eventually
lead to the melting of the Greenland and Antarctic
ice )s and a gradual rise in sea level, forcing
aban mem of many coastal cities.

Ozone is another major concern. The strato-
spheric ozone layer protects the earth from
damaging ultraviolet light. However, the ozone
layer is being threatened by chlorofluorocarboh
emissions from aerosol cans and ref: igeration
equipMent, by nitrous oxide (N20) emissions from
the denitrification of both organic arid inorganic
nitrogen fertilizers, and possibly by the effects of
high-altitude aircraft flights. Only the United
States and a few other countries have made serious
efforts to date to control the use of aerosol cans.
Refrigerants and nitrogen fertilizers present even
more difficult challenges. The most,. widely
discussed effect of ozone depletion and the
resulting increase in ultraviolet light is an in-
creased incidence of skin cancer, but damage to
food crops would also be significant.and might ac-
tually prove to be the most serious ozone related
problem.

Impacts of Nuclear Energy

The problems presented by the projected pro-
duction of increasing amounts of nuclear power
are different from but no less serious than those
related to fossil fuel combustion. The risk of
radioactive contamination of the environment due
to nuclear power reactor accidents will be in-
creased, as will the potential for proliferation of
nuclear .weapons. No nation has yet conducted a
demonstration program for the satisfactory
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disposal of radioactive wastes, and the amount of
wastes is increasing raPidly. Several hundred thou-
sand tons of highly radioactive spent nuclear fuel
will be generated over the lifetimes of the nuclear
plants likely to be constructed through the year
2000. In addition, nuclear povjer production will
create millions of cubic meters of low-level
radioactive wastes, and uranium mining and proc-
essing will lead to the productioh of hundreds of
millions of tons of low-level radioactive tailings. It
has not' yet been demonstrated that all of these
high- and low-level .wasies from nuclear power
production .can 'be safely stored and disposed of
without incident. Some of the by-products of reac-
tors, it should be noted, have half-lives japprox-
imately five times as long as the period of recorded
history.

Species Extinctions

Finally, the world faces an urgent protilem of
loss of plant and animal genetic resources. An
estimate prepared for the Global 2000 Study sug-
gesti that between half a million and 2 million
species-15 to 20 percent of all species on-earth
could be eAtinguished by 2000, mainly because of
'loss of wild habitat but also in part because of
pollution. Extinction of species on this scale is
without precedent in human history."

One-half to two-thirds of the extinctions pro-
jected to occur by 2000 will result from the clear-
ing or degradation of tropical forests. Insect,
other invertebrate, and plant speciesmany of
them unclassified and unexamined by scientists
will account for most of the losses. The potential
value of this genetic reservoir is immense. If
preserved and carefully managed, tropical forest
species Could be a sustainable source of new foods
(especially nuts and fruits), pharmaceutical
chemicals, natural predators of pests, building
materials, speciality woods, fuel, and sO on. Even
careful husbandry of the remaining biotic
resources of the tropics cannot compensate for the
swift, massive losses that are to be expected if pre-
sent trends continue.

Current trends also threaten freshwater and
marine species. Physical alterationsdamming,
adnnelization, sihationand pollution by salts,
aei4-1ain, pesticides, and other toxic chemicals are
profoundly affecting freshwater ecosystems
throughout the world. At present 274 licslw am
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vertebrate taxa are threatened witki extinction, and
by the year 2000 many may have been lost.

Some of the most important genetic losses
will involve the extinction not of species but of
subspecies and varieties of cereal grains. Four-
fifths or the world's food supplies are derived
from less than two dozen plant and animal
species. Wild and local domestic strains are
needed for breeding resistance to pests and patho-
gens into the high-yield liarieties how widely used.

These varietal stocks are rapidly diminishing as
marginal wild lands are brought into cultivation.
Local domesticated varieties, often uniquely
suited to local conditions, are also being lost Ai
higher-yield varieties displace them. And the in-
creasing practite of monoculture of a few
strainswhich makes crops more vulnerable to
disease epidemics or plagues of pestsis occurring
at the same time that the genetic resources to resist
such disasters are being lost.

.
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Entering the Twenty-Fiist Century

The preceding sections have resented indi-
vidually the ,many projection:4 ade by U.S.
Government agencid,f5,04,91 bat 2000 Study.
How ire these projections to be interpreted collec-
tively? What di) theyimply aboitt the world's en-
try into.the twen0-first century?" ,

The worldin 2000 will be different from the
world today in iniportint .ways. There will be
more people. For every two persons on the earth

irs there will be three in 2000. The number of
--/ipoor will have incrwed. Four-fifths of the

world's, population will live in' less developed
countries. Furthermore, in terms of persons per
year added to the world, population growth will
be 40 percent higher in 2000 than in 1975."

The gap between the richest and the poorest
: will have increased. By, everyOasure of ipaterial

welfare the study proiklesper capita ft1P and
consumption of food, energy, and min alsthe
gap will widen, For example, the gap between the
GNP per capita in the LDCs and t e industrialized
countriesIs projected to grow fron about $4,000
in 1975 to about $7,900 in 2000." 3reat disparities
within countrieiare also expecte to continue.

There will be feWer resourc to go around.
While on a worldwide average there was about
four-tenths of a hectare of arable land per person
in 1975, there will he only about one-quarter hect-

are Per Person in 2000" (see Figure 11 below). By
2000 nearly 1,000 billion barrels of the world's
total original petroleum resource of approxi-
mately 2,000 billion barrels will have been con-
sumed. Over just the 1975-2000 period, the
world's remaining petroleum resources per capita

can be expected to decline by at least 50 percent."
Over the same period world per capita water sup-
plies will decline by 35 percent because of greater
population alone; increasing competing demands
will put further pressure on availablt water sup-
plies." The world's per capita growing stock of
wood is projected to he 47 pereent lower in 2000

than in 1978".

.00
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The environment will have lost important
life-supporting capabilities. By 2000, 40 percent of
the forests still remaining ht the LDCs in 1978 will

have been razed." The atmospheric concentration
of carbon dioxide Will be nearly one41'ird higher'
than preindustrial levels." Soil erbsion will have
renioved, on the average% several inches of ,soil
from croplands all over the world. Desertification t
(including sahnization) may haft claimed a signi-

ficaht fraction of the world's &Noland and crop-
land. Over little more than two decades, 15-20 per-

cent of the earth's total species, of plants and
animals will have become extincta loss of at
least 500,000 species,"

Prices will be hisher. The price of many of
the most vital resources is projected to rise in real
termsthat is, over and above inflation. In order
to meet projected demand, a 100 percent increase
in the real price of food will be required." To.keep
energy demand in line with anticipated suppliet,
the real price of energy is assumed to rise more
than 150 percent over the 1975-2000 period." Sup-
plies of water, agricultural land, forest produbts,
and miny traditional twine fish species are pro-
jected to decline relative to growing demand at
currentprices," which suggests that real price rises

will occur yin ihese sectors too. Collectively, the
projections suggest that resource-based infla;
tionary pressures will continue and intensify,
especially in nations that are poor in resources or

are rapidly depleting their resources.
The World will be more vulnerable both to

natural disaster and to disruptions from human
causes. Most nations, are likely to be still more
dependent on foreign sources of energy in 2000
than they are today." Food production will be

more vulnerable tc disruptions of fossil fuel
energy supplies and to weather fluctuations as
cultivation expands to more marginal areas. The
loss of diverse germ plasm in local strains and wild
progenitors of food crops, together with the in-
crease of monoculture, could lead to greater risks
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of massive crop failures," Larger numbsrs of Ap-
ple will be vulnerable to higher food prices or even
famine when adverse weather occurs." The world
will be more vulnerable to the disruptive effects of
War. The tensions,that eould lead td war will have
multiplied Thh potential for conflict over fresh
water alone is underscored by the fact that out of
200 of the world's major river basins, 148 are
'shared by two countries and 52 are shlixed by three
to tell 'countries. Long standing 'conflicts over
.sharedlivers such as the Plata (Brazil, Argentina),
Euphrates (Syria, Iraq), or Ganges (Bangladesh,
India) could easily intensify."

Finallyt it Must be emphasized that if public
*icy contipuel generally unchanged the world
will be different as a result of lost Opportunities.
The adverse 'effects of many of the trends dis-
cussed in this Study will not be fully evident until
2060 or lateri yet the actions that Me necessary to
change the trends cannot be postponed without
foredosingimportant options.' The opportunity to
stabilize the world's population below 10 billion,
for example, is slipping away; Robert McNamara,
President Of the World Bank, has noted that for
every decade of delay in reaching replacement fer-
tility, the worldts ultimately stabilized population
will be about 11 percent greater." Similar losses of
opportunity accompany delayed perceptions or

sions are'ba d on yesterdars (or even today's) oil
prices, th opportunity to wisely, iniist scarce
capital resources will be lost as a consequence of
undervaluing conservation, and efficiency. If
agricultural research continues to focus on in-
creasing yields through practices that are -highly
energy-intensive, both energy resairces and the
time needed to develop alternative practices will be
lost.

The full effects of rising concentrations ot
carbon dioxide, depletion of stratospheric ozone,
deterioration of soils, increasing introduction of
complex persistent toxic chemicals into the en-
vkronment, and massive extinction of species may
not .occur until well ,after 2000. Yet once such
global environmental problems are in motiOn' they
are very difficult to reverse-In fact, few if any of
the problems addressed in the Global 2000 Study
are amenable to quick technological ,or policy
fixes; rather, they are inextricably mixed with the
world's most perplexing social and -economic
problems..

pPerhaps the most troubling problems are
those in which population growth and poverty
lead to serious long-term declines in the produc-
tivity of renewable natural resource systems. In
some areas the capacity of renewable resource

*.



systems to support human populations is already
being seriously damaged by efforts . of present
populations to meet desperate immediate nAds,
and the damage threatens to become worse."

Examples of serious deterioration of the
At. earth's most basic resources carralready be found

today in scattered places in all nations,- including
the- industrialized countries and the better-
endowed LDCs. For instance, erosion of agricul-
tural soil and salinization ofhighly productive ir-
rigated farmland is increasingly evident in the
United States," and extensive deforestation, with
more or less permanent soil degrndation, has oc-.
curred in Brazil, Venezuela, and Colombia." But
problems related to the decline of The earth's car-
rying capacity pre most immediate, severe, and
tragic in those regions of the earth containing the
poorest LDCs.

Sub-Saharan Africa faces the problem of ex-
haustion .of its risource base in an acute form.
Many causes and effects haye come together there
to produce excessive demands on the environ-
ment, leading to expansion of the desert. Over-
grazing, fuelwood gathering, and destructive
cropping practices are 'the principal immediate
causes of a series of transitions from Open wood-
land, to scrub, to fragile semiarid range, to worth-
less weeds and bare earth. Matters are made worse
when people are forced by scarcity of fuelwood to
barn animal dung and crop wastes. The soil,
deprived of organic matter, loses fertility and the
ability to hold waterand the desert expanth. In
Bangladesh, Pakistan, and large parts of India, ef-
forts by growing numbers of people to meet their
basic needs are damaging the very cropland,
pasture, forests, and water supplies on which they
Must depend for a livelihood." ;To restore
land and soils would requireslecadesif not cen-
turiesafter the existing pressures on the land
have diminished. But the pressures are growing,
not diminishing.

There are no ,quick or easy solutions, par-
ticularly in those regions where population
pressure is already leading to a reduction of the
carrying capacity of the land. In such regions a
complex of sOcial and economic factors (including
very low incomes, inequitable land tenure, limited
or no educational opportunities, a lack of non-
agricultural jobsoand economic pressures toward
higher fertility) underlies the decline in the land's
carrying capacity. Furthermore, it is generally
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believed that social and economic conditions must
improve before' fertility levels will deline to
replacement levels. Thus a vicious circle of
causality may be at work. Environmentadeterior-
ation caused by large populations creates living'
conditions that make reductions in fertility dif-
ficult to achieve; all the while, continuing popula-
tion growth increases 'further the pressures on the
environment and land."

The declines in carrying capacity already be-
ing observed in scattered areas around the world
point to a phenomenon that could easily be much
more widespread by 2000. In fact, the best evi-

. dence now availableeven allowing for the many
beneficial effects of technological developments
and adoptionssuggests that by 2000 the world's
human population may be within only a few
generations of reaching the entire planOt's carry-

,

ing capacity. ,.

The Global 2000 Study does not estimate the
earth's carrying capacity, but it does provide a .

basis for evaluating an earlier estimate published

in the U.S. National Academy of Sciences'
report, Resources and Man. In this 1969 report,
the Academy_ concluded that a wo Id population
of 10 billion "is close tO (if not a ove) the max.:

imum that an intensively manage world might
hope to support with some degree f comfort and
individual choice." The Academyialso concluded
that even with the sacrifice of imqvidual freedom
-nd choi, t:, and even with chronie near starvation ,

for the great Majority, the hum n population oft
the world is unlikely to ever exc ed 30 billion."

Nothing in the Global Study counters
the Academy's conclusions. If anything, data
gathered . over the Past depade suggest the
Academy may have underestiMated the extent of
some problems, especially deforestation and the
loss and deWioration of soils."

At pre*nt and projected growth rates, the
,world's population would rapidly approach the
Academy's figures. If the fertility and mortality. .
rates projected for 2000 were to continue un-
changed into the twenty-first century, the world's
population would reach 10 billion by 2030. Thus
ilnyone with a present life expectancy of an addi-
tional 50 years could expect to see the world popu-
lation reach 10 billion. This same rate of growth
would produce a population of nearly 30 billion
before the end of the twenty-first century.'9

_Here it must be emphasized that, unlike most

60
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of the Global 2000 study projections, the popula-
tion projections assume extensive, policy changes
and developments to reduce fertility rates. With-
out the assumed policy changes, the projected rate
of population growth would be still more rapid.

Unfortunately population growth may ,be
slowed for reasons other than declining birth
rates., As the world's populations exceed and
reduce the land's carrying capacity in widening
areas, the trends of the last century or two toward
improved health and longer life may come to a
halt. Hunger and disease may claim more lives

especially lives of babies and young children.
More of those surviving infancy may be mentally
and physically handicapped by childhood mal-
nutrition.

The time for action to prevent this outcqme is
running out. Unless nations collectively a d in-
dividually take bold and imaginative steps t ward
improved social and economic conditions, re-
duced fertility, better management of resources,
and protection of the environment, the world
must expect a troubled entry into the twenty-first
century.



-777trr

, APPENDIX

The Global 2000 Study Compared with
Other Global Studies

In the course of the Global 2000 Study, the
Government's several models (here referred to col-
lectively qt the, ','Government's global model")
and their ptjetions were compaTed With those of
five other glo al studies." The purpose was not
only to compare the results of different projec-
tions, but also to see whether and- how. different
assumptions and model structures may have led to
different projections and findings.

The Global .2000 Study's principal findinis
are generally consistent with those. stf the five
other global studies despite considetable dif-
ferences in models and assumptions. On the
whole, the other studies and their models lack the
richness of detail that the 'Government's global
'model provides for the various individual sec-
torsfood and agriculture, forests,,water, energk,
and so on. However, the linkages among the sec-
tors in the other models are mUch More
complete. Many apparent inconsistencies and con-,
tradictions in the Global 2000 projections are due
to the weakness of the linkages among'sectors of
the Government's global model.

Another important difference is that the
Government's projections stop at theyear 2000 or
before,while.the other global studies project well
into the twenty-first century. The most dramatic
developments projected in the other studies
serious resource scarcities, population declines
due 16 rising death ratet, Severe environmental
deteriorationgenerally occur, in the,first half of
the twenty-first century and thus cannot be com-
pared with the Government's projectiOns. Up to
the turn of the century, all of the analyses, in-
cluding the Government's, indicate more or less
similar trends: continued economic growth in
most areas, continued population growth
everywhere, reduced energy growth, an increas-
ingly tight and expensive food situation, increas-
ing water problems, and growing environmental
stress.
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Tlie most optimistic of the five models is the
Latin American World Model. Instead of project-
ing future conditions on the basis of present ,poli-
cks and trends, this model asks:t"How can global
resources best be used to meet basic human needs
for all people?" The model allocates labor, and
capital to maximize life expectancy. It aisurhes
that personal. Consumption is sacrificed to main--
tain very hjgh investment rates (25 percent Of GNP
per year), and it posits an egalitarian, nonexploita-
fiver, wisely managed world society that avoids
pollution, soil depletion, and other forms of en-
vironmental degradation., Under. these assump- ;

tions it finds that in little .more than one genera-
tion basic'human needs could be adeqUately sitis=t
fied in Latin America 'and in Africa. Thereafter,
GNP !would grow steadily and, population growth
would begin to stabilize.

But in Asia, even assuming these near-
utopian social conditions and high rates of invest:
ment, the system collapses. The model 'projects an'
Asian food crisis'beginning by 2010, as land runs
out; food production cannot rise fast enough to
keep up with population growth, and a vicious cir-
cle begins that leads to staryation and economic
collapse by midcenturk. The modelers suggest that
an Asian food crisis could be avoided by such
means-as food imports from other areas with more
cropland, better crop yields, and effective family
planning policies. Nonetheless, it is striking that
this model, which was designed to-show that the
fundamental constraints on human welfare were
social, not physical, does project Catastiophic
foud shortages in Asia due to land scarcity.

The World 2 and World 3 models, whkh were
the basis of the 1972 Club of Rome report The,
Limits to Growth, give much attention to environ-
mental factorsthe only models in the group of
five to do so. The World models, like the Global
2000 Study, considered trends in population,
resources, and environment. However, these
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models are highly aggregated, looking at the world
as a whole and omitting regional differences. In
the cases that assume a continuation of present
policies, the World 2 and. 3 models project large
global increases in food and income per capit;4 un-
til 2020, at which time either food scarcity or
resource depletion would cause a downturn. The
two models do suggest that major changes of
policy can significantly alter these trends.

The Wodd Integrated Model, a later effort
sPonsored by the Club of -Rome, is much more
detailed than the World-2 and 3 models in its treat-
ment of regional differences, trade, economics,
and shifts from one energy source to another, but
it is less inclusive in its treatment of the environ-
ment. This complex model has been run under
many different assumptions of conditions and
policies. Almost invariably the runs project a
long-term trend of steeply rising food prices.
Under a wide range of policies and conditions the
runs indicate massive famine in Asia and, to a
lesser, degree, in non-OPEC Africa, before the
turn of the century.

The United Nations World Model found that
to meet U.N. target rates for economic growth,
developing colintries would have to make great
sacrifices in personal consumption, saving and in-
vesting at unprecedented rates. Personal
cionsumption would not exceed 63 percent of in-
come in any developing region, and none would
have a level of private investment of less than 20
percent. To meet food . requirements, global
agricultural production would have to rise four-
fold by 2000, with greater increases required in
many places (500 percent, for example, in low-
income Asia and Latin America).

The Model of International Relations in
Agriculture (MOIRA) confines itself to agricul-
ture; it takes into account the effects of agriculture
policies but not those of environmental degrada-
tion. Its results are more optimistic,- than the
Global 2000 projections: world food 'production
more than doubles from 1975 to 2000, and per
capita consumption rises 36 percent. Even so,
because of unequal distribution, the number of
people subsisting on two-thirds or less of the
biological protein requirement rises from 350
million in 1975 to 740 million in 2000.

The Global 2000 Study conducted an experi-
ment with two of the more integrated nongovern-
ment models to answer the question: "How would
projections from the Government's global model
be different if the model were mote integrated and
included more linkages and feedback?" The
linkages in the two nongovernment models were
severed so that they bore some resemblance to the

unconnected and inconsistent structure of the
Government's global model. Chosen for the ex-
periment were theWorld 3 model and the World
Integrated Model.

In both morals, severing the linkages led to
distinctly more favorable outcomes. On the basis
of results with World 3, the Global 2000 Study
concluded that a more integrated Government
model would project that:

Increasing competition among agriculture,
industry, and energy development for cap-
ital would lead to even higher resource cost
inflation and significant decreases in real
GNP growth (this assumes no major tech-
nological advances).

. The rising food prices and regional declines
in food consumption per capita that are
presently projected would be intensified by
competition for capital and by degradation
of the land.
Slower GNP and akicultural growth.
would lead to higher death rates from wider
spread hungeror from outright starva-
tionand to higher birth rates, With
greater numbers of people trapped in ab-
solute poverty.
A decisive global downturn in incomes and
food per capita would probably not take
place until a decade or two after 2000 (this

)umes no political disruptions).

When links in the World Integrated Model
(W1M) were cut, outcomes again were more favor-
able. The results of the unlinked, version were
comparable to the Global 2000 quantitative pro-
jections for global GNP, population, grain pro-
duction, fertilizer use, and energy use. But in the
original integrated version of WIM, gross world
product was 21 percent lower than in the unlinked
version-311.7 trillion instead of $14.8 trillion in
2000. In the linked version, world .agricultural
production rose 85 percent instead of 107 percent;
grain Available for lumtan consumption rose less
than 85 percent because soon of the grain was fed
to animals for increased meat production. Popula-
tion rose only to 5.9 billion rather. than 6.2 billion,
in part because of widespread starvation (158
million deaths cumulatively by 2000) and in part
because of lower birth rates in the industrialized
countries. The effects of severing the linkages are
much less in lightly populated regions with a
wealth of natural resources, such as 'North
Arnerica, than in regions under stress, where great
numbers of people are !Wing at the margin of ex-
istence. In North America, the difference'in GNP



per capita was about 5 percent; in South Asia,
about 30 percent.

The inescapable conclusion is- that 'the omis-
sion of linkages impartb an optiMistic Hai to jild
Global 2000 Study's (and tbv U.S. Gonrdnent's)
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quantitative projections.9' This appears to be par-
ticularly true of the CNP projections. The expiri-

, ments with the World Integrated Model suggest
that the Study's figure for gross world product in
2000 may be 15-20 percent too high.
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