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\ Preface and Aékno‘wledgments

ON May 23, 1977, 'Presndent Carter stated in his Environmental Message to
the Congress: N

Environmental problems do not stop at national boundaries. In the past
decade, we and other nations have come to recognize the urgency of
international efforts to protect our common environment.

As part of this process. I am directing the Council on Environmental
Quality and the Department of State, working in cooperation with the
Environmental Protection Agency, the National Science Foundation, the
National Oceanic and Atfhospheric Administration, and othet appropriate
agencne(}omgkcaone—yearstudyofﬂnmbablechamesmﬂnworlds
Population, natural resources, and environment through the end of the
gentury. This study will'serve as the foundation of our longer-term

Entering the Twenrv-ﬁrsl Century is the mtcmgency report prepared by
the Global 2000 Study in response to President Carter’s directive. The
report comprises three volumes: {1) an interpretive report that summarizes
the findings in nontecl.nical terms, (2) thi technical report, which presents
the projections and related analyses in groater detail, and (3) a volume of
‘basic documentation- on the models v ~d it this Study.

_The Study was supervised by ane: . group tochaired originally by
Charles Warren, Chairman of the C . - Environmental Qrality, and
Patsy Mink, Assistant Secretary of - .or Oceans and Ir.cernational

Environmental and Scientific Affairs. . .. 2 the course of the study Mr.
Warren was succeeded by Mr. Gus Syeth, and Mrs. Mink by Mr. Thomas
Pickering, The other executive grup members and participating agencies
are as follows:

ALVIN ALM (atér C. WILI 1AM JOAN DAVENPORT

FISCHER) Assistant Secretary for Energy and Min-
Assistant Secretary for Pohcy : erals
Depanﬂlent of ‘Energy - Department of the Interior
"RicHARD C. ATKINSON
* Director. , - RICHARD A. FRANK .
. Nationat Science Foundation Admiistrator ,
‘ National Oceanic and Atmospheric
BARBARA BLUM Administratic a
Deputy Aaministrator Department of Commerce
Environmental Protection Agency
Rupert CUTLER RoBERT A. FrOosCH
" Assistant Secrctary for Natural Re-  Administrator
sources and Environment National Aeronautics and Space Admin-
Deépartment of Agriculture istration
’ v
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JOHN J. GILLIGAN (later DouGLAS BEN-
NET)

Administrator

Agency for lntemauonal Development

Department of State

JAMES LIVERMAN (later RUTH Cfuseu)
Assistant Secretary for Environment
Department of Energy

FRANK-PRESS

Directer

Office of Science and Technology Policy
Executive Office of the Pmsldent

BarDYL R. TIRANA (later JOHN W.
Macy) '

Director, Federal Emergency Manage-
ment Agency

STANSEIFLD TURNER
Director .
Ceniral Intelligence Agency -

Each executive group member desxgnated a member of his or her staff to,
be a point of coordination for the Stud) The coordmators are as follows:

WiLLIAM ARON

Director, Office of Ecology and Envi- .
. ronmental Conservation o

National Oceanic and Atmospheric
Administretion
Department of Commerce

CARROLL BASTIAN (later ELINOR C.
TERHUNE)
Division of Policy Reseanch and Analy-
. Sis
National Science Foundation.

LINDSEY GRANT (later WM. ALSTON
HAYNE)

Deputy Assistant Secretary for Environ-
ment and“Population Affairs

Department of State

GORDON Law
Science Advisor to the Secretary

Depanmentofthelnteﬁor

- CLIFFORD MCLEAN

Dlmctor Program Analysis and Evalua-
Federal Emergency Management Agency

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

JaMES R. MORRISON (later 7TT THOME)
Dlrector, Resource Observ ition Dm-

Nauonal Aeronautics and Space Admin-
istration ¢

!

‘ROGEX i{AILL

Office of Analytical Services

Department of Energy

ALICE PoPKIN (later LEwis HUGHES

Associate Administrator for Intzrna-
tional Activities

Environmental Protection Agency

C. Leroy QUANCE

Econom:cs, Statistics, and Cooperanves

Depanment of Agriculture -

FrANK ROSSOMONDO

Chief, Environment and Resource Anal-
ysis Center

Central Intelligence Agency

PENNY SEVERNS (later JOHN WASIE-
LEWSKI)

Special Assistant to the Administrator

Agency for lntemanonal Development

—Department of State

GEORGE SHEPHERD (late. ®ETER HOUSE)

Office of The Assistant Se-retary for
Environment

Vepartment of Energy

"LEE M, TALBOT (later li,:mumne B.

GILLMAN)
Assistant to the Chairman for Interna-
Council on Environmental Quality
Executive Office of the President




. Study Plan and Focus

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

Accordingly, it was decided” early that the Global 2000 Study should
exercise and employ the **present foundation’’ to the fullest éxtent possnble
As a result the Study has been conducted almost exclusively with
Government personnel and Government projection tools. Research and
data from outside the. Government were used onlv when needed capabikities
and information within the Government were not available.

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

Entering the Twenty-First Century builds upon the work 6f a number of
important Government-sponsored o;ganizations that preceded it, including:

National Commission on Supplies and Shortages (1975)
Advisory Committee on Natienal Growth Policy Processes (1975)
National Growth Reports Staff (1972)
Commission on Population Grov/th and the American Future (1972)
National Commission o, Materials Policy (1970)
National Goals Rescarch Staff (1969)
Public.Land Law Review Commission (1965)
Presiderit’s Commission on National Goals (1960)
Outdoor Recreation Resources Review Commission (1958)
President’s Materials Pohcy (**Paley’") Commission (1951)
‘ National Resources Planning Board (1939)

The work of these organizations has :ontributed significantly to the
Government’s present foundation of tools for longer-range planning relating
to population, resources, and environment, and one of the Study’s first
priorities was to review and assess the impact of this earlier work. The
results of this historical review are summarized in Appendix A.

Perhaps the most striking feature of this review is the very existence of a
70-year record of Government concern with issues relating to pepulation,
resources, and environment—issues that are often thought of as new. There
are, however, several genuinely new features emerging in the most recent
studies, interdependence being perha.gs the most important. The early
studies view population, resources, and environment primarily as unrelated
short-term, national (regional, or even local) topics. Only in the most recent
studies does the interrelatedness of these three topics come mcreasmgly
into focus.

The present Study is the first Government study to address all three
topics from a relatively long-term, global perspective. It also attempts to
emphasize mten:onnecuons and feedback, but in this much remains to be
done.
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: The basic r'~n for the Global 2000 Siudy was to identify the Iong-term
global models* currently used by Government agencies and to establish a
setpfunifonnassumpﬁodssotlmtthcsemodclsandtoolscouldbeusedby
the agencies’ projection experts as-a single, internally consistent system.
Since the models and tools used in this Study are the ones now employed
by the agencies in their long-term global analyses, they reflect the present
foundation for long-term planning. Collectively, therefore, these models and

. tools can be thought of as the Government’s present **global model.”

- The elements of the Government’s global model were not, of course,
designed to be used together as an integrated whole. The cozstituent
models were developed separately and at different times to serve the
. various projection needs of individual agencies. As a result, there are certain

inconsistencies in the Government’s overall globa! model. These inconsist-
encies ang the individual constituent models are described and analyzed in

during the Study, difficulties were encountered in linking the agencies’

models together and in synthesizing the projections into a coherent whole.

A group of outside experts (listed in the acknowledgments) met with the

agency experts and the Study staff to assist in synthesizing the projections.

This group had many criticisms. Some of the problems noted were

corrected; others could not be. Excerpts from the criticisms are included in
Appendix B. . .

- In spite of remaining weaknesses, the projections reported in Chapters 1

T4 through 13 present an important and useful picture of the future. Assuming

continued tschnological progress (but no departures from present pyblic

policy), the picture that emerges is one of only modest—if any—iglobal

increase in human welfare. In fect, there is real risk that population growth

and envircnmental degradation may lead to'z significant decrease in welfare

in parts of the world by 2000. (See appendix C for examples of this

pheromenon already being observed.) Furthermore unless present efforts

to meet human expectations and basic human needs are modified between

now and 2000, they may undermine biological capabilities to meet basic

needs early in the 21st century. Finally, Chapter 31 suggests that the

projections behind this picture would be still more sobering if it had been

-supply the missing linkages.
The projections were developed assuming no change in public policy.t

* The agencies guided the selection of these models and tools. Emphasis was placed on
models that are (1) long-term, (2) global, and (3) used. / -
t Exceptions to this rule wer made in the population projections and the projections of
encigy impacts on the environment. The population projections assumed that countries
that do not alreacy do so will make family planning services available to an appreciable
portion of their populations during the 1975-2000 period, and that countries with family
planring programs now in ooeration will extend coverage, particularly in rural areas. The
projections of energy impacts on the environment assume thst all countries will have
implemented U.S. new-soisce emission-standards by 1985 at all energy-conversion
facilities.
6

Chapters 14 10 23. While some of the inconsistencies were eliminated .

possible to correct the remaining inconsistencies in the analysis and to ~

Clearly policy changes will be made, and these changes will have important




* PROJECTION ANALYSIS

' . X SEOTOR CHAPTER CHAPTER
Population . 2 15
- Gross National Product 3 16
‘ _ Climate 4 ’ 17
Yy Technology 5 .23
' Ny Food . 6 . 18
Fishe .es 7 - 19
Forestry 8 19
Water 9 19
_‘ . - Energy : 10 N 20
» Fuel Minerals 11 21
- Nonfuel Minerals =~ 12 )
Environment ’ 13 19

" effects on long-term trends. Equally clearly, improved tools are needed to
analyze and evaluate aiternative policies if optimal choices 10 be made. -
+ Since only one policy option—no policy change—was analyzed, the
‘Study is not an adequate basis for detailéd policy recommendations.
Consequently, no detailed policy recommendations are made, but the
chLapters presenting the projections and those presenting the analysis of the
projection tools (see the following table) unavoidably imply ways in which
both the’ projections and the future might be improved. .
' The Study plan also called for the examination of qltemauve methodolo-
~  gies for projecting longer-term global trends on an integrated basis. Since
the early 1970s, when the Club of Rome sponsored the first gidbal model to
examine longer-term trends involving popu'ation, resources and the environ-
ment, there have been several private-sector attempts to develop interaally
. * consistent global models from a variety of differing perspectives. At least
~ five global models now exist, Chapters 24 to 31 examine these models and
compare their resuits and structures with the Government's global model.
Most of the non-Government global models contain many more feedback
S linkages than it has been possible to achieve in this Study with the agencies’
models. Chapter 31 describeés the results of experiments in which feedback
linkages in two global models were cut to make these two models more
closely resemble the linkages achieved by this Study among the agencies’
models. Projections from these two global ‘models are distinctly more
. optimistic when the feedback linkages are missing (as they are in the
' , Govemment s global model) than when the linkages are present.

- Finally, it should be stated that this is the first time the Government has
attempted such a broad study, and difficulties in interagency coordination
of analyses and assumptions were encountered on an enormous scale.
Resolving of the inconsistencies received the first priority of atteption, and,
in spite of time-extensions, other im:portant, (but less urgent) objecuvcs thus
proved to be unattainable. For example there is an unevenness in style in
the chapters of this volume. There is no indication of the uncertainty
associated with most of the numbers reported, and in several places results
ave reported as, for example, *‘3.745816352,” when what is really meant is

: “4, plus or minus S0 percent.” It was intended originally to use metric
| units throughout followed by values in other units in parentheses; ‘instead,

7
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the report contains a mixture of metric and other units. (To help the reader
with the unifs problem, Appendix D provides an extensive set of conversion
tables.) A consistent grouping of countries by region, with individua! detail
provided for a small set of representative countries, was desired, but
current methodological differences underlying the agencies’ projections
made this impossible,Jn the titme available, problems of this sort were -
simply unavoidable. B
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Erik P. Eckholm, Lawrence Fahey,
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‘Fred Smith, George Woodwell, and
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Appendix B Advisory Views Ned W. Dearbo‘m (editor) ‘o,

The thoughtful and insightful writing done by Ned W. Dearborn, Jennifer
Robinson, and Pieter VanderWerf of the Global 2000 Study staff, deserves -
special note and acknowledgment, ;| - ° .

The Study benefited enormously from the active’ participation of two
groups of expert advisers. One group consists of seven persons who have
previously attempted integrated studies of pepulation, resources, and the

i

environment. They are:

* ARNNE CARTER Mi11AJLO MESAROVIC
Brandeis University, Waltham, Mass. Case Western Reserve University,
NICHOLAS G. CARTER Cleveland, Ohio '
_ World Bank, Washington, D.C. Douctas N. Ross
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Stanford University, Stanford, Calif. + U.S. Congress, Washington D.C. ¥
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On two, occasions these seven met for a total of three days with the
agency experts to discuss ways of integrating and improving the projections.
Their criticisms were often pointed but always constructive. Some of the
problems and.inconsistencies they noted could be resolved; others could
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1 Introduction to the Projections

The President’s 1977 Environmental Message
required the Global 2000 Study to develop projec-
tions of trends in population, resources, and the
environment for the entirc world throsgh the year
2000. There is nothing uniquely significant about
the year 2000, however, and the projections
repoﬂed in this volume are not intended to be
precise estimates for particular years. They are,
instead, bmadly indicative of the dnrecuon in
which major trends point.

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

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

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

*As discussed in Chapter 14 and sumnarized in Table 14-2,
some policy changes were nevertheless assumed In devel-
oping the projections

The Study Plan

The approach used in the Global 2000 Study
was relatively simple. Each of the participating
agencies was asked to make pmjections using the
projection tools it currently employs in making
long-term projections.* The asslgnmcnts were as
follows:

Bureau of the Census and
Agency for international
Development.

Global 2000 Study staff,

with assistance from the

Agency for Intemnational

Development, Central

Intelligence Agency, and
World Bank.

National Cceanic and
Atmosphenc
Administration;, )
Department of Agriculture,
National Defense
University, and Central
Inteiligence Agency.

“The Giobal 2000 Stud
staff, with assistance from
participating agencies.

Population:

GNP:

Climate:

Technology:

* Emphasis was placed on models that are (1) global, (2)
long-term. and (3) used. The government has large numbers
of other models, some of which include more feedback and
interactions than the models used in this Study The models
chosen. however. are the global, long-term models most
often used by the agencies in their long-term planning and
analysis. Broad surveys that include other government
models are provided in A Guide to Models in Governmental
Planning and Operations, Office of Research and Develop-
ment. Environmental Protection Agency. Washington. D.C ,
Aug. 1974. and in G. Fromm. W. L Hamilton. and D. E
Hamilton. Federally Supported Mathematical Models. Sur-
vey and Analysis, National Science Foundation. Washing-
ton, D.C.. June 1974. A discussion of the evolving role of
models in govemment is provided by M. Gmenhemer M
AXCrenson. and B. L Crissey n the:wr Models in the Policy
Process, Russell Sage Foundation. New York. 1976. and in
Congressional Research Service, Computer Simulation
Methods to Aid National Growth Policy, prepared for the
Subcommittee on Fishenes and Wildlife Conservation and
the Environment. U.S. House of Representatives, Washing-
ton: Government Printing Office. 1975.
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4 THE PROJECTIONS

Department of Agriculture.
National Oceanic and

Al ric
Administration and outside
consultants.

Central Intelligence
Apnc‘); with assistance
from the Department of
Agriculture, Department of
State, and Agency for
International Development.

Water: Department of the Interior,
, .with assistance from
outside consuitants.

Fuel Minerals: Department of Energy,
with assistance from the
Bureau of Mines and the
Geological Survey.

The Gk:mil 2000 Stud
staff, with assistance from

the Department of the
Interior and outside
consultants.

Department of Energy.
The Global 2000 Stud

staff, with assistance from
the Environmental
Protection Agency, Agency
for Intermational
Development, and outside
consultants. '

Food:
Fisheries:

Forestry:

Nonfuel Minerals:

Energy:
Environment:

This approach has had both advantages and
disadvantages. It was a distinct advantage tp be
able to move ahead quickly, using previously
developed tools. It was also an advantage to be
able to test and evaluate the existing long-t~;:m
apalyticnl capabilities of the government. It vas a
disadvantage to use projection tools that do not
lend themselves easily to the analysis of the many

. interactions among population, resources, and

environment. It was also a disadvantage that these
analytical tools require that the projections be
undertaken sequentially. This last point needs
explanation.

Future environmental trends depead in large
measuré on demands for resources (minerals,
eneugy, food, water, etc.); therefoie, the environ-
mental trends cannot be projected and assessed

until relevant resource projections have been .

completed. However, the demand for resources
depends on the number of people and their
income, as well as on policy, climate, and tec

nology. In the real world (and in more interactiv
models) all of these variables evolve and interact
continuously, but with the government's present

38

tools, the projections must be made independently
and sequentially. ,
The sequential approach used in this study is
illustrated in Figure |—. The first step is the
establishment of policy assumptions (assumed
constant in this study), followed by projections of

population, GNP, technology. and climate. These'

assumptions and projections are mecessary inputs
to tne resource projections in the second step.
The resource projections, in turn, are needed fo.
the environmental analysis. It is-only through this
sequential process that a measure of self-consist-
ency, coherence, and interrelationship 1s obtaina-
ble with present government projection tools.
Many ‘important linkages, however, cannot be

- established by this sequential process. In particu-

lar, the population and GNP projections that are
made in the first step are based largely on
extrapolations of past trenids and are uninformed
by interactive feedback from the resource and
environmental projections. The resource and en-
vironmental yses, however, project develop-
ments that may significantly influence GNP and
population trends. .

£} -

The Projections

The agency experts were asked to produce a

first draft of their projections in just six weeks, at
which time they, the Global 2000 Study staff, and

a small group of outside experts,* met for a_

weekend synthesis meeting. The purpose of the
meeting was to improve the consistency of the
projections and to begin—at least subjectively—to
consider the implications of the resource and
environmental projections for the independently
derived projections of GNP and population. So
unusual is this type of agency interaction that
most of the agencies’ long-term projection experts
were until then not acquainted with each other.

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

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

t

*Anne Carter, Brandeis University, Waitham, Mass.: Ni-
cholas G. Carter, World Bank, Washington, D.(.; Anne
Ehrlich, Stanford University, Stanford, Calif.. Pe.er Hen-
riot. Center of Concern, Washington, D.C.; Mihajlo Mesa-
rovic, Case Western Reserve University, Cleveland, Ohio:
Douglas Ross." The Conference Board. New York City: and
Kenneth E. F. Watt, Univer ity of California, Davis.
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Figure 1-1. The process of projecting trends

collective judgment of the agency experts who
participated in the effort. To ensure internal
g:oqsi_stency. sev rral- adjustments were required in
individual agency projections. As a result, the
projections may not agree completely with projec-
tions previously published by the participating
agencies. Since the manuscript has not been
subjected to formal interagency clearance proce-
cedures, the agenci:s are not responsible for any
errors in fact or judgment that may have occurred.

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

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

ERIC

Aruitoxt provided by Eic:

BEST COPY AVAILABLE

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

Finally, analysis -of the limitations and weak-
nesses in the models now in use (see Chapters 14
through 23) provides a basis for developing and
introducing improved models. The issues are
important. Population, resources, and environ-
ment are long-term, global, highly interrelated
issues, not likely to disappear without further
attention. Improved methods of analysis are
needed to better understand the future implica-
tions of present decisions and policies. Given
adquate coordination and the necessary resources,
better models can be developed.
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Population projections comprise one of the
basic prerequisites for predicting and planning for
future needs in s~h areas as food, energy,
cmploymen(. community facilities, and social
services. It would be ideal to haye a single
forecast of population oft which there ‘was general
agreement. However, since the factors influencing
population trends—fertility, mortality, migration—
are not perfectly predictable, projections usually
represent individual or collective judgments that
differ greatly, even among experts. Indeed. there
* is often even disagreement about the data used as
the base for projections.

Because of these inherent: difficultigs, popula-
tion estimates are presented in this chapter in
terms of an illus*rative range, with a high and a
low series, reprsenting the highest and lowest
population counts that may reasonably be ex-
pected to occur, and a medium series, represent-
ing reasonable expectations, given existiag trends
and present knowledge of the underlying factors.

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

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

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

The projections by beth the Bureau of the

Census and the Community and Family Study

. 2 Population Projections

Center assume no migration; a final section in this
chapter discusses probable developments in mi-
gration and their possible effects on the projec-
tions.

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

Crude birth rate: The number of births per
1,000 persons in one year {(based on midyear
population).

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

Growth rate: The annual increase (or decrease)
in the population resulting from a surplus of deficit
of births over deaths and a surplus or deficit of
migrants into or out of the country. expressed as
a percentage of the base population.*

Rate of numrul increuse: The annual mcrease
(or decrease) in the population resuiting from a
surplus or deficit of births over deaths, expressed
as u perdbntage of the midyear population. The
natural increase of the population does not include
the migration of persons into or out of the
country.

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

Bureau of the Census Projections

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

*Average annual growth rates are computed using the
compound growth formula r = In(Py/P /1.

+Population projections usually employ total fertiity ratc as
a umt of measure rather than crude birth rate. in order to
avoid methodological diffirulties pertaining to age composi-
tion. sex ratios, and interaction between fertihty and mor-
tality
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range covered by the projections and to serve as
a basis for comparison with the comresponding
CFSC projections. Tables 2-12, 2-13, and 2-14
show only the medium range projections of popu-
lation growth rates, monrtality rates, and birth
rates. Table 2-1 summarizes the salient data from
the Census estimates and projections. .'he map on
the following page illustrates the population
changes projected in the medium case.

Assumptions

Feruhty Avsumptions. The general assumptions
that underlie the Census projections with regard
to fertility are: -

I. Less dewveloped countnes will continue to

make moderate progress in social and economic

development during the 1975-2000 period.

7 As less developed countries (L.DCs) progress
in social ard economic development, the fertility
level is expected to decline more or less continu-
ously but with some temporary plateaus.

3. Almost all countries that do not already do
0 will make family planning services availaole to
an appreciable portion of the population during
the 1975-2000 period, and countries with prescat
familv planning programs will extend coverage.
particularly in rural areas.

TABLE 2-1

Buresu of Census Estimates and Projections,
Medium Series, Summary Data, 1975-2000

(Population. " billiony)

- Popula- Percent  Aunual
ton of World Peicent
. : Pop Growth*
[N,
1975 Woylu 409 -
Mmlc developed regions 1N 28
1~ ¥ developed regions L2196 n
1980 V/orh 447 — 178
*.a1e developed regions 117 26 U 68
Less developed regions 3130 74 218
1985 world 4 88 —_ 177
More developed regions 12t 28 070
Less developed regions 1.67 75 214
" 1990 World 534 - 1R
More developed regions 12 23 0 66
Less developed regions 409 77 214
1995 World S8 — 77
More developed regions 129 n 059
Less developed regions 454 78 21
2000 World 635 — 170
More developed regior . 132 21 0.51
Less developed regions 503 79 202

*Annual percent growth fcr the preceding S-vear penod
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- were made on a judgme-

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

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

For the more developed countries the fertility
assumptions i existing official natonal projec-
tions were ‘1sed with, in some instances, slight
modification The aggregates of Eastern and West-
ern Europe were proje :ted on the basis of fertility
trends according to the U.N. medium series, with
slight adjustment at the U.S. Bureau of the
Census to take accou..t of fertility data av.ilable
since the U.N. piojections were prepared. For the
less developed couniries th- ~ tility assumptions
sis by deniogra-
phers who have worked .. .: the demographic
and rélated socioeconomic daia for the individual
countnes over extended time periods. Specifically,
no mathematical odel of fertility change was
used. However, in setting the target fertility levels
and paths of fertil'ty decline for the less developed
countries, the demographers took into considera-
tion the following major factors:

I Current level of fertility.

2. Recent trends in fertility.

3. Current levels and recent trends in social and
cvonomic development.

4. Current status and aprroximate past impact
of family planning and public health programs.

5 Government policy on population matters.

6. Recent fertility trends in countries with
similar cultural, social. and ecenomic conditions
and prospects.

7. Expressed “deswred” family size in the
Jpopulation,

8. Fer. ity assumption made by inte:national
agencies, such as the U.N. and the World Bank.







o

Q

ERIC

Aruitoxt provided by Eic:

\ \

10 -

THE PROJECTIONS

Furthermore. two general guideline: were
adopted in setting the range of fertility levels in
the year 200

1. The higher the level of fertility at ti-e base
date, the wider the range of assumed fertility
levels in the year 2000. .

2. The greater the uucertainty about current
fertility levels and current trends, the greater the
range of assumed- fertility levels in the year 2000.

Mortality Assumptions. Unly one specific mor-
tality trend was assumedgfor each projection,
except for the People's Republic of China. Esti-
mates for mortality in the base year of the
projections and for the projection period thraugh
2000 are deveioped through the use of life table
estimates. The life tables for the base year of the
projections were usually compiled from a variety
of sources, including vital registration data on
deaths by age and sex (adjusted at times for

.underregistrafon) and survey or census d on

deaths by age and sex during the preceding _ar
(after appropriate evaluation and adjustment if
necessary), nr by analyzing age distributions of
the population at one or more points in time and
applying a variety of demographic techniques such
as stable population analysis and use of model life
tables. In a few countries, such as Nigeria, where
fittle reliable inforation is available, *guessti-
mates™ of the. appropriate level of mortality and
of the model life table pattern were made, always
considering estimates that have been made oy
other institutions, such as ihe United Nations.

Projection of mortality, using the base year as
the starting point, was genem,lly done in’ one of
two ways: .

1. Either a target life expectancy at birth (and
corresponding life table) was chosen for the year
2000 with life expectancies for the intervening
years obtained by assuming a ‘‘reasonable pat-
tern’’ of change of mortality; or

2. The pattern and degree of change in mortality
from year to year was assumed with the eventual
life expectancy in the year 2000 ‘‘falling out’ of
the process. - .

In either case, consideration was always given
to the trends and levels shown in national projec-
tions and in projections by international organiza-
tions, and by considering the mortality trends in
similar countries in the region that have already
experienced_the relevant portion of the mortality
transition. d"F§¥:t life expectancies for the year
2000 were sometimes chosen, in fact, to be the
same as those already achieved in ‘‘leading"’
countnes, or previously assumed in national or
U.N. projections.

Total Population

All three Bureau of the Census estimates and
prjections of total world population are summa-
rizea ‘n Table 2-2. The medium series is consid-
ered the population growth trend most likely to

~occur. The high and low series represeni 2
“reasonable range'* above and below the medium
series:

TABLE 2-2 _ .
Census Bureau Wo. 1 Estimates and Projections

Population Size and Net Growth

Total Populatic a Net Growth Average
(Milliony) 1975 to 2000 Annual
T T o - Growth
1975 2000 Mitlions Percent Rate
) (Percent)
Medium senes 4,090 LAY 2,261 55 1.8
High series 4,134 6,798 2,664 64 2.0
Low series 4,043 5,922 1,879 46 1.5
Vital Rates®
Cru,e Br~h Rate Crude Des  Rate " Rate of Natural Increase
fper 1.900) (per 1,000) (Percent)
1975 2000 1975 2000 1975 2000
Medium senes 4 25.6 12.3 9.1 18 1.6
High series 32.0 29.4 12.9 94 19 20
Low series 288 219 1.9 8.9 1.7 1.3
* Rates shown for 2000 refer to midyear 1999 to mudyear 2000
-
44
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The medium series begins with a 1975 base
population total of about 4.09 billion, a crude birth
rate of 30 per 1,000, and a crude dea* rate of 12
per 1,000. The series implies declines of 16
percent in the crude birth rate and 26 percent in
* the crude death rate from 1975 to 2000, generating
changes in the natural increase from 1.8 percent
in 1975 to 1.6 percent in 2600. Net population
growth during this whole 25-year period would
add about 2.26 billion to the base population and
produce an end-of-century world population total
of about 6.35 billion.

The high series of world population projections
begins with a 1975 base population of 4.13 billion,
and the low series with a 1975 base population of
4.04 billion.* Using the 1975 base populations
and, altemnately, the high and low series trends of
1975-2000 vital rates, world population® would
increase in the high series by about 2.66 billion
between 1975 and 2000 and would total about 6.3
billion by the end of the century; in the low series,
world population would increase by about }.88
billion between 1975 and 2000 and wonld total
aBout 5.92 billion by the end of th: century.

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

Average
Net Growth Annual
Ghithons) Growth
Rate
(percent)
1950 to 1975 estimates 1.56 1.9
1975 to 2000 projections -
Medium series ’ 2.26 1.8
High series 2.66 20
Low series 1.88 1.5

The medium projection series suggests that the
population of the world may grow between 1975
and 2000 at a slightly lower annual rate than that
observed from 1950 to 1975. The high and low
series present alternative increase rates for 1975
to 2000. However, it should not be overlooked
that irrespective of the medium, high, or low rates
of growth during 1975 to 2000, all three projection
series indicate a net addition to the world popula-
tion total of an appreciably greater number of
*Nearl> all of the differences between the 1975 estimates of
world population in the medium, high. and low series are
due to the use of the following alternate 197S population
estimates for the People's Republic of China: medium
sei;iﬁe:. 935 million;.hixh series, 978 million; low serics. 889
m n.

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

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

The medium series for the more developed
regions begins with a 1975 base population total of
about 1.13 billion, a crude birth rate of about 16
per 1,000, and a crude death rate of about 9.6 per
1,000. The series implies a slight change in the
crude birth rate, increasing from 16 in 1975 to a
peak of 17 by 1985, and thereafter declining to 15
by the year 2000, an increase in the crude death
rate from 9.6 per 1,000 in 1975 to 10.4 per 1,000 in
2000 and an average annual growth rate of 0.6
percent. Net population growth during this entire
25-year period would add about 0.19 billion to the
base population and preduce an end-of-century
population figure of 1.32 billion for the more
developed regions. '

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

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

) !&ss developed regions.
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’
TABLE 2-3 .

~More Developed Regions and Less Developed Regions—Consus Bureau Estimates and Projections

Population Size and Net Growth

, - Average
Total population Net Growth Annual
(Millons) - 1975 to 2000 Growth
Rat
1975 2000 Milhons i Percent (Perc :,,,)
More developed regions
Medium series 1131 1.323 192 17 0.6
High zeries 1.131 ‘ 1.377 246 22 0.8
Low series 1,131 1.274 143 13 0.5
Less developed regions
Medium series 2.959 5,028 2.069 70 2.1
High series 3.003 5.420 2417 - 80 24
Low series 2912 4,648 1.736 60 19
Vital Rates*
Crude Birth Rate Crude Death Rate Rate of Natural Increase
A (per 1.000) (per 1,000) (Percent)
1975 2000 1975 2000 1975 2000
More developad regions _ h
Medium series 16.1 15.2 9.6 10.4 0.6 ¥ 0.5
High series 16.1 i7.4 9.6 10.1 0.6 0.7
Low series ; 16.1 130 96 10.7 06 0.2
Less developed regions -
« Medium series 359 284 13.4 , 87 22 = 20
High series v 38.0 R4 141 9.2 z4 23
Low series 17 243 12.8 8.4 2.1 16

* Rates shown for 2000 refer to.midyesr 1999 10 awdycar 2000

Fe- the less developed regions. alternate high
and low projections of population growth for the
1975 to 2000 period result in total population
growth during the period of as high as 2.42 billion
or as low as 1.74 billion.

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

Average
. * Annual
N(eb', If;:z‘:)lh Growth
Rate
(percent)
More deveioped regions
1950 to 1975 0.27 1
1975 to 2000
Medium series 019 0.6
High series 0.5 - 0.8
Low series 0.14 0s
Less developed regions
1950 0 197¢ 1.28 2.5
1975 to 2000
Medium series .07 2.1
High series 2.42 2.4
Low series . 1.74 1.9

For the more developed regions, al! three projec-
tion series in the present report indicate that
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population growth from 1975 to the end of the.

century would be lower than was the case be-
tween 1350 and 1975, in terms of both absolute
increments and rates of growth.

For the less developed regions. the medium
projection series suggests that the population may
grow between 1975 and 2000 at a somewhat lower
annual rate than that observed from 1950 to 1975,
Regardless of the differences in the high, medium,
and low series growth rates, however, all three
projections, indicate a net addition to the popula-
tion of the les§ develcped regions ,of an apprecia-
bly greater number of people durire the 1975-2000
period (1.74 to 2.42 billion) than during the
preceding 25-year period (1,28 billion).

The. popriation of tht less developed regions
comprised about 72 percent of the world’s popu-
lation in 1975 and, according to the three projec-
tion series, will constitute 78-80 percent of the

" world’s popufation in the year 2000, This dramatic

increase is hardly surprising when one considers
that the-less developed regions would account for
nine-tenths of world population growth according
to the projections (see Fig. 2-1 for medium series
projections). During the previous quarter century,
less developed regions accounted for four-fifths of
world population growth, and thereby increased
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Figure 2-1. Twenty-five years of world population growth, medium series.
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their share of world population from 66 percent in
1950 to 72 percent in 1975.

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

Changes in Selected Vital Rates and Total
Population. The data presented in this chapter
refer to a projection period of 25 years, from 1975
to 2000. In terms of fundamental demographic
change, this is a relatively short time period. Any
profound modification (barring major calamities)
of world pc pulation growth trends, including req-
uisite changes in age composition, would require
a much longer time to evolve. According to these
projections, the population growth rates for the
world as a whole and for the less developed
regions in particular, will- decline only slightly
from 1975 to 2000, despite significant declines in
fertility levels.

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

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

*The difference between the 30 percent dechine in the total
ferulity rate and the 21 percent decline in the crude birth
rate from 1975 to 2000 can be explained as follows. About 6
percentage points of the difference is due te a larger
proportion of women in the childbearing ages (15-49 years)
tn 2000 than in 1975 The rest of the difference is due to
changes in the age pattemns of fertility within the childbear-
ing years. The difference between the 21 percent decline in
the crude birth rate and the 12 percent decline in the rate of
natural increase 1s due to the decrease i the crude death
rate by a greater percentage than the decrease in the crude
birth rate.
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increment in total population in 2000 than in 1975
and, if continued after 2000, would require nearly,
140 years to cause the population of the more
developed regions to double. )

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

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

Moderately high crude birth and death rates
characterize the less developed countries of the
Asia and Oceania region. The projected popula-
tion of these LDCs in 2000 is 3.63 billion, a net
increase of 1.36 billion over 1975, or about 60
percent of world population growth projected for
this period.

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

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

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

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

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

»
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and
'Wmhmumdm:mddﬁmcwﬁaﬂmﬁm Albenia, and Yugoslavia. The U S S R s also excluded

“Rates show for 2000 refer 1o midyear 1999 to midyear 2000
TABLE 2-§°

Perceat Distribution of World Population by
Major Region, Census Bureau Medium Series

1975 2000

Africa 98 12.8

Asia and Oceania™ 55.6 57.2

Latin America 79 10.0

U.S.S.R. and Eastern Europe® 9.4 . 7.3
North America. Western Europe.® Japan.

Australia. and New Zealand 17.3 12.7

*Developmng ¢ only.te. ding Japan Australia. and New Zealand
*Emiera Ewrope includes Albana aod Yugosavie

*Western Ewope s used here <omprases all of Furope except Eastern Europe
Albania. and Yugosiavia. The U S S R 13 also exciuded

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

15 Selected Countries. Estimates and prOJec-
tions of population growth from 1975 to 200¢ for
the 15 selected countncs are presented in Tablc
2-6.

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

TABLE 2-4
Major Regicais—Census Buresu Estimatesand Projections
Population Size and Net Growth
Total Population Net Growth Average
(Mullions) 1975 to 2000 Annual
Growth
1975 2000 Millions Percent Rate |
(Percent) |
World 4,090 6.351 2.261 ss 1.8 |
Africa 399 814 . A6 104° 29
Asia and Oceania® 2.274 3.630 1.356 0 1.9
Latin America 328 637 n 9% 2.7
U.S.S.R. and Eastem Europe® 384 460 76 , 20 0.7
North Amerida. Western Europe.© Japan.
Australia, and New Zealand .708 809 101 14 0.5
- ) Vital Rates*
. Rate of Natural
Crude Birth Rate Crude Death Rate Increase
(per 1.000) (per 1.000) " {Percent)
1978 2000 i 1978 . 2000 1975 2000
World 304 25.6 123 9.1 1.8 1.6 _
Africa - 46.7 38.5 19.0 11.3 28 27
- Asia and Oceania® -~ « 37 259 13.0 87 2.1 17
Latin America 372 28.7 39 5.7 2.8 23
U.8.S.R. and Eastem Europe® 17.7 159 9.7 10.5 08 0.5
North America. Western Europe.© Japan,
Australia. and New Zealand 14.8 14.5 9.6 10.5 0.5 0.4
*Devel i oﬂyne had )w‘ ha. and New Z
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. TABLE 2-6
WS&,MGM,ﬂWdWﬂWd]SMCm&&
. Census Buresu Medium Series
Total Population Net Growth, Average Percent of World
(omillions) 1975 to 2000 Annual Population
Country - Growth -
1978 2000 Milhons Percent Rate 1975 2000
(Percent) .
People's Republic of China 925 . 13 9% Q 1.4 29 209
India 618 1,021 2 68 2.0 15.1 161
Indonesia 138 26 9] 68 21 33 3.6
Bangladesh 9 159 79 100 2.8 1.9 2.5
Mlﬂll T 149 78 1t 3.0 1.7 2.4
Philippines 43 3 30 T 22 10 1.2
Thailand 42 78 k1! 77 2.3 10 1.2
South Korea 37 57 2 5s 1.7 0.9 09
Egypt 37 65 » n 2.3 09 1.0
Nigeria 63 135 n 114 30 1.5 ) 21
Brazil 109 226 1Y) 108 29 2.7 36
Mexico 60 131 ' 119 3. 1.5 2.1
United States 214 248 s 16 0.6 5.2 39
USSR 254 30 4 21 0.8 6.2 49 .
Japan 2. 3 21 19 0.2 27 . 2

Age Composition of the Population

Broad Age Groups. The age composition of the
world and of the more developed and less devel-
aped regions in 1975 is summarized in Table 2-7
(medium series). The more developed regions had
significantly higher percentages of population in

* the 13-64 age group and in the age group 65 and

over, and a far lower percentage of population in
the 0-14 group. For the world as a whole, the
percentages of population in the various broad age
groups were closer to the age composition per-
centages of the less developed regions, since over
72 pcicent of the world’s population lived in the
less developed regions in 1975,

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

and
Less Developed Regions, 1975 and 2000
(dtn-u Bureau)
(Population in millions)
World More Dev. LessyDev.
1975: -
O-l4yrs 1,505 37 281 25 1,224 42
15-64 yi+ 2,368 58 - 73t 65 1,637 5s
65 & over 217 S 19 10 9% 3
All ages 4,09 100 1,131 100 2,959 100
2000;
0-14 yrs 2,085 32 b7 22 1,758 3s
1564 yrs 3,906 62 859 65 3,047 61
65 & over 3% 6 167 13 223 4
Allages 6351 100 1323 100 5028 /100
R

ol

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

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

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

Functional Age Groups. Table 2-9 presents a
summary of projected changes from 1975 to 2000
in the population of certain functional age groups
for the world, the more developed and less
developed regior.s, the major regions, and 15
selected countries.

For the world as a whole, the projected percent
increases in the school-age population are lower
than the projected percent increases in total pop-
ulations, but for Africa, Latin America, and many
of the selected LDCs, the projected percent
increases in school-age population are extremely

high. For the less developed regions as a whole,
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TABLE 2-8 y \

Percent Distribution of Population, 1975 and 2000, and 1975-2000 Increase fox Major Regions
udeecMCwn&ies,CenmsBumuMedtherles
N

Percent Distgibution bf

Percent Distribution of

. Total Populatioh by Age in Percent Increase of Population by Total Population by Age in
2000

1975 Age, 1975 to 2000
65 65 All : 65
014 1564 and over 14 1564 and over  Ages 0141564 g over
Major regions 3 '
Africa 4“4 53 3 97 109 - 129 104 43 54 3
Asia and Oceania® 41 56 3 29 78 125 60 32 63 5
Latin America 42 54 4 73 112 124 96 38 58 4
U.S.S.R. and Eastern .
Europe® 25 65 10 10 19 49 20 23 . 65 12
North America, Western Euy- ,
rope,® Japan, Australia, and o
Ne‘: Zealand 28 64 11 1 15 36 14 22 65 13
Selected countries
People’s Republic of China 38 58 4 5 62 116 42 28 66 . 6
India 40 57 3 36 82, 147 65 34 62 4
Indonesia 43 55 2 44 82 201 68 37 60 3
Bangladesh 46 51 3 79 120 85 100 41 56 3-
Pakistan 46 51 3 84 133 124 i 40 57 3
Philippines “ 53 3 30 102 119 91 4 62 4
Thailand 43 54 3 45 99 135 77 35 61 4
South Korea 39 58 3 14 75 170 5¢ .28 66 6
Egypt 4] 56 3 54 91 136 J¢ -+ 35 60 5
Nigeria 45 . 53 2 115 m 159 114 45 52 3
Brazil 43 54 3 8 119 167 N8 39 57 4
Mexico 48 49 3 88 150 109 119 41 56 3
United States 26 64 -10 0 19 40 16 21 66 13
U.S.SR. 26 65 9 11 20 59 21 23 65 12
Japan 24 68 8 2 16 108 19 20 66 14
s ountries only. i ¢.. excluding Japan, A and New Zealand
o oo e b e ~ .
Alb and Yugosi The U S.S R 15 also exciuded

¢Western Europe as us.l here comprises all of Europe except Eastern E pe.,

the projected net increase in the school-age popu-
lation amounts to 0.36 billion (a 48 percent in-
crease), an enormous increment in terms of main-
taining or improving the quality of education. Bv
comparison, in the more developed regions of the
world, where nearly full enrollment has already,
been achieved, the projected increment for the
school-age group is only 8 million (an increase of
4 percent). .

The broad age group comprising persons 15-64
years of age ‘corresponds approximately to a
country’s working-age (or main working-age) pop-
ulation. For the less developed regions, the pro-
Jected 86 percent increase in this group is greater
than the projected 70 percent increase in total
population. Among the |5 selected countries, the
largest projected percentage increases are for
Mexico, Pakistan, Bangladesh, Brazil, and Ni-
geria. While such a large growth in working-age
population represents a beneficial increase in the
productive sector of the population, the net incre-
ment (about 1.41 billion persons) will create addi-

s
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tional demards for training and employment. In
more developed regions, the. projected increment
amounts to only about 0.13 billion persons (an
increase of 18 percent). .~

As may be expected, the growth patterns for
the female population in the reproductive ages will
be similar to those of the workig-age population.
Thus, the projected increase of females in the
reproductive ages in the less developed: regions is
.about 85 percent from 1975 to 2000, as comgred
with about 13 percent in the more developed
regions. Such rapid growth in the numbers of
wemen in the fertile ages in the less developed
regions will ensure an increase in the absolute
number of births, even if fertility rates décline.

The highest percentage increases are projected
for the age group 65 years and over in both less
and more developed regions. Although the growth
of this group is pagticularly rapid in the less
developed regions (127 percent as shown in Table
2-8), it constitutes only about 6 percent of total
1975-2008 population incréase for these regions.

‘e
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TABLE 2-9

Changes in Functional Age Groups and "yotal Popuiation, 1975-2000, for World, More Developed and
Less Developed Regions, Mzjor Pegiow..., and Selecte Countries, Cen~ ; Bureau Medium Series

\ o Females of
School-Age Working-Age Popu- Reproductive Age Old-Age Population' Total Population:
Popuiation® 5- 14 lation: 15-64 15-49 65 and over All ages
Milions  Percent  Mcllions  Percent  Millions  Percent  Milhions  Percent  Millions  Percent
Worla 369 39 1.538 65 619 64 173’ 80 2,261 55
| More developed regions® 8 4 128 18 37 13 49 41 192 17
Less develuped regions 361 48 1.410 86 582 8s 125 127 2,069 70
Major regions . . :
Africa 110 105 231 109 99 108 15 129 416 14
Asia end Qceania® 184 kY] 994 78 405 76 96 12§ 1.356 60
Latin Am~rica 69 82 T 19 112 83 i s 124 312 96
U.S.S R. and Eastern
Eurgpe* 7 10 48 19 14 14 18 49 76 ° 20

Northern Amencaﬁslern
Europe,? Japan. Australia,

and New Zealand - -1 1 70 15 19 1 20 36 101 14
Selected countnies
People’s Republic of China 9 4 334 62 133 59 43 116 394 42
India 61 39 286 82 114 80 27 147 402 65
Indon~sia 18 . 52 61 82 26 79 S =~ 200 9 68
Bang. Jesh . 20 93 48 120 21 126 2 85 79 100
Pakistan 19 9% - 49 133 21 138 2 124 78 ti
* Philippines 4 30 23 102 10 96 2 19 30 7t
Thailand 6 50 2 .9 10 98 2 35 33 77
South Korea i 14 , 16 7¢ 6 68 2 170 20 55
Egypt 6 60 19 91 8 89 2 ™36 29 7
Nigeria 20 122 37 1t 16 114 3 159 7 114
. Brazil : ;! 103 70 19 4 30 116 6" 167 17 108
Mexico 17 95 44 150 19 146 2 * 108 7 119
United States -1 -2 26 19 9 17 9 40 . 35 . 16
USSR 5 10 34 20 i - 16 13 59 54 2)
Japan 1 4 .12 16 0 0 9 108 21 19

Staciwdes North Amenica, Europe (inciuding the US S R ) Australia, New Zealand. Japan. temperate Soush Amenica (1€ Argentina Chile. Falkland Islandy and Uruguay)
“Developing countries only. 1 ¢ , exciuding Japuh, Austraha, and New Zealand ‘

‘Rastern Europe includes Albania and Yugoslavia  + .

fWestera Europe as used here comprises ail of Europe except Eastern Europe, Albana, and Yugusiavia The U S S R 13 al 0 excluded
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In the more developed regions, however, the
increase of about 41 percent in the size of the old-
age group is especially significant, since it com-
prises ons-fourth of the total population increase
for these regions.

Summary

The Bureau of Census projections* presented in
Tables 2-10 through 2-14 can be summarized
briefly a» follows:

World population totaled about 4.09 billiun
persons in 1975 and < projected in the Bureau of
the Census medium seric. would increase by
about 55 percent,and number about 6 35 billion in
2000. This meahs that - ‘ordd population would

*A more detailed presentatic .ae Census projections Is
provided in U S Departmer' u. Commerce Bureau of the
Census, Hlustrative Projecions of Word Popuations 1 * ¢
21st Centurv, Washington U S Government Printins, Of-
fice, 1979

_grow between 1975 and 2000 a: a slightly lower

annual rate than between 1950 and 1975, but that
an appreciably greater number of p¥ople wor!d be
added to the total world population during the
1975-2000 period than during the former period.
The less developed regions would account for
nine-tenths of the world population growth be-
tween 1975 and 2000. By 2000 these regions would
comprise more than three-fourths of the world’s

. population, reflecting notable projected population’

increases in Africa, Latin America, and the les,
developed countries of Asia and Oceania. As
indicated in Table 2-1, the percentage of the
world’s population in the LDCs continues to
increase, approaching 80 percent by 2000. The
LDC growth rate declines from about 2.28 percent
to 2.02 percent and by 2000 is the predominant
influence in the world growth rate—which de-
clines only slightly, from 1.78 percent in the 1975
80 period to 1.70 percent in the 1995-2000 period.

BUREAU OF THE CENSUS PliOJECTIONS

U.S. Bureau of the Census projections for total population, total fertility rates,
population growth rates, crude death rates, and crude birth rates are presented .n

Tabics 2-10 through 2-14. In each table:

More developed regions comprise Northem America, temperate South America,
Europe, U.S.S.R., Japan, Australia, and New Zealand. All other regions of
the world are ciassified as less developed regions.

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

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

4

TABLE 2-10
Census Bureau Projected Tota! Population for World, Major Regions, and Selected Countries

(In thousands)

1985 1990 1995 2069

1975 1980
HICGH SERIES
World 4,134,049 4,548,928 5,012,753 5,544,671 6,143,076 6,797.504
More developed regions 1,130,989 1,173,831 1,224,157 . 127,131 1,327,400 1,377,258
Less developed reg:ons 3,003,060 3,375,096 3,788.59%6 4,268,539 4.815,67¢ 5,420,245
Major Regions ,
Afnca 398,694 459,653 533,548 621,830 726,565 846,880
Asia and Oceanta 2,318,028 2,580,123 2,861,277 3,185,185 3,551,394 3,951,198
Latin Amenca 325,085 377,073 438,796 509,969 589,698 677,904 |
US.SR and Fastern )
Europe 384,336 402,262 422,289 441,660 160,431 479,518
Nerthern America, Western )
Europe. Japan. Australa,
amd New 7ealand 707,906 729.817 756,842 786,028 814.987 842,003
Selected Countnes and Regions
People’s Repubhic of China 977,862 1,071,378 1,150,998 1,241,497 1,347,876 1,467,860
India 618,470 694,190 786,222 893,586 1,012,943 1,141,900
Indonegia 134,988 150.467 168,155 188,290 210,993 235,720
Bangladesh* 79,411 92,319 107,565 125,17} 144,862 166,185
Pakistan 70,974 83.261 98,078 115 339 134,777 156,083

o6




ERI

. e
=

POPULATION PROJECTIONS

21

¢

o7

-

TABLE 2-10 (Cont.)
(In thousands)
1975 1980 1985 1990 1995 2000
. HIGH SERIES (cont.)
« ilippines 43,029 49,063 55,545 62,697 70,771 79,773
Thailand 42,473 48,435 55.168 . 62,805 71,354 80,806
South Korea 36,895 40,946 45,507 50,663 56,087 61,535
Egypt 36,859 42,122 48,250 55,162 62,658 70,534
Nigeria . 62,925 72,473 84,271 T 98,722 116,159 136,934
Brazil N 108,882 128,235 151,309 177,977 207,995 241,436
Mexico 60,188 72,214 86,468 103,006 121,618 142,022
Jitited States 213,540 222,395 234,841 248,034 259,823 270,174
< US.S.R. 254,393 267,577 282,384 296,415 309,551 322,787
© Japan 111,566 117,076 122,169 126,768 131,102 135,309
Eastern Europe 129,943 134,685 139,905 145,245 150,882 156,731
Western Europe 343,517 348,908 355,610 364,172 374,386 384,331
MEDIUM SERIES
World 4,090,133 4,470,380 4,884,743 5,340,419 5,833,887 6,351,070
Mnre deveioped regions 1,150.989 1,169,863 1,211,772 1,252,233 1,289,712 1,322,824
Less developed regions 2,959,143 3,300,516 3,672,971 4,088,186 4,544,175 5,028,246
Major Regions .
Africa 398.694 458,861 530,567 - 613,894 708,89 814,272
Asia and Oceania 2.274,471 2,508,490 2,754,505 3,025,189 3,320,192 3,630,195
Latin Amer:ca 324,728 374,774 432,486 496,624 565,431 636,937
U.S.S.R and Eastern ’
. Europe 384,336 400.789 418,080 433,672 447,658 460,471
Northern Amenca, Western
Europe, Japar, Austraha,
and New Zealand 707,906 727,466 744,105 771,041 791,710 809,195
Selected Countries and Regions
People’s Republic of China 934,626 1,007 858 1,075,999 1,151 665 1,237,029 1,328,645
India 618,471 689,545 764,157 843,643 929,102 1,020,917
" Indonesia 134,988 150,246 167,005 185,375 205,425 226,388
Bangladesh 79,411 92,186 106,892 123,202 140,666 158,724
Pakistan 70,974 83,145 97.512 113,754 131,296 149,464
Philippines 42,810 48,181 53,657 59,526 66,064 73,229
Thailand 42,420 48,101 54,307 61,051 68,056 75,238
South Korea 36,846 40,604 44,561 48,721 52,902 56,983
Egypt 36.859 42,046 47,739 53,648 59,477 65,380
Nigena 62,925 72,469 84,215 98,439 115,261 134,680
Brazil 108,797 127,825 149,762 173,723 199,110 225,897
Mexico 59.912 71,136 84,016 98,555 114.450 131,320
United States 213,540 220.497 228,912 237,028 243,581 248,372
U.S.S.R. 254.393 266,304 278.973 290,235 300,020 308,893
Japan 111,566 116,962 121,741 125,870 129,574 132,951
Eastern Europe 129,943 134,485 139,107 143,437 147,638 151,578
Western Europe ; , 343,517 348,733 354,878 362,306 370,702 378,222
V_‘\
~ LOW SEKIES
World . /’ 4.043,444 4384.420 4,753,612 5,140,162 5,533,442 5,921,745
More developed regions 1.130,989 263 1,200.970 1,231,408 1,256,351 1,274,174
Less developed regions 2912455 3,218157 3,552,642 5,908,754 4,277,091 4,647,571
Major Regions
Africa 398,694 457,621 525,247 599,530 677,723 758,842
A.ia and Oceania 2,228, 41 2,431,561 2,650,767 2,882,418 3,121,231 3,259,092
Latin America 324.064 370,543 421,024 473,826 527,467 580,958
U.S.S R and Eastern
Europe . 384,336 399,321 413,884 425,712 434,955 441,680
Northern America, Western
Europe, Japan, Australa,
and New Zealand 707,906 725,374 742,689 758,677 772,066 781,174
Selected Countries and Regions
People's Republic of China 889,015 937,955 991,581 1,050,502 1,113,447 1,175,761
India 618,471 686,790 757,233 827,960 899,438 974,282
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foctility rates for that year applied to ber lifetime

o8

TABLE 2-10 (Cont.)
(Un thotisunds)
1975 198D 1985 1990 1998 2000
LOW SERIES (cont )
Indonesia 134,988 149,831 164,983 180.321 195,349 209,125
Bangladesh 79.411 /\"ﬂ.m 105,995 120,959 136,299 ~ 151,136
Pakistan 70,97 83,075 97,169 112,735 128,852 144,181
Philippines 42,63 47,462 52,031 56,682 61,635 66,786
Thailand 42,352 47,813 33,349 58,824 64,219 69,384
South Korea 36,677 39.990 - 43,372 46,918 56,390 53,550
Egypt - 36.859 41918 46,772 51,067 54,909 58,803
Nigeria 62,925 72,437 83,907 97,313 112,397 128,749
Brazil 108,524 126,508 146.582 168,100 190,688 213,838
Mexico 59,526 68,800 ~R,432 88,664 99,451 110,595
United Siates 213.540 219,078 224,962 229,919 233,078 234,328
USSR 254,393 265.031 275,563 284,056 290,495 295,115
Japan 111,566 116,733 120,884 124,141 126,796 128,891
Eastern Europe 129,943 134,290 138,32 141,656 144 460 146,565
Western Europe- 343.517 348,457 353.9& 359,983 366,132 370,788
_ TABLE 2-11
. Census Bueau Projected Total Fertility Rate* for World, Major Regions,
R and Selectec‘l Countries
1975 1980 1985 190 1995 2000
HIGH SERIES
World 4 5299 42163 4.0892 © 4.0523 4.0037 3.9189
More developed regions 2.1505 23184 2.4060 24700 2.5408 2.
Less developed regions 5.5202 < 4.9494 4.6814 4.5493 44103 4.2417
Major Regions . -
Africa . 6.3847 6 3826 6 3315 62211 6.0755 5.6424
Asia and Oceansa 5 3501 4.6174' 42917 4.1600 40175 3.8829
Latin Amenca 5.3992 52939 5.1726 49912 4.7436 4.4952
U.S.S.R. and Eastern ’
Europe 2 3687 2 4887 2.5284 -2 5642 26178 2.6719
Northern Amenica, Western : -
Europe, Japan, Australia,
and New Zealand 1.9703 21702 2 2987 . 2.3832 2.4577 2.5328
Selected Countries and Regions
People’s Republic of China 5.1710 3 6565 30870 30750 3.0750 3.0750
India . 5.3000 5.2099 51750 5 0500 4.8000 4.5000
Indonesia 5 3235 4 8895 4.6495 4.4490 4.2495 4.0000
Bangladesh 6 9999 6 8500 6.5500 6 1000 5.5600 5.0000
Pakistan 6.9000 6.6100 6.270¢ 5.8900 5.4500 5.0000
Philippines 5.3995 4.9005 4.4505 4.1000 3.8995 - 3.7995
Thatland 5.167% 4.7005 4 4000 4.2005 4.0000 3.200C
South Korea 3.9251 1.4000 32250 3.1249 3.1100 3.1000 ..
5.8190 5.8500 5.7000 5.4700 5 1000 4.6001
ra 6 6999 6 7000 6.7000 6.6749 6.5499 5.3750
Braail 5.7800 5.7255 5.6750 5.5755 5.3005 5.0000
Mexico 6.7005 ~ 6.4610 6 1600 5.7200 5.2600 4.7000
United States 1.7705 22160 2.4785 2.6335 2.6890 2.6965
USSR 2.4055 2.5390 2.5690 2.6000 2.6305 2.6610
Japan 1.9245 21122 2.3000 2.3000 2.3000 2.3000
Eastern Europe 2.2699 2.3520 2.4340 2.5160 2.5980 2.6800
Western Europe 20219 2.0830 21540 2.2520 2.3380 24199
MEDIUM SERIES
World 4 2654 3.8571 *3.6692 . 35456 3.4389 3.3098
More developed regions 2.1481 2.1714 2.1891 2.1921 22120 2.2272
Less developed regions 5.1473 4.5051 4, wsg 3.9683 3.7789 3.5775
* The totsl fertility rate in a gven year b By rep the g ber of chikiren each woman would have over her hfetune. assumung the age-specific
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TABLE 2-11 (Cont.)
1980 1985
) MEDJUM SERIES (cont.)
Major Regions
Africa 6.3524 6.2884 6.1263 5.8446 5.4979 5.0156
Asia and Oceania 4.8865 4.0835 3.7307 3.5315 33713 3.238
Latin America 5.2679 5.0546 4.7661 4.4427 4.0520 3.6391
U.S.S.R. and Eastern Eu- :
rope 2.3694 2.3513 2.3230 2.2920 2.2783 2.2659
Northern America, Western /- )
Europe, Japan, Australia, '
and New Zealand 1.9697 2.0175 2.0748 2.1051 2.1430 2.1751
Selected Countries and Regions
People’s Republic of China 4.1280 2.8590 2.5690 2.5620 2.5620 2.5620
India 5.3000 46750 - 4.1749 3.8750 3.6500 3.4999
Indonesia 5.3235 4.7700 . 4.4205 4.1100 ' 3.8400 3.5000
Bangladesh 6.9999 6.7400 6.2700 5.5900 4.9200 4.2500
Pakistan a N 6.9000 6.5100 6.0400 5.4999 4.8799 . 42500
Philippines 5.070S 4.3500 3.8495 3.4495 3.3000 3.1995
« Thaifand 5.0500 4.2500 3.9500 3.6000 3.3005 3.1000
South Korea 3.7889 3.1199 2.7800 2.5499 2.5200 2.5000
Egypt 5.8190 5.6500 5.2000 4.5500 3.9499 3.6000
Nigeria 6.7600 6.6800 6.6499 6.5250 6.2750 5.9000
Brazil : 5.7255 5.6000 5.2755 4.9005 4.4000 3.9995
Mexico 6.3600 5.9605 5.4805 5.0005 4.4800 4.0005
United States 1.7708 1.8710 1.9940 2.0615 2.0900 2.0955
US.S.R. 2.4055 2.3740 2.3455 23170 2.2865 2.2575
Japan 1.9245 2.0622 2.2000 2.1667 2,133 2.1000
Eastern Europe 2.2699 2.2699 2.2699 2.2699 2.2699 " 2.2699
Western Europe 2.0220 2.0520 2.0919 2.1340 2.1740 2.2070
- LOW SERIES
World ’ 3.9942 3.5261 3.3180 3.0877 *2.9026 2.7546
More developed regions 2.1473 2.0363 2.0050 1.9429 1.9092 1.8694
Less developed regions 4 7647 4.0967 3747 34449 3.179% 2.9761
Major Regions
Africa 6.3146 6.1381 5.7409 . 5.1969 4.5308 4.0436
Asia and Oceania 4.4170 3.6382 3.3499 3.0668 2.8700 2.7163
Latin America 5.1030 - 4.6033 4.0976 3.6399 3.2144 2.8949
U.S.S.R. and Eastern Eu-
rope 2.3696 2.2162 2.1196 2.0219 1.9429 1.8620
Northern America, Western
Europe, Japan, Australia, ’
" and New Zealand 1.9695 1.8774 1.8986 1.8653 1.8622 1.8559
Selected Countries and Regions -
People’s Republic of China 3.0830 2.0¢00 2.0500 2.0500 2.0500 2.0500
india 5.3000 4.5250 3.9500 3.4250 3.1500 3.0000
Indonesia 5.3235 4.5400 3.9995 3.4695 290 2.4995
Bangiadesh - 6.9999 6.5800 5.9200 5.1100 4.2999 3.5000
Pakistan 6.9000 6.4500 5.9000 5.2300 4.4300 3.5000
Philippines 4.7995 3.8995 3.2505 2.8500 2 6000 2.5000
Thailand 4.9000 4.0000 3.4000 3.0000 2.6500 2.4000
South Korea © 3.4099 2.6800 2.3200 2.1799 2.1300 2.1275
Egypt 5.8190 5.3000 4.2001 3.2500 2.7500 2.6000-
Nineria ‘ 6.6999 6.6500 ~ 6.4500 6.1300 5.5999 4.9999
Brazil 5.5500 §.2000 4.8005 4.4000 3.9750 3.5000
Mexico 5,9120 4.7600 4.055 3.5695 3.2000 3.0000
United States 1.7705 1.6070 1.6975 1.6940 1.6935 1.6935
USSR 2.4055 2.2120 2.1230 2.0335 1.9440 1.8540
Japan 1.9245 1.9622 2.0000 1.9333 1.8667 1.8000
Eastera Europe 2.2700 2.1900 21109 2.0300 1.9499 1.8700
Western Europe 2.0219 2.0039 2.0260 1.9850 1.9750 1.9590
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. TABLE 2-12 .
Census Burear Projected Average Annual Popnladon Growth Rates for World, Major Regions, and
Selected Countries (Medium Series) _
1975 to 1980 1980 to 1985 1985 to 1990 1990 to 1995 1995 to 2000
world 18 18 1.8 18 1.7
More developed regions 0.7 0.7 0.7 0.6 0.5
Less developed regions 22 < 2.1 21 2.1 20
Major Regions
Africa 2.8 29 29 29 2.8
Asia and Oceania 20 1.9 19 . 1.9 1.8
Latin America 29 29 2.8 26 2.4
U.S.S.R. and Eastern Europe 0.8 08 07 0.6 06
Northern Afmmerica. Western “
Europe, Japan, Australia,
and New Zealand 0.5 06 0.6 05 04
Selected Countries and Regions .
People's Republic of China 1.5 1.3 14 14 1.4
India ] 22 2.1 2.0 1.9 1.9
Indonesia 2.1 2.1 21 21 1.9
Bangladesh 3.0 30 28 2.7 24
Pakistan 32 32 .31 2.9 2.6
Philippines 24 2.2 21 2.1 21
Thailand 2.5 24 -~ 23 2.2 2.0
South Korea 19 19 1.8 1.6 1.5
Egypt 2.6 25 23 21 ’ 1.9
Nigeria 28 3.0 31 32 3.1
Brazil - 32 32 30 27 2.5
., Mexico 34 33 32 30 2.7
United States 06 0.7 0.7 0Ss 0.4
USSR 09* 09 0§ 0.7 0.6
Japan 0.9 08 07 06 0.5
Eartern Europe 0.7 07 06 0.6 0.5
Western Europe 03 . 03 04 0.5 %0 4

Community and Family Study Center
Projections

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

Assumptions

Fertiliy Assumptions. The CFSC prcjections
rest on the condition that fertility has considerably
more potential for change in population growth
and hence is more important than the other two
components of population growth—migration and
mortality. The *‘validity"" of the population projec-
tiong in this series depends then primarily upon
assumptions made concerning fertility. In the case
of the CFSC projections, these assumptions rest
upon a theoretical base somewhat different from
that employed by the Census ‘Bureau and others.
The basic premises underdying the CFSC argu-
ment are as follows:

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

\"‘

6

pace of population growth is being increasingly
felt. -This pressure is manifested both at the
aggregate (govermmental and policy) level and at
the level of the family and the individual. Modern-

ization is mherently inconsistent with high fertility,.

and high fertility is inherently inconsistent with
most of the ob_;ecuves atl life goals sought by
.most peoples (literacy, health, a higher standard
‘of living; better housing, basic luxury commodi-
ties, physical comfort). Even in nations where this
set of ,pressures has not been oﬂ'ncnally recognized,

. they are present and mountmg in individual fami-

lie. Environmental, economic, and social factors,

« wil_increase this pressure ‘substantially dunng the

_remainder of this cemury

2. The present pace of economic development
and modernization will bring down femhty to the
replacement level gradually through provision of
facilities and gradual accumulation of knowledge
and motivation. The pace will be somewhat faster
tnan, that folowed by Europe and North America
during the 19th and early 20th centuries because
of improved communications and improved meth-
ods of contraception.
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TABLE 2-13
mmzmummmcmmmmw«u,umm,mm
Countries (Medium Series)
] . ? ,
Estimated Projected July 1 to June 30
1975 1979/80 1984/85 1989/90 1994/95 1999/2000
World 123 114 10.6 _ 10.1 9.5 9:1
More developed regions 9.6 9.9 10.0 10.1 10.1 10.4
Less developed regions 13.4 11.9 108 +« 100 9.4 8.7
Mayor Regions '
Africa 190 177 16.0 4.3 12.8 11.3
Asia and Oceania 130 114 10.4 9.7 9.2 8.7
Lalin America . 8.9 80 72 - 6.6 6.1 5.7
\ U.S.S.R. and Eastern Europe 97 00, 10.2 0.3 10.0 10.5
\ Northern America, Western
Europe, Japan, Australia,
anag New Zealand 9.6 98 10.0 10.1 .10.2 105
Selected Countries ahd Regions
People’s Republic of China 9.8 83 79 79 8.1 8.3
India 14 4 127 11.1 101 9.2 8.4
Indonesia 18.2 16 1 14.3 127 113 10.2
Bangladesh 18.2 16 8 15.4 14.2 13.1 12.1
Pakistan . 136 117 10.3 92 8.2 7.3
Philippines < 1014 9.3 8.4 7.4 5.4 6.1
. Thailand 99 95 9.0 81 7.1 6.7
South Korea 6.2 5.8 5.6 54 5.7 6.0
Egypt 125 119 11.0 99 9.0 , 83
Nizeng 220 204 18.6 16.8 15.0 13.2
Brazil 83 73 6.5 6.0 5.7 5.7
Mexico 72 67 6.1 54 5.0 48
Urited States 89 93 96 9.8 10.1 10.3
U.S.S.R. 93 9.7 10% 10.2 10.1 10.5
Japan 70 7.1 7.3 8.0 8.8 9.7
Eastern Europe 10 4 10.7 10.6 10.4 IO;O : 10.4
Western Europe o 112 11.3 112 10.8 11.1

3. The pace of fertility decline is directly
influenced by family planning programs, organized
ow a natighal or regional basis to provide infor-
mation, motivation, and contraceptive servicés.
The larger the per capifa investment, the more
wholehearted the official support, and the greater
the accessibility to the entire public of these
services, the more rapid will be the decline.

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

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

Table 2-15 illustrates the impact on future birth
rates of the factors identified above. The right-
hand column of the table shows the estimated
annual decline in crude birth rate that may be
expected in the future on the basis of modemniza-
tion alone, with no special efforts at providing
family planning information and services. The
downward trend anticipated then is almost linear,
with a one-point decline in the crude birth rate
every four or five years. Under this set of
conditions, it would require about 135 years for a
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TABLE 2-14 . .
Census Bureau Estimated and Projected Crude Birth Rates for World, Major Regions, and Selected
Countries (Medium Seriks) - )
Estimated Projected July 1 to June 30
. 1975 1979/80 1984/85 1989/90 1994/95 1999/2000
World 30.4 290 28.5 27.9 27.0 25.6
. More developed regions 16.1 168 ° 17.0 16.4 15.7 15.2
- Less developed regions 35.9 33.3 32.2 315 30.3 284
Major Regions .
Africa 46.7 46.3 45.2 43.5 41.4 38.5
Asia and C.cania 33.7 30.2 29.1 28.5 27.6 25.9
Latin America 37.2 36.9 35.6, 33.7 31.2 287
U.S.S.R. and Eastern Europe 17.7 18.6 18.3 17.1 16.1 15.9

Northern America, Western
Europe, Japan, Australia, '

and New Zealand 14.8 15.4 15.9 15.7 15.1 14.5
Selected Countries and Regions . '
People’s Repubiic of China 276 © 216 21.0. 21.8 22.5 22.0
India 36.9 - 339 313 29.7 28.3 27.1
Indonesia 40.3 373 35.3 33.4 31.6 28.9
Bangladesh 47.9 467 44.7 41.9 38.8 35.2
Pakistan 4.6 47 42.0 39.3 35.8 321
Philippines 35.3 31.7 29.5 21.9 27.4 26.3
Thailand 35.8 34.0 33.2 30.8 28.1 26.2
South Korea 26.9 24.6 24.1 2.6 21.6 20.2
Egypt 389, 38.1 358 ° 32.1 28.5 26.9
Nigeria 49.4 49.5 T 49.3 484 46.5 4.1
- Brazl - 40.2 398 37.5 34.8 . 32.0 303
Mexico ) 2.0 40.7. 38.9 36.7 34.0 3
1 United States 14.5 16.1 17.1 16.3 14.8 138
USSR~ 18.1 19.1 18.9 17.4 16.4 1€
Japan 17.0 15.9 14.9 142 . 14.4 14.4
~ EasternEurope 17.0 176 17.2 16.3 15.6, /5.5
Western Europe 13.8 14.3 15.1 155 7 15.4 14.7
population to make the demographic transition The “Strong’’ column of Table 2-15 shows the
from a crude birth rate of 45 to the replacement  annual decline in the crude birth rate that CFSC
level of about 15 per thousand. . expects in the presence of a strong, well-financed,
3 ’ well-organized, and well-administered family plan-
TABLE 2-15 . - ning program that reaches the entire population,
Census Bureau Annual Decline in Crude Birth both urban and rural, in a sustained way. Under

\ Rate these conditions, the CFSC estimated that the

Crude Birth Rate Strength of Family Planning Effort annual rates of decline woultl be two to four times
{per thousand) Strong  Moderate Weak None those that would occur in the absence of a
45 and over 40 333 .25 .20 program.

40-44 0 50 30 .20 This acceleration in the pace of decline, it is
35-39 .80 .667 40, 25 . S

30-34 1,00 75 0 2 estimated, would be capable of bringing about a
2529 100 667 0 25 complete demographic transition from a crude
20-24 80 .50 30 20 birth rate of 45 to one of 15 within a span of about
15-19 60 333 2520 38 years, or in about one-fourth the time that
13-14 40 25 5.5 would be required in the absence of a family
40-44 80 10.0 17.0 25 i ram.

15-39 6.0 8.0 120 25 planning prog .

- 3034 50- 70 100 20 _ The assumptiops of Table 2-15 were translated
25-29 5.0 8.0 12.0 .20 into annual declines in birth rates for individual
20-24 6.0 10.0 17.0 25 countries and regions of the world on the follow-

- 15-19 8.0 15.0 200 28 ing basis:
) ng basis:
Time required to
decline from CBR = 45 1. Each country was classified into one of four
to CBR = 15 38.0 580 88.0 135

categories, according to the level of its family
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planning program effort: Strong, Moderate, Weak,
or None.

2. The high estimates in the table assume that
each country will maintain its present family
planning status and will follow out the schedule of
changes in the total fertility rate that would be
expected under this set of assumptions.

3. The medium projections assume that the
schedule of fertility declines shown in the table
will occur, but in addition, the respective nations
will strengthen their family planning programs
follows: '

« Nations that presently -have no family planning
program will remain in that status for five years
(untit 1980) and then linearly trend toward a
weak program by 1985. They will then trend
toward a moderate family planning program by
1990 and a strong family planning program by
the year 2000.

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

Nations that presently have a moderate family
planning program will remain in that status for
five years and then trend toward a.strong family
planning program by 1990 and remain in that
status until the year 2000.

Nations that presently have strong family plan-
ning programs will remain in that status for the
entire span of time. '

4. The low projections assume a much greater
family planning effort than for the medium projec-
tions. They assume that the respective nations
will strengthen their family planning programs as
follows: :

+ Nations that presently have no family planning
programs will linearly trend toward a weak
program by 1985 a moderate program by 1990,
and a strong program by the year 1995.
Nations that presently have a weak family
planning program will trend linearly toward a
moderate program by 1985 and toward a strong
progrdm by 1995. They will rentain in that status
until the year 2000.

plannin, program will trend linearly toward a
strong family planning program by 1980 and will
remain in that status until 2000.

Natioris that presently have a strong family
planning program will remain in that status for
the entire span of time, but the efficacy of the
program will improve linearly from its present
38 years for transition time to one-half that
amount (to 19 years), equivalent to doubling the
coefficients in the table for the strong program.

Nations that presently have a moderate family

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

Forr4;1igh projections, TFR = 2.0 (C! ™ about

For medium projections, TFR = 1.y (CBR
about 13.5)
For3)low projections, TFR = 1.8 (CBR about
13).
Thus, the medium and low projections permit
fertility to sink somewhat below replacement
levels and remain there indefinitely.

Birth rates in the nations of Western Europe
ana North America are already below replacement
levels, but CFSC anticipates that they will remain
in this state for a period of i0 years and will then
trend linearly toward replacement by the year
2000; for medium and low projections, the rates
trend linearly toward 1900 and 1800 respectively.
As these countries reach a stage of absolute zero
growth, it is expected that systems of subsidies
and other inducements will be:launched that will
seek to encourage fertility.

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

For the CFSC projections, the mortality as-
sumptions of the World Bank were accepted _ mates and projections are presented in Tables 2-

The Community and Family Study Center esti-
’ 16 through 2-20,

’

COMMUNITY AND FAMILY STUDY CENTER PROJECTIONS

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

Asia and Oceania excludes Japan, Australia. and New Zealand.
Eastern Europe includes Albania and Yugoslavia,
Western Eirope comprises all of Europe except Eastern Europe (including the
U.S.S.R.). Albania, and Yugoslavia.
TABLE 2-16 /

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

v

L

(In thousands)

1975 1980 1985 1990 1995 2000
HIGH SERIES
World 4,014,902 4,379,997 4,762,226 5,151,919 5,553,432 5,973,719
Major Regions .
Africa 402,363 *+ 465323 536,100 616,108 707,303 811,216
Asia and Oceana 2,201,322 2,417,633 2,641,232 2,865,626 3,092,772 3,325,036
Latin America 312,372 356,695 405,041 456,277 509,700 564,195
U,S.S.R, and Eastern
Europe 384,408 401,934 419,237 434,386 446,964 458,467 °
Northern America, Western
Europe, Japan, Australia .
and New Zealand 3 714,437 738,412 760,616 779,522 796,693 814,805
Selected Countries and Regions e ’
Peopie’s Republic of China 896,806 952,133 1,002,270 1,048,207 1,092,397 1,138,447
India 607,375 675,841 747,010 821,080 895,715 967,732
Indonesia 130,496 144,184 157,569 170,888 183,481 194,387
. Bangladesh 79,314 91,341 . 105,554 121,900 139,648 157,978
Pakistan 70,267 80,164 91,763 105,030 119,525 134,561
Philippines 41,821 47,823 54,136 60,674 67,185 73,348
¢ ~  Thailamd 41,648 46,769 51,980 57,267 62,438 67,034 ,
South Korea 35,274 38,129 40,990 43,79 46,393 48,748
Egypt 37,766 42,257 46,872 51,643 56,404 61,155
Nigeria 62,921 71,991 82,697 95,220 *° 109,838 126,850
Brazil 106,997 122,502 138,878 156,010 173,565 191,148
Mexico T 59,924 70,136 81,929 95,324 ‘109,979 125,335
United States 216,625 224,242 231,693 237,673 242,599 247,714
U.S.S.R. 254.3%4 266,698 279,145 290,209 299,209 306,962
Japan 110,955 116,990 121,333 124,309 126,981 130,266
Eastern Europe 130,014 135,236 140,092 144,177 147,755 151,508
Western Europe 347,439 355,461 363,684 371,601 387,669 396,307
MEDIUM SERIES*
World . 4,014,902 4,380,258 4,759 425 5.137,885° 5,512,997 5,883,373
Major Regions .
Africa 402,36 465,364 535,148 611,779 694,452 781,496
Asia and Oceania 2,201,322 2,417,830 2,639,989 2,858,619 3,072,769 3,281,203
. Latin America 312,372 356,694 404,434 453,695 503,361 551,672
U.S.S.R. and Eastern
Europe 384,408 401,934 419,225 434,340 446,532 456,934
’ Northern America, Westr n .
Europe, Japan, Austr .
and New Zealand 714,437 738,436 760,629 779.452 795,883 812,068
See footaotes on next page
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TABLE 2-16 (Cont.)
(In thousands)
1975 1980 1985 1990 1995 2000
MEDIUM SERIES tCony,)
Selected Countries and Regions .
People’s Republic of China 896,806 952,133 1,001,222 1,043,867 1,083,505 1,124,943
India 607,374 675,629 " 745,389 815,750 884,040 946,761
Indonesia . 130,496 144,184 157,569 170,888 183,481 194,387
Bangiadesh 7,314 91,305 105,308 121,156 137.909 154,442
Pakistan 70,267 80,125 91,417 103,848 116,842 129,566
Philippines 41,821 47823 54,136 60,674 67.185 73,48
Thailand 41,648 45,769 51,980 57,267 62,438 67.034
South Korea 35,274 38,129 40,9% 43,790 . 46,393 48,748
Egypt . 37,766 42257 46,809 51,344 55,669 59,698
Nigeria ' 62.921 7,971 82,459 94,361 107.476 121451
" Brazil A 106,997 122,502 138,644 155,004 171,070 186,255
Mexico . 59,924 70,101 81,662 94,409 107.856 121,261
United States 216,625 224,242 231,693 237,673 242,371 246,844
USSR 254,394 266,698 279,145 290,209 298,948 305,932
Japan 110,955 116,990 11,333 124,309 126,879 129,823
Eastern Europe 130,014 135,236 140,080 144,131 147.584 151,004
Western Europe 347,439 355485 363,697 371,351 378,944 386,147
LOW SERIES
World 4,014,902 4,378,932 4,448,622 5.102,327 5,437,410 5.752,309
Major Regions -
Africa 402,363 465,364 534,732 610,662 . 689,594 770,168
Asia and Oceania 2,201,322 2,417413 2,633,507 2,834,121+ 3,020,138 8,192,445
Latin America 312,872 356,291 402,572 448,914 493,386 533,369
U.S.S.R. and Eastern
Europe 384,408 401,704 418,151 431,793 442,211 " 450,845
Northern America, Western
Europe, Japan, Australia
and New Zealand 714,437 738,160 759,660 771,437 792,081 805,482
Selected Countries and Regions ‘ _—
Peopie’s Republic of China 896,806 951,795 1,001,078 1,045,632 1.086,428 .  1,125249 *
India 607,374 675,382 743,157 808,157 567,631 918,104
Indonesia 130,496 144,228 156,848 167,452 176,344 _ 183,839
Bangladesh 79,314 91,289 105,109 120,368 135.716 149,478
Pakistan 7,267 . 80,115 91,217 103.036 114,852 125,556
Philippines 41,821 47,780 $3,768 59,410 64.623 69,3
Thailand ‘41,648 46,734 51,700 56,262 60,465 64,./2
South Korea 35,274 38,039 40,685 43,261 - 45640 47.778
Egypt 37,766 42,235 46,641 50,809 54,540 57,735
Nigeria . 62,921 71,975 82.598 94,106 106,774 119,830
Brazil 106,997 122,457 138,212 153,458 161,673 180,224
Mexico 59,924 70,093 81,485 93,672 106,008 147,506
United States 216,625 224,242 231.693 237,673 242,155 245,997
USSR, 254,394 266,536 278,365 * 288,311 295,740 301,563
Japan 110,955 116,906 121,100 . 123,938 126,301 128,863
Eastern Europe 130,014 135,168 139,786 143,482 146,471 149,282
Western Europe 347,439 355,307 363,010 370,017 376,228 381.870
* Projrcied fertility change to 1980 13 slower in the medium series than in the hugh senes, and a3 a resuit some country p produce regional totals that are

shightly © igher thas the modium senes than i the high senes

Migration

Both sets of population projections used in the
Gilobal 2000 Study assume no infiuence of migra-
tion. Migration, of course, producss no global
change in population, but it certainly has regional,
national and local implications.

Modem migration has taken on the characteris-
tic of an ebb and -flow that results from the

Aruitoxt provided by Eic:

-

technological and economic inequalities that exist
between individual settiements. Today, countries
are tooking at the role migration plays in both
urban growth and urban decay since most migra-
tion is, in fact, to urban areas. Internationally.
individual nation states are beginning to look more
seriously at migration flows as they feel the effects
of either a rapidly expanding or a stabilizing
population, resource scarcity, and economic slow-

‘

65

4




30 . THE PROJECTIONS \

N . N / 4
‘:f A TABLE 2-17
' @F§C Estimated Total Fertility Rate® for World,
"Majer Reglons, and Selected Countries
TR 197 20000
Hign §o Low Hign M Low )
World _ 3T 3T 3177 2241 1998 1800
Major Regions -
Africa 5280 5280 5280 3763 3535 3246

Asia and Oceania 4201 4201 4201 2000 1900 1800
Latin America 4422 4422 422 2547 2194 1899

U.S.S.R. and
Eastern Europe 2485 2485 2485 2000 1900 1800 N
a Northern Amyica,
Western Europe,
Japan. Austmlia,
New Zealand 2256 2256 2256 2000 1900 1800
Sglected Countries .
. China (PRJ) 3200 3200 -3260 2000 1900 1800
7 India 5500 5500 5500 3206 2886 2471
Indonesia $120 5120 5120 2333 2333 1899
Bangladesh 6575 6575 6575 4501 4085 3409
Pakistan 6265 6265 6265 4170 3583 3083 °
Philippines 5505 5505 5505 2575 2526 2037
Thailand 4850 4850 4850 20s6 2036 1800
South Korea 3580 3580 3580 2000 1900 1800
Egypt 5210 5210 5210 2986 259 2182 ‘
Nigeria 6699 6699 6699 5761 4790 4499 ’
Brazil 5150 5150 5150 2937 2536 2122
Mexico 6133 6133 6133 3956 3429 2898
United States 1799 1799 1799 2000 1900 1800
U.S.SR. . 2417 2417 2417 2029 1900 1803
Japan 2159 2159 2159 2000 1900 1800
Eastern Europe 2034 2034 2034 2000 1900 1800
Western Europe 2205 2205 2205 ' 2000 1900 1800 y
'mmm/mhlwmwﬁmnmlhawmd
’ childron oach woman woul |, have over her lifetise, assuming the age-specific ferblity

rades for that year applied 10 her lifetime &
* Regional estimates for 2000 were 80t based on aggregated projected fertilicy rules

~

down. The developing countries are iooking at
how migration might relieve their developmental
pressures, while the industrialized countries strug-
gle to determine whether migration will exacerbate
or relieve their current economic worries. Essen-
tially, what concern there is for the migration
issue is of an economic nature with little attention
being given to the demographic, environmental,
and resource consequences of continued large-
scale migration. : ’
The study of migration is at least as complex as
the study of fertility and mortality. The latter are
distinct biological processes that are relatively
casy to-distinguish and record. Migration is a less
distinct process that can have several stages. For
instance, a person may move first from his rural
village to an urban area nearby. Failing to find the
personal opportunities he expected, he crosses the
border and enters a second country. After remain-

66

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

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

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

.
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TABLE 2-18

CFSC~Projected Average Annual Population Growth Rates for World, Major Regions, and Selected
Countries (Medium Series) -

1975-719

1980-84

1985-89 1990-94 ' 1995-99

World 1.82
Major Regions
Africa
-Asia and Oceania
Latin America
U.S.S.R. end Eastern Europe
Northern America, Western Eu-
rope, Japan, Australia, and
New Zealand

Selected Countries and Regions
People’s Republic of china 1.24
India "2.18
Indonesia 2.05
Bangladesh 2.87
Pakistan 212

Philippines 2.75
Thailand 2.38
South Korea . 1.57
Egypt 2.31
Nigeria , 2.74
Brazil 2.78
Mexico 3.22

United States 0.69
U.S.S.R. 0.94
Japan 1.06
Eastern Europe 0.80
Western Europe 046

1.46 1.34

2.70 . 251
1.50 1.36
2.19 1.92
056 0.47

0.42

0.74
1.61
1.35
2.61
2.53

2.04
1.73
1.16
1.61
2.63

1.98
2.69

0.39

0.59

0.41

. 0.48
0.43 0.40

14
temporary or short-term immigrant as a nonresi-
dent intending to take up a remunerated occupa-
tion for one year or less.)

Recent Trends

People began migrating from the then developed
world to the less developed in massive numbers
between 1840 and 1930. In the past 100 years, 25
million persons emigrated from Italy alone, a huge
movement when compared with its present day
population of 55 million. This trend of migration
continved in pulses of varying strength through
1920 with the recipient nations developing and in
some cases surpassing the countries of origin in
their stage of development.

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

North America and Oceania. The United
States, Canada, Australia, and New Zealand have
long been the principal countries of destination for
European emigrants. According to the U.N. 1976
"Report on Monitoring Population Trends,” the
giuss intake of immigrants by these four countries
during 1950-74 amounted to more than i6 million,
with net immigration totaling about 8.3 million in
the United States, 2.2 million in Canada, 1.9
million in Australia, and 200,000 in New Zealand.
But by the late 1960's Latin America had sur-
passed Europe as the region supplying the largest
numbers of legal immigrants to the United States.
In the 1970's, the proportion from Latin America
stopped rising and in fact declined slightly. Similar
reversals also took place in Canada, Australia,
ard New Zealand.

Europe. While international migration within
Europe is not new, it has assumed a larger volume
and taken on different patterns since the Second
World War, paricularly since the early 1960s. The
increasing inflows from Turkey. and North Africa
and a high return rate among Edropean emigrants
appear to have led to a net immigration for the
continent in the 1970-74 period before immigration
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- o TABLE 2-19
i Estimated and Projected Crude Death Rates for World, Major Regions, and Selected Countries
(Medium Series) '
Estimated Projected July 1 to June 30
19758 1979/80 1984/85 1989/9_  1994/95 1999/2000
World 1.2 10.56 9.71 9.06 8.61 8.25
Mzior Regions
Africa \ . 18.9 16.03 14.50 13.35 12.30 11.2¢
Asia and Oceania 10.0 10.91 9.95 9.26 8.81 8.42
Latin America 8.8 7.86 712 6.54 6.14 5.73
U.S.S.R. and Eastern Europe 97 918 9.07 919 = 9.27 9.28
Northern Amenca, Western b
Europe, Japan, Austraha
and New Zealand 90 9.30 9.63 998 0.18 10.22
Selected Countries and Regions
People’s Republic of China 60 9.45 898 8.69 8 57 8.46
India 150 14,18 13.20 12.39 11 69 11.10
Indonesia 18.0 14.27 12.93 12.04 11.27 10.65
Bangladesh 20.0 16.90 15.34 13.84 12.12 10.73
Pakistan 15.0 1432 13.05 11.96 10.99 9.92
Philippines - 10.0 $8.72 7.72 70§ 6.49 5.90
Thailand™ 90 785 7.23 6.58 6.39 6.07
South Korea 7.0 7.92 7.68 . 1.03 694 6.58
Egypt 12.0 13 02 1145 10.56 9.39 8.69
Nigeria 230 2059 18 77 17.06 15.21 13.44
Brazil 9.0 8.30 7.36 663 6 07 5.62
Mexico 70 787 6 96 6.01 5.29 4.67
United States 9.0 9.39 929 9.37 9.43 9.55
USSR . | 9.0 8.63 8.63 8.84 9.07 9.14
Japan 60 701 735 7.98 ° 8.40 9.u4
Eastern Europe 9.7, 10 03 10.09. 10.45 1073 10.72
Western Europe 91 10 88 10.81 10.88 19 80 10.54
* These figures were taken from Agency for Inter "D‘. lop E d Pop Crude Birth and Crude Death Rate. and Rate of Natural Increase for
Every Countrv and Region of the World, 1975, they wm}*not used as base numbers for these projections — \

was slowed by ﬁie effect of the world energy
crisis.

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

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

Migration within Africa, which tends to be
mostly of an intraregional character, has greater

signifjcance than intercontinental migra. 1. The
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main patterns of this migration were established
during the period of colonial rule, and the general
tendency of newly independent states, for either
economic or political reasons, has been to reduce
Mmovements across national boundaries. The larg-
est importer of African labor has been the Repub-

" lic of South Africa, but this migration is of a

temporary nature, most workers being restricted
from bringing their families and<from staying in
South Africa for more than two years.

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

Little is known of the migration of Latin
Americans to Europe. The statistics of Northern
and Western European countries give no indica-
tion of significant numbers of migrants from
Spanis.. peaking Latin American countries. The
countries of Southern Europe, which, owing to

-
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TABLE 2-20 .
Cl’SCEsdmatedmdProjectedCrudeBMhRnwsforWorld deorReglons and Selected Countries
(Medium Series)

E stimated Projected July 1 to June 30
1975 1979/80 1984/85 1989/90 1994/95 1999(2000

World ’ 266 24 45 2780 2079 19.60 17.90

Major Regions .o,

Africa 45.4 37.20 35 66 3394 31.85 29.25
Asia and Oceama 27.0 2509 23.07 20 53 19 24 17.29
Latin America 346 28.28 26.35 23.87 L2455 24.32
U.S.S.R. ard Eastern Europe 180 17.15 154 1379 i3 54 13.40
Northern America. Western

Europe, Japau. Australia

and Ngw Zealand 145 15.62 15 05 14 23 13.89 13.45

Seiected Countries and Regions :

- People’s Republic of China 26.0 10.09 18 28 1596 16 10 15 82
India 350 34 51 3208 29 4} 26.64 23.41
Indonesia - 38.0 3274 2999 2726 24.32 20.55
Bangladesh 4°0 45.34 43172 4129 36.39 Ik
Pak:stan 44.0 4092 39.08 36 80 3316 29.05
Philippines 350 34 46 3161 8 61 25.60 21.73
Thailand 31.0 29.70 ¢ 24 35 22.18 18.48
South ¥orea 240 22 56 21 66 190¢° 17 63 15.75
Egypt 35.0 a7 04 7”68 24.59 21.31
Nigeria , 490 47175 45 /3 JT 88 40.4!1 37.14
Brazil 370 34.20 30.95 27.5, 24 48 211
Mexico 38.0 3897 3%6.71 34 55 30.34 26.38
United States 15.0 14 14 14.68 14,32 13.40 12.80
U.S.S.R. 18.0 17.01 16 10 14 42 13,69 1323
Japan 1.0 14 83 1298 1240 .3 00 13.57
Eastern Europe : 18.1 14.58 1381 ° 12.93 13.06 13.13

" Western Europe - 13.7 13.64 13 45 1302 13.23 13.03

* These figures were taken from Agency for International Develop E.

d P

Crude Pirth and Crude Dearh Rate. and Rate of Natural Increase for

Every Country and Region of the Workl, 1575, they were not used as base

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

Several new or intensified currents of emigra-
tion from Latin America since 1950 include a
sharply rising trend of emigration from Spanish-
speaking areas of the region to the Urited States,
a substanuai flow from the former British West
Indies to Canada and the United States, ‘as well
as to the United Kingdom, and a flow of consid-
erable significance in recent years from Surinam
to the Netherlands.

M.2xico and Cuba have sent the largest numbers
of Latin American migrants to the United States.
The esiumated number of Cubans “in the U.S. in
1974 equaled nearly 6 percent of the Cuban
popdlation. Three other (. ibbean countries have
equally large percentages of their population that
have migrated o the U.S.: Jamaica (6 percent)
and Trinidad and Tobago (5 percent each).

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

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

Ase. Except in western South Asia, relatively
little migration in the economic s© . has occurred
between Asian countries since 1950. In recent

decades the largest international migration move-

ments in Asia have been refugee movements.

Ore of the major Asian migration movements
since 1960 has been the flow of Turkish workers
to Western Europe. Workers sent abroad through
the Turkish Ministry of Labor totaled 569,200 for
1960-71, and many others emigrated wunout going
through official channels. The Federal Republic of
Germany, the main receiving country for Turkish
migrants, recorded 429,000 Turkish nationals in
their May 1970 population census. Betwern 1970
and 1974 the number doubled, bringing the num-
ber of Turkish immigrants in Germany close to |
million.

Another major Asian migration flow was the
moverent of Indians to the United Kingdom from
1950 to 1975, with n}ore than 20,000 Indians

S
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entening the U.K. each year during the 1960s. The
U .ited States replaced the United Kingdom as

= leading country of destination for Indians b’
¢ 1970s. Indian migration tc Australia is also on
t' e rise.

Modern migration flows in western South Asia
are probably best described by the *‘push™ and
“pull” principle which is in operation around the
globe today. Foreign workers have begun to flow
into oil-producing countries in western South Asia
and North Africa to fill the jobs created as a result
of the increased oil revenues of recent years.
Migration in this region has been stimulated by
existing disparities’among the Arab States. Thuse
states that are nch in resources and have been
experiencing rar d economic growth lack qualified
manpower, while other countries in the region
lack resources bu:, have an abundance of man-
power. Migrants to the resource-rich countries
have been mainly, but not exclusivelv, Arabs;
they have also been workers from more distant
countries such as Pakistan and, to a lesser extent,
India. By early 1976, according to press reports,
an estimated 50,000 Pakistanis were living in the
United Areb Emirates and arownd 30,000 in Ku-
wait.

Though it is impossible to predict the size,
composition and destination of future migration
flows it is safe to assumée that international flows
. will continue to function in response to global
technica: and economic inequalities, but accept-
arr ¢ of these influxes will' vary according to the
:hanging needs of the country in question. Al-
ready we see niany areas of the world where the
size of the migration flow exceeds the perceived
needs and hospitality of the countries of destina-
tion. More people wish to enter the United States
than are allowed under current U.S. immigration
law, and migrants are entering outside the legal
immigration process,

Historical immigration flows were not thought
to have much impact on the populaticn of receiv-
ing countries, since such countries wete expen-
encing high birthrates, which reduced the contri-
bution imimigration made (o their annual growth.
The major receiving countries todey, however,
have low birthrates, which either stabilize or
reduce the native population. As a consequence,
immigrazion is accounting for 1 higher percentage
of their ~qnual growth tha. ever before—a posi-
tive or negaiive phenomenon, depending on the
population goats of -the receiving countries.

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

tvpes of mxgrants change from previaus levels, the
average fertility and mortality experiences for all
migrants must significantly differ from ‘pre-migra-
tion levels in order to have a noticeable affect on
the proje ons. The following discussion consid-
ers whether or not such changes are likely to
occur and the extent to which this may affect
world population growth.

International Migration

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

International migration on a world scale is a
relatively unstudied aspect of population change,
due to the lack of complete and reliable measures
‘or most countries, particularly the LDCs. Thus,
any set of national and regional porulation projec-
tions on a global scale must either exclude consid-
eration of intemnational migration, as was done in
the Global 2000 Study projections, or selectively
include available data—the approach taken by the
Unjted Nations in its 1977 study World Population
Prospects as Assessed in 1973 (Population Studies
No. 60). The distribution of the world population
in 1975 is very similar for both the Global 2000
Study medium projections (without migration) and
the U.N. medium vanant projection series (with
migration). The change in distribution implied by
each of the two studies for the years 1975 and
2030 is shown in Table 2-21.

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




TABLE 2-21 -
Comparison of Global 2000 Medium Series Projections Without Migration, and U.N. Medium Variant Projections
With Migration, 1975 and 2000
!
Population in millions)
1975 “ 2000 .
Global 2000 Study U.N. Me.um Global 2000 Study U.N. Medium Change in Percent
Area® Medium Series Variant Series Medium Series Variant Series of World Pop:
Percent - Percent Percent Percent Global U.N.
pop ofWorld O ofworld [P of World POPE ofWord 2000 Medium
o Pop ation Pop. ation Pop. Pop. Series Variant
World 4,090 100.0 3,968 100,0 6,351 100.0 6,254 100.0 — ., -
More developed regions® 1,131 217 1,132 28.5 1,323 20.8 1,360 218 -6.82 - -6.77
Less developed reg.ons® 2,959 72.4 2,836 71.5 5,028 79.2 4,894 78.3 +6.82 +6.77
Major Regions . . 4,09 100.0 3,968 100.0 6,351, 100.0 6,254 100.0 —_ —
Afnca® 399 9.8 401 101 814 128 814 13.0 +3.07 +2.90
Asia and Oceama” 2,274 55.6 2,150 542 3,630 §7.2 3,513 56.2 +1.55 +1.99
Latin America” 325 7.9 324 8.2 637 10.0 620 9.9 +2.09 +1.74
U.S.S.R. and Eastern Europe g4 94 385 97 ; 460 7.3 466 7.5 -2.15 -2.25
Northern America, Western Europe, % - -
Japan, Australia, any New Zea-
M land" 708 17.3 708 17.8 809 12.7 842 13.5 7~4.57 -4.38
Selected Countnes and Regions 3,282 80.2 3,176 80.1 4,867 76.6 4,761 76.1 - 3.61 -3.93
People’s Republic of China 635 229 839 21.1 1,329 20.9 1,148 18.4 -1.93 ° -2.79
India 618 15.1 613 15.5 1,021 16.1 1,059 16.9 +0 95 +1.49
Indonesia 135 33 136 34 226 36 238 38 +0.26 +0.37
\‘ Bangladesh 79 ' 9 74 1.9 159 25 14 23 +0.56 +0.45
Pakistan 71 17 71 . 1.8 149 24 147 2.4 +0.61 +0.57
Philippines 43 1.1 44 1.1 73 12 90 1.4 +0.10 +0.31
Thailand 42 1.0 42 1.1 75 12 86 1.4 - +044 +0.31
South Korea 37 0.9 35 0.9 57 0.9 $3 0.9 0.00 -0.02
Egypt 37 0.9 38 1.0 65 1.0 65 1.0 +0.13 +0 08
Nigeria . 63 1.5 63 1.6 135 2.1 135 2.2 +0.58 +0.57
Brazil 107 2.67 110 28 226 36 213 34 +0.90 +0.63
Mexico® 60 15 59 1.5 131 2.1 132 2.1 +0.61 +0.62
*Jnited States” 214 5.2 214 54 248 3.9 264 4.2 -1.31 -1.16
U.S.S.R. 254 6.2 255 6.4 309 49 315 5.0 -1.36 -1.39
Japan 112 2.7 111 28 133 21 133 2.1 -0.64 ~0.67
Eastern Europe 130 3.2 130 33 152 24 151 24 -0.79 -0.86
Western Europe” 344 8.4 343 5.7 378 6.0 388 6.2 -2.44 —2.44

SNOILIFMOUd NOLLYINdOd

-

Note Mmywluddcocouhduewmundml

" More developed regrons’ compwe Northern America, tempenu South Amenic 1. Europe. U S S R . Japan. Australia, New Zﬂhnd alt other regrons are classified as “less developed © ““Asa
and Ocesnis’ sxcludes Japan. A lia. and New Zealand. “Eastern Europe’’ inciudes Albanis and Yugoslavia *"We.tefn Europe’ comprises all of Euwrope except Eastern Ewrope (including the
U $ 2.R.). Abasis. 1ad Yugoslavin

*Migration asrumptions were made by the U N. mnwdwlhennmandmﬂomonly the others were assumed to have no migration

Source U.N dota are from World Popmiation Prospecis as Assessed in 1973 (U N Topulstion Studies No 60). 1977. Table 28
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Thus, it is easy to see that the projected
distribution of the world population by country in
the year 2000 is likely to be more affected by the
assumptions of fertility and mortality ‘than by
selectively including assumptions regarding inter-
national migration. This doss not exclude the
importance of projected migration trends for' the
-future of individuul countries; rather it illustrates

the relative importance of such trends in determin®

ing global projections.

- When international migration between sp. cific
countries is an important concern, such us be-
tween the United States and Mexico, a case study
approach. provides the best cpportunity to char-
acterize and assess the situation. This is particu-
larly true when registered data or official estimates
on migration are considered to be incomplete. In
the case of the United States and Mexico, it is
suspected that there are a significant number of
illegal migrants in addition to the legal migrants;
however, neither the U.S. Bureau of the Census
nor the U.S. Immigration and Naturalization Serv-
ice have enough hard data to officially estimate or
projec® the illegal portion of this migration stream
with any statistical accuracy. In addition, the
United States does not statistically record emigra-
tion to other countries, which increases the sub-
Jectivity of performing any analysis of illegu
international migration from census data and legal
immigration statistics. Such problems are by no
means unique to the U.S. data collection system,
and the global proliferation of similarly incomplete
data on international migration was the major
consideration for not including migration assump-
tions for individual countries in the Global 2000
Study projections. The effect of including esti-
mates of legal migration for the United States and
Mexico is summarized in Table Z-22.

Major Regions. In table 2-21. it can be seen
that international migration assumptions may hav:
a noticeable effect on the projected distribution of
the world population by major regions in the year

2000. In particular, the historically large net move-

ment of North Africans to Western Europe and of
Latin Americans to North America was taken into
account in the U.N. projections and is reflected in
the resulting regional popufation distribution in
Table 2-21. "

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

T

TABLE 2-22

Population Pro‘ections, Medium Shries, for U.S.
and Mexico, 1975-2000—No Migration ys.

Estimated Net Migration
(Un thousands)
. Global 2000 Other Percent
Study Est. Estimates Change
without with ' (migration
Migration  .» Migration* included)
United States”
1975 213,540 213.540 —
1980 220,497 222,159 +0.75
1985 228912 232,880 +1.713
1990 237,028 243,513 +2.74
1995 243,581 252,750 +3.76
2000 248372 260,378 +4.83
Mexicc
19754 59913 59,562 -0.59
1980 71.136 70,314 ~1.16
1985 84,016 82,626 -1.65
1990 98,555 96,520 t=2 :
1995 114450 111,706 e SN
2000 131.320 127.801 . -2.68
*Proy s Mgy 18 based on d trends in legally repistered immigrants
and emmgrants

"Projections with migration are as reported in U S Bureau of the Census,
“Progections of the Population of the United States. 1977 to 2050 Current
Population Reports. Senes P-25, No 704, Washungton, {977, Table 8

‘P with migration ace hed US B of the Census

esimades
“The 1975 populations differ a3 the result of ssumed migration since the 1970
census Although it was ded 10 inchadk through 1975 1n the base
population for the Globa) 2000 Study p tius was accdentally over.
looked in the case of Mexxco

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

Summary. The fertility and mortality assump-
tions made for individual countries or groups of
countries will be the major det. -minants of pro-
Jected population levels in the year 2000, excluding
extraordinary and unpredictable mass migration
movements, such as those that occurred at the
time of partition of Bangladesh and Pakistan.
Since the net effect of predictable levels of
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international migration is relatively - small, it is
reasonable to conclude that any change in the
fertility and mortality experience of intermational
migrants will have a negligible effect on projec-
tions of globd population gmwth

Internal Mlgralhn

Internz! migration, by definitign, does not have /

a direct effect on the pr~pulation size of a particu-
lar country at the time it occurs. Certain patterns
of population redistribiition within a country may,
however, have a significant indirect effect on the
fertility and mortality experience of the migrants
and consequently affect the future level of popu-
lation growth within that country. Among the
patterns of redistribution most studied in this
re_ard is that of urbanization.

**Urbanization”” refers to an increase in the
proportion of a given population living within and
in_close proximation to major urban centers. The
impact of population redistribution from rural to
urban areas has been studied in the context of
numeror~ demographi: and socioeconomic varia-
bles, but a concise understanding of this process
and its importance in future trends of population
growth has not yet emerged.

One of the most significant difficulties involved
in studying urbanization is that of conceptualizing
and measuring the y.ocess. Definitions of urban
arcas, particularly according to criteria other than
size of population, ar¢ often unavailable in the
publiched results of censuses and surveys and
may change from one census or survey to the
next in the same country. Even when reasonable
data are avadable, there are many measures of
urbamizztion that can be constructed and analyzed
in relation to other demographic or socnoeco-

nomic variables.

The unified study and analysis of urbanization
on a global scale is further complicated by the
many socioeconomic and cultural variations in the
urban setting. It is often difficult to justify applying
dbserved relationships between measures of ur-
banization, fertility, and mortality from one coun-
try or-region to another, pacticularly when com-
paring industrialized countries with less developed
countries. There are also serious theoretical diffi-
culties involved in projecting the impact of urban-

ization on future population growth. It is generally |

recognized that inverse relationship exists be-
tween the level of urbanization and the rate of
urban growth, with LDCs currently having lower
levels of urbanization and projecting substantial
urban growth through the year 2000. It has also
been said that the growth in urban population is
largely a reflection cf growth rates in total popu-

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

One is to assume that urbanization advances

_the level of economic growth and social develop-

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

Therefore, one of the recognized purposes for
constructing alternative projections on future pop-
ulation growth is to account for equally possible,
yet virtually unpredictable, .variations in popula-
tion growth without becoming futilely entangled in
specific and complex assumptions "he assump-
tion is that a set of complex assumptions would
yield a range of future population projections no
more useful or accurate than the standard low,
medium, and high growth variants employed by
the Bureau of the Census and the United Nations.
This is likely to be and remain a valid assumption
until our understanding of the relationships be-
tween demographic change and urbanization, be-
tween socioeconomic development and modemi-
zation, becomes more precise, and our ability to
forecast changes in these related variables im-
proves considerably. .

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

The above discussion has focused on urbaniza-
tion, since present data indicate a global trend in
this direction, but the fac. remains that 4 trend in
continued urbanization cannot be assumed with
absolute certainty. It is not beyond reason to
consider the potential effect of advancements in
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the science of agriculture and of programs for  assume that internal migration will not likely affect
reform in land tenure. Perhaps the future eco- world population growth beyond the low or high
nomic development of less developed countries  growth rate projections that surround the medium-

will result in the ruralization of their populations.  growth series of the Global 2000 Study projec-
For the present, however, it is reasonable to tions.




3 GNP Projections

All the methodologies used in making resource
projections for the Global 2000 Study require
projections of real gross national product (GNP)
as inputs. It was therefore necessary to develop a
set of real GNP projections (or assumptions) in
order to provide a common frame of reference for
other projections in the Global 2000 Study.*

GNP, however, should not be the starting point
for long-term pr.jections. It represents the total
goods and_services available to a society and is a
consequence of all other developments in an
economy, not a predetermined input. As an indi-
cator of social and economic progress, it is now
widely recognized as seriously inadequate. GNP
components that are growing rapidly today in

many countries are merely compensation for for- -

merly “‘free’’ goods and services, such as pollu-
tion contrdl, and ‘or the increased security re-
quired by society in such vulnerable sites as
airports, large buildings, and nuclear powerplants.
Conversely, many economic activities that make
significant contributions to social welfare are not
included in gross national product. GNP data are
particularly misleading in the case of less devel-
oped countries (LDCs) because the contributions
of the ‘“‘traditional’’ sector are not adequately
represented.

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

It must also be pointed out that longsrange
projections of GNP are extremely difficult to
make, due to a lack of knowiedge about all the
variables involved. Projections for 2000 can differ
by a factor of two or moi: simply as a result of
slightly different assumptions about major compo-
nents such as energy or population. The shorter

*GNP is the most widely used economic indicator in the indus-
trialized nctions; in the LDCs GDP (gross domestic product) 1s
more commonly used. Since the two indicators are almost identi-
cal for most LDCs, they are used interchangeably with regard to
LDCs throughout this study

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

No federal agency makes the GNP projections
required for the Giobal 2000 Study. The Treasury
and Commerce Departments and the CIA make
short-term projections for selected countries. The
Department of State uses data from other agencies
but makes no projections itself. Its Agency for
International Development (AID) formerly made
GNP projections, but budget cuts have forced the

* Agency to rely for the present entirely on World

Bank data for its projections.

The United Nations publishes GNP projections
for the entire world, but the projections are often
unreliable and based on optimistic hopes of, the
nations providing the data. However, the Wo id
Bank Atlas: Population, per Capita Product, and
Growth Rates, published by the Bank in 1976,
provides a complete and consistent set of GNP
figure~ for the world in 1975, and these figures
were used as a starting point for the Global 2000
Study projections. While some concern has ariser
regarding the Study’s use cf 1975 as the base
year, since 1975 growth was generally slower than
in previous years, the World Bank has taken this
characteristic of 1975 into account in its projec-
tions. Some development experts even contend
that 1975 is closer to what is likely to become a
normal year for the world than any other recent
year.

A basic tcol used by the World Bank for ensuring
consistency among its GDP projections is the
SIMLINK model, described in Chapter 16 of this
volume. Unfortunately, SIMLINK generally pro-
jects to 1985 only, rather than to the year 2000.
However, the 1977 report of the Workshop on
Alternative Energy Strategies (WAES) judgmen-
tally extended the SIMLINK projections to 2000
for all but the Soviet and Chinese block countries.t
The World Bank staff recommended that the

1The WAES report was published in 1977 by McGraw-Hill as
Energy: Global Prospects 1985-2000.
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WAES growth rates be used in the Global 2000
Study and this, in fact, was done.* Projected
growth rates for the Soviet and Chinese bloc coun-
tries were obtained from the CiA.

GNP figures for the industrialized nations in the
WAES report have not beer derived from SIM- -
LINK. Instead, they have been derived by WAES

_ Assumption C- applies to the non-OPEC middle-
income LDCs-(with annual per capita incomes in
1975 of $200 or over, as denominated in 1972 U.S.
dollars). In East Asia these countries are:

Fyi

Hong Kong
South Korua
Malaysia

Philippines
Singapore
Taiwan
Thailand

from analyses of individual countries. In general, -

PAFuiToxt Provided by ERIC

they are lower than unrealistic expectations of
member nations of the Organization for Economic
Cooperation and Development (OECD), making
them more nearly consistent with ‘the WAES
energy projections.t

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

Assumption A applies to the OPEC countries:

Libya
Nigena

Algeria
Ecuador
Gabon Qatar

Indonesia Saudi Arabia
Iran United Arab Emirates
Iraq Venezuela

Kuwait

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

Papua New Guinea

3

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

Angol.
Bahrein
Cameroon
Congo P.R,
Cypris
Egypt
Ghana
Israel
Ivory Coast
Jordan
Lebanon .
Liberia - .

Mauntama
Morocco
Mozambique
Oman
Rhodesia
Senegal
Syria
Tunisia
Turkey
Yemen AR.DM
Zambia

In the Caribbean and Central and Sou:I; America
the non-OPEC middle-income L.DCs are:

Hait
Honduras
Jamaica
Mexico
Nicaragua
Panama

Argentina
Barbados
Bolivia
Brazil
Chile
Colombia

Afghanistan
Bangladesh
Burma

Nei)al
Pakistan
Sn Lanka

Costa Rica
Dominican Republic
El Salvador

Paraguay
Peru )
Trinidad and Tobago

India

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

Burundi
Central African

Republy
Chad
Dahomey
Ethiopia
Guinea
Kenya
Madagascar
Malawi
Mal

*.ger
Rwanda
Sierra L.eone
Somalia
S+dan
Tanzara
Togo
Uganda
Upper Volta
Zaire

*The World Bank model 1s officially described in **The
SIMLINK Mode! of Trade and Growth for the Developing
World.” International Bank for Reconstruction and Devel-
opment Working Paper No 220. Oct 1975.

tOECD has a large *‘Interfutures™ study n progress. in
which GNP projections are heing made. Draft projections
were considered for use in the Global 2000 Study. but the
Interfutures GNP projections seemed high, and documenta-
tion at this stage was inadequate 1 determine how the
projections had been made.
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Guatemala
Guyana

Uruguay

Assumption D applies to the following indus-

trialized nations:
L
Japan

Luxembourg
Netherlands
Norway
Portugal

’

Austraha
Austna
Belgium
Canada
Denmark
Finland Spain

France Sweden

Federal Republicof Germany Switzerland
Iceland United Kingdom
Ireland United States
Italy New Zealand

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

Poland

Yugoslavia

Romania

German Democratic
Republic

Czechoslovakia
Hungary
Bulgana
Albania
Mongolia
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4 Assumption F applies fo the U.S.5.R. only.”
Assumption G applies to the centrally planned
economies of Asia:

People’s Republic of China  North Korea

Socialist Republic of Lao People's Democratic
Vietnam Republic

Cambodia

The actual GNP projections are given in Tables
32 and 3-3 and summarized in the maps on the
following two pages. Table 3-2 presents the pro-
jections for each country for the years 1985 and
2000. Table 3-3 provides similar data by regional
aggregations for (1) more developed regions and

less developed regions, (2) major regions of the’

world, and (3) 17 selected countries and regions.
The first map presents total GNP in 1975 and
2000, the second per capita GNP. All the projec-
tions are in constant 1975 U.S. dollars.

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

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

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

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

TABLE 3-1
Annual Growth Rates, Assumptions A to G
{Percent)
As- 1976-85 1985-2000
“sump- Applies to l9762°' |97762_——_
tion High Low High Low

A OPEC countnes 7.2 125 7.2 55 6.5 43
B Non-OPEC lower- .

income LDCs 37 23 44 28 31 25
C  Non-OPEC middle-

income LDCs 62 59 66 44 49 39
D Industrialized -

countnes

. (OECD) 49 20 49 3.1 37 25
E Soviet bloc (except
U.SS.R) 3s 3 3 2§
F USSR 3s 3 3 25
G China, etc.? 50 2.8
* Includes the Peopie’s Republic of China. the Socialist Republic of Vi

the Democratic People’s Republic of Korea. Cambodia. and the Lao Peogie’s
Democratx Repubhic
* Growth rates for 1975-2000
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TABLE 3-2

GNP Estimates (1975) and Projections and Growth Rates (1985, 2000) by Country*
(Milhons of constamt 1975 dollars)

7’

Growth 1975-85 1985 1985-2000 2000
Rate 1975 Growth Rate Piojections Growth Rate Projections
Aren® GNP THgh Mcd. Low High  Med.  Low High Med Low Hiah  Med  Low
percent percent : N
ASIA >
People’s Repubhic of China G 285950 5.0 375 25 465,799 413225 366053 SO 3.75 2.5 968,362 717.808 530,154
India B 91810 44 560 28 141,220 30764 121,010 - 3.1 2.8 2.5 223242 197872 175.259°
Japan . D 495180 49 40 3.1 798,947 732987 671970 3.7 3.1 2.5 1,377,842 1,158.714 973213
Bangladesh B 8820 44 36 28 13,%7 12,562 11625 3.1 28 2.5 21,447 19.009 16836
Pakistan . B 9.830 44-36 28 15120 14,001 1295 31 28 25, 23902 21.186 18,764
Socialist Repubii. of Viet Nam G 7,000 50 375 25 11,5%5 10.260. 9,089 SO 3.75 2.5 23,043 17.823 13,164
Philippines C 'S.730 66 555 45 29806 26997 24428 40 44 39 61,085 51502 43 363
Thailand c 1 540 66 S55 45 27,551 24954 22580 4.9 44 39, 56464 47604 40,083
Republic of Korea c 18,650 66 S>° 45 35339 32,008 2893 49 44 39 72,425 61061 SI4I3
Iran, A 48,820 72 635 55 97847 90359 83392 65 54 43 251,647 198.875 156.816
Burma B 3270 44 36 28 5030 4657 4310 1 28 2.5 7,951 7,047 6,242
Afghanistan B 2,160 44 36 28 3322 3,076 2847 31 28 25 -5251 4655 4.123
Republic of China c 14210 66 555 45 26926 24388 22,068 49 44 39 5518 46525 39.174
Democratic People’s Republic of Korea G 6,790 50 375 25 11,060 9812 18692 50 375 25 22,993 17,044 12,589
Sri Lanka B 1,980 44 36 28 3,046 2820 2610 31 28 2.5 4815 4267 3,780
Nepal B 1390 44 36 28 2,138 1980 1,832 .1 28 25 3,380 2996 2,653
Maiaysia C B6% 66 555 45 . 16466 1494 13495 49 44 39 33,746 28451 23.956
Iraq A 14260 7.2 635 55 28580 26393 24358 65 S4 4.3 73,503 S8.000 45.804
Saudi Arabia A 24960 7.2 635 55 50026 46,198 42,635 65 5S4 43 128659 101,679 80,174
Cambodia G na. 50 375 2.5 50 375 2.5
Syrian Arab Repubtic c 4870 66 555 45 9228 8358 753 49 44 3.9 18912 15944 13425
Yemen Arab Republic c 1380 66 555 45 2015 2368 2M43 43 44 39 5359 4,517 3,804
Hong Kong c 7,520 6.6 555 45 j4.249 12906 11,678 49 44 39 29202 24621 20.730
Israel C 12400 6.6 555 45 3436 21282 197257 49 4.4 39 48153 40599 34.184
Lao People’s Democratic Republic G na 50 375 25 - - —_ 50 375 25 — —_ —
Lebanon c na 66 555 45 @ — — — 49 44 39 ' - —
Jordan C 1240 6.6 555 45 2350 2,128 1926 49 44 39 4816 4060 3419
Singapore c 5640 6.6 555 45 10,6°7 9680 B757 49 44 39 21,902 18466 15.548
People’s Democratic Republic of Yemen C 410 66 555 45 ™ 704 637 19 44 39 1,592 "%23 1131
Morzclia E A0 35 325 3.0 1411 1377 1344 30 275 2.5 2,198 2, 1,947
Bawan B 9% 44 36 28 138 128 19 31 28 2.5 218 194 ¥7)
Kuwait A 11,280 7.2 635 55 22608 20878 19268 65 5S4 4.3 58144 45951 36233
Oman C 1,680 6.6 555 45 3,032 2746 2485 49 44 3.9 6214 5239  4.4il
United Arab . mirates A 6870 7.2 635 55 13,769 12,715 11,735 65 S4 43 . 35412 27985 22.067
Bahrain C 630 66 555 45 v 119 1,08 978 49 44 39 2447 2,062 1,73
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Qatar A 1,680 6.35 5.5 3.367 3.10) 28710 ¢35 4.3 8.659 6,843 5,397
AFRICA
Nigeria ) A 23.080 635 55 46,258 4271f 39424 6.5 5.4 4.3 118,968 94,020 74,135
Arab Republic of Egypt C 11.5%0 555 4.5 21,885 19823 179" 49 44 39 #4852 37.816 31,841
Ethiopia B 2,860 3.6 2.8 4,399 4,073 3770 3.1 28 2.5 6,954 6.163 5,460
South Africa D 33,540 40 3.1 S4115 43647 45514 37 31 25 93,32¢ 78,483 65918
Zaire B 3,740 3.6 28 5,753 5.327 4930 3.1 28 2.5 $”- 8,061 7.140
Morocco c 7.890 5.55 4.5 14950 13,541 12,253 49 44 39 30,639 25,832 21,751
Sudan B 4510 36 28 6937 6424 5944 21 28 25 10966 9,721 8,609
Algeria A 12,290 6.35 5.3 24632 22,747 20993 65 5.4 4.3 63.350 50.065 39.47/
Trazania B 2,560 36 28 3938 3646 3374 3.1 28 25 6,225  5.517 4,887
Kenya B 2.900 3.6 28 4,461 4,130 3.822 3.1 28 25 7,052 6,250 5,535
Uganda B 2.880 3.6 28 4,430 4,102 3,76 3.1 28 2.5 7,003 6,207 5,498
Ghana C 4,580 5.5 4.5 8678 7860 7,113 49 44 39 17.785 14,996 12,627
Mozambique C 2,850 555 45 5400 4,891 4426 49 44 39 11,067 9,331 7,857
Madagascar B £.730 3.6 2.8 2.661 L 2280 3.1 28 2.5 4.207 3,729 3.302
Camv. roon C 1,940 5.55 4.5 3.676 ... 3013 49 44 39 7.534 6353 5349
Jvory Coast C 3.350 5.55 45 6.348 5.749 5202 49 4.4 39 13.010 10,967 9,234
Rhodesiza C 3.430 5.55 4.5 6499 5887 5327 49 44 39 13.319 11,221 ~ 9,456
Angola © C 3,710 5.55 4.5 7.030 6367 5762 49 44 39 14.407 12,146 10,228
Upper Volta B 560 3.6 28 861 798 738 31 28 2.5 1,361 1,208 1,070
Mali B 540 36 28 831 769 712 3.1 28 25 1,314 1,164 1,031
Tunisia C 4,230 555 4.5 8,015 7,260 6,569 49 4.4 39 16.426 13.850 11,661
Guinea B 710 3.6 28 1,92 1,011 9% 3.1 28 2.5 1,726 1,530 1.3%
Malawi B 760 36 28 1169 1,082 1,002 3.1 28 1.848 1,637 ..451
Senegal C 1.850 555 45 3,505 3,175 2873 49 4.4 7.183 6,057  5.100
Zambia C 2.650 555 45 5,021 4548 4,115 49 4.4 10290 8,670  7.305
Niger ! 600 3.6 28 €23 855 791 3.1 28 1.459 1.2%4 1,146
Rwanda B 360 36 28 5%4 513 475 3.1 28 876 776 688
Chad B 490 3.6 2.8 754 698 646 3.1 2.8 1,192 1,056 936
Burundi B 370 36 28 569 527 488 3.1 28 899 97 707
Somalia B 320 3.6 28 492 456 422 3.1 28 778 690 611
Peuple's Republic of Benin B 420 36 28 646 598 554 3.1 28 1.021 905 802
Sierra Leone B 90 16 2.8 908 840 7 3 28 1,435 1,27 1,127
Libyan Arab Republic A 12,000 635 5.5 24,852 22951 21181 65 S.4 . 63915 50.514 39.830
Tog B 590 36 28 908 840 78 31 28 2 1435 1271 LI127
Central Afsican Empire B 410 36 28 631 584 sS40 3.1 28 25 997 884 782
Liberia C 039 5.55 4.5 1,194 1,081 978 49 44 39 2.447 2,062 1.736
Peopie’s Republic of the Congo C 660 555 45 31,251 1,133 1025 49 44 39 2.564 2,161 1.820
Mauritania C 410 555 4.5 m 704 637 49 44 39 1592 1343 1131
Lesotho B 210 3.6 2.8 323 299 217 3.1 28 25 51 452 401
Mauritius C 510 5.55 4.5 966 875 792 49 44 39 1,960 1,669 1,406
Botswana C 220 5.55 45 w17 378 342 49 4.4 39 855 721 607
Gabon A 1,200 633 55 2.!05 2,221 2050 65 54 43 6.183 4,888 3,855
2l most cases, gross aational incoms growth grojectied for groups of countries rather tham for individual countriss. T ‘us, tho rales which are al %0 individual LDCs in this table are
country-specific ¢! iy

e growth mies applicabls 10 the g oup with
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TABLE 3-2 (cont,)

Growth 1975-85 1988 1985-2000 2000

Rate 1975 Growth Rate Projections Growth Rate Projections

Assump- GNP

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

percent percent
The Gambia B 100 44 36 28 154 142 132731 28 25 243 215 191
Swaziland C 20 66 555 4.5 46 395 357 49 44 39 8% 754 634
Equatorial Guinea C 100 66 555 45 189 m 155 49 44 239 387 328 275
Comoros B 0 44 35 28 198 100 92 31 28 25 v} 151 133
EUROPE ' .
USS.R. F 665,910 3.5 325 30 939332 916,888 894,927 3.0 275 2.5 1,463,449 1,377,348 1,296,121
Federal Republic of Germany D 408750 49 40 3.1 659497 605050 S54.682 37 31 25 1,137,350 956.470 803,345
United Kingdom D 214,940 49 407 31 346794 318464 91,678 37 31 25 598071 02957 422437
Italy D 134110 49 40 3.1 248,648 228120 209,131 3.7 3.1 2.5 428811 360,615 302,884
France D 304600 49 40 3.1 491,45 4,0 47349 37 31 25 B41SS1 712,759 598653
Turkey C 34359 6.6 555 45 65342 59365 53717 49 44 39 134324 113250 95358
Spain D 95630 49 40 31 154294 14155 129772 37 31 2.5 266091 223773 187.949
Poland E 98,970 3.5 325 50 139,607 136,271 133,007 3.0 275 2.5 217,503 204706 192,634
Yugoslavia F 31440 35 325 30 4463 4365 42522 3.0 275 2.5 69,534 65443 61585
Romania E 2,650 2.5 325 36 39,003 38,071 37,059 3.0 275 25 60,765 5719 $3.817
German Democnatic Republic € 71,250 3.5 325 30 100,505 98,104 95,754 30 275 2.5 156584 147372 138,680
Czechoslovakia E 550,040 35 325 30 77639 75784 73969 30 235 25 120959 113,84 107,129
The Nethortands D 76340 49 40 31 123170 113,002 103,395 3.7 3. 25 212,417 178,638 150,036
Hungary E 26070 35 325 30 36774 35896 35036 30 275 2.5 57293 53,923 50,743
Belgium D 59,440 49 40 3. 95.903 87986 80,661 17 31 2.5 165392 139,089 116,821
Greece D 21,500 49 40 3. 34,689 31825 29176 37 31 25 59,824 50309 42.2%
Fortugal ‘D 150400 49 40 3. 24,266 22,263 20,410 %7 31 2.5 41,848 35194 29,560
Bulgaria E 1270 3.5 325 30 25066 24,467 23381 3.0 275 2. 39,052 36,754 34,587
Sweden D 64.500 4.9 40 31 104,196 95594 87,636 37 31 S 17994 151,116 125923
Austria_ D 35520 49 40 3.1 57310 525718 48201 3.7 31 25 98835 83,116 69,809
Switzerland D 1,510 49 4C 3.1 83,109 76,247 69900 3.7 3.1 2.5 143,327 129,532 101,236
Jenmark D 35,030 4.9 40 .t 56519 51,853 47536 3.7 3.1 2S5 97471 81970 68,846
Finland D 4000 49° 40 31 38,723 35526 32569 3.7 31 25 66781 36,160 47,170
Norway D 26240 4.9 4.0 3.1 42337 38842 35608 37 31 2S5 73,013 61402 51,571
Ireland D 7.560 49 406 3. 12,198 11,19t 10259 37 31 25 21,036 17691 14,858
Albania E 1450 35 325 3.0 2045 1,997 1949 30 275 2.5 3,186 3,000 2823
Cyprus C 740 6.6 S5.55 4.5 1402 1270 1,149 49 44 39 2873 2423 2,040
Luxembourg D 2200 49 40 31 . 355 3257 2985 37 3f 23 6122 5149 4323
iceland D 1,250 49 40 1. 2017 1850 1,69 37 31 25 3418 2925 245
NORTH AND CENTRAL AMERICA ’ )

United States D 1,508,600 49 4.0 31 2434,1762233,.152,047311 3.7 31 2.5 4,197,912 3,530,291 2,965,117
Mexico C TLIT 66 555 45 13485 122,146 110525 49 44 39 276377 233,017 196,198
Canadw D 151,730 4.9 4.0 3.1 244808 224597 205901 37 3.1 2.5 422189 1355045 298206
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- Cuba C 7430 66 555 45 14079 12,752 11,539 49 44 39 ' 28854 24,327 20483
Guassmalu C 3530 66 555 4.5 6,689 6,058 5482 49 44 39 13.709  11.557 9,731
Dominican Reputtiz C 3380 66 555 4.5 6,405 5.801 5249 49 4.4 39 13,177 11,067 9,318
Heiti C 810 66 555 45 - 1535 1,390 1,258 49 44 39 3,146 2,652 2,233
El Sslvador C 1,820 66 555 45 3.449 3124 2826 49 44 39 7,068 5.960 5,017
Pueric Rico C 7.100 66 SS55 4.5 13.453 12,188 11.026 49 44 39 27571 23,245 19573
Homduras (o4 1,010 66 555 435 1,914 = 1,733 1,569 49 44 39 3923 3.306 2.785
Nicaragua - C 1.510 6.6 555 4.5 2,861 2.592 2345 44 44 39 5.863 4,545 4,163
) Jamaica C 2,630 66 555 45 4,983 4,514 4084 44 44 39 10,212 8,611 7.250
2 Costa Rica C 1,790 6.6 555 4.5 3392 3.012 2,/180 44 4.4 39 6.952 5.860 4,935
Panzma C 1,770 6.6 S5.55 4.5 3,354 3.038 2,749 44 44 39 6,874 5.796 4,880
Trinidad and Tcbago C 2,050 66 555 45 3.884 3518 3,184 44 44 139 7.960 6,711 5,652
Barbados *C 310 66 555 45 587 532 481 49 44 39 1,203 1,015 854
Bahamas . " C 530 66 555 45 1.004 910 823 49 44 39 2,058 1,736 1,461
Gresada . ’ C 4 66 555 4% 76 6 62 49 44 39 156 132 110
SOUTH AMERICA
Brazil C 107.870 66 SS5S 4.5 204396 185,133 167.519 4.9 4.4 39 418,895 353,176 297370
— Argertina C 39810 66 SS55 4.5 75433 68324 61,824 49 4.4 3a 154,594 130,341 109,746
Colombia C 13,170 66 555 4.5 24955 22603 20453 49 4.4 39 51,143 43,119 36,307
Peru C 12520 6.6 555 4.5 23,723 21488 19443 49 44 39 48,619 40992 34514
. Vanezuela A 26670 7.2 635 5.5 53,453 49,363 45556 6.5 54 43 137,473 108,645 85,666
Chile C 805 66 555 4.5 15253 13816 12,501 49 4.4 39 31260 26,357 22,191
Ecuador A 3890 7.2 635 5 7,796 7.200 6645 65 5S4 43 + 20050 15,847 12,49
Bolivia C 1,770 66 555 4.5 3,354 3.038 2749 49 44 39 6,874 5,796 4,880
Uruguwy C 3670 66 S5° 45 6,954 6,299 5,699 4.9¢ 4.4 39 14,252 12,07. 10,117
Paragury ' < 1,460 66 S:, 4S5 2766 2.506 2,267 49 4.4 39 5,669 4,781 4,024
Guyanu C 450 66 555 A4S 853 72 699 49 44 39 «1.748 1,473 1,241
CCEANIA and INDONES!
Indonesia A. 24180 72 635 5.5 48462 44754 41,303 6.5 S4 43 124637 98501 77,669
Austrelia D 76,190 49 40 3.} 122929 112,780 103,39t 3.7 3.1 25 202,000 178,284 149,741
New 2uziand D 14460 49 40 3.1 23330 21404 19623 37 31 2S5 40,234 33,83 28,420
Papus New Guirea C 1,220 66 555 4S5 2312 2,094 1895 49 44 39 4,738 3,995 3,364
Figi C 520 56 555 4S5 95 892 808 49 44 39 2010 1,702 1,434 A
Yeestam Samoa C 30 66 555 45 95 86 78 49 44 39 195 164 138 ~
' | |
§
| - :
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TABLE 33
GNP Estimates (1975) and Projections and &MM(]”,M)MW«WM
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Selected Countrics and Regions
{Millions of constant 1975 dollars) -
1975-8 1985 1985-2000 2000
(';9;,5, Growth Rate Projections * Growth Rate Projections *
High Med. Low * High Med. Low  High Med. Low  High Med. Low
percent percent
WORLD 6.024900 491 408 326 9,733,054 8.990,808 8304.551 393 332 273 17,353,097 14,676,724 12,4 ~ 918
More developed regions 4.891,760 4.65 3.87 3.10 17,705,109 7.150,251 6,635,268 3.59 305 2.52 13,085,720 11,224.326 9,636,003
Less developed regions 1,133,140 599 497 395 2,027,945 1.840.557 1,669,283 SO8 428 350 4,267.37% 3.452,398 2.796.915
MAIJOR REGIONS
Africa 161,580 6.10 5.18 4.26 292,001 267,731 245,315 5.05 4.32 o0 611,741 505,210 417,223
Asia and Oceanin 696,880 569 464 3.60 1,212,127 1,097,289 992,655 S5.08 4.16 327 2,550,112 2,023.422 1,608,551
Latin America® 326,210 666 5.63 4.60 621,457 563,976 511,337 5.07 451 394 1,305,630 1,092,481 913,195
U.S.S.R. and Eastern Europe 993,750 350 325 3.00 1,404,602 1,371,043 1,338204 300 275 250 2,188.325 2,059.579 1.938.119
Northem America, Westemn .
Europe, Japan, Australia, -
and New Zealand 3,844,480 490 4.00 310 6,202,857 5690769 5,217,040 370 3.10 2.50 10,697,285 8,996,032 7,555.81)
SELECTED COUNTRIES AND REGIONS*
People’s Kepublic of China 285960 50 375 25 465,799 413,225 366,053 . 375 25 - 968,362 717.808 530,154
India 91,810 44 36 28 141,220 130,764 121,010 3.1 28 25 223.242 197.872 175,259
Indonesia 24,180 72 635 S5 48,462 44,754 41,303 6.5 54 43 124,637 98,501 77,669
Bangladesh 8820 44 36 28 13,567 12,562 11,625 31 28 25§ 21,447 19,009 16,836
Pakistan 983 44 36 28 15,120 14,001 12956 31 28 25§ 23,902 21.186 18,764
Philippines 15,730 66 5.55 4.5 29,806 26,997 24428 49 44 139 61,085 51,502 43,363
Thailand 14,540 66 555 4.5 27,551 24,954 2580 49 44 19 56,464 47,604 40,083
South Korea 18,650 66 S.55 4.5 35,339 32,008 2893 49 44 19 72,425 61,061 51,413
Egypt 11,550 66 555 4.5 21,885 19,823 17937 49 44 139 44,852 37,816 31,841
Nigeria 23,080 72 635 5.3 46,255 42,718 39424 65 5S4 43 118,968 94,020 74,135
Brazil 107,870 66 S.5S 4.5 204,39 185,113 167,519 49 44 39 418,895 353,176 297,30
Mexico 7,170 66 5.55 4.5 134,856 122,146 110,525 49 44 19 276,377 233,017 196,198
United States* 1,508,680 49 40 3.1 243,176 223,215 2,047,311 37 31 25  4,197912 3530291 2965,117
U.S.SR. 665910 35 325 30 939,332 916,888  $94,927 30 275 25 1,463,449 1,277,348 1,296,121
Japan 65190 49 40 3.1 798,947 32,987 671,970 37 31" 25 1377842 1158714 973213
Eastern Europe (excluding U.S.S.R.) 329640 350 325 3.0 465,270 454,155 443,277 30 275 2.5 724876 682,231  64.,998
Western Europe 1.598,240 490 400 3.10 2,578,677 2,365.786 2,168,844 370 3.10 2.5  4.447,112 3,739,862 3.141.133
* Prajosted growih rases of gross nath were loped weing complen computer simulation techniques d “"-cm«umnmmmummumm

Prejoced rowh rates 1o the 975 GNP data prosented ia the 1976 World Bk Atles,
* lnchudes Posrin [ koo,

* In @most coers, grovs nutioanl ncome Sowth rates weve projecied for growps of coustries rather thea for individual countries Thus. th rates which are actr.buted 10 individual LDCs 1n this table are

h.ﬂm“nmmn‘mum7mmhﬂhmmhmmmmm-wcum¢hkl
¢ Dose sot inciude Peerte Rico
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TABLE 34

Population Estimates (1975) and Projectiors and Growth Rates (1985, 2000) by Major Regions and Selected Countries and

(In millions)

. Average Annual Growth Average Annual Growth
’ 1975 Rate 1985 Rate 2000
L 1975-85* 1985-2000*
High Med. Low High Med. Low  High Med. Low High Med. Low  High Med. Low

., percent percent

WORLD 4,134 4,090 4,043 1.95 1.79 1.63 5,013 4,285 4,753 2.05 1.77 1.48 6,797 6,351 5,921
More developed regions 1,131 1,131 1,131 079 069 0.60 1,224 1,212 1,201 0.79 0.59 040 1,377 1,323 1,274
Less developed regions 3,005 72,959 2912 235 218 201 3,789 3,673 3,553 242 212 1.81 5,420 5,028 4,648

MAJOR REGIONS
Africa 399 399 399 29 29 280 534 531 525 3.13 290, 248 847 814 759
Atia and Oceania 2,318 2,274 2,228 2.13 1.93 1.7 2,861 2,758 2,651 2.17 1.86 1.59 3,951 3,630 3,359
Latin America® 328 325 324 M 2091 2.65 439 432 4’1 294 2.6l 2.17 678 637 581
U.S.S.R. and Eastemn .

Europe ~ 384 384 384 095 C85 074 422 418 414 08 065 043 480 460 442
Northern America, .

Western Europe.

Japan, Australia and ,

New Zealand 708 708 708 067 0.57 048 757 749 743 0.71 0.52 034 842 809 781

SELECTED COUNTRIES AND REGIONS
Peopie’s Republic of .

China 978 . 93§ 889 1.64 1.42 1.10 1,151 1,076 992 1.63 1.42 1.14 1 468 1,329 1.176
India 618 618 618 243 214 204 786 764 757 2.52 1.95 1.69 1,142 1,021 974
Indonesia 135 135 135 222 215 203 168 167 +165 228 2.08 1.59 263 226 209
Bangladesh 79 79 79 308 302 293 108 107 106 294 267 239 166 159 151
Pakistan 7 71 71 329 323 3.19 98 98 97 3,15 285 2.67 156 149 144
Philippines 43 43 43 259 228 201 s6 54 52 24 209 1.68 80 73 67
Thailand 42 42 42 265 2.50 -234 ss 54 53 2.58 2.20 1.77 81 75 69
Seuth Korea 37 37 37 2.12 1.92 1.69 46 45 43 2.03 1.65 1.42 62 57 54
Egypt 37 37 37 273 262 241 48 48 47 2.56 2.12 1.54 71 65 59
Nigeria 63 63 63 29 29 29 84 84 84 329 318 2.9 137 134 129
Bifazil 199 109 109 335, 325 3.08 151 150 147 316  2.78 255 241 226 214
Mexico 60 60 60 369 34 280 86 84 78 336 3.02 232 142 131 1
United States® 214 214 214 09% 070 0.5 235 229 228 0.94 0.55 )27 270 48 234
U.SS.R. 254 254 - 254 1.0 093 080 282 .29 276 090 063 046 323 309 295 -
Japan 112 112 112 0.91 0.88 081 122 122 121 068 059 043 135 133 129
Eastern Europe

(excluding U.S.S.R.) 130 130 130 0.74 068 0.63 140 139 138 0.76 0.57 039 157 152 147
Western Europe 344 3u 344 035 033 050 156 355 354 0.52 04 031 134 378 371

*Projections for 1983 and 2000 were developed using the compiex sinmulation lechaiques describe - m Chapier IS These growth rales merely summanze the results of those calculations

*lachedes Pusrto Rico.

“Doss a0t inciude Py arto Rico
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TABLE 3-§ N g "
Per Capita GNP Estimates (1975) and Projections and Growth Rates (1985, 2000) by Major Regions and Selected Countries and
Regions .
(Constant 1975 U.S dollars)
average Annual Growth 1985 Average Annual Growth 2000
1975 Rate, 1975-1985 Rate, 1985-2000
High Med. Low High Med. Low High Med. Low - High Med. Low High Med. Low
' , percent percent
WORLD 1,490 1,473 1,457 3.23 2.26 1.29 2,048 1,841 1,657 2.42 1.53 0.66 2,930 2,311 1,829
More developed
countries 4,325 4.325 4,325 4.02 316 228 6,41€ 5,901 5,420 3.19 245 1.72 10,270 8,485 6,996
Less developed
countries 388 382 377 394 275 1.58 571 501 41 322 213 1.05 918 587 516
MAIJOR REGIONS
Africa R 405 405 405 3.22 223 1.28 556 505 460 2.51 138 045 806 620 493 .
Asia and Oceania 33 306 301 38 2.66 1.43 457 398 347 344 227 107 759 557 407
Latin America® 1,007 1,005 1,003 390 2.64 151 1,476 1,304 1,165 2.84 184 0.97 2,247 1,715 1,347
‘U.S.S.R. and Eastern ~ 5:,
Eugope 2,591 2,591 2,591 274 238 203 3,394 3,279 3,169 255 209 ° 1.64 4,954 4,472 4,042 m
North America, . T
Western Europe, 3
Japan, Austrajie; . 5
New Zealand ,431 5,431 5,431 440 341 2.41 8,352 7,597 6,894 335 287 1.77 13,693 11,117 8,974 3
SELECTED COUNTRIES AND REGIONS® : S)
People’s Republic of z
China 322 306 292 38s 230  0.86 470 34 318 381 230 0.85 ° 824 540 361 v
India 148 148 148 2.37 1.45 040 187 171 154 136 084 -0.04 229 194 153
Indonesia - 179 179 179 509 4.12 3.23 294 268 246 482 307 198 596 422 330
Bangladesh i1 111 111 1.44 061 -027 128 118 108 069 011 -045 142 120 101
Pakistan 138 138 138 1.23 043 -044 156 144 132 0.42 —0.09 -v.63 166 142 120
Philippines 369 308 366 450 3.17 1.86 573 503 440 36 2.7 1.41 914 704 543
‘thailand 343 343 342 4.19 2,98 1.81 517 460 409 307 218 1.29 814 633 496
South Korea 508 507 505 483 3.5 2,35 814 718 637 34 270 183 1,351 1,071 836
Egypt 33 33 .33 410 2.89 1.7 468 416 n 3.31 2.2 133 763 578 452
, Nigeria 367 167 367 415 328 246 551 507 468 3.51 2.15 098 924 698 542
Brazil 994 991 991 3.4 223 1l 1,394 1,236 1,107 2,29 1.58 0.72 1,959 1,563 1,232
Mexico : 1,196 1,188 1,182 3’ 2.04 078 1,720 1,454 1,278 252 1.3 0.52 2,499 1,775 ° 1,382
United States* 7,066 1,066 7,066 4.35 328 212 10,819 9,756 8,719 342 254 1.5 17,917 14,212 10,974
U.S.S.R. 2,618 2618 2,618 267 2.30 1.93 3,408 3,286 3,169 253 206 1.59 4,959 4,459 4,015
Japan . 4,437 4,437 4,437 4 06 310 217 6,608 6,023 5,499 326 249 1.81 10,689 8,712 7.193
Eastern Europe 2,539 . 2,539 2,539 2.85 2.55 224 3,304 3,265 3,169 260 216 1.73 4,945 4,500 4,097
Western Europe 4,653 4,653 4,653 459 3.66 274 7,286 6,666 6,099 338 2.66 1.97 11,993 9,889 8,174
» The pmjecdan of gross national product and p [ d in Tables 1-3 and 3-4 were used to calculate the 1975, 1985, and 2000 per capita gross national product figures presented in thus table Th. high figures are based on
9 U lhhd:GNPﬂ.rnbylhﬂowpowwlmﬁmm the low figures are based on dividing the low GNP figures by the ugh poputation figures, the medium figures are based on the medum GNP and populpuion figures The gowth 9 "
omm of these calculations )

s, Foss national product growth rates were progecied for groups of countries rather than for individual countries Thus. the rates attributed 1© indivsdual LDCs in this table are the growth rates applicable to
which that country was aggregated for making progections and do not take into account country-specific characterisiics
*Does act clude Poerto Rico
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4 Climate Projections

Becuuse climate has a profound effect on our.
lives and economies and has possnble conse-
quences for the future, we cannot ignore it, yet
there are unresolved problems which make state-
ments about future climate very uncertain. This is
to say, not enovgh is known about climate te
provide us with a reliable predictive capability.

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

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

As climate research progresses, internal climatic
interlinkages are becoming better understood.
Many investigators are also studying causal fac-
tors external to the climatic system itself. These
factors include solar activity, planetary tldes,
changes in the earth’s orbit and rotation, arid man-’
induced (anthropogenic) alterations of our envi-
ronment. The latter include carbon dioxide, flu-

orocarbons, particles in the air, changes due to .

land use, and heat generated by use of energy. A
complete understanding has yet to be achieved.

Carbon dioxide increase is thought to produce
warming of the earth by the so-calied greenhouse
effect. There is less agreement as to the effect of
mcreasmgatmosphcnc particles, which may result
in either warming or cooling, depending on many
details in the situation.

Study of the interactions of the various climatic
subsystems has led to the development of some
simple models of global-scale climate behavior.
Research into the interaction of sea-surface tem-
perature anomalies and the overlying air has
produced seasonal forecasts a season in adv.
that have a small but statistically significant degree
of accuracy. Research on the effects of anthropo-
genic and volcanic inputs on the earth's heat
budget has led to provisional assessments of mean
temperature and precipitation changes in future
decades and centuries.. Vahdatlon and further
refi inement of climate models is urgently needed.

There |s wide variation in the use of the word

“*climate.”” Some reserve the word climate for
averages of climate over a 30-year (or longer)
period. Others speak .of theclimate of individual
months, seasons, or years. The discussion of
climate in this chapter is based on the latter usage.
Most users of the word are usually concerned
with the assemblage of weather that makes up a
month or a season. Anfual crops do not respond
to 30-year averages oi hemispheric mean temper-
%tures. Useful crop yield models must have at
least monthly temperature and rainfall inputs.
Also, to be useful, climatic information must be
specific to geographical regions and preferably to
areas as small as crop districts.

At a range of a month, to severa! decades into
the future, des~nptions of the climafe as aggre-
gates of weather need not be detailed as to timing
or sequence in order to be useful. However, they
do need to include information on variability and
probable extremes. Given estimates of monthly
means and variances, fairly accurate estimates
may be made of grain production. fowever, in

general, statistical .studies have not vet sufficed to

establish to what extent the variability of weather
within a month or season vaties with the average
“*climate’" of the month or season. Climate
changes may include changes of climatic variabil-
ity as well as those of averaging climate.

Despite these difficulties, it can still be said that
in the remainder of the century there is likely to
be less than a 0.5° C change in the mean sea level
temperature of the Northern Hemisphere, and
that:
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+ Hemispheric warming or cooling will probably
be 4nost pronounced in high latitudes. with little
temperature change in the tropics. .

o Hemispheric temperature changes wili be ac-
companied by changes in the intensity and
pattern of atmospheric circulation and probah'y
changes in the vanability of climate.

« These atmospheric circulation changes will
probably result in important vanations in the
longitudinal (east-west) direction and affect the
distribution of precipitation, including that n
the tropics. ’

Climate in the Year 2000

An attempt to quantify perceptions of global
chmate change to the year 2000 has been the
initial foeus of an interdepartmental study at the
National Defense University (NDU) in Washing-
wn, D.C. Subjective probabilities for the occur-
rence of specified climatic events were elicited in
a survey of 24 chmatofogists from seven countries.
Individual quantitative responses to 10 major
questions were weighted according to expertise
and then averaged. a inethod of aggregation that
preserved the climatologists” collective uncertainty
about future climate trends. The aggregated sub-
jective probabilities were used to construct five
possible climate scenarios for the year 2000. each
having a “‘probability”” of occurrencé. The aggre-
gated probabilities of contingent events are com-
pared.from scenario to scenano. across zones of
latitude, and by time periods.

A discussion of the methodology used in the
study will be found in Chupter 17 of this volume.
The descriptions of the scenarios that follow are
from the report of the first phase of the study.
"Climate Change to the Year 2000 A Survey of
Expert Opinion.” ssued by the National Defense
University in February 1978.

The Climate Scenarios

In the text and tables of this chapter. the
latitudinal zones are defined as “‘polar latitudes
65° to 90° . “higher midlatitudes.”” 45 to 65 .
“lower midlatitudes.” 307 to 45 | and subtropi-
cal latitudes.” 10° to 30 .

Large Global Cooling*

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

*Statements concerning some detatts of this scenano reflect
a higher degree of certanty than was expressed by the
chmatoiogists who participated in this study  See Tables 4-
1 A and B for the range of uncertanty

century. The average global temperatare reached
its lowest value of the past century a few years
before the century ended. By the year 2000, the
mean Northern Hemisphere temperature was
about 0.6° C colder than in the early 1970s. and®
climatic conditions showed a striking similarity to
the period around 1820. Chimatologists explained
this large global cooling in terms of natural
climatic cycles. partly solar induced and partly
attributable to several major volcanic eruptions
that “occurred between 1980 and 2000. Although
most climatologists had expected a continued
increase in carbon dioxide to be reflected in global
warming, this warming influence was over-
whelmed by the natural cooling in the period.
‘While temperature decreased over the entire
globe, the largest decreases occurred in the higher
latitudes of the Northemm Hemisphere. The north
polar latitudes, marked by an expansion of arctic
sea ice and snow cover (especially in the north
Atlantic sector), had cooled by abeut 2° C since
the early 1970s. The northern higher and lower
muddie latitudes cooled by shghtly more than 1° C.
The subfropical latitudes in both hemispheres
showed a 0.5° C decrease in average temperature.
while the remainder of the southern latitudes

.showed a I° C, decrease. The large global cooling

trend was also reflected in a significant decrease
in the length of the growing season in the higher
middle latitudes and a substantial increase in the
vartability in the length -of the growing season
from year to year.

By the year 2000, 1t was also raining less in the
higher middle and subtropical latitudes, although

- precipitation amounts in the lower middle latitudes
‘changed little or possibly increased slightly.

Precipitation also beciine more variable. The
westerlies showed a pronounced shift from the
higher middle to lower middle latitudes. This shift
brought bnef. yet severe, ""hit-and-run*’ droughts
as well as severe cold spells (including early and °
late killing frosts) in the lower middle latitudes.
The higher muiddle latitudes, particularly Canada,
from which the westerlies and their associated
storm tracks were displaced, suffered an increased
incidence of long-term drought and winter cold.
In the subtropical latitudes, the subtropical highs
tended to displace the tropical easterly rainbelt
and. hence, increased the incidence of long pe-
riods of hot. dry weather. ‘The center and intensity
of the Aqatic monsoon changed dramatically

*One dimatologist who inchined to this scenano redsoned
that the north polar regions would coot only about 0 §* C.
conuiderably less than the cooling in the middle northern
latitudes . .




between the late 1970s and the tum of the century.

* The frequency of monsoon failure in northwest
India increased to such an extent that the last
decade of the 20th century bore a resemblance to
the period from 1900 to 1925. Droughts were also
more frequent in the Sahel region of Afri\fa.

Moderate Global Cooling®

The global cooling trend that began jn the_ 1940s
~ontinued through the last quarter of the 20th
century. By the year 2000, mean Northein Hemi-
sphere temperature had decreased by approxi-
mately 0.15° C compared to the early 1970s.

« Climatologists explained this trend principally in
terms of a natural cooling cycle, moderated by the
warming effects of increasing amounts of earbon
dioxide in thevatmosphere. The cooling cycle was

partly solar in origin and partly associated wiff an -

increase in volcanic activity.
While temperature decreased over the entire
globe, the largest temperature decreases occurred
. in ‘the higher latitudes of the Northeni Hemi-
sphere. Specifically, the polar latitudes of the

Northern Hemisphere cooled by 1° C; the higher
middle latitudes by 0.4° C; the lower middle
latitudes by 0.3°C; and the subtropical latitudes
by 0.2°C. The Southern Hemisphere, with its

. more zonal circulation and larger ocean area,
cooled more uniformly and slowly; the average
cooling in that hemisphere was about 0.15° C. The
extent of the cooling in the higher middle latitudes

- was not sufficiently large t» cause a significant
change in the mcan length or interannual variabil-
ity of the growing season.

‘ The growing-sedson precipstation as well as
annual precipitation levels remaihed unchanged in
the lower middle latitudes but decreased slightly
in ‘the higher middle and subtropical latitud-s.
"Annual and growing-season precipitation variabil-

, ity increased sfightly compared to the 1950-75
period. .with the strongest tendency toward in-
creased variability in the subtropical latitudes.
Drought conditiens again plagued the midlati-
tude areas of the United States, corroborating the

20- to 22-year drought cycle hypothesis. In the

other midlatitude areas of the world, theré were
"intermittent drought conditions comparable to
those of the 1970s. Droughts were also more
frequent in the Sahel region, as was monsoon
failure in Asia.

. ?

*Statements concermng sume details of this scenano reflect
a higher degree of certainty than was expressed by the
climatologists who participated n this study See Tables 4-
2 A and B for the range of uncertamty
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Same as the Last 30 Years*

The global cooling trend that began in the 1940¢
leveled out in the 1970s. Average global tempera-
ture in the last quarter of the 20th century
increased slightly; thus, temperatures were more
consistent with those in the period from 194 to
1970. By the year 2000, mean Northern Hemi-
sphere temperature had risen approximately 0.1° C
compared to the early 1970s. Climatologists ex-
plained that the warming effects of the increasing
amounts of carbon dioxide in the atmosphere had
balanced a natural eooling cycle. Temperature
increases were nearly uniform throughout the
Northern and Southern Hemispheres, with slightly -
more warming in the Northern Hemisphere than
in the Southern. No significant. changes in tne
mean length or interannual variability of the
growing season were noted.

The annual precipitation le*=ls as well as the
growing-season precipitation remained unchanged
from the 1941-70 p=riod. Also unchanged was the
variability of arnual precipitation. However, a
small shift toward increased variability in the
giowing season was detected.

iought conditions again plagued the midlati-
tude areas of the United States, corroborating the

2 22-year drought cycle hypothesis. In other
itude areas of the world, drought conditions
* . also, but not to t} - same extent as in the
ed States. On the other hand, favorable
-. stic conditions returned to india and other”
parts of Asia. Monsoon fzilures became more
infrequent. Also, the Sahel region, which had
suffered severe drought from 1965 to 1973, re-
turned to average weather conditions.

Moderate Global Warmingt

The global cooling trend that began in the 1940s
was reversed in the last quarter of the 20th
century. By the year 2000, mean Northern Hemi-
sphere temperature had risen by approximately
0.4° C, compared to the early 1970s. Climatolo-
gists explained that this increase in temperatures
was due princpally to the warming effects of
increasing amounts of carbon dioxide in the at-
mosphere, which predominated over a slow, nat-
ural cooling effect.

*Statements concerning some details of this scenano reflect
a higher degree of certainty than was expressed by the
chmatologists who participated in this study. See Tables 4
3 A and B for the range of uncertainty.

1 Statements concerning some details of this scenano reflect
a higher degree of certainty than was expressed by the
chmatologists who participated in this study. Sec Tables 4
4 A and B for the range of uncertainty.
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TABLE 4-1A

LARGE GLOBAL COOLING

x F
1

PROBABILITY.OF SCENARIO 0.10
MEAN NORTHERN HEMISPHERE TEMPERATURE CHANGE SINCE 1969 between 0 3° and 1 2°C colder

PROBABILITY OF TEMPERATURE CHANGE BY LATITUDE

|
|
|
|
|
|
| {Compared with 1970-75) - |-
‘ (8] Q O (8] (8} Q O (&) <’U
. o_ ol _ | . |%. w5 |o8]|ws| o0
| of | ~¥lc3|-5|lof|gf|-E|-E]oE
= < 5 = = [~ [T % H
; c8| 28|28 88|Ssfos|cF| 28| "¢
| Polar 02 06 01 01
| Northern - Higher mid latitude * 01 05 03 01
hemisphere Lower mid (atitude 04 04 02
Subtropicat U5 05
Subtropical ) 05
Southern Lower mid fatifude 05 04 01
hemisphere Higher mid satitude* ‘06 03 01 .
Polar 06 03 01
*Growing season in higher middle iatitudes ~Pn.)bablmv of an increase (decrease) in the /ength of the growing season
exceeding 10 days 15 0 0 (09). probabiity of an increase {decrease) in the vanz*u/ity of the length of the growing
season in excess of 256% 1508 (00)
PROBABILITY OF PRECIPITATION CHANGE BY LATITUDE
‘ {Compared with 1941-70) ]
ANNUAL GROWING SEASON
~ _
8 2 8 ) % R
38| E5 |28 §8| 28|88
- = - o - - -
ZA - EA| BV |En
Higher mid fatitude Z 02 05 03 02 05 3
Lower mid-latitude 03 05 4 02 02 05 02
- Subtropical 02 05 03 02 04 04
} B R U S
' PROBABILITY OF PRECIPITATION VARIABILITY CHANGE BY LATITUDE
{Compared with average for the 5o
1 r previous 25-year period) ANNUAL ' GROWING SEASON
\ [ T T
3 ¥ 3 b
TARTIRSF T ARLTARE:
, go | 8 ] . s | 8N o
th Ov | oM EAl OV oA
| Higher mid-latitude 03 05 02 03 06 !
Lower nmid-latitude 03 05 02 ul 05 0.2
Subtropical P 04 04 02 04 04 02
O S e
1
) { -
\a 1uy :

B




[
.

' CLIMATE PROJECTIONS 55

TABLE 4-1B .
(

LARGE GLOBAL COOLING

e
~

' *
(%)
‘ § 3 e £ ¢ § .
~ 83 ¢ 8 ° 3. b
5 © = £ o v =
S5 5 . 3 3 62
OB Voo (7] > 9

RELATIVE IMPORTANCE OF CARBON DIOXIDE
AND TURBIDITY (PERCENT) DURING THE 15 05 0 50 10
PERIOD 1975 2000

. 1977 80 1981 90 1991-2000
|7 g I NP A §
w < £ w < £ uw < £
PROBABILITY OF MID LATITUDE OROUGHT*|  **
United States . 06 {03 [o1(fes {05 |01 |02 ]| 02| 01
Other Mid Latitude . 06 { 03 {01 (foa | o5 | 01| o7 | 02 | 01
PROBABILITY OF SAHEL DROUGHT** | os | o5 0os [ 04 | o1 || o6 | 03 | o1
PROBABILITY OF MONSQON FAILURE *** '
Northwest India 04 05 01 ‘04 05 0.1 0.5 05
Other inda ’ 05 [ o4 | 0t |[ 04 | 05 | 011 06 | 03 | o1
Other Monsoon Asta ’ 05 04 | 01 04 05 01 05 04 o1

*Frequent—simiar to early to n'Sd 1930sand early to mid 1950s. average - siumilar to the frequency over the longest
\

period of record available, mfrequent-similar 1o 1940s and 1960s .
L 3

**Frequent—similar to 1940-50 and 1965 73 periods, average -similar to the frequency over the longest period of
" record available, infrequent- similar to 195065 period

.

***Frequent—similar 1o 1900 25 period, average—similar to the frequency over the longest period of record
available . infrequent—similar to 1930-60 period

.« f o ‘ 10] .
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TABLE 4-2A

MODERATE GLOBAL COOLING

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

PROBABILITY OF TEMPERATURE CHANGE BY LATITUDE

{Compared with 1970-75)
8] o 3] O ] 0 o O L
a° . o° . olﬂ - eo N e‘q . °Iﬂ E °°, E °Iﬂ E ° A
| of|of|c8| 8|28 gE k|t NE
2 2 2 h~] 2 5] ") I-) WV
| ~8|7%8|28|8¢s|3¢8|s3|c8| =8~
Polar 01 06 0.1 ‘1 01 01
Northern Higher md-latitude * . 01 04 04 01
hemisphere Lower mid-latitude - 01 01, | 07 01
Subtropical 02 07 01
Subtropicai 02 0.6 01 0.1
Southern Lower mid-latitude . 01 0.2 03 03 01
henasphere Higher mid latitude 01 0.2 03 03 | 01
Polar : 0.2 02 02 03 01
*Growing saason in higher middle latitudes Probability of an ncrease {decrease) in the, fength of the growing season
excesding 10 days 15 0 1 (0.2), probabihty of an increase {decrease} in the variability of the length of the growing
seaton in rxcess of 26% 15 0.2 {7.1).
T PROBABILITY OF PRECIPITATION CHANGE BY LATITUDE
a th 1541-70
{Compared w: ) ANNUAL GROWING SEASON
l' T
% -] 3
SR EARE: A1
. EA| 6V |&A Er| bV A
Higher mid-latitude 02 05 03 02 |- 05 3.3
. Lower mid-fatitude 02 06 02 0.2 06 0.2
Subtropical 02 05 03 ° . 0.2 0.5 1 0.3
PROBABIEITY OF PRCCIPITATION VARIABILITY CHANGE BY. LATITUDE
(Compared with average for the
previous 25-year period) ANNUAL GROWING SEASON
8
- § ®» R SR z 3
SAREARE: T4 28R
Ean|Bv|&na EAalOv A
Higher mid-latitude 02 06 02 03 08 0.1 -
Lower mid-iatitude 02 06 02 03 0.8 0.1
Subtropicsl 03 05 02 04 05 0.1 I

ERIC . 102




’

N CLIMATE PROJECTIONS 57
TABLE 4-2B
- . : -
MODERATE GLOBAL COOLING
- .
’ . . - o, g .
£ & ®© c _-
, 8] 8% 3 2. 53
, 33 cE & >3 ca
RELATIVE IMPORTANCE OF CARBON DIOX IDE -t g .
-~ AND TURBIDITY (PERCENT) DURING THE 20 10 25 3u ' 15
PERIOD 1975.2000 ) '
) 1977 80 1981-90 1991 2000
= | s | |l £ |3 E |l e | §
SN S O S AR B R I -
I S €l g8 8| &
o q £ e < £ o < £
PROBABILITY OF MID-LATITUDE DROUGHT* )
United States B 06 | 03 | o1 |l o3 o6 | o1 || 06 | O3 | 01
Other Mid-Latitude . 06 | 04 05 | 04 | o1 |l o5 { 04 | o1
PROBABILITY OF SAHEL DROUGHT** 04 | o5 | 91 Jioa | 0oa | 02 | o5 | va | 01
PROBABILITY OF MONSOON FA‘ILURE‘ .
Northwest india 04 0% 01 03 0% N2 04 06
Other Indra 05 | 04 | o1 |l 03 {05 | 02 | 05 | 04 | 01
Other Monsoon Asia 05 04 01 03 05 02 04 05 01

*Frequent—-similar to early to mid-1930s and early to mid 19505, average snmnlar to the frequency over the longest
period of record available, lnfrcqum!‘snmular to 19405 and 1960s

**Frequent-simiar to 1940 50 and 1965 73 periods average -similar to the frequency over the longest pe: od of
record available. infrequmit—simitar to 1950-65 period

***Frequent—simitar to 1900 25 period. ayerage -simiBr to the frequency over the longest period pf record

svailable, infrequent—similar to 1830 60 period
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TABLE 4-3A .

SAME AS THE LAST 30 YEARS L

PROBABILITY OF SCENARIO: 030 ° MEAN NORTHERN HEMISPHERE TEMPERATURE CHANGE
) . SINCE 1969 between . 05° colder and 0 25°C warmer

"W

PanAsluTv OF TEMPERATURE CHANGE Bv LATITUDE

: (Comared with 1970.75)

~

0510°C
warmer

1015°C
colder
0.510°C
colder
0005C
colder
00.05°C
vgarmer
1,0-15°C
warmer
1520°C
warmer
2030°C
warmer
3050°C
warmer

| \ | Polar . 01 01 01 03 02 02

Northern ' | Higher mid latitude” 01 02 c4 02 01
hemisphere ) Lower nud latitude . 01 02 04 02 01 \

‘] Subtropicat 01 02 0% 01 01

. _ Subtropical 01 03 04 -] 01 01 . .
’ Southern Lower mid-latitude o1 03 04 01 01
hemisphere | Higher mid-latitude” 01 03 o4 |-01 01 \
Polar 01 01 03 03 L1 | 01

*Growing season in higher middle fatitudes Probabitity of an increase (decrease} in he fength of the growing season
exceeding 10 days 1s 0.2 {0.1), probability of an increase (decrease) in the variabi/ity ot the iength ot the growing
season in excess of 25% 1s0 1 (0 1)

PROBABILITY OF PRECIPITATION CHANGE BY LATITUDE . *

{Compared with 1941-70)
ANNUAL . GROWING SEASON
ol 03 4 @ ]
" . Sz telis ig|te is
; EA|{6V | & . En|bV g A
Higher mid-atitude 02 06 02 02 06 | 02
Lower mid latitude 02 06 02 g 02 | .06 02
Subtropicat 02 06 02 02 06 02 \
PROBABILITY OF PRECIPITATION VARIABILITY CHANGE BY LATITUDE
(Compared with average for the *
previous 25-year period) ANNUAL, . GROWING SEASON
. » 1] .
3 1 % 3
TARFIRT: FARFARE S
SR S| & - gl 2N | g
- V180 | &% EalBv|Aan .
Higher mid latitude 02 06 , 02 02 07 01
| Lower mid-latitude 02 | 06 | 02 02 | 07 | 01
‘ Subtropical 02 06 02 03 06 01
|
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TABLE 4-3B * i
-SAME AS THE LAST 30 YEARS
—
[ w H 5
c [0 c -
‘ 23 5% ] LI 33
33 : B & $3 3.5
RELATIVE IMPORTANCE OF CARBON DIOXIDE
AND TURBIDITY (PERCENT} DURING THE 50 10 10 15 15
PERIOD 1975 2000 i
* ~
) 1977 80 1981 90 1991-2000
= § 0l ¢ €l = g
s | s l"s | B 5l 5] 8] 2
L€ ge| S g g : g & g
a < . £ [ < £ e <« £
- PROBABILITY OF MID LATITUDE DROUGHT® -
United States 05 | 04 01 02 06 {. 02 05 04 01
Other Md Latitude 04 05 01 03 [, 06 | 01 04 05 01
PROBABILITY OF SAHEL DROUGHT** 02 | 06 02 02 | o7 01 02 07 01
PROBABILITY OF MONSOON FAILURE*** -
Northwest India 03 0% 01 02 06 02 02 05 03
Other india 03 | 06 01 02 06 | 02 02 0& 03
N a2
Other Monsoon Asia ) ‘03 06 01 02 06 02 02 06 02

.

5 .

)

*Frequent—similar to eafly .to Mid 1930s and early to mud 1950s average - simiiar to the frequency over the longest
period of record available, infrequent- similar to 1940s and 1960s
'l

* *Frequent—similar to 1940 50 and 1965 73 periods, average - surfilar to the frequency over the longest period of
record available :nfrequent—siemitar to 1950 65 penpod

.
4

***Frequent-simitar 1o 1900 25 perod, average simitar to the frequency over the longest period of record

available, infrequent--similar to 1930 60 perod , .
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TABLE 44A : v

MODERATE GLOBAL WARMING -

; . s &0
PROBABIL|TY OF SCENARIO:.0.25

MEAN NORTHERN HEMISPHE RE TEMPERAT(JRE CHANGE SINCE 1969 between 0.25° and 0.6°C warmer

PROBABILITY OF TEMPERATURE CHANGE 'BY LATITUDE

{Compared with 197Q-75)
(8} 8] (8} O (8] O (8 O Q
. |, |Ww_ ||y | g o5 || 0%
' 3| -8lcy|cl |-tz gtk gt
b 2 2 [} [ o3
2 S ] g 8|lof|ocf|~3| 3| ~3| 3
Poiar 01 01 02 02 02 02
Northern . Higher mid jatitude” 01 03 04 01 01
hemisphere Lower midHatitude 01 05 03 01 -
Subtropicat oY 06 02 01 *
Subtropical 01 | 664 02 | 01
Southein Lower mid latitude 01 05 03 01 '
hemisphere |, Higher mid-latitude ' 01 03 05 01 k .
Pular ’ 01 02 05 01 01 )
*Growing season in higher middie {1atitudes Probability of an ‘ncrease (decrease) in the /angth of the growing seacon
exceedmg.w days 1s 04 (02). probability of an increase (decrease) in the vagabi/ity of the length of the growing
season in excess of 25% 50 1 (0 2) '
PROBABILITY OF PRECIPITATION CHANGE BY LATITUDE
{Compared with 1941-70) -
ANNUAL GROWING SSASON
% 8 % -4
5|8 |2s AR
5= 8= = - - -
En Sy |8 ER 16V | &
H»gher mud-iatitude | 03 0% 02 03 05 02
»dllmude 02 06 02 . 02 06 02
02 06 02 03 05 0.2
PROBABILITY OF PRECIPITATION VARIABILITY CHANGE BY LATITUDE
Y
{Compared with average for the
previous 25-vear pewod) ANNUAL , GROWING SEASON
i % % % 3
En|l By | &A En BV | &A
Higher mdd latitude 02 06 02 02 0.6 0.2
Lower mid latitude 02 06 02 02 06 02
Subtropical 02 06 02 03 05 02
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TABLE 4-4B .
. > Y .
LY -
MODERATE GLOBAL WARMING - .
v - (3] 8
c & ¢ o & @ € E-4
8% 58 3 3. 32 .
5.0, 23 £ S 3 £ 5
O D [T A >0 ol
.
RELATIVE IMPORTANCE OF CARBON D10X\DE I3
AND TURBIDITY (PERCENT) DURING THE 60 15 5 - 10 - 10
PERIOD 1975 2000 ) “ . :
L . ‘
) ]
- 1977 80 1981-90 1991 ZOQO
- € - < - €
€ @ < < o € b
S vl e E || sl B¢k
- g I 4 g . .o et g ¢ 4
& L = o L < © <
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-. « | PROBABILITY OF MID LATITUDE DROUGHT® . >~ ’
United States ) 06 { 03 [ o1 |lo2 | 02 | o6 o5 | 03 [ 02
. ' " 3
Other Mid-Latitude
PROGAGILI.TY OF SAHEL DROUGHT"* 03 04 03 03 04 03 03 04 03
PROBABILITY OF MONSOON FAILURE""* ‘ .
. Northwest India 03 04 03 03 04 03 02 05 03
Other India ) ‘ e
1
Other Monsoon Asi,, )
*Frequent—simiiar to earny to mid 1930s and eatly to mid 1950s average -similar to the frequency over the
longest period of record available, infrequent —similar to 1940s and 19605
**Frequent—similar to 1940 50 and 1965 73 periods average —simuar to the frequency over the longest period of
record gvaitable, infrequent—similar to 1950 65 period
12 }‘ , .
***Frequént—sizalar to 1900 25 period, average—similar to the frequancy over the longest period of record”
available, infrequent—simitar to 1930 60 period : >
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TABLE 4-5A

LARGE GLOBAL WARMING

PROBABILITY OF SCENARIO- 010 ¢
MEAN NORTHERN HEMISPHERE TEMPERATURE CHANGE SINCE 1969 between 06°and 18°C warmer

'

PROBABILITY OF TEMPERATURE CHANGE BY LATITUDE

S
-

(Compared with 1970-75) T -
3} 3 oo Q o 3 3 8
c:d . _-,o . °m . om 5 OO - °\D z oo ; oo 5. OCD -
IR ARE AR RS SRS S S 2 Y
~8|38%|c8|ct|oE|{228|25|R8|m%
: Polar 01 | 01 | 02 | o6
Northern Higher mid-fatitude* N 01 05 04
hemispherz Lower mid-latitude 01 05 02 02
Subtropicai * 01 08 01 .
* T
Subtropical 01 08 01
Southern Lower mid latitude [ 0% 02 02
hemisphere Hiaher mid latitude’ 0t 05 04 .
Polar o 01 01 02 05

JYOWIng <easorr in higher mxddle latitudes  Probability of an increase (decrease) in the length of growing season
exceeding 10 days i 08 (00), ‘probability of an wncrease (dec »ase) i the varabiity of“the length of the growing

season in excess of 25% 1500 (0 7)

PROBABILITY OF PRECIPITATION CHANGE BY LATITUDE

~

(Compared with 1941.70)
. ANNUAL GROWING SEASON
% ] . K ]

L 5| Bel ig SE| 22|58

~ O - - - - - -

’ Eanl v ]an Enl BV |&A
Higher mid latitude 04 05 01 03 05 02 |
Lower mid latitude 03 05 02 . 03 04 03
Subtropical 03 05 02 04 05 01
S - |

PROBABILITY OF PRECIPITATION VARIABILITY CHANGE BY LATITUDE

.

(Comparec with average for the

previous 25-yeas period) ANNUAL o GROWING SEASON |
. . 1 |
. % N 2 3 2
- cE| Ef| sk AR F SR
8 o~ g o~ g 8 N TN o N
Ealbv]an Eanlby [da A
\
Higher mid-latitude 02 05 03 02 0% 03
Lower mid latitude 02 05. 03 03 05 g2
Subtropical 02 05 03 03 05 02
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LARGE GLOBAL WARMING - . A .
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PROBABILITY OF MID-LATITUDE DROUGHT* ~ ' L]
Unied States ® Joe | o3| o1 oe| 03! 01| 07| 02| o:
2 : b
Other Mid La%tuda I 05 03 0.2 05 03 . 02 0.3 03 04
PROBAQIL!TY 6F SAHEL DROUGHT** 01 08 0.1. 0.1 07 02 01 06 03
PROBABILITY OF MONSOON FAILURE*** ) .
& ‘ \\ . b
Northwest india - 0: 08 01 01 |08 03 02 08
3 3
A Other Indua : {or ] os ) or|{or| os! 03| 01 ] 02 o7
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While average globa perature increased
modcrately. the largest temperature increases
came in the higher latitudes. The Northem Hemi-
sphere warmed slightly more than the Southem
Her~*~phere due to its greater land area and the
larg.r thermal inertia of the southern oceans. In
the Northern Hemisphere, the polar latitudes
warmed by 1.2° C; the higher middle latitudes by
0.5° C, the lower middle latitudes by 0.3° C; and
the subtropical latitudes by 0.25° C. In the South-
em Hemisphere, average temperatures over the
polar latitudes increased by 0.65° C; the higher
middle latitudes by 0.4° C; the lower middle
latitudes by 0.3° C: and the subtropical latitudes
by 0.2° C. The increase in global temperature was
reflected in a moderate increase in the length of
the growing season in higher middle latitudes,. but
no significant change in the interannual variability
of the growing season was noted.

Annual precipitation levels increased slightly in
the higher middle latitudes but showed little
change for lower latitudinal bands. Growing-sea-
son precipitation also increased slightly in the
higher middle latitudes and subtropical regions but
remained unchangad in the lower middle latitudes.
Both annual and growing-season precipitation var-
iability remained essentially unchanged except for
a slight increase in the vanability of growing-
" season precipitation in subtropical latitudes.

Drought conditions again plagued the midiati-
tude areas of the United States, corroborating th-
20- to 22-year drought cycle hypothesis. Chimatic
conditions were somewhat more favorable in the
Asiatic region and in subtropical North Africa.
The frequency or monsoon failure, especially in
northwest India, resembled more closely the long-

term average; so did the irequency of drought in _

the Sahel region.

Large Global Warming*

The global cooling trend that beg>t " the 1940
v «8 dramatically reversed in the wter of
the 20th century. By the year 2 .J€ mean
Northem Hemisphere temperatuie had increasad
by about 1° C compared to the early 1970s.
Climatologists explained that this trend was due
principally to the warming effects of the increasing
amounts of carbon dioxide in the atmosphere.

While temperature increased over the entire
globe = rature increases.were more pjo-
nced at higher latitudes. The subtropical ti-

*Statements concerning some details of this scenario reflect
a higher degrec of certainty than was expressed by the
climatologists who pariicipated irt this study See Tables 4-
5 A and B for the range of uncertainty.

liy

tudes warmed, on the average, by 0.8° C; the
lower middle latitudes by 1.0° C; the higher mid-
dle latitudes by 1.4° C; and the polar latitudes by
a remarkable 3.0° C, compared to the early 1970s.
Symmetry prevailed as similar temperature
changes were observed in both the Northem and
Southern Hemispheres. The increase in tempera-
ture was accompanied by a significant increase in
the length of the growing season in the higher
middle latitudes, as well as by a substantial
decrease in the vanability from year to year in the
length of the growing season

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

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

Climate Scenarios for the Glcbal 2000
Stuly

The NDU scenarios provide a richness of detail
that could not be used in the Global 2000 Study.
At the beginnitg of the Study it was assumed that
the government's long-term global models would
require climatolc_ical inputs, and three simplified
scenanos—informed by the National Defense Uni-
versity study—were developed. More careful in-
vestigation established later that none of the
elohal fong-term models used by the agencies for
th.s Study are capable of accepting climatological
inputs. The energy, food, water and forestry
projections all assume implicitly a continuation of
the nearly weal chimate of the 1950y and 1960s.
Although the climate scenarios developed for the
Global 2000 Study could nét be incorporated into
the Study’s projections, the scenarios are reported
here to indicate the range of chimatic change that
should be analyzed in a study of this sort.
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The Global 2000 Case I scenario described
below is similar to the **same as the last 30 years"
scenario in the NDU study. The Case Il scenario
is intermediate between NDU's “*moderate warm-

ing"' and ‘‘large warming’*; similarly, Case III is -

intermediate between NDU's two cooling scena-
nos. Note that these scenarios span a narrower
range of varation than the Natonal Defense
University scettarios and that the narrow span
excludes chmatological developments thut would
have a pronounced effect on future demands for
and supplies of food. wood. water, and energy.

The thrée Global 200C climate scenarios are.

Case I: No Change. Yearly rainfall and tem-
perature statistics are similar to those of the 1941-
70 period. Drought conditions in the U.S. continue
to occur every 20 to 22 years. Monsoon failures
in India berome less frequent than recently and
the Sahel -egion of Africa no longer experiences
severe drought of the type that occurred in the

. late "60s and early '70s.

Cas» I1: Warming Global temperatures in-

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

Case lllI: Cooling. Global tempcratures de-
crease by 0.5° C. Cooling of 1° C occurs in the
higher and middle latitudes, with a smaller change
in the tropics and subtropics. Precipitation
amounts decline and variability increases ooth
from month to month and from year to year.
Storm tracks—and the precipitation they bring—
shift toward the equator, imprqying conditions in
the upper latitudes of the great deserts and
wolsening them on the equator side. Severe
monsoon fatlures are more frequent in India,"
sevele droughts more frequent in the Sahel.

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

s A
- Giobol 2000 Cose 1~
o8 / of
1 . j
osf | -
B L ’
2.l
. Global 2000 Case |
- - 3 I\m ' .
R 715
N e
“T /] N
4+ .
180 1000 1900 1920 1940 1960 1900

Figure 4-1. The threc Global 2000 Study scenarios comparcd with the annual mesn tgmperature changes
during thz past century for the latitude band 0°-80°N The period 1941--70 13 the zefo reference vase.
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Legically, technology is an input to the Global
2000 Study projections much as are population,
GNP, and climate. But, because technology is so
highly specific to each type of projection, it was
impossible to formulate a single szt of measures
of technological change for all analyses. It was
therefore left to the individual experts to make
their own assumptions about the effects of tech-
nology in their own fields and to develop their
projections from those assumptions as weil as
from the exogenously supplied population, GNP,
and climate forecasts. They were requested to
make these assumptions as explicit as possible in
statements to the Global 2000 Study—often a
difficult task, as when trends of technological
advance were concealed in time series extrapola-
tions#of other input variables, o1 whezn it was
unclear whether a particular idea was more cor-
rectly considered an assumption or a conclusion.

This chapter gathers together the assumptions
ot technological change ma~- in the individual
analyses of the Global 2000 pruject. For the sake
of comprehensiveness, the assumptions behind
the development of the input forecasts already
considered (population, GNP, clinate) are in-
cluded.

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

Population

Technology affects population primcnily in the
form of birth control, which lowers fertility, and
health care, which lowers the death rate. In
making the population projections used in the
Global 2000 Study, the U.S. Bureau of the Census
impiicitly assumed continued adoption of both
torms of technology at moderate rates by project-

5 Technology Projections |

ing generally declining fertilities and mortalities.
While the Bureau recognizes the possibility of
technological breakthroughs in both fields, some
of which are currently under study, it believes
that it is uncertain whether any will be perfected
and adopted widely enough by the year 2000 to
have a significant impact on fertility and mortality
levels. Similarly, the Bureau assumed that no
regression in either type of technology serious
erough to significantly affect their forecasts will
occur in the near future-for example, major

side effects of existing birth conjrol techniques will
not be discovered, and new uncontrollable micro-
bial strains harmful to humans will not develop.
‘While technological advance or regression may
occur before 2000 and shift population growth up or
down slightly, the Bureau believes that such oc-
currences will not result in increases or decreases
that exceed the limits of its high and low projec-
tions. . '
The discussion of migration in Chapter 2 makes
no technological assumptions except that world

*industrialization will probably continue at about

present rates.

Gross National Product

The GNP forecasts in Chapter 3 were made by
analysts in three separate agencies according to
somewhat different methods. The forecasts for
ndustrialized noncommunist and communist
countries, made by a panel of WAES (Workshop
on Alternative Energy Strategies) experts and by
the CIA, respectively, are largely the result of
-abjectively extrapolating historical growth rates.
Thus, technology is implicitly assumed to contrib-
ute to future economic growth abcut as it has in
the recent past. The WAES panel adjusted its
estimates downward to account for the supposed
restrictive effect of slowed future population
growth. The CIA adjusted its forecasts for parts
of Eastern Europe downward on the basis of the
availability of energy, thus assuming that techno-
logical advance will not completely counteract an
‘ncreasing scarcity of energy. Initially, however, it
based all of its forecasts on direct extrgpolation of
past trends of GNP and productivity growth,
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implicitly assuming a continuation of past techno-
logical trends. .

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

1. Projections were developed by analysts on
ap independent, country by country basis. relying
on a combination of professional judgment and
the use of specialized country or regional models.
Typically, past rates of increase in the productiv-
ity of new capital investment were implicitly
projected to continue in the future. These 1n-
creases were not explicidy attributed to technolog-
ical change. However,-because capital productiv-
ity increases in the past resulted partially from
technological advance. extensions of the upward
trend in productivity presumably imply continued
advance.

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

3 The projections were further adjusted judg-
mentally by Bank and WAES analysts, but these
adjustments were not related to assumptions re-

garding technological change.

Climate

The climate forecasts make no assumptions
about technology except that industrial processes
will continue to release large amounts of carbon

*dioxide into the atmosphere, with the possible
effect of warming the earth's atmosphere. No

other foreseeable technological developments he-"

fore the year 2000 were constiered to have a
significant effect on the climate of the planet

Food

As an econometric projection model, the GOI,
(grain, oilseed. livestock) model that was used to

_ THE PROJECTIONS

make t*¢ Global 2000 Study's agricultural fore-
casts assumes that economic vanables such as
product and input prices will influence food pro-
duction efficiency as in the recent past. However,
provision is also made” to incorporate an exoge-
nously estimated trend rate of growth in technol-
ogy over and above the growth explained by
economic variables. This is done by adjusting
regional food yield and thus. implicitly. yields per
hectare. Yield per hectare is the measure of
production efficiency used in the GOL model.
The exogenous adjuStments for changes in yield
are made in the regional production equations.
For each region. GOL. has one linear regression
equation for each major agricultural product pro-
duced locally. In each equation. total production
is calculated as a function of endogenously deter-
mined crop:hectarage, a base crop yield. a time
tiend variable. and changes in product prices,
input prices, and the prices of products competing
for inputs. The time trend variable is equal to 1 in
the first year of the estimation period, to 2 in the
second, and so on. It is intended to capture the

.effects_of factors—other than those included in
“the total production equation—that influence total

yields over time. The most important of these is ,
believed to be technology, which has acted jover
time to increase yieids. The following steps are
taken .to adjus* the estimated coefficient of the
trend variable 1o reflect country analysts' judg-
ments about future productivity trends:

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

2 For each region, a measure of likely pressure
on supply calculated from the price projections is
used to estimate changes in “'innovative technol-
ogy.”” which in turn defines the physical or
biological hmitation on yield per :hectare with the
best available technology; the est'mation thus
assumes that technological advance responds di-
rectly to economic incentives.

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

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

S In each regional production equation of
GOL, the coefficient of the time trend variable is
recalculated o that the trend increases approv-
mate the values estimated by the regional analyst.
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6. The GOL model is run with the judgmentally
modified trend coefficients along with the other
economic variables cited above. The output of the
model is its final forecasts. The yields per hectare
that can be calculated from the output are called
“‘adopted technology’ because they are the yields
per hectare that the regions are projected to
actually achieve.

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

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

n

[

T

measured i ferms
of crap anil livestock yieids

the GOL model, both forms of Wechnology are messwred 98
indexae which sre set equal 10 1 1+ some base year.

B et et

above. The right half of the bottom curve is
adopted “technology calculated as explained in
Step 6. GOL was run twice, once for each of two -
years, to get two points from each kind of
technology with which to draw the extrapolations
shown. The innovative technology data arc what
is given to the Thailand regional analyst to cc-
sider in setting Thailand’s rice output for the
adjustqent of the GOL model described in Step
3. Thd,adopted technology data points were
calculateX from the output of the runs as described
in Step 6.

Fertilizer consumption per unit of food produc-
tion, also often considered an important measurc
of agricultural technology, is estimated subjec- .
tively by Department of Agriculture analysts on
the basis of the GOL output after the model run
is complete. The fertilizer consumption and food

Figwre S-1. Innovative and adopted technology levels for rice production in Thailand
as projected by the GOL (gra:n. oilseed, livestock) model.

~

114




?0 . THE PROJECTIONS

production data in Chapter 6 show an assumption
of continued increases in fertilizer use per uait of
food output, from about 800 nutrient tons around
1971 to 970 nutrient tons in 1985 and to 1210
nutrient tons in the year 2000.

Fisheries

The fisheries analysis assumes that the means
tQ harvest and process formerly unfished marine
animals, such as Antarctic knll, will be increas-
ingly adopted through the year 2000. Ocean pol-
lution will continue unabated. Technology will
soon be ineffective and perhaps counterproductive
in increasing catches from natural fisheries because
of reduction of fish populations. :

Forestry
The forestry analysis assumes a continued de-
velopment and adoption of technologies that in-
crease both forest productivity and the percentage
of that productivity that can be exploited and
used. Particularly in the industrialized countries,
the management of forests will become more inten-
sive, uses for formerly discarded parts of trees will
be found, and cut timber will be used more effi-
ciently. In the LDCs, harvesting technologies and
uses for formerly ignored species and size classes
will be adopted; fuelwood plantations may also be
established.
Also assume( is that no fuel as cheap as wood
is at present will become as widely available in
LDC$ before the year 2000.

-

Water

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

Energy

The energy forecasts, made with the Interna-
tional Energy Evaluation System (IEES) com-

puter model, assume that only proven techniques:

for producing final fossil fuels will be widely
enough adopted to significantly affect the world
energy market by the year 2000. Producers’ sup-
ply curves, indirectly representing their cost of
production, assume no rapid acceleration in yield.
The real costs and efficiencies of refining and con-
verting primary fuels and the costs, routes, and
modes of transporting intennediate products are
also held constant. However, the types of final
fuels demanded, the sources of the primary fuels
used to make them, the refining and conversion
techniques applied in production, and the transpor-
tation modes and routes all vary according to rela-
tive costs. Large increases in the adoption of exist-
ing technologies are also assumed to be possible.
The IEES allows world shipping and refining
capacities to expand indefinitely to rueet world
energy demand, and miscellaneous conversions
capacity to expand up to high limits. Miscellaneous
conversions capacity in 1985 and 1990 is allowed to
be as much as two and three times its historical
1975 level, respectively. In generai, the expansions
in refining and miscellaneous conversions
capacities are restricted to the industrialized na-
tions.

The forecasts assume continued rew adoption

of nuclear and hydro power for electricai genera- -

tion. Regional electrical generation capacities from
nuclear and hydro (including geothermal and se-
lar) power are inputs to the IEES; the exact
quantities assumed (Table 5-1) show an increase
in total world generation from these power
sources of about 200 percent from 1975 to 1990.
Capacities of conventional thermal generation,
like refining and transportation capacities, are
determined within the model but allowed to ex-
pand as much as necessary to meet final demands.

1 4

Fuel Minerals

The primary purpose of the fuel minerals
analysis was to estimate current world energy
resources and reserves. The estimation of re-
sources (all potentially recoverable occurrences of
a mineral) implicitly assumes. how far technology
can or will advance in the recovery of low-grade
ores. Exactly how it will adv&e is typically left
unspecified. The estimation of reserves (all re-
sources economically recoverable at current prices
with existing technology) assumes by definition no
technological change.

Nonfuel Minerais

The nonfuel minerals demand forecasts were
made from combinations of expert judgment and




__TECHNOLOGY PROJECTIONS n

TABLE 5-1

» Electrical Generation from Nuclear
and Hydro Power Assumed in Energy Forecasts

(Terawatt-hours per year)

Less

Tndus- Centrally
United tnalized l:)evedk 8zEC Ptanned
States  Coun- pe Ut Eeono-
tnes * oun-  tres mies
©otnes
197% 475 1,343 240 0 —
1985
Low growth 969 2,492 58§ 19 760
Medium
growth ?75 2518 585 19 760
High
growth 976 2.516 585 19 760
High pnces  1.045 2,584 585 19 760
1990 .
Low growth 1,373 3316 924 64 1,350
Medium
growth - 1,397 3,513 924 o4 1,350
High .
growth 1,402 3518 924 64 1.350
High prices 1,558  3.670 924 64 1.350
i ‘Including the U S

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

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

2. The advances in mineral production technol-
gy necessary to allow continued growth in pro-
duction will be made. Mineral production will
grow through 2000 quickly and reliably enough to
make end-use factors, not supply constraints, the
dominant determinants of mineral consumption.
Economic growth will not be resiricted by mineral
availability or price; in fact, real mineral prices
may decline in the future.

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

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

Environment

As Chapter 13 assesses the environmental im-
pact that would result if the other forecasts were
valid, it gersrally accepts their assumptions and
conclusions pertaining to technology. in addition
to its own technological assumptions. The tech-
nological assumptions made specifically for the
environmental analysis are listed below. The tech-
nological assumptions used to make the other
forecasts are not repeated here. The general
assumption underlying the entire environmental
analysis is that most environmental problems are
the result of conflict between population and
general economic growth on the one hand and
evolved biological systems and physical constants
of the globe on the other; technoiogy can aid the
management of these problems but not eliminate
their cause. The sector-specific assumptions are
as follows:

Population. The relatively resource-intensive
living habits and pracuces of the industrialized
nations wili continuz to supplant other lifestyles
around the world.

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

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

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

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

L




6 Food and Agribulture Projections

Recent shifts in world food supplies from sur-
plus toward deficit and back again toward surplus
have gencrated wide concern as to future food
balances. This chapter reports oif world food
projections to 1985 and 2000, emphasizing the
problem of food balances in the context of wider
resource and environmental balances. The projec-
tions are summarized in the maps on the fullowing
pages. The analytic framework used to generate
the projections and their broad implications are
highlighted. Resource balances, estimaies of the
changing cost and growth in investment required
to develop the productive capacity projected to
2000, and the broad environmental implications of
the projections are also treated.

Caveats

Long-range projections, partichlarly food pro-
Jections, are subject to several qualifications. '

First, estimating changes in population, income,
taste, resources, technology, and weather as well
as their interrelationships 25 years in the future
calls for a number of studies rather than a single
paper. The wide range of credible studies analyz-
ing these factors but reaching conflicting conclu-
sions points up the latitude possible in estimating
changes in these key variables and their interrela-

tionships. The analyses that follow endogenize as

many of these variables and interrelationships as
possible but depend to a large extent on output
from other models that study individual variables
in greater detail.

Second, highly aggregated food projections with
30 distant a time horizon are not forecasts of what
will happen but rather educated guesses of what
could happen. Assigning probabilities to projec-
tions is consequently difficult; projection studies
" themselves are designed to test alternatives and to
identify potential problems and evaluate possible
solutions

Third, global food projections in particular de-
pend on generally limited and sometimes conflict-
ing data. Any global food analysis must balance
the wealth of information available for most of the

industrialized countries against the paucity of
information available for the less developed and
centrally planned countries. The extent to which
governments intervene to influence . the guantities
and prices of food produced and consumed in
much of the world also leaves long-range projec-
tions subject to wholesale revision as agricultural,
food, and trade policies change. -

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

‘: Model and Methodology

|
- The projections outlined below were generated

using a world grain-oilseed-livestock (GOL) model

and three smaller sets of aggregate food, arable

area, and fertilizer relationshups. .

GOL is a formal mathematical model made up
of roughly 1,000 equations describing the function-
ing and interaction of the world’s grain, oilseed,
and livestock sectors. More precisely, GOL is a
conglomerate of some 28 regional agricultural
sector models made up of grain, oilseed, and
livestock supply, demand, and trade equations
that sum to a world total. The parameters for the
mathematical relationships underlying the models
were estimated using data from 1950 through 1975
or were drawn from the literature and the judg-
ment of exper's.

The strength of the GOL mode! lies in its
emphasis on cross-regional and cross-commodity
quantity and price linkages. The individual grain,
oilseed, and livestock sectors within each regional
stodel are lizked on the supply side in their,
competition for resources, and on the demand

ide as intermediate or finished products in the

human diet. Production and consumption across
regions are balanced at the world level. Imports
and exports sum to zero, and world and regional
trade prices are harmonized. Each of the regional
models provides for physical factors (such as
technical input-output relationships) and economic
factors (such as supply, demand, and trade
prices). Exogeneous inputs include population and
income growth rates, agricultural and trade policy
assumptions, and weather assumptions.
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FOUD AND AGR:{ ULTURE PROJECTIONS n

GOL materials were supplemented with three
smaller, informal sets of relationships dealing with
aggregate food production and consumption, ara-
ble area, and fertilizer use. The first is used to
translate GOL output into indices of total food
production and consumption, the second and third
sets of relationships are used to estmte arable
area and fertilizer use. Fertilizer is used as a
proxy for a larger collection of inputs, including
improved varieties, pesticides, and irrigation. Sec-
ondary measures of land-man ratios and use of
fertilizer per arable hectare are also generated.

Scenario Definitions

Three alternative sets of projections were gen-
erated for the Global 2000 Study using different
income, population, and weather assumptions as
well as different assumptions about the rate of
petroleum price increases.

Alternative I, a baseline projection, assumes
median world population and per capita income
growth rates averaging roughly 1.8 percent and
1.5 percent, respectively, through the year 2000
(Tables 6-1 and 6-2). Growth in yields, ultimately
raised or lowered by the producer prices gener-
ated under a specific alternative, is projected at
rates compatible with the technological advances
of the past two decades. Weather is held con-
stant-—i.e., the impact of weather on yields
through 2000 is assumed to be comparable to that
of the past 25 years. Agricultural and trade
policies are assumed to continue to be largely
protectionist in the major impor.ing countries and
trade-expansionist in the major exporting coun-
tries. Alternative I's median income, population,
and weather assumptions are run in combination
first with constant energy prices—i.e., assuming
petroleum prices do not increase markedly from

the real-price highs of 1974-76—and second as--

suming marked increases more than double the
cost of energy inputs by 2000. As will be noted
later, the resultant quantity and price ranges
quoted under "Alternative I ref.uct not so much
uncertainty about petroleum price ingreases as
uncertainty about the ability of the agricultural
sector to adjust to changes in input costs
Alternative II, which defines an optimistic up-
per bound, assumes lower population growth and
higher per capita income growth of about 1.5
percent and 2.4 percent, respectively. Growth in
yields is projecte” assuming favorable weather—
i.c., assuming weather through 2000 to be more
favorable than weather over the last 25 vears.
Good weather is assumed to raise yields about' the
equivalent of one standard error calculated on

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

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

No provision was made for long-term improve-
ments or deterioration in climate. It is assumed
that the world’s climate continues largely as
reported over the past several decades, or that
changes ih climate will be small enough to be
compensated for by changes in cultural practices
and development of new te~chnology. Assuming
no significant climate changes, however, does not
rule out years of good weather comparable to the
late 1960s in the Soviet Union or bad weather
years comparable to the mid-1960s in India. The
variations in yields between Alternatives II and
1II provide some measure of the good weather-
bad weather range likely without a major change
in climate.

General Results

While the output generated under Alternatives
I, I, and Il differ with regard to specifics, a
number of conclusions hold for all three scenarios.
The following general conclusions pertain to Alter-
native I output.

Record Crowth

The world has the capacity, both nhysical and
economic, to produce enough food to meet sub-
stantial increases in demand through 2000. The
projections are compatible in this regard with a
number of other studies suggesting a world food
potential several times higher than current produc-
tion levels. The food growth rates implied in this
Study’s production and consum~tion projections
are comparable to the record increases reported
for the 1950s and the 1960s. Growth in th= grain
component of total food production and consump-
tion—for which longer historical series are avail-
able—is also projected near or above the record
rates of the le=* two decades and more than
double the rate . i increase for the first half of
the century (Table 6-4). Several significant quali-

125




ERI

Aruitoxt provided by Eic:

78 __THE PROJECTIONS _

[ications are needed, however, to put this gr-wth
into proper perspective. Driving near-record growth
in demand are equally impressive growth in pop-
ulation in the less developed countries (LDCs)
and affluence in the industrialized countries. The
world’s food sector must grow at near-record rates
simply to maintain the benchmark per capita con-

sumption levels reported in the late 1960s and °

early 1970s (Tables 6-5 and 6-6).

Driving near-record rates of growth on the sup-
ply side are marked increases inithe resources
commutted to food production—measured roughly
in terms of land under cultivation—and strong
gains in productivity—based primarily on wider
adoption of technclogy and increased use of re-
source-augmenting nputs such as fertilizers and

TABLE 6-1
Population Growth Rates, Actual and Projected

(Percent)

1970/1960

1985/1975 2000/1975
Alternatives Alternatives
11 I ||

Industnahzed countnes
United States
Other developed exporters+
Western Europe
Japen

Centrally planned countnes
Eastern Europe
USSR
People’s Republic of China

Less developed countnes
Latin Amenca }
North Africa/Middie Ea.;
Other African LDCs
South Asta
Southeast Asia
East Asia

World

213
175

Percent
48 67 34
52 27
199 160
30 31
81 41
9 94
63 . 39
.80 S 46
110 114

236 204
265 17
261 24
23
188
1.77
158

1 48

228
234
194

S2LTRER R

ac

1
2
3
2
2
2
2
2
1

v N
Y

“Canada Austraha South Africs
Source U S Buresu of the Census

TABLE 6-2
Per Capita Income Growth Rates, Actual and Projected

(Percent)

19601970

19851975 2000/ 1985
Alternatives Alternatives
11 11 11

Industnialized countries
United States
Other major exporters *
Western Europe

' Japan

Centrally planned counines
Eastren Europe
U.SSR.
People’s Republic of China

Less developed countnes
Latin Amenca
North Afnca/Middie East
Other Afncan LDC»
South Asia
Southeast Aua
Zast Asia

World

*Camada. Austraha South Afrca
Source Giobal 2000 Study staff

129
282
1 87
3s2
876

368
188

4 40 + 241

43S 212
285 110
459 274
4 06 217

322
<.85
267
185

182
390

135
142
225
338
326
31s
260
253
381

3 oo
284

300

258
398
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TABLE 63
Yield Variations Due to Assumptions Regarding Weather Conditions

Varistion from

Kilogram per Hectare

Alternative 1 1985 Equivalent
and 2000 Yield 1985 2000
Percent
Industrialized countries
United States + 578 250 280
Other developed exporters +14.50 310 400
Western Europe * 5.00 190 220
Japan ! * 478 190 160
Centrally planned countnies
. Eastern Europe * 625 220 280
U.S.SR. 1178 240 0
People’s Republic of China + 5.50 100 130
, Less developed countries J
Latin America + 8.00 130 200
North Africa/Middle East - + 9.00 130 200
Other developing Africa : + 3.5 50 80
South Asia + 4.75 60 80
Southeast Asia * 6.50 110 - 160
East Asia + 600 110 160
Weighted total above + 1.20 180 220
World aggregated” * 300 70 9%

Note Yield variations are calculated on the bass of one standard error of the regression of 1950-75 yield data agunst ime

*Production weighted aggregate of regionsl varations
"Variation caiculated using world yield series

Source Etomomics, Statistics. and Cooperatives Service, U S Department of Amcunm

TABLE 6-4

* Grain Production and Consumption Growth
Rates, Actual and Projected (Alternative I)

1973-75/ 1938/ 2000/
1951-58  1973-75 1985

Percent
Industnalized countries
Production 28 " 2.5—18 1.8-17
Consumption 22 24-20 1918
Exporters
Production 26 2925 2120
Consumption 2.1 27-22 2221
Importers
Production 23 1.6-0.2 1L.1-i.1
Consumption 2.1 2.1—1.7 1.6—15
Centrally planaed countries
Production 28 2.4 1.6
Consumption 3.0 2.2 1.6
Less developed countries
Production 28 3337 30-28
Consumption 3.1 3636 2.8-2.6
Exporters
Production 32 31—42 3.2-29
Consumption 3.5 17—-17 2423
Importers
Production 27 3.3-36 3.0-28
Consumption 3.0 3.8-37 2827
World ~
Production 27 27 -25 2120
Consumption ' 2.7 2.7-2.5 2.1-2.0

pesticides. The rates of growth in production and
the relative unportance of area and productivity
gains shown in Figure 6-2's grain data are repre-
sentative of the changes projected for the food
sector as a whole. Land-man ratios decline
throughout the projection period, however, and
the productivity gains needed to keep up growth
in production come at incréasing real cost, partic-
ularly if sharp increases in petroleum prices are

* incorporated into the analysis. ,

Problems of distribution across and within re-
gions also detract from the high world growth
rates shown in Table 6-5. Production and con-
sumption increase at faster rates in the LDCs than

‘in the industrialized countries. LDC growth, how-

ever, is from a substantially smaller base. Further-
more, the LDC aggregate and many of the re-
gional totals are somewhat misleading because the
difference between individual LDCs—i.e., an Ar-
gentina compared with an India, or ‘an Egypt
compared with a Bangladesh—are far wider than
the differences between the industrialized coun-
tries total and the LDC total.

Growth in food production and consumption
are not likely to balance at the 1egional or country
levels. Significant increases in trade—exported by
a few major surplus producers, including the
United States, Canada, Australia, and scveral
emerging exporters such as Thailand and Br..ul—

-
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TABLE ¢-8
Grain and Total Food Production, Consumption, and Trade, Actual and Projected (Alternative 1)

Grains Food
{million metnic tons) (1969-71 = 100)
1969-71 1973-75 1985 2000 1969-71 1985 2000
Industrialized countries
Production 401.7 4347 569.5- 5259 739.7- 679.1 100.0 126.6-118.1 157.0-143.7
Consumption 3743 374.6 486.2- 465.3 648.4- 610.8 100.0 121.0-116.6 155.8-147.7
Trade - - . +32. +61.6 +83.3-+60.6 +91.3-+68.3
United States
Production 208.7 228.7 304.0- 297.1 416.0- 402.0 100.0 137.8-1349 184.3.178.5
Consumption 169.0 158.5 210.9- 199.8 290.0- 272.4 100.0 119.6-i14.0 160.3-151.3
Trade +399 +1N.9 +93.1-+97.3 +126.0-+129.6
Other developed exporters .
58.6 61.2 93.0- 83.1 121.9- 106.1 100.0 139.1-126.7 175.4-135.6
Consumption 332 34.3 47.1- 45.5 68.1- 65.2 100.0 126.8-123.2 173.3-166.8
Trade +284 +21.7 +45.9-+37.6 +53.8-+409
. Western Europe f
Production 1217 1329 160.0- 133.0 182.8- 153.0 100.0 119.1-105.0 133.5-114.6
Consumption 144.2 . 1817 182.2- 175.5 225.9- 213.1 100.0 115.1-111.5 138.5-131.6
Trade ~21.8 -19.7 ~22.2--42.5 -43.1--60.1
Japan . .
Production 127 1.9 2.5~ 127 19.0- 18.0 100.0 102 0-103.6 125.0-131.8
Consrmption 279 30.1 46.0- 4.5 64.4- 60.1 100.0 150.7-146.3 205.6-192.8
Trade - 144 ~19.3 -33.5--31.8 -45.4--42 1 -
Centrally planned countries -
401.0 439.4 567.0 722.0 100.0 138.2 174.0
Consumption 406.6 ana 596.0 758.8 100.0 143.3 179.9
Trade -52 ~24. -29.0 ~36.5
Eastern Europe
Production . n.1 89.4 110.0 140.0 100.0 146.2 183.2
Consumption 78.7 "7 118.5 151.5 100.0 144.4 181.7
: Trade -6.1 -7.8 -8.5 -11.5
1 2 8 USSR
* Production . 165.0 179.3 230.0 290.0 100.0 137.7 172.7
Consumption 161.0 200.7 242.5 308.0 100.0 148.5 185.9
Trade +39 -10.6 -12.5 -15.0
Peopls’s Republic of China
Production 163.9 176.9 221.0 292.0 100.0 134.0 169.0
Consumption 166.9 180.8 235.0 302.0 100.0 136.0 171.4
Trade -30 -39 -8.0 -10.0
Less developed countries
Production 306.5 ky! &J 471.7- 490.7 735.0- 740.6 100.0 154.4-161.4 244.5-247.7
Consumption 326.6 355.0 526.0- 522.3 789.8- T72.4 100.0 163.4-162.8 247.8.242.8
Trade -18.3 ~29.5 -34.3--316 -34.8--318
Q
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TABLE 6-8
(continued)
Grzins Food
(million metric tons) (1969-71 = 100)
1969-71 1973-75 1985 2000 1969-71 1985 2000
Exporters® ( |
Production 30.1 345 48.5- 54.4 78.1- 84.0 100.0 132.5-142.9 209.2-225.0
Consumption 18.4 21.8 25.7- 25.5 36.7- 36.0 100.0 122.2-121.7 160.8-158.0 {
Trade +11.3 +13.1 +22.8-+28.9 +41.4-+48.0 .
Importers® N
Production . 276.4 294.2 423.2- 436.3 656.9- 636.6 100.0 156.0-158.4 247.0-249.3
Consumption 308.2 333.8 $00.3- 496.8 753.1- 736.4 100.0 166.2-164.6 254.0-248.9
Trade -298 -42.6 -77.1--60.5 ~-96.2--79.8
Latin America ?
Production 63.8 7.0 101.0- 111.9 182.6- 185.9 100.0 158.7-174.8 279.5-284.4 >
C 61.2 72 99.5- 98.2 168.8- 166.0 100.0 162.7-160.7 269,7-265.3 z
Trade +3.2 +0.2 +1.5-+137 +13.8-+19.9 I
North Africa/Middle East 2
Production 38.9 Q.4 56.2- 56.8 92.2- 89.0 100.0 146.3-148.1 252.5-257.8
Consumption 9.5 54.1 80.6- 79.6 127.5- 123.7 100.0 167.4-165.1 276.1-261.3 E
Trade - 9.1 -13.8 -244--228 -353--297 =)
Other African LDCs .
Production 320 313 47.1- 500 61.3- 63.7 100.0 150.7-160.2 197.1-204.9 ;-'g'
Consumption 33.0 338 519 SL.S 63.3- 63.0 100.0 161.2-160.0 196.4-196.4 2]
. Trade ~-1.0 ~2.4 -48 15 ~2.0- +0.7 3
Production 119.1 127.7 184.2- 186.0 265.0- 259.0 100.0 154.0-155.5 221.8-216.8 I
Consumption 125.3 135.1 199.7- 199.0 284.3.275.7 100.0 158:7-158.2 226.2-219.4
Trade -6.2 -9.3 ~15.5--13.0 -19.3--16.7
Southeast Asin ) 7
Production 28 21.4 38.3- 414 62.0- 65.0 100.0 179.1-194.3 295.3310.0 »
Consumption 19.3 17.9 30.5- 30.5 479 470 100.0 168.0-168.0 268.8-261.6
Trade +3.4 +3.7 +71.8-+109 +14.1-+18.0
East Asia . .
Production , 299 4.0 4.9 446 7.9~ 73.0 100.0 155.8-154.7 251.4-255.3
Consumption 38.3 29 638 6.5 98.0. 970 100.0 173.1-172.3 267.7-264.9
Trade -8.8 -9.7 -18.9--189  -26.1--24.0 -
World Py
Production 1,109.2 1,202.8 1.608.2-1,583.6 2,196.7-2,141.7 100.0 141.5-140.5 194.0-191.0
Consumption , 1,107.5 1,202.0 1.608.2-1,583.6 2,196.7.2,141.7 100.0 141.5-140.5 194.0-191.0
Trade +1.7 -0.8
Nove 16 irade gares + indicases xpart; mines sign Todicasss impert,
. and Thailend.
SAl othors, insiuding soveral sountrios that sxport in some sconarios (0.5.. Rrasil, lndenssis, snd Colombis). . 2
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5 TABLE 6-6 8
s Per Capita Grain and Total Food Prodnction, Consumption, and Trade, Actual and Projected (Alternative 1)
Grains Food
v (kilograms per capita) (1965-71 = 100)
o 1969-71 1973-75 1985 2000 . 1969-71 1985 2000
. Industtializged countries -
. ‘Pidduction 573.6 592.6 718.9- 663.8 838.5- 769.8 100.0 112.9-104.5 128.8-118.4
ption 5344 $10.7 £13.7- $87.3 75.0- 69.4 100.0 108.8-104.9 127.7-121.2
tade” . +45.8 +84.0 . +108.1- +76.5 +103.5- +77.4
United States
Production 1,018.6 1,093 1,31.2-1,301.0  1,697.4-1,640.3 100.0 124.8-122.2 156.0-151.1
* Consumption 8249 748.0 923.5- 8749  LIS.LIILS 100.0 108.5-103.4 135.9-128.3
“Trade +194.7 +344.0 +407.7-+426.1 +514.1-+528.8
Other developed exporters
Mction 1,015.6 917.0 1,117.4-1,052.1 1,052.0- 9156 100.0 103.3- 9.6 98.6- 88.7
»  Lonmsumption 5754 514.0 $96.3- $76.1 $87.7- $62.6 100.0 98.6- 96.0 97.5- 94.3
‘. Trade, +4922 +415.0 +.81.1-4476.0  +464.3-+353.0
< 'Western Eyrope ’ . 2
Production . 364.9 388.4 M15- 3670  470.7- INC 100.0 111.0- 952 117.1-101.0 m
Consumption - 4324 4433 502.8- 4843  _S81.7- 5488 100.0 107.4-104.1 121.4-115.5 3
Tode- " .. - -65.4 -51.6 -61.3--117.3  ~111.0--154.8 o
Japan , @
Production. 121.% 108.5 102.1- 103.7 1429~ 135.4 100.0 834 84.5 111.3-106.1 g
Consumpﬁon 267.5 2744 375.7- 363.4 484.4- 4523 100.0 130.4-126.6 164.2-154.2 3
\ -138.1 -175.9 -273.6--259.7  -341.5--316.7 -
Celurllly planned éomunes \ @
Production .- - . 356.1 368.0 4115 451.1 100.0 116.7 129.6
- Conpumption . "~ © . 361.0 395.6 325 ny 100.0 122.4 135.8
Trade* .o -4.6 -20.1 -21.0 -228
Eastern Europe v o
Producti n 574.0 693.0 788.6 n1.9 100.0 132.7 153.3
Cmumnm .. 626.6 7574 9.5 997.6 100.0 131.1 152.1
Trade - ~48.6 -60.5 -60.9 ~75.8
USSR - .
2 Produgtion- 697.6 7122 812.8- 903.2 100.0 115.6 128.1
+;” Consumption 663.1 9.1 856.9 949.9 100.0 127.9 141.4 l 3 3
« .Trade +16.1 ~-42.0 -44.1 ~46.7
People’s Republic of China -
Production_ 216. 217.6 237.6 259.0 100.0 108.7 117.4
Consumption 2203 ma 246.0 261.8 100.0 no.3 119.1
Trade -4.0 -4.8 -8.4 ~8.8
Vess developed couniries
Production N 176.7 i68.7 182.0- 189.4 195.6- 197.1 100.0 101.7-106.5 109.5-110.8
Consumption " 188.3 1922 203.0- 201.6 210.2- 20S.5 100.0 107.7-106.7 111.0-108.5
Trade -10.7 ~15.1 -21.0- ~12.2 -14.6- -84
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. TABLE 6-6
(r7otinwed)
Grains Food
tkilograms per capita) (1968-71 = 100)
1969-71 1973-75 1985 2000 1969-71 1985 2000

Exporters*
Production 910 s21.9 541.1- 6069 624.5- 6717 100.0 90.6- 97.7 102.6-110.4
Consumption 300.1 3253 286.7- 284.5 293.5- 2878 100.0 83.6- 83.2 789- 774
Trade +184.3 +198.2 +254.4-4+3224 +331.1-+383.9

Importers® L
Production 159.4 1713.8 169.2- 174.4 180.8- 1807 100.0 104.3-106.0 110.0-110.8
Consumption 1777 19.6 200.0- 198.6 207.3- 202.7 100.0 111.2-110.1 113.3-110.8
Trade -17.2 -24.1 -30.8- -24.2 ~26.5- -21.9

Latin America ’
Production 236.1° 241.0 U1.6- 2474 3059 3i1.4 100.0 108.2-118.9 131.5-133.7
Consumption 226.5 238.3 244.0- 240.8 228~ 278.1 100.0 110.9-109.6 127.1-125.1
Trade +11.8 +27 . +37- +336 +23.1- +333

North Africa/Middle East
Production 217.1 214.6 201.8- 203.9 218.3- 222.5 100.0 §7.2- 883 95.9- 98.2
Consumption 2762 2138 ., 289.4-2858 301.8-292.8 100.0 191.8-100.3 105.9-102.2
Trade -508 603 ~87.6--81.9 -83.6--70.3

Other African LDCs
Production 1349 118.3 130.7- 1387 109.0- 113.2 100.0 98.1-104.3 81.2- 84.5
Consumption 139.1 1217 144.0- 1429 112.5- 112.0 100.0 105.0-104.2 81.3- 80.9
Trade ~4.2 -9.1 -13.3- -42 3.6~ +1.2

South Asia
Production 161.6 162.4 170.0- 171.7 174.0- 170.0 100.0 104.6-105.6 107.0-104.6
Consumption 176.0 171.8 184.3- 183.7 186.7- 181.0 100.0 107.8-107.4 109.2-105.8
Trade -84 -18 -14.3--12.0 -12.7--11.0 ’

Southeast Asia ‘ i
Production 244.7 2148 273.6-295.8 30i.9-316.5 100.0 116.3-126.4 129.2-135.9
Consumption 2072 182.6 > 217.9-217.9 233.2- 228.5 100.0 108.9-108.9 117.1-114.6
Trade +371.5 +31. +55.7-+77.9 +68.7-+87.5

East Asia .
Production 1373 136.0 139.9-'138.9 161.1- 163.5 100.0 104.6-104.9 121.1-122.8
Consumption 176.2 1715 198.8- 197.8 219.5- 217.3 100.0 116.2-115.6 128.7-127.3

-40.4 -38.8 ~58.9--58.9 -58.5--53.8
World .

Production NS 313.6 337.7- 332.6 352.2- 343.2 100.0 109.5_08.5 117.0-114.5
Consumption 3.0 3134 337.7- 332.6 352.0- 343.2 « 100.0 109 5-108.5 117.0-114.5
Trade +0.5 +0.2 .

Nete: In trade figures, + indicates export. minus sign indicates import

*Arpenting and Theiland

*All others, including seversl countries that export ia s0me scenarios (¢ g.. Brazil, Indonesis, anl Colombia)
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Figure 6-2. Indices of world grain production, srea and yicld, actual and projected.
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will be needed to balance excess demand in food-
deficit Western Europy, Japan, the centrally
planned countries, and parts of developing Africa
and Asia. World trade varies from alternative to
alternative but exceeds record 1973-75 levels by
at least 20 percent by 1985 and 60 percent by
2000. .

Energy Price Impact-.

The quantity and price ranges shown in Tables
6-5 and 6-6 reflect model outputs on the impact
energy price increases could have on the agricul-
tural secter. The bottom end of the range provides
for no marked increase in the price of energy from
reai 1973-75 levels. The upper end provides for
moderately higher real prices by 1985 and substan-
tially higher real prices by 2000. The range
reflects not so much uncertainty about petroleum
price increases as uncertainty about the effect
changing petroleum prices have on agriculture
and the ability of farmers to maintain or expand
production while shifting away from energy-inten-
sive inputs. A variety of cultural practices and
management techniques are available in the short
and medium terms to minimize the effect of
energy price increases. The experience of the past
24 years suggests that food and-overall agricul-
tural production could well adjust in the long run
to substantially higher energy prices, depending
on the timing of increases, without the degree of
dislocation implied at the upper end of the range.

The model results suggest that, while world
production and consumption levels might not be
changed measurably by marked but gradual in-
creases in energy pricés, major shifts within and
acrnss sectors and regions would be likely. The
comparative advantage of the resource-endowed
LDCs such as Brazil and Thailand, which use
relatively few high energy-intensive inputs, would
improve. Higher energy prices, however, would
likely exacerbate problems of comparative disad-
vantage in food .production common to many of
the industrialized and higher-income LDCs.

Adjustments in the food-exporting countries
would likely be mixed. In countries such as the
United States, higher energy prices could be
. ‘offset at least partially by increasing the land
resources committed to food production und by
decreasing on the use of, or increasing returns to,
energy-intensive inputs. The comparative advan-
tage of the traditional food-exporting countries
would likely deteriorate relative to the resource-
endowed LDCs but improve relative to most of
the industrialized countries and several of the
resource-tight LDCs. The sizes of these changes
in comparative advantage are projected to keep
the exporters’ sales on the world market at or
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above the levels projected under - constar ¢ petro-
leum price alternative.

Even a rough estimate of the impact of higher
energy prices on agricultural production depends
on the timing of price increases, long-run rates of
technological change, and short-run input flexibil-
ity. The real energy price increases projected to
2000 in the energy projections of this study
{Chapter 10) are so large as to suggest that the
severity of the impact in the long run depends on
the rate at which energy-conserving technologies
replace existing energy-intensive technologies.
Little can be done to project the rate or the
impact of such long-run technolesical change. In
the shorter term, however, some estimate of the
impact of higher energy prices can be made on
the basis of data on energy intensity and judg-
ments as to how much flexibility farmers in a
particular country have to change input mixes.

Figure 6-3 can be used to gauge approximate
energy intensity and to demonstrate the impor-
tance of energy flexibility. Both cross-sectional
data for the 30 largest agricultural producers, and
time senies data for a smaller number of countries
suggest the energy-intensity curve is basically S-
shaped. Given the position of countries along
the curve, there appears to be little question that
past increases in productivity have generally de-
pended on marked increases in energy inputs. The
impact of any energy price increase, all other
things being equal, depends on where a country is
on this energy-intensity curve. The efficiency of
energy use measured roughly in terms of energy
input-product output ratios might well strengthen
or weaken the impact of any energy price change,
but the general ranking of the countries from right
to left wouid not be likely to change much. The
experience of the past 3-4 years of higher energy
prices suggests that a country’s ability to move
back down the curve toward lower energy inten-
sity—i.e., to adjust production techniques witheut
sacrificing the high productivity associated with
advanced technology—is particularly crucial.

A review of the adjustments U.S. farmers can
and, in many cases, are making suggests that the
range of options available even within a basically
energy-intensive technology is quite wide. Data
from Department of Agriculture and Federal En-
ergy Administration studies estimate that the en-
ergy used in the U.S. agricultural sector in 1974
was equivalent to 2,000 trillion Btu (British ther-
mal units) or roughly 5,300 Btu per hectare of
total cropped arez. As Figuies 6-4 and 6-5
indicate, the largest energy expenditures were
reported in cultural operations, transportation,
irrigation, livestock operations, crop drying, and
energy investment in fertilizers and pesticides.

2
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A review of the literature on energy-saving
techniques suggests that considerable reductions
In energy use are possible in all of these areas.
The energy savings possible from modifying cul-
tural practices, which currently account for 20
percent of energy use, to provide for reduced or
minimum tillage are quite large. Net energy sav-
ings range up to 50 percent. Moreover, reduced
tillage in 1975 amounted to only 35.8 million acres,
while conventional tillage amounted to 218.2 mil-
lion acres.

Another potential area of large savings is in
fertilizer use, which currently accounts for over
one-third of total energy expenditures. Significant
energy savings are possible through proper selec-
tion anu use of fertilizers. The proper timing and
method of application also contribute to fertilizer
efficiency. Moreover, considerable savings appear
possible by changing mixes of fertilizers to empha-
size organic and green fertilizers as well as
inorganic chemical fertilizers.

Irrigation engineers also suggest that it is tech-
nologically impossible to reduce the 10 percent of
total energy use accounted for by irrigation by as
much as one half. Reductions in energy consump-
tion of as much as 10-20 percent appear to be
possible through minimal efforts to increase irmi-
gation pumping plini efficiency, to upgrade water
usage and water scheduling, and to adopt runoff
control procedures.

Drying grain for storage—which accouats for 5
10 percent of energy use—is another area of
potential saving. There appear to be several ways
to reduce grain-drying fuel requirements, including
more in-the-field drying, better management of the
existing system, and the use of new technical
developments such as solar heat. There are also
significant potential savings in the transportation
sector through more efficient use of equipment.

Keeping these. short-term options for minimiz-
ing energy inputs in mind, the projection alterna-
tives can be seen in a number of different con-
texts. Those Alternative I runs assuming constant
petroleum prices would be valid either-given no
increase in petroleum prices or given igcreases at
a fairly even pace—possibly 5-10 percent per
year—provided the agricultural sector maximizes
short-term energy savings and ultimately substi-
tutes energy-conserving technologies. A number
of the model's coefficients have been adjusted to
reflect estimates of both short-term flexibility in
energy use and the long-term development of
energy-conserving technologies as discussed in
Chapter 18. The Alternative I projections based
on an increasing petroleum price would be valid
should agriculture not adjust to gradual energy
price increases or should the increases be sudden
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or much sharper than a graduated 5-10 percent per
year. The present capabilities of the GOL maodel
do not permit more precise measuremen’ of the
impact of gradually changing petroleum prices or
reliable projections of the impact of more extreme
eriergy price changes.

Continuing Trends

The projections also suggest that the major
trends of the past two decades—(1) the increasing
dependence of LDCs on food imports; (2) the
growing importance of variability in supply; and
(3) the increasing importance of the trade and
agricultural policy decisions of a few major ex-
porting and importing countries—are likely to
continue on to 2000. Shifts in demand toward
livestock products as incomes increase, however,
are also likely to play an increasingly important
role in detemnuning the quantities and prices of
commodities moving on the intermational market.

The grain trade projections shown in Table 6-5
suggest that the LDCs. excluding food-surplus
exporters,* face sharp increases in the absolute
volume of food imports as well as possible in-
creases in the proportion of food imported.
The increased food imports of many of the de-
veloping countries, however, are not without
positive implications. The grain gap—the differ-
ence between grain production and consump-
tion—is generally seen as an indication of the less
developed countries’ inability to feed themselves.
Increases in imports, howéver, also measure the
LDCs ability to supplement limited domestic out-
put with foreign production. A closer look at
which LDCs import more through 2000 suggests
that the largest increases are concentrated in the
relatively affluent upper one-third of the develop-
ing world. The calorie gap—the difference be-
tween recommended caloric consumption mini-
mums and food energy supplies—suggests a much
larger, more persistent problem concentrated in
the lowest-income countries but affecting groups
within higher-income countries as well. The aver-
age LDC per capita calorie gap narrows margin-
ally through 2000 but, with the number of people
increasing at near-record rates, the absolute size
of the gap and the number of people eating below
the recommended minimum is projected.to in-
crease under all but optimistic Alternative II.

While the direction, frequency, and size of
fluctuations in supply will continue to depend
largely on weather, the importance of variability
tn supply is likely to increase markedly as world
productive capacity is used at significantly higher

*Primarily Argentina and Thailand, bul in some scenarios
other LDCs as well, e g , Brazi!, Colombia, and Indonesia.
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levels. The experience of a number of countries
suggests that expansion of cultivation into mar-
ginal areas increases susceptibility to weather
fluctuations. The resource balances reviewed be-
low indicate that a larger proportion of the world's
food supplies will have to be grown on increas-
ingly marginal areas dependent on favorable
(rather than normal) rainfall and temperature.
Reserves are likely to increase in importance as

.a means of ensuring that production windfalls and

temporarily low producer prices do not generate
production cutbacks in the food-exporting coun-
tries. Reser-es are also likely to increase in
importance as a means of reducing price fluctua-
tions and the market-rationing effect of short-term
drops in production in a world of rising real
prices.

All three alternatives also suggest that the
agricultural and trade policies of a small number
of importers and exporters will play an increas-
ingly dominant role in determiming the quantities
and prices Bf food traded on the world market.
The increased importance of policy decisions in
the exporting countries would result from their
control of scarce excess productive capacity. The
experience of the last five years suggests that
without mzrked changes in international trading
conventions, the role of major but sporadic im-
porters such as the Soviet Union is also likely to
increase. Protectionist agricultural and trade poli-
cies currently allow large ,countries or blocs rela-
tively close to self-sufficiency to avoid the costs
of adjusting to world production shortfalls. The
curfent structure of the world market also allows
them to pass on part, if not all, of the cost of
disruptions in their domestic agricultural econo-
mies for absorbtion by the world market. The
impact of changes in world supply and demand
are consequently likely to be absorbed more and
more by countries exporting a large proportion of

production and countries importing a large propor- .

tion of consumption on a regular basis.

All three alternatives also suggest that, in addi-
tion to population and income growth, shifts in
consumption patterns are likely to play ‘a major
role in shaping demand, particularly beyond 1985.
Growth in demand and shifts in taste awav from
calorie-efficient diets based on cereals and
starches toward less calorie-efficient, livestock-
oriented diets will determine to a large extent the
demand price, of grains, oilseeds, other high-
protein feeds, and possibly food prices in general.

Changes in the proportion of concentrate-fed
products in the livestock total will be critical in

_determining the impact of this shift toward live-

stock diets and the grain and oilseed balance.
Biological limitations on the expansion of the

ruminant herd suggest that a larger proportion of
meat supplies will have to come from pork and
poultry products heavily dependent on grain and
otlseed feeds. Moreover, the world's fish catch is
an essentially concentrate-free source of animal
protein, and, should the world’s fish ¢catch not
increase at the 1.5-2.0 percent rate assumed in
the model runs, demand for feed to produce a
comparable amount of animal protein from pigs
and chickens could increase grain and oilseed de-
mand by another 1 percent. The impact on prices
and diets worlawide would be relatively small,
since less than 6 percent of the world’s protein
and 1 percent of the world’s calories are derived
from fish and seafood products. However, in se-
lected countries—such as Japan, where fish ac-
counts for 25 percent of protein supplies and 8
percent of calories—the impact would be very sig-
nificant. '

World grain and overall food balances could
tighten further if the lower-income industrialized
countries, centrally planned countries, and the
higher-income less developed countries were to
markedly increase their consumption of livestock
products and adopt the grain-intensive feeding
techniques of the U.S. World food prices could
also be pushed up substancially . price-inelastic
food demand in the poorest LCCs competes
against more elastic feed demand in the affluent
countries.

Differing Perspectives

All three alternatives also suggest that the food
and environmental concerns of the industrialized
and less developed countries are likely to differ
widelv. The prime concemn in the industrialized
countries is likely to be adjustment. The major
exporters will continue to face the problem of
adjusting their production to higher but widely
fluctuating foreign demand. The food-deficit
higher-income countries will continue to face the
problem of worsening comparative disadvantage
and increasingly «expensive protectionist agricul-
tural and trade policies. The effect of changing
production levels on the environment and the
impact of environmental constraints on production
costs, however, will be"a concern common to all
the industrialized countries.

In contrast, the LDCs are likely to face the
more pressing problem of expanding production—
often regardless of environmental costs—to meet
rapidly expanding food needs. Several of the
higher-income countries, such as Korea and Tai-
wan, and several of the resource-constrained
countries of North Africa and the Middle East will
face the same comparative disadvaptage problems
as many of the food-deficit industrialized coun-
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tries, but the bulk of the LDCs will be concerned
with environmental quality only after basic {luman
needs are met. \

Alternatives I-III: Results and
Conclusions

The projections presented in Tables 6-7 and
6-8 point up a number of altcmatnve-spec:ﬁc
conclusions regarding (1) the unpacts of popula-
tion, income, yleld and petroleum price variations
in particular regions and over time, (2) the range
of possible LDC food consumption improvements
through 2000, (3) the variability of.world trade and
the role of the U.S. as residual supplicr, and (4)
the range of likcly world market price increases.

Before reviewing specific conclusions, however,
comments on the range spanned by the alterna-
tives and on short-term versus long-term adjust-
ments are called for.

The range covered by the population and in-
come growth rates for Alternatives II and III is
narmow (see Tables 6-1 and 6-2). The range of
yield variations is also narrow (see Table 6-3).
Given the amount of uncertainty about rates of
growth in these variables, the ranges tested here
would appear to be too narrow. Moreover, com-
parisons in terms of absolute production and
consumption levels suggest rather minimal differ-
ences between alternatives. However, the combi-
nation of all the favorable assumptions in Alter-
native II and all the unfavorable assumptions in
Alternative III suggests it is highly probable that
the outcome for the world and for major regions
would fall within the range bounded by these two
alternatives—particularly if analyzed. in terms of
per capita (rather than absolute) production apd
consumption levels.

With regard to short-term versus long-term
adjustments, the static nature of the GOL model
and the long-range specification of its elasticities
limit the model to measuring net long-term adjust-
ments. The model can say little about the year to
year adjustments within the agricultural sector
needed to reach the solutions calculated for 1985
or 2000. Consequently, the fluctuations in endog-
enous variables generated by the changes in the
exogenous variables noted above could well be
substantially wider if gauged over a shorter 3- to
S-year rather than a 10- to 20-year period.

Resuits

A comparison of the results of the alternatives
tested suggests that the impact of changes in

porulation, income, yield, and petroleum price
variables differs widely by regions and over time.

" In the food-importing countries of Westem Eu-

rope and in Japan, with relatively stable yields
and low population growth rates, the crucial
demand variables both in 1985 and 2000 are likely
to be income growth rates and shifts in taste. The
cr:cial determinants of supply are likely to be
petroleum prices and domestic agricultural and
trade policy ‘decisions. Among the traditional
exporters, foreign demand, weather-related fluc-

“tuations in yields, and, to a lesser extent, petro-

leum price increases will be the most relevant
considerations. Among the centrally planned
countries, yield variations are likely to continue to
be the most relevant factors. Among the less
developed importing countries, population growth
is by far the dominant demand factor, with
veriability in yields dominating on the supply side.

The importance of each of these exogenous
variables changes over time. Petroleum prices
become more important as increasingly tight re-
source supplies narrow the alternatives to energy-
intensive food production techniques. Variations
in yields are also likely to become more lmportant
as agricultural production expands into increas-
ingly marginal areas more susceptible to weather
fluctuations. Income growth becomes increasingly *
important in LDCs as Jow but sustained growth
over the rest of the century pushes per capita
levels in the middle-income countries high enough
to generate shifts in taste toward gram-fed live-
stock products.

With regard to improvements in per capita
LDC food consumption, even Alternative II's
combination of optimistic supply and demand
assumptions suggests. gains are likely to be small
and poorly distributed. Annual gains in per capita
consumption for the LDCs as a group average
less than 0.5 percent but range as high as 1
percent and as low as declining per capita con-
sumption. Given Alternative III’s pessimistic as-
sumptions, LDC per capita levels do not grow.
While increase in the high-growth regions slows
somewhat, per capita consumption levels fall
tclow substandard benchmark 1969-71 levels in
low-growth South Asia and Central Africa.

The food problem in many of the LDCs with
the slowest growth in consumption appears to be
2s much a problem of effective market demand as
a problem of expanding production. The effect of
production constraints—be they limited agricul-
tural resources, inadequate agricultural infrastruc-
ture, outdated technology, institutional con-




TABLE 6-7
Grain and Total Food Production, Consumption, and Trade (Alternatives 1, 11, 111)

1985 s 2000
B Grain Food Gmn Food
(million metric tons) (1969-71 = 100) (aullion metric 1ons) (1969-71 = 100)
I II Hi I II 111 I Il I I Il HI
Industrialized countries
Production 569.5- 5259 568.1 $36.2 126.6-118.1 127.3 118.2 739.7-679.1 730.0 683.3 157.0-143.7 157.1 135
Consumption 486.2- 465.3 515.7 4559 121.0-116.6  127.1 1146 648.4-610.8 687.6 $590.2 1558-147.7 1657 143.6
Trade *+83.3-460.6 +52.4 +80.3 +91.3-+68.3 +42.4 +93.1
United Stat S
Production 304.0-297.1  297.5 3097 ,137.8-1349 1351 1402  416.0- 402.0 409.8 414.0 184.3-178.5 I8L8 1855
Consumption 2109-199.8 2295 194.4  119.6-114.0 129.2 111.2 2902~ 2724 3250 25.8 160.3-151.3 1783 143.2
Trade +93.1-+973  +68.0 +115.3 +126.0-+129.6 +848 +157.2
Other developed exporters :
Production 93.0- 83.1 915 787 139.1-126.7 1373 121.2  121.9- 106.1 1260 107.3 1754-155.6 180.6 iS7.1
Consumption 47.1- 45.5 499 442  1268-123.2 133.0 1203  68.1- 652 759 659 173.3-1668 190.6 168.4
Trade +45.9-4376 +41.6 +345 +53.8- +40.9 +50.1 +41.4
Western Europe ) -
Production 160.0- 133.0 166.0 l;S.S 119.1-105.0 12,9 103.5 182.8- 153.0 184.3 143.0 133.5-114.6 1344 1083
Consumption 182.2-175.5 1888 1M.3 115.1-111.5 1186 1104 225.9- 213.1 2299 208.5 138.5-131.6 1406 129.2
Trade -222--425 -2)8 -8 -43.1- -60.1 —45.6 -—65.5
Japan ’
Fraduction 125- 127 130 123 102.0-103.6 1042 960  19.0- 180 195 190 1250-131.5 1393 138.0
Consumptior 460- 445 475 440 150.7-1463 1552 1448 644 60.1 664 59.0 205.6-192.8 2115 1895
Trade -335--31.8 -344 -317 —45.4- -42.1 —46.9 -40.0
Centrally planned countries \
Production 561.0 589.5  534.0 138.2 143.7  130.1 722.0 746.0 6910 174.0 1795 166.1
Consumption 596.0 597.5 SBS 1433 1438 139.1 758 5 755.0 730.0 179.9 1792 173.2
Trade -290 -8.0 -44.5 ) ' -36.5 -9.0 -390 -
Eastern Europe -
Production 110.0 114.5 1040 146.2 151.7 13838 140.0 145.0 136.0 183 2 1894 178.3
Consumption 118.5 119.5  116.5 144.4 1456 142.2 151.8 151.0 148.0 181.7 1812 1778
‘ Trade -8.5 -50 -1i2.5 -11.5 -6.0 —-12.0
USS.R.
Production 230.0 245.0 210.0 137.7 © 146.4 12670 290.0 305.0 2700 172.7 181.5 161.0
Consumption 2.5 2445 2320 148.5 149.7  142.2 305.0 M40 289.0 185.9 1853 176.3
Trade -12.5 +.5 -22.0 ~15.0 410 ~19.0
People’'s Republic of China
Production 221.0 2300 220.0 134.0 1356 130.2 292.0 296.0 285.0 169.0 175.1  165.2
Consumption 235.0 233.5 2300 136.0 _ 1357 1334 302.0 300.0 293.0 171 4 1704  166.7
Trade -8.0 -35 -10.0 ~10.0 -40 -80
< Less developed countries '
* Production 471.7- 490.7 4853 4705 154.4-161.4 158.9 1529 735.0- 740.6 757.0 7453 244.5.247.7 268.2 246.4
» Consumption $26.0- $22.3 5297 5063  163.4-162.8  165.1 157.1 789.8- 772.4 790.4 7994 247.8-2428  261.2 249.0
, Trade ~543--31.6 -44.4 °-358 -548 -31.8 -334 -54.1 )
- o
: ERIC ;
e 146 , 147
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TABLE 6-7(corit.)
Grain and Total Food Prodaction, Consumption, and Trade (Alternatives L, 1L, 1)
1985 2000
Grain Food Grain Food
(million metnc tons) (1969-71 = 100) (million metric tons) (1969-71 = 100)
1 | 1l 1 11 1l 1 - 1 m I A || 1L
Exporters* .
Production 48.5- 54.4 487 52.2 132.5-142.9 133.0 139.7 78.1- 84.0 81.0 79.3 , 209.2-225.0 2169 2124
Consumption 25.7- 25.5 26.1 25.6 122.2-121.7 124.1 122.0 36.7- 360 377 39.3 160.8-158.0 165.2 172.2
Trade +22.8-+289 +22.6 +26.6 +41.4- +48.0 +43.3 +40.0 '
Importers® -
Production 423.2-436.3 4366 4183 156.0-158.4 159.9 155.6 656.9- 656.6 676.5 666.0 247.0-249.3 2719 2488
Consumption 500.3-496.8 503.6 -480.7 166.2-164.6 166.3 160.9 753.1- 736.4 7522 760.1 254.0-248.9 268.1 254.5
Trade =77.1--60.5 -67.0 —62.4 -96.2- -79.8 -75.7 -94.1
Latin America .
Production 100.0-1119 1043 1076 158.7-174.8 163.6 168.4 182.6- 1859 1954 188.4 279.5-284.4 298.4 288.1
Consumption R 99.5- 98.2 103.7 97.2 162.7-160.7 169.2 159.2 168.8- 166.0 172.5 160.6 269.7-265.3 754 257.0
Trade . +1L5-+137 4.6 +10.4 +13.8- +199 +229 +27.8
North Africa/Middle Eas| .
Production 56.2- 568 573 53.0  146.3-148.1 149.6 1369 92.2. 890 945 88.1 252.5-257.8 2593 240.4
Consumption 80.6- 796 ‘809 79.9 167.4-165.1 68.1 165.8 127.5~ 123.7 1255 132.5 276.1-267.3 271.4 287.7
Trade ~24.4--28 -236 -269 . -353- -29.7 =310 -44.4
Other African LDCs
Production 47.1- 500 486 455 150.7-1602 I55.6 1455 613- 63.7 631 6.5 197.1-2049 2030 197.8
Consumption 51.9- 51.5 51.5 48.5 161.2-160.0 160.0 150.5 63.3- 63.0 60.7 62.0 196.4-196.4 189.1 193.2
Trade -48- -5 -29 -30 -2.0- +.7 +24 -5
South Asia N
Production 184.2- 186.0 190.0 1786  154.0-155.5 1589 149.3  265.0- 259.0 269.0 271.0  221.8-216.8  225.2 2169
Consumption 199.7- 199.0 200.0 186.3 158.7-158.2 159.0 148.0 284.3- 275.7 290.7 2939 226.2-219.4 2313 2339
Trade -15.5--13.0 -100 -7.7 ~19.3- 167 -21.7 -22.9
Southeast Asia ’
Production 383- 414 386 396 179.1-194.3  180.6 1855  62.0- 650 62.6 64.1 2953-310.0 2983 305.6
Consumption 30.5- 305 * 299 30.7 168.0-168.0 164.5 169.1 47.9- 47.0 46.0 49.9  268.8-263.6 2578 2804
Trade +7.8-+109 +8.7 +89 +14.1- +18.0 +16.6 +14.2
East Asia I 4
Production 44.9- 4.6 46.5 43.2 155.8-154.7 [61.4 1497 719 73.0 724 7.2 251.4-255.3 253.1 2524
Consumption 63.8- 63.5 63.7 61.3 173.1-172.3 a9 1662 98.0- 97.0 95.0 100.5 267.7-264.9 2594 274.6
Trade .. -18.9--18.9 -17.2 -18. ~2.1- -240 -22.6 -283
\
World
Production 1,608.2-1,583.6 1,642.9 1,540.7 141.5-140.5 144.5 137.0 2,196.7-2,141.7 2,233.0 2,119.6 194.0-191.0 1930 191.5
Consuimption 1,608.2-1,583.6 1,642.9 1,540.7 141.5-140.5 144.5 137.0 2,196.7-2,141.7 2,233.0 2,119.6 194.0-191.0 196.0 191.5
Trade .

Note In trade figurss. + indicates export; minus sign indicates import

SArgenting snd Theiland.

*All others, incheding several countries that sXpOrt in some scenarios (¢ g.. Brazil, indonesia, and Colombia)
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| _ TABLE 6-$
| Per Cap'a Gruin and Total Food Preduction, Consumption, and Trade (Akernatt; i, il, a11)
s N / - .
- 1988 2000
Grain’ ‘ Food Grain Food
(kilograms) (1969-71 -/‘w) (kilograms) (1965-71 = 100)
\ 1 n m I i m 1 n 11} 1 n m
Industrialized countgies S T : ,
Froduction 718.9- 6638 7(9.2 6697 112.9-104.5 1152 1050 8385 7698 847.5 7169 1288-1184 13I8 1088
Consumption 613.7- 5873 .9  569.4 108.8-104.9 115.2 102.1 735.0- 6924 7983 619.2 127.7-121.2 139.* 1100
Trage +105.1- +76.5 ¥62.3 +100.3 +103.5- +77.4 +49.2 +91.7
United States
Production 1,331.2-1,30+0 1,324.6 1,322.1 124.8-122.2 124.2 1240 1,697.4-1,640.3 1,719.1 1,479.5 15€.0-151.i 1578 1374
i Consumption 358749 1219 8299 (08.5-103.4 1139  98.7 L,I83.3-LIILS 1,3633 9177 135.901283 154.8 1079
g Trade . +407.7-+426.1 +302.7 +492.2 +514.1-4528.8 +355.8 +561.8 o
Other.developed exporters ;
Production LUT4-1,052.1 1,176.5 983.1 103.3- 98.6 107.6 93.6 1.0520- 9156 1.244.5 8338 98.6-887 1125 88 |5
Consumption 596.3- 576.1 641.6 S52.2 98.6- 96.0 1044 93.0 S87.7- S62.6 749.7 SI2.1  97.5- 943 1274 94l |5
Trade +781.1-+476.0 +534.9 +431.0 +464.3-+353.0 +494.8 +321.7 3
Western Europe a
/mucﬁm 4415~ 3670 4596 3728 111.0- 95.? 114.8 96.3 470.7- 3940 4802 35¢4  117.1-101.0 119.2 7.8 c
Consumption 502.8- 4843 328 4768 107.4-104.1 1109  102.7 581.7- 5488 399.0 5182 12141155 124.5 110.1 [
Trade -61.3--117.3 -63.2 -104.0 ~1L.0-~154.8 -118.8 ; - a
Japan x
Production 102.3- 103.7 107.8 100.1 83.4- 84.5 87.3 82.0 142.9- 1354 ) 141.3  129.1  111.3-106.1 110.2 1018 m
. Consumption 35.7- 363.4 390.8 3550 1304-126.6 135.1 1249 484.4- 4523 481.2 4011 164.2-1542 1632 1383 B
Trade -273.6--259.7 -283.0 -258.0 , ~341.5--316.7 -339.9 -272.0 e
. rally planned countries : h . §
“ Production 4145 452.5 369.6 116.7 1276 107.2 451.1 4892 37* 129.6 135.6 11238
\ Consumption a2 458.5  400.4 122.4 i-0 1159 a9 951 2% 135.8 1384 190 |9
Trade -21.0 -6.0 -308 ~-22.8 ~-59 2.2 7]
Eastern Europe
Produttion . ’ 788.6 823.5 7413 132.7 1384 1254 1.9 9 846.2 153.3 161.1 14%.6
Consumption 849.5 861.6 830.4 131.1 328 1284 997.6 0. 908 152.1 1542 1412
Trade -60.9 -36.1 -89.1 -758 -67  -74.6
USSR..
Productio;. 812.8 877.5 7322 115.6 1246 104.5 %3.2 LA 773.9 128.- 138.7 1103
f' " Consumption 856.y 8758 808.8 127.9 1306 1209 949.9 o 4 8284 141.4 145.2 1237
Trade -44.1 +1.7,-16.7 T4 L3 -544
People’s Republic of China .
Productior: 2376 2600 216.2 108.7 117.8 9.9 259.0 2780 2040 117.4 125.2 99.0
Consumption 246.0 263.8 2260 110.3 175 1023 267.8 281.8 2200 (9.1 124.7 99
Trade . -8.4 -38 -98 -88 -38 -60
Less developed countries
Production B 1820- 1894 194 1783 101.7-106.5 106.7 9.1 195.6- 197.1 210.2 176.6 109.5-1i0.8 119.5 9.1 hd
Consumption * 203.0- 2015 2078 1918 107.7 106.7 1108 101.8 210.2- 205.5 219.4 189.% i11.0-108.6 116.7 999 8
Trade , -21.0-—122 -174 -13.5 ~146. -84 -92 —129
- L 3
El{f C 150 _ ,
N EEEEEEE—SE——— L




Q

ERIC

Aruitoxt provided by Eic:

TABLE 6-8 (cont.)

Per Capita Grain and Total Food Production, Consumption, and Trade (Alternatives I, 11, III)

. 1988 2000
Grain Food Grain Food
(kilograms) (1969-71 = 100) (kilograms) (1969-71 = 100)
1 n m 1 11 m | ] ] 1 1] 1l
Exporters* ¥
Production 541.1- 6069 5523 S7T3.0 90.6- 9.7 92.5 M0 624.5- 6717 663.7 545.6 102.6-1104 109.0 94.6
C nsumption 286.7- 2845 2960 2810 83.6-83.2 86.3 B2l 2935- 2878 3089 2704 789- 7.4 830 "7
Trade +254.4-+322.4 +256.3 +2919 - +331.1-+383.9 +354.8 +275.2
Importers” .
Production 169.2- 1744 1774 164.1 104.3-1060 108.7 102.2 180.8- 1807 194.5 163.4 110.0-1108 1203 99.4
Consumption 2000- 1986 2046 1886 111.2-110.1 113.1 1056 207.3- 2027 2162 186.5 113.3-110.8 119.1 101.8
Trade -308- -24.2 -272 -uU4 -26.5- =219 -21.7 -23.1
Latin America A
Production 247.7- 2474 2643 2596 108.2-118.9 (149 1130 3059 3114 13466 2860 131.5-133.7 1478 1236
Consumption U4.0- 2408 2628 2345 110.9-109.6 1187 1069 2828 278.1 3060 243.8 127.1-125.1 136.7 1108
Trade +3.7- 4336 +1.5 +25.1 +23.1- +33.3 +40.6 +422
North Africa/Middle East
Production 201.8- 2039 2050 1884 87.2- 88.3 91.0 801 2183~ 2225 2399 1886 959-982 1074 803
Consumption 289.4- 2858 295.1 284.1 101.8-100.3 104.2 997 301.8 2928 3186 2837 1059-102.2 1129 98.4
Trade -87.6- -819 -36.1 -956 -83.6- -703 -787 -95.0
Other african LDCs }
Production 130.7- 138.7 1367 255" 98.1-104.3 1023 940 109.0- 1132 1238 1080 81.2- 84.5 2.7 805
Consumption 144.0- 1429 1444 1337 105.0-104.2 1053 973  112.5- 1120 119.1 108.8  81.3- 809 863 785
Trade -13.3- -42 -81 -83 -36-.+12 +47 -08
South Asia ' -
Production 170.0~ 1717 177.1 1607 104.6-1U5.6 1089 988 174.0- 1700 178.1 152.1 107.0-104.6 1096 93.8
Consumption 184.3- 183.7 1864 1677 107.8-1074 1090 980 186.7- 1810 1924 1649 109.2-105.8 112.9 96.4
Trade ~143- -120 -93 -70 -12.7- -110 -143 -~-12.8
Soltheast Asia
Production . 273.6- 2958 2820 278.1 116.3-126.4  120.1 1184 301.9- 3165 3227 2825 129.2-1359 1387 1204
Consumption 217.9- 2179 2185 2156 108.9-108.9 1092 1076 233.2- 2285 237.1 2199 I17.1-114.6 1192 1100
Trade +55.7- +77.9 +63.6 +62.5 +68.7- +87.5 +85.6 +62.6
East Asia .
Production 139.9- 1389 (484 1319 104.6-104.9 1112 985 161.1- 1635 168.7 1404 I21.L-128 1269 105.0
Consumption 1988- 1978 203.3 187.0 1i6.2-115.6 1189 1092 219.5- 2173 2213 1955 128.7-1273 12997 114.2
Trade —58.9- ~589 -549 -552 ~58.5- -538 -52.6 -355.1
World '
Production 337.7- 3326 3344 3154 1095-108.5 1140 103.0 352.2- 3432 373.0 3020 [17.0-114.5 1260 104.0
Consumption 337.7- 3326 3544 3154 109.5-108.5 1140 103.0 352.0- 3432 373.0 3020 (17.0-114.5 1260 104.0
Trade v

Nete - In trade figures. + indicates export, minus sign indicates import

tArgentios and Thellond

YAl others, incheding several countries that ¢xport in some scenarios (e.5.. Brazil. iadosssia. aad Colombia)
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FOOD AND AGRICULTURE PROJECTIONS 95

straints, or any combination thereof-—are obvious
m countries such as Mexico and Egypt. The
of demand constraints—be they low in-
come, skewed income distribution, foreign ex-
- change shortages, or any combination thereof—
malsoobvnousmcountnessmhasBollvlaand
Haiti. The regions showing the smallest improve-
ments through 2000, however, are those with
severe supply and demand problems. The typical
agricultural economy in South Asia and much of
Sahelian and Central Africa will be hard pressed
to produce an additional $-10 kilograms’ of grain
per capita over the next 10 years; their consumers,
however, are also likely to be hard pressed to
demand an added 5-10 kilograms. It should be

that Altermative II's production increase is
relegated largely to reducing imports rather than
increasing consumption. The per capita food en-
ergy supplies shown i Table 6-9 suggest that
effective market demand is likely to lag below
nutritional demand measured in terms of even the
most minimal requirements.

The results of Alternatives Il and Il also
suggest that world trade is likely to vary far more
than world production and consumption. While
world prodmuon and consumption vary as much
as 10 percent from Alternative II to Alternative
Il1, world trade varies as much as 35 percent.
Among the food-deficit countries, variations in the
import demand of the centrally planned countries
are largest—ranging fror 9 to 47 million metric
tons in 1985 and 10 to 40 million metric tons in
2000. The import demand of most of the other
major importers, including Japan, South Asia,
North Afiica’Middle East, East Asia, and, to a
lesser extent, Western Europe, shows strong but

Thesmpluspmductnvecapacntyofﬂnmdn—
tional’ exporters—particularly Canada, South Af-
rica, and Australia—is prj:- ‘ed to decrease be-
yond 1985 as a result ¢ growth in domestic
demand. Given the added capacity of several
emerging developing exporters, however, excess
productive capacity is expected to be more than
adequate to balance the highest import .demand
projected in 2000 but at real prices somewhat
above 1973-75 levels. The model implies that the
major exporters will continue to play a crucial
role in balancing world supply and demand by
slowing pioduction in Alternative Il-type situa-
tions in order to avoid the buildup of price-
depressing surpluses, and by increasing export -
availability under Alternative Ill-type situations to
slow down price increases.

The U.S. lspmjectedtoplayanmcreasmgiy
dominant role in this balancing procedure. As the
world’s residual supplier, the U.S. is projected to
expandexponsfastcrthantheothermqjoru'aders
in a tight world supply situation but to contract
exports faster in a loose supply situation. The
marked variability of yields in the other major
exporters shifts an even larger share of the
adjustment on the U.S. in periods of weather
fluctuations. As Table 6-10 shows, while the
margin between Alternative II and HI world
export levels is roughly 35 percent in both 1985
and 2000, the margin for exporters excluding the
U.S. is 10-20 percent, and the margin for the U.S.
is 65-90 percent.

Alternatives Il and III also suggest that the
range of possible real-price changes is wide.
Under optimistic Alternative 11, an index of real
world market prices increases 30 percent from

relatively stable growth (Tabie 6-10). 1969-71 to 2000. Alternative III's tighter supply
TABLE 6-9
Daily Caloric Consumption in the Less Developed Countries
1969-71 1973-74 . 1985 2000
. I i 1] 1 11 m
Calories per capita per day
Less developed countries 2165 2135 2310-2290 2350 2210 2370-2330 2390 2165
Latin America 2528 2540 2690-2670 281C 2630 2935-29u5 3080 2710
North Africa/Middle East 2421 2482 2465-2430 2525 2415 2530-2460 2635 23190
Other Africar. .DCs 2139 20M 2245-2230 2255 2095 18401830 1920 1800
South Asia 2036 1954 2155-2145 2175 2005 2180-2130 2230 1985
Southeast Asia 2174 . 2270 2320-2320 2325 2300 2400-2365 2425 2310
East Asia 2140 2205 2310-2340 2380 2260 2505-2480 2520 2320
Note nomwm-zmm-whyhmnﬁu 2,128 calories in developiag Africa, and 2,210 calories in developiag Asia
Skewed caloric comsumption. howsver mmmm-mwmnn»um—mm 7 the minissuss 10 snsure th 4 lowent

mmwhmumm
Sowrce Tables 6-6 and 6-7
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THE PROJECTIONS

TABLE6-10 .
World Grain 'l‘nde Qunntlﬂea (Allernatlvesl, 1, lll)

Hmonc

1969-71  1973-75

1985
1 1 '

‘u

World exports
Devsloped exporters
United States
Other developed exporters
Developing exporters
World imports ’
Developed importers
Centrally planiied importers
Developing importers
World Total (net export basis)

100.3
2.9

C 7
13.1

39.0
24.0
45.3

113.7

" Millions of metric tons

134.9
84.8
50.1
433

109.8
68.0
41.8
26 -

149.8
115.3
34.5
26.6

179.8-170.5
126.0-129.6
53.8- 409
41.4- 48.0

139.0-134.9
93.1- 97.3

45.9- 376
238 289 °

88.5-102.2
36.5
96.2- 79.8

221.2-218.5

55.7- 74.3
29.0
77.1- 60.5

161.8-163.8

61.2
8.7
67.0

132.4

69.5
46.6
62.4

176.4

”ns
9.0
75.7

178.2

NcmMMGIIIWMMIMmMuWIYmmmumhuﬁtﬂmuiﬁwm.{

and doubling of petroleum prices generates more
than a 100 percent increase over the same 30-year
period. A more detailed analysis of the model’s
output suggests that the effect of world market
mmmswdelybyreaonandcom
modity. Countries impoiting or expofting a large
proportion of their total supply on a regular basis,
such as Japan aud the United States, are strongly
affected. In those parts of the world that are near
self-sufficiency, the effect of price changes would
beammﬂyumller Among the industrialized
importing "countri¢s near self-sufﬁcnency, hlghen
world prices could strengthen protectionist agri-
cuktural and trade. policy tendencies. In most of
the regions of the world, however, domestic
mpply and demand pressures and government
intervention to minimize the effect of world food
pmemovementsmdomsucpnceswouldbefar
more important determinants of actual production ,
and consumption levels. The poorest LDCs accus-
tomed to importing to fill basic food needs,

however, could find themsclves priced out of the .

world market to an even greater extent than in
1973-75 should their production shortfalls coincide

<

with a general Alternative Il-type situation (Table
6-11).

, Resources and Inputs

A closer look at the projections suggests that a
substantial .increase in the ‘skare of the world’s
resources committed to food production will be
needed to meet population- and income-generated
growth in demand through 2000. A number of
recent studies conclude the earth’s physical re-
sources- and- expanding technology can sustain a
4-6 percent rdte of growth in food production.
Realizing cven the 2.1 percent growth to 2000
shown in Table 6-5, however, will entail higher
real costs-and increased pressure on the world’s
résource gnd environmental balances.

NaturalResources
Table 6-12's aratle area data provides one

rough measure of food pressure on finite resource
supplies. Undér all the alternatives tested, growth

TABLE 6-11 .
Interniational Price Indices (Alternatives I, I, IIT)

1969-71 1972-74

«

7s-m

1985

I 0o m

World market weighted

food prices 100.0 165.0

120.0

Real 1969-71 § = 100

110-130 . 105~ 135 145195 130 215

Nese: mmmmn«mmmmum«wm Mumd!hOOL(ym oilsesd, hvomk)-odllldhuuo{

isag-run elssticitios con saderstate price adjustments in the short and modium
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FOOD AND AGRICULTURE PROJECTIONS : 97

in arable area slows—generally to less than half
the rate of ingrease over the last two and a half
decades—despite producer price incentives to ac-
celerate the rate of expansion. .Physical con-
straints, both in the absolute sense of running out
of cultivatable land and in the relative sense of
the increasing scarcity of good and reasonably
accessible land,’ affect virtually. all of the regions
shown in Table 6-5 by 2000 (Fig. 6-6).

Although felt generally throughout the world,
pressure on land resources is likely to vary widely
and to evoke a number of different responses.
The projections suggest that absolute constraints
will be most marked in Western Europe, Eastern
Europe, Japan, South Asia, China, North Africa
and the Middle East, and parts of Central America
and East Asia by the early 1990s. Arable area in
many of these regions will quite likely begin to
contract before 2000 as demand for land for.
nonagricultural uses increases and as the eco-
nomic and environmental costs of maintaining
cultivated areas near physical maxima becomes

" prohibitive. Reports on land and water manage-

ment problems. suggest that marginal or submar-
ginal land in Sudano-Sahelian Africa, North Africa
and the Middle East, and parts of heavily popu-
lated Asia will have 0 be returned to pasture or

put ’mto an extended fallow rotation if any long-
term productivity is to be maintained. Population
pressure on arid or semiarid lark in these regions
in particular has caused soil-fertility losses, dete-
rioration of limited water resources, and declining
returns to increasingly costly cultivation. The net
return to intensifying use of higher-quality land
suggests that economically and environmentally
optimum cropped area is far smaller than the
potential pr maximum area generally measured in
physical surveys.

Arable area will undoubtedly continue to ex-
pand in other regions of the world, particularly in
parts of South America, Central Africa, and East
and Southeast Asia. But by 2000, even in these
reglons where arable area has not reached a
maximum, the costs of expansion are likely to be
substantially higher as cultivation moves toward
forested areas or wasteland, and as water supplies
and water management become constraintsg

Table 6-13's deélining land-man ratios add a
populztion dimension to the problem of absolute
and relative constraints on arable area. In general,
regions with the tightest absolute constraints re-
port large populations, low incomes, and average
caloric consumption levels below recommended
minimums.

TABLE 6-12

. Arable Area, Actual and Projected (Alternative I)
Alternative |
1951-55 1961-65 1971-75
- 1985 2000
. o AMidliony of hectares
Industrialized countries 3612 ms 400.3 3922 399.1
United States 188 5 180 5 200 5 i95 0 208.0
Other major exporters 725 890 104 0 1020 9.0
Westem Europe 951 9% 4 90 1 89 87.0
Japun 51 $9 $7 57 « 5.1
Centrally planned countnes 3843 404 < 414 § . 4175 420 "2
Eastern Europe 550 56 0 54 4 S —
US.SR. 219 8 229§ 2325 e —
People's Republic of China 109 § 1190 127 8§ e _
Less developed countnes 5292 _ &07 1 662 0 706 0 723§
Latin Amenca 93§ 1140 136 § 1550 1650 73
North Africa/Middle East 78 % 863 9NS 925 910
Other Afncan LDCs 116 0 145 5 » 160§ 1750 182§
South Asia 196 0 200 5 207 § 209.0 207.0
Southeast Asia M 227 316 49 390 410
East Asa 228 282 il 35S 370
World 1.274 7 1.381 4 1.476 8 15137 1,5386

* Anbk area in centrally plmmd wountries thought to de at or acar manmum Orowth in land used vutside the agrsltural sector appronimately balances arable area

inCreases
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TABLE 6-13
Arable Area per Capita, Actual and Projected (Altematlve D

’

o Alternative 1
t 1951-55 1961-65 1971-75
1985 2000
Arablc hectares per capita

Industrialized countries .61 .56 .55 .50 46
United States 1.17 95 95 86 84
‘Other major exporters 1.72 1.66 1.58 1.29 94
Westem Europe .33 30 .26 .24 22
Japan . .06 .06 05 .05 04
Centrally planned countries .45 .39 35 .30 .26
Eastern Europe .50 47 43 39 .36
U.S.SR. 1.16 1.02 93 .83 .13
P~ople’s Republic of China .19 A8 16 13 1
Let. Qeveloped countries 45 .40 35 27 19
Latin America 56 .51 47 .38 .28
North AfricwMiddle East - .68 .58 A7 i} 22
Other African LDCs .12 .1 .62 49 32
South Asia .38 .32 .26 .19 13
Southeast Asia .38 .41 .35 .28 .20
East Asia .15 .15 13 Al .08
World .48 44 .39 32 .25

Nate Arable area inchudes land under temporasy crops (double-cropped areas are counted only ~nce), temporary meadows for mowing or pasture. land under market
and kutchen gardens (ncluding cultivation under giass). and land temporarily fallow or lying xiie

Sowrce E St

and Coop

Countries with the broadest latitude for expan-
sion report smaller populations but higher popula-
tion growth rates and limited agricultural infra-

structure and investment monics—factors likely to ,

accelerate growth in their domestic food needs on
~ the one hand while slowing the pace or raising the
cost of increases in production on the other.

All three alternatives also suggest substantial
pressure to increase not only the quantity of
resources committed to agriculture but also the
intensity of their use. Increasing use of already
cultivated land is possible through multiple crop-
ping, i.c., enlarging harvested arca faster than
arable area. Even in those countries where re-
source endowment is such that expansion in
arable area is possible, economic retums to inten-
sification are likely to rival returns on developing
remaining land and water resources by 1990. In
many of the temperate regions unsuited to multi-
ple cropping, similar pressures to intensify are
likely to generate changes in land use—shifts out
of grasslands into higher-yielding or higher-valued

_ crops, for example, and shortening of fallow
periods.

Resource-Augmenting Inputs

Pressure on the supply side is also likely to

+ generate increases in t. use of inputs (such as
fertilizer, pesticides, and high-yielding vanetnes) to
augment natural resources. If fertilizer is used as

wve Service, U S Departmeht of Agriculture

a proxy for a much larger bundle of productivity-
expanding inputs, Table 6-14’s estimates can be
used as rough indications of the growth associated
with Table 6-5's projections. The 90-100 percent
sincrease in food production projected through
2000 under Alternative I suggests roughly a 180
percent increase in fertilizer use from 80 million
metric tons in 1973-75 to 225 million in 2060.
The measures of fertilizer use per arable hectare in
Table 6-15 point up the increasingly input-intensive
nature of food production through the end of the
century.

Expanding food production through incressed

use of resourcé-augmenting inputs, however, is
subject to diminishing marginal returns. In highly
simplistic terms, the 20 million ton increase in
fertilizer consumption from the early 1950s to the
early 1960s was associated with a 200 million ton
increase in grain production suggesting a 10:1
ratio. Growth from the early 1960s through the
early 1970s appears to have been at a somewhat
lower ratio of 8.5:1. The increases projected under
Alternative I imply a further deterioration in this
grain:fertilizer ratio to roughly 7.0:1 by 1985 and
5.5:1 by 2000. Ratios within individual regions
vary widely, from as low as 3-4:1 in the countries
alreadyfemlmnsheavﬂytoashlghasIO—ZOl in
the developing countries at the bottom of what
appear to be S-shaped fertilizer response and
fertilizer adoption curves. Changes in these world
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. TABLE 6-14
Fertilizer Consmnption, Actual and Projected (Alternative I)
195155, “1964-65 1971-75 Aliermative |
! 1985 - 2000
N Thousands of metnic tons
Industrialized countries 13,675 25,075 39,900 57.150 84,000
United States 5175 9,400 16,850 26,250 40,000
Other major exporters 1,050 2,025 3,378 5,500 9,750
Westermn Europe 6,528 11,850 , 17,650 23,000 31,000
Japan 92§ 1,800 2,025 2,400 3,250
Centrally planned countries 3,525 9,100 28,125 49,250 77,500
Eastemn Europe . 1,375 3,950 9,850 17,500 24,500
U.S.S.R. 2.000 3,700 12.850 . 22,000 33,500
People’s Republic of China 150 l,45:0 5.425 9,750 19,500
Less developed countries 1,075 3,625 11,925 « 28,500 58,750
Latin, America 375 1,250 3,900 8,750 20,750
North Africa’Middle East 225 650 2,000 4,250 8,750
Other African L.DCs 50 175 550 2,500 4,500
South Asia 150 625 3,425 7,750 15,000
Southeast Asia _— 200 150 2,000 3,500
East Asia 275 725 1,600 3,250 6,250
World 18.275 37.800 79,950 134,900 220,250

Note Memsures n nuirient tons  Fertlize total includes nrrog.nous ferthzer (N), phosphates (PO, and potash (K ) « ed for agricultural production only  Historic

usage patterns suggest that the total 13 made up of approxsmately 50 percent Y

hat over 25 percent phosphates. and somewhat undy 25

percent potash

Source E S

and Cooperatives Service. | S Depertment of Agricul

ratios could well be slowed or reversed by either
changes in the distribution of scarce fertilizer
supplies to iftrease use in higher-return areas or
by technological advanges similar to the develop-
ment of fertilizer-responsive wheat and rice vari-
eties through the late 1950s and early 1960s ( Figs.
6-7 and 6-8).

Water Resources

The key role water plays in developing new
resources and intensifying cropping suggests that
pressure on water resources is likely to increase
even faster than pressure on arable land and
inputs. Water management—defined to include
conventional irrigation activities as well as flood
control, drainage, and soil-erosion control—is al-
ready the limiting factor on expanding production
in large areas of the world. FAQ estimates suggest
that over half of the investment in land develop-
ment of the 1960s and early 1970s was concen-
trated in water development projects Tuture
growth in resources committed to agriculture and
the successful intensification of resource use are
likely to depend to ar even greater extent on
providing more water and improved aater man-
agement in the arid and semiarid areas, and on
drainage and managing surplus water in the humid
ard wet areas that together make up well over

the world’s remaining reserves of arable or

160

fertihzers.

ture

potentially arable land. As increased pressure on
supply generates wider use of high-productivity
inputs, water management could become the sin-
gle most important constraint on increasing yields
in the developing world. ) .

Costs and Investments

All three alternatives indicate that projecting
food balances to 2000 is a question not of capacity
alone but also of private and public cost. The
projection results presented in Tables 6-5 through
6-9 suggest that the world’s productive capacity
is more than adequate to meet the largest foresee-
able increases in demand to the end of the
century. However, real food prices' are projected
to increase even if the price of inputs from cutside
the ag:icultural sector are assumed to remain
constant. Projected price increases would un-
doubtedly be even larger if the GOL model’s
private producer and consumer prices were ex-
panded to reflect the public and social costs
associated with developing and maintaining the
productive capacity needed in 2000. The margin
between public and private costs in the agricul-
tural sector has traditionally been wide. In gen-
eral, the expense of developing and expanding
productive capacity has been funded largely by

public “ihvestment. Productivity gains have also

hY
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v TABLE 6-1§
Fertilizer Comu_-_m‘gpg per Arable Hectare, Actual and Projected (Alternative I)
ey ‘

ST
1951-55 .
NS

1961-65

Alernative 1 |

1971-75

"y 1985 2000

o Kilograms per. arable hectare
Industrialized countries 4 : 65 100 145 210
United States 30 50 8 135 190
Other major exporters 15 25 s ss 100
Western Europe 70 25 195 255 3ss
Japan 180 305 158 420 635
Centnally planned countries 10 20 70 120 185
* Eastemn Europe 25 ! 180 315 440
USSR 10 15 55 . 95 145
People’s Republic of Chuna 1 10 45 75 150
Less developed countrics 2 S 20 4 80
Latin America 5 10 30 55 125
North Africa/Middle East 5 10 20 45 95
Other African LRCs — 1 s 15 25
South Asia 1 5 15 35 70
Southeast Asia f— 5 15 ) 50 8s
East Asia 10 25 ’ 50 < 90 170
World 15 30 55 90 145

Note Measures n nutnent kiograms

Sowrce Economics. Statstxs. and Cocjperatives Service. U S Department of Agnculture

depended to a large extent on public investments
in education, technology, and extension work.

The relationship between public and private
costs have varied widely from country to country
due to differing resource endcwments and agricul-
tural and trade policies. The most marked differ-
ences, however, have been between the industrial-
ized and less developed countries.

Among the industrialized countries—particu-
larly the Western European countries and Japan—
governments supplement public investments with
farm income and price supports. The projections
imply that public costs in many of these countries
will have to increase several times faster than
private costs—possibly 3 to 4 times fasier—if farm
production incentives' are to be kept high and if
* new productive capacity is to be developed and
old capacity maintained. Public costs will likely
increase faster than private costs in several of the
with similar problems of high price supports
and lim{jed agricultural resources.

The jon in many LDCs is likely to be in
1985. Development policies aimed at
taxing the  agricultural sector—indirectly by keep-
ing farm prices low, or directly by financing
development in other sectors of the economy—
have kept public costs much closer to private
costs. The projections in Tables 6-5 through 6-8
indicate that a full reversal of conventional public
and private cost margins will be necessary by

2000. The public costs associated with the produc-
tion levels in Tabie 6-5 are likely to be several
times projected private costs. Large public invest
ments in basic infrastructure will be needed; the
institutional organization of agriculture in many
LDCs leaves the bulk of capital-intensive expan-
sion (as compared to labor-intensive maintenance)
of productive capacity to the public sector. Public
resources can be injected through market in-
creases in farm returns or directly through devel-
opment projects. A significant proportion of the
capital, goods, and services needed, however, will
have to come from foreign sources on a conces-
sional basis if improvements in the agricultural
sector are not to slow progress in the rest of the
economy.

Environmental lmpllcati(;tls

While the GOL model does not explicitly ad-
dress environmental issues, the environmental
difficulties likely to be associated with the projec-
tions outlined above appear to be manageable in
theory. Management options within the agricul-
tural sector are wide enough, particularly if sup-
plemented with environmentally sensitive technol-
ogy, to solve the problems inherent in using a
larger proportion of the world’s r~sources in an
increasingly intensive manner to produce food.

161
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Figure 6-7. World food production and fertilizer consumption, actual and projected.
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Envirormental problems likely to be associated
with future increases in food production are worth
cataloging, however.

There appear to be two broad categories of
possible problems—those re.ated to expanding
and in asifying the use of resources, and those
related to increased use of inputs such as fertil-
izers and pesticides.

Among the first group are pr lems of deterio-
rating son fertility. problems of soil loss and
sedimentation, problems of desertification, anA
problems related to irrigation (such as soil and
water salinization, changing water tables, and
poliution of water required for nonagricultural
uses). If untreated, the problems of this first group
cause a gradual deterioration in resource produc-
tivity and declining levels of output.

Detailed informaticn on the extent of past
fertility losses, erosion losses, desertification, and
sudinization is limited. Problems have been most
marked in countries where man-iand pressures are
greatest, where agricultural technologies ars prim-
itive, where soil conservation measures are
limited, and where climate factors do not favor
intensive cultivation. Areas reporting the severest
problems include the Sudano-Sahelian countries
of Africa and arcas of South Asia, North Africa
and the Middle East, East Africa, and Latin
America. Future problems are likely to continue
to be associated with pressure to expand agricul-
ture into marginal areas and to utilize marginal
resources more intensively. Table 6-12 suggests
potential problems even in land-extensive areas of
Africa and South America by 2000.

Similar problems in many industrialized coun-
tries, including the U.S. and Australia, have been
offset to some degree by technological improve-
" ments and upgraded management practices. The
range of technological and managerial options
available, however, is limited by basic land char-
acteristics, tillage techniques, and farmers’ incen-
tives to adopt conservation practices. The most
successful efforts to date have cntered on reduc-
ing the intensity of land use and implementing
programs for minimum or conservation tillage,
contour plowing, terracing, strip cropping, extend-
ing dry or green fallow, - minimizing runoff and
wind erosion, an«. improving crop rotation. The
majority of these programs, however, are likely to
be costly in tsrms of shori-range reductions in
output or increases in unit production costs.

Among the second group of problenis related to
wcreased use of inputs are: fertilizer and pesticide
pollution; the increased susceptibility to diseases

and pests of high-yield varieties grown in mono-
cultures; the potential toxicity of growth-stimulat-,
ing additives used in arimal husbandry; and
effects of changing techniques in food collection,
processing, and distribution. Man-made inputs
tend to raise productivity initially; if mismanaged,
however, they tend to reduce productivity in the
medium and long term, to result- in increased
output of products of questionable quality, and to
contribute io_pollution in other sectors of the
economy. . -

The information available on fertilizer and pes-
ticide pollution is fragmentary and generally lim-
ited to microstudies. The . *ential for widespread
pollution due to the primary as well as the
secondary. and tertiary effects of fertilization and
pest control is clear. However, the levels of -
pesticide ard fertilizer use projected in Tables
6-14 and .15 are well below currently defined
maxima

Fertilizer and pesticide pollution problems can
aisc ceult from misuse. Even velatively small
quantin. - of ferilizers zad pesticides can generate
major ~rvuunmental problems if they are used
impioperly. The fast growth in the use of fertil-
izers and pesticid-~ implied by the projections for
most LDCs over e next three decades point up
the need for expanding and upgrading farm edu-
cation programs and monitoring input use te
ensure the optimum trade-off between food pro-
duction increases and environmental quality.

In summary, while solutions to foreseeable
environmental problems in expanding food pro-
duction are theoretically available, their applica-
tion—particularly in those parts of developing
countries experiencing  greatest environmental
stress—is in question. Jltimately, the environ-
mentally positive or negative nature of increases
in food- production is-likely to depend on short-
term versus long-tefm costs. The real food price
increases projected for the decades ahead could
well make the short-term costs of environmentally
positive agriculture seem high and the long-run
costs of an environmentally ..egative agriculture
seem small. In the industrialized countries, inter-
nalizing the cost of pollution—translating public
costs into private producer and consumer costs—
could narrow the margin betweer short-term aad
long-term costs and accelerat~ the move to an
environmentally positive agriculture. In most less
developed countries, however, questions of grain
gaps and calorie gaps are likely to outweigh
problems of environment well beyond the year
2000.
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Marine Fisheries Resources

The total nominal world catch of marine ani-
mals in 1975 was 59.7 million metric tons (mmt).
The catch from inland areas was 10.4 mmt, which
includes some of the diadromous species. Marine
fish accounted for 49.3 mmt. The total aquatic
catch in 1975 of 69.7 mmt was roughly the same
as 1970 (69.6 mmt), the last year of steadily
increasing annual c¢: ches. Between 1970 and
1975, the average annual total had actually de-
creased somewhat, primarily, but not entirely, due
to the failure of the Peruvian anchovetta fishery
(Tables 7-1 and Fig. 7-1).

.The trend in marine fish has been downward
. since the peak year of 1970, demonstrating that
the traditional marine fish populations are now

. TABLE 7-1
Total World Catch and Selected Categories

Millions of metric tons)

Crusta-
ceans

Freshwa-
ter and  Manne

Totai Diadrom-  Fish and Mollusks
ous Mollusks

1- — —_ 19.1 26 —_
19 —_ —_— 203 29 —
1955 289 — 213 28 —
1956 308 — 27 29 —_
1957 317 5.1 28 3.0 —_
1958 33 5.6 24.1 3.0 —
1959 69 61 26.8 13 —
1960 402 66 292 36 —
1961 43.6 7.0 22 s —
1962 4“8 68 “ 356 38 —_—
1963 46.6 70 364 41 —
1964 519 72 40.9 4.0 —
1965 533 78 39.6 41 29
1966 5§73 8i 43.0 43 30
1967 60.4 82 459 45 32
1968 63.9 93 48.7 50 3

1969 62.6 98 472 4.7 3.2
1970 69.6 116 52.7 5.1 34
1971 70.9 12.2 525 51 34
72 66 12.4 472 53 3.6
1973 | 66R 128 471 54 35
1974 K.+ 126 50.8 5.5 3s
1975 69.7 134 M3 58 38

Source Food and Agnculture Orgamzation. Yearhook of Fishery Statishics
Cutches und Landings volr 4,12, 40

108

fully exploited. In fact, many are severely over-
exploited. The catch of crustaceans has been
nearly consta since 1970 at about 2.0 mmt.
Moilusks have increased, but in only small
amounts. It seems unlikely, therefore that the
generally accepted annual potential of 100 mmt of
traditional marine species will be achieved on a
sustained basis. It is more likely that the potential
is nearer the present catch, or about 60 mmt.

Technological and social developments over the
next 25 years will not, therefore, cause an i '“rease
in sustained yield of the traditional marine fisher-
ies. It is more likely that extended jurisdictions
will decrease the actual yield as management
under the optimum yield concept brings fishing
mortality down to magnitudes more in line with
stable, profitable fisheries. Technological ad-
vances will likely be needed to just keep the cost
of fishing in line with market values To maintain
present yields will also require development of
markets for a wider variety of species in order to
take advantage of inevitable cyclic changes in
species productivity, and implementation of con-
servational management practices.

To a large extent, the cui.ent fisheries yields
have been maintained by development of formerly
nontraditional species, e.g., capelin and sprat in
the northern Atantic and pollock in the northern
Pacific. New fisheries in the next 25 years will
continue to develop by seeking species as a
replacement for decimated traditional stocks in
traditional markets. Species will likely be smaller
in size and shorter liv-1. These fisheries may
increase productivity per unit area, bui they will
aiso create problems in marketing, particularly for
direct consumption. Their development may also
restrain rebuilding of traditional stocks because of
ecological interactions. The actual theoretical po-
tential of marine protein becomes quite large, 10
to 100 times that of traditional fishery forms, if
one is willing to accept that plankton and very
small vertebrates can and will be. utilized. It is
unlikely that a significant stable fishery will de-
velop on these forms with a few possible excep-
tions.

Utilization of krill in the Antarctic is now
developing, and may result in large annual yields

165
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Figure 7-1. Annual catch of marine fish and of all marine antmals, showing the downward trend in marine fish since 1970

sometime in the next 10-15 years. There 1s some
potential for developing fisheries on mesopelagic
fishes, e.g., lantern fishes, particularly since these
are distributed in areas outside of national jurisdic-
tions. Processing and economic considerations
wil! constrain development of both these poten-

tials.
L1 present trends continue, recreational marine

fisheries will increase over the next 25 years to
the point where they will have to replace a
significant share of the present commercial fishery
mortality if the resource is to be nianaged for
sustained, maximal yields. This is now more a
development in the U S. than elsewhere in the
world but may become a global problem by the
year 2000.

Natural changes in ocean climate wili not
greatly affect the total potential yield. Species
cornpositions may change and regional productiv-
ity may change. but the respurce has a basic
adaptanility which should offset any total changes.

Man-made changes are different. Pollution and
physical side effects of other uses such as minera!
extraction and powerplants will have an overall
negative effect on productivity. If pollution contin-
ues unabated as appears to be the prognosis, the
effect will be a significant reduction in fishery
yields, but there will be a lag in the effects of
pollution on the marine resources. Thus, a mod-
erate to low decrease in potential due to this effect
would occur during the next 25-year period but
would become more severe thereafter.
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The 60 mmt marine animal catch in 1975 is
roughly equivalent to 12 mmt of protein. It has
been calculatea that about 36 grams per day per
person is an adequate diet of protein (the average
daily U.S. protein intake is about 65 grams).
Thus, the present fisheries catch would supply
about 28 percent of the required protein intake for
a population of 4 billion people. This will decrease
by 2000 to 25 percent of the requirement for a
population of 6 billion people, even if the total
aquatic yield increases to 100 mmt.

Culture of marine species probably produces
less than 3 mmt cur-ently but has had a real
potential for incrEasing the supply of marine
animals. This is particularly true for mollusks
(except squid) in estuarine areas. Demand is
expected to increase, but primarily in the high-
market-price, low-volume species. Production
from culturs will be slow at first. Over the next 25
years it might double to around 6 mmt.

Fresh Water Fisheries Resources

The reported harvest of naturally produced
fresh water fish was about 10 mmt in 1975 and
has not increased over the last five years, There
appears to be no potential for increased yields
from this type of fishery.

The present production from fresh water culture
is uncertain. A large share of this is attributed to
the People’s Republic of China and Asian pond
culture. The aquaculture potential in fresh water
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where nutrition and primary productivity can be
artifically enhan-ed is, perhaps, the greatest of
any in terms ot realization. The only natural
limitation is water supply.

The potential yields of marine and fresh water
resources will only be realized if good manage-
ment, based on a good understanding of the
ecosystem is obtained. The principal ecological
research required is on the fundamental processes
whereby energy is transformed and distributed in
the ecosystem, and on the eftects of abiotic
factors on productivity and species success.

Living Marine Resources: Description

The number of different categories (families,
genus, species) of marine animals reported in
world harvest data is well over a thousand.
Because some species are not reported and some
.ot yet exploited, the total mmumbers of marine
species that might enter the harvest would number
in tens of thousands. Aél abbreviated list of
specics groups used by FAO (the U.N. Food and
Agnculture Organization) to report jlandings is
given in Table 7-2. Most of the speci#s are rare cr
sparsely distributed and do not form a resource
significant enou,'i for harvest. Off New England.
for example. there are about 200 species of fish,
of which only 30 contribute 3.000 or more metric
tons each per year and in total amount to 95

percent of the landings. The largest part of the
fishery resource is located on or above the conti-
nental shelf out to a water depth of 150 fathoms.

Ev=n the species that do provide high yields are
not on the average very dr:nsely distributed. Adult
demersal fish, those assuwiated closely with the
bottom, average about one individual per cubic
meter. Pelagic fish also average about one per
cubic meter. These adult fish range from 0.1 to .
100 kg in size. Zooplankton, the small animals
that drift in the water column, average about 100
individuals per cubic meter and weigh 0.01 ]
or less. Almost all organisms are not unformly
distributed and tend to aggregate in dense concen-
trations, which provide the basis for today’s
successful fisheries.

The productivity of some of the richest areas is
based on a variable habitat and a multispecies
fauna. Sustained yields of from 3.0 metric tons
per km? of surface area (northeast Arctic, New
England shelf) to 5.0 (North Sea) have been
obtained by intensive fisheries. Most of the shelf
area is located well within 200 miles of the
coastline. ,

The largest share of the marine catch (60
percent) in 1975 came from the temperate waters
of the northern Pacific and Adantic oceans. The
catch from the central and southern zones fol-
lowed in order (Table 7-3). The north temperate
seas have large areas of very productive shelf,

Major Species Groups Reported in World Fishery Landings (FAO)

FRESHWATEP FISHES

Carps. barbels and other cyprimd
Tilapias and other cichlids
Miscellaneous freshwater fishes

DIADRO'NOUS FISHES.
Sturgeons. paddlefishes. etc
River eels

Salmons. trouts. smelts. etc
Shads. milkfishes. etc¢
Miscellaneous diadromous fishes

MARINE FISHES

Flounders. halibuts. soles. etc
Cods. hakes, haddocks. etc
Redfishes. basses. congers. etc
Jacks, muliets. saunes, etc
Herrings. sardines, anchovies, etc
Tunas. bonitos. billfishes. etc
Mackerels. snoeks. cutlassfishes. etc
Sharks. rays. chimaeras. etc
Misceilaneous manne fishes

Q

ERIC

Aruitoxt provided by Eic:

TABLE 72

CRUSTACEANS:

Freshwater crustaceans

Sea spiders. crabs. etc.

Lobsters. spiny-rock lobsters. etc
Squat lobsters, nephrops, etc
Shnmps. prawns. etc.

Krili. planktonic crusiaceans. etc
Miscellaneous marnne crustaceans

MOLLUSCS

Freshwater molluscs

Abalones. winkles, conchs. etc
Oysters

Mussels

Scallops. pectens, etc.

Clams. cekles, arkshells. etc.
Squids, cuttlefishes, octopuses, etc
M.scellaneous marine molluscs

WHALES. SEALS. AND OTHER
AQUATIC MAMMALS

Blue whales. fin whales. sperm
whales. etc.

Minke whales. pilot whales. etc

Porpoises. dolphins, etc

Eared seals. hair seals, walruses. etc

Miscellaneous aquatic mammals

MISCELLANEOUS AQUATIU
ANIMALS:

Frogs and other amphibians

Turtles and other reptiles

Sea squirts and other tunicates

Horseshoe crabs and other arachnoids

Sea urchins, sea cucumbers, and other
echinoderm

Miscellaneous aquatic invertebrates

MISCELLANEOUS AQUATIC
ANIMAL PRODUCTS:

Pearls. mother-of-pearl. shells. etc.

Corals

Sponges

Aquatic bird guano. eggs. etc.

AQUATIC PLANTS.

Brown seaweeds

Red seaweeds

Green seaweeds and other algae
Miscellaneous aqu=tic plants
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TABLE 73
Marine Fisheries Catch by Area, 1975

(Millions of metric tons)

Atlantic Pacific Total

Morth 15.9 19.3 35.2

Central 6.4 9.3 15.7
South 3.4 4.9 83 &

Total 25.7 33.8 . 59.2

and the intensity of fishing has been very great as
well. These areas border the industrialized coun-
tries, which have developed strong coastal fishing
fleets. Initial expansion of long-distance fishing
fleets took place in the north Atlantic area.

The same countries comprised the 10 leading
fishing nations from 1970 to 1975 (Table 7-4). The
top two, Japan and the U.S.S.R.,.have the largest
catches from nonhome waters; Cuba has the
largest proportion of distant water catches. The
10 rs take 44 mmt, or about 63 percent of
the total. The Republic of South Korea has the
largest relative increase in catch since 1970, more
than double, followed by Cuba (1.6 times) and
Denmark (1.5 times).

TABLE 74
Catch by Continent and Leading Countries, 1975

(Millions of metric tons)

Rank
of 10

Highest

Catch

Afnca
South Africa
N. America
Canada
5 U.S.
South Amenca
Chile
4 Peru
Asia
] South Korea
Philippines
Thailand
Socialist Republic of Vietnam
3 China
ki India
Indonesia
1 Japan
Europe
9 Denmark
6 Norway
0 Spain
2 U.S.SR.

ad
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Twenty countries exceeded 1.0 milion metric
tons. Chile and Peru, notably, depend on one
species, the anchovetta, the fishery which failed
in 1972 and has not yet recovered. Souith Africa
(pilchard and anchovy) and Norway (capelin) are
heavily dependent on one main fishery. The
remainder are rather well diversified.

Much of the world tatch is taken in or near
home waters. The long-distant fleets, however,
have been important to many countries, both
traditionally (Spain, Portugal) and in the light of
recent developments (e.g., Japan, U.S.SR.,
Cuba, Poland, Korea).

The leading species group in 1975 catches was
the herrings-sardines-anchovies group, which has
traditionally been at the top but has dropped from
44 to 30 percent of the 10 leading species groups.
The co "Nladdock species group is a close
, together the two groups account for about
40 percent of the total catch (Table 7-5). The
hefrings group is utilized to a large extent for fish -
mdpl and oil. The cods are almost totally used for
dirfect human consumption. The odfishes and
jacks catches have increesed more th- : the others
since 1970.

The total 1975 catch in U.S. continental shelf
areas was about 5.8 mmt, the foreign catch in
these waters about 3.0 mmt. The U.S. consumes
most of its catches in the United States and
imports about 70 percent of its total fish consump-
tion. in this respect, it is unique in the world.
Almost all of the U.S. catch, except tuna, is taken
from the U.S. continental shelf.

Living Marine Resouices: Poiential

Several aspects of living marine resources are
of prime importance for projecting their use and

TABLE 7-§
Leading Species Groups in World Catch, 1970
and 1975
(Millions of metric tons)

1970 1975

Hemngs, sardines, anchovees 21.6 13.7
Cods, hakes, haddocks 10.5 18
Redfishes, basses. congers 39 5.0
Mackerels, cutlassfishes 3. 36
Jacks, mullets, sauries 2.6 3s
Salmons, trouts, smelts 2.1 2.8
Tunas, bonitos, billfishes 20 1.9
Shnmps, prawns 10 1.2
Squids, octopuses 0.9 11
Flounders, halibuts, soles 13 1.1
Total 40 45.7
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productivity. First, they are renewable resources
and have the potential for continuing productivity.

The harvest of this productivity is based on the
axiom that the net natural rate of growth is
changed when population magnitude changes. In
particular, when population magnitude decreases
from 4irgin levels, the rate of growth increases
and the 1.et increase provides the suiplus yield for

harvest. The rate of growth is limited, however, .

being at its maximum in the midrange of density
levels, which limits surpius yield.

Between the existing populations of marine
plants and animals and their environments an
intricate balance has evolved, based on feedback
mechanisms that provide the optimal reactions of
populations to the natural ecological variations.
The populations have co-evolved with . wide
range of natural changes and are adapted to them.
In terms of our span of time, ‘‘What is past is
prologue.”” We do not understand the system well
enough to predict the possible changes. Neverthe-
less, we can be confident the populations will
manitain themselves in varying composition but
with generally the same productivity. Marine
animals have not co-evolved with man, and our
interventions cause changes which are potentially
very different from those experienced by the
natural system and for which the populations do
not have the appropriate built-in feedpack. Man is
not sensitive to the effects of such changes. Our
technology has developed to the point where we
can drive the ecosystem into a disequilibrium
from which recovery is unpredictable. The control
we now exert in managing the populations is
based catirely on a pervasive and intense fishing
mortality that significantly alters population mag-
nitude. The feedback is entirely through our
observation of effects and our reactions, both of
which are constrained by an economics totally
independent of the marine biosphere. The time
span of changes in the ecosystem is probably
quite out of phase with human desires. Our
concepts of optimality are very differest from
nature's, and our ignorance of the natural system
is very great. Thus, man’s continuing activities in
the marine ecosystem means that maintaining the
potential productivity in the long run is problemat-
ical, and reduced productivity in the short run is
most likely. A significant example of this aspect is
the geopolitical treatment of the resources.

Living marine resources are globally considered
as a common property 10 be held and managed in
perpetual trust. The scope of commonality is a
variable factor and recently has been defined in
terms of extended coastal jurisdictions. Division
by national bc undaries is totally artificial with

respect to the resource and, to a lesser ex.ont, the
same is true of the offshore limits. Because of
differing concepts of optimality and management,
national objectives may be quite differently per-
ceived, even for the same population. This tends
to further exacerbate the harmony between man
and nature that is essential for continued aad
optimal utilization of the resource. This is critical
at present with respect to the effects of fishing but
perhaps even more critical in the future with
respect to pollution and other man-made changes
in the marine environment.

Up to this time, a natural environment has been
assumed when studying and estimating the pro-
ductivity of marine resources. This assumption
can no longer be maintained. This creates even
greater difficulties in understanding the underlying
natural processes than those experienced in_the
past. The effects of man’s changes in the environ-
ment are much more subtle, at least initially, than
those of the fisheries. They are also probably
longer lasting. Hence, detection of their effects
(and subsequent correction) will come through a
very much delayed and dampened feedback. So
much so, that it may be useless to attempt
management on the basis of detection and correc-
tion. At any rate, the ‘unccrtainties create great
difficulties in projecting the wuture cuurse of
events.

Productivity of the living marine resources has
been estimated using two general methods. One is
based on estimating primary . productivity, the
production of protoplasm or carbon by photosyn-
thesis and then extrapolating the conversion of
this energy upwards through the food chain. It
can start with estimates of sunlight entering the
oceans, with estimates of the standing crop of
phytoplankton (chlorophyll), with estimates of the
fixation of carbon, or some combination thereof.
Beyond this empirical base, tae extrapolations
into production of other elements in the food
chain are based on theoretical assumptions,
backed by some experimental work, of the con-
versior. coefficients between t-phic layers. The
estimates of potential depend to a great extent on
definition of the trophic layers or the group of
species from which the yield is to be obtained.
These decisions or judgments can change esti-
mates by factors of from 10 to 100. It is not
always clear what is assumed or what animals are
included in the different levels. The other ap-
prcach utilizes obeervations of actual fishery
yields and field surveys of .he resources.

Most of the ocean areas that are productive of
fishery resources have been exploited to some
degree. Potential can, therefore, be usefully esti-
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mated by examining the available statistics and
extrapolating therefrom. Lack of accurate reports

. limits the accuracy of such estimates of course, as
does the inference that past performance reflects
future potential. Where only surveys of standing
stock are available, assumptions about the annual
turnover rate must be made. similar to the tropho-
dynamic approach.

In both approaches. the overall world total
potential is the most precise, since the sum of
regional and species estimates may average out
the errors of estimate. The regional estimates will
change in accuracy in relation to the amount of
data and analyses available. On the other hand.
once certain types of areas are defined. and
estimates of production per unit area are obtained
for some, extrapolation to the total becomes more
meaningful. The trophodynamics approach utilizes
this feature more successfully than the fishery
approach because it does not depend on the
vagaries of historical exploitation patterns. The
trophodynamic estimates tend to be greater than
the 'ﬁshery-based estimates. The former is estimat-
ing a resource potential that includes the total
organic biomass in arbitrary categories and is less
restained by the implications of practical and
feasible fisheries. Thus, the estimates’ potential
are likely to be biased upward in relation to what
may be achieved. They may be biased upward
also because the efficiency of transfer of energy
may be less than assumed when the populations
are being selectively fisned, although this is a
currently debated issue.

The fishery-based estimates have increased with
time. This is characteristic of trend extrapolation
methods. The very recent experience of fisheries,
however, has led to less optimism about the total
extractable amounts of living marine resources.
Many of the estimates have been made to promote
fishery develop nent by stressing the fact that
more is available. But outside of this aspect. some
estimates assume that past trends could be simply

.linearly extrapolated in time and that laws of
diminishing returns (limits of biological productiv-
ity) would not apply for some time to come. The
more specific estimates were often based on the
concept and method of maximum sustainable
yield. Many of these calculations were based on
data from rapidly developing fisheries that were
not stabilized to the extent needed for accurate
estimates and, because of the opportunistic nature
of fisheries. were based on short-term, above-
average population magnitudes. Some animal pop-
ulations do cycle. Fisheries are seldom started at
population lows. Improved technology has ‘lso
masked real declines in populations, but the
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possible improvements are limited and the de-
clines have become increasingly apparent in re-
cent years. It has also become apparent that
previously observed highs in cycles cannot neces-
sarly be achieved again after intense exploitation.
That is, the potential for a population to react to
favorable environmen. is lessened after a high
mortality has been exerted upon it. at least within
the time spans of 10-20 years, within which the
majority of intense fisheries have been developed.
This may, in part, be caus