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planning. ’

Entering the Twenty-first Century is the interagency report prepared by
the Global 2000 Study in response to President Carter’s directive. The
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the findings in nontechnical terms, (2) this technical report, which presents
the projections and related analyses in greater detail, and (3) a volume of
basic documentation on the models used in this Study.
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Study Plan and Focus

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

Accordingly, it was decided early that the Global 2000 Study should
exercise and employ the “‘present foundation” to the fullest extent possible.

As a result the Study has been conducted almost exclusively with -

Government personnel and Government pi'ojeg:tion tools. Research and
data from outside the Government were used only when needed capabilities
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
technical report contain an analysis—in relatively nontechnical terms—of
every model and analytical tool used to project trends for this Study.

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

National Commnsswn on Supplies and Shortages (1975)
Advisory Committee on National Growth Policy Processes (1975)
National Growth Reports Staff (1972)
Commission on Population Growth and the American Future (1972)
“National Commission on Materials Policy (1970)
National Goals Research Staff (1969)
Public Land Law Review Commission (1965)
President’s Commission on National Goals (1960) ,
“ Outdoor Recreation Resources Review Commission (1958)
President’s Materials Policy (‘‘Paley””) Commission (1951)
National Resources Planning Board (1939)

The work of these organizations has contributed significantly to the
Government’s present foundation of tools for longer-range planning relating
to population, resources, and .environment, and one of the Study’s 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 population,
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 perhaps 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 mterrelatedness of these three topics come increasingly
into focus.

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

done.



The basic plan for the Global 2000 Study was to identify the long-term
global models* currently used by Government agencies and to establish a
set of uniform assumptions so that these models and tools could be used by
the agencies’ projection experts as a single, internally consistent system.
Since the models and tools used in this Study are the ones now employed
by the agencies in their long-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 constituent
models were developed separately and at different times to serve the
various projection needs of individual agencies. As a result, there are certain
inconsistencies in the Government’s overall global model. These inconsist-
encies and the individual constituent models are described and analyzed in
Chapters 14 to 23. While some of the inconsistencies were eliminated
during the Study, difficulties were encountered in linking the agencies’
models together and in synthesizing the 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
through 13 present an important and useful picture of the future. Assuming
continued technological progress (but no departures from present public
policy), the picture that emerges is one of only modest—if any—global
increase in human welfare. In fact, there is real risk that population growth
and environmental degradation may lead to a significant decrease in welfare
in parts of the world by 2000. (See appendix C for examples of this
phenomenon already being observed.) 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
possible to correct the remaining inconsistencies in the analysis and to
supply the missing linkages.

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

* The agencies guided the selection of these models and tools. Emphasis was placed on
modecls 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
energy impacts on the environment. The population projections assumed that countries
that do not already do so will make family planning services available to an appreciable
portion of their populations during the 1975-2000 period, and that countries with family
planning programs now in operation will extend coverage, particularly in rural areas. The
projections of enmergy impacts on the environment assume that all countries will have
implemented U.S. new-source emission-standards by 1985 at all energy-conversion
facilities.



PrOJECTION ANALYSIS

SECTOR ' CHAPTER CHAPTER
Population 2 15
Gross National Product 3 16
Climate 4 17
Technology 5 23
Food 6 18
Fisheries 7 19
Forestry 8 19
Water 9 19
Energy 10 20
Fuel Minerals 1 21
Nonfuel Minerals 12 2
Environment 13 e 19

effects on long-term trends. Equally clearly, improved tools are needed to
analyze and evaluate alternative policies if optimal choices to be made.

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

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

Finally, it should be stated that this is the first time the Government has
attempted such a broad study, and difficulties in interagency coordination
of analyses and assumptions were encountered on an enormous scale.
Resolving of the inconsistencies received the first priority of attention, and,
in spite of time extensions, other important (but less urgent) objectives thus
proved to be unattainable. For example, there is an unevenness in style in
the chapters of this volume. There is no indication of the uncertainty
associated with most of the numbers reported, and in several places results
are reported as, for example, ‘“3.745816352,” when what is really meant is
4, plus or minus 50 percent.”” It was intended originally to use metric
units throughout followed by values in other units in parentheses; instead,



the report contains a mixture of metric and other units. (To help the reader
with the units problem, Appendix D provides an extensive set of conversion
tables.) A consistent grouping of countries by region, with individual detail
provided for a small set of representative countries, was desired, but
current methodological differences underlying the agencies’ projections
made this impossible. In the time available, problems of this sort were
simply unavoidable.

Acknowledgments

Literally hundreds of people contributed in one way or another to this
Study, and at different points each contribution was vitally important.
Initially, the members of the executive group (listed earlier) made the
project possible by estabhshmg guidelines and providing the necessary
budget.

- The agency coordmators (also listed earlier) played a vital role throughout
in helping to identify persons in their agencies who could provide data and
analysis. Five persons—George M. Bennsky, Lindsey Grant, Dolores
Gregory, Donald King, and Lee M. Talbot—played particularly important
roles in the developed of the papers setting forth the 1mt1al concept of the
Study.

The hardest work—the detailed preparation of the projections—was donc
by a group of experts, most of whom were already more than fully
occupied with other work before this study came along, but somehow they
managed to find time to complete their contributions to the study. These
experts and their contributions are:

PROJECTIONS
Chapter 1 Introduction Gerald O. Barney
Chapter 2 Population - Samuel Baum, Nancy B. Frank, Lany

Heligman, Donald Bogue, Amy Tsui,
Melanie Werkin McClintock, Patncra

Baldi
Chapter 3 Gross National Gerald O. Bamcy, Nlcholas G. Carter,
Product Lachman Khemani
_Chapter 4 Climate Russell Ambroziak
Chapter 5 Technology Pieter VanderWerf
Chapter 6 Food Patrick O’Brien
Chapter 7 Fisheries Richard Hennemuth, Charles Rock-
wood v
Chapter 8 Forestry ‘Bruce Ross-Sheriff
Chapter 9 Water John J. Boland, John Kammerer Wal-

ter Langbein, James Jones, Peter Free-
man, Alan C. More

Chapter 10 Energy John Pearson, Mark Rodekohr; Rich-
ard Ball, Gregory D’Alessio, Stephen
Gage, Leonard Hamilton, Sam Morris,
Gerald Rausa, Steve Resnek, Walter
Sevian



Chapter 11
Chapter 12

Chapter 13

Chapter 14

Chapter 15
Chapter 16

Chapter 17
Chapter 18
Chapter 19

Chapter 20
Chapter 21
Chapter 22
Chapter 23

Chapter 24
Chapter 25
Chapter 26

Chapter 27
Chapter 28

Chapter 29

Chapter 30
Chapter 31

" Fuel Minerals
Nonfuel Minerals

Environment

Walter Dupree

Gerald O. Barney, Picter VanderWerf,
Allan Matthews, Alvin Knoerr

Jennifer Robinson and Gerald O. Bar-
ney, with major assistance from Jeffrey
M. Maclure and Peter Freeman. Other
contributors include Wayne Bloch,
Dan Botkin, John Costlow, Joel Davis,
Erik P. Eckholm, Lawrence Fahey,
Stephen Gage, Leonard Hamilton,
Barbara Ledeen, Paul E. Lehr,
Thomas E. Lovejoy, Allan Matthews,
Samuel Morris, Albert Printz, Gerald
Rausa, Steve Resnek, John Ross,
Bruce Ross-Sheriff, Walter Sevian,
Fred Smith, George Woodwell, and
. Pieter VanderWerf, Wayne Bloch with
Albert Printz assembled an initial in-
- ventory of the environmental analyses
done by the contributing agencies.

ANALYSES OF GOVERNMENT MODELS

The Government’s

Global Model
Population
Gross National

Product
Climate
Food

Fisheries, Forestry,
Water, and
Environment

Energy

Fuel Minerals
Nonfuel Minerals
Technology

Ned W. Dearborn, Gerald O. Barney

Ned W. Dearborn
Ned W. Dearbom

Judith Johnson
Ned W. Dearborn
Jennifer Robinson

Pieter VanderWerf
Pieter VanderWerf
Ned W. Dearborn

Pieter VanderWerf, Gerald O. Barney,
Ned W. Dearborn

ANALYSES OF OTHER GLOBAL MODELS

Introduction
Worlds 2 and 3

Mesarovic-Pestel
* World Model

MOIRA

Latin American
World Model

U.N. World Model

Jennifer Robinson
Jennifer Robinson
Jennifer Robinson

Jennifer Robinson
Jennifer Robinson

Jennifer Robinson

CoMPARISON OF RESULTS

Introduction
Comparisons

Jennifer Robinson ,

Jennifer Robinson, Mihajlo Mesarovic,
Berry Hughes, Samir Salama, Jeffrey
Amlin



Xii

Appendix A Historic Analysis Robert Cahn and Patricia L. Cahn
Appendix B Advisory Views . Ned W. Dearborn (editor)

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 panmpatlon of two
groups of expert advisers. One group consists of seven persons who have
previously attempted integrated studies of population, resources, and the
environment. They are:

ANNE CARTER MIHAILO MESAROVIC

Brandeis University, Waltham, Mass. Case Western Reserve University,
NICHOLAS G. CARTER Cleveland, Ohio

World Bank, Washington, D.C. . DoucgLas N. Ross

ANNE EHRLICH Joint Economic Committee,
Stanford University, Stanford, Calif, U.S. Congress, Washington D.C.
PETER J. HENRIOT KEenNETH E, F,. WATT

Center of Concern, Washington, D.C. University of California, Davis, Calif.

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
not be. Excerpts from written criticisms submitted by this group are
included in Appendix B.

The other group consists of more than one hundred individuals from
academic institutions, public interest groups, business, labor, and founda- -
tions, who read and criticized the manuscripts. Their constructive—some-
times rather candid—comments were very helpful in identifying errors,
weaknesses, and inconsistencies. Some of their comments are also included
in Appendix B. The members of this group are listed at the end of the
Acknowledgments.

Information regarding forestry and agricultural practices and trends in a score
of countries in Africa, Asia, and Latin America was provided on very short
notice by U.S. Embassy personnel in response to the Study’s last-minute
request for information not otherwise available. Their cabled responses, which
were particularly helpful in making the environment projections presented in
Chapter 13, are reproduced in Appendix C.

Assistance .and consulting on particular topics was provided by. George
Bennsky, Edmond R. du Pont, Frank Pinto, Patrick Caddell, Daniel
Tunstall, Nicolai Timenes, Bill Long, Donald King, James L. Holt, John H.
DeYoung, Jr., Michael Field, David Overton, and Raphael Kasper.

Several persons made special contributions to the study. Story Shem,
detailed from the Department of State, served as Special Assistant to the
Study Director and provided the primary liaison between the Council on
Environmental Quality and the Department of State. In addition,- she
contributed to the research and writing and found imaginative solutions to
a seemingly endless array of institutional, financial and procedural difficul-
ties. Jeffrey M. Maclure, a member of the Study's small central staff,



contributed to the research and writing, and coordinated much of the final
rewriting and editing. Frank Rossomondo often went out of his way to
facilitate progress of the Study generally and to locate missing data and
needed documents. George Bennsky, Delores Gregory, and Leonardo
Neher were always available for valuable counsel and guidance. And Lee
Talbot and Lindsey Grant were especially helpful throughout in guiding and
shaping the Study. During the final phase of the Study Wm. Alston Hayne,
Katherine B. Gillman, Lindsey Grant (then a consuitant to the Department
of State), and John M. Richardson Jr. contributed significantly to the
reviewing and editing.

A great deal of credit goes to the persons who brought the pieces of the
Study together in an attractive final form. Fred Howard edited the entire
manuscript in an incredibly short time. The cartographic and graphic
support effort was handled by Holly Byrne and Roy Abel of the CIA’s
Cartographic Division with consulting assistance from Lawrence Fahey.
Charles D. Collison guided the manuscripts through the Government
Printing Office under difficult circumstances. Louise Neely, Project Secre-
tary, managed to remain calm and collected through seemingly endless
pressures and illegible manuscript. But the job could not have been done
without others, too, including Thomas J. Delaney, Lilia Barr, Linda Arnold,
Bernice Carney, Alvin Edwards, Susan Reigeluth, Gavin Sanner, Marie
Pfaff, Charles McKeown, Betty Ann Welch, Lachman Khemani, Nancy
Boone, Judith Johnson, and Oriole Harris.

Finally, indirect—but very important—contributions by the Rockefeller
Brothers Fund and the George Gund Foundation are acknowledged
_ gratefully.

GERALD O, BARNEY
Study Director

Informal Advisers to the Study

John Adams Norman E. Borlaug

Natural Resources Defense Council International Maize in Wheat Improve-
New York, New York ment :
Robert M. Avedon Mexico City, Mexico
Population Reference Bureau '
Washington, D.C. Daniel B. Botkin

Marine Biological Laboratory
Russell Beaton
Willamette University Woods Hole, Massachusetts
Salem, Oregon

Wallace Bowman
Thomas Bender, Jr. " Library of Congress
R.A.LN. i D.C.
Portland, Oregon : ‘ Washington,
James Benson . Shirley A. Briggs
Council on Economic Priorities Rachel Carson Trust

New York, New York Washington, D.C.



xiv

David R. Brower
Friends of the Earth
San Francisco, California

Lester R. Brown
Worldwatch Institute
Washington, D.C. -

Gerhart Bruckmann

International Institute for Applied Sys-
tems Analysis

Vienna, Austria

Reid A. Bryson
University of Wisconsin
Madison, Wisconsin

Nicholas G. Carter
World Bank .
Washington, D.C.

Verne Chant

Canadian Association for the Club of
Rome

Ottawa, Canada

Duane Chapman
Comnell University
Ithaca, New York

Anne W, Cheatham

Congressional Clearing House for the
Future

U.S. Congress

Washington, D.C.

Wilson Clark
Governor’s Office
Sacramento, California

Philander P. Claxton, Jr.
World Population Society
Washington, D.C.

Harlan Cleveland
Aspen Institute of Humanistic Studies
Aspen, Colorado

Joseph F. Coates

Office of Technology Assessment-
U.S. Congress

Washington, D.C.

Vary Coates

George Washington University
Washington, D.C. ,

John N, Cole

Maine Times

Brunswick, Maine

Kent H. Collins

Charles F. Kettering Foundation
Dayton, Ohio

Earl Cook

College of Geoscience
Texas A & M. University
College Station, Texas

Chester L. Cooper
Institute for Energy Analysis
Washington, D.C.

Arthur Cordell
Science Council of Canada
Ontario, Canada

Robert W. Crosby
Department of Transportation
Washington, D.C.

Herman Daly
Louisiana State University
Baton Rouge, Louisiana

Richard H. Day
University of Southern California
Los Angeles, California

T. L. de Fayer
Department of the Environment
Ottawa, Canada

Henry L. Diamond
Bevendge, Fairbanks, and Diamond
Washington, D.C. '

Charles J. DiBona
American Petroleum Institute
Washington, D.C.

Wouter Van Dieren
Foundation for Applied Ecology
Edam, The Netherlands

William M. Dietel
Rockefeller Brothers Foundation
New York, New York

Scott Donaldson

Command and Control Technical Cen-
ter, Joint Chiefs of Staff

Washington, D.C.

Andrew J. Dougherty
National Defense University
Washington, D.C.

Henry L. Duncombe, Jr.

General Motors Corporation
New York, New York

Erik Eckholm .
Worldwatch Institute
Washington, D.C,
Anne H. Ehrlich
Stanford University

- Stanford, California



Kenneth R. Farrell
Department of Agriculture
Washington, D.C.

Frank Fenner
The Australian National University
Canberra, Australia

Andrew Ford
University of California
Los Alamos, New Mexico

Jay W. Forrester
Massachusetts Institute of Technology
Cambridge, Massachusetts

Irving S. Friedman
First National City Bank
New York, New York

William R. Gasser
Department of Agriculture
Washington, D.C.

Robert Gelbard
Department of State
Washington, D.C.

Theodore J. Gordon
The Futures Group
Gastonbury, Connecticut

James Grant
Overseas Development Council
Washington, D.C.

Reginald W. Griffith
Reginald Griffith Associates
Washington, D.C.

Walter Hahn
Congressional Research Service
Washington, D.C.

Robert Hamrin

Joint Economic Committee
U.S. Congress
Washington, D.C.

Bruce Hannon

Center for Advanced Computation
University of Illinois

Urbana, lilinois

Peter Harmick
Environmental Action
Washington, D.C.

Hazel Henderson .
Princeton Center for Alternative Futures
Princeton, New Jersey

Peter J. Henriot
Center of Concern
Washington, D.C.

Ralph Hofmeister
World Bank |
Washington, D.C.

~ John P. Holdren

Energy & Resources Program
University of California
Berkeley, California

Richard Hough
Agency for International Development
Washington, D.C.

Peter R. Huessy
The Environmental Fund
Washington, D.C.

Benjamin A. Jayne
Duke University
Durham, North Carolina

Philip L. Johnson
Oak Ridge Associated Universities
Oak Ridge, Tennessee

Edward G. Kaelber
College of the Atlantic
Bar Harbor, Maine

Lawrence R. Kegan ‘
Population Crisis Committee
Washington, D.C.

Thomas L. Kimball :
National Wildlife Federation
Washington, D.C.

Alexander King e

International Federation of Instltutes for
Advanced Study

Stockholm, Sweden .

Erasmus H. Kioman

National Academy of Public Admlmstra-
tion ‘

Washington, D.C.

George R. Lamb
American Conservation Association:
New York, New York

Donald Lesh
U.S. Association for the Club of Rome
Washington, D.C. -

Hans Linnemann .
Economisch En Sociaal Instituut
Vrije Universiteit Amsterdam
Amsterdam, The Netherlands

James S. Lipscomb
Gorden Gund Foundation
Cleveland, Ohio



Robert Lisensky
Willamette University
Salem, Oregon

Dennis Little

Congressional Research Service
Library of Congress

U.S. Congress

Washington, D.C.

Thomas V. Long I1

Committee on Public Policy Studies
University of Chicago

Chicago, Illinois

Thomas E. Lovejoy
World Wildlife Foundation
Washington, D.C.

Gordon MacDonald
Mitre Corporation
McLean, Virginia

Thomas F. Malone
Holcomb Research Institute
Indianapolis, Indiana

John McHale

Center for Integrative Studies
University of Houston
Houston, Texas

Magda Cordell McHale
Center for Integrative Studies
University of Houston
Houston, Texas

George McRobie
~ Technology Development Group
London, England

Dennis Meadows
Dartmouth College
Hanover, New Hampshire

Donnelia Meadows
Dartmouth College
Hanover, New Hampshire

Martha Mills

League. of Women Voters Education
Fund

Washington, D.C.

J. Murray Mitchell, Jr.

National Oceanic and Atmospheric
Administration

Washington, D.C.

Roy Morgan
Zero Population Growth
Washington, D.C.

Norman Myers
Natural Resources Defense Council
Nairobi, Kenya

Sam Nilsson ,

International Federation of Institutes for
Advanced Studies

Solna, Sweden

Tan C. T. Nisbet
Massachusetts Audubon Society
Lincoln, Massachusetts

Patrick F. Noonan
Nature Conservancy
Washington, D.C.

Patrick O’Dell
University of Texas
Dallas, Texas

Howard Odum
University of Florida
Gainesville, Florida

Lewis J. Perelman .
Solar Energy Research Institute
Golden, Colorado ’

Russell Peterson
Office of Technology Assessment
Washington, D.C.

David Pimente}
Department of Entomology
Cornell University

Ithaca, New York

Dennis Pirages

Department of Government and Politics
University of Maryland

College Park, Maryland

Wilson Prichett, ITI
Environmental Fund
Washington, D.C.

J. A. Potworowski
Energy, Mines and Resources
Ottawa, Canada

Roger Revelle

Center for Population Studies
Harvard University
Cambridge, Massachusetts

Elliot Richardson
Department of State:
Washington, D.C.

Ralph W. Richardson, Jr.
Rockefeller Foundation
New York, New York



Ronald G. Ridker
Resources for the Future
Washington, D.C.

Peter C. Roberts
Department of the Environment
London, England

Walter Orr Roberts
Aspen Institute for Humanistic Studies
Aspen, Colorado

William Robertson IV
National Academy of Sciences
Washington, D.C.

Archibald C. Rogers
RTKL Associates, Inc.
Baltimore, Maryland

Rafael M. Salas

UN Fund for Population Activities
United Nations

New York, New York

John E. Sawyer
Andrew W. Mellon Foundation
New York, New York

Lee Schipper

Royal Academy of Sciences
Stockholm, Sweden

and Lawrence Berkeley Laboratory
Berkeley, California

Peter Schwartz
Stanford Research Institute
Menlo Park, California

James Selvaggi

Department of Housing and Urban De-
velopment

Washington, D.C.

Arlie Shardt
Environmental Defense Fund
New York, New York

Manfred Siebker
S.C.LEN.CEE.S.P.R.L.
Brussels, Belgium

Joseph Smagorinsky

National Oceanic and Atmospheric
 Administration

Princeton, New Jersey

Anthony Wayne Smith

National Parks and Conservation Asso-
ciation

Washington, D.C.

Soedjatmoko

National Development Planning Agency

Jakarta, Indonesia

Robert B. Stecker
American Telephone and Telegraph

Company ,
New York, New York

Robert Stein

International Institute for Environment
and Development

Washington, D.C.

Thomas B. Stoel, Jr.
Natural Resources Defense Council
Washington, D.C.

Richard S. Takasaki
East-West Center
Honolulu, Hawaii

Joanna Underwood
INFORM
New York, New York

Carl Wahren

International Planned Parenthood Fed-
eration

London, England

Franklin Wallack

United Automobile, Aerospace and Ag-
ricultural Implement Workers of
America

Washington, D.C.

Kenneth E. F. Watt
Department of Zoology
University of California
Davis, California

Edward Wenk, Jr.
Aerospace Research Lab
University of Washington
Seattle, Washington

N. Richard Werthamer

'Exxon Research and Engineering Com-

pany

“Florham Park, New Jersey

Walter Westman
Department of Geography
University of California
Los Angeles, California

Gilbert F. White

Institute of Behavioral Science
University of Colorado
Boulder, Colorado

Robert M. White
National Academy of Sciences
Washington, D.C.



Mason Willrich
The Rockefeller Foundation
New York, New York

Carroll L. Wilson
Massachusetts Institute of Technology
Cambridge, Massachusetts

-Nathanie] Wollman

College of Arts and Sciences
University of New Mexico
Albuquerque, New Mexico

George Woodwell
Marine Biological Laboratory
Woods Hole, Massachusetts

Jane Yam
Charles A. Lindbergh Fund
Atlanta, Georgia

George Zeidenstein
The Population Council
New York, New York



Chapter

CONTENTS

Preface and Acknowledgments

List of Tables
List of Figures
List of Maps
Part 1
THE PROJECTIONS

INTRODUCTION TO THE PROJECTIONS
The Study Plan
The Projections

POPULATION PROJECTIONS
Bureau of the Census Projections
Community and Family Study Center Projections
Migration

GNP PROJECTIONS

CLIMATE PROJECTIONS
Climate in the Year 2000
The Climate Scenarios
Climate Scenarios for the Global 2000 Study

TECHNOLOGY PROJECTIONS
Population
Gross National Product
Climate
Food
Fisheries
Forestry
Water
Energy
Fuel Minerals
Nonfuel Minerals
Environment

FooD AND AGRICULTURE PROJECTIONS
Caveats
Model and Methodology
General Results
Alternatives I-I1I: Results and Conclusions
Resources and Inputs
Costs and Investments
Environmental Implications

FISHERIES PROJECTIONS
Marine Fisheries Resources
Fresh Water Fisheries Resources
Living Marine Resources: Description
Living Marine Resources: Potential
Marine Pollution
Marine Aquaculture
Economic Demand

Page

xxxiii
XXXVil

13



10

1

12

13

FORESTRY PROJECTIONS
Forest Inventories
Forest Products
The Forest-Man Relationship: Two Systems
Forests and Forestry in the Industralized Nations
Forests and Forestry in the Less Developed Countries
The Special Problem of Tropical Moist Forests
Global Linkages and the Year 2000 Scenarios
References

WATER PROJECTIONS
Properties of Water Resources
The Supply of Water
The Demand for Water
Future Water Resources
Conclusions

ENERGY PROJECTIONS
Basic Assumptions
Midrange Energy Forecasts, 1985-90
Long-Range Energy Projections
Future Oil Potential
The Role of Future Technologies
Energy Impacts
Conclusions
References

FUEL MINERALS PROJECTIONS
Resource Terminology
Petroleum
Natural Gas
Coal
Nuclear Fuels
Hydraulic Resources
Geothermal Energy
Qil Shale
Tar Sands
Solar Energy
Conclusions
References

NONFUEL MINERALS PROJECTIONS
Demand Projections ‘
Supply Projections
Price Projections
Decision Points in the Mineral-Industry System
Nonfuel Minerals and the North-South Dialogue
Conclusions
References

ENVIRONMENT PROJECTIONS

The Population Projections and the Environment
The Projections
Introduction :
Population and the Environment in Traditional Cultures
Population and the Environment in Industrialized Cultures
Population Distribution and the Environment
The Population Projections and Human Health
Conclusions

The GNP Projections and the Environment
The Projections
Introduction

117
118
118
119
120
125
131
132
134

137

139
141
157
158

161
161

171
175
178
180
185
185

187
187
189
191
192
193
194
195
198
199
200
202
202

205
205
212

216
222
224
225

227
230

230
232
238
241
246
251
251
251
251



Pollution and Waste Generation
Resource Consumption
The Use of Chemicals in the Development of Societies
Conclusions
Climate Changes and the Environment
The Projections
Introduction
The Climate Scenarios
Environmental Consequences of the Climate Scenarios
Impact of the Other Projections on Climate
Conclusions
The Technology Projections and the Environment
The Projections
Conclusions
The Food and Agriculture Projections and the Environment
The Projections
Introduction
Food and the Human Environment
Deterioration of Soils
Ecological Effects of Fertilizers and Pesticides
Crop Vulnerability: Genetic Considerations
Food and Nonrenewable Fossil Fuels
Conclusions
The Projections and the Marine Environment
The Projections
Introduction
Effects of Coastal Development
Coastal Pollution
Overexploitation of Living Marine Resources
~ Open Oceans
Conclusions
The Forestry Projections and the Environment
The Projections
Introduction
Deforestation in the LDCs
Increased Intensity of Forest Management
Global-Scale Environmental Impacts
A Projection of Species Extinctions
Conclusions
The Water Projections and the Environment
The Projections
Introduction
Environmental Developments Affectmg Water Supply
Impacts of Hydraulic Works '
Water Pollution
Water-Related Diseases
Extinction of Freshwater Species
Conclusion
The Energy Projections and the Enwronment
The Projections
Introduction
Commercial Energy in Industrial Societies
Noncommercial fuels
Conclusion
The Nonfuel Minerals Pro;ecnons and the Environment
The Projections
Introduction
Direct Environmental Effects of Mining on Land
Indirect Effects of Mining on Land
Effects of Mining the Seabed

252
253
253
255
256
256
257
257
257
259
267
270
270
m
7
m
273
274
276
283
288
292
297
298
298
299
302
304
313
315
316
318
318
319
320
325
327
328
33
313
333
3%4
334
338
340
343

344
345
345

. 348

374
380
381
381
381

382

388
389



Xxii

Conclusions
Closing the Loops
Introduction
Assumptions, Discrepancies, and Feedback
Summing Up
References

Part 11

389
390
390
408
427
431

ANALYSIS OF PROJECTION TOOLS: THE GOVERNMENT’S GLOBAL MODEL

14

15

16

17

18

19

20

21

THE GOVERNMENT’S GLOBAL MODEL: THE PRESENT FOUNDATION
The “Government’s Global Model”
Description of the Present Foundation
Analysis of the Present Foundation
Interpreting the Projections
Strengthening the Present Foundation
Summary Descriptions of the 11 Elements

POPULATION
Census Projections
Chicago Projections
Key Analytic Methodology
Basic Principles
Basic Components
Basic Procedures
References

GROSS NATIONAL PRODUCT
Key Analytic Methodology
Basic Principles
Basic Components
Basic Procedures

CLIMATE
Key Analytic Methodology
Basic Principles and Components
Basic Procedures
Climate Scenarios
Validation
Documentation

FOOD AND AGRICULTURE
Key Analytic Methodology
Basic Principles
Basic Components
Basic Procedures

RENEWABLE RESOURCES
Water
Fisheries
Forestry
Environment

ENERGY
Key Analytic Methodology

. Basic Principles

Basic Components
Basic Procedures
Documentation and Validation

FUEL MINERALS
Key Analytic Methodology
Basic Principles

453
453
455
460
480
482
484

501
501
502
02
503
506
509
520

521
522
324
526
528

535
535
535
536
539
544
544



22

23

C o4

25

26

27

28

29

Basic Components
Basic Procedures
Documentation and Validation

NONFUEL MINERALS .
Key Analytic Methodology
Basic Principles
Basic Components
Basic Procedures

TECHNOLOGY
Key Analytic Methodologies
Basic Principles
Basic Components
Documentation and Validation

Part 111
ANALYSIS OF PROJECTION TOOLS: OTHER GLOBAL MODELS
INTRODUCTION
Carrying Capacity
Stability and Diversity
Ecological Buffering

WORLDS 2 AND 3
The Models and Their Limitations
Method
Structure
Conclusions
Documentation
References

MEsAROVIC-PESTEL WORLD MODEL
Method
Relevance
Structure
Conclusions
Testing and Validation
Documentation
References

MOIRA: MODEL OF INTERNATIONAL RELATIONS IN AGRICULTURE

Method :
Relevance

Structure

Testing and Validation

Assumptions and Conclusions

Documentation

References

THE LATIN AMERICAN WORLD MODEL
Method
Relevance
Structure
Testing
Conclusions
Documentation
References

U.N. WorLD MODEL
Method
Relevance
Structure

580
580
580

581
581

590
591

597
597

599
599

603

605
605

607
608
608
610
611
612
613

615
615
617
618
619
622
623
625

627
627
628
629
631
633

635

637
637
638
639
643

647
647

649
649

650

650



30
31

UOw»

Testing
Conclusions
Documentation
References
Part IV
COMPARISON OF RESULTS
INTRODUCTION

THE COMPARISONS
Comparison of Integrated Global Models
Structure
The Government’s Global Model vs. the World 3 Model
The Government’s Global Model vs. the World Integrated Model
Conclusions

APPENDIXES

Lessons from the Past

Advisory Views: A Critique of the Study

Embassy Reports on Forestry and Agricultural Trends
Metric Conversion Factors

Index

653
654
655
655

659

661
661
661
663
672
681

685
713
723
739

751



Table
2-1

2-2

24

2-5

26

2-7

2-8

2-9

2-10

2-11

2-12

2-13

2-14

2-15
2-16

2-17

2-18

2-19

2-20

2-21

LIST OF TABLES

Bureau of Census Estimates and Projections, Medium Series, Sum-
mary Data, 1975-2000

Census Bureau World Estimates and Projections, 1975 and 2000

More Developed Regions and Less Developed Regions—Census Bu-
reau Estimates and Projections

Major Regions—Census Bureau Estimates and Projections

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

Population Size, Net Growth, and Percent of World Population of 15
Selected Countries, Census Bureau Medium Series

Broad Age Groups. by More Developed Regions and Less Developed
Regions, 1975 and 2000 (Census Bureau)

Percent Distribution of Population, 1975-2000, and 1975-2000 In-
crease for Major Regions and Selected Countries, Census Bureau
Medium Series

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

Projected Total Population for World, Major Regions, and Selected
Countries (Census Bureau)

Projected Total Fertility Rate for World, Major Regions, and Selected
Countries (Census Bureau)

Projected Average Annual Population Growth Rates for World, Major
Regions, and Selected Countries (Census Bureau Medium Series)

Estimated and Projected Crude Death Rates for World, Major Re-
gions, and Selected Countries (Census Bureau Medium Series)

Estimated and Projected Crude Birth Rates for World, Major Regions,
and Selected Countries (Census Bureau Medium Series)

Annual Decline in Crude Birth Rate (Census Bureau)

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

CFSC Estimated Total Fertility Rate for World, Major Regions, and
Selected Countries

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

Estimated and Projected Crude Death Rates for World, Major Re-
gions, and Selected Countries (CFSC Medium Series)

Estimated and Projected Crude Birth Rates for World, Major Regions,
and Selected Countries (CFSC Medium Series)

Comparison of Global 2000 Medium Series Projections without Mi-
gration, and U.N. Medium Variant Projections with Migration,
1975 and 2000

Page

10

12
15

15
16

16
18

19
20
2
2
25

26
26

28
30
3
32

i3

35



XXvi

2-22

31
3-2

33

3-5

4-1
4-2
4-3

45

5-1

6-1
6-2
6-3

6-5

67
6-8

6-9

6-10
6-11
6-12
6-13
6-14
6-15

7-1
7-2
7-3
74
7-5
7-6

Population Projections, Medium Series, for U.S. and Mexico, 1975-
2000—No Migration vs. Estimated Net Migration

Annual Growth Rates, Assumptions A to G

36
41

GNP Estimates (1975) and Projections and Growth Rates (1985,2000) . -

by Country

GNP Estimates (1975) and Projections and Growth Rates ( 1985 2000)
by Major Regions and Selected Countries and Regions

Population Estimates (1975) and Projections and Growth Rates (1985,
2000

Per Cap1ta GNP Estimates (1975) and Pro;ecnons and Growth Rates
(1985, 2000) by Major Regions and Selected Countries and Re-
gions

Large Global Cooling
Moderate Global Cooling
Same as the Last 30 Years

.Moderate Global Warming

Large Global Warming

Electrical Generation from Nuclear and Hydro Power Assumed in

Energy Forecasts
Population Growth Rates, Actual and Projected
Per Capita Income Growth Rates, Actual and Pro;ected
Yield Variations Due to Assumptions Regarding Weather Conditions

Grain Production and Consumption Growth Rates, Actual and Pro-
jected (Alternative I)

Grain and Total Food Production, Consumption, and Trade, Actual
and Projected (Alternative I)

Per Capita Grain and Total Food Production, Consumption, and
Trade, Actual and Projected (Alternative I)

Grain and Total Food Production, Consumptlon and Trade (Alter-
natives I, II, III)

Per Capita Grain and Total Food Production, Consumptlon and Trade
(Alternatives I, II, III) -

Daily Caloric Consumption in the Less Developed Countries
World Grain Trade Quantities (Alternatives I, II, III)
International Price Indices (Alternatives I, II, III)

Arable Area, Actual and Projected (Alternative 1) |

Arable Area per Capita, Actual and Projected (Alternative 1)
Fertilizer Consumption, Actual and Projected (Alternative 1)

Fertilizer Consumption per Arable Hectare Actual and Projected
(Alternative I)

Total World Catch and Selected Categones

Major Species Groups Reported in World Fishery Landmgs (FAO)
Marine Fisheries Catch by Area, 1975

Catch by Continent and Leading Countries, 1975

Leading Species Groups in World Catch, 1970 and 1975

1970 FAO Projection of Demand for Fish Meal, 1975 and 1985

44
48
49
50

54

56
38

62

n
78
78
79

79

82
91

93

SRRR

99
100

101
105
107
108
108
108
113



7-7

8-1
82
83

8-5

87

&9
9-1

9-2
9-3

9-5

9-7
9-8

9-9

9-10
10-1
10-2
10-3

104
10-5
10-6

10-7
10-8
109
10-10
10-11
10-12
10-13
10-14

10-15

1970 Bell et al. Projections of World Aggregate Consumption of Fish-
ery Products, 1975-2000

World Forested Area by Region, 1973

. Biomass of the World’s Forests and Woodlands

Major Traders of Forest Products, 1974
Forest Resources per Capita by Geographic Region, mid-1970s

Distribution of European Forest Resources Among Subregions, Early
1970s

Forecasts of the Areas of Forest and Open Woodland in Europe, Year
2000

North American Forest Resources, Early 1970s
Asia—Distribution of Forest Resources by Subregion
Estimates of World Forest Resources, 1978 and 2000

Estimates of Available Global Water Supply for Continents and Se-
lected Nations

Per Capita Use of Drinking Water in Less Developed Countries. 1970
Water Use for Various Purposes. by Continent and Selected Nations

Average Annual Water Withdrawal per Unit of Land Area, Selected
Geographic Units

Estimates of World Water Use in 1976 and PIOJCCthHS to 2000 .
Water Use in Selected Countries, 1965
Water Quality in Three Selected Irrigation Areas

Effect of Various Factors on Salt Concentration of Colorado River,
United States, 1942-61

Irrigation and Drainage in the Developing Market Economies, 1975,
and Targets, 1990

Per Capita Water Availability 1971 and 2000
Real GNP Growth Rate Assumptions
Population Growth Rate Assumptions

Total World Oil and Energy Consumption, 1985 and 1990, and Av-
erage Annual Growth Rates. 1975-90

Regional Energy Balances, 1985
Regional Energy Balances, 1990

Less Developed Oil Exporting Countries: Current Productlon Re-
serves, Population, Income

Regional Energy Balances with High OPEC Prices, 1985
Regional Energy Balances with High OPEC Prices, 1990
Long-Run World Energy Assumptions

World Energy Demand, Year 2000

WAES Oil Balance for Year 2000

U.S. Long-Run Energy Assumptions

Most Recent U.S. Projections for the Year 2000

Incremental Implementation Above Base-Case Levels for Three Al-
ternative Energy Technologies, Year 2000

Resoutce Use for Three Alternative Technologies, Year 2000

115
118
119
119
120

121

122
123
130
134

141
144
147

149
150
151
151

152

153
156
165
165

166
167
168

170
171
172
173
173
174
175
176

178
179



10-16
10-17
10-18
10-19

11-1
11-2

113

11-4

11-5
11-6

11-7
11-8

11-9
11-10
11-11
11-12
11-13

11-14
11-15

11-16
11-17

11-18

12-1
12-2
12-3

12-4
12-5
12-6
12-7
12-8

12-9

Emission Projections, 1985 and 1990, Medium-Growth Case
Emission Projections, 1985 and 1990, High-Growth Case

~ Emission Projections, 1985 and 1990, Low-Growth Case

Recent Estimates of Emissions from Fuel Combustion, Compared with
IEES-ESNS Estimates for 1990

Recoverable World Nonrenewable Energy Resources
Reserve and Resource Terminology

Estimates of World Ultimate Production of Crude Oll Made Since
1970

World Cumulative Production, Ultimate Production, and Future Re-
sources of Crude Oil as of January 1, 1976

World Petroleum Reserves, January 1, 1978

Density of Petroleum Drilling for Selected Areas of the World, as of
End of 1975

Estimates Made Since 1970 of Remaining World Resources of Natural
Gas

World Cumulative Production, Ultimate Production, and Future Re-
" sources of Natural Gas (January 1, 1976)

World Natural Gas Reserves, January 1, 1978

Total World Solid Reserves and Fuel Resources

Lifetime Uranium Requirements for Nuclear Powerplants
World Uranium Resources

Developed and Undeveloped COI’lVCl‘lthDal Hydroelectric Resources
of the World

Major Tidal Power Project Sites, Operational and Potentlal

Estimated Heat Content of Geothermal Resource Base of the United
States

Geothermal Powerplants

Identified Shale Oil Reserves of the World

U.S. and World Tar-Sand Oil Resources

Mineral Imports as a Percentage of Mineral Consumption, 1976

- World Demand for Minerals, 1985 and 2000

Comparison of Bureau of Mines and Malenbaum Demand Pro;ectxons
for Selected Metals in 1985 and 2000

Life Expectancies of 1974 World Reserves of Mineral Commodities
of Particular Concern at Two Different Rates of Demand

IHustration of Nonfuel Mineral Prices Extrapolated to 2000 with a 5
Percent Growth Rate Beginning in 1980

Comparison of Price Projections for Four Metals in the Year 2000

World Production and Reserves in 1977 (Estimated), Other Resources

in 1973-77 (as Data Available), Resource Potential, and Resource
Base of 17 Elements

‘Percentage of World Production of Selected Minerals Traded Inter-

nationally, 1950-70

Geographic Distribution of World Resources of Selected Mineral
Commodities in 1974

181
182
183

184
187
189

189

190
191

19

191

192

192
193
194
194

195
196

197
198
199
200
205
206

209
212
213
216
219
222

223



12-10

13-1
13-2
13-3

. 34
13-5

13-6
13-7

13-8
13-9

13-10
13-11
13-12
13-13

13-14
13-15
13-16
13-17

13-18

13-19
13-20
13-21

13-22

13-23

13-24
13-25

13-26
13-27
13-28

Estimates of Metal Recoveries from Manganese Nodules from the
Deep Seabed by 1985

Increase in World Population, 19752000

Number of Cattle and Number of Sheep and Goats, 1955-2000

Winrock Projections of World Feed ‘Resources for Ruminants, by
Region

Winrock Projections of World Ruminant Populations, by Region

Annual Grain Consumption per Capita in the 20 Most Populous Coun-
tries, 1975

Energy Consumption per Capita in thc 20 Most Populous Countries,
1974

Post-Consumer Residential and Commercial Solid Waste Generated
and Amounts Recovered, by Type of Material, 1977

Urban Population in All Cities of 100,000 or More

Estimates and Rough Projections of Selected Urban Agglomerations
in Developing Countries

Levels and Trends of Life Expectancy at Birth, 1950-2000

Percentages of Deaths of Children Under the Age of Five Due to
Fecally Related and Airborne Diseases of Malnutrition, Latin
America, Selected Areas

GNP Trends, 1975-2000, Medium-Growth Rate

Gilobal Summary of Sources and Annual Emissions of Atmospheric
Particulate Matter

Typical Climate Changes Caused by Urbanization
Selected Annual Energy Supply Rates for the Earth
Effects of Large Heat Additions to the Atmosphere

Daily per Capita Calorie Consumption, Historic and Projected, by
Region, with Percent of FAO Minimum Standards

Loss of Agricultural Lands, 1960-2000, Selected Industrialized Coun-
tries '

Average Energy Inputs per Acre in U.S. Corn Production, 1940—70

Energy Inputs in U.S. Corn Production

Commercial Energy Required for Rice and Corn (Maize) Production,

by Modern, Transitional, and Traditional Methods

Categories of Ocean Areas and Types of Pollution, with Effects on
Uses and their Duration

Estimates from Annual River Discharges of Amounts of Metals In-
jected into the Oceans Annually by Geological Processes and by
Man

Total Inventory of Aurtificial Radionuclides Introduced into the World
Oceans, 1970 and 2000

Best Estimates of Petroleum Hydrocarbons Introduced into the
Oceans Annually

Annual Ocean Litter Estimates
Effect of Whaling on Stocks of Ten Species of Whales

" Timetable of Societal Responses to Mercury Pollution of the Ocean

Minamata Bay, Japan, 1939-73

/

224
231
234

236
237

239

239

240
242

242
248
250
252

263
267
267
268

275

282
293
293

296

301

308

310

310
313
314

318



13-29

13-30
13-31
13-32

13-33

13-34
13-35
13-36
13-37

13-38
13-39
1340

13-41
13-42

1343
1344

1345
13-46

141
14-2
14-3
15-1

15-2
15-3
154
15-5

15-6
15-7

Estimates of World Forest Resources, 1978 and 2000

Extinctions of Species Implied by the Global 2000 Study’s Projections
Projected Global Supply and Demand for Water by the Year 2000
Global Primary Energy Use, 1975 and 1990, by Energy Type
Regional Distribution of Global Primary Energy Use, 1975 and 1990
Per Capita Global Primary Energy Use, Annually 1975 and 1990
U.S. Source Documents on the Effects of Pollutants

Projected Annual Emissions: 1985 and 1990, Low-Growth Case

Comparison of the Hard Path Definition and the Energy Information
Administration’s Projection Series C

Solar Sweden Assumed Production of Goods and Servnces and Specific
Energy Use, 1975 and 2015

Solar Sweden Percent Distribution of Energy, by Energy-Quality Cat-
egories A-1, 1971 and 2015

U.S. Department of Energy Studies Underway as of August 1978 to
Examine “Soft Path” Options -

Energy Supply in 1977 and Two Supply Scenarios for the Year 2000

Relative Environmental Impacts of Low- and High-Energy Growth
Futures

Estimated Land Area Utilized for World Mineral Production Com-
pared with Annual Production, 1976-2000

Estimates of Solid Wastes Generated Annually by World Production
of Selected Mineral Products, 1976-2000

Apparent Opportunities for Further Mineral Development

Summary of Impacts on the Environment Implied by the Global 2000
Study’s Population, GNP, and Resource Projections, by Major
Environments

Projected Changes in Global Vegetation and Land Resources, 1975
2000

Urban Population in All Cities of 100,000 or More

Environmental Assumptions Inherent in the Population, GNP, and
Resource Projections

Index to Projections and Detailed Discussions Related to Each of the
11 Elements of the Government’s Global Model

Selected Contrasting Assumptions of the 11 Elements of the Govern-
ment’s Global Model

Selected Institutional and Structural Differences Among the Elements
of the Government’s Global Model

Regions, Subregions, and Countries for Which Population PrOJectlons
Were Developed

Egyptian Crude Death Rates, 1950-75
Age-Specific Egyptian Mortality Estimates, 1975
Assumed Annual Declines in Crude Birth Rate, Chicago Projections

Projected Annual Declines in Total Fertility Rates, Chicago Projec-
tions, Medium Growth Case

Egyptian Personal Expenditure Distributions, 1974-75
Estimated Age-Specific Egyptian Fertility Rates, 1975

319
331
334
346
347
347
349
351

360

365

365

368
370

370

383

386

390

392

401
407

410

455

470

479

508
513
515
516

517
518
520



16~1
16-2
16-3

164
16-5

16-6
16-7
16-8

16-9

16-10 -

17-1

17-2
17-3
174

17-5

181 -

18-2
18-3
184

18-5

186

18-7

18-8

18-9
18-10
18-11

18-12
1813 ¢

18-14

Projected Average Annual Real GNP Growth, by Adjustment Steps,
Medium Growth Case, 1975-85

Historical and Projected Average Annual Real GNP Growth for the
- Western Industrialized and Socialist Nations

Projected Average Annual Real GNP Growth for the ngh Medium,
and Low Growth Cases, 1977-85

Projected Demand for LDC Exports of Manufactured Goods

Projected Average Annual Growth of Export of LDC Manufactured
Goods, by LDC Group, Medium Growth Case

Projected Average Annual Growth of All LDC Exports, by Type of
Export

.-Average Annual Growth of All LDC Exports, by LDC Group, Me-

dium Growth Case

Projected Exports for LDC Lower-Middle Income Group, by Type -

of Export, Medium Growth Case

SIMLINK Calculations for the Low-Middle Income LDC Group,

Medium Growth Case, 1977-85

Representative LDC Import Calculations, Lower-Middle Income
Group, Medium Growth Case

Correlation Between Self and Peer Ratings (Examples from Questlon
I)

Conversion of Expertise. Ranking to Weighted Scale

Definition of Temperature Categories

Percentage of Grouped Probability Densities Lying in Each Temper-
ature Category

- Frequency of Drought in U.S. in 1991-2000
- Food Commodities Specified in the GOL Model

GOL Model Regions

" Variables Used in the GOL Model

Representative Supply Equations:: Wheat, Low-Income North Africa
and Middle East (Medium-Growth, Rising Energy Price Case)

Representative Demand Equations: Wheat, Low-Income North Africa
and Middle East (Medium-Growth, Rising Energy Price Case)

Comparison of Average Annual Projected Population Growth Rates,
Medium Series

Representative Wheat Trade and Price Equations: Low-Income North
Africa and Middle East (Medlum Growth Rising Energy Price
Case)

Projected Net Exporters of Wheat (Medxum Growth, Rlsmg Energy
Price Case)

Arable Area Submodel, Low-Income North Africa and Middle East
Total Food Submodel, Low-Income North Africa and Middle East
Fertilizer Submodel, Low-Income North Africa and Middle East
Summary Supply Statistics: Low-Income North Africa and Middle East

‘Summary Demand and Trade Statistics: Low-Income North Africa

and Middle East

Summary Meat Statistics: Less Developed Countries and Industrlal-
ized Nations

524
528

530
531

532

532

0
533
533
534
537

537
541

- 543
- 543
*550

551
553

554

. 555

556

556

557
558

558
558

559
560

561



20-1

20-2
20-3
20-4
22-1
22-2
22-3
22-4
22-5
22-6
22-7

20-1
29-2

31-1

The 33 IEES Regions, Grouped According to Energy Position Clas-
sification

' The 59 Primary Fuel Types in the IEES Supply Submodel

The 13 IEES Transport Modes and the Fuels Carried

Final Energy Products in the IEES Linear Program

World Consumption of 14 Minerals and Materials in the Year 2000
Average Annual Economic Growth to the Year 2000

Base Year National Income

Representative Population Projections

Intensity of Use Statistics: Africa (excluding South Africa), 1951-2000
Intensity of Use Statistics: United States, Refined Copper, 1934-75

Minerals and Materials Consumption: Africa (excluding South Africa),
1951-2000

A Comparison of Levels in World 2 and World 3

Alternative Assumptions Concerning Income Targets and Future Pop-
ulation Growth

Growth Rates and Income Gap Under the Assumptions of Basic Scen-
arios X and C in the United Nations Model

Exogenous Inputs and Assumptions in World 3 Simulations for the
Global 2000 Study

573
574
574
575
582
584
584
584
589
589

590
610

653

654

665



i

Figure

1-1
2-1
2-2
4-1

6-1
6-2

6-3

7-2

9-1
9-2

9-3

10-1
10-2
10-3

104
10-5

10-6

111

LIST OF FIGURES

The process of projecting trends.

Twenty-five years of world population growth.

Age-sex composition of population, medium series, 1975 and 2000.

The three Global 2000 Study scenarios compared with the annual mean
temperature changes during the past century for the latitude band
0°-80°N.

Innovative and adopted technology levels for rice production in Thai-
land as projected by the GOL (grain, oilseed, livestock) model.

World grain yields, actual and projected under Alternatives I, 11, II1.

Indices of world grain production, area, and yield, actual and pro-
jected.

Energy intensity data. Cross-sectional energy use data plotted against
crop and livestock yields for 30 largest food producing countries;
15-year historical series plotted against time for United States and
several major European producers.

Energy used in agriculture, 1974.
Energy used in agriculture, plus fertilizer and chemicals, 1974,
World potentially arable, arable, and grain area, actual and projected.

World food production and fertilizer consumption, actual and pro-
jected.

Indices of world food production and fertilizer consumption, actual
and projected. '

Annual catch of marine fish and of all marine animals, showing the
downward trend in marine fish since 1970,

Per capita national income vs. income elasticity of fisheries demand
in 77 countries.

Annual circulation of the hydrosphere, in quadrillions of cubic meters.

Distribution of withdrawals among major categories of water use,
1965.

Projected water use (withdrawals) for four Asian countries in percent
of maximum limit of supply, as represented by runoff from local
precipitation. "

Demand projections for OPEC oil, 1976-90.
Comparison of global projections, 1975-2000.
Comparison of U.S. projections, 1975-2000.
Cumulative world discovery and production of oil.

World maximum oil production at a medium depletion rate and world
demand at three growth rates of oil production.

Primary resources by fuel type for three alternative energy technol-
ogies,

Classification of mineral resources.

Page

5
13
17

65

69
76

84

86
87
87

- 98

102

103

106

114
138

142

148
169
174
176
177

177

179
188



XXXiv

12-1
12-2
12-3

124
12-5
12-6
13-1
13-2

13-3
13-4
13-5
13-6

13-7
13-8

13-9
13-10

13-11

13-12

13-13

13-14

13-15

13-16
13-17
13-18

13-19

13-20
13-21
14-1

14-2

14-3

Average annual demand by energy industries for some commodities,
1975-90, as a percentage of U.S. production in 1973,

Percentage of U.S. reserves needed to meet total energy demand for
some commodities, 1975-90.

Energy requirements for recovery of iron, titanium, and aluminum,
different grades, various sources.

Mineral product flow and four principal decision points in the flow.
Classification of mineral resources, the “McKelvey box.”

The exploded McKelvey box, with indicated stocks and flows.

The two steps in integrating environment into the analysis.

Trend since 1958 in the concentration of carbon dioxide in the at-
mosphere.

Global pools and flows of carbon.
Carbon dioxide concentrations implied by various energy scenarios.
Energy flow in the U.S. food chain, in billions of joules.

Transport mechanisms linking the oceans with the other principal parts
of the physical world.

_The effect of a gradual reduction, starting in 1971, in the use of DDT

from a simulation model.

Loss of spécies through clearing of tropical forest areas—five projec-
tions.

A monument to acid rain and air pollution—*“Cleopatra’s Needle.”

Distribution and present production of ultimately recoverable con-
ventional crude oil resources of the world.

Possible production rate curves for the world’s ultimately recoverable
crude oil resources.

- Geologically estimated global crude oil production rates compared

with consumption rates projected from actual growth over the
1950-75 period.

Historical growth of GNP and commercial energy use in the United
~ States, 1850-1976.

Major regional trends associated with the DOE-MITRE Projection
Series C (Hard Path) Energy Development Scenario.

OECD countries’ projections of 1985 nuclear generating capacity for
the world, by dates of estimates.

The Solar Sweden energy system for the year 2015.
Survey of energy savings in Denmark, 1977-90.

Traditional and reduced demand for energy in Denmark, 1990 and
2005.

Consumption of new mineral materials per person in the United States
in 1975.

Arable land per capita, 1955, 1975, and 2000.
Conceptual model for closing the loops.

Sequential steps followed in linking elements of the government’s
global model. '

Linkages achieved between elements of the government’s global
model.

Inconsistent population and GNP growth rates.

210
211

214
215
217
218
228

258
260
262
295

300
307

329
336

352

353

354

355

362

364
366
3711

372

384
403
409

458

459
463



XXXv

144
14-5
14-6
15-1
15-2
15-3
154
15-5

16-1
17-1

172
17-3
17-4
17-5

17-6
17-7

17-8
20-1
22-1
22-2
22-3
22-4
26-1

26-2
26-3
264
26-5
266

26-7

27-1
28-1

28-2

Inconsistent commodity trade prices.

Inconsistent commodity trade volumes.

Inconsistent capital and resource utilization.

Population grthh, selected countries, 1960-70 and 1970-74,
Egyptian population growth, 1950-2000, Census projections.
Egyptian population growth, 1950-2000, Chicago projections.
Projected Egyptian life expectancies, 1950-2000, medium growth case.

Projected Egyptian total fertility rates, 1950-2000, medium growth
© case. '

Sequential operation of the SIMLINK model.

Global temperatures; historical record of changes in annual mean tem-
perature during the past century for the latitude band 0°-80°N.

Sample response to Question I; actual example of a single response
to the instructions.

Cumulative probability function for Question I.

Equivalent density function for Question 1.

Adding two density functions for Question 1.

Normalized density'function_for two respondents to Question 1.

Probability of mean Northern Hemisphere temperature change by the
year 2000 as determined by the panel of climatic experts.

Probability of mean Northern Hemisphere temperature change to the
year 2000 as determined by the panel of climate experts.

Structure of the Intematlonal Energy Evaluation System (IEES).

Intensity-of-use curve of a nation whose economy is moving from an
industrializing economy to a postindustrialization service econ-
omy. ‘

Graphic representation of the 1977 Malenbaum Report s intensity-of-
use table for refined copper,

Graphic representation of the 1977 Malenbaum Report’s 1ntens1ty-of-
use curve for crude steel.

Graphic representation of the 1977 Malenbaum Report’s intensity-of-
use table for primary aluminum.

The five interrelated planes into which the world is stratified in the
Mesarovic-Pestel world model.

Computational sequence of the Mesarovic-Pestel world model.
Historical-pattern no-change scenario, 1975-2020.

Isolationist scenario, 1975-2020.

Energy self-sufficiency fast-nuclear scenario, 1975-2020.

Actual vs. predicted consumption for Western Europe; one of the
model’s best predictions.

Actual vs. predicted value added in the Japanese extractive industries;
one of the model’s worst predictions.

Channels of causal influence and major feedback controls in MOIRA.

The demographic sector and objective function of the Latin American

world model.

Latin American world model standard simulation for developed coun-
tries.

465
466
468
507
5
512
514

519
529

538

538
339
540
540
541

542
543
577
585
587
593
594

616
620
622
623
624

625

625
632

640



28-3
29-1
31-1
31-2

31-3
31-4
31-5
31-6
317
31-8

31-9
31-10

31-11
31-12

31-13

31-14

31-15

31-16

31-17

31-18

Latin American world model standard simulation for Asia.
Internal structure of a region.
World 3 model sector linkages before linkage breaking.

World 3 model after breaking of sectoral linkages and introduction of
exogenous drives.

Exogenous inputs to different sectors of the World 3 model.
World 3 model standard run (integrated version).
Four-level population sector with exogenous inputs.

Capital sector with exogenous inputs.

Agriculture sector with exogenous inputs.

Agriculture sector with exogenous mputs assuming no erosion or ur-
ban-industrial use.

Renewable resource sector with exogenous inputs.

Nonrenewable resource sector with exogenous mputs assuming con-
stant marginal cost of the resource.

Persistent pollution sector with exogenous inputs.

Major linkages in the World Integrated Model with designation of
linkages broken in model-integration experiment.

Global population projections for three versions of the World Inte-
grated Model.

Global GNP projections for three versions of the World Integrated
Model.

Projections of North Amerlcan GNP per capita for three versions of
the World Integrated Model..

* Projections of Latin American GNP per capita for three versions of

the World Integrated Model.

Projections of South Asian GNP per capita for four versions of the
World Integrated Model.

Projections of South Asian cumulative starvation as a percentage of
population for two versions of the World Integrated Model.

645
651

664
666

. 667

667
668
669

669
670

671
671

673
675
676
671
678
679

680



LIST OF MAPS

Population

Gross National Product :
Gross National Product per Capita
Grain Consumption per Capita
Grain Trade

Per Capita Water Availability (1971)
Per Capita Water Availability (2000)
Energy Consumption per Capita (1975-1990)
Energy Trade (1975-1990)

Metal Consumption per Capita

- Desertification Map

Maps.in the colored map section

GNP Projections: Simulated Trade Linkages (SIMLINK) Methodology
Population Projections: Cohort Component Methodology

Food Projections: Grain-Oilseed-Livestock (GOL) Methodology

Energy Projections: International Energy Evaluation System (IEES) Methodology -
Nonfuel Minerals Projections: Intensxty-of-Use (IoU) Methodology

Extent of Commercial Activity

Population Density (1975)

Agricultural Production Potential

Land Use Patterns (1975)

Free Range Grazing Pressure



Part I

The Projections



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 entire world through the year
2000. There is nothing uniquely significant about
the year 2000, however, and the projections
reported in this volume are not intended to be
precise estimates for particular years. They are,
instead, broadly indicative of the direction 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 sens¢, 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 longer-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-
sibility. As a result, most longer-term government
projections tend to focus on a single factor,
directly relevant to the sponsoring agency’s area
of responsibility (for example, food or population),
without adequate consideration of the interrela-
tions and feedback involved in a world system in
which population, resources, and the environment
are all interacting variables.

As the President’s directive establishing this
study makes clear, however, the time has passed
when population (or energy, or food, or clean air,
or public health, or employment) can be consid-

ered in isolation. In establishing a foundation for

longer-range analysis and planning, ways must be
found to better understand the linkages and inter-
actions among these important elements of the
world system.

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

The Study Plan

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

Bureau of the Census and
Agency for International
Development.

Global 2000 Study staff,
with assistance from the
Agency for International
Development, Central
Intelligence Agency, and
World Bank.

National Oceanic and
Atmospheric
Administration,
Department of Agriculture,
National Defense
University, and Central
Intelligence Agency.

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

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 government is provided by M. Greenberger, M.
A. Crenson. and B. L. Crissey in their 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 Fisheries and Wildlife Conservation and
the Environment, U.S. House of Representatives, Washing-
ton: Government Printing Office, 1975.
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Food:
Fisheries:

Department of Agriculture.

National Oceanic and
Atmospheric
Administration and outside
consultants.

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

Department of the Interior,
with assistance from
outside consultants.’

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

The Global 2000 Study
staff, with. assistance from
the Department of the
Interior and outside
consultants,

Department of Energy.

The Global 2000 Study
staff, with assistance from
the Environmental
Protection Agency, Agency
for International
Development, and outside
consultants.

Forestry:

Water:

Fuel Minerals:

Nonfuel Minerals;

Energy:
Environment:

This approach has had both advantages and
disadvantages. It was a distinct advantage to be
able to move ahead quickly, using previously
developed tools. It was. also an advantage to be
able to test and evaluate the existing long-term
analytical capabilities.of the government. It was a
disadvantage to use projection tools that do not
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 depend in large
measure on demands for resources (minerals,
energy, food, water, etc.); therefore, 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 tech-
nology. In the real world (and in more interactive
models) all of these variables evolve and interact
continuously, but with the government’s present

tools, the projections must be made independently
and sequentially.

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

Many important linkages, however, cannot be
established by this sequential process. In particu-
lar, the population and GNP projections that are
‘made in the first step are based largely on
extrapolations of past frends and are uninformed
by interactive feedback from the resource and
environmental projections. The resource and en-
vironmental analyses, 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 consistency
of the whole set. The final projections were
prepared during the following two months.

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

*Anne Carter, Brandeis University, Waltham, Mass.; Ni-
cholas G. Carter, World Bank, Washington, D.C.; Anne
Ehrlich, Stanford University, Stanford, Calif.; Peter 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, University of California, Davis.
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collective judgment of the agency experts who
participated in the effort. To ensure internal
consistency, several adjustments were required in
mdl'vidual 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 agencies are not responsible for any
errors in fact or judgment that may have occurred.

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

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

Figure 1-1. The process of projecting trends.

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 possible to eliminate
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.




2 Population Projections

Population projections comprise one of the
basic prerequisites for predicting and planning for
future needs in such areas as food, energy,
employment, community facilities, and social
services. It would be ideal to have a single
forecast of population on 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 difficulties, popula-
tion estimates are presented in this chapter in
terms of an illustrative range, with a high and a
low series, representing the highest and lowest
population counts that may reasonably be ex-
pected to occur, and a medium series, represent-
ing reasonable expectations, given existing trends
and present knowledge of the underlying factors,

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

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

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

The projections by both the Bureau of the
Census and the Community and Family Study

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 natural increase: The annual increase
(or decrease) in the population resulting from a
surplus or deficit of births over deaths, expressed
as a percentage of the midyear population. The
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 five times the sum of
the age-specific fertility rates, divided by 1,000.%

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(P,/P)t.

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

Assumptions

Fertility Assumptions. The general assumptions
that underlie the Census projections with regard
to fertility are:

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

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

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

TABLE 2-1

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

(Population in billions)

Popul Percent  Annual
(:_pu 3 of World Percent
1on Pop.  Growth?
1975 World 4.09 —
More developed regions 1.13 28
Less developed regions 2.96 72
1980 World 4.47 —_ 1.78
More developed regions 1.17 26 0.68
Less developed regions 3.30 74 2.18
1985 World 4.88 — 1.77
More developed regions 1.21 25 0.70
Less developed regions 3.67 75 2.14
1990 World 5.34 — 1.78
More developed regions 1.25 23 0.66
Less developed regions 4.09 77 2.14
1995 World 5.83 . — 1.77
More developed regions 1.29 22 0.59
Less developed regions 4.54 78 2.1
2000 World " 6.35 — 1.70
More developed regions 1.32 21 0.51
Less developed regions 5.03 ‘79 2.02

2 Annual percent growth for the preceding S-year period.

4. Knowledge and methods of family limitation
will become . better known and will be better used
among populations that wish to reduce fertility.
Expansion of family limitation practices will ex-
pedite the process of fertility decline, and in
countries where rapid social and economic prog-

‘ress and -strong desires for smaller families coin-

cide, fertility decline will be very rapid.

In making projections for each country or
region, the Census Bureau adopted fertility levels
for the year 2000 that represented in their judg-
ment the “most likely”’ level, which corresponds
to the level for the medium series. Specific fertility
levels were also assumed for the purpose of the
high and low series. Consideration was given to
fertility assumptionis made in existing projections

~ prepared by national agencies or universities,

based on the belief that demographers in the
individual countries could be expected to have a
special understanding of what are ‘‘reasonable”
fertility levels to expect in the future of their own
country. ‘

For the more developed countries the fertility

-assumptions in existing official national projec-

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

1. Current level of fertility.

2. Recent trends in fertility.

3. Current levels and recent trends in social and
economic development,

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

5. Government policy on population matters.

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

7. Expressed ‘‘desired’” family size in the
population.

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

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

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

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

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

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. Target life expectancies for the year
2000 were sometimes chosen, in fact, to be the
same as those already achieved in ‘‘leading”
countries, or previously assumed in national or
U.N. prgjections,

Total Population -

All three Bureau of the Census estimates and
projections of total world population are summa-

. rized in Table 2-2. The medium series is consid-

ered the population growth trend most likely to
occur. The high and low series represent a
“reasonable range’’ above and below the medium
series.

TABLE 2-2

Census Bureau World Estimates and Projections

Population Size and Net Growth

Total Population Net Growth Average

(Millions) 1975 to 2000 Annual

Growth
1975 2000 Mitlions Percent Rate

(Percent)
Medium series 4,090 6,351 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®

Crude Binh Rate

Crude Death Rate Rate of Natural Increase

(per 1.000) (per 1,000) (Percent)
1975 2000 1975 2000 1975 2000
Medium series 30.4 256 12.3 9.1 1.8 1.6
High series 32.0 29.4 12.9 9.4 1.9 2.0
Low series 28.8 219 11.9 8.9 1.7 1.3

* Rates shown for 2000 refer to midyear 1999 to midyear 2000.
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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 death rate of 12
per 1,000. The series implies declines of 16
percent in the crude birth rate and 26 percent in
the crude death rate from 1975 to 2000, generating
changes in the natural increase from 1.8 percent
in 1975 to 1.6 percent in 2000. Net population
growth during this whole 25-year period would
add about 2.26 billion to the base population and
produce an end-of-century world population total
of about 6.35 billion.

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

Annual

N(ebtilfz?;i‘:)t h 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 2,0
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

*Nearly all of the differences between the 1975 estimates of
world population in the medium, high, and low series are
due to the use of the following alternate 1975 population
estimates for the People’s Republic of China: medium
series, 935 million; high series, 978 million; low series, 889
million.

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

Contrasts Between 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

crude birth rate for the less developed 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 regions; and the resulting rate
of natural increase for the less developed regions
in 1975 was two-thirds higher than for the more
developed regions. These characteristic differ-
ences are expected to persist into the future, as
indicated by the projected vital rate differences
for the year 2000.

The medium series for the more developed

. regions begins with a 1975 base population total of

about 1.13 billion, a crude birth rate of about 16
per 1,000, and a crude death rate of about 9.6 per
1,000. The series implies a slight change in the
crude birth rate, incréasing 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 produce 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 low trends in vital rates are

utilized for 1975 to 2000. Thus, the population of
the developed regions in the year 2000 might be

“as high as 1.38 billion or as low as 1.27 billion,

The medium series for the less developed
regions begins with a 1975 base population total of
2.96 billion, a crude birth rate of about 36 per
1,000, and a crude death rate of about 13 per
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
less developed regions.
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TABLE 2-3
More Developed Regions and Less Developed Regions—Census Bureau Estimates and Projections

Population Size and Net Growth

. . Average
Total population Net Growth Annual
(Millions) 1975 to 2000 Growth
o ] Rate
1975 2000 Mitlions Percent (Percent)
More developed regions
Medium series 1.131 1,323 192 17 0.6
High series 1,131 1,377 246 2 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 2,417 80 2.4
Low series 2912 4,648 1,736 60 1.9
Vital Rates®
Crude Birth Rate Crude Death Rate Rate of Natural Increase
(per 1,000) (per 1,000) (Percent)
1975 2000 1975 2000 1975 2000
More developed regions
Medium series 16.1 15.2 9.6 10.4 0.6 0.5
High series 16.1 17.4 9.6 10.1 0.6 0.7
Low series 16.1 13.0 9.6 10.7 0.6 0.2
Less developed regions
Medium series 359 284 13.4 87 2.2 20
High series 38.0 324 14.1 9.2 24 23
Low series 33.7 24.3 12.8 8.4 2.1 1.6

# Rates shown for 2000 refer to midyear 1999 to midyear 2000.

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

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

Average
Annual
N(Cl:l. lﬁ;‘:{‘;v)th Growth
Rate
(percent)
More developed regions
1950 to 1975 0.27 1.1
1975 to 2000
Medium series 0.19 0.6
High series 0.25 0.8
Low series 0.14 0.5
Less developed regions
1950 to 1975 1.28 2.3
1975 to 2000
Medium series 2.07 2.1
High series 2.42 2.4
Low series 1.74 1.9

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

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

For the less developed regions, the medium
projection series 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 less developed regions of an apprecia-
bly greater number of people during the 1975-2000
period (1.74 to 2.42 billion) than during the
preceding 25-year period (1.28 billion).

The population of the less developed regions
comprised about 72 percent of the world’s popu-
lation in 1975 and, according to the three projec-
tion series, will constitute 78-80 percent of the
world’s population in the year 2000. This dramatic
increase is hardly surprising when one considers
that the less developed regions would account for
nine-tenths of world population 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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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 estimates 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 population 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, the 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 guite low; it produces a lower annual

*The difference between the 30 percent decline in the total
fertility rate and the 21 percent decline in the crude birth
rate from 1975 to 2000 can be explained as follows. About 6
percentage points of the difference is due to a larger
proportion of women in the childbearing ages (15-49 years)
in 2000 than in 1975. The rest of the difference is due to
~ changes in the age patterns of fertility within the childbear-

ing years. The difference between the 21 percent decline in
the crude birth rate and the 12 percent decline in the rate of
natural increase is due to the decrease in the crude death
rate by a greater percentage than the decrease in the crude
birth rate.

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

Major Regions. 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 increase is the sec-
ond highest for any major world region.

The populations of the U.S.S.R. and Eastern
Europe (including Albania and Yugoslavia) are
characterized by relatively low fertility, mortality,
and growth rates. The projections reveal a total
population of 0.46 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 to have the highest percent-
age of world population of any major region by
far—about 57.2 percent in 2000, as compared with
about 55.6 percent in 1975. Also, by 2000 Africa’s
and Latin America’s percentages of world popu-
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TABLE 2-4
S ~ MajorRegions—CensusBureau Estimatesand Projections

Population Size and Net Growth

Total Population Net Growth Average.

(Millions) 1975 to 2000 Annual

Growth
1975 2000 Millions Percent Rate

L (Percent)
World 4,090 6,351 2,261 55 1.8
Africa 399 814 416 104 2.9
Asia and Oceania® 2,274 3,630 1,356 60 1.9
Latin America 325 637 312 96 2.7

U.S.S.R. and Eastem Europe ® 384 460 76 20 07

North America, 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)
1975 2000 1975 2000 1975 2000
World 30.4 25.6 12.3 9.1 1.8 1.6
Africa ) 46.7 385 19.0 1.3 2.8 2.7
Asia and Oceania® 337 25.9 13.0 8.7 2.1 1.7
Latin America 372 28.7 8.9 5.7 2.8 2.3
U.S.S.R. and Eastern Europe ® 17.7 15.9 9.7 10.5 0.8 0.5

North America, Western Europe,® Japan, : \

Austrglia, and New Zealand 14.8 14.5 9.6 10.5 0.5 0.4

*Developing countries only, i.c.. excluding Japan, Australia, and New Zealand.
bEastern Europe includes Albania and Yugoslavia,

©Western Europe as used here comprises all of Europe except Eastern Europe, Albania, and Yugoslavia. The U.S.S.R. is also excluded.

¢Rates shown for 2000 refer to midyear 1999 1o midyear 2000. .
. TABLE 2-5

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

1975 2000
Africa 9.8 12.8
Asia and Oceania® 55.6 57.2
Latin America 79 10.0
U.S.S.R. and Eastern Europeh 9.4 73
North America, Western Europe, * Japan,
Australia, and New Zealand 17.3 127°

*Developing countries only, i.e., excluding Japan, Australia, and New Zealand.
®Eastern Europe includes Albania and Yugoslavia. )

cWestern Europe as used here comprises all of Europe except Eastern Europe,
Albania, and Yugostavia. The U.S.S.R. is also excluded.

lation will increase significantly, while the percent-
age of world popuilation 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-
ern Europe, as well as in Japan, Australia, and
New Zealand, w1ll decrease to less than 13
percent.

15 Selected Countries. Estimates and projec-
tions of population growth from 1975 to 2000 for
the 15 selected countries are presented in Table
2-6.

The largest population increases indicated are
for India and the People's Republic of China, each
adding about 0.4 billion inhabitants between 1975
and 2000. The highest percentage increases, how-
ever, are projected for Mexico, Nigeria, Pakistan,
Brazil, and Bangladesh, each of which shows an
increase of 100 percent or more. The lowest
percentage increases are projected for the United
States, Japan, 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.
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TABLE 2-6

Population Size, Net Growth, and Percent of World Population of 15 Selected Countries,
Census Bureau Medium Series

Total Population Net Growth, Average Percent of World
(millions) 1975 to 2000 Annual Population
Country Growth
1975 2000 Millions Percent Rate 1975 2000
(Percent)

People’s Republic of China 935 1,329 394 42 1.4 229 209
India 618 1,021 402 65 2.0 15.1 16.1
Indonesia 135 226 91 68 2.1 33 36
Bangladesh 79 159 79 100 2.8 1.9 2.5
Pakistan " 149 78 111 3.0 1.7 2.4
Philippines 43 73 30 71 22 1.0 1.2
Thailand 42 75 33 77 2.3 1.0 1.2
South Korea 37 57 20 55 1.7 0.9 0.9
Egypt 37 65 29 77 23 0.9 1.0
Nigeria 63 135 72 114 3.0 1.5 2.1
Brazil 109 226 117 108 2.9 2.7 36
Mexico 60 131 ! 119 31 1.5 2.1
United States 214 248 35 16 0.6 5.2 39
U.S.S.R. 254 309 34 21 0.8 6.2 49
Japan 112 133 21 19 0.7 2.7 2.1

Age Composition of the Population

Broad Age Groups. The age composition of the
world and of the more developed and less devel-
oped regions in 1975 is summarized in Table 2-7
(medium series). The more developed regions had
significantly higher percentages of population in
the 15-64 age group and in the age group 65 and
over, and a far lower percentage of population in
the 0-14 group. For the world as a whole, the
percentages of population in the various broad age
groups were closer to the age composition per-
centages of the less developed regions, since over
72 percent of the world’s population lived in the
less developed regions in 1975.

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

Less Developed Regions, 1975 and 2000
(Census Bureau)

(Population in millions)

World More Dev. Less Dev.
1975
0-14 yrs 1,505 37 281 25 1,224 42
15-64 yrs 2,368 58 731 65 1,637 55
65 & over 217 M 119 10 98 3
All ages 4,090 100 1,131 100 2959 10
2000:
0-14 yrs 2,085 32 297 22 1,758 35
15-64 yrs 3,906 62 359 65 3,047 61
65 & over 390 6 167 13 223 4
All ages 6,351 100 1,323 100 5,028 100

As projected to 2000, the age composition of
the population of the world’s more developed
regions would still be significantly different from
that of the less developed regions, as can be seen
from.Figure 2-2. The age composition of the less
developed 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 regions, 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

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

Percent Distribution of

Percent Distribution of

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

1975 Age, 1975 to 2000
65 65 All 65
0-14 15-64 and over 0-14 15-64 and over Ages 0-1415-64 and over
Major regions
Africa 44 53 3 97 109 129 104 43 54 3
Asia and Oceania® 4] 56 3 29 78 125 60 32 63 5
Latin America ) 42 54 4 73 112 124 9% 38 58 4
U.S.S.R. and Eastern
Europe® 25 65 10 10 19 49 20 23 65 12
North America, Western Eu-
rope,® Japan, Australia, and
New Zealand 25 64 11 1 15 36 14 22 65 13
Selected countries
People’s Republic of China 38 58 4 S 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 84 133 124 111 40 57 3
Philippines 44 53 3 30 102 119 91 34 62 4
Thailand 43 54 3 45 99 135 77 35 61 4
South Korea 39 58 3 14 75 170 55 28 66 6
Egypt 41 56 3 54 91 136 77 35 60 5
Nigeria 45 53 2 115 111 159 114 45 52 3
Brazil 43 54 3 88 119 167 108 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.S.R. 26 65 9 11 20 59 21 23 65 12
Japan 24 68 8 2 16 108 19 20 66 14

*Developing countries only, i.e., excluding Japan, Australia, and New Zealand.
®Eastern Europe includes Albania and Yugoslavia.

€Western Europe as used here comprises all of Europe except Eastern Europe, Albania, and Yugoslavia. The U.S.8.R. is also excluded.

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. By
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 15 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-

tional demands for training and employment. In
more developed regions, the projected increment
amounts to only about (.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 working-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 compared
with about 13 percent in the more developed
regions. Such rapid growth in the numbers of
women in the fertile ages in the less developed
regions will ensure an increase in the absolute
number of births, even if fertility rates decline.

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 particularly rapid in the less
developed regions (127 percent as shown in Table
2-8), it constitutes only about 6 percent of total
1975-2000 population increase for these regions.
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20 ’ THE PROJECTIONS

In the more developed regions, however, the
increase of about 41 percent in the size of the old-
-age group is especially significant, since it com-
,prises one-fourth of the total population increase
-for these regions.
Summary
" The Bureau of Census projections* presented in
“Tables 2-10 through 2-14 can be summarized
‘briefly-as follows:

World population totaled about 4.09 billion
persons, in 1975 and as projected in the Bureau of
the Census medium series would increase by
about 55 percent and number about 6.35 billion in
'2000. This means that world population would

*A more detailed presentation of the Census projections is
provided in U.S. Department of Commerce Bureau of the
Census, [llustrative Projections of World Populations to the
21st Century, Washington: U.S. Government Printing Of-
fice, 1979.

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

. clines only slightly, from 1.78 percent in the 1975-
. 80 period to 1.70 percent in the 1995-2000 period.

BUREAU OF THE CENSUS PROJECTIONS

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

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

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

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

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

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

(In thousands)

1975 1980 1985 1990 1995 2000
HIGH SERIES
World 4,134,049 4,548,928 5,012,753 5,544,671 6,143,076 6,797,504
More developed regions 1,130,989 1,173,831 1,224,157 1,276,131 1,327,400 1,377,258
Less developed regions 3,003,060 3,375,09 3,788,596 4,268,539 4,815,676 5,420,245
Major Regions :
Africa 398,694 459,653 533,548 621,830 726,565 846,880
Asia and Oceania 2,318,028 2,580,123 2,861,277 3,185,185 3,551,394 3,951,198
Latin America 325,085 377,073 438,796 509,969 589,698 . 677,904
U.S.S.R. and Eastern )
Europe 384,336 402,262 422,289 441,660 460,433 479,518
Northern America, Western
Europe, Japan, Australia,
and New Zealand 707,906 729,817 756,842 786,028 814,987 842,003
Selected Countries and Regions
~ People’s Republic of China 977,862 1,071,378 1,150,998 1,241,497 1,347,876 1,467,860
“  India 618,470 694,190 786,222 893,586 1,012,943 1,141,900
+ Indonesia 134,988 150,467 168,155 188,290 210,993 235,720
Bangladesh 79,411 92,319 107,565 125,171 144,862 166,185
70,974 83,261 98,078 115,339 134,777 156,083

~ Pakistan
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. TABLE 2-10 (Cont.)

(In thousands)

1975 - 1980 1985 1990 1995 2000
‘ HIGH SERIES (cont.)
"Philippines 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 84271 98,722 116,159 136,934
Brazil 108,882 128,235 151,309 177,977 207,995 241,436
Mexico 60,188 72,214 " B6,468 - 103,006 121,618 142,022
United States 213,540 222,395 234,841 248,034 259,823 270,174
U.S.S.R. 254,393 267,577 282,384 296,415 309,551 322,787
Japan o 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
More developed regions 1,130,989 1,169,863 1,211,772 1,252,233 1,289,712 1,322,824
Less developed regions 2,959,143 3,300,516 3,672,971 4,088,186 4,544,175 5,028,246

Major Regions :

Africa 398,694 458,861 530,567 613,894 708,896 814,272
Asia and Oceania S 2,27447 2,508,490 2,754,505 3,025,189 3,320,192 3,630,195
Latin America 324,725, 374,774 432,486 496,624 565,431 636,937
U.S.S.R. and Eastern . ,

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

Europe, Japan, Australia,

and New Zealand 707,906 727,466 749,105 771,041 791,710 809,195

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 © 97,512 113,754 131,29 149,464
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
Nigeria 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 : 39,913 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

L.OW SERIES )

World - 4,043 444 4,384 420 4,753,612 5,140,162 5,533,442 5,921,745
More developed regions 1,130,989 1,166,263 1,200,970 1,231,408 1,256,351 1,274,174
Less developed regions 2,912,455 3,218,157 3,552,642 3,908,754 4,277,091 4,647,571

Major Regions : ‘ )

Africa 398,694 457,621 525,247 599,530 677,723 758,842
Asia and Oceania 2,228,443 2,431,561 2,650,767 2,882,418 3,121,231 3,359,092
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, Australia, ’

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

Selected Countries and Regions
People’s Republic of China 889,015 937,955 991,581 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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TABLE 2-10 (Cont.)

(In thousands)

1975 1980 1985 1990 1995 2000
: LOW SERIES (cont.)
Indonesia 134,988 149,831 164,983 180,321 195,349 209,125
Bangladesh 79,411 91,993 105,995 120,959 136,299 151,136
Pakistan 70,974 83,075 97,169 112,735 128,852 144,181
Philippines 42,630 47,462 52,031 56,682 61,635 66,786
Thailand 42,352 47,813 53,349 58,824 64,219 69,384
South Korea 36,677 39,990 43,372 46,918 50,390 53,550
Egypt 36,859 41,918 46,772 51,067 54,909 58,803
Nigeria 62,925 72,437 83,907 97,313 112,397 128,749
Brazil 108,524 126,508 146,582 168,100 190,688 213,838
Mexico 59,526 68,800 78,432 88,664 99,451 110,595
United States 213,540 219,078 224,962 229,919 233,078 234,328
U.S.S.R. 254,393 265,031 275,563 284,056 290,495 295,115
Japan 111,566 116,733 120,884 124,141 126,796 128,891
Eastern Europe 129,943 134,290 138,321 141,656 144,460 146,565
Western Europe 343,517 348,457 353,916 359,983 366,132 370,788
TABLE 2-11
Census Bureau Projected Total Fertility Rate* for World, Major Regions,
and Selected Countries
1975 1980 1985 1950 1995 2000
HIGH SERIES
World 4.5299 4.2163 4.0892 4.0523 4.0037 3.9189
More developed regions 2.1505 2.3184 2.4060 2.4700 2.5408 2.6080
Less developed regions 5.5202 4.9494 4.6814 4.5493 4.4103 4.2417
Major Regions
Africa 6.3847 6.3826 6.3315 6.2211 6.0755 5.6424
Asia and Oceania 5.3501 4.6174 4.2917 4.1600 4.0175 . 3.8829
Latin America 5.3992 5.2939 5.1726 4.9912 4.7436 4.4952
U.S.5.R. and Eastern ‘
Europe 2.3687 2.4887 2.5284 2.5642 2.6178 2.6719
Northern America, Western
Europe, Japan, Australia,
and New Zealand 1.9703 2.1702° 2.2087 2.3832 2.4577 2.5328
Selected Countries and Regions
People’s Republic of China 5.1710 3.6565 3.0870 3.0750 3.0750 3.0750
India 5.3000 5.2099 5.1750 5.0500 4.8000 4.5000
Indonesia 5.3235 4,8805 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 6.2700 5.8%00 5.4500 5.0000
Philippines 5.3995 4,9005 4.4505 4,1000 3.8995 3.7995
Thailand 5.1675 4.7005 4.4000 4.2005 4.0000 3.9000
South Korea 3.9251 3.4000 3.2250 3.1249 3.1100 3.1000
Egypt 5.8190 5.8500 5.7000 5.4700 5.1000 4.6001
Nigeria 6.6999 6.7000 6.7000 6.6749 6.5499 6.3750
Brazil 5.7800 §.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 2.2160 2.4785 2.6335 2.6890 2.6965 °
U.S.S.R. 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 2.0219 2.0830 2.1540 2.2520 2.3380 2.4199
MEDIUM SERIES
Waorld 4.2654 3.8571 3.6692 3.5456 3.4389 3,3098
More developed regions 2.1481 2.1714 2.1891 2.1921 2.2120 2.2272
Less developed regions 5.1473 4.5081 4.1862 3.9683 3.7789 3.5715

* The total fertility rate in a given year basically represents the average number of children each woman would have over her lifetime, assuming the age-specific
fertility rates for that year applied to her lifetime.
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TABLE 2-11 (Cont.)

1975 1980 1985 1990 1995 2000
MEDIUM SERIES (cont.)
Major Regions
Africa . 6.3524 6.2884 6.1263 5.8446 5.4979 5.0156
Asia and Oceania 4.8865 4.0835 3.7307 3.5315 3.3713 3.2238
Latin America 5.2679 5.0546 4.7661 4.4427 4.0520 3.6391
U.S.S.R. and Eastern Eu- ' '
rope 2.3694 23513 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 2.56%0 2.5620 2.5620 2.5620
India 5.3000 4.6750 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 6.9000 6.5100 6.0400 5.4999 4.8799 4.2500
Philippines 5.0705 4.3500 3.8495 3.4495 3.3000 3.1995
Thailand 5.0500 4.2500 3.9500 3.6000 3.3005 3.1000
South Korea 3.7889 3.1199 2.7800 2.5499 2.5200 2.5000
Egypt 5.8190 5.6500 5.2000 4.5500 3,9499 3.6000
Nigeria 6.7000 6.6800 6.6499 6.5250 6.2750 5.9000
Brazil 5.7255 5.6000 5.2755 4,9005 44000 - 3.9995
Mexico 6.3600 5.9605 5.4805 5.0005 4.4800 4.0005
United States 1.7705 1.8710 1.9940 2.0615 2.0900 2.0955
U.S.SR. 2.4055 2.3740 2.3455 2.3170 2,2863 2.2575
Japan 1.9245 2.0622 2.2000 2.1667 2,1333 2.1000
Eastern Europe 2.2699 2.2699 2.2699 2.2699 2.2699 2.2699
Western Europe 2.0220 2.0520 2.0919 2.1340 2.1740 2.2070
LOW SERIES
World 3.9942 3.5261 3.3180 3.0877 2.9026 2.7546
More developed regions 2.1473 2.0363 2.0050 1.9429 1.9092 1.8694
Less developed regions 4.7647 4.09%7 3.7747 3.4449 3.179% 2.9761
Major Regions
Africa h 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 2.0600 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 2.9700 2.4995
Bangladesh . 6.9999 6.5800 5.9200 5.1100 4.2999 3.5000
Pakistan 6.9000 6.4500 5.9000 5.2300 4.4300 3.5000
Philippines 4,7995 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
Nigeria 6.6999 6.6500 6.4500 6.1300 5.5999 4.9999
Brazil 5.5500 5.2000 4.8005 4.4000 3.9750 3.5000
" Mexico 5.9120 4.7600 4.0595 3.5695 3.2000 3.0000
United States 1.7705 1.6070 1.6975 1.6940 1.6935 1.6935
U.S.S.R. 2.4055 2.2120 2.1230 2.0335 1.9440 1.8540
Japan 1.9245 1.9622 2.0000 1.9333 1.8667 1.8000 .
Eastern Europe 2.2700 2.1900 2.1100 2.0300 1.9499 1.8700 -

Western Europe 2.0219 2.0039 2.0260 1.9850 1.9750 01,9590
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TABLE 2-12

Census Bureau Projectéd Average Annual Population 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 1.8 1.8 1.8 1.8 1.7
More developed regions 0.7 0.7 0.7 0.6 0.5
Less developed regions 2.2 2.1 2.1 2.1 2.0
Major Regions
Africa 28 29 2.9 2.9
Asia and Oceania 2.0 1.9 1.9 1.9 1.8
Latin America 2.9 2.9 2.8 2.6 24
U.S.S.R. and Eastern Europe 0.8 0.8 0.7 0.6 0.6
Northern America, Western
Europe, Japan, Australia, '
and New Zealand 0.5 0.6 0.6 0.5 04
Selected Countries and Regions
People's Republic of China 1.5 1.3 1.4 1.4 1.4
India 22 2.1 2.0 1.9 1.9
Indonesia 2.1 2.1 2.1 2.1 1.9
Bangladesh 3.0 3.0 2.8 2.7 2.4
Pakistan 32 3.2 3.1 2.9 2.6
Philippines 2.4 2.2 2.1 2.1 2.1
Thailand 2.5 2.4 23 22 2.0
South Korea 1.9 1.9 1.8 1.6 1.5
Egypt 2.6 2.5 23 2.1 1.9
Nigeria 2.8 3.0 3.1 3.2 3.1
Brazil 3.2 3.2 3.0 2.7 2.5
Mexico 34 33 3.2 3.0 2.7
United States 0.6 0.7 0.7 0.5 0.4
U.S.S.R. 0.9 0.9 0.8 0.7 0.6
Japan 0.9 0.8 0.7 0.6 0.5
Eastern Europe 0.7 0.7 0.6 0.6 0.5
Western Europe 0.3 0.3 0.4 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 this
section.

Assumptions

Fertility Assumptions. The CFSC projections
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-
tions 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 underlying the CFSC argu-
ment are as follows:

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

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

2. The present pace of economic development
and modernization will bring down fertility to the
replacement level gradually through provision of
facilities and gradual accumulation of knowledge
and motivation. The pace will be somewhat faster
than that followed by Europe and North America
during the 19th and early 20th centuries because
of improved communications and improved meth-
ods of contraception.
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TABLE 2-13
Census Bureau Estimated and Projected Crude Death Rates for World, Major Regions, and Selected
Countries (Medium Series)
Estimated Projected July 1 to June 30
1975 1979/80  1984/85  1989/90  1994/95  1999/2000

World 12.3 11.4 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 10.8 10.0 94 8.7
Major Regions

Africa 19.0 17.7 16.0 14.3 12.8 11.3

Asia and Oceania 13.0 11.4 104 9.7 9.2 8.7

Latin America 8.9 8.0 1.2 6.6 6.1 5.7

U.S.8.R. and Eastern Europe 9.7 10.0 10.2 10.3 10.0 10.5

Northern America, Western

Europe, Japan, Australia,
and New Zealand 9.6 9.8 10.0 10.1 10.2 10.5

Selected Countries and Regions

People’s Republic of China 9.8 8.3 79 79 8.1 8.3

India 14.4 12.7 11.1 10.1 9.2 8.4

Indonesia 18.2 16.1 14.3 12.7 1.3 10.2

Bangladesh 18.2 16.8 154 14.2 13.1 12.1

Pakistan 13.6 11.7 10.3 9.2 8.2 73

Philippines 10.1 9.3 8.4 7.4 6.4 6.1

Thailand 9.9 9.5 9.0 8.1 7.1 6.7

South Korea 6.2 5.8 5.6 5.4 5.7 6.0

Egypt 12.5 11.9 11.0 9.9 9.0 8.3

Nigeria 22.0 204 18.6 16.8 15.0 13.2

Brazil 8.3 73 6.5 6.0 5.7 5.7

Mexico 7.2 6.7 6.1 5.4 5.0 48

United States 8.9 9.3 9.6 9.8 10.1 10.3

U.S.S.R. 9.3 9.7 10.0 10.2 10.1 10.5

Japan 7.0 7.1 73 8.0 8.8 9.7

Eastern Europe 10.4 10.7 10.6 10.4 10.0 104

Western Europe 11.0 11.2 1.3 11.2 10.8 111

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

4. The pace of the decline of fertility will be
that of a reverse S curve. When birth rates are
high and family planning programs are in stages of
establishment and gaining social acceptance, the
‘pace will be slow. As birth rates sink to 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
-tonvinced 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 be expected to
have a substantial impact in reducing fertility
faster than otherwise would be the case.

Table 2-15 illustrates the impact on future birth
rates of the 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 modemiza-
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 Series)
Estimated Projected July 1 to June 30
1975 1979/80 1984/85 1989/90 1994/95 1999/2000
World 30.4 29.0 28.5 279 27.0 25.6
More developed regions 16.1 16.8 17.0 16.4 15.7 15.2
Less developed regions 35.9 333 32.2 315 30.3 28.4
Major Regions
Africa 46.7 46.3 45.2 43.5 41.4 38.5
Asia and Oceania 33.7 30.2 29.1 285 27.6 25.9
Latin America 37.2 : 36,9 35.6 337 312 28.7
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 Republic of China 27.6 21.6 21.0 21.8 22.5 22.0
India 36.9 33.9 313 29.7 28.3 27.1
Indonesia 40.3 373 35.3 33.4 31.6 28.9
Bangladesh 479 46.7 4.7 41.9 38.8 35.2
Pakistan 4.6 43.7 42.0 39.3 35.8 321
Philippines 35.3 31.7 29.5 27.9 27.4 26.3
Thailand 35.8 34.0 332 30.8 28.1 26.2
South Korea 26.9 24.6 24,1 22.6 21.6 20.2
Egypt 38.9 38.1 35.8 .1 285 26.9
Nigeria 49.4 49.5 49.3 48.4 46.5 44.1
Brazil 40.2 39.8 37.5 34.8 32.0 30.3
Mexico 42.0 40.7 38.9 36.7 34.0 313
United States 14.5 16.1 17.1 16.3 14.8 13.8
USSR 18.1 19.1 18.9 17.4 16.4 16.1
Japan 17.0 15.9 14.9 14,2 14.4 14.4
Eastern Europe 17.0 17.6 17.2 16.3 15.6 15.5
Western Europe 13.8 14.3 15.1 15.5 154 14.7

population to make the demographic transition
from a crude birth rate of 45 to the replacement
level of about 15 per thousand.,

TABLE 2-15
Census Bureau Annual Decline in Crude Birth
Rate

Crude Birth Rate Strength of Family Planning Effort

(per thousand) Strong Moderate Weak None
45 and over .40 333 .25 .20
4044 .60 .50 .30 20
35-39 .80 .667 .40 25
30-34 1.00 75 .50 .25
25-29 1.00 .667 .40 .25
20-24 .80 .50 .30 20
15-19 .60 333 .25 .20
13-14 .40 .25 .15 15
40-44 8.0 10.0 17.0 25
35-39 6.0 8.0 12.0 25
30-34 5.0 7.0 10.0 .20
25-29 5.0 8.0 12.0 .20
20-24 6.0 10.0 17.0 25
15-19 8.0 15.0 20.0 25
Time required to
decline from CBR = 45
to CBR = 15 38.0 58.0 88.0 135

The “‘Strong”’ column of Table 2-15 shows the
annual decline in the crude birth rate that CFSC
expects in the presence of a strong, well-financed,
well-organized, and well-administered family plan-
ning program that reaches the entire population,
both urban and rural, in a sustained way. Under
these conditions, the CFSC estimated that the
annual rates of decline would be two to four times
those that would occur in the absence of a
program.

This acceleration in the pace of decline, it is
estimated, would be capable of bringing about a
complete demographic transition from a crude
birth rate of 45 to one of 15 within a span of about
38 vears, or in about one-fourth the time that
would be required in the absence of a family
planning program.

The assumptions of Table 2-15 were translated
into annual declines in birth rates for individual
countries and regions of the world on the follow-
ing basis:

1. Each country was classified into one of four
categories, according to the level of its family
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TABLE 4-3B

SAME AS THE LAST 30 YEARS

[ »
c e 5 2 @ 'c 2
85 | 82 | & | &g | g%
S8 8 & 33 58
RELATIVE IMPORTANCE OF CARBON DIOXIDE
AND TURBIDITY (PERCENT) DURING THE 50 10 10 15 15
PERIOD 1975-2000
1977-80 1981-90 1491-2000
A - T O O - B O - -
gl g | £ g1 8 | & § | s | £
i < £ w g = w g £
PROBABILITY OF MID-LATITUDE DROUGHT*
United States 05 0.4 0.1 0.2 06 0.2 05 0.4 041
Other Mid-Latitude 04 05 0.1 0.3 0.6 0.1 04 05 0.1
PROBABILITY OF SAHEL DROUGHT** 0.2 0.6 0.2 0.2 0.7 0.1 0.2 0.7 0.1
PROBABILITY OF MONSOON FAILURE***
Northwest India 0.3 0.6 0.1 0.2 0.6 0.2 02 | 05 0.3
Other India 03 0.6 0.1 0.2 0.6 0.2 0.2 05 0.3
Qther Monsoon Asia 0.3 0.6 0.1 0.2 0.6 0.2 0.2 0.6 0.2

*Frequent—similar to early to mid-1930s and early to mid-1950s; average—similar to the frequency over the longest
period of record available; infrequent—similar to 1940s and 1960s.

**Frequent—simitar t0 1940-560 and 1965-73 periods; average~similar to the frequency over the longest period of
record available; infrequent—similar to 1950-65 period.

***Frequent—similar to 1900-25 period; average—similar 10 .the frequency over the longest period of record

available; infrequent—similar to 1930-60 period.
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TABLE 4-4A

MODERATE GLOBAL WARMING

PROBABILITY OF SCENARIO: 0.256

MEAN NORTHERN HEMISPHERE TEMPERATURE CHANGE SINCE 1969: between 0.25° and 0.6°C warmer

PROBABILITY OF TEMPERATURE CHANGE BY LATITUDE

{Compared with 1970-75)
2 o o o o o o 3] o
.|, |, |wslog| s | 08|05 2
z2| 3| 23| SE | sElaE | 2E|2E| gt
5 K] Q35 ) ) d 4 [~
281 c8| 38| cs|as|~%| 28|38 a8
Palar 0.1 0.1 0.2 0.2 0.2 0.2
Northern Higher mid-latitude* 0.1 03 04 0.1 0.1
hemisphere Lower mid-latitude 0.1 05 0.3 0.1
Subtropical 01 06 02 0.1
Subtropical 0.1 0.6 0.2 0.1
" Southern Lower mid-latitude 0.1 05 0.3 0.1
" hemisphere Higher mid-latitude” 0.1 0.3 0.6 0.1
Polar 0.1 0.2 0.5 0.1 0.1

*Growingseason in higher middle latitudes: Probability of an increase (decrease) in the length of the growing season
exceeding 10 days is 0.4 (0.2); probability of an increase (decrease) in the variability of the length of the growing

season in excess of 25% is 0.1 (0.2).

PROBABILITY OF PREClPITATION CHANGE BY LATITUDE

(Compared with 1941-70)

ANNUAL GROWING SEASON
2 o o b 2 @ 3
28| 28|28 28 | 28| 28
5= - - - - -
EA |V |&A EA |6V | 8A
Higher mid-latitude 03 05 0.2 0.3 0.5 0.2
Lower mid-latitude 02 0.6 0.2 0.2 0.6 0.2
Subtropical 0.2 0.6 0.2 0.3 05 0.2

PROBABILITY OF PRECIPITATION VARIABILITY CHANGE BY LATITUDE

{Compared with average for the

previous 25-year period) ANNUAL GROWING SEASON
@
& @ b
o™ S gu oN 2 31 S
EA| OBV | OA SA | OV.| OA
Higher mid-latitude 02 0.6 0.2 0.2 06 0.2
Lower mid-latitude 0.2 06 0.2 0.2 06 0.2
Subtropical 02 0.6 0.2 0.3 0.5 0.2
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TABLE 4-4B

MODERATE GLOBAL WARMING

c 5 & 2 8
@ c -
0% [ 7 >3 58
RELATIVE IMPORTANCE OF CARBON DIOXIDE
AND TURBIDITY (PERCENT) DURING THE 60 15 ] 10 10
PERIOD 1975-2000
1977-80 1981-90 1991-2000
- g - € - €
c @ [ c O 1] c ® [
g g s g g fq 2| & §
g | ¢ | 2 g | ¢ | £ €] g | ¢
« < £ o« < £ « < k=
PROBABILITY OF MID-LATITUDE DROUGHT*
United States 0.6 03 0.1 0.2 02 0.6 05 0.3 0.2
Other Mid-Latitude
PROBABILITY OF SAHEL DROUGHT** 03 {04 |03l 03 | 04 |03 0304 (03
PROBABILITY OF MONSOON FAILURE®""
Northwest India 03 | 04 | 03 (/03 [ 04 |03 ][ 02] 05 |03
Other India
Other Monsoon Asiw

*Frequent—simitar to early to mid-1930s and early ta mid-1950s; average—similar to the frequency over the
longest puriod of record available; infreguent —similar to 1940s and 1960s.

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

***Frequent—similar to 1900-25 period; average—similar to the frequency over the longest period of record

available; infrequent—similar to 193060 period.
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TABLE 4-5A

LARGE GLOBAL WARMING

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

PROBABILITY OF TEMPERATURE CHANGE BY LATITUDE

{Compared with 1970-75) :
/8] 3] Q o 8] 0 3] 8} 8]
.. |, . |ns]|os|ws|2s|2s|es
cB| 2| 83| 8E | zE|gE|YE|RElYE
= 0 = QZ| Q n g o & Qs s ©95s
<8|c58|c8|cf|cs| 8| -§|af|m8
Polar 0.1 0.1 0.2 0.6
Northern Higher mid-latitude® 0.1 05 04
hemisphere Lower mid-latitude 0.1 05 0.2 0.2
Subtropical 0.1 0.8 0.1
Subtropical 0.1 0.8 0.1
Southern Lower mid-tatitude 0.1 05 02 0.2
hemisphere Higher mid-latitude” ' 0.1 0.5 0.4
Polar . 0.1 0.1 0.1 0.2 056
*Growing season in higher middle latitudes: Probability of an increase (decrease) in the fength of growing season
exceeding 10 days is 0.8 (0.0); probability of an increase (decrease) in the variability of the length of the growing
season in excess of 26% is 0.0 (0.7).
PROBABILITY OF PRECIPITATION CHANGE BY LATITUDE
{Compared with 1941-70)
ANNUAL GROWING SEASON
& 2 o ]
(- o 0 o (=] a Q Ul d
EE| 28| 25 S5 E5|:8
- - - o ™ - -
EA| SV |Ba EAlSv|8a
Higher mid-latitude 04 | o5 | a1 03 | 05 | 02
Lower mid-fatitude 0.3 0.5 0.2 0.3 04 | 03
Subtropical 03 05 0.2 04 0.5 0.1
PROBABILITY OF PRECIPITATION VARIABILITY CHANGE BY LATITUDE
{Compared with average for the
previous 25-vear period) ANNUAL GROWING SEASON
[} -]
4 Q L o 8 8 @ @
SE| ex| 28 e8| 28| ¢h
g | ZN| g N sl 2d | BN
EA|OVIOA EAlOV |BA
Higher mid-latitude 0.2 0.5 0.3 0.2 0.5 03
Lower mid-latitude 0.2 05 0.3 0.3 0.5 0.2
Subtropical 0.2 05 0.3 0.3 0.5 0.2
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TABLE 4-5B

LARGE GLOBAL WARMING

" "
c e e c =
8% | 8% | § | 54 | st
3% i & $3 58
RELATIVE IMPORTANCE OF CARBON DIOXIDE
AND TURBIDITY (PERCENT) DURING THE 90 10 0 0 0
PERIOD 1975-2000
1977.80 198190 1991-2000
g 'u;.v & g § 2 g § - .
o « £ w « £ o < -3
PROBABILITY OF MID-LATITUDE DROUGHT*
United States 06 | 03| o1 o6 | 03 | 01| 07 | 021! o1
Other Mid-Latitude 05 | 03 | 02| o5 | 03 | 02 i 03 | 03 | 04
PROBABILITY OF SAHEL DROUGHT** 0.1 08 | 01 0.1 07 | 02 || o1 06 | 03
PROBABILITY OF MONSOON FAILURE®**
Northwest India 0.1 08 | 01 0.1 06 | 03 02 | os
Other India 0.1 0.8 0.1 0.1 06 | 03 || .01 0.2 0.7
Other Monsoon Asia 01 08 0.1 0.1 0.6 0.3 0.1 0.2 0.7

*Frequent—similar to early to mid-1930s and early to mid-1950s; average —similar to the frequency over the longest
period of record available; infrequent—similar to 1940s and 1960s.

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

*** Frequent—similar to 1900-25 period; average—simitar to the frequency over the longest period of record available;

infrequent—similar to 1930-60 period.
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While average global temperature increased
moderately, the largest temperature increases
came in the higher latitudes. The Northern Hemi-
sphere warmed slightly more than the Southern
Hemisphere due to its greater land area and the
larger 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-
emn 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 unchanged in the lower middle latitudes.
Both annual and growing-season precipitation var-
iability remained essentially unchanged except for
a slight increase in the variability of growing-
season ‘precipitation in subtropical latitudes.

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

Large Global Warming*

The global cooling trend that began in the 1940s
was dramatically reversed in the last quarter of
the 20th century. By the year 2000, the mean
Northern Hemisphere temperature had increased
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, temperature increases were more pro-
nounced at higher latitudes. The subtropical lati-

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

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

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

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

Climate Scenarios for the Global 2000
Study

The NDU scenarios provide a richness of detail
that could not be used in the Global 2000 Study.
At the beginning of the Study it was assumed that
the government's long-term global models would
require climatological inputs, and three simplified
scenarios—informed by the National Defense Uni-
versity study—were developed. More careful in-
vestigation established later that none of the
global long-term models used by the agencies for
this Study are capable of accepting climatological
inputs. The energy, food, water and forestry
projections all assume implicitly a continuation of
the nearly ideal climate of the 1950s and 1960s.
Although the climate scenarios developed for the
Global 2000 Study could not be incorporated into
the Study’s projections, the scenarios are reported
here to indicate the range of climatic 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 II scenario
is intermediate between NDU’s *‘moderate warm-
ing” and *‘large warming’; similarly, Case III is
intermediate between NDU’s two cooling scena-
rios. Note that these scenarios span a narrower
range of variation than the National Defense

University scenarios and that the narrow span .

excludes climatological developments that would
have a pronounced effect on future demands for
and supplies of food, wood, water, and energy.

The three Global 2000 climate scenarios are:

Case I. No Change. Yearly rainfall and tem-
perature statistics are similar to those of the 1941
70 period. Drought conditions in the U.S. continue
to occur every 20 to 22 years. Monsoon failures
in India become less frequent than recently and
the Sahel region of Africa no longer experiences
severe drought of the type that occurred in the
late *60s and early *70s.

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

The three Global 2000 scenarios are compared
in Figure 4-1 with the historical record of temper-
ature changes from the 1870s to the 1970s. ‘
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1860 1880. 1900 ¢ 1920 .. 1940 - 1960 . 1980 - - 2000

Figure 4-1. The threc Global 2000 Study scenarios compared with the annual mean temperature bhanges
during the past century for the latitude band 0°-80°N. The period 1941-70 is the zero reference base.



5 Technology Projections

Logically, technology is an input to the Global
2000 Study projections much as are population,
GNP, and climate. But, because technology is so
highly specific to each type of projection, it was
impossible to formulate a single set 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 well 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, or when it was
unclear whether a particular idea was more cor-
rectly considered an assumption or a conclusion.

This chapter gathers together the assumptions
of technological change made in the individual
analyses of the Global 2000 project. For the sake
of comprehensiveness, the assumptions behind
the development of the input forecasts already
considered (population, GNP, climate) 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 historical
data taken from the past two or three decades,
which were characterized by many such break-
throughs. These forecasts implicitly assume,
therefore, that breakthroughs will occur in the
future at recent historical rates.

Population

Technology affects population primarily in the
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
implicitly assumed continued adoption of both
forms of technology at moderate rates by project-
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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
enough to significantly affect their forecasts will
occur in the near future-for example, major harmful
side effects of existing birth control techniques will
not be discovered, and new uncontrollable micro-
bial strains 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
industrialized 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
subjectively extrapolating historical growth rates.
Thus, technology is implicitly assumed to contrib-
ute to future economic growth about 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
increasing scarcity of energy. Initially, however, it
based all of its forecasts on direct extrapolation of
past trends of GNP and productivity growth,

S
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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
an 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 in-

creases were not explicitly 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 various
country projections were aggregated and adjusted
on a globally consistent 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
Asian 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 be-
fore the year 2000 were considered to have a
significant effect on the climate of the planet.

Food

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

make the Global 2000 Study’'s agricultural fore-
casts assumes that economic variables such as
product and input prices will influence food pro-
duction efficiency as in the recent past. However,
provision is also made to incorporate an exoge-
nously 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 lincar regression
equation for each major agricultural product pro-
duced locally. In each equation, total production
is calculated as a function of endogenously deter-
mined crop hectarage, a base crop yield, a time
trend variable, and changes in product prices,
input prices, and the prices of 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 over
time to increase yields. The following steps are
taken to adjust the estimated coefficient of the
trend variable to reflect country analysts’ judg-
ments about future productivity trends:

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

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

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

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

5. In cach regional production equation of
GOL, the coefficient of the time trend variable is
recalculated so that the trend increases approxi-
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, potential 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 5-1. 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

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 are what
is given to the Thailand regional analyst to con-
sider in setting Thailand’s rice output for the
adjustment of the GOL model described in Step
3. The adopted technology data points were
calculated from the output of the runs as described
in Step 6.

Fertilizer consumption per unit of food: produc--
tion, also often considered an important measure
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

In the GOL model, both forms of technology are measured as . ' : L
iindexes which are set equal to 1 in some base year. e P T R

Innovative

Technology

. Productivity measured in torms
", of crop and livestock yields

kL

Technology YRR

- actual

s A

Time

proend ..

¥

Figure 5-1. Innovative and adopted technology levels for rice production in Thailand
as projected by the GOL (grain, oilseed, livestock) model.
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production data in Chapter 6 show an assumption
of continued increases in fertilizer use per unit of
food output, from about 800 nutrient tons 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
to harvest and process formerly unfished marine
animals, such as Antarctic krill, 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 assumed is that no fuel as cheap as wood
is at present will become as widely available in
LDCs before the year 2000.

Water

The following major uses of water are expected
to remain the same through 2000. Currently, they
are domestic, 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 Chapter 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 indus-
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 intermediate 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 meet world
energy demand, and miscellaneous conversions
capacity to expand up to high limits. Miscellaneous
conversions capacity in 1985 and 1990 is allowed to
be as much as two and three times its historical
1975 level, respectively. In general, the expansions
in refining and miscellaneous conversions
capacities are restricted to the industrialized na-
tions.

The forecasts assume continued new adoption
of nuclear and hydro power for electrical genera-
tion. Regional electrical generation capacities from
nuclear and hydro (including geothermal and so-
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.

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 advance 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 Minerals

The nonfuel minerals demand forecasts were
made from combinations of expert judgment and
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TABLE 5-1

Electrical Generation from Nuciear
and Hydro Power Assumed in Energy Forecasts

(Terawatt-hours per year)

Indus- Less
United trialized D¢¥el- ~OPEC (]:’el:rt\?c:g
States  Coun- ((:) ped Cqun— Econo-
tries“’ 0}11’1— ) tries mies
tres
1975 475 1343 240 0 —
1985
Low growth 969 2492  $85 19 760
Medium
growth 975 2515 585 19 760
High ,
growth 976 2,516 585 19 760
High prices 1,045 2,584  'SBS 19 750
1990
Low growth 1,373 3,316 924 64 1,350
" Medium
growth 1,397 3513 924 64 1,350
High : ' ’
growth 1,402 3518 924 64 1,350
High prices 1,555 3,670 924 64 1,350

“Including the U.S.

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

ogy necessary to allow continued growth in pro-.

duction will be made. Mineral production will
grow through 2000 quickly and reliably enough to
make end-use. factors, not supply constraints, the
dominant determinants of mineral consumption.
Economic growth will not be restricted 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'ta
1985 and 2000 by use of a regression analysis
using the following U.S. economic indicators as
explanatory variables: GNP, Federal Reserve
Board index of industrial production, gross private
domestic investment, new construction, popula-
tion, and GNP per capita. The historical values of
these variables, supplied by the Office of Manage-
ment and Budget are taken from the 1954-73
period. Such a regression equation would implic-
itly assume that the role that technological ad-
vance has had in making mineral consumption
track the explanatory variables in the past will
continue into the future. The forecasts of the
regression equations are considered by the indi-
vidual commodity analysts, who then make the
final U.S. forecasts after considering other infor-
mation relevant to their 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 capita, and their own knowl-
edge of world markets and probable technology,
but .;vithout formal regression forecasts of de-
mand.

Environment

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

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

Energy. There will be a global acceptance of
U.S. new source performance standards in the

near future. (This is an assumption of the Energy
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Systems Network Simulator model used to convert

the energy consumption forecasts to emissions -

forecasts, described in Chapter 19).

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

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

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



6 Food and Agriculture Projections

Recent shifts in world food supplies from sur-
plus toward deficit and back again toward surplus
have generated wide concern as to future food
balances. This chapter reports on 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 following
pages. The analytic. framework used to generate
the projections and their broad implications are
highlighted. Resource balances, estimates of the
changing cost and growth in investment required
to develop the productive capacity projected to
2000, and the broad environmental implications of
the projections are also treated.

Caveats

Long-range projections, particularly food pro-
Jjections, are subject to several qualifications.

First, estimating changes in population, income,
taste, resources, technology, and weather as well

industrialized countries against the paucity of
information available for the less developed and

. centrally planned countries. The extent to which

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 .

so distant a time horizon are not forecasts of what
will happen but rather educated guesses of what
couid 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

IE]

governments intervene to influence .the quantities
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 relationships.

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 experts.

The strength of the GOL model lies in its
emphasis on cross-regional and cross-commodity
quantity and price linkages. The individual grain,
oilseed, and livestock sectors within each regional
model are linked on the supply side in their
competition for resources, and on the demand
side as intermediate or finished products in the
human diet. Production and consumption across
regions are balanced at the world level. Imports
and exports sum to zero, and world and regional

-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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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
transiate GOL output into indices of total food
production and consumption; the second and third
sets of relationships are used to estimate arable
area and fertilizer use. Fertilizer is used as a
proxy for a larger collection of inputs, including
improved varieties, pesticides, and irrigation. Sec-
sondary measures of land-man ratios and use of
fertilizer per arable hectare are also generated.

Scenario Deﬂnitions

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 1, 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 importing countries and
trade-expansionist in the major exporting coun-
tries. Alternative I's median income, population,
and weather assumptions are run in combination
first with constant energy prices—i.e., assuming
petroleum prices do not increase markedly from
the real-pricc 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 reflect not so much
uncertainty about petroleum price increases as
uncertainty about the abllnty of the agricultural
sector to adjust to changes m mput 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 projected assuming favorable weather—
i.e., assuming weather through 2000 to be more
favorable than weather over the last 25 years.
Good weather is assumed to raise yields about the
equivalent of one standard error calculated on

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

Alternative 111, which defines a lower bound
assumes higher population growth and lower per
capita income growth rates of about 2.1 percent
and 0.7 percent, respectively., Growth in yields is
projected assuming poor weather—i.e., assuming
weather through 2000 to be less favorable than
over the last 25 years. Yields are projected the
equivalent of one standard error below Alternative
I levels (see Table 6-3), Alternative III is run
assuming that real petroleum prices more than
double by 2000. _

No provision 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 in climate will be small enough to be
compensated for by changes in cultural practices
and development of new technology. Assuming
no significant climate changes, however, does not
rule out years of good weather comparable to the
late 1960s in the Soviet Union or bad weather
years comparable to the mid-1960s in India. The
variations in yields between Alternatives 11 and
I 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 III differ with regard to speciﬁcs, a
number of conclusions hold for all three scenarios.
The following general conclusions pertain to Alter-
native I output.

Record Growth

The world has the capacity, both physical and
economic, 1o proa’uce 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 consumption projections
are comparable to the record increases reported
for the 1950s and the 1960s. Growth in the grain
component of total food production and consump-
tion—for which longer historical series are avail-
able—is also projected near or above the record
rates of the last two decades and more than
double the rate of increase for the first half of
the century (Table 6-4). Several significant quali-
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fications are needed, however, to put this growth  early 1970s (Tables 6-5 and 6-6).
into proper perspective. Driving near-record growth Driving near-record rates of growth on the sup-
in demand are equally impressive growth in pop-  ply side are marked increases in the resources
ulation in the less developed countries (LDCs)  committed to food production—measured roughly
and affluence in the industrialized countries. The in terms of land under cultivation—and strong
world’s food sector must grow at near-record rates  gains in productivity—based primarily on wider
simply to maintain the benchmark per capita con-  adoption of technology and increased use of re-
sumption levels reported in the late 1960s and  source-augmenting inputs such as fertilizers and

TABLE 6-1
Population Growth Rates, Actual and Projected
(Percent)
1985/1975 2000/1975
1970/1960 Alternatives Alternatives
I Il 1 I I 11
Percent
Industrialized countries 1.09 .57 .48 .67 .52 .34 71
United States 1.26 .70 .52 .96 .55 27 R
Other developed exporters? 2.28 2.05 1.99 2.15 1.80 1.60 1.94
Western Europe .80 33 .30 35 43 31 .52
Japan 1.04 .88 .81 .91 .59 43 .68
Centrally planned countries 1.54 1.25 99 1.45 1.21 .94 1.43
Eastern Europe .70 .68 - .63 .74 57 .39 .76
U.S.S.R. 1.25 .93 .80 1.05 .68 46 90
People’s Republic of China 1.78 1.42 1.10 1.64 1.42 1.14 1.63
Less developed countries 2.56 2.50 2.36 2.66 2.37 2.04 2.7
Latin America 2.82 2.91 2.65 3.04 2.61 2.17 2.94
North Africa/Middle East 2.74 2.75 2.61 2.86 2.75 2.44 3.05
Other African LDCs 2.42 2.61 2.50 2.69 2.68 2.31 2.94
South Asia 2.56 2,34 2.25 2.58 2.13 1.88 2.63
Southeast Asia 2.68 2.50 2.34 2.65 2.20 177 2.58
East Asia 2.3 2.13 1.94 2.28 1.99 1.58 2.27
World 1.93 1.79 1.63 1.95 1.77 1.48 2.05
4Canada, Australia, South Africa. '
Source: U.S. Bureau of the Census.
TABLE 6-2
Per Capita Income Growth Rates, Actual and Projected
(Percent)
1985/1975 2000/1985
1960-1970 Alternatives Alternatives
I 11 I 1 I I
Industrialized countries 3.29 341 4.40 2.4] 2.57 3.35 1.77
United States 2.5 3.28 4.35 212 2.54 3.42 1.55
Other major exporters? 1.87 1.95 2,85 1.10 1.40 2.2§ .55
Western Europe 3.52 3.66 4.59 2.74 2.66 3.38 .97
Japan 8.76 310 4,06 2.17 2.49 3.26 1.81
Centrally planned countries 3.65 2.35 3.22 1.50 2.20 315 1.25
Eastren Europe 3.88 2.55 2.85 2.24 2.16 2.60 1.73
U.S.S.R. 5.17 2.30 2.67 1.93 2.06 2.53 1.59
People’s Republic of China .90 2.30 3.85 .86 2.30 3.81 .85
Less developed countries 3.13 2.54 3.5 1.55 2.01 3.00 1,03
Latin America 2.62 2.64 390 - 1.51 1.84 2.84 97
North Africa/Middle East 2,79 3.95 4.70 3.35 3.20 4.15 2.26
Other African LDCs 1.00 2.95 3.60 2.35 2.15 3.00 1.38
South Asia .73 1.12 .91 .20 .66 1.20 15
Southeast Asia 2.26 2.50 2.65 2.34 2.20 2.58 1.77
East Asia 2.01 3.34 4.37 2.66 2.80 3.98 1.54
World 2.80 2.26 3.23 1.29 1.53 2.42 .66

*Canada, Australia, South Africa
Source: Global 2000 Study staff.

[
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Variation from

TABLE 6-3

Yield Variations Due to Assumptions Regarding Weather Conditions

Kilogram per Hectare.

Alternative I 1985 Equivalent
and 2000 Yield 1985 2000
) Percent
Industrialized countries
United States + 5.75 250 280
‘Other developed exporters +14.50 310 400
Western Europe + 5.00 190 220
Japan + 475 150 160
Centrally planned countries
Eastern Europe + 6.25 220 280
U.S.S.R. +11.75 240 310
People’s Republic of China + 5.50 100 130
Less developed countries
fLatin America * 8.00 130 200
North Africa/Middle East =.9.00 130 o220
Other developing Africa + 3.50 50 80
South Asia + 475 60 80
Southeast Asia + 6.50 110 160
East Asia = 6.00 110 : 160
Weighted total above?® + 7.20 180 220
World aggregated" + 3.00 70 90

Note:-Yield variations are calculated on the basis of one standard error of the regression of 195075 yield data against time,

@ Production weighted aggregate of regi

"Variation calculated using world yield series.
Source: Economics, Statistics, and Cooperatives Service, U.S. Department of Agriculture.

TABLE 6-4

| variations.

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

1973-781 1985/ 2000/
1951-55  1973-75 . 1985
Percent
Industrialized countries
Production 2.5 2.5—~18 1.8-1.7
Consumption 2.2 2420 19—18
Exporters .
Production 2.6 2925 2120
Consumption 21 2722 2221
Importers
Production 2.3 1.6~02 1.1—1.1
Consumption 2.1 2.1—1.7 1.6—1.5
Centrally planned countries
Production 28 2.4 1.6
Consumption 3.0 22 1.6
Less developed countries
Production 2.8 3,337 3.0-28
Consumption 3.1 3.6—3.6 2.8-2.6
Exporters
Production 3.2 3.1—4.2 3229
Consumption 35 1.7—-1.7 2423
Importers
Production 2.7 3.3—-36 3.0-28
Consumption 3.0 3.8—3.7 2.8-27
World »
Production 2.7 2.7-25 2.1=2.0
Consumption 2.7 2725 21=20

pesticides. The rates of growth in production and
the relative importance 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 increasing 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 individua] 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 regional or country
levels. Significant increases in trade—exported by
a few major surplus producers, including the
United States, Canada, Australia, and several
emerging exporters such as Thailand and Brazil—
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will be needed to balance excess demand in food-
deficit Western Europe, 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 Impacts

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 sector. The bottom end of the range provides
for no marked increase in the price of energy from
real 1973-75 levels. The upper end provides for
moderately higher real prices by 1985 and substan-
tially higher 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 te 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 hxgher energy prices, depending
»zon the timing of increases, without the degree of
.dislocation implied at the upper end of the range.
* The model results suggest that, while world
;production and consumption levels might not be
‘changed measurably by marked but gradual in-
‘creases in energy prices, major shifts within and
-across sectors and regions would be likely. The
comparative advantage of the resource-endowed
LDCs such as Brazil and Thailand, which use
relatwely few high energy-intensive inputs, would
. -improve. Higher energy prices, however, would
Jlikely 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 and by
decreasing on the use of, or increasing returns to,
energy-intensive inputs. The comparative advan-
tage of the traditional food-exporting countries
would likely deteriorate relative to the resource-
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

above the levels projected under a: constant petro-
leum price alternative. 4

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 technological change. In
the shorter term, however, some estimate of the
impact of higher energy prices can be made on
the basis of data on energy intensity and judg-
ments 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 series 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 would not be likely to change much. The
experience of the past 3-4 years of higher energy
prices suggests that a country’s ability to move
back down the curve toward lower energy inten-
sity—i.e., to adjust production techniques without
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 area. As Figures 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.
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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 and use of fertilizers. The proper timing and
method of application also contribute to fertilizer
efficiency. Moreover, considerable savings appear
possible by changing mixes of fertilizers to empha-
size organic and green fertilizers as well as
inorganic chemical fertilizers.

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 1020 percent appear to be
possible through minimal efforts to increase irri-
gation pumping plant efficiency, to upgrade water
usage and water scheduling, and to adopt runoff
control procedures.

Drying grain for storage—which accounts 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 increases 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

or much sharper than a graduated 5-10 percent per
year. The present capabilities of the GOL model
do not permit more precise measurement of the
impact of gradually changing petroleum prices or
reliable projections of the impact of more extreme
energy price changes.

Continuing Trends

The projections also suggest that the major
trends of the past two decades—(1) the increasing
dependence of LDCs on food imports; (2) the
growing importance of varigbility 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 determining the quantities and prices of
commodities moving on the international 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, however, also measure the
LDCs ability to supplement limited domestic out-
put with foreign production. A closer look at
which LDCs import more through 2000 suggests
that the largest increases are concentrated in the
relatively affluent upper one-third of the develop-
ing world. The calorie gap—the difference be-
tween recommended caloric consumption mini-
mums and food energy supplies—suggests a much
larger, more persistent problem concentrated in
the lowest-income countries but affecting groups
within 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, rthe importance of variability
in supply is likely to increase markedly as world
productive capacity is used at significantly higher

*Primarily Argentina and Thailand, but in some scenarios
other LDCs as well, e.g., Brazil, Colombia, and Indonesia.
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levels. The experience of a number of countries

suggests that expansion of cultivation into mar-
ginal areas increases susceptibility to weather
fluctuations. The resource balances reviewed be-
low indicate that a larger proportion of the world's
food supplies will have to be grown on increas-
ingly marginal arcas 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. Reserves 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 determining the quantities
and prices of 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 marked changes in international trading
conventions, the role of major but sporadic im-
porters such as the Soviet Union is also likely to
increase. Protectionist 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
current structure of the world market also allows
them to pass on part, if not all, of the cost of
disruptions in their domestic agricultural econo-
mies for absorbtion by the world market, The
impact of changes in world supply and 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 away 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 dicts 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
oilseed feeds. Moreover, the world’s fish catch is
an essentially concentrate-free source of animal
protein, and, should the world’s fish catch not
increase at the 1.5-2.0 percent rate 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 worldwide 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 as price-inelastic
food demand in the poorest LDCs 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
widely., The prime concern in the industrialized
countries is likely to be adjustment. The major
exporters will continue to face the problem of
adjusting their production to higher but widely
fluctuating foreign demand. The food-deficit
higher-income countries will continue to face the
problem of worsening 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 disadvantage 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 human
needs are met.

Alternatives I-III: Results and
Conclusions

The projections presented in Tables 6-7 and
6-8 point up a number of alternative-specific
conclusions regarding (1) the impacts of popula-
tion, income, yield, and petroleum price variations
in particular regions and over time, (2) the range
of possible LDC food consumption improvements
through 2000, (3) the variability of world trade and
the role of the U.S. as residual supplier, and (4)

the range of likely 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
narrow (see Tables 6-1 and 6-2). The range of
vield variations is also narrow (se¢ 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 and
consumption levels. _

With regard to short-term versus long-term
adjustments, the static nature of the GOL model
and the long-range specification of its elasticities
limit the model to measuring net long-term adjust-
ments. The model can say 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.

Results

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

population, income, yield, and petroleum price
variables differs widely by regions and over time.
In the food-importing countries of Western Eu-
rope and in Japan, with relatively stable yields
and low population growth rates, the crucial
demand variables both in 1985 and 2000 are likely
to be income growth rates and shifts in taste. The
crucial determinants of supply are likely to be
petroleum prices and domestic agricultural and
trade policy decisions. Among the traditional
exporters, foreign demand, weather-related fluc-
tuations in yields, and, to a lesser extent, petro-
leum price increases will be the most 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, popuiation growth
is by far the dominant demand factor, with
variability in yields dominating on the supply side.

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

With regard to improvements in per capita
LDC food consumption, even Alternative II's
combination of optimistic supply and demand
assumptions suggests gains are likely to be small
and poorly distributed. Anniial 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
below 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
as 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-
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TABLE 4-3B

SAME AS THE LAST 30 YEARS

L= w
c 5 o ‘c L
83 53 % 3. 52
s 0 = £ c 2 £E
[S3K -] woo (7] > 95 0 a
RELATIVE IMPORTANCE OF CARBON DIOXIDE
AND TURBIDITY (PERCENT) DURING THE 50 10 10 15 15
PERIOD 1975.2000
1977-80 1981-90 1991-2000
2 § I ¢ § | = §
s 8l 2 s Pl sl 8] 2
54 ° 4 3 @ e T S o
@ S E g g = @ g &
o < £ 0 < £ & 4 £
PROBABILITY OF MID-LATITUDE DROUGHT*
United States 05 0.4 0.1 0.2 06 0.2 05 | 04 0.1
Other Mid-Latitude 04 05 0.1 0.3 06 | 01 0.4 0.5 0.1
PROBABILITY OF SAHEL DROUGHT** 02 06 0.2 0.2 0.7 0.1 0.2 0.7 0.1
PROBABILITY OF MONSOON FAILURE*"*
Northwest India 03 0.6 0.1 0.2 0.6 0.2 02 05 0.3
Other India 0.3 0.6 0.1 0.2 06 | 02 0.2 05 | 03
Other Mansoon Asia 0.3 06 0.1 0.2 06 0.2 02 | 06 0.2

* Frequent—similar to early to mid-1930s and early to mid-195Qs; average—similar to the frequency over the longest
period of record available; infrequent—similar to 1940s and 1960s.

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

***Frequent—similar to 1900-25 period; average—similar to the frequency over the longest period of record

available; infrequent—similar to 1930-60 pericd.
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TABLE 4-4A

MODERATE GLOBAL WARMING

PROBABILITY OF SCENARIO: 0.25
MEAN NORTHERN HEMISPHERE TEMPERATURE CHANGE SINCE 1969: between 0.25° and 0.6°C warmer

PROBABILITY OF TEMPERATURE CHANGE BY LATITUDE

(Compared with 1970-75)
.|, | _ || es|{wWs| o8 |95k
8l o3| 98| QE | gE|gE|YE|CE|WE
=l ws | &= 5 ) s | ©85 | ©3
28| 8|38 |c8|38|-8|-8|QF|m3
Polar | o1 | 01 [ 02 | 02 | 02 | 02
Northern Higher mid-latitude* 0.1 0.3 04 0.1 0.1
hemisphere Lower mid-latitude 0.1 05 0.3 0.1
Subtropical 0.1 0.6 0.2 0.1
Subtropical 0.1 06 02 0.1
Southern l.ower mid-latitude 0.1 05 0.3 0.1
hemisphere Higher mid-latitude™ 0.1 0.3 05 0.1
Potar 0.1 0.2 05 0.1 0.1
*Growingseason in higher middle latitudes: Probability of an increase (decrease) in the /ength of the growing season
exceeding 10 days is 0.4 {0.2); probability of an increase {(decrease) in the variability of the length of the growing
season in excess of 26% is 0.1 (0.2).
PROBABILITY OF PRECIPITATION CHANGE BY LATITUDE
{Compared with 1941-70)
ANNUAL GROWING SEASON-
g 2 ]
RS 25| B 18
5~ Q- O ~ 5= (3= U -
EA| SV | 8a EA | BV | &A
Higher mid-latitude 0.3 0.5 0.2 0.3 05 0.2
Lower mid-latitude 0.2 0.6 0.2 0.2 0.6 0.2
Subtropical 0.2 0.6 0.2 0.3 0.5 02

PROBABILITY OF PRECIPITATION VARIABILITY CHANGE BY LATITUDE

{Compared with average for the
previous 25-year period) ANNUAL GROWING SEASON
Sl gel B Sl sel| B
shH | 2% | &h 8k | X | &
5N S| €8 gN | B8N [ ZN
EAl SV | an EA{Bv | oA
Higher mid-iatitude 0.2 0.6 0.2 0.2 0.6 0.2
Lower mid-latitude 02 0.6 0.2 0.2 0.6 0.2
Subtropical 02 0.6 0.2 0.3 05 0.2
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TABLE 4-4B

MODERATE GLOBAL WARMING

g2 P
c e 5 2 c L
3% I8 & >3 o8
RELATIVE IMPORTANCE OF CARBON DIOXIDE
. AND TURBIDITY (PERCENT) DURING THE 60 15 5 10 10
PERIOD 1975-2000 )
1977-80 1981-90 1991-2000
el g | Bl g s | 8| 2| & | B
g © g’ g g’ o g L] g’
g @ ® g ® = g g - e
b > “ ® > “ o > o
[ < £ w L4 £ w g £
PROBABILITY OF MID-LATITUDE DROUGHT*
United States ‘ 06 | 03 | o1 {[02 [0z |os (a5 | 03 | 02
Other Mid-Latitude
_PROBABILITY OF SAHEL DROUGHT** 0.3 04 0.3 0.3 04 0.3 0.3 04 ,0'3
PROBAB|LITY OF MONSOON FAILURE"**
Northwest India 0.3 04 0.3 0.3 04 0.3 0.2 0.5 0.3
Other India
Other Monsoon Asia

*Frequent—similar to early to mid-1930s and early to mid-1950s; average—similar to the frequency over the
longest period of record available; infrequent—similar to 1840s and 1960s.

**Frequent—similar to 1940-50 and 1965-73 periods; a&erage—simﬂar to the frequency over the longest period of
record available; infrequent—similar to 1950-65 period. .

***Frequent—similar to 1900-25 period; average~similar to the frequency over the longest period of record

available; infrequent—similar to 1930-60 period.
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TABLE 4-5A

LARGE GLOBAL WARMING

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

PROBABILITY OF TEMPERATURE CHANGE BY LATITUDE

(Compared with 1970-75)
Oo o DU OU OU OU OL’ OU DL,
w, |9, |, |lws|los|es|9s|os|s
T8 -8 | GBI QE| TE|TE| WE|BE|WE
Qs|lvwgs|osleslwvwi|es|lvws| o8| Q8
~S5lob|oo|lo3]lo3| -3 2| 3|32
Polar 0.1 0.1 0.2 0.6
Northern Higher mid-latitude® 0.1 0.5 0.4
hemisphere Lower mid-latitude 0.1 0.5 0.2 0.2
Subtropical 0.1 0.8 0.1
Subtropical 0.1 08 0.1
Southern Lower mid-latitude 01 05 0.2 0.2
hemisphere Higher mid-latitude* ) 0.1 0.5 04
Polar 01 0.1 0.1 0.2 0.5
*Growing season in higher middle latitudes: Probability of an increase (decrease) in the fength of growing season
exceeding 10 days is 0.8 (0.0}, probability of an increase (decrease) in the variability of the length of the growing
season in excess of 25% is 0.0 (0.7). :
PROBABILITY OF PRECIPITATION CHANGE BY LATITUDE
(Compared with 1941-70) '
ANNUAL GROWING SEASON
b @ & s @ 2
i1 28!28 s8| 28|28
G - R o= U - o - T = Q =
EA|Evian EAlSv]|da
Higher mid-latitude 04 0.5 0.1 0.3 0.5 02
Lower mid-latitude 03 0.5 0.2 0.3 04 0.3
Subtropical 0.3 0.5 0.2 04 05 0.1
PROBABILITY OF PRECIPITATION VARIABILITY CHANGE BY LATITUDE
{Compared with average for the
previous 25-year period) ANNUAL GROWING SEASON
@ g @ 3
s | Bl S pae | S| T
SEA|l DV IaA ZA OBV {CA
Higher mid-latitude 0.2 05 0.3 0.2 05 0.3
Lower mid-latitude 0.2 05 0.3 0.3 0.5 0.2
Subtropical 0.2 0.5 0.3 0.3 0.5 0.2
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TABLE 4-5B

LARGE GLOBAL WARMING

O n
c ¥ 5 2 o ' 8
$§% | §£5 X 3. 52
50 3% £ 635 £k
3% g o >3 o a
RELATIVE IMPORTANCE OF CARBON DIOX(DE
AND TURBIDITY (PERCENT) DURING THE 90 10 0 0 0
PERIOD 1975-2000
1977-80 1981-90 1991-2000
- e -
g | § gl o |-8 £ o §
g g g 3 2 5 g 8 T
g1 g | £l ) g & 8] & | £
u < £ w < £ e < £
PROBABILITY OF MID-LATITUDE DROUGHT*
United States 0.6 0.3 0.1 0.6 03 0.1 0.7 0.2 0.1
Other Mid-Latitude 05 0.3 0.2 05 03 0.2 03 03 0.4
PROBABILITY OF SAHEL DROUGHT** - 0.1 0.8 0.1 0.1 0.7 0.2 0.1 0.6 0.3
PROBABILITY OF MONSOON FAILURE""" -
Northwest India 0.1 0.8 0.1 0.1 0.6 0.3 0.2 08
Other India 0.1 0.8 0.1 0.1 0.6 0.3 0.1 0.2 0.7
Other Monsoon Asia 0.1 0.8 0.1 0.1 0.6 0.3 0.1 0.2 0.7

*Frequent—similar 10 early to mid-1930s and early to mid-1950s; average—similar to the frequency over the longest
period of record available; infrequen t—similar to 1940s and 1960s.

* *Frequent—similar to 1940-560 and 1965-73 periods; average—similar to the frequency over the longest period of

record available; infrequent—similar to 1950-65 period.

*** Frequent—similar to 1900-25 period; average—similar to the frequency over the longest period of record available;

infrequent—similar to 1930-60 period.
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While average global temperature increased
moderately, the largest temperature increases
came in the higher latitudes. The Northern Hemi-
sphere warmed slightly more than the Southern
Hemisphere due to its greater land area and the
larger 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-
emn 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 unchanged in the lower middle latitudes.
Both annual and growing-season precipitation var-
iability remained essentially unchanged except for
a slight increase in the variability of growing-
season precipitation in subtropical latitudes.

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

Large Global Warming*

The global cooling trend that began in the 1940s
was dramatically reversed in the last quarter of
the 20th century. By the year 2000, the mean
Northern Hemisphere temperature had increased
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, temperature increases were more pro-
nounced at higher latitudes. The subtropical lati-

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

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 Northern and
Southern Hemispheres. The increase in tempera-
ture was accompanied by a significant increase in
the length of the growing season in the higher
middle latitudes, as well as by a substantial

_decrease in the variability from year to year in the

length of the growing season.

Precipitation levels generally increased, espe-
cially in the subtropical and higher middle Iati-
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 parts of
Asia. These conditions were similar to those of
the 1930-60 period. Monsoon failure was infre-
quent, especially in northwest India. But in the
midlatitude areas of the United States, extending
from the Rockies to the Appalachians, drought
conditions similar to the mid-1930s and the early
to mid-1950s prevailéd. In other midlatitude areas
of the world, notably Europe, the probability of
drought declined. The increased levels of precipi-
tation also retumed the Sahel region to wetter
weather conditions.

Climate Scenarios for the Global 2000
Study

The NDU scenarios provide a richness of detail
that could not be used in the Global 2000 Study.
At the beginning of the Study it was assumed that
the government’s long-term global models would
require climatological inputs, and three simplified
scenarios—informed by the National Defense Uni-
versity study—were developed. More careful in-
vestigation established later that none of the
global long-term models used by the agencies for
this Study are capable of accepting climatological
inputs. The energy, food, water and forestry
projections all assume implicitly a continuation of
the nearly ideal climate of the 1950s and 1960s.
Although the climate scenarios developed for the
Global 2000 Study could not be incorporated into
the Study’s projections, the scenarios are reported
here to indicate the range of climatic 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 II scenario
is intermediate between NDU’s ““moderate warm-
ing”’ and ‘‘large warming’’; similarly, Case III is
intermediate between NDU’s two cooling scena-
rios. Note that these scenarios span a narrower
range of variation than the National Defense

University scenarios and that the narrow span .

excludes climatological developments that would
have a pronounced effect on future demands for
and supplies of food, wood, water, and energy.

The three Global 2000 climate scenarios are:

Case I: No Change. Yearly rainfall and tem-
perature statistics are similar to those of the 1941-
70 period. Drought conditions in the U.S. continue
to occur every 20 to 22 years. Monsoon failures
in India become less frequent than recently and
the Sahel region of Africa no longer experiences
severe drought of the type that occurred in the
late 60s and early *70s.

Case II: 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 snmnlar to
those of the mid-’30s.

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

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

- R——

1980

- 192’9\ S

TS
Global 2000 Case
\\wam.wl'
08 J
06l 1
C ¥ ooar _
L
o |
S 02f J
' Global 2000 Case |
' “No chonge”
0ot ~
02} J
S \\//-’\J Globol 2000 Case I L
. By — “Cooling" - ‘
, “ ,
081 1
L M0 T aes0 2000 .

1940

Figure 4-1. The three Global 2000 Study scenarios compared with the annual mean temperature changes
during the past century for the latitude band 0°—80°N. The period 1941-70 is the zero reference base.



5 Technology Projections

Logically, technology is an input to the Global
2000 Study projections much as are population,
GNP, and climate. But, because technology is so
highly specific to each type of projection, it was
impossible to formulate a single set 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 well as
from the exogenously supplied popuiation, 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, or when it was
unclear whether a particular idea was more cor-
rectly considered an assumption or a conclusion.

This chapter gathers together the assumptions
of technological change made in the individual
analyses of the Global 2000 project. For the sake
of comprehensiveness, the assumptions behind
the development of the input forecasts already
considered (population, GNP, climate) 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 historical
data taken from the past two or three decades,
which were characterized by many such break-
throughs. These forecasts implicitly assume,
therefore, that breakthroughs will occur in the
future at recent historical rates.

Population

Technology affects population primarily in the
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
implicitly assumed continued adoption of both
forms of technology at moderate rates by project-
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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
enough to significantly affect their forecasts will
occur in the near future-for example, major harmful,
side effects of existing birth control techniques will
not be discovered, and new uncontrollable micro-
bial strains hamnful 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
industrialized 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
subjectively extrapolating historical growth rates.
Thus, technology is implicitly assumed to contrib-
ute to future economic growth about 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
increasing scarcity of energy. Initially, however, it
based all of its forecasts on direct extrapolation 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
an 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 in-
creases were not explicitly attributed to technolog-
ical change. However, because capital productiv-
ity increases in the past resulted partially from
\tgchnological advance, extensions of the upward
tqu in productivity presumably imply continued
advance. .

2. Using a computer-based model, the various
country projections were aggregated and adjusted
on a globally consistent basis to reflect probable
economic growth constraints due to likely limita-
tions in 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
Asian 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 be-
fore the year 2000 were considered to have a
significant effect on the climate of the planet.

Food

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

make the Global 2000 Study’s agricultural fore-
casts assumes that economic variables such- as
product and input prices will influence food pro-
duction efficiency as in the recent past. However,
provision is also made to incorporate an exoge-
nously 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
trend 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 over
time to increase yields. The following steps are
taken to adjust the estimated coefficient of the
trend variable to reflect country analysts’ judg-
ments about future productivity trends:

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

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

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

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

5. In each regional production equation of
GOL, the coefficient of the time trend variable is
recalculated so that the trend increases approxi-
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, potential 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 nnovative and adopted technology
taken from actual model data is reproduced in
Figure 5-1. Tt 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

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 are what

is given to the Thailand regional analyst to con-
sider in setting Thailand’s rice output for the
adjustment of the GOL model described in Step
3. The adopted technology data points were
calculated from the output of the runs as described
in Step 6.

Fertilizer consumption per unit of food produc-
tion, also often considered an important measure
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

L tﬁe'G'oL‘:j
L0 indexes which:

“ ,’?;;Pvrodwfivity measured in terms
.+ of ¢rop and livestock yields

T

Time * "

Figure 5-1, Innovative and adopted technology levels for rice production in Thailand -
as projected by the GOL (grain, oilseed, livestock) mode).
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production data in Chapter 6 show an assumption
of continued increases in fertilizer use per unit of
food output, from about 800 nutrient tons 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
to harvest and process formerly unfished marine
animals, such as Antarctic krill, 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 assumed is that no fuel as cheap as wood
is at present will become as widely available in
LDCs before the year 2000.

Water

“The following major uses of water are expected
to remain the same through 2000. Currently, they
are domestic, 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 Chapter 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 indus-
trial or agricultural output, (2) increasing water
purification or desalinization, and (3) mcreasmg
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 intermediate 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 meet world
energy demand, and miscellaneous conversions
capacity to expand up to high limits. Miscellaneous
conversions capacity in 1985 and 1990 is allowed to
be as much as two and three times its historical
1975 level, respectively. In general, the expansions
in refining and miscellaneous conversions
capacities are restricted to the industrialized na-
tions. ‘
The forecasts assume continued new adoption
of nuclear and hydro power for electrical genera-
tion. Regional electrical generation capacities from
nuclear and hydro (including geothermal and so-
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.

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 advance 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 Minerals

The nonfuel minerals demand forecasts were
made from combinations of expert judgment and
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TABLE 5-1

Electrical Generaﬁon from Nuclear
and Hydro Power Assumed in Energy Forecasts

(Terawatt-hours per yegr)

Less
Indus- Cent
United tislisea Devel: OPEC Guovrell
States Coun. Ooped ~ Coun- Econo-
tries ® Cqun- tries mies
tries

1975 475 1,343 240 0 —

1985
Low growth 969 2,492 585 19 760
Medium

growth 975 2,515 585 19 760
High ’

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

1990
Low growth 1,373 3,316 924 64 1,350
Medium

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

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

*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 tended 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-
ogy necessary to allow continued growth in pro-
duction will be made, Mineral production will
grow through 2000 quickly and reliably enough to
make end-use factors, not supply constraints, the
dominant determinants of mineral consumption.
Economic growth will not be restricted 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, Federal Reserve
Board index of industrial production, gross private
domestic investment, new construction, popula-
tion, and GNP per capita. The historical values of
these variables, supplied by the Office of Manage-
ment and Budget, are taken from the 1954-73
period. Such a regression equation would implic-
itly assume that the role that technological ad-
vance has had in making mineral consumption
track the explanatory variables in the past will
continue into the future. The forecasts of the
regression equations are considered by the indi-
vidual commodity analysts, who then make the
final U.S. forecasts after considering other infor-
mation relevant to their 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 capita, and their own knowl-
edge of world markets and probable technology,
but without formal regression forecasts of de-
mand.

Environment

As Chapter 13 assesses the environmental im-
pact that would result if the other forecasts were
valid, it generally 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; technology can aid the
management of these problems but not eliminate
their cause. The sector-specific assumptions are
as follows:

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

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

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

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

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



6 Food and Agriculture Projections

Recent shifts in world food supplies from sur-
plus toward deficit and back again toward surplus
have generated wide concern as to future food
balances. This chapter reports on 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 following
pages. The analytic framework used to generate
the projections and their broad implications are
highlighted. Resource balances, estimates of the
changing cost and growth in investment required
to develop the productive capacity projected to
2000, and the broad environmental implications of
the projections are also treated.

Caveats

Long-range projections, particularly food pro-
jections, are subject to several qualifications.

First, estimating changes in population, income,
taste, resources, technology, and weather as 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
so distant a time horizon are not forecasts of what
will happen but rather educated guesses of what
could happen. Assigning probabilities to projec-
tions is 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

73

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 quantities
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 relationships.

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 experts.

The strength of the GOL model lies in its
emphasis on cross-regional and cross-commodity
quantity and price linkages. The individual grain,
oilseed, and livestock sectors within each regional
model are linked on the supply side in their
competition for resources, and on the demand
side as intermediate or finished products in the
human diet. Production and consumption across
regions are balanced at the world level. Imports
and exports sum to zero, and world and regional
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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FOOD AND AGRICULTURE PROJECTIONS : L

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 estimate. 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 1, 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-
iStant—i.e., the impact of weather on yields
sthrough 2000 is assumed to be comparable to that
.of the past 25 years. Agricultural and trade
" policies are assumed to continue to be largely
protectionist in the major importing countries and
trade-expansionist in the major exporting coun-
tries. Alternative I's median income, population,
and weather assumptions are run in combination
first with constant energy prices—i.e., assuming
-petroleum prices do not increase markedly from
the real-price highs of 1974-76—and second as-
suming marked increases more than double the
cost of energy inputs by 2000. As will be noted
later, the resuitant quantity and price ranges
quoted under Alternative I reflect not so much
uncertainty about petroleum price increases as
uncertainty about the ability of the agricultural
sector to adjust to 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 projected assuming favorable weather—
i.e., assuming weather through 2000 to be more
favorable than weather over the last 25 years.
Good weather is assumed to raise yields about the
equivalent of one standard error calculated on

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

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

No provision 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 in climate will be small enough to be
compensated for by changes in cultural practices
and development of new technology. Assuming
no significant climate changes, however, does not
rule out years of good weather comparable to the
late 1960s in the Soviet Union or bad weather
years comparable to the mid-1960s in India. The
variations in yields between Alternatives II and

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

Record Growth

The world has the capacity, both physical 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 consumption projections
are comparable to the record increases reported
for the 1950s and the 1960s. Growth in the grain
component of total food production and consump-
tion—for which longer historical series are avail-
able—is also projected near or above the record
rates of the last two decades and more than
double the rate of increase for the first half of
the century (Table 6-4). Several significant quali-
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fications are needed, however, to put this growth
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 repotted 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 in the resources
committed to food production—measured roughly
in terms of land under cultivation—and strong
gains in productivity—based primarily on wider
adoption of technology and increased use of re-
source-augmenting inputs such as fertilizers and

TABLE 6-1
Population Growth Rates, Actual and Projected
(Percent)
1985/1975 2000/1975
1970/1960 Alternatives Alternatives
1 Il I I it 11l
Percent
Industrialized countries 1.09 57 48 67 52 34 T
United States 1.26 .70 .52 96 .55 27 .94
Other developed exporters® 2.28 2.05 1.99 215 1.80 1.60 1.94
Western Europe 80 33 .30 .35 43 3 52
Japan 1.04 .88 81 91 .59 43 .68
Centrally planned countries 1.54 1.2 .99 1.45 1.21 .94 1.43
Eastern Europe .70 .68 .63 74 57 .39 .76
U.S.S.R, 1.25 .93 .80 1.05 .68 46 .90
People’s Republic of China 1.78 1.42 1.10 1.64 1.42 1.14 1.63
Less developed countries 2.56 2.50 2.36 2.66 2.37 2.04 2N
_ Latin America 2.82 2.91 2.65 3.04 2.61 2.17 2.94
North Africa/Middle East 2.4 275 2.61 2.86 2.75 2.44 3.05
Other African LDCs 2.42 2.61 2.50 2.69 2.68 2.31 2.94
South Asia 2.56 2.34 2.25 2.58 2.13 1.88 2.63
Southeast Asia 2.68 2.50 2.34 2.65 2.20 1.77 2.58
East Asia 2.23 2.13 1.94 2.28 1.99 1.58 2.27
World 1.93 1.79 1.63 1.95 1.77 1.48 2.05
“Canada, Australia, South Africa.
Source: U.S. Bureau of the Census.
TABLE 6-2
Per Capita Income Growth Rates, Actual and Projected
(Percent)
1985/1975 2000/1985
1960-1970 Alternatives Alternatives
1 I m I 1I I
Industrialized countries 3.29 3.41 4.40 2.41 2.57 3.35 1.77
United States 2.52 3.28 4.35 2.12 2.54 3.42 1.55
Other major exporters® 1.87 1.95 2.85 1.10 1.40 2.25 55
Western Europe 3.5 " 3.66 4,59 .74 2.66 3.38 1.97
Japan 8.76 3.10 4.06 2.17 2.49 3.26 1.81
Centrally planned countries 3.65 235 3.22 1.50 .20 3.15 1.25
Eastren Europe 3.88 2.55 2.85 2.24 2.16 2.60 1.73
U.S.S.R. 5.17 2.30 2.67 1.93 2.06 2.53 1.59
People’s Republic of China 9 2.30 3.85 .86 2.30 3.81 .85
Less developed countries 313 2.54 3.5 1.55 2.01 3.00 1.03
Latin America 2.62 2.64 3.90 1.51 1.84 2.84 97
North Africa’/Middle East 2.79 3.95 470 3.35 3.20 4.15 2.26
Other African LDCs 1.00 2.95 3.60 2.35 2.15 3.00 1.38
South Asia 73 1.12 1.91 .20 .66 1.20 15
Southeast Asia 2.26 2.50 2.65 2.34 2.20 2.58 .77
East Asia 2.01 3.34 4.37 2.66 2.80 3.98 1.54
World 2.80 2.26 kWXl 1.29 1.53 2.42 .66

*Canada, Australia, South Africa
Source: Global 2000 Study staff.
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TABLE 6-3

Yield Variations Due to Assumptions Regarding Weather Conditions

Variation from

Kilogram per Hectare

. Alternative I 1985 Equivalent
and 2000 Yield 1985 2000
Percent
Industrialized countries
United States + 3575 250 280
Other developed exporters " +14.50 310 400
Western Europe + 5.00 190 220
Japan + 475 190 160
Centrally planned countries
Eastern Europe + 6.25 220 280
U.S.S.R. =11.75 240 310
People’s Republic of China + 5.50 100 130
Less developed countries
Latin America + 8.00 130 200
North Africa/Middle East + 9.00 130 200
Other developing Africa + 3.50 50 80
South Asia + 4,75 60 80
Southeast Asia + 6.50 110 160
East Asia + 6.00 110 : 160
Weighted total above? +7.20 180 220
World aggregated® + 3.00 70 90

Note:Yield variations are calculated on the basis of one standard error of the regression of 1950-75 yield data against time.
* Production weighted aggregate of regional variations.
"Yariation calculated using world yield series.
Source: Economics, Statistics, and Cooperatives Service, U.S. Department of Agricuiture.

TABLE 6-4

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

1973-75/ 1985/ 2000/
1951-35  1973-75 1985
Percent
Industrialized countries
Production 2.5 2.5—18 1.8—1.7
Consumption 2.2 2.4-20 1.9--18
Exporters
Production 2.6 2925 2.1-20
Consumption 21 2722 2221
Importers
Production 2.3 1.6—0.2 1.1—1.1
Consumption 2.1 2.1—17 1.6—IL.5
Centrally planned countries
Production 2.8 2.4 1.6
Consumption 3.0 2.2 1.6
Less developed countries
Production 2.8 3,3—3.7 3.0-28
Consumption 3.1 3.6-3.6 2.8-26
Exporters
Production 3.2 3,142 3.2-29
Consumption 3.5 1.7—1.7 2.4-23
Importers :
Production 2.7 3.3—3.6 3.0-28
Consumption 30 3837 2827
World
Production 2.7 2.7-=2.5 2.1=20
Consumption 2.7 2725 2120

pesticides. The rates of growth in production and
the relative importance 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 increasing 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 regional or country
levels. Significant increases in trade—exported by
a few major surplus producers, including the
United States, Canada, Australia, and several
emerging exporters such as Thailand and Brazil—
(

\
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will be needed to balance excess demand in food-
deficit Western Europe, 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 Impacts

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 sector. The bottom end of the range provides
for no marked increase in the price of enérgy from
real 1973-75 levels. The upper end provides for
moderately higher real prices by 1985 and substan-
tially higher real prices by 2000. The range
teflects 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 maintuin 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
2-4 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 prices, major shifts within and
across sectors and regions would be likely. The
comparative advantage of the resource-endowed
LDCs such as Brazil and Thailand, which use
relatively few high energy-intensive inputs, would
improve. Higher energy prices, however, would
likely exacerbate problems of 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 and by
decreasing on the use of, or increasing returns to,
energy-intensive inputs. The comparative advan-
tage of the traditional food-exporting countries
would likely deteriorate relative to the resource-
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

above the levels projected under a constant petro-
leum price alternative.

Even a rough estimate of the impact of higher
energy prices on agricultural production depends
on the timing of price increases, long-run rates of
technological change, and short-run input flexibil-
ity. The real energy price increases projected to
2000 in the energy projections of this study
(Chapter 10) are soO 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 technological change. In
the shorter term, however, some estimate of the
impact of higher energy prices can be made on
the basis of data on energy intensity and judg-
ments 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 fiexibility. Both cross-sectional
data for the 30 largest agricultural producers, and
time serieés 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 would not be likely to change much. The
experience of the past 34 years of higher energy
prices suggests that a country’s ability to move
back down the curve toward lower energy inten-
sity—i.e., to adjust production techniques without
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 area. As Figures 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.
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88 THE PROJECTIONS

A review of the literature on energy-saving
techmques 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 and use-of fertilizers. The proper timing and
method of application also contribute to fertilizer
efficiency. Moreover, considerable savings appear
possible by changing mixes of fertilizers to empha-
size organic and green fertilizers as well as
inorganic chemical fertilizers.

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 plant efficiency, to upgrade water
usage and water scheduling, and to adopt runoff
control procedures.

Drying grain for storage—which accounts 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 increases at
a fairly even pace—possibly 5-10 percent per
year—provided the agncultura] sector maximizes
short-term energy savmgs 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

or much sharper than a graduated 5-10 percent per
year. The present capabilities of the GOL model
do not permit more precise measurement of the:
impact of gradually changing petroleum prices or-
reliable projections of the impact of more extreme
energy price changes.

Continuing Trends

The projections also suggest that the major
trends of the past two decades—(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 andii
agricultural policy decisions of a few major ex;;
porting and importing countries—are likely t
continue on to 2000. Shifts in demand toward
livestock products as incomes increase, however‘q
are also likely to play an increasingly unportant
role in determmmg the quantities and prices of
commeodities moving on the international market.

The grain trade projections shown in Table 6-5'
suggest that the LDCs, excluding food—surplus_'
exporters,* face sharp increases in the absolute?g
volume aof 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, however, also measure the’
LDCs ability to supplement limited domestic out-
put with foreign production. A closer look at’
which LDCs import more through 2000 suggests
that the largest increases are concentrated in the
relatively affluent upper one-third of the develop-.
ing world. The caloric 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 snze
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
in supply is likely to increase markedly as world
productive capacity is used at significantly higher

*Primarily Argentiné and Thailand, but in some scenarios
other LDCs as well, e.g., Brazil, Colombia, and Indonesia.
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levels. The experience of a number of countries
suggests that expansion of cultivation into mar-
ginal areas increases susceptibility to weather
fluctuations. The resource balances reviewed be-
low indicate that a larger proportion of the world’s
food supplies will have to be grown on increas-
ingly marginal arcas 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. Reserves are also likely to increase in
importance as a means of reducing price fluctua-
tions and the market-rationing effect of short-term
qrops 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 determining the quantities
and prices of 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 marked changes in international trading
conventions, the role of major but sporadic im-
porters such as the Soviet Union is also likely to
increase. Protectionist 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
current structure of the world market also allows
them to pass on part, if not all, of the cost of
disruptions in their domestic agricultural econo-
mies for absorbtion by the world market. The
impact of changes in world supply and 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 away 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
oilseed feeds. Moreover, the world’s fish catch is
an essentially concentrate-free source of animal
protein,-and, should the world's fish catch not
increase at the 1.5-2.0 percent rate assumed in
the model runs, demand for feed to. produce a
comparable amount of animal protein from pigs
and chickens could increase grainand oilseed de-
mand by another 1 percent. The impact on prices
and diets worldwide 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 as price-inelastic
food demand in the poorest LDCs 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
widely. The prime concern in the industrialized
countries is likely to be adjustment. The major
exporters will continue to face the problem of
adjusting their production to higher but widely
fluctuating foreign demand. The food-deficit
higher-income countries will continue to face the
problem of worsening 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 disadvantage 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 human
needs are met.

Alternatives I-III: Results and
Conclusions

The projections presented in Tables 6-7 and
6-8 point up a number of alternative-specific
conclusions regarding (1) the impacts of popula-
tion, income, yield, and petroleum price variations
in particular regions and over time, (2) the range
of possible LDC food consumption improvements
through 2000, (3) the variability of world trade and
the role of the U.S. as residual supplier, and (4)
the range of likely 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
narrow (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 and
consumption levels. ,

With regard to short-term versus long-term
adjustments, the static nature of the GOL model
and the long-range specification of its elasticities
limit the model to measuring net long-term adjust-
ments. The model can say 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 ganged over a shorter 3- to
S-year rather than a 10- to 20-year period.

Results

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

population, income, yield, and petroleum price
variables differs widely by regions and over time.
In the food-importing countries of Western Eu-
rope and in Japan, with relatively stable yields
and low population growth rates, the crucial
demand variables both in 1985 and 2000 are likely
to be income growth rates and shifts in taste. The
crucial determinants of supply are likely to be
petrolenm 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
variability in yields dominating on the supply side.

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

With regard to improvements in per capita
LDC food consumption, 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 |
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
below 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
as 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-
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straints, or any combination thereof—are obvious
in countries such as Mexico and Egypt. The
impact of demand constraints—be they low in-
come, skewed income distribution, foreign ex-
change shortages, or any combination thereof—
are also obvious in countries such as Bolivia and
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 5-10 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
noted that Alternative II's production increase is
relegated largely to reducing imports rather than
increasing consumption. The per capita food en-
ergy supplies shown in Table 6-9- suggest that
effective market demand is likely to lag below
nutritional demand measured in terms of even the
most minimal requirements.

The results of Alternatives 1l and Il also
suggest that world trade is likely to vary far more
than world production and consumption. While

world production and consumption vary as much

as 10 percent from Alternative II to Alternative
III, world trade varies as much as 35 percent.
Among the food-deficit countries, variations in the
import demand of the centrally planned countries
are largest—ranging from 9 to 47 million metric
tons in 1985 and 10 to 40 million metric tons in
2000. The import demand of most of ‘the other
major importers, including Japan, South Asia,
North Africa/Middle East, East Asia, and, to a
lesser extent, Western Europe, shows strong but
relatively stable growth (Table 6-10).

The surplus productive capacity of the tradi-
tional exporters—particularly Canada, South Af-
rica, and Australia—is projected to decrease be-
yond 1985 as a result of growth in domestic
demand. 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 production in Alternative I-type situa-
tions in order to avoid the buildup of price-
depressing surpluses, and by increasing export
availability under Alternative IIl-type situations to
slow down price increases.

The U.S. is projected to play an increasingly
dominant role in this balancing procedure. As the
world’s residual supplier, the U.S. is projected to
expand exports faster than the other major traders
in a tight world supply situation but to contract
exports faster in a loose supply situation. The
marked variability of yields in the other major
exporters shifts an even 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 III world
export levels is roughly 35 percent in both 1985
and 2000, the margin for exporters excluding the
U.S. is 10-20 percent, and the margin for the U.S.
is 65-90 percent.

Alternatives II and III also suggest that the
range of possible real-price changes is wide.
Under optimistic Alternative II, an index of real
world market prices increases 30 percent from
1969-71 to 2000. Alternative III's tighter supply .

TABLE 6-9
Daily Caloric Consumption in the Less Developed Countries
1969-71 1973-74 ~ 1985 2000
I 11 111 I II )]
Calories per capita per day
Less developed countries 2165 2135 2310-2290 2350 2210 2370-2330 2390 2165
Latin America 2525 2540 2690-2670 2810 2630 2935-2905 3080 2710
North Africa/Middle East 2421 2482 2465-2430 2525 2415 2530-2460 2655 2390
Other African LDCs 2139 2071 2245-2230 2255 2095 1840-1830 1920 1800
South Asia 2036 1954 21552145 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: FAQ minimum requi ted at 2.37? lories per day for l:.azin America, 2,325 calories in developing Africa, and 2,210 calories in developing Asia.

Skewed caloric consumption, however, suggests

ages would have to be 110-125 percent of the minimums to ensure that lowest

| caloric p
income classes would be consuming at minimum levels.
Source: Tabies 6-6 and 6-7.
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TABLE 6-10
World Grain Trade Quantities (Alternatives I, II, III)
2000

Historic v 1985
1969-71  1973-75 | u 111 I I It
' Millions of metric tons
World exports
Developed exporters 68.3 100.3 139.0-134.9 109.8 1498 179.8-170.5 1349 198.6
United States 39.9 72.9 93.1- 97.3 68.0 1153  126.0-129.6 848 157.2
Other developed exporters 28.4 27.7 459~ 37.6 41.8 34.5 53.8- 40.9 50.1 414
Developing exporters 11.3 13.1 22.8- 289 22.6 26.6 41.4- 48.0 43.3 40.0
World imports . :
Developed importers 36.2 39.0 55.79- 743 61.2 . 69.5 88.5-102.2 92.5 - 105.5
Centrally planned importers 5.2 24.0 25.0 8.7 46.6 . 36.5 90 390
Developing importers 29.3 45.3 77.1- 60,5 67.0 62.4 96.2- 79.8 75.7 94.1
World Total (net export basis) 79.6 113.7 161.8-163.8 1324 1764 221222185 178.2 238.6

Note: Trade quoted on a net regional basis for total grains and is consequently smaller than trade quoted for individual grains and individual countries.

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
price increases varies widely by region and com-
modity. Countries importing or exporting a large
proportion of their total supply on a regular basis,
such as Japan and the United States, are strongly
affected. In those parts of the world that are near
self-sufficiency, the effect of price changes would
be substantially smaller. Among the industrialized
importing countries near self-sufficiency, higher
world prices could strengthen protectionist agri-
cultural and trade policy tendencies. In most of
the regions of the world, however, domestic
supply and demand pressures and government
intervention to minimize the effect of world food
price movements on domestic prices would be far
more important determinants of actual production

and consumption levels. The poorest LDCs accus-

tomed to importing to fill basic food needs,
however, could find themselves priced out of the
world market to an even greater extent than in
1973-75 should their production shortfalls coincide

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

Resources and Inputs

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

Natural Resources

~ Table 6-12's arable area data provides one
rough measure of food pressure on finite resource
supplies. Under all the alternatives tested, growth

TABLE 6-11
International Price Indices: (Alternatives I, II, III)
1969-71  1972-74  1975-77 1985 2000
I I I I I oI
Real 1969-71 $ = 100
World market weighted
food prices 100.0 165.0 120.0 110-130 105 135 145195 130 215

Note: Price index movements indicative of direction of change and order of magnitude only; static nature of the GOL (gﬁin, oilseed, livestock) mode! and its use of

long-run elasticitics can understate price adjustments in the short and medium term.
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in arable area slows-—generally to less than half
the rate of increase over the last two and a half
decades—despite producer price incentives to ac-
celerate the rate of expansion. Physical con-
straints, both in the absolute sense of running out
of cultivatable land and in the reiative 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 to be returned to pasture or

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

Arable 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
regions 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 constraints,

Table 6-13’s declining land-man ratios add a
population 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
Millions of hectares
Industrialized countries 361.2 kYR 400.3 392.2 399.1
United States 188.5 180.5 200.5 195.0 208.0
Other major exporters 72.5 8.0 104.0 102.0 9.0
Western Europe 95.1 96.4 90.1 89.5 87.0
Japan 5.1 59 5.7 5.1 5.1
Centrally planned countries 384.3 404.5 414.5 417.5* 420.0°
Eastern Europe 55.0 56.0 544 —_— _—
U.S.S.R. 219.8 229.5 232.5 e — -_
People’s Republic of China 109.5 119.0 127.5 —_ —_
Less developed countries 520.2 607.1 662.0 706.0 723.5
Latin America 93.5 1140 136.5 155.0 165.0
North Africa/Middle East 78.5 86.3 91.5 R2.5 91.0
Other African LDCs 116.0 146.5 160.5 175.0 182.5
South Asia 196.0 200.5 207.5 209.0 207.0
Southeast Asia : 2.7 316 349 39.0 41.0
East Asia 225 28.2 3.1 35.5 37.0
World 1,274.7 1,383 4 1,476.8 1.513.7 1,538.6

% Arable area in centrally planned countries thought to be at or ncar maximum. Growth in land used outside the agricultural sector approximately balances arable area

increases. .



THE PROJECTIONS

SRR

e

Potentially Arable Area
Y .

Grain Area

Figure 6-6. World potentially arable, arable, and grain area, actual and projected.
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TABLE 6-13
Arable Area per Capita, Actual and Projected (Alternative I) -
Altemativeyl
195155 1961-65 1971-75
_ 1985 2000
Arable 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
Western Europe 33 30 .26 .24 2
Japan .06 .06 .05 .05 04
Centrally planned countries 45 39 .35 30 .26
Eastern Europe .50 A7 .43 .39 .36
U.S.S.R. 1.16 1.02 93 ' 83 73
People’s Republic of China 19 .18 .16 .13 1
Less developed countries 45 40 .35 27 19
Latin America 56 S1 47 38 .28
North Africa’Middle East .68 .58 47 : .33 2
Other African LDCs .2 73 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 43 44 . .39 32 25

Nore: Arable area includes land under temporary crops (double-cropped areas are counted only once), temporary meadows for mowing or pasture, land under market
and kitchen gardens (including cultivation under glass), and land temporarily fallow or lying idle.

Sonrce: Economics, Statistics, and Cooperative Service, U.S. Departmeht of Agriculture.

Countries with the broadest latitude for expan-
sion report smaller populations but higher popula-
tion growth rates and limited agricultural infra-
structure and investment monies—factors likely to
accelerate growth in their domestic food needs on
the one hand while slowing the pace or raising the
cost of increases in production on the other.

All three alternatives also suggest substantial
pressure to increase not only the quantity of
resources committed to agriculture but also the
intensity of their use. Increasing use of already
cultivated land is possible through multiple crop-
ping, i.e., enlarging harvested area faster than
arable area. Even in those countries where re-
source endowment is such that expansion in
arable area is possible, economic returns to inten-
sification are likely to rival returns on developing
remaining land and water resources by 1990. In
many of the temperate regions 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 exampie, and shortening of fallow
periods.

Resource-Augmenting Inputs

Pressure on the supply side is also likely to
generate increases in the use of inputs (such as
fertilizer, pesticides, and high-yielding varieties) to
augment natural resources. If fertilizer is used as

a proxy for a much larger bundle of productivity-
expanding inputs, Table 6-14’s estimates can be
used as rough indications of the growth associated
with Table 6-5’s projections. The 90-100 percent
increase in food production projected through
2000 under Alternative 1 suggests roughly a 180
percent increase in fertilizer use from 80 million
metric tons in 1973-75 to 225 million in 2000.
The measures of fertilizer use per arable hectare in
Table 6-15 point up the increasingly input-intensive
nature of food production through the end of the
century.

Expanding food production through increased
use of resource-augmenting inputs, however, is
subject to diminishing marginal returns. In highly
simplistic terms, the 20 million ton increase in
fertilizer consumption from the early 1950s to the
early 1960s was 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
already fertilizing heavily to as high as 10-20:1 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 Consumption, Actual and Projected (Alternative I)
Alternative |
1951-55 1961-65 1971-75
' 1985 2000
Thousands of metric tons
Industrialized countries 13,675 25,075 39,900 57,150 84,000
United States 5,175 9,400 16,850 26,250 40,000
Other major exporters 1,050 2,025 3,375 5,500 9,750
Western Europe: 6,525 11,850 17,650 23,000 31,000
Japan 925 1,800 2,025 2,400 - 3,250
Centrally planned countries 3,525 9,100 28,125 49,250 77,500
Eastern 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 1,450 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 LDCs 50 175 550 2,500 4,500
South Asia 150 625 3,425 7,750 15,000
Southeast Asia — 200 450 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: Measures in nutrient tons. Fertilizer total includes nitrogenous fertilizer (N), phosphates (P04, and potash (K 0) used for agricultural production only. Historic
usage patferns suggest that the total is made up of approximately 50 percent nitrogenous fertilizers, somewhat over 25 percent phosphates. and somewhat under 25

percent potash.

Seurce: Economics, Statistics, and Cooperatives Service, U.S. Department of Agriculture.

ratios could well be slowed or reversed by either
changes in the distribution of scarce fertilizer
supplies to increase use in higher-return areas or
by technological advances similar to the develop-
ment of fertilizer-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 arcas of the world. FAO estimates suggest
that over half of the investment in land develop-
ment of the 1960s and carly 1970s was concen-
“trated in water development projects. Future
growth in resources committed to agriculture and
the successful intensification of resource use are
likely to depend fo an even greater extent on
providing more water and improved water man-
agement in the arid and semiarid areas, and on
drainage and managing surplus water in the humid
and wet areas that together make up well over
half of the world’s remaining reserves of arable or

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 outside
the agricultural sector are assumed to remain
constant. Projected price increases would un-
doubtedly be even larger if the GOL model’s
private producer and consumer prices were ex-
panded to reflect the public and social costs
associated with developing and maintaining the
productive capacity needed in 2000. The margin
between public 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 investment. Productivity gains have also
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TABLE 6-15
Fertilizer Consumption per Arable Hectare, Actual and Projected (Alternative I)

Alternative 1

1951-55 196165 1971-75
1985 2000
Kilograms per arable hectare

Industrialized countries 40 65 100 145 210
‘United States 30 50 85 135 190
Other major exporters 15 25 35 55 100
Western Europe 70 125 195 255 355
Japan 180 305 355 420 635
Centrally planned countries 10 20 70 120 185
Eastem Europe 25 70 180 315 440
U.S.S.R. 10 15 55 95 145
People’s Republic of China 1 10 45 75 150
Less developed countries 2 5 20 40 80
Latin America o 5 10 30 55 125
North Africa/Middle East 5 10 20 45 95
Other African LDCs | - i 5 15 25
South Asia 1 5 tS 35 10
Southeast Asia — S 15 50 85
East Asia 10 25 50 2 170
World 15 30 55 90 145

Note: Measures in nutrient kilogréms.

Sourcer Economics, Statistics, and Cooperatives Service, U.S. Department of Agriculture.

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

The relationship between public and private
costs have varied widely from country to country
due to differing resource endowments and agricul-
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 faster—if farm
production incentives are to be kept high and if
new productive capacity is to be developed and
old capacity maintained. Public ¢osts will likely
increase faster than private costs in several of the
LCDs with similar problems of high price supports
and limited agricultural resources. ‘

The situation in many LDCs is likely to be in

flux beyond 1985. Development policies aimed at .

taxmg the agncultural sector—indirectly by keep-
ing farm prices low, or directly by financing
development in other sectors of the economy—
have kept public costs much closer to private
costs. The projections in Tables 6-5 through 6-8
indicate that a full reversal of conventional public
and private cost margins will be necessary by

2000. The public costs associated with the produc-
tion levels in Table 6-5 are likely to be several
times projected private costs. Large public invest-
ments in basic infrastructure will be needed; the
institutional 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 Implications

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 usmg a
larger proportion of the world’s resources in an
increasingly intensive manner to produce food.
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Environmental problems likely to be associated
with future increases in food production are worth
cataloging, however.

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

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

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

Similar 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 centered on reduc-
ing the intensity of land use and implementing
programs for minimum or conservation tillage,
contour plowing, terracing, strip cropping, extend-
ing dry or green fallow, minimizing runoff and
wind erosion, and improving crop rotation. The:
majority of these programs, however, are likely to
be costly in terms of short-range reductions in
output or increases in unit production costs.

Among the second group of problems related to
increased use of inputs are: fertilizer and pesticide
pollution; the increased susceptibility to discases

and pests of high-yield varieties grown in mono-
cultures; the potential toxicity of growth-stimulat-
ing additives used in animal husbandry; and the
effects of 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 to pollution in other sectors of the
economy. 7

The information available on fertilizer and pes-
ticide pollution is fragmentary and generally lim-
ited to microstudies. The potential 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 and fertilizer use projected in Tables
6-14 and 6-15 are well below currently defined
maxima. ’ ‘

Fertilizer and pesticide pollution problems can
also result from misuse. Even relatively small
quantities of ferilizers and pesticides can generate
major environmental problems if they are used
improperly. The fast growth in the use of fertil-
izers and pesticides implied by the projections for
most LDCs over the next three decades point up
the need for expanding and upgrading farm edu-
cation programs and monitoring input use to
ensure the optimum trade-off between food pro-
duction increases and environmental quality.

In summary, while solutions to foreseeable
environmental problems in expanding food pro-
duction are theoretically available, their applica-
tion—particularly in those parts of developing
countries experiencing the greatest environmental
stress—is in question. Ultimately, the environ-
mentally positive or negative nature of increases
in food production is likely to depend on short-
term versus long-term costs, The real food price
increases projected for the decades ahead could
well make the short-term costs of environmentally
positive agriculture seem high and the long-run
costs of an environmentally negative 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 between short-term and
long-term costs and accelerate the move to an
environmentally positive agriculture. In most less
developed countries, however, questions of grain
gaps and calorie gaps are likely to outweigh
problems of environment well beyond the year
2000.
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7 Fisheries Projections

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 catches. Between 1970 and
1975, the average annual total had actually de-
creased somewhat, primarily, but not entirely, due
to the failure of the Peruvian anchovetta fishery
(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)

Freshwa- Crusta-
ter and Marine ceans
Total Diadrom- Fish . and Mollusks
ous Mollusks
1953 — —_ 19.1 2.6 —
1954 —_ — 203 29 —_
1955 28.9 — 21.3 28 —_
1956 30.8 — 22 29 —_
1957 31.7 S.1 228 3.0 —
-1958 133 5.6 241 3.0 —_
1959 36.9 6.1 268 33 —
1960 . 40.2 6.6 29.2 EX —
1961 43.6 7.0 N2 35 —
1962 4.8 6.8 35.6 3.8 —_
1963 46,6 7.0 36.4 .41 —
1964 51.9 7.2 40.9 4.0 _—
1965 53.3 7.8 39.6 4.1 2.9
1966 57.3 8.1 43.0 43 3.0
1967 60.4 8.2 45.9 4.5 3.2
1968 63.9 9.3 48.7 5.0 35
1969 62.6 9.8 47.2 47 32
1970 69.6 11.6 52.7 5.1 34
1971 70.9 12.2 52.5 5.1 34
1972 66.2 12.4 47.2 5.3 3.6
- 1973 66.8 12.8 47.1 54 35
1974 70.4 12.6 50.8 5.5 335
1975 69.7 13.4 493 5.8 38

Source: Food and Agriculture Organization, Yearbook of Fishery Stalistics:
Catches and Landings, vols. 16, 24, 32, 40.
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fully exploited. In fact, many are severely over-
exploited. The catch of crustaceans has been
nearly constant since 1970 at about 2.0 mmt.
Mollusks have 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 4
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 increase -
in sustained yield of the traditional marine fisher-
ies. It is more likely that extended jurisdictions
will decrease the actual yield as management
under the optimum yield concept brings fishing
mortality down to magnitudes more in line with
stable, profitable fisheries. Technological ad-
vances will likely be needed to just keep the cost
of fishing in line with market values. To maintain
present yields will also 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 current fisheries yields
have been maintained by development of formerly
nontraditional species, e.g., capelin and sprat in
the northern Atlantic 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 lived. These fisheries may
increase productivity per unit area, but they will
also 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
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All categories

Marine Fish

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

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

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

Natural changes in ocean climate will not
greatly affect the total potential yield. Species
compositions may change and regional productiv-
ity may change, but the resource has a basic
adaptability which should offset any total changes.

Man-made changes are different. Pollution and
physical side effects of other uses such as mineral
extraction and powerplants will have an overall
negative effect on productivity. If pollution contin-
ues unabated as appears to be the prognosis, the
effect will be a significant 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.

The 60 mmt marine animal catch in 1975 is
roughly equivalent to 12 mmt of protein. It has
been calculated that about 36 grams per day per
person is an adequate dict 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 currently but has had a real
potential for increasing the supply of marine
animals. This is particularly true for mollusks
(except squid) in estuarine areas. Demand is
expected to increase, but primarily in the high-
market-price, low-volume species. Production
from culture 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 t0 be no potential for increased yields
from this type of fishery.

The present production from fresh water culture
is uncertain. A large share of this is attributed to
the People’s Republic of China and Asian pond
culture. The aquaculture potential in fresh water
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where nutrition and primary productivity can be
artifically enhanced is, perhaps, the greatest of
any in terms of realization. The only 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 effects of abiotic
factors on productivity and species success.

Living Marine Resources: Description

The number of different categories (families,
genus, species) of marine animals reported in
world harvest data is well over a thousand.
Because some species are not reported and some
not yet exploited, the total numbers of marine
species that might enter the harvest would number
in tens of thousands. An abbreviated list of
species groups used by FAO (the U.N. Food and
Agriculture Organization) to report landings is
given in Table 7-2. Most of the species are rare or
sparsely distributed and do not form a resource
significant enough 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.

Even the species that do provide high yields are
not on the average very densely distributed. Adult
demersal fish, those associated closely with the
bottom, average about one individual per cubic
meter. Pelagic fish also average about one per
cubic meter. These adult fish range from 0.1 to
100 kg in size. Zooplankton, the small animals
that drift in the water column, average about 100
individuals per cubic meter and weigh 0.01 grams
or less. Almost all organisms are not uniformly
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 Atlantic oceans. The
catch from:the central and southern zones foi-
lowed in order (Table 7-3). The north temperate
seas have large areas of very productive shelf,

TABLE 72

Major Species Groups Reported in World Fishery Landings (FAO)

FRESHWATER FISHES:

Carps, barbels and other cyprinids
Tilapias and other cichlids
Miscellaneous freshwater fishes

DIADROMOUS FISHES:
Sturgeons, paddlefishes, etc.
River eels

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

MARINE FISHES:

Flounders, halibuts, soles, etc.
Cods, hakes, haddocks, etc.
Redfishes, basses, congers, etc.
Jacks, mullets, sauries, etc.
Herrings, sardines, anchovies, etc.
Tunas, bonitos, billfishes, etc.

Mackerels, snoeks, cutlassfishes, etc.

Sharks, rays, chimaeras, etc,
Miscellaneous marine fishes

CRUSTACEANS:

Freshwater crustaceans

Sea spiders, crabs, etc.

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

Krill, planktonic crustaceans, etc.
Miscellaneous marine crustaceans

MOLLUSCS:

Freshwater molluscs

Abalones, winkles, conchs, etc.
Oysters

Mussels .

Scallops, pectens, etc.

Clams, cockles, arkshells, etc.
Squids, cuttlefishes, octopuses, etc.
Miscellaneous marine molluscs

WHALES, SEALS, AND OTHER
AQUATIC MAMMALS:
Blue whales, fin whales, sperm
whales, eic.
Minke whales, pilot whales, etc.

Porpoises, dolphins, etc.

Eared seals, hair seals, walruses, etc.
Miscellaneous aquatic mammals

MISCELLANEQUS AQUATIC
ANIMALS:

Frogs and other amphibians

Turtles and other reptiles

Sea squirts and other tunicates

Horseshoe crabs and other arachnoids

Sea urchins, sea cucumbers, and other
echinoderm

Miscellaneous aquatic invertebrates

MISCELLANEOQUS 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 aigae
Miscellaneous aquatic plants
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TABLE 7-3
- Marine Fisheries Catch by Area, 1975

(Mi/lions of metric tons)

Atlantic Pacific Total

North 15.9 19.3 35.2
Central - 6.4 93 15.7
South 34 ' 4.9 8.3
Total 25.7 o 33.5 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 expansnon of long-distance fishing
fleets took place in the north Atlantic area.

The same countries comprised the 10 leading
fishing nations from 1970 to 1975 (Table 7-4). The
top two, Japan and the U.S.S.R., have the largest
catches from nonhome waters; Cuba has the
largest proportion of distant water catches. The
10 leaders take 44.mmt, or about 63 percent of
the total. The Republlc 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 Catch
Highest

Africa 4.5

South Africa 1.3

N. America 4.8

Canada 1.0

[ U.s. 2.8
South America 6.0

Chile 1.1

4 " Peru 34
Asia 30.7

8 South Korea 2.1
Philippines 1.3

Thailand 14

Socialist Republic of Vietnam 1.0

3 China 6.9

ki India 23
Indonesia 14

1 Japan 10.5
Europe 12.6

9 Denmark 1.8

6 Norway 2.6
10 Spain 1.5
2 U.S.SR. 9.9

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

Much of the world catch 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.S.R.,
Cuba, Poland, Korea).

The leading species group in 1975 catches was
the herrings-sardines-anchovies group, which has
traditionally been at the top but has dropped from
44 to 30 percent of the 10 leading species groups.
The cod-hake-haddock species group is a close
second; together the two groups account for about
40 percent of the total catch (Table 7-5). The
herrings group is utilized to a large extent for fish
meal and oil. The cods are almost totally used for
direct human consumption. The redfishes and
jacks catches have increased more than the others
since 1970.

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

Living Marine Resources: Potential

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

TABLE 7-8
Leading Species Groups in World Catch, 1970
and 1975
(Millions of metric tons) )

1970 1975

Herrings, sardines, anchovies 216 13.7
Cods, hakes, haddocks 10.5 11.8
Redfishes, basses, congers 39 5.0
Mackerels, cutlassfishes kN | 3.6
Jacks, mullets, sauries 2.6 35
Salmons, trouts, smelts 2.1 2.8
Tunas, bonitos, billfishes 2.0 1.9
Shrimps, prawns 1.0 1.2
Squids, octopuses 0.9 1.1
Flounders, halibuts, soles 13 1.1
Total 49.0 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 virgin levels, the rate of growth increases
and the net increase provides the surplus yield for
harvest. The rate of growth is limited, however,
being at its maximum in the midrange of density
levels, which limits surplus 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 a 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
maintain themselves in varying composition but
with generally the same productivity. Marine
animals have not co-evolved with man, and our
interventions cause changes which are potentially
very different from those experienced by the
natural system and for which the populations do
not have the appropriate built-in feedback. Man is
not sensitive to the effects of such changes. Our
technology has developed to the point where we
can drive the ecosystem into a disequilibrium
from which recovery is unpredictable. The control
we now exert in managing the populations is
based entirely on.a pervasive and intense fishing
mortality that significantly alters population mag-
nitude. The feedback is entirely through our
observation of effects and our reactions, both of
which are constrained by an economics totally
independent of the marine biosphere. The time
span of changes in the ecosystem is probably
quite out of phase with human desires. Our
concepts of optimality are very different from
" nature’s, and our ignorance of the natural system
is very great. Thus, man’s continuing activities in
the marine ecosystem means that maintaining the
potential productivity in the long mn 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 to 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 boundaries is totally artificial with

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

Productivity of the living marine resources has
been estimated using two general methods. One is
based on estimating primary productivity, the
production of protoplasm or carbon by photosyn-
thesis and then extrapolating the conversion of
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, the extrapolations
into production of other elements in the food
chain are based on theoretical assumptions,
backed by some experimental work, of the con-
version coefficients between trophic 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-
proach utilizes observations of actual fishery
yields and field surveys of the 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 categorics 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 fished, 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 development by stressing the fact that
more is available. But outside of this aspect, some
estimates assume that past trends could be simply
linearly extrapolated in time and that laws of
diminishing returns (limits of biological productiv-
ity) would not apply for some time to come. The
more specific estimates were often based on the
concept and method of maximum sustainable
yield. Many of these calculations were based on
data from rapidly developing fisheries that were
not .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 also
masked real declines in populations, but the

possible improvements are limited and the de-
clines have become increasingly apparent in re-
cent years. It has also become apparent that
previously observed highs in cycles cannot neces-
sarily be achieved again after intense exploitation.
That is, the potential for a population to react to
favorable environment 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 caused by species changes
triggered by the selective exploitation.

Relations among specics have not explicitly
been included in most of the estimates of poten-
tial. It is documented that shifts have taken place
in some intensely exploited areas (California
coast, sardine and anchovy; North Sea, multiple
species). It has been observed that the replace-
ment populations tend to be of the smaller sized,
shorter-lifespan species. In some cases, vield has
been maintained, but often at the expense of
heavier fishing. In other cases, yield has de-
creased, perhaps because the species was less
desirable.

In any event, although it has been the case that
fishing has been directed at certain desired spe-
cies, it has also been the case that the gear has
not been selective enough. The unselective mor-
tality has, in many cases, been directed at large
biomass populations, partly because of the devel-
opment of long-distant, large-vessel fleets, but it is
also due, in coastal fisheries, to the high economic
returns. In any mixed species population, which
not by accident occurs in most productive areas,
the fishing mortality exerted on the smaller bio-
mass species, often inadvertently, is greater than
that which will maximize long-run yields. Thus, in
general, total area yield has, in many cases,
proven to be less than estimates based on individ-
val species assessment. In addition to these fac-
tors, many estimates include organisms that have
not yet been subjected to exploitation and are in
the so-called lower trophic levels.

The potential of these populations is often
estimated by multiplying upward from an inverted
conversion coefficient the consumption by preda-
tor populations. Predator and prey cannot be
simply added together. Also, it is not obvious that
what was consumed by predators in the system is
available to man either from an ecological view-
point or from a practical technical viewpoint.

Most published studies agree that the north
temperate areas of both the Atlantic and Pacific
Oceans are now being fished to the full potential.
This corresponds to the belt of highly industrial-
ized nations which, with few exceptions, are the
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world leaders in fishing. The central and southern
sectors of fisheries have been developing primarily
through long-distance fleet expansion, and the
potential is probably greater than present catch—
more so for the southern temperate Atlantic and
the central Pacific region than the other regions.
The total increased yield from lightly exploited
areas has been estimated at 30-50 million tons.

The species available strongly influence the devel- -

opment of fisheries. Thus, the estimated increase
in potentlal yield over current yield is made up of
hakes in the southwest Atlantic and croakers and
small pelagics in the central zones. Some increase
in cephalopod yield has also been predicted.

Exploration for krill in the Antarctic Ocean
(Atlantic sector primarily). is now underway. The
potential has been estimated by various authors at
25-100 million metric tons. Doubtless the popula-
tion is large, but there are many unanswered
questions. Do these euphausiids undergo cycles of
density, and is a present high what is attracting
attention? Will the present turnover rate continue
as fishing mortality increases? Will this interfere
with recovery of whale populations? The answers
are not yet available. The more recent comprehen-
sive fishery-based estimates and the better defined
trophodynamic estimates provide a range of po-
tential of 100150 mmt.

The yields of traditional species in the more
heavily exploited areas, which are included in the
estimates, have not held up in recent years. In
many areas, the so-called nontraditional species
are already being harvested (e.g., capelin and
squid in the north Atlantic) at maximal levels.
Thus much of the hypothesized expansion is in
fact a replacement yield and is not additional in
terms of potential to the present yields. In addition
to the ecological constraints on estimates of poten-
tial, the more practical constraints of society
(economics, technology, management) will surely
reduce the ability to utilize what has been esti-
mated as future potential expansion. For example,
the most efficient fishing operation at present will
average 50 tons per day in good conditions. The
same efficiency applied to zooplankton would
average much less than half a ton per day.

These considerations lead to the conclusion that
the present world harvest of marine fish of about
60 mmt will not increase on a sustained basis.
Furthermore, it will only be maintained with good
management of fisheries and protection of the
marine environment. The total world harvest of
marine renewable resources, based on exploiting
natural production, could be increased substan-
tially by the year 2000, perhaps to as much as 100
mmt. To achieve this, however, will require

overcoming severe social and economic con-
straints. Development will have to be carefully
planned so that the balance and equilibrium of the
marine ecosystem are not radically perturbed.
There is not enough information to evaluate the
real possibilities of sustained increases in ylelds
to say nothing of their practicality.

Marine Pollution

Industrialization, which is heaviest in the North-
ern Hemisphere, is now introducing pollutants
into the oceans in quantities which are beginning
to cause significant deleterious effects on re-
sources and the environment. The important
coastal zones are being changed at ever increasing
rates to the detriment of natural resource produc-
tivity.

Worldwide attention to this process is attracted
by the more spectacular, acute events that have
direct, but short-term, effects on man (large oi
spills that affect beaches, heavy metal injections
that poison people). The more important effects,
however, stem from the largely unnoticed, and
undetected, chronic low-level pollution. Because
most pollutants fall in the latter category and do
not generate public outcry, the general attitude is
to consider the oceans as an important resource
to be utilized in disposing of the wastes of man.
This utilization requires the identification of sub-
stances that jeopardize marine resources and hu-
man health and the determination of acceptable
levels—an extremely slow process because the
pathways and effects are extremely complex and
long-term. Demonstrable threats to marine re-
sources are seldom available within time spans
that could effectively stop the pollunon prior to
adverse accumulations.

The residence time in the oceans of the pollu-
tants is minimally a matter of decades, but in-
creases to centuries or greater for. a host of
substances. The process of transport to the ocean
and accumulation to-detectable, but not necessar-
ily ineffectual, levels is also in many cases a
matter of decades or centuries.

How a given material will affect components of
the ocean, and how much of a substance or
habitat modification jeopardizes a resource re-
quires an ability to predict events in the ocean.
This in turn requires a knowledge of the natural
processes in the undisturbed system. It is highly
problematical that such knowledge will be accu-
mulated rapidly enough to detect and correct
adverse effects.

Productivity of marine resources can be re-
duced by destruction or change of habitat as well
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as by bio-accumulation of chemicals, most notably
in the coastal zones of industrialized countries.
Estuarine areas are highly productive, and are an
important, and limiting, factor in the life cycles of
many species of fish and shellfish. Atmospheric
transport of pollutants is also affecting the open
ocean environment far from the sites of direct
discharge and origin. Man’s emissions into the
atmosphere are now at least about 10 percent of
the naturally occurring flux.

Most of man’s activities lead to pollution and
physical change of the environment. Most of these
changes must be viewed as potentially reducing
natural productivity. It is only in physically re-
stricted areas, under controllable and predictable
situations, that man can increase productivity.
Because such areas are limited, pollution of the
oceans at increasing rates will likely have the
effect of reducing overall yields of marine re-
sources.

Marine Aquaculture

Aquaculture, defined as the culture or husban-
dry of aquatic organisms in fresh or salt water,
yielded an estimated 6 mmt of food in 1975—
roughly 10 percent of the world production of
fishery products. Yields from aquaculture doubled
in the period 1970-1975; much of the increase was

in high-unit-value species in industrialized coun-

tries. Some countries now depend on aquaculture
for a significant part of fish and shellfish produc-
tion. Japanese aquaculture production increased
fivefold (to 500,000 metric tons) in the period
19701975, while Israel now derives almost half
its finfish from aquaculture. United States aqua-
culture production in 1975 was only 65,000 metric
tons, about 3 percent of U.S. fish and shellfish
landings, but this limited amount still constituted
(in 1975) about a quarter of our salmon produc-
tion, about two-fifths of our oyster production,
and about half of our catfish and crawfish produc-
tion,

There is cause for reasoned optimism when
considering increased food production from aqua-
culture. Despite institutional, economic, environ-
mental, and technological constraints, global
yields are increasing. Intensive culture of high-
unit-value species—such as pen-rearing of salmon
and raceway culture of shrimp—is approaching
the point of economic feasibility, and extensive
culture of animals that utilize very short food
chains—such as oysters, mussels, and mullet—
has the potential for enormous expansion with
existing technology. The 1976 FAO World Confer-

ence on Agquaculture concluded that even with
existing technology a doubling of world food
production from aquaculture will occur within the
next decade and that a 5-10 fold increase by the
year 2000 is feasible if the necessary scientific,
financial, and organizational support becomes
available.

Development of energy-intensive high-technol-
ogy culture of species requiring high-protein diets
will. undoubtedly continue in the next two dec-
ades, especially in industrialized countries, but
substantial production of herbivorous species in
natural waters—designed to yield relatively low- .
cost .animal protein—should expand even more
rapidly, particularly in less developed countries,
and particularly in tropical and subtropical areas
with year-round growing season. An important
role of industrialized countries will relate to im-.
provement of the technology required. for exten-
sive culture production of inexpensive animal
protein in less developed parts of the world by *
such methods as genetic selection for high food-
conversion efficiency and rapid growth, testing of
low-cost diets from natural products, and training :
of technicians. The role of aquaculture in inte-
grated rural development, through provision of
better diet, jobs, and cash crops, can be significant

‘in less developed countries. Aquaculture there

would be primarily in the form of small-scale,
low-technology, labor-intensive operations.
The potential of ocean ranching—not only of

. anadromous species, but also of coastal-migratory
- species—will be exploited within the next two

decades, and substantial increases in yields (as
well as augmentatlon of fished stocks) can be
expected in proportion to public and private
investment in this approach to fish production. An
important qualifying comment here would be the
need for consideration of impacts of introduced
populations on natural stocks, and the need to
determine and consider the total carrying capacity
of the ocean areas involved.

Expansion of food production through aquacul-
ture must be a matter of national policy and
national priority—much as the expansion of dis-
tant-water fishing fleets was in many countries
(particularly the socialist countries with plannned,
economies) during the 1960s. Included in such’
policy would be improvement in the technological
base, development of legal protection for aquacul-
ture enterprises, control of coastal/estuarine pol-
lution, and encouragement of capital investment.
With increasing restrictions on harvests from!
continental shelf waters of other nations, the
aquaculture option should become much more—
attractive as a protein food source.

?
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Economic Demand

-Projection of past trends in landings into the
future assumes that costs of harvesting increasing
quantities of fishery products, adjusted for infla-
tion, will not rise more rapidly than in the past.
This, in turn, suggests a whole host of other
assumptions about fishery technology, species
abundance, and patterns of fishery management.
World forecasts often ignore geographical differ-
ences in population and income growth and the
effects of these different rates of growth on world
demand for fishery products.

In an effort to overcome some of these difficul-
ties, FAO in 1970 attempted to estimate the
income elasticity of demand for world fishery
products and to project the demand for food fish
to 1975 and 1985 on the basis of 1969 FAQ
expectations about world population and income
trends (Table 7-6). The FAO approach assumed
++- demand for food fish would grow with world
mcome, but not at the same rate as world income.
Thus, for example, U.S. and Canadian demand
for food fish would be expected to increase 20

percent for every 100 percent growth in income,
Asian demand to increase 109 percent for every
100 percent growth in income, and so on. These
estimates depend upon the rather awkward as-
sumption of constant prices for fishery products.

In its world projection to 1985, FAO estimated
the demand for industrial fish separately, assum-
ing that the demand for industrial fish was func-
tionally related to the demand for poultry and
hogs. Demand of fish meal for poultry and hog
production was estimated to grow at a higher rate
for the period 1965-1975 than for 1975-1985, so
the growth progression was a step function.

Any long-term forecast is bound to present
numerous difficulties, but the FAO method poses
some special problems, The greatest drawback to
the FAO estimation procedures is their lack of
adjustment for possible price changes, their use of
unchanging country by country income elasticity
coefficients for the time of their forecast, their
failure to disaggregate by species, and the lack of
explanatory information on their derived demand
equations for industrial fish.

TABLE 7-6 ,
1970 FAO Projection of Demand for Fish Meal, 1975 and 1985

(Thousands of metric tons, product weight)

1975 1985
. Projected Projected
Corl\;z l":gt;on Rate of Projected Rate of Projected
Increase Demand Increase ‘Demand
(percent per year) (percent per year)
Industrialized countries 2,408 4.5 4,250 3.6 5,390
North America 668 2.8 960 2.4 C 1,140
Europe . )
EEC 734 4.4 1,280 3.5 1,620
Northwest Europe 517 4.1 870 3.1 1,040
South Europe 104 8.5 300 6.7 460
Other industrialized countries
Japan . 340 5.8 710 4.6 . 960
Others 45 8.5 130 5.9 . 170
Centrally planned countries 231 11.2 920 8.6 1,550
U.S.S.R. 119 11.0° 460 9.2 900
‘Other European countries 12 1.5 460 1.9 650
China — — —_ —_ -
QOther Asian countries — — — — —
Less developed countries 221 8. 620 8.9 1,560
Latin America — — 310 — 710
Africa, South of Sahara — — 30 — 130
Near East — _ 60 — 130
Asia —_ _— 220 — 590
World Total 2,860 5.6 5,79 49 8,500
Meal from offal 230 6.2 500 6.6 1,000
Demand for meal from fish 2,630 5.5 5,290 4.7 7,500
DLemand for fish for meal 13,150 55 26,450 4.7 37,500

N‘me: To convert the demand for meal from fish to the demand for fish a conversion factor of § is used, i.¢., it is assumed that 5 tons of fish make 1 ton of meal.
Source: Food and Agricultural Organization, Provisional Indicative World Plan for Agriculiural Development, Rome, 1970,
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In 1970 Frederick W. Bell et al. sought to
overcome several of the cited disadvantages of
the FAO projection methodology. The Bell group
undertook to estimate price and income elasticity
of demand by species (Table 7-7) and by major
consuming country for the years 1975, 1985,
and 2000. Incorporated into the Bell analysis
was an assumed decline in the income elasticity
of demand for food fish for the world starting at
0.68, in 1965, but declining to 0.22 by 1985, and
leveling out at about that point. This is in compar-
ison with the FAQ estimate which remains at 0.68
throughout their projection. The Bell group as-
sumption of a declining income elasticity is based
upon the empirical observation that in general
richer countries consume less fish per capita (Fig.
7-2).

The Bell group also incorporated into their
model selective assumptions, on a species by
species basis, about supply constraints. Their

model predicted price increases, sometimes sub-
stantial increases. The FAO group did not attempt
this, so the two forecasts are somewhat different
in their intent. FAO sought to forecast what the

"world demand would be if prices did not change,

while the Bell group attempted to forecast what
world prices and quantity demand would be if
resource scarcities developed as expected.

Because the Bell Group attempted more than
FAQ, there were more places where their forecast
could go awry. Interestingly enough, both fore-
casts came out about the same for the 1975
predictions, and both were higher than—but
relatively close to—the actual landing of 69.7
mmt (FAO had predicted 74.1 mmt, the Bell
Group 74.0). Where the two forecasts diverge is
in the later years. For 1983, FAQ predicted a
demand of 106.5 mmt, the Bell group 78.6. For
the year 2000, the Bell group predicted 83.5 mmt,
FAO did not make the projection.
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Figure 7-2. Per capita national income vs. income elasticity of fisheries demand in 77 countries.
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TABLE 7-7 ‘
1970 Bell et al. Projections of World Aggregate Consumption of Fishery Products, 1975-2000

(Thousands of metric tons, round weight)

Changes

. 1965-67

1965-67 1975 1985 2000 10 2000

(percent)

Food fish

Groundfish 6,368 6,940 5,761 4,763 : -25.2
Tuna 1,291 1,456 1,615 1,657 284
Salmon 476 481 485 485 1.9
Halibut 58 58 58 58 0
Sardines 871 1,464 1,848 2,370 172.1
Shrimp 634 1,066 1,347 1,479 1333
Lobsters 137 174 192 145 58
Crabs 328 . 481 517 386 17.7
Clams 478 535 626 694 45.2
Scallops 166 236 281 2 94.0
Opysters 777 1,218 1,755 2,453 215.7
Other fish 25,086 32,659 41,504 53,524 113.4

. Total food fish 36,670 46.768 55,989 68,226 86.4 .
Fish meal 20,440 27,170 22,634 15,196 -25.7
Total (food and meal) 57,110 78,938 78,623 83,532 46.3

* Average of actual.

Source: Frederick W. Bell et al., The Future of the World's Fishery Resources (National Marine Fisheries Service, File Manuscript No. 65.1) Dec. 1970,

These predictions comprise the best available
world demand estimates, although they are both
out of date. There is need for a new effort in
which price and income elasticities are re-esti-
mated by species and by country, and revised
maximum sustainable yield and other supply fac-
tor calculations are introduced; projections should
then be made on the basis of contemporary
estimates of country by country population and
income projections.

The FAO projections assumed a world popula-
tion growth rate to 1985 of 2.1 percent and a per
capita income growth of 3.2 percent. The Bell
Group assumed a 1.7 percent population growth

rate to 2000 and a 3.0 percent growth in per capita
income. »

World income may rise 3.2-4.1 percent annually
from 1975 to 1985, depending upon whether one
accepts the low or the high growth rate assump-
tion. From 1975 to 2000 the low projection is 2.9
percent per year and the high 4.2 percent. On the
basis of these assumptions, a crude adjustment of
the FAO projection suggests a world fish demand
for 1985, under the constant price assumption, of
92-98 mmt (as opposed to FAO's projected 106
mmt). A parallel adjustment for the Bell group
study suggests 72-76 mmt for 1985 (as opposed to
their projected 78.6) and 81-83 mmt for 2000 (as
opposed to their projected 83.5).
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Twenty-two years ago, forests covered over
one fourth of the world's land surface. Now
forests cover one fifth. Twenty-two years from
now, in the year 2000, forests are expected to
have been reduced to ong sixth of the land area.
The world’s forest is lik€ly to stabilize on about
one seventh of the land area around the year
2020.* ‘

The economic implications of this transition
from a period of global forest wealth to a period
of forest poverty are more apparent from the
expected change in wood per capita. The world
now grows about 80 cu m (cubic meters) per
capita of wood in trees large enough to be
commercially valuable. In the year 2000, there
will be only 40 cu m per capita, even if the
deforestation rate stabilizes now. If the deforesta-
tion rate continues to increase with population
growth, there will be substantially less than 40 cu
m per capita.f Yet by the year 2000, GNP is
expected to have increased significantly in both
the moie and less industrialized nations. In the

*The estimates of forest area as a fraction of the world’s
land area are derived as follows (references are to works in
the list of references at the end of this chapter, unless cited
in full). The forest area in 1950 was 4.85 billion hectares,
according to Whittaker and Likens. That figure excludes
woodland, shrubland, and savannah. The forest area in 1973
was about 2.66 billion hectares, according to data from
Persson (1974), the Economic Commission for Europe, and
J. T. Micklewright (‘‘Forest and Range Resources of the
United States and Factors that Affect Their Use,” unpub-
lished manuscript prepared for the 8th World Forestry
Congress, Oct. 1978). That figure refers to *‘closed forest’.
For the United States, closed forest excludes forest land
incapable of producing more than 1.4 cubic meters of
industrial wood per hectare per year. For Canada, it
excludes land incapable of producing stands of trees 4
inches in diameter or larger on 10 percent or more of the
area. For the rest of the world, it excludes land where tree
crowns cover less than 20 percent of the area and land
which has a primary use other than forestry. Interpolating
between the 1950 forest area and the 1973 area suggests that
22 years ago the forested area was over 4 billion hectares.
The present forest area and the forest area for the year 2000
are calculated by factoring the 1973 area by an annual net
deforestation rate of 18 to 20 million hectares. This rate is
aggregated data from a variety of sources, including Persson
(1974), Sommer, and several series of reports from U.S.
embassies in the less industrialized nations. The 1978
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more industrialized nations, consumption of wood
products is expected to rise sharply with increas-
ing GNP per capita. Relative prices of industrial
wood products, paper, sawn lumber, wood panels,
wood-based chemicals, plastics, and many other
products, are sure to increase. The effects may be
somewhat disruptive, but substitutes will probably
be found for the products that become too expen-
sive. No catastrophic changes are foreseen.

In the less developed countries (LDCs), where
most of the deforestation will occur, people will
forgo the increased use of paper and other indus-
trial wood products that might have been expected
to follow increased GNP, and the effect on
welfare will be negative but bearable. But indus-
trial wood products are much less important in
LDCs than charcoal and fuelwood used for cook-
ing and heating, and poles used for framing
structures for shelter. Prices and absolute scarcity
will put fuelwood and charcoal out of economic
reach of not only the subsistance sector but also
much of the market sector of the LDC popula-
tions. .

forested area is thus calculated to be about 2.57 billion
hectares, and the year 2000 area is about 2.1 to 2.2 billion
hectares. The assumption that the deforestation rate will not
accelerate with population and GNP growth is arbitrary,
chosen to be on the conservative side. That the forest area
will stabilize at about 1.8 billion hectares follows from the
observation that the forests of the more industrialized
nations have already stabilized at about 1.45 billion hectares
(Micklewright and European Economic Commission) and
that about 365 million hectares of forest in the less devel-
oped nations is physically or economically inaccessible to
logging and land-clearing operations (European Economic
Commission and Sommer). At the present deforestation
rate, the accessible forests in the less industrialized nations
will have been razed before 2020, but the rate will undoubt-
edly slow down as the forests available for cutting diminish.
Thus the inference that the forest area will stabilize around
the year 2020. The fractions are derived using 13.003 billion
hectares as the world’s total land area. That figure is from
Persson (1974); it includes 19 percent of arctic regions and
excludes the Antarctic, Greenland, and Svalbard.

+The estimates of present and future wood volume per
capita were derived by factoring forest areas for each region
by the wood volume per hectare for each region as
estimated by Persson (1974). The estimates of forest area by
region for the year 2000 used in this calculation were
derived from the sources cited in previous footnote.
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" To provide some insight into the economic and

environmental transition occurring as a result of
changes in the world’s forests, this paper first
discusses the status of forest inventories and the
economic significance of forests from a global
standpoint. Then trends and prospects for forests
and forestry in each of the main geographic
regions are reviewed. The special problems of the
world’s most complex ecosysiems, the tropical
moist forests, are treated briefly in a separate
section. Finally global linkages that will make the
year 2000 forest situation in the tropics important
to the people of the temperate zone are cited.

Forest Inventories

Several recent reports have mistakenly indi-
cated that the world contains 4.5 billion hectares
of forests plus over 2.3 billion hectares of open
woodlands.? Apparently there is some confusion
over the distinction between ‘‘forest land” and
““forest,” and it seems to be common practice to
use forest area data from 1950, as though neither
extent of forests nor knowledge about forest areas
were changing. In fact, the world has only about
2.6 billion hectares of closed forest and another
1.2 billion hectares of open woodlands and savan-
nahs, according to the most recent and best global
estimates. ?

About half of the closed forests are located in
the LDCs of the tropic and subtropic regions,
where exploding populations are rapidly destroy-
ing forests for farmland and for fuel. The other
half are in the industrialized nations, mainly the
U.S.S.R., Canada, and the U.S., where their
extent is relatively stable in spite of increasing
demands for forest products. Table 8-1 shows the
distribution of forests by global region.

Information about forest areas is scarce for
many countries. The data that are available are
classified according to widely varying definitions
from year to year and from country to country.
The task of evaluating and synthesizing all these
heterogeneous data was undertaken by the World
Forest Inventory project of the Food and Agricul-
ture Organization (FAQ) in the 1950s and 1960s
and, when FAO discontinued the work in the early
1970s, by Reidar Persson at the Royal College of
Forestry in Stockholm. Persson considers the area
data to be ‘‘relatively reliable’” (accuracy of + 5-
10 percent) for about half of the world’s closed
forest. The data are ‘‘poor’” (+ 40-100 percent)
for about a third of the closed forest area, and
intermediate (= 20 percent) for the rest. The
information on open woodlands is so poor that the

TABLE 8-1
World Forested Area by Region, 1973

. . Closed

Forest

Open Total (% of

Forest Closed Wood- Land  land

Land Forest land Area  area)

Millions of hectares Per.

cent

North America 630 470 (176) 1,841 25

Central America 65 60 (2) 272 22

South America 730 530 (150) 1,760 30
Africa 800 190 (5700 2970 , 6
Europe 170 140 29 474 30
US.S.R. 915 85 15 2,144 35
Asia 530 400 60 2,700 15
Pacific area 190 80 105 842 10
World 4,030 2,655 (1,200) 13,003 20

Notes: Data on North American forests represent a mid-1970s estimate. Data
on U.S.S.R. forests are a 1973 survey by the Soviet government (see Reference
3). Other data are from Persson (1974); they represent an early-1970s estimate.
Forest land is not always the sum of closed forest plus open woodland, as it
includes scrub and brushland areas which are neither forest nor open woodland,
and because it includes deforested areas where forest regeneration is not taking
place. In computation of total land area, Antarctic, Greenland, and Svalbard are
not included: 19 percent of arctic regions are included.

global figure must be considered an “informed
guess,”? :

The wood resources in the world’s forests have
been estimated by extrapolating from detailed
forest inventories carried out in the various re-
gions and biomes. _

Most forest inventories are concerned with the
quantity of wood that might be extracted in logs
of commercially useful size. Analysts concerned
with ecological processes, with fuel and other
nonindustrial products, or with biomass conver-
sion and other innovative concepts, need to know
the total forest biomass. It is possible to multiply
the estimates of biomass density for each ecosys-
tem type, as given by Whittaker and Likens* by
the present area covered with each major forest
type, as given by Persson. This calculation (Table
8-2) indicates that the total biomass of the world’s
forests and woodlands is on the order of 400 to
500 billion tons of carbon.

Forest Products

Worldwide production of forest products, in-
cluding fuelwood, as well as wood for construc-
tion, for paper and for other industrial products,
totaled at least 2.4 billion cu m (in underbark
roundwood equivalent) in 1975.3 About half of the
wood harvest is in the industrialized nations where
harvest and production vary with economic
cycles. The other half is in the LDCs where most
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TABLE 8-2
Biomass of the World’s Forests and Woodlands

Total
Biomass  Biomass
1973 Area  Density (billion
{millions (tons tons
Forest Type ha) carbon/ha)  carbon)

Tropical rain (tropical

and subtropical wet

evergreen) 568 202.5 115
Tropical seasonal -

(tropical and

subtropical moist and

dry deciduous) 1,112 157.5 175
Temperate evergreen

(temperate

coniferous) . 448 157.5 65
Temperature deciduous

(temperature

broadleaved) 135.0
Boreal (Boreal) 672 90.0 60

Woodland, shrubland
and savannah (open
woodlands) 1,000 22,5 ps)

Total 3,800 437

Notes: The data on areas of cach forest type are from Persson (1974). The
biomass densities for each forest type are from Whittaker and Likens (1975).
Persson's forest types are named in parenthesis, indicating how they are
assumed to correspond to Whittaker and Likens' ecosystem types for this
marriage of the two sets of data, Persson does not disaggregate coniférous and
broadleaved temperate forest areas, so it was necessary to use the mean of the
biomass density figures for the two types (i.e., 146 tons carbon per hectare);
however this manipulation introduces a potential error of less than 5 percent,

of the production is fuelwood for cooking, used
by people who are so poor that they are hardly
aware of short-term variations in global markets.

Supply factors affecting the production of forest
products include not only. forest area and standing
crop, but also the physical accessibility, species
mix and quality of the timber, as well as the
availability of capital, labor, and management
expertise for road or rail construction and for the
other developments necessary to forest exploita-
tion. Factors affecting production from the de-
mand side include size and socioeconomic char-
acteristics of the indigenous population, rates of
investment in wood-processing technology, trans-
portation costs to foreign markets, national eco-
nomic growth rates, and market development
achievements. Each nation’s annual wood harvest
is also strongly affected by institutional and politi-
cal constraints on forest resource development
and exploitation. These constraints vary from
political restrictions on international trade to indig-
enous demand for recreation or other noncon-
sumptive use of forest resources.

Forest products enter into world trade at all
stages—as primary, semiprocessed, processed and

manufactured products. As a result, most coun-
tries both import and export. With a few excep-
tions, demand for forest products in industrialized
nations is greater than production, so that most
industrialized nations are net importers. Many of
the less developed nations, on the other hand,
produce more nonfuel forest products than they
can consume and are net exporters, This comple-
mentarity is expected to become even greater
during the next 20 years. As it happens, few of
the major forest product net exporters are among
the more rapidly developing L.DCs that are likely
to be narrowing the consumption gap by the year
2000. Table 8-3 indicates the rank order of the
major net importers and net exporters of forest
products.

The Forest-Man Relationship:
Two Systems

Forest resources and the total wood harvest are
about evenly divided between the industrialized
and the less developed nations. Otherwise, most
aspects of the forest-man relationship are pro-
foundly different in the two types of economies.
The industrialized nations are three times richer in
forest resources per capita. Table 84 indicates

_the distribution of forest area and growing stock

per capita in the early 1970s. The gap indicated by
these data is widening rapidly. Resources per

TABLE 8-3
Major Traders of Forest Products, 1974 A

Exports Imports
Major Less Major Less

Net Imports Net Exports

Exporters  (millions Importers  (millions
3) $)
Canada 4,921 Japan - 4,365
Sweden 3,601 United

Finland 2,273 ‘Kingdom 3,795
U.S.S.R. 1,552 Italy 1,442
Tvory Coast 706 German Fed. 1,439
Indonesia 666 France 1,186
Austria 540 Netherlands 1,085
Malaysia, U.S.A. 746
Sabah n Belgium-Lux. 504
Philippines 237 Spain 479
Romania : 218 Denmark 472
Malaysia, Norway 416
Peninsula 200 Australia 295
Gabon 133 German DR 284
Chile 115 Switzerland 259
Portgual 12 Argentina 245
New Zealand 94 Hungary 24
Hong Kong 193
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capita decline in the industrialized countries at the
relatively slow rate of population growth (0.6
percent per year), but in the LDCs the rate is the
sum of the relatively high population growth rate
and the relatively high deforestation rate, which
means a decrease of 3-6 percent per year in some
nations, and an even faster decrease in others.
The second major difference in man-forest rela-
tions in the two types of economies is in the
pattern of forest product consumption. The indus-
trialized nations consume over 90 percent of the
world’s processed forest products, while the
LDCs consume nearly 90 percent of the wood
used as fuel. The use of wood for fuel in the
industrialized nations may increase somewhat, as
prices rise for the fuels that have been displacing
its use during the past 25 years. The only other
factor that seems likely to substantially alter
consumption patterns between now and the year
2000 is the impending scarcity of wood for fuel
and lumber in the LDCs.

Ecological aspects of the man-forest relations
are as disparate as the economic aspects in the
developed- and developing world. The LDCs have
“mainly labor-intensive agricultural systems. In-
creased production to meet the demands of grow-
ing populations must come from increasing the
labor intensity or from increasing the agricultural
land base, which usually implies clearing forests.
By contrast, the human ecology of the industrial-
ized nations comprises mainly capital-intensive
systems, in which increased agricultural produc-
tion is generally achieved by investing more
capital in already developed land, rather than by

TABLE 8-4

Forest Resources per Capita by Geographic
Region, mid-1970s

Open
Closed Wood-
Forest land Growing
Area Area Stock
(halcap) (halcap) (m%Ycap)
North America 2.0 0.7 179
Central America 05 0.02 50
South America 2.4 0.7 428
Africa 0.4 1.3 92
Europe 0.3 0.1 27
U.S.S.R. 30 0.4 310
Asia 0.2 0.3 17
Pacific 3.6 4.8 390
World 0.7 0.3 80
More industrial 1.3 0.4 128
Less industrial 0.4 0.3 61

Sources: Population data from Population Reference Bureau (1977); Forest area
and volume data from Persson (1974).

clearing forest lands. The natural ecologies are
likewise basically different. For the most part, the
LDCs are located in the tropics and subtropics,
where natural cycles and. processes are very rapid
and forceful. Most industrialized nations are in the
temperate or boreal regions, where energy and
materials cycle more slowly through the ecosys-
tems, and where nature is generally less forceful.

Because the man-forest systems of the two
types of economies are so dissimilar, they will be
treated separately in the remainder of this paper—
except for the important links between the two
types of systems, including trade, technology
transfer, and ecological linkages, which will be
considered at the end of the paper.

Forests and Forestry in the Industrialized
Nations

The U.S.S.R.

The Soviet Union has, by far, the single largest
forest resource base in the world, with 785 million
hectares of forested land growing 75 billion cu m
(overbark) of industrial sized wood. The growing
stock is over a third greater than that of the U.S.
and Canada combined. The net annual increment
in growing stock (growth less natural losses) is on
the order of 880 million cu m (overbark), or 1.2
percent of growing stock.® This does not mean
the resource is unlimited, however.

Fourteen percent of the forested area has such
slow growth that it is considered unproductive;
another 36 percent is not considered to be com-
mercially exploitable, mainly because it is inacces-
sible. Thus only 465 million cu m of net annual
growth are presently or potentially available with

_present transportation and harvesting technolo-

gies.

Fuelwood production, which takes up about 20
percent of the total cut now, has been declining
slowly. Lumber production, which takes the larg-
est share of the wood harvest, about 40 percent,
has had hardly any growth during the 1960s and
1970s. Production of pulp, paper, and fiberboard
has grown much faster, but the growth rate has
been slackening for the past decade. Stagnation of
total production of forest products is explained
partly by the geographic isolation of the forests,
85 percent of which are in northern and eastern
U.S.S.R., far from the population, 85 percent of
which is in the southern and western portions of
the country. Large areas of European U.S.S.R.
are being overcut. For example, the mature stands
of Karelia, which account for 5 percent of Soviet
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total and 20 percent of pulp production, will last
only 25 years at the present rate of exploitation.’

The future of Soviet forestry is difficult to
predict. A large unsatisfied domestic demand for
industrial wood products already exists, as indi-
cated by persistant gaps between production tar-
gets and actual output of all the major wood
products during the past decade. If current trends
continue, the Soviet’s forest industry will be able
to satisfy neither domestic nor foreign demand for
its products.

In the longer term, the Soviets need to step up
the reforestation programs, which have been ne-
glected in the past. More reliance on Siberian
forests will be inevitable, but the distance to
western markets is enormous, and exploitation is
unlikely to grow rapidly until roads or railways
are built for other purposes.

We know little about the reservation of forest
environments for aesthetic values, recreation, or
other nonconsumptive use in the U.S.S.R. A Tass
report claims that forest is being planted at the
rate of 2 million hectares per year, much of it as
groves around cities for “‘zones of rest” and on
the steppes as shelter belts, which are said to
“insure grain yield increases” by up to 25 per-
cent,8 '

Europe

" Forest is one of the few major natural resources
in which Europe can expect to remain reasonably
self-sufficient.® By the year 2000, total wood
consumption .is expected to increase by 45 to 80
percent, but European forests should supply 80
percent of the increase. n

Europe has about 135 million hectares of com-
mercially exploitable closed forest, with a growing
stock of 15 billion cu m (overbark). Another 9
million hectares of closed forest are classed unex-
ploitable, because of very low productivity or
inaccessibility, or because they are reserved for
various noncommercial uses. The distribution of
forest resources among subregions is indicated in
Table 8-5. The Nordic countries have the largest
share of forest resources and have long been
exporters to the rest of Europe. Their great wealth
of forests per capita suggests that this relationship
will continue indefinitely. ' ‘

The total wood harvest declined in Europe by 5
percent in 1972 and by 10 percent in 1975. In both
years industrial wood production dropped.
Whether those declines signal a transition to a
period of slowing growth for the forest products
industry is uncertain. A 1976 study commissioned

by the U.N. Economic Commission for Europe

(ECE), European Timber Trends and Prospects
1950 to 2000, made predictions for forest products
consumption based on alternative assumptions
about growth of gross domestic product (GDP)..
For both high and low GDP growth conditions,
the study projects that: (1) fuelwood consumption
will continue to decline, though more slowly than
in the past; (2) sawnwood consumption will con-
tinue to grow, but at a decreasing rate; (3)
consumption of paper and wood-based panels will
increase at an accelerating rate, and by the year
2000 each will account for a larger portion of total
wood use than will sawnwood; (4) supply of
wood, including imports, will be less than demand
by the year 2000 and will be the main constraint

TABLE 8-35 ;
Distribution of European Forest Resources Among Subregions, Early 1970s
Net Annual Annual
Exploitable . Increment  Fellings
Forest th’;vc'lr:g T:ir:ﬁiil Fellings per per
Area %) %) (%) Capita Capita
(%) o ° (cum (cum
underbark) underbark)
Nordic countries 7 29 30 33 6.9 7.2
European Economic Community 2 20 23 23 03 0.4
Central Europe -3 6 5 5 1.5 1.3
-Southern Europe 22 19 19 17 0.7 0.6
Eastern Europe 18 26 23 22 0.9 08
Total 100 ) 100 100 100 : 08 0.7
Measure 138 13.0 393 368
million billion million million
hectares cum cum .cum
underbark underbark underbark

Sowrce: U.N. Economic Commission for Europe, Ewropean Timber Trends and Prospects 1950 1o 2000, pp. 66, 67.
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on consumption. Adjusted for the supply con-
straint, total wood consumption during the 1975
to 2000 period is expected to rise at an annual
compound rate of 1.3 to 2.0 percent, based on
assumed GDP per capita growth of 3.1 to 4.1
percent. The ECE study concludes that if more
countries will begin providing greater incentives
for improved forest management, the projected
growth in consumption to the year 2000 can be
realized without impairing the forests’ potential
for sustained production beyond that date.
Environmentally, there will be substantial
changes in European forests during the years to
2000. Few, if any, natural forest areas remain
now; the present structure and composition of the
forest reflects a long history of use and manage-
ment. As management intensifies, the forests will
become younger and still less diverse. This will
lead to the reduction of some ecological niches
and is likely to cause the extinction of some plant
and animal species and changes in the population
dynamics of others. Meanwhile, pressure is cer-
tain to grow for management of forests to enhance
noncommercial values such as ecosystem stabil-
ity, protection of water quality and flow, air

purification, recreation opportunities, and aes-
thetic qualities.

No statistics are available on the forest area in
Europe as a whole which has been set aside from
commercial production for use as parks, nature
reserves, protection forests, campsites, and so on.
Most studies lump such areas with the nonprod-
uctive and inaccessible forests, which together
account for about 6 percent of the European
forest.

Forested area is expected to increase in all of
the European subregions, mainly as a result of
afforestation programs. The area of scrub and
open woodlands in southern Europe and espe-
cially in Spain should decrease as large areas are
converted to productive closed forest. In the
Nordic countries, natural regeneration has been
more important than planting in the past, but
planting will have to increase during the next
quarter century if the harvests are to be sustained
in spite of the recent tendency to overcutting. In
the rest of Europe, afforestation and reforestation
programs will continue at the pace set during the
past 20 years, about 150 thousand hectares per
year, Table 86 indicates the ECE study’s fore-

TABLE 8-6
Forecasts of the Areas of Forest and Open Woodland in Europe, Year 2000

Forest and Open Woodlands

Exploitable Forest Other
Percent Percent If’echent
Period Total of Total Area  of Forest Area 0 4 orest
‘ Land Area and Open a“w OP:“
Woodlands la::gs i
millions millions millions
of ha of ha of ha
Nordic countries 1970 58.0 52 50.5 87 7.5 13
2000 61.0 54 51.2 84 9.8 16
European Economic Community 1970 326 2 28.9 88 3.7 12
2000 340 2 30.6 90 34 10
Central Europe 1970 48 39 38 80 1.0 20
2000 5.2 43 4.5 85 0.8 15
Southern Europe @ 1970 520 29 29.8 57 22.1 43
2000 "53.2 31 38.4 72 15.1 28
Eastern Europe 1970 217 29 25.1 9% 2.6 10
2000 29.9 31 27.4 24 2.5 8
Total 1970 175.0 32 138.1 79 36.9 21
2000 183.3 34 152.0 83 31.3 17
Change 1970-2000
Area +8.3 +13.9 -5.6
Percent +5% +10% -15%

*Including Cyprus and israel.

Source: Economic Commission for Europe, Eurapean Timber Trends and Prospects 1950 1o 2000, p. 80.
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casts of the forest areas in the year 2000. For the
whole region, the forested area is expected to be
5 percent larger.

North America

Canada and the United States are about equally
endowed with forest resources. Each has over 200
million hectares of productive forest, and each has
about 19 billion cu m of growing industrial-sized
wood. Most of the U.S. forest is accessible, and it
has been used and managed more intensively than
the Canadian forest. More use generally means a
younger and more rapidly growing forest, and for
this reason as well as better growing conditions,
annual growth of the U.S. forest is significantly
higher than that of the Canadian forest. On a per
hectare basis, the U.S. forest grows nearly as
rapidly as the European forest. Table 8-7 summa-
rizes the present forest resource situation for
North America.

Because of the recent variation from the longer
trends in the growth of industrial wood use, the

future of North American forestry seems rather
uncertain. In the early 1970s, before the recent
perturbations in the global industrial economies,
the U.S. Forest Service published a study analyz-
ing trends and making projections of demand,
supply, and consumption of wood products. That
study, The Outiook for Timber in The United
States, assumed a GNP increase of 4 percent per
year during the 1970-2000 period and projected
the U.S. demand for wood products would rise
by 1.3-2 percent per year, depending on how
wood product prices change. Increased harvests
of the U.S. forest would depend mainly on
changes in relative wood prices and on political
decisions regarding intensity of use of the publicly
owned forest. Under the various assumptions, the
study indicated that the volume of wood supplied
from the U.S. forest in the year 2000 would. be
between 140 and 190 percent of the volume
supplied in the year 1970. Most of the volume
would come from increased fellings, but part
would come from technological advances that

TABLE 8-7
North American Forest Resources, Early 1970s
Resource ) U.S.A, Canada Noqh
Unit (1970) (1973) America
Stocked commercial forest Million hectares 194 220 414
Unaccessible productive forest®? Million hectares 5 — 5
Reserved forests (parks, etc)® Million hectares : 8 15 24
Total productive forest ¢ Million hectares 207 235 442
Unstocked commercial forest® Million hectares 8 17 26
Open woodlands and other forests of extremely
low productivity f Million hectares 103 3 176
Growing stock on commercial forest (underbark
volume) ¢ Billion cubic meters 19 19 38
Cu meters per hectare 93 75 87
Net annual growth on commercial forest land Million cubic meters 527 270 797
(underbark volume)® Cu meters per hectare 2.6 1.1 1.8
Percent growing stock 2.9 1.5 2.1
Cu meters per capita 24 11.5 33
1974 fellings (underbark volume)! Million cubic meters 402 167 545
1975 fellings (underbark volume) Million cubic meters 358 147 505
1974 fellings as percent of net annual growth Percent 76 62 68

SFor the UU.S.A., commercial forest is defined as forest land producing or
capable of producing crops of industrial wood in excess of 1.4 cubic meters per
hectare per year in natural stands and not withdrawn from timber use. For
Canada, commercial forest is defined as forest land suitable for regular
harvest, capable of producing stands of trees 4 inches diameter or larger on 10
percent or more of the area, excluding agricultural land ¢urrently in use.

*This refers to forest in Alaska that meets the production criteria but is too
i ible to be used ially. .

€These are forest lands reserved for noncommercial use. Whether all of the 15.5
million hectares reserved in Canada are actually productive forest is not clear
from the available sources.

“This category excludes some woodland that would meet the tree growth
criteria, but is not included in forestry statistics because it has been developed
for non-forestry commercial use (e.g., residential land).

*For Canada, this is probably an underestimate, as it includes only unstocked
federal and provincial lands that have been allocated to wood production.

TFor the U.5.A., this includes stands of pinyon-juniper, woodland-grass,
chaparral, subalpine forests, and other woodlands incapable of producing 1,4

cubic meters of industrial wood per heclare per year. For Canada, this
includes forest land not suitable for regular harvest because of extremely low
productivity.

eFor the U.S.A., this is the volume, suitable for industrial wood use, in trees
over 5 inches diameter. For Canada, the definition is presumably similar, For
both, the unstocked commercial forest area is included in the calculation.

ENet annual growth is total growth less volumes of trees dying annually.
Apparently it refers to wood in the parts of trees suitable for industrial wood
use, and apparently it does not net out the volume lost to forest fires.

'Fellings refers to removals plus harvesting losses, apparently only wood of
size suitable for industrial wood use is included. This measure is provided to
allow comparison of annual fellings to net annual growth, The ratio of fe