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PREFACE

Saving the planet is very much in vogue.
It’s also in Harper’s Bazaar, Elle, and Mademoiselle.

THE NEW YORK TIMES (March 25, 1990)

When I began writing the first edition of this book in 1981, environmental and
natural resource economics was a well-developed but underutilized field. Its im-
pact on environmental policy could most generously be described as “emerging.”
That is no longer the case. Economics has become an indispensable part of the
education of anyone dealing with environmental policy.'As Our Common Future
put it in 1987, “Economics and ecology bind us in ever-tightening networks . . .
economics and ecology must be completely integrated in decision-making and
lawmaking processes . . .."!

Signs of maturation abound. A number of journals are now devoted either
exclusively or mostly to the topics covered in this book. One, Ecological Eco-
nomics, is a new journal dedicated to bringing economists and ecologists closer
together in a common search for appropriate solutions for environmental
challenges. Interested readers can also find advanced work in the field in Land
Economics, Journal of Environmental Economics and Management, Environmen-
tal and Resource Economics, and Natural Resources Journal, among others.

New resources for student research projects have been made available in
response to the growing popularity of the field. Original research on topics

1 The World Commission on Environment and Development, Our Common Futture (New York:
Oxford University Press, 1987): 27, 37.
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xXii Preface

related to international environmental and natural resource issues was formerly
very difficult for students because of the paucity of data. A number of good
sources now exist including World Resources: 1990-91 (Washington, DC: Ox-
ford University Press, 1989), which has an extensive data appendix, and OECD
Environmental Data (Paris: Organization for Economic Co-operation and Devel-
opment, 1989).

Environmental and Natural Resource Economics attempts to bring those who
are beginning the study of environmental and natural resource economics close
to the frontiers of knowledge. Although it is designed to be accessible to students
who have completed only a two-semester introductory course in economics or a
one-semester introductory microeconomics course, it has been successfully used
in several institutions in lower-level and upper-level undergraduate courses as
well as lower-level graduate courses. Intertemporal optimization is handled
within a discrete-time, mathematical programming framework, and all mathemat-
ics other than simple algebra is relegated to appendixes. Graphs and numerical
examples are used to provide an intuitive understanding of the principles sug-
gested by the math and the reasons for their validity. In this edition I have tried
to retain the strengths that seem particularly valued by users, while expanding
the number of applications of economic principles, clarifying some of the more
difficult arguments, and updating the material to include the very latest develop-
ments around the world.

The structure and topical coverage of this book facilitate its use in a variety
of contexts. For a survey course in environmental and natural resource econom-
ics, all chapters are appropriate, though many of us have found that the book
contains somewhat more material than can be covered adequately in a quarter or
even a semester. This surplus of material provides some flexibility for the in-
structor to choose those topics that best fit his or her course design. A one-term
course in natural resource economics could be based on Chapters One to Thirteen
and Twenty-one to Twenty-three. A brief introduction to environmental econom-
ics could be added by including Chapter Fourteen. A single-term course in en-
vironmental economics could be structured around Chapters One to Four and
Fourteen to Twenty. Chapter Six could be added if a brief introduction to natural
economics seemed desirable.

New to This Edition

This edition has a much more international focus. Additional attention has been
paid to environmental problems and policies in Eastern and Western Europe,
Japan, and the developing nations than was the case in previous editions.

Two new chapters have been added—*“Growth, Poverty, and the Environ-
ment” and “The Quest for Sustainable Development”—reflecting the demon-
strated, current global interest in sustainable development as a guide for the
future. These new chapters include the latest research on the appropriateness of
the traditional model of development for low-income countries, the relationships
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among trade policies, debt, poverty, and environmental degradation, and the role
for economic incentives policies in achieving sustainable development. These
chapters replace two chapters in the previous edition entitled “Growth in a Finite
Environment” and “Further Economic Growth?” This edition also contains a
completely new mathematical appendix entitled “The Simple Mathematics of
Cost-Effective Pollution Control.”

Ten new boxed examples highlight special topics, including (1) The Eco-
nomics of Recycling: The Japanese Experience; (2) New Markets for Trash:
Tires; (3) Using Economic Principles to Conserve Water in California; (4) Pro-
tecting Instream Uses of Water through Economics; (5) Success Stories in Con-
serving Tropical Forests; (6) Restricting Access to Common Property Resources:
Harbor Gangs of Maine; (7) Geochemically Scarce Minerals: How Would the
Economy React to Impending Scarcity?; (8) Innovative Mobile Pollution Control
Strategies: Singapore and Hong Kong; (9) Anatomy of An Oil Spill: Amoco
Cadiz; (10) Sustainable Development: Three Success Stories.

Several previously included topics have received considerably more attention
in this edition, including the economics of recycling; the causes, consequences,
and potential solutions for global deforestation; and economic incentive policies.
The new material on economic incentive policies includes the actual experience
with their use in France, Sweden, the Netherlands, and Japan; new applications
in the United States (acid rain and ozone depletion) and potential applications
to global warming and declining biodiversity.

New topics covered in this edition include oil spills and ocean dumping; the
economics of limited liability for oil spills; the Gaia hypothesis; ethics of present
value calculations for the allocation of depletable resources, including a new
numerical example; informal arrangements for restricting access to common
property resources; nuclear power around the world; new approaches by electric
utilities to internalize environmental costs; the economics of renewable energy
sources; the magnitude of subsidies for irrigation water; emerging water markets
in the western United States; sustainable agriculture in the United States and
Europe; economics of organic farming; debt-nature swaps; extractive reserves;
policies for stemming decline of elephant populations; indoor air pollution; re-
sults from the National Acid Rain Precipitation Assessment Program; the London
agreement on ozone depletion; citizen suits and the private enforcement of en-
vironmental laws; cost-benefit analysis of global warming; the cost effectiveness
of alternative automobile fuels; joint and several liability doctrine for hazardous
wastes; deficiencies of national income accounting from the point of view of
sustainable development; examples of industrial waste reduction; strategies for
preserving biodiversity; and the World Heritage Fund.

All data and references to governing legislation in the previous edition have
been updated. Some completely new data have been included: global oil reserves,
types of pricing systems used by U.S. public and private water utilities, global
air quality comparisons, international comparison of gasoline taxes, noteworthy
oil spills, and opportunities for enhanced energy efficiency.
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This edition retains a strong policy orientation. Though a great deal of theory
and empirical evidence are discussed, both are motivated by the desire to increase
understanding of intriguing policy problems and are discussed in the context of
those problems. This explicit integration of research and policy within each chap-
ter avoids the problem frequently encountered in applied economics textbooks in
which the theory developed in earlier chapters is only loosely connected to the
rest of the book.

This is an economics book, but it goes beyond economics. Insights from the
natural and physical sciences, literature and political science, as well as other
disciplines, are scattered liberally through the text. In some cases these references
raise unresolved issues that economic analysis can help resolve, while in others
they affect the structure of the economic analysis or provide a contrasting point
of view. They have an important role to play in overcoming the tendency to
accept the material uncritically at a superficial level by highlighting those char-
acteristics that make the economics approach unique.

Acknowledgments

Perhaps the most rewarding part of writing this book has been that it has put me
in touch with so many thoughtful people I had not previously met. I very much
appreciate the faculty and students who pointed out areas of particular strength
or areas where coverage could be expanded in this edition. The support that my
approach has received from faculty and students has been gratifying and ener-
gizing. One can begin to understand the magnitude of my debt to my colleagues
by glancing at the several hundred names in the lists of references contained in
the name index. Because their research contributions make this an exciting field,
full of insights worthy of being shared, my task was easier and a lot more fun
than it might otherwise have been.

Valuable assistance was received during various stages of the writing from
the following:

Maurice Ballabon Baruch College

Fikret Berkes Brock University

Sidney M. Blumner California State Polytechnic University, Pamona
Richard V. Butler Trinity University

Duane Chapman Cornell University

Charles J. Chicchetti University of Wisconsin, Madison
Jon Conrad Cornell University

William Corcoran University of Nebraska at Omaha
Gregory B. Christiansen California State University, Hayward
Maureen L. Cropper University of Maryland

John H. Cumberland University of Maryland

Herman E. Daly World Bank

Diane P. Dupont University of Guelph



Randall K. Filer
Anthony C. Fisher
Marvin Frankel

A. Myrick Freeman, III
James Gale

Doug Greer

A. R. Gutowsky

W. Eric Gustafson
Jon D. Harford
Gloria E. Helfand
John J. Hovis

Craig Infanger
James R. Kahn
Dwight Lee

Joseph N. Lekakis
Randolph M. Lyon
Giadomenico Majone
David Martin
Nicholas Mercuro
David E. Merrifield
Frederic C. Menz
Michael J. Mueller
Thomas C. Noser
Lloyd Orr

Raymond Prince

J. Barkley Rosser, Jr.
Milton Russell
Frederic O. Sargent
Salah El Serafy

W. Douglas Shaw
James S. Shortle
Leah J. Smith

V. Kerry Smith

Joe B. Stevens
Kenneth N. Townsend
Wallace E. Tyner
Myles Wallace
Patrick Welle
Anthony Yezer

Preface XXV

Brandeis University

University of California, Berkeley
University of Illinois, Urbana-Champaign
Bowdoin College

Michigan Technological University
San Jose State University
California State University, Sacramento
University of California, Davis
Cleveland State University
University of California, Davis
University of Maryland

University of Kentucky

State University of New York, Binghamton
University of Georgia

University of Crete

University of Texas, Austin
Harvard University

North Carolina State University
University of New Orleans
Western Washington University
Clark University

Clarkson University

University of Alabama

Indiana University

University of Colorado-Boulder
James Madison University
University of Tennessee

University of Vermont

World Bank

Vassar College

Pennsylvania State University
Swarthmore College

North Carolina State University
Oregon State University
Hampden-Sydney College

Purdue University

Clemson University

Bemidji State University

The George Washington University

In preparing this edition I am especially indebted to David Martin, Davidson
College; Lloyd Orr, Indiana University; and Gloria Helfand, University of Cal-
ifornia, Davis, for their detailed, helpful suggestions. Their support and their



XXVi Preface

willingness to share ideas on how the manuscript could be improved are much
appreciated.

I have been fortunate to have been aided by many extremely capable student
research assistants over the years. Judi Greene, Alison Jones, Susan French, Fidel
Fajardo, Elaine Johnson, Diane Peterec, Susan Charrette, Vicki Howe, Marc Gor-
don, Faith Delaney, Thom Menzies, Margaret Wimmer, Jill Stasz Harris, and
Melissa Raffoni have all helped to shape previous editions. The current edition
has been shaped primarily by David Edelstein, with substantial contributions
made by Wendy Naysnerski, Elaine Jorgensen, and Rabia Mirza. Working with
such fine young men and women has made it all the more obvious to me that
teaching is the world’s most satisfying profession.

Finally, I should like to say a deeply felt word of thanks to my family for
putting up with a father and husband who spent time in writing that they de-
served. I couldn’t have done it without their support.

ToM TIETENBERG



e s R e |

CONTENTS

Preface xxi

1

VISIONS OF THE FUTURE 1

Introduction 1

The Self-Extinction Premise 1
The Use of Models 3

The Basic Pessimist Model 4
Conclusions of Pessimist Model 4
EXAMPLE 1.1 The Dangers of Prognostication 5
The Nature of the Model 7
The Basic Optimist Model 9

Conclusions of Optimist Model 9
The Nature of the Model 10

The Road Ahead 11

The Issues 12
An Overview of the Book 13

SUMMARY 15

FURTHER READING 16
ADDITIONAL REFERENCES 16
DISCUSSION QUESTIONS 17



iv Contents

e — e ]

2 ECONOMICS OF THE ENVIRONMENT:
AN OVERVIEW 18

Introduction 18
The Human Environment Relationship 19

The Environment as an Asset 19
Valuation of the Asset 21

Normative Criteria for Decision Making 22
Static Efficiency 22
EXAMPLE 2.1 Nature Knows Best 23

Dynamic Efficiency 29
Sustainability 35

SUMMARY 37

FURTHER READING 38
ADDITIONAL REFERENCES 38
DISCUSSION QUESTIONS 39
PROBLEMS 39

APPENDIX: THE SIMPLE MATHEMATICS OF DYNAMIC
EFFICIENCY 41

3 PROPERTY RIGHTS, EXTERNALITIES, AND
ENVIRONMENTAL PROBLEMS 44

Introduction 44
Property Rights 45

Property Rights and Efficient Market Allocations 45
Efficient Property Right Structures 45

EXAMPLE 3.1 Pollution in Centrally Planned Economies 46

Producer’s Surplus, Scarcity Rent, and Long-Run Competitive
Equilibrium 49
Scarcity Rent 50

Externalities as a Source of Market Failure 51

The Concept Introduced 51



Contents v

Types of Externalities 53
Improperly Designed Property Rights Systems 54

Common Property Resources 54
Public Goods 56

EXAMPLE 3.2 Public Goods Privately Provided: The Nature Conservancy 59

Imperfect Market Structures 59
Divergence of Social and Private Discount Rates 61
Government Failure 62

EXAMPLE 3.3 Religion as the Source of Environmental Problems 63

The Pursuit of Efficiency 64

Private Resolution through Negotiation 64
The Courts: Property Rules and Liability Rules 65
Legislative and Executive Regulation 67

An Efficient Role for Government 68
SUMMARY 69

FURTHER READING 69
ADDITIONAL REFERENCES 70
DISCUSSION QUESTIONS 70
PROBLEMS 71

4 REGULATING THE MARKET: INFORMATION AND
UNCERTAINTY 72

Introduction 72
Benefit-Cost Analysis 73

The Decision Rules 73
Measuring Benefits 74

EXAMPLE 4.1 Preservation Versus Development: The Hell's Canyon Case 78

Issues in Benefit Estimation 83
Approaches to Cost Estimation 84
The Treatment of Risk 86
Choosing the Discount Rate 88

A Critical Appraisal 89



Vi Contents

EXAMPLE 4.2 The Importance of the Discount Rate 90

Cost-Effectiveness Analysis 93

EXAMPLE 4.3 NO, Control in Chicago: An Example of Cost-Effectiveness
Analysis 94

Impact Analysis 95

SUMMARY 96

FURTHER READING 97
ADDITIONAL REFERENCES 97
DISCUSSION QUESTIONS 98
PROBLEMS 99

5 THE POPULATION PROBLEM 100

Introduction 100
Historical Perspective 101

World Population Growth 101
Population Growth in the United States 102

Effects of Population Growth on Economic Growth 105
Effects of Economic Growth on Population Growth 111
The Economic Approach to Population Control 114
EXAMPLE 5.1 The Value of an Averted Birth 115

EXAMPLE 5.2 Fertility Decline in Korea: A Case Study 120
SUMMARY 122

FURTHER READING 122

ADDITIONAL REFERENCES 123

DISCUSSION QUESTIONS 124

PROBLEMS 124

6 THE ALLOCATION OF DEPLETABLE AND
RENEWABLE RESOURCES: AN OVERVIEW 125

Introduction 125



Contents vii

A Resource Taxonomy 126

EXAMPLE 6.1 The Pitfalls in Misusing Reserve Data 129

Efficient Intertemporal Allocations 131

The Two-Period Model Revisited 132

The N-Period Constant-Cost Case 132
Transition to a Renewable Substitute 133
Increasing Marginal Extraction Cost 136
Exploration and Technological Progress 138

Market Allocations 139
Appropriate Property Right Structures 139

EXAMPLE 6.2 Technological Progress in the lron Ore Industry 140
Environmental Costs 141

SUMMARY 143

FURTHER READING 144

ADDITIONAL REFERENCES 145

PROBLEMS 145

APPENDIX: EXTENSIONS OF THE BASIC DEPLETABLE
RESOURCE MODEL 147

DEPLETABLE, NONRECYCLABLE ENERGY
RESOURCES: OIL, GAS, COAL, AND URANIUM 153

Introduction 153
Natural Gas: Price Controls 155

EXAMPLE 7.1 Price Controls and Substitution Bias 159

Oil: The Cartel Problem 161
Price Elasticity of Demand 162
EXAMPLE 7.2 Optimal OPEC Pricing 163
Income Elasticity of Demand 164
EXAMPLE 7.3 Are Soft Energy Paths Doomed? 165

Non-OPEC Suppliers 166
Compatibility of Member Interests 167



viii Contents

Oil: National Security Problem 169

EXAMPLE 7.4 The Inefficiency of the Mandatory Oil Import Program 173
Transition Fuels: Environmental Problems 174

Conservation and Load Management 179

The Long Run 182

SUMMARY 184

FURTHER READING 184

ADDITIONAL REFERENCES 185

DISCUSSION QUESTIONS 186

PROBLEMS 186

8 RECYCLABLE RESOURCES: MINERALS, ETC. 188

Introduction 188
An Efficient Allocation of Recyclable Resources 189
Extraction and Disposal Cost 189

EXAMPLE 8.1 Population Density and Recycling: The Japanese Experience
190

Recycling: A Closer Look 191

EXAMPLE 8.2 New Markets for Trash: Tires 192
Recycling and Virgin Ore Depletion 193

The Strategic-Material Problem Revisited 194
General Principles 194

EXAMPLE 8.3 Mercury Prices and Recycling 195

Government Response 197
Cobalt: A Case Study 197
Substitution and Vulnerability 198

Waste Disposal And Pollution Damage 200

Disposal Cost and Efficiency 201

The Disposal Decision 201

Disposal Costs and the Scrap Market 203
Public Policies 205



Contents iX

EXAMPLE 8.4 Deposits as a Solution to Abandoned Automobiles 207
Pollution Damage 209

Tax Treatment Of Minerals 210

Discrimination in Transport Cost 213

Product Durability 214

Functional Obsolescence 214
Fashion Obsolescence 215
Durability Obsolescence 216

SUMMARY 218

FURTHER READING 219
ADDITIONAL REFERENCES 220
DISCUSSION QUESTIONS 220
PROBLEMS 221

9 REPLENISHABLE BUT DEPLETABLE RESOURCES:
WATER 222

Introduction 222
The Potential for Water Scarcity 223
The Efficient Allocation of Scarce Water 226

Surface Water 226
Groundwater 228

The Current Allocation System 229

Riparian and Prior Appropriation Doctrines 229
Sources of Inefficiency 231

Potential Remedies 236

EXAMPLE 9.1 Using Economic Principles to Conserve Water in California
237

EXAMPLE 9.2 Protecting Instream Uses through Acquiring Water Rights 238

SUMMARY 243
EXAMPLE 9.3 Politics and the Pricing of Scarce Water 244

FURTHER READING 245



X Contents

ADDITIONAL REFERENCES 246
DISCUSSION QUESTIONS 246
PROBLEMS 247

10 REPRODUCIBLE PRIVATE-PROPERTY RESOURCES:
FOOD 248

Introduction 248
Global Scarcity 249

Formulating the Global Scarcity Hypothesis 250
Testing the Hypothesis 253
Outlook for the Future 254

Distribution of Food Resources 259

Defining the Problem 260
Domestic Production in LDCs 261
The Undervaluation Bias 263

EXAMPLE 10.1 The Price Responsiveness of Supply: Thailand 265

EXAMPLE 10.2 Perverse Government Intervention: The Case of Colombia
266

Feeding the Poor 267
EXAMPLE 10.3 The Distribution Dilemma: India’'s Green Revolution 269
Feast and Famine Cycles 269
SUMMARY 274
FURTHER READING 274
ADDITIONAL REFERENCES 275
DISCUSSION QUESTIONS 275
PROBLEMS 276

11 STORABLE, RENEWABLE RESOURCES: FORESTS 277

Introduction 277
Defining Efficient Management 279

Special Attributes of the Timber Resource 279



