


Environmental and 
Natural Resource 

Economics
Environmental issues are of fundamental importance, and a broad approach to understanding 
the relationship of the human economy and the natural world is essential. In a rapidly changing 
policy and scientific context, this new edition of Environmental and Natural Resource Economics 
reflects an updated perspective on modern environmental topics.

Now in its fourth edition, this book includes new material on climate change, the 
cost-competitiveness of renewable energy, global environmental trends, and sustainable econ-
omies. The text provides a balanced treatment of both standard environmental economics 
and ecological economics, based on the belief that these two approaches are complemen-
tary. Several chapters focus on the core concepts of environmental economics, including the 
theory of externalities, the management of public goods, the allocation of resources across 
time, environmental valuation, and cost-benefit analysis. Material on ecological econom-
ics includes such topics as macroeconomic scale, entropy, and “green” national accounting. 
Topical chapters focus on: energy; climate change; water resources; international trade;  
forests; fisheries; and agriculture, with an emphasis on designing effective policies to promote 
sustainability and a “green” economy.

Harris and Roach’s premise is that a pluralistic approach is essential to understand the 
complex nexus between the economy and the environment. This perspective, combined with 
its emphasis on real-world policies, is particularly appealing to both instructors and students. 
This is the ideal text for classes on environmental, natural resource, and ecological economics.

Jonathan M. Harris is Director of the Theory and Education Program at the Tufts University 
Global Development and Environment Institute, USA. His current research focuses on the 
implications of large-scale environmental problems, especially global climate change, for 
macroeconomic theory and policy.

Brian Roach is Senior Research Associate at the Tufts University Global Development 
and Environment Institute and a lecturer at Tufts University and Brandeis University, USA. 
He has published numerous articles on non-market valuation of natural resources, including 
drinking water quality, water-based recreation, and wildlife.



http://taylorandfrancis.com


Environmental and 
Natural Resource 
Economics

A Contemporary Approach

Fourth Edition

Jonathan M. Harris  
and Brian Roach



Fourth edition published 2018
by Routledge

711 Third Avenue, New York, NY 10017

and by Routledge
2 Park Square, Milton Park, Abingdon, Oxon, OX14 4RN

Routledge is an imprint of the Taylor & Francis Group, an informa business

© 2018 Taylor & Francis

The right of Jonathan M. Harris and Brian Roach to be identifed as authors of this work has 
been asserted by them in accordance with sections 77 and 78 of the Copyright, Designs and 

Patents Act 1988.

All rights reserved. No part of this book may be reprinted or reproduced or utilised in any form 
or by any electronic, mechanical, or other means, now known or hereafter invented, including 

photocopying and recording, or in any information storage or retrieval system, without permission 
in writing from the publishers.

Trademark notice: Product or corporate names may be trademarks or registered trademarks, and are 
used only for identifcation and explanation without intent to infringe.

First edition published by Houghton Mifin 2002
Third edition published by M.E Sharpe 2013

Library of Congress Cataloging-in-Publication Data
Names: Harris, Jonathan M., author. | Roach, Brian, author.

Title: Environmental and natural resource economics : a contemporary  
approach / Jonathan M. Harris and Brian Roach.

Description: 4th Edition. | New York : Routledge, 2017. | Revised edition of the authors’ 
Environmental and natural resource economics, c2013. | Includes index.

Identifers: LCCN 2016052353| ISBN 9781138659476 (hardback) |  
ISBN 9781315620190 (ebook)

Subjects: LCSH: Environmental economics. | Natural resources. | Environmental policy.
Classifcation: LCC HC79.E5 H356 2017 | DDC 333.7—dc23 

LC record available at https://lccn.loc.gov/2016052353

ISBN: 978-1-138-65947-6 (hbk)
ISBN: 978-1-315-62019-0 (ebk)

Typeset in Bembo
by Swales & Willis Ltd, Exeter, Devon, UK



Contents

List of Figures  xi
List of Tables  xvi
Preface to the Fourth Edition  xviii

P A R T  I	 Introduction: The Economy and the 
Environment  1

C H A P T E R  1

Changing Perspectives on the 
Environment  2
1.1	 Overview of Environmental Issues  3
1.2	 Economic Approaches to the Environment  5
1.3	 Principles of Ecological Economics  7
1.4	 A Look Ahead  13

C H A P T E R  2

Resources, Environment, and 
Economic Development  17
2.1	 Overview of Economic Growth  18
2.2	 Economic Growth in Recent Decades  20
2.3	 Environmental Trends in Recent Decades  22
2.4	 Optimists and Pessimists  30
2.5	 Sustainable Development  33

P A R T  II	 Economic Analysis of Environmental 
Issues  41

C H A P T E R  3

The Theory of Environmental 
Externalities  42
3.1	 The Theory of Externalities  43
3.2	 Welfare Analysis of Externalities  52



vi ﻿Contents

3.3	 Property Rights and the Environment  55
Appendix 3.1: Supply, Demand, and Welfare Analysis  68
Appendix 3.2: Externality Analysis: Advanced Material  76

C H A P T E R  4

Common Property Resources and  
Public Goods  87
4.1		� Common Property, Open Access, and Property Rights  88
4.2	 The Environment as a Public Good  100
4.3	 The Global Commons  103

C H A P T E R  5

Resource Allocation Over Time  109
5.1	 Allocation of Nonrenewable Resources  110
5.2	 Hotelling’s Rule and Time Discounting  119

C H A P T E R  6

Valuing the Environment  125
6.1	 Total Economic Value  126
6.2	 Overview of Valuation Techniques  130
6.3	 Revealed Preference Methods  133
6.4	 Stated Preference Methods  137

C H A P T E R  7

Cost-Beneft Analysis  150
7.1	 Overview of Cost-Beneft Analysis  151
7.2		� Balancing the Present and Future: The Discount Rate  153
7.3	 Valuing Human Life  157
7.4	 Other Issues in Cost-Beneft Analysis  159
7.5	 Cost-Beneft Analysis Example  163
7.6	� Conclusion: The Role of Cost-Beneft Analysis in 

Environmental Policy Decisions  166
Appendix 7.1: Using Excel to Perform Present  

Value Calculations  173

C H A P T E R  8

Pollution: Analysis and Policy  176
8.1	 The Economics of Pollution Control  177
8.2	 Policies for Pollution Control  179
8.3	 The Scale of Pollution Impacts  189
8.4	 Assessing Pollution Control Policies  193
8.5	 Pollution Control Policies in Practice  198



Contents vii

P A R T  III	 Ecological Economics and 
Environmental Accounting  209

C H A P T E R  9

Ecological Economics: Basic  
Concepts  210
9.1	 An Ecological Perspective  211
9.2	 Natural Capital  211
9.3	 Issues of Macroeconomic Scale  214
9.4	 Long-Term Sustainability  220
9.5	 Energy and Entropy  223
9.6	 Ecological Economics and Policy  225

C H A P T E R  1 0

National Income and Environmental 
Accounting  234
10.1	 Greening the National Income Accounts  235
10.2	 Green GDP  237
10.3	 Adjusted Net Saving  239
10.4	 The Genuine Progress Indicator  243
10.5	� The Human Development Index and the Better  

Life Index  247
10.6	 Environmental Asset Accounts  252
10.7	 The Future of Alternative Indicators  255
Appendix 10.1: Basic National Income  

Accounting  263

P A R T  IV	 Energy, Climate Change, and  
Greening the Economy  267

C H A P T E R  1 1

Energy: The Great Transition  268
11.1	 Energy and Economic Systems  269
11.2	 Evaluation of Energy Sources  270
11.3	 Energy Trends and Projections  274
11.4	 Energy Supplies: Fossil Fuels  278
11.5	 Renewable Energy Sources  283
11.6	� The Economics of Alternative  

Energy Futures  286
11.7	 Policies for the Great Energy Transition  293



viii ﻿Contents

C H A P T E R  1 2

Global Climate Change: Science and 
Economics  306
12.1	 Causes and Consequences of Climate Change  307
12.2	 Responses to Global Climate Change  318
12.3	 Economic Analysis of Climate Change  319

C H A P T E R  1 3

Global Climate Change:  
Policy Responses  335
13.1	 Adaptation and Mitigation  336
13.2	� Climate Change Mitigation: Economic  

Policy Options  339
13.3	 Climate Change: The Technical Challenge  349
13.4	 Climate Change Policy in Practice  353
13.5	� Other Economic Proposals: Environment and 

Equity  363
13.6	 Conclusion: Dimensions of Climate Change  366

C H A P T E R  1 4

Greening the Economy  374
14.1	 The Green Economy: Introduction  375
14.2	� The Relationship between the Economy and  

the Environment  377
14.3	 Industrial Ecology  385
14.4	� Does Protecting the Environment Harm the 

Economy?  388
14.5	 Creating a Green Economy  394

P A R T  V	� Population, Agriculture, and  
Resources  407

C H A P T E R  1 5

Population and the Environment  408
15.1	 The Dynamics of Population Growth  409
15.2	 Predicting Future Population Growth  413
15.3	 The Theory of Demographic Transition  419
15.4	 Population Growth and Economic Growth  424
15.5	 Ecological Perspectives on Population Growth  427
15.6	 Population Policies for the Twenty-First Century  430



Contents ix

C H A P T E R  1 6

Agriculture, Food, and  
Environment  438
16.1	 Feeding the World: Population and Food Supply  439
16.2	 Trends in Global Food Production  441
16.3	 Projections for the Future  446
16.4	 Agriculture’s Impact on the Environment  449
16.5	 Sustainable Agriculture for the Future  459

C H A P T E R  1 7

Nonrenewable Resources: Scarcity  
and Abundance  470
17.1	 The Supply of Nonrenewable Resources  471
17.2	� Economic Theory of Nonrenewable Resource Use  473
17.3	 Global Scarcity or Increasing Abundance?  476
17.4	 Environmental Impacts of Mining  479
17.5	 The Potential for Minerals Recycling  482

C H A P T E R  1 8

Renewable Resource Use: 
Fisheries  491
18.1	 Principles of Renewable Resource Management  492
18.2	 Ecological and Economic Analyses of Fisheries  493
18.3	 The Economics of Fisheries in Practice  498
18.4	 Policies for Sustainable Fisheries Management  501

C H A P T E R  1 9

Ecosystem Management: Forests  512
19.1	 The Economics of Forest Management  513
19.2	 Forest Loss and Biodiversity  517
19.3	 Policies for Sustainable Forest Management  521

C H A P T E R  2 0

Water: Economics and Policy  533
20.1	 Global Supply and Demand for Water  534
20.2	 Addressing Water Shortages  542
20.3	 Water Pricing  546
20.4	 Water Rights, Water Markets, and Privatization  552
20.5	 Water as a Common Property Resource  557



x ﻿Contents

P A R T  VI	� Environment, Trade, and  
Development  565

C H A P T E R  2 1

World Trade and the Environment  566
21.1	 Environmental Impacts of Trade  567
21.2	 Trade and Environment: Policy and Practice  573
21.3	 Trade Agreements and the Environment  580
21.4	 Strategies for Sustainable Trade  584

C H A P T E R  2 2

Institutions and Policies for Sustainable 
Development  591
22.1	 The Concept of Sustainable Development  592
22.2	 The Economics of Sustainable Development  592
22.3	 Reforming Global Institutions  596
22.4	 New Goals and New Production Methods  603
22.5	� Conclusion: Policies for Sustainable 

Development  608

Glossary  614
Index  631



Figures

  1.1	 The Standard Circular Flow Model	 8
  1.2	 Expanded Circular Flow Model	 9
  2.1	 Growth in Population, Food Production, Economic Production, and  

Energy Use, 1961–2013	 21
  2.2	 Economic Growth, 1961–2014, by Country Income Category	 21
  2.3	 Global Carbon Dioxide Emissions, 1960–2014, by Country Income Category	 24
  2.4	 Global Emission Trends for Sulfur Dioxide, Nitrogen Oxides, and  

Volatile Organic Compounds, 1900–2010	 24
  2.5	 Global Production of Chlorofuorocarbons, 1980–2010	 26
  2.6	 Net Change in Forest Area, by Region and Time Period	 27
  2.7	 Global Water Extraction, 1900–2025, by Use	 28
  2.8	 Growth of Chemicals Production Industry, 1970–2020	 30
  2.9	 The Limits to Growth Model, Business-As-Usual Scenario	 32
  3.1	 The Market for Automobiles	 44
  3.2	 The Market for Automobiles with Negative Externalities	 46
  3.3	 Automobile Market with Pigovian Tax	 48
  3.4	 The Market for Solar Energy with Positive Externalities	 51
  3.5	 The Market for Solar Energy with a Subsidy	 52
  3.6	 Welfare Analysis of the Automobile Market	 53
  3.7	 Welfare Analysis of the Automobile Market with Externalities	 54
  3.8	 The Welfare-Improving Effect of a Pigovian Tax	 54
  3.9	 Application of the Coase Theorem	 57
A3.1	 Demand Curve for Gasoline	 69
A3.2	 A Change in Demand	 70
A3.3	 Supply Curve for Gasoline	 71
A3.4	 A Change in Supply	 72
A3.5	 Equilibrium in the Market for Gasoline	 73
A3.6	 A New Equilibrium with a Change in Demand for Gasoline	 73
A3.7	 Consumer and Producer Surplus	 75
A3.8	 Welfare Analysis of Automobile Market with Externalities	 77
A3.9	 Welfare Analysis of Automobile Market with Pigovian Tax	 78
A3.10	 Automobile Market Example	 81
A3.11	 Automobile Market Example with Externality Tax	 82
A3.12	 Welfare Analysis of a Positive Externality	 83
A3.13	 The Market for Solar Energy with a Subsidy	 84
  4.1	 Total Product of the Fishery	 90
  4.2	 Total Revenue, Costs, and Profts for the Entire Fishery	 92
  4.3	 Economic Conditions in the Fishery	 96
  4.4	 The Economics of Forest Preservation	 103
  5.1	 Supply and Demand for Copper	 111
  5.2	 Marginal Net Beneft for Copper	 111



xii ﻿Figures

  5.3	 Allocation of Copper over Two Time Periods	 113
  5.4	 Optimal Intertemporal Resource Allocation	 115
  5.5	 Suboptimal Intertemporal Resource Allocation	 115
  5.6	 Market for Copper with User Costs (First Period)	 117
  5.7	 Market for Copper (Second Period)	 118
  5.8	 Intertemporal Resource Allocation with Different Discount Rates	 119
  5.9	 Hotelling’s Rule on Equilibrium Net Resource Price	 121
  6.1	 Components of Total Economic Value	 130
  6.2	 Travel Cost Demand Curve Example	 134
  6.3	 Contingent Valuation Question Formats	 139
  7.1	 Present Value of a $100 Impact, by Discount Rate	 155
  8.1	 The Optimal Level of Pollution	 178
  8.2	 CAFE Standards and Actual Average Fuel Economy for New  

Passenger Cars, 1978–2014	 180
  8.3	 A Pollution Tax	 183
  8.4	 Pollution Tax Example	 184
  8.5	 A Tradable Pollution Permit System	 186
  8.6	 Linear and Nonlinear/Threshold Pollution Damage Effects	 189
  8.7	 Emissions and Accumulated Concentration of a Stock Pollutant	 192
  8.8	 Pollution Regulation under Uncertainty with Steep Marginal Damages	 193
  8.9	 Pollution Regulation under Uncertainty with Steep Marginal  

Reduction Costs	 194
  8.10	 The Impact of Technological Change	 195
  8.11	 Environmental Tax Revenues as a Percentage of GDP, Selected  

OECD Countries, 2013	 199
  9.1	 The Economic Subsystem Relative to the Global Ecosystem (Small Scale)	 215
  9.2	 The Economic Subsystem Relative to the Global Ecosystem (Large Scale)	 215
  9.3	 Planetary Boundaries	 217
  9.4	 Per-Capita Ecological Footprint and Available Land, Selected  

Countries, 2012	 219
  9.5	 Global Ecological Footprint, by Impact Type	 220
10.1	 Calculation of Adjusted Net Saving	 240
10.2	 Adjusted Net Saving, 1990–2014, World Bank Country Aggregates  

by Income	 242
10.3	 Comparison of GDP/Capita and GPI/Capita, United States, 1950–2004	 245
10.4	 Components of the GPI for Maryland, 1960–2013	 247
10.5	 Better Life Index Values for Selected Countries	 250
10.6	 Example of Environmental Asset Accounts	 254
11.1	 Global Energy Consumption 2013, by Source	 271
11.2	 United States Energy Consumption 2014, by Source	 271
11.3	 World Energy Consumption, by Source, 1965–2014	 274
11.4	 Projected 2035 Global Energy Demand	 276
11.5	 World Primary Energy Demand by Fuel and Scenario, 2040	 276
11.6	 Past and Projected Energy Consumption, OECD vs. Non-OECD Nations	 278
11.7	 Oil Prices in Constant Dollars, 1970–2015	 279
11.8	 United States Domestic Oil Production and Consumption	 279
11.9	 Past and Projected Global Oil Production, 1990–2035	 281
11.10	 Levelized Cost of Different Energy Sources, United States	 286
11.11	 Declining Past and Future Price Range for Solar Energy	 288
11.12	 Declining Past and Future Price Range for Wind Energy	 289



Figures xiii

11.13	 Recent Trends in Solar Prices	 289
11.14	 Growth in Global Solar and Wind Power, 2003–2012	 290
11.15	 Externality Cost of Various Electricity-Generating Methods,  

European Union	 292
11.16	 Projected Cost of Electricity Generating Approaches, 2020	 293
11.17	 Electricity Prices and Consumption Rates	 295
11.18	 Global Potential for Energy Effciency	 298
12.1	 Atmospheric Carbon Dioxide Levels	 308
12.2	 Carbon Emissions from Fossil Fuel Consumption, 1860–2013	 310
12.3	 Carbon Dioxide Emissions, 1965–2015, Industrialized and  

Developing Countries	 311
12.4	 Percentage of Global CO2 Emissions by Country/Region	 312
12.5	 Per-Capita Carbon Dioxide Emissions, by Country	 312
12.6	 Global Annual Temperature Anomalies (°C), 1850–2015	 313
12.7	 Sea-Level Rise, 1880–2012	 314
12.8	 Global Temperature Trends, 1900–2100	 317
12.9	 Relationship Between the Level of Greenhouse Gas Stabilization  

and Eventual Temperature Change	 317
12.10	 Energy-Related Carbon Dioxide Emissions, Projected to 2040	 321
12.11	 Increasing Damages from Rising Global Temperatures	 323
12.12	 Carbon Stabilization Scenarios: Required Emissions Reductions	 328
13.1	 Carbon Content of Fuels	 341
13.2	 Impact of a Carbon Tax on Gasoline Price	 342
13.3	 Gasoline Price versus Consumption in Industrial Countries, 2012	 343
13.4	 Determination of Carbon Permit Price	 345
13.5	 Carbon Reduction Options with a Permit System	 346
13.6	 Climate Stabilization Wedges	 350
13.7	 Global Greenhouse Gas Abatement Cost Curve for 2030	 352
13.8	 U.S. Emissions Targets	 357
13.9	 Business-As-Usual, Paris Pledges, and 2°C Path	 358
13.10	 The Paris Climate Targets and Catastrophic Global Impacts	 360
13.11	 Climate Change Capacity for China, Greenhouse Development  

Rights Framework	 365
14.1	 Environmental Kuznets Curve for Sulfur Dioxide Emissions	 378
14.2	 Per Capita GDP and Carbon Dioxide Emissions, 2013	 379
14.3	 Global Real GDP and Carbon Dioxide Emissions, 1960–1977	 383
14.4	 Global Real GDP and Carbon Dioxide Emissions, 1978–2015	 383
14.5	 Absolute Decoupling: Real GDP and Carbon Dioxide Emissions  

in the United Kingdom, 1970–2013	 384
14.6	 Straight-Line Process of Traditional Manufacturing	 386
14.7	 Cyclical Production Processes of Industrial Ecology	 387
14.8	 Recycling Rates in the United States, 1960–2012	 387
14.9	 Environmental and Economic Projections, Green Economy Scenario  

versus Business-As-Usual	 395
14.10	 Global Clean Energy Investments, 2004–2015, by Country Classifcation	 397
15.1	 Global Population Growth and Projections, 1750–2100	 410
15.2	 Net Annual Increase in Population by Decade, 1750–2100	 410
15.3	 World Population Growth Rate, 1950–2010, with Projections to 2100	 411
15.4	 Distribution of the World Population in Six Major Geographic  

Areas, 2015 and 2100 UN Medium-Variant Projection	 412



xiv ﻿Figures

15.5	 United Nations Estimates for Future Population Medium-Variant Projection  
and 80 Percent Confdence Intervals, 2015–2100, and Alternative  
“Rapid Development” IIASA Scenario	 413

15.6	 Projected Population Age Structure for “Equatoria”	 414
15.7	 Population Age Structures for Sub-Saharan Africa, Western  

Europe, and China, 2015	 416
15.8	 Alternative Futures for World Population	 418
15.9	 The Demographic Transition	 419
15.10	 Total Fertility Rate versus GDP per Capita, 2009	 421
15.11	 Total Fertility Rates (births per woman), 2010–2015	 432
16.1	 World Food Production per Capita, 1961–2013	 439
16.2	 Total World Arable and Permanent Cropland, 1961–2013	 440
16.3	 Arable and Permanent Cropland per Capita, 1961–2013	 440
16.4	 World Grain Production, Total and per Capita, 1961–2014	 442
16.5	 Elastic and Inelastic Food Supply	 442
16.6	 FAO Food Price Index, 1961–2016	 443
16.7	 U.S. Domestic Corn Use, 1980/1981–2016/2017	 444
16.8	 Per Capita Food Production Indices for China and Africa, 1961–2013	 444
16.9	 Per Capita Food and Cereal Production Indices for Least Developed  

Countries, 1961–2013	 445
16.10	 Land Quality, Crop Value, and Land Use	 446
16.11	 Global Meat Production per Capita, 1961–2013	 447
16.12	 Yield/Fertilizer Relationship for Major Regions: Averaged Data for  

Periods 1961–1970, 1971–1980, 1981–1990, and 1991–2001	 452
16.13	 Trends in Fertilizer Use, Selected Countries, 2002–2010	 453
16.14	 Pesticides per Hectare in Selected Countries, 2002–2013	 454
16.15	 Increase in Pesticide-Resistant Species in the Twentieth Century	 456
17.1	 Classifcation of Nonrenewable Resources	 472
17.2	 Nonrenewable Resource Production Decisions	 474
17.3	 Hypothetical Nonrenewable Resource Use Profle	 475
17.4	 Prices for Selected Minerals, 1990–2015	 477
17.5	 Global Economic Reserves for Selected Minerals, 1996–2016	 478
17.6	 Impact of Recycling on Virgin Resource Extraction Path	 484
17.7	 Marginal Costs of Recycling	 484
17.8	 Scrap Metal as a Percentage of U.S. Supply, Select Minerals, 1993–2014	 485
18.1	 Species Population Growth over Time	 494
18.2	 Species Population and Annual Growth	 495
18.3	 Total Revenues and Total Costs in a Fishery	 496
18.4	 Marginal and Average Revenues, Marginal Costs, and Sustainable  

Economic Optimum in a Fishery	 497
18.5	 Global Marine Fishing Harvest, 1950–2014, and Global Fishing  

Effort, 1950–2010	 499
18.6	 Global Trends in the Status of Fish Stocks, 1974–2013	 501
18.7	 Global Fish Harvest, Wild Catch, and Aquaculture, 1950–2013	 505
19.1	 Forest Growth over Time	 514
19.2	 Timber Total Revenues and Costs over Time	 515
19.3	 Optimum Harvest Period with Discounting	 516
19.4	 Deforestation and Tree Cover	 517
19.5	 Net Change in Total Forest Area, by Region, 2000–2010	 518
19.6	 Regional Breakdown of Drivers of Deforestation	 520



Figures xv

19.7	 World Wood Production, 1965–2015	 525
20.1	 The Composition of the Planet’s Water	 534
20.2	 The Hydrologic Cycle	 535
20.3	 Total Renewable Water Resources per Capita, 2013	 536
20.4	 Global Water Withdrawals for Agricultural, Industrial, and Municipal Use	 538
20.5	 National Water Footprint for Selected Countries, 1997–2001	 540
20.6	 Virtual Water Balance per Country, 1997–2001	 541
20.7	 Global Water Demand, 2000 and 2050	 542
20.8	 Effects of Subsidizing Irrigation Water	 548
20.9	 Average Monthly Water Bill versus Precipitation in U.S. Cities	 549
20.10	 Water Pricing Structures	 551
20.11	 Groundwater Levels Before and After Coca-Cola Started Operations  

in 2000 in Kala Dera, India, 1990–2010	 556
21.1	 Gains and Losses from Importing Automobiles	 568
21.2	 Welfare Impacts of Importing Automobiles with Externalities	 570
21.3	 Gains and Losses from Exporting Timber	 571
21.4	 Welfare Impacts of Exporting Timber with Externalities	 572
21.5	 Real Agricultural Exports, Low-Income Food-Defcit Countries,  

1965–2013	 574
21.6	 United Kingdom Domestic and Exported Emissions of  

Greenhouse Gases, 1997–2013	 579
21.7	 Carbon Flows in International Trade	 580
22.1	 A Conceptualization of Sustainable Development	 593
22.2	 World Bank Environmental Financing, Fiscal Years 2000–2016	 598
22.3	 Growth Reaching a Steady State	 606
22.4	 A No-Growth Scenario for the Canadian Economy	 607



Tables

    1.1	 Main Differences between Environmental and Ecological Economics	 13
    3.1	 External Costs of Automobile Use, U.S. Cents per Mile,  

United States and Europe	 45
    3.2	 Global Environmental Externalities	 49
    3.3	 Distribution of Benefits and Losses with Different Property Rights and 

Negotiation	 59
  A3.1	 Demand Schedule for Gasoline	 69
  A3.2	 Supply Schedule for Gasoline	 71
    4.1	 Total Fish Catch, Revenue, Costs, and Profit	 91
    4.2	 Revenue, Costs, and Profits for Individual Fishers	 93
    4.3	 Marginal Revenue and Cost Analysis of Fishery	 95
    5.1	 Intertemporal Resource Allocation with Different Discount Rates	 120
    6.1	 The Value of the World’s Ecosystems	 127
    6.2	 Sample of Recent Environmental Contingent Valuation Results	 141
    7.1	 Cost-Benefit Analysis of Proposed Ozone Standards in the United States,  

Relative to Baseline Standard	 153
    7.2	 Present Value of a $100 Impact, by Discount Rate	 154
    7.3	 Hypothetical Example of Risk Analysis	 161
    7.4	 Potential Costs and Benefits Associated with Dam Construction Proposal	 163
    7.5	 Annual Present Value of Costs and Benefits of Dam Construction Proposal, 

Selected Years	 165
  A7.1	 Using Excel to Perform Present Value Calculations	 174
    8.1	 Cost Efficiency of a Tradable Permit System	 187
    8.2	 Summary of Characteristics of Pollution Policy Approaches	 197
  10.1	 Adjusted Net Saving Rates, Selected Countries, Percent of Gross National 

Income, 2014	 241
A10.1	 Historical Gross Domestic Product Data, United States	 265
  11.1	 Net Energy Ratios for Various Energy Sources	 273
  11.2	 Energy Consumption by Sector in the United States, 2015	 273
  11.3	 Energy Consumption per Capita, Selected Countries, 2011	 277
  11.4	 Global Oil Reserves, Consumption, and Resource Lifetime, 1980–2011	 280
  11.5	 Availability of Global Renewable Energy	 284
  11.6	 Infrastructure Requirements for Supplying All Global Energy in  

2030 from Renewable Sources	 284
  12.1	 Possible Effects of Climate Change	 320
  12.2	 Regional-Scale Impacts of Climate Change by 2080	 327
  13.1	 Climate Change Adaptation Needs, by Sector	 338
  13.2	 Alternative Carbon Taxes on Fossil Fuels	 340
  13.3	 Important Events in International Climate Change Negotiations	 354
  13.4	 National Commitments by Major Emitters	 358



Tables xvii

  13.5	 Responsibility Capacity Indices, Greenhouse Development Rights  
Framework, Selected Countries/Regions	 365

  14.1	 Environmental Protection Expenditures, Selected European  
Countries, 2012	 390

  14.2	 Costs and Benefits of Major Federal Regulations, 2004–2014	 390
  15.1	 Global Population Growth Rates and Average Gross Annual Increase	 411
  15.2	 Population of the World and Major Areas	 412
  16.1	 Subsidies, Selected OECD Countries and Emerging Economies	 462
  17.1	 Expected Resource Lifetimes, Selected Minerals	 478
  17.2	 Potential Environmental Impacts of Mining	 480
  20.1	 Water Availability per Region, 2012	 537
  20.2	 Virtual Water Embedded in a Selection of Products, per Unit of Product	 539
  20.3	 Marginal Value per Acre-Foot of Water in Various Uses	 552
  22.1	 Environmental Data for Selected Countries	 595
  22.2	 Jobs Generated Through Spending 1.5 Percent of GDP on Renewable  

Energy, Selected Countries	 607



Preface to the 
Fourth Edition

The fourth edition of Environmental and Natural Resource Economics: A Contemporary Approach 
maintains its essential focus on making environmental issues accessible to a broad range 
of students. The text is a product of over 20 years of teaching environmental and natural 
resource economics at the undergraduate and graduate levels. It reflects the conviction that 
environmental issues are of fundamental importance, and that a broad approach to under-
standing the relationship between the human economy and the natural world is essential.

Environmental economics, and environmental issues in general, are of great current 
importance and subject to rapid change. In preparing the fourth edition, we have devel-
oped much new material and updated perspectives on key issues. Perhaps the most dramatic 
changes are in the areas of energy and climate change. Chapters have been reorganized to 
create a new section on “Energy, Climate Change, and Greening the Economy,” in which we 
present the rapid spread of renewable energy, the increased urgency of climate change and 
new policies to respond to it, and address the broader questions involved in developing an 
economy compatible with environmental sustainability.

The text retains its balanced approach to environmental and ecological economics. In our 
view, these two approaches are complementary. Many elements of standard microeconomic 
analysis are essential for analyzing resource and environmental issues. At the same time, it is 
important to recognize the limitations of a strictly market-based or cost-benefit approach, 
and to introduce ecological and biophysical perspectives on the interactions of human and 
natural systems. This perspective makes it possible to achieve a broad focus on inherently 
“macro” environmental issues, such as global climate change, ocean pollution, population 
growth, and global carbon, nitrogen, and water cycles.

NEW TO THE FOURTH EDITION
The fourth edition of Environmental and Natural Resource Economics: A Contemporary Approach 
has been updated in response both to developments in the world of environmental policy 
and to comments and suggestions based on classroom use. New and revised material in the 
fourth edition (note new chapter numbering) includes:

•• Chapter 1: Reorganization of the material on environmental and ecological economics to 
provide clearer distinctions between the two approaches.

•• Chapter 2: A new section on recent environmental trends has been added.

•• Chapters 6 and 7: The third edition chapter on valuation and cost-benefit analysis has 
been divided into a chapter specifically on valuation and another on cost-benefit analysis, 
including more practical examples and in-depth discussion both of methodologies and 
limitations of valuation and cost-benefit techniques.
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•• Chapter 8: This chapter on pollution analysis and policy has been moved to earlier in the text, 
in order to bring all the core concepts of environmental economics into the same section.

•• Chapter 11: Discussion of changing energy production and consumption patterns, the 
increasing cost-competitiveness of renewable energy, and the potential for expansion of 
renewables and increased efficiency.

•• Chapters 12 and 13: A review of new scientific evidence on climate change and global cli-
mate change policy, including the most recent Intergovernmental Panel on Climate Change 
reports and the 2015 Paris climate agreement. A new focus is the potential for carbon stor-
age in forests and soils. Other features include discussion of the possibility of catastrophic 
impacts and the policies needed to avoid them, the European Union Emissions Trading 
Scheme and other carbon trading systems, and carbon taxes in Canada and elsewhere.

•• Chapter 14: The chapter on the Green Economy has been extensively updated to include 
the most recent empirical analyses of the relationship between the economy and the 
environment.

•• Chapter 15: New material on recent population developments, including changing fertility 
rates, projections for population growth through 2050 and beyond, and practical examples 
of population policies.

•• Chapter 16: Updated projections for agricultural demand and supply, the impact of the “food 
crisis,” rising meat consumption, biofuels, climate change, and genetically modified crops.

•• Chapter 20: An expanded chapter on water economics, including analysis of virtual water 
and water footprint, water demand management, water pricing, and water privatization.

•• Chapter 22: A new section on the UN’s global Sustainable Development Goals, policies needed 
to achieve them, and data on potential job creation through renewable energy development.

Throughout all chapters we have updated data and figures, drawing on the most recent 
data on population growth, energy use, carbon emissions, mineral prices, food production 
and prices, and renewable resource supply and demand. Two-color printing makes the figures 
more user-friendly. Many new boxes have been added and others updated to provide current 
real-world context for the issues discussed in the text.

ORGANIZATION OF THE TEXT
The text is structured so as to be appropriate for a variety of courses. It assumes a background 
in basic microeconomics and can be used in an upper-level undergraduate course or a policy- 
oriented master’s-level course. Part I provides a broad overview of different approaches to 
economic analysis of resources and environment and of the fundamental issues of economy/
environment interactions. Part II covers the basics of standard environmental and resource  
economics, including the theory of externalities, resource allocation over time, common prop-
erty resources, public goods, valuation, cost-benefit analysis, and pollution control policies.  
Part III offers an introduction to the ecological economics approach, including fundamental con-
cepts of ecological economics, payment for ecosystem services, and “greening” national accounts.

Part IV covers energy, climate change, and policies for a green economy. These chap-
ters have been placed together for a more cohesive approach to some of the central issues 
of developing sustainable economic systems. Part V focuses on population, agriculture, and 
resources, including reviewing different theories of population and its relationship to the 
economy and the environment, giving an overview of the environmental impacts of world 
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agricultural systems and discussing issues of renewable and nonrenewable resource supply, 
demand, and management.

Part VI brings together the themes developed in the preceding chapters in a consideration 
of environmental impacts of trade and policies for sustainable development.

PEDAGOGICAL AIDS FOR STUDENTS  
AND INSTRUCTORS
Each chapter has discussion questions, and the more quantitative chapters have numerical 
exercises. Key terms in each chapter are compiled in an extensive glossary. Useful web sites 
are also listed. Instructors and students are urged to make full use of the text’s supporting web 
sites at http://www.gdae.org/environ-econ.

The instructor web site includes teaching tips and objectives, answers to text problems, 
and test questions. The student site includes chapter review questions and web-based exercises. 
The support sites will be updated periodically with bulletins on topical environmental issues.
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Chapter 1 Focus Questions

•• What major environmental issues do we 
face in the twenty-frst century?

•• What are the main frameworks that 
economists use to understand these issues?

•• What principles can promote economic and 
ecological sustainability?
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1.1	 OVERVIEW OF ENVIRONMENTAL 
ISSUES
Over the past five decades, we have become increasingly aware of environmental problems 
at the local, national, and global levels. During this period, many natural resource and envi-
ronmental issues have grown in scope and urgency. In 1970, the Environmental Protection 
Agency was created in the United States to respond to what was at that time a relatively 
new public concern with air and water pollution. In 1972, the first international conference 
on the environment, the United Nations Conference on the Human Environment, met in 
Stockholm. Since then, growing worldwide attention has been devoted to environmental 
issues. (See Box 1.1 for more important events in modern environmental history.)

In 1992 the United Nations Conference on Environment and Development (UNCED) 
met in Rio de Janeiro, Brazil, to focus on major global issues, including depletion of the 
earth’s protective ozone layer, destruction of tropical and old-growth forests and wetlands, 
species extinction, and the steady buildup of carbon dioxide and other “greenhouse” gases 
causing global warming and climate change. Twenty years later, at the United Nations Rio + 
20 Conference on Sustainable Development, countries of the world reaffirmed their com-
mitment to integrating environment and development but acknowledged limited progress 
toward these goals.1 In 2012, the United Nations Environment Programme (UNEP) report 
Global Environmental Outlook 5 found that “burgeoning populations and growing economies 
are pushing ecosystems to destabilizing limits.” According to the report:

[The twentieth century] was characterized by exceptional growth both in the human 
population and in the size of the global economy, with the population quadrupling to 7 
billion [in 2011] and global economic output increasing about 20-fold. This expansion 
has been accompanied by fundamental changes in the scale, intensity, and character 
of society’s relationship with the natural world. . . . Drivers of environmental change 
are growing, evolving, and combining at such an accelerating pace, at such a large 
scale and with such widespread reach, that they are exerting unprecedented pressure 
on the environment.2

With the exception of ozone depletion, an area in which major reductions in emissions 
have been achieved by international agreement, the UNEP report offers evidence that the 
global environmental problems identified at UNCED in 1992 in the areas of atmosphere, 
land, water, biodiversity, chemicals, and wastes have continued or worsened. Other UNEP 
Global Environmental Outlook reports have identified nitrogen pollution in freshwater and 
oceans, exposure to toxic chemicals and hazardous wastes, forest and freshwater ecosystem 
damage, water contamination and declining groundwater supplies, urban air pollution and 
wastes, and overexploitation of major ocean fisheries as major global issues.

Climate change has emerged as perhaps the greatest environmental threat of our time. 
The 2014 report by the United Nations’ Intergovernmental Panel on Climate Change 
concludes that:

continued emission of greenhouse gases will cause further warming and long-lasting 
changes in all components of the climate system, increasing the likelihood of severe, 
pervasive and irreversible impacts for people and ecosystems.3

In December 2015, a United Nations conference held in Paris resulted in a 195-country 
agreement to limit and eventually reduce the greenhouse gas emissions that cause climate change. 
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Box 1.1
IMPORTANT 

EVENTS IN MODERN 
ENVIRONMENTAL 

HISTORY

1962:	 The publication of Rachel Carson’s Silent 
Spring, widely recognized as the catalyst of 
the modern environmental movement, details 
the dangers posed by excessive pesticide use.

1964:	 The passage of the Wilderness Act in the 
United States, which protects public lands 
that are “untrammeled by man, where man 
himself is a visitor who does not remain.”

1969:	 The Cuyahoga River in Ohio is so polluted by 
oil and other chemicals that it catches on fire, 
prompting widespread concern about water 
pollution and eventually the passage of the 
Clean Water Act in 1972.

1970:	 The creation of the Environmental Protection 
Agency by President Richard Nixon. Also, 
over 20 million participate in the first Earth 
Day on April 22.

1972:	 The creation of the United Nation’s 
Environment Programme (UNEP), 
headquartered in Nairobi, Kenya.

1979:	 The partial meltdown of the Three Mile 
Island nuclear reactor in Pennsylvania raises 
concerns about the safety of nuclear energy. 
These concerns are exacerbated by the 
explosion of the Chernobyl reactor in the 
Soviet Union in 1986.

1987:	 The United Nations’ Brundtland Commission 
publishes “Our Common Future,” which 
defines sustainable development as 

“development that meets the needs of the 
present without compromising the ability of 
future generations to meet their own needs.”

1992:	 The Rio Declaration on Environment and 
Development recognizes “the integral 
and independent nature of the Earth, our 
home,” and lists 27 principles of sustainable 
development including reducing global 
inequities, international cooperation, and 
the promotion of an economic system that 
addresses environmental problems.

1997:	 The Kyoto Protocol is negotiated, the first 
international treaty that commits ratifying 
nations to reduce their greenhouse gas 
emissions. Although rejected by the United 
States, the treaty was ratified by 191 nations 
and entered into force in 2005.

2002:	 The Johannesburg Declaration on Sustainable 
Development recognized that “humanity is 
at a crossroads” and there exists “a collective 
responsibility to advance and strengthen 
the . . . pillars of sustainable development—
economic development, social development, 
and environmental protection.”

2009:	 Nations participating in climate change talks 
in Copenhagen agree that actions should 
be implemented to limit eventual global 
warming to no more than 2°C, though no 
binding commitments are made to reduce 
emissions.

2015:	 The Paris Agreement on climate change, 
approved by 195 countries, calls for a “global 
peaking of greenhouse gas emissions as 
soon as possible” with a goal of “holding the 
increase in global average temperature to 
well below 2°C above pre-industrial levels.” 
Over 150 countries submit plans to limit 
their greenhouse gas emissions.

Also in 2015, the United Nations adopted the Sustainable Development Goals including com-
bating climate change and environmental degradation. 

Underlying all these problems is global population growth, which adds more than 70 mil-
lion people a year. World population, which surpassed 7 billion in 2011, is expected to grow 
to around 9.7 billion by 2050, with almost all of the growth occurring in developing nations.4
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Scientists, policy makers, and the general public have begun to grapple with questions 
such as: What will the future look like? Can we respond to these multiple threats adequately 
and in time to prevent irreversible damage to the planetary systems that support life? One of 
the most important components of the problem, which rarely receives sufficient attention, is 
an economic analysis of environmental issues.

Some may argue that environmental issues transcend economics and should be judged in 
different terms from the money values used in economic analysis. Indeed, this assertion holds 
some truth. We find, however, that environmental protection policies are often measured—
and sometimes rejected—in terms of their economic costs. For example, it is extremely 
difficult to preserve open land that has high commercial development value. Either large 
sums must be raised to purchase the land, or strong political opposition to “locking up” land 
must be overcome. Environmental protection organizations face a continuing battle with 
ever-increasing economic development pressures.

Often public policy issues are framed in terms of a conflict between development and 
the environment. An example is the recent debate over “fracking,” or hydraulic fracturing, 
to obtain natural gas. Producing natural gas can be profitable and increase energy supplies, 
but there are social and environmental costs to communities. Similarly, opponents of inter-
national agreements to reduce carbon dioxide emissions argue that the economic costs of 
such measures are too high. Supporters of increased oil production clash with advocates of 
protecting the Arctic National Wildlife Refuge in Alaska. In developing countries, the ten-
sion between the urgency of human needs and environmental protection can be even greater.

Does economic development necessarily result in a high environmental price? Although all 
economic development must affect the environment to some degree, is “environment-friendly” 
development possible? If we must make a tradeoff between development and the environment, 
how should the proper balance be reached? Questions such as these highlight the importance 
of environmental economics.

1.2	 ECONOMIC APPROACHES TO THE 
ENVIRONMENT
While economists have thought about various natural resource issues for hundreds of years, 
the existence of environmental economics5 as a specific field of economics dates back 
only to the 1960s, concurrent with the growing awareness of environmental issues discussed 
above.6 Environmental economists apply mainstream economic 
principles to environmental and natural resource issues.

Even more recently (dating back to the 1980s), ecological 
economics has emerged as a field which brings together view-
points from different academic disciplines to study the interactions 
between economic and ecological systems. Unlike environmen-
tal economics, ecological economics is defined not so much by 
the application of a particular set of economic principles, but by 
analyzing economic activity in the context of the biological and 
physical systems that support life, including all human activities.7

We will draw upon both approaches in this book. For most of 
the remainder of this chapter we will discuss the main differences 
between the two approaches. However, we should first empha-
size that the boundary between environmental and ecological 
economics is a blurred one, with considerable overlap. A 2014 review of journal articles pub-
lished in both fields finds that they have grown closer over time.8 Some economists consider 

environmental economics a 
field of economics which applies 
mainstream economic principles to 
environmental and natural resource 
issues

ecological economics a field which 
brings together viewpoints from 
different academic disciplines and 
views the economic system as a 
subset of the broader ecosystem and 
subject to biophysical laws.
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the two fields to have essentially merged into “environmental and ecological economics.”9 
Others call for a new term, such as “sustainability economics” which “lies at the intersection 
of the two and uses concepts and methods of both.”10

The economic and ecological analyses that we will review offer a spectrum of viewpoints 
which can all contribute to solving myriad environmental challenges. But enough differences 
still exist so that one can differentiate between environmental economics and ecological eco-
nomics in several respects. We now try to do that in more detail.

Main Principles of Environmental Economics
Environmental economics is based on the application of several mainstream economic the-
ories and principles to environmental issues. We can identify the core of environmental 
economics as being comprised of four concepts:

1.	 The theory of environmental externalities

2.	 The optimal management of common property and public goods

3.	 The optimal management of natural resources over time

4.	 The economic valuation of environmental goods and services

Economists since the time of Adam Smith in the eighteenth century have asserted that 
voluntary market exchanges between buyers and sellers leave both parties better off than 
when they started. But market exchanges can also impact parties other than the buyers and 
sellers, either in a positive or negative manner. For example, someone buying gasoline affects 

other people, such as those exposed to air pollution from produc-
ing and burning the gasoline. Economists have long recognized 
that these “third-party” impacts, known as externalities, need 
to be considered when assessing the overall costs and benefits of 
market activity. Economic theory provides guidance on devising 
effective policies in the presence of externalities. We will explore 
externalities in more detail in Chapter 3.

Externalities are an example of market failure—situations in 
which an unregulated market fails to produce an outcome that 
is the most beneficial to society as a whole. Another important 
instance of market failure is the allocation of common property 
resources such as the atmosphere and the oceans, and public 
goods such as natural parks and wildlife preserves. Because these 
resources are not privately owned, we normally can’t rely upon 
markets to maintain them in adequate supply, and in general the 
principles governing their use are different from those affecting 
privately owned and marketed goods. Environmental economists 
have developed a set of economic theories relevant to common 
property resources and public goods, which we will explore fur-
ther in Chapter 4.

A third application of mainstream economic theory deals with 
the management of natural resources over time. According to this 
perspective, natural resources should be managed to provide soci-

ety with the highest aggregate benefits summed across generations. A critical question in this 
analysis is how we value benefits that occur in the future relative to benefits received in the 
present. We present a basic model of resource management over time in Chapter 5.

externalities an effect of a market 
transaction that impacts the utility, 
positively or negatively, of those 
outside the transaction.

market failure situations in which 
an unregulated market fails to 
produce an outcome that is the most 
beneficial to society as a whole.

common property resource a 
resource that is available to everyone 
(nonexcludable), but use of the 
resource may diminish the quantity 
or quality available to others (rival).

public goods goods that are 
available to all (nonexcludable) and 
whose use by one person does not 
reduce their availability to others 
(nonrival).
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The final core concept in environmental economics is that most environmental goods 
and services can, in principle, be valued in monetary terms. Environmental economists use 
a set of methods for estimating the monetary value of such things as asthma cases caused as 
a result of air pollution, the benefits of endangered species, or the value of a scenic view. By 
measuring these impacts in monetary terms, economists seek to determine the “optimal” 
degree of environmental protection based on a comparison of costs and benefits. We will 
discuss methods of valuation, and how they are applied, in Chapters 6 and 7.

Core Concepts of Ecological Economics
The core concepts in ecological economics are somewhat harder to define, as it is a broader 
field than environmental economics. There is also more variation in viewpoints and discipli-
nary approaches among ecological economists, including perspectives from biology, ecology, 
and other sciences, as well as engineering, systems modeling, history, and philosophy.

Nonetheless, we can identify a set of core concepts to which ecological economists gen-
erally subscribe. These three core concepts are:

1.	 The economic system is a subset of the broader ecological system

2.	 Sustainability should be defined according to ecological, rather than economic, criteria

3.	 It is essential to rely upon a range of academic disciplines and perspectives, in addition 
to economics, to provide insight into environmental issues

These core concepts have implications for both how economic analysis is conducted and 
for policy recommendations. We will explore each of these three core concepts in this chap-
ter, comparing them to mainstream environmental economic approaches, and will return to 
their implications for analysis and policy in greater detail in Chapter 9.

1.3	 PRINCIPLES OF ECOLOGICAL 
ECONOMICS
The Economic System in an Environmental Context
A basic building block of mainstream economic theory is the standard circular flow 
model of an economic system. As illustrated in Figure 1.1, this simple model depicts the 
relationships between households and business firms in two markets: the market for goods 
and services and the market for factors of production. Factors of  
production are generally defined as land, labor, and capital. The 
services that these factors provide are “inputs” into the production 
of goods and services, which in turn provide for households’ con-
sumption needs. Goods, services, and factors flow clockwise; their 
economic values are reflected in the flows of money used to pay for 
them, moving counterclockwise. In both markets, the interaction of 
supply and demand determines a market-clearing price and estab-
lishes an equilibrium level of output.

Where do natural resources and the environment fit in this  
diagram? Natural resources, including minerals, water, fossil fuels, 
forests, fisheries, and farmland, generally fall under the inclusive cat-
egory of “land.” The two other major factors of production, labor 

standard circular flow model 
a diagram that illustrates the 
ways goods, services, capital, and 
money flows between households 
and businesses.

natural resources the endowment 
of land and resources including 
air, water, soil, forests, fisheries, 
minerals, and ecological life-
support systems
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and capital, continually regenerate through the economic circular flow process, but by what  
processes do natural resources regenerate for future economic use? Environmental economists 
recognize that it is necessary to address the limitations of the standard circular flow model in 
this respect. But ecological economists place a particular emphasis on a broader circular flow 
model that takes into account ecosystem processes as well as economic activity (Figure 1.2).

Taking this broader view, we notice that the standard circular flow diagram also omits the 
effects of wastes and pollution generated in the production process. These wastes, from both 
firms and households, must flow back into the ecosystem somewhere, either being recycled, 
through disposal, or as air and water pollution.

In addition to the simple processes of extracting resources from the ecosystem and return-
ing wastes to it, economic activities also affect broader natural systems in subtler and more 
pervasive ways not illustrated in Figure 1.2. For example, modern intensive agriculture 
changes the composition and ecology of soil and water systems, as well as affecting nitrogen 

and carbon cycles in the environment.
Figure 1.2 provides a broader framework for placing the 

economic system in its ecological context. Natural resources 
include both renewable and nonrenewable resources. Renewable 
resources are those that are regenerated over time through eco-
logical processes, such as forests and fisheries. Renewable resources 
can be managed sustainably if extraction rates don’t exceed natural 
regeneration rates. However, if renewable resources are over- 
exploited they can be depleted, such as species that go extinct 
through over-harvesting. Nonrenewable resources are those 
that do not regenerate through ecological processes, at least on a 
human time scale. Nonrenewable resources such as oil, coal, and 
mineral ores are ultimately available in a fixed supply, although 

new resources can be discovered to expand the known available supply. The other input into 
the economic system is solar energy, which as we will see later in the text provides a limited 
but incredibly abundant source of continual energy.

Figure 1.1 The Standard Circular Flow Model

Land, Labor, and Capital

Goods and Services

Wages, Rents,
Interest, and Profits

Payments for
Goods and Services

Households Firms

renewable resources resources that 
are regenerated over time through 
ecological processes, such as forests 
and fisheries, but can be depleted 
through exploitation.

nonrenewable resources resources 
that do not regenerate through 
ecological processes, at least on a 
human time scale, such as oil, coal, 
and mineral ores.
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Figure 1.2 Expanded Circular Flow Model
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What does this expanded circular flow model imply for economic theory? There are at 
least three major implications:

1.	 The recognition that natural resources and solar energy provide the essential input 
into economic processes implies that human well-being is ultimately dependent on 
these resources. Measuring well-being using standard economic metrics, such as gross 
domestic product, understates the importance of natural resources. This suggests a need 
for alternative indicators of well-being, which we will discuss in Chapter 10.

2.	 As shown in Figure 1.2, the ecological system has its own circular flow, which is 
determined by physical and biological rather than economic laws. This broader 
flow has only one net “input”—solar energy—and only one net “output”—waste 
heat. Everything else must somehow be recycled or contained within the planetary 
ecosystem.

3.	 In the standard circular flow model, the economic system is unbounded and can 
theoretically grow indefinitely. But in the expanded model, economic activity is limited 
by both the availability of natural resources and the ability of the environment to 
assimilate wastes and pollution. Thus the overall scale of the economy relative to the 
available natural resources must be considered.

As with some of the other questions we have discussed, there can be significant overlap 
between environmental and ecological economics perspectives on these issues. In terms of the 
double circular flow shown in Figure 1.2, a standard environmental economics perspective 




