INTERNATIONAL STUDENT EDITION

ENVIRONMENTAL
ECONOMICS

APPLICATIONS, PoLicy,
AND THEORY

Thomas / Callan




ENVIRONMENTAL
EcoNnoMiIcs

%

P i
St
g

Janet M. Thomas Scott J. Callan
Bentley College

THOMSON

Australia - Brazil - Canada - Mexico - Singapore - Spain - United Kingdom - United States




THOMVMSON

—.*_—m

SOUTH-WESTERN

Environmental Economics: Applications, Policy, and Theory

VP/Editorial Director:
Jack W. Calhoun

Editor-in-Chief:
Alex von Rosenberg

Publisher:
Steve Momper

Acquisitions Editor:
Sarah Dorger

Developmental Editor:
Katie Yanos

Marketing Manager:
John Carey

Production Project Manager:
Kelly Hoard

COPYRIGHT © 2007 Thomson South-
Western, a part of The Thomson
Corporation. Thomson, the Star logo,
and South-Western are trademarks
used herein under license.

Printed in Canada
12345 08 07 06

Student Edition: ISBN 0-324-53668-2

Janet M. Thomas and Scott J. Callan

Manager of Technology, Editorial:
Vicky True

Technology Project Editor:
Dana Cowden

Web Coordinator:
Karen Schaffer

Senior Manufacturing Coordinator:
Sandee Milewski

Production House:
LEAP Publishing Services, Inc.

Compositor:
ICC Macmillan Inc.

ALL RIGHTS RESERVED.

No part of this work covered by the
copyright hereon may be reproduced or
used in any form or by any means—
graphic, electronic, or mechanical,
including photocopying, recording,
taping, Web distribution or information
storage and retrieval systems, or in any
other manner—without the written
permission of the publisher.

For permission to use material from this
text or product, submit a request online at
http://www.thomsonrights.com.

Art Director:
Michelle Kunkler

Internal Designer:
Grannan Graphic Design

Cover Designer:
Grannan Graphic Design

Cover Images:
© Corbis and Getty Images, Inc.

Printer:
Transcontinental
Louiseville, Quebec

Library of Congress Control Number:
2006902916

For more information about our
products, contact us at:

Thomson Learning Academic
Resource Center

1-800-423-0563

Thomson Higher Education
5191 Natorp Boulevard
Mason, OH 45040

USA



No text is ever produced without the help and support of many individuals. In our case, we
have been fortunate to hear from some of our adopters over the years, giving us the
opportunity to integrate their ideas into our revision plans. Similarly, we have received useful
input from our students, as they used the text and worked with the review problems, boxed
applications, and other pedagogical features. We are most grateful for this important feedback
from those who have read and used the textbook.

We also wish to acknowledge the many economists who reviewed our book and
contributed to its development. Among these are the following individuals, who provided
important input and many helpful suggestions for this edition: Ariaster B. Chimeli, Ohio
University; Alan R. Collins, West Virginia University; Debra K. Israel, Indiana State
University; Stanley Keil, Ball State University; Derek K. Kellenberg, University of Colorado at
Boulder; Franklin A. Lopez, University of New Orleans; Fredric Menz, Clarkson University;
Matthias Ruth, University of Maryland; Tesa Stegner, Idaho State University; and Peter
Schwarz, University of North Carolina—Charlotte. All of their comments were carefully
considered, and many of their suggestions were integrated into this text. To each of them, we
extend our appreciation for their important contribution to this work.

We are also grateful for the suggestions and constructive criticism offered by the
following individuals: Craig A. Gallet, California State University, Sacramento; Richard D.
Horan, Michigan State University; Brian J. Peterson, Manchester College; George D.
Santopietro, Radford University; Hilary A. Sigman, Rutgers, The State University of New
Jersey; Douglas D. Southgate Jr., Ohio State University; and David Yoskowitz, Texas A&M
International University. Our sincere thanks also go to the review panel for the second
edition, which included Mark Aldrich, Smith College; Douglas F. Greer, San Jose State
University; Darwin C. Hall, California State University; Stanley R. Keil, Ball State University;
and Warren Matthews, Houston Baptist University.

Likewise, we are indebted to the following reviewers: Bill Ballard, College of Charleston;
Laurie Bates, Bryant College; John Braden, University of Illinois (Urbana); Michelle Correia,
Florida Atlantic University; Warren Fisher, Susquehanna University; Joyce Gleason, Nebraska
Wesleyan College; Sue Eileen Hayes, Sonoma State University; Charles Howe, University of
Colorado; Donn Johnson, University of Northern Iowa; Supriya Lahiri, University of
Massachusetts; Donald Marron, University of Chicago; Arden Pope, Brigham Young
University; H. David Robison, La Salle University; Richard Rosenberg, Pennsylvania State
University; Jeffrey Sundberg, Lake Forest College; David Terkla, University of Massachusetts;
John Whitehead, East Carolina University; and Keith Willett, Oklahoma State University.

To all these teachers and scholars, we offer our sincere appreciation for their supportive
commentary, constructive criticism, and many useful ideas. By incorporating many of their
suggestions along the way, we believe our text has been strengthened in every dimension.

We also wish to thank our entire project team at Thomson South-Western for their
support in developing, designing, and producing this text. This team includes: Peter Adams,
Executive Acquisitions Editor; Sarah K. Dorger, Associate Acquisitions Editor; Alex
von Rosenberg, Vice President/Editor-in-Chief; Steve Momper, Publisher; Katie Yanos,



vi

Acknowledgments

Developmental Editor; John Carey, Senior Marketing Manager; Vicky True, Manager of
Technology; Dana Cowden, Technology Project Editor; Karen Schaffer, Web Coordinator;
Michelle Kunkler, Art Director; Kelly Hoard, Production Project Manager; Sandee Milewski,
Senior Manufacturing Coordinator; and Malvine Litten, Senior Project Manager, LEAP
Publishing Services, Inc.

Finally and most importantly, we thank our respective spouses, David and Karen, for
their continued support of our work on this project and all our professional endeavors.

Janet M. Thomas
Scott J. Callan



Professor Janet M. Thomas earned her M.A. and Ph.D. degrees in economics at Boston
College. After completing her doctorate, she was appointed to the faculty of Bentley College in
1987. She is currently a full professor at Bentley, teaching at both the undergraduate and
graduate levels. In addition to environmental economics, Professor Thomas teaches intermediate
microeconomics, industrial organization, principles of microeconomics, and principles of
macroeconomics. She has been actively involved in course and curriculum development in
environmental economics and served as coordinator of the MBA, Environmental Management
Concentration Program at Bentley.

Professor Thomas also is an active researcher in environmental economics, industrial
organization, and other fields in applied microeconomics. Based upon data provided by the
Massachusetts Department of Environmental Protection, her present environmental economics
research centers on municipal solid waste markets, studying such issues as economies of scale
and scope, demand determinants, unit pricing, and the influence of policy on recycling efforts. In
addition to her textbook, she has published her research results in such academic journals as
Land Economics, Southern Economic Journal, Environmental and Resource Economics, Review of
Industrial Organization, Eastern Economic Journal, and the Journal of Transport Economics and
Policy. She is a member of the American Economic Association and the Industrial Organization
Society and has served as a reviewer for a number of academic journals and textbook publishers.
Professor Thomas was named Faculty Member of the Year by Bentley’s Student Government
Organization in 1991. In 1993, she received the Gregory H. Adamian Award for Teaching
Excellence, and in 1996, she received the Bentley College Scholar of the Year Award.

Professor Scott J. Callan is a professor of economics at Bentley College. Professor Callan
received his M.S. and Ph.D. degrees from Texas A & M University in 1985. Prior to joining the
Bentley College faculty in 1987, Professor Callan was a member of the business faculty at
Clarkson University in Potsdam, New York. His teaching areas of interest focus on quanti-
tative methods and applied microeconomic topics, such as environmental economics and
managerial economics. He has taught courses in environmental economics and the economics
of natural resources at both the undergraduate and graduate levels.

In addition to his textbook, Professor Callan is the author of numerous applied
microeconomic articles that have been published in a variety of economic journals, including
the Southern Economic Journal, Advances in the Economics of Energy and Resources, The Review
of Industrial Organization, and The Journal of Business and Economic Statistics. His recent
environmental economics research investigates the demand and supply characteristics
associated with the market for municipal solid waste (MSW). Demand-side topics examined
include the impact of pay-as-you-throw programs on waste generation, disposal, and
recycling activities. Supply-side issues have focused on the extent of economies of scale and
scope in the provision of MSW services. His research findings have appeared in Land
Economics and Environmental and Resource Economics, among other academic journals. In
addition to his many publications, Professor Callan has reviewed numerous scholarly articles
for academic publications as well as research grant proposals for the U.S. Environmental
Protection Agency. Professor Callan is a member of several professional organizations,
including the American Economic Association and the Southern Economic Association.

vii



Chapter 1 Introduction 2

pART 1 Modeling
Environmental Problems 11

Chapter 2

The Role of Economics in
Environmental Management 12

Chapter 3  Modeling the Market Process:
A Review of the Basics 32
Chapter 4 Modeling Market Failure 56

PART 2 Modeling Solutions
to Environmental Problems 79

Chapter 5

Conventional Solutions to
Environmental Problems: The
Command-and-Control Approach 80
Chapter 6 Economic Solutions to
Environmental Problems:

The Market Approach 96

PART 3 Analytical Tools for
Environmental Planning 121

Chapter 14

Global Air Quality:
Policies for Ozone Depletion
and Global Warming 248

PART 5 The Case of Water 273

Chapter 15 Defining Water Quality:

The Standard-Setting Process 274
Chapter 16 Improving Water Quality:
Controlling Point and Nonpoint
Sources 292

Protecting Drinking Water: The Safe

Drinking Water Act 312

Chapter 17

PART 6 The Case of Solid
Wastes and Toxic
Substances 331

Chapter 7  Environmental Risk Analysis 122
Chapter 8  Assessing Benefits for Environmental
Decision Making 138
Chapter 9 Assessing Costs for Environmental
Decision Making 160

Chapter 10  Benefit-Cost Analysis in Environ-

mental Decision Making 174
PART 4 The Case of Air 189
Chapter 11

Defining Air Quality:

The Standard-Setting Process 190
Improving Air Quality:
Controlling Mobile Sources 212
Improving Air Quality:

Chapter 12

Chapter 13

Controlling Stationary Sources 228

Chapter 18 Managing Hazardous Solid
Waste and Waste Sites 332
Managing Municipal Solid
Waste 356

Controlling Pesticides and Toxic

Chemicals 378

Chapter 19

Chapter 20

PART 7 Global Environmental
Management 399

Chapter 21 Sustainable Development:
International Trade and
International Agreements 400

Chapter 22 Sustainable Approaches:
Industrial Ecology and Pollution
Prevention 418

REFERENCES 438

GLOSSARY 451

INDEX 458



Chapter 1

Introduction 2

pART 1 Modeling
Environmental Problems 11

Chapter 2 The Role of Economics in
Environmental Management 12
Economics and the Environment 13
Circular Flow Model 13
Materials Balance Model 14
Application 2.1: BMW Group’s Sustainable
Decisions and Design for Recycling 16
Fundamental Concepts in Environmental
Economics 17
Causes of Environmental Damage 17
Sources of Environmental Damage 17
Scope of Environmental Damage 18
ldentifying Environmental Objectives 21
Environmental Quality 21
Application 2.2: The High Price of China’s
Economic Advance 22
Sustainable Development 23
Biodiversity 23
Application 2.3: National Income Accounting
and the Bias Against Environmental Assets 24
Environmental Policy Planning:
An Overview 25
Policy Planning in the United States 25
Risk Assessment 26
Risk Management 27
Conclusions 29
Summary 30
Review Questions 30
Additional Readings 31

Chapter 3 Modeling the Market Process:
A Review of the Basics 32
Market Models: The Fundamentals 32
Defining the Relevant Market 32
Specifying the Market Model 33

The Model of Supply and Demand:
An Overview 33
Purpose of the Model 33
Building a Basic Model: Competitive
Markets for Private Goods 33
Market Demand 34
Law of Demand 34
Modeling Individual Demand 34
Application 3.1: Consumer Demand
and Environmental Issues: What Really
Matters? 35
Deriving Market Demand from Individual
Demand Data 35
Market Supply 38
Application 3.2: Can the Profit Motive
Help the Environment? 39
Law of Supply 39
Modeling Individual Supply 40
Deriving Market Supply from Individual
Supply Data 40
Market Equilibrium 43
Equilibrium Price and Quantity 43
Market Adjustment to Disequilibrium 44
Economic Criteria of Efficiency 45
Allocative Efficiency 45
Technical Efficiency 48
Welfare Measures 49
Consumer Surplus 49
Producer Surplus 50
Society’s Welfare: Sum of Consumer and
Producer Surplus 52
Measuring Welfare Changes 52
Conclusions 53
Summary 54
Review Questions 55
Additional Readings 55

Chapter 4 Modeling Market Failure 56

Environmental Problems: A Market
Failure 57

N



Environmental Quality: A Public Good 57
Characteristics of Public Goods 57

Modeling a Public Goods Market for
Environmental Quality 58
Allocative Efficiency in a Public Goods
Market 58
Assessing the Implications 62
Understanding the Market Failure
of Public Goods Markets 62
The Solution: Government
Intervention 63
Application 4.1: Boston Harbor: The
Changing Condition of an Environmental
Public Good 64

Environmental Problems: Externalities 64
Basics of Externality Theory 64
Environmental Externalities 65
Relationship between Public Goods and
Externalities 65
Application 4.2: A Negative Consumption
Externality: CD Product Packaging 66

Modeling Environmental Damage as a
Negative Externality 66
Defining the Relevant Market 67
Modeling the Private Market for Refined
Petroleum 67
Inefficiency of the Competitive
Equilibrium 67
Modeling the External Costs 68
Modeling the Marginal Social Costs and
Marginal Social Benefits 68
Efficient Equilibrium 69
Measuring the Welfare Gain to Society 70
Market Failure Analysis 71

The Absence of Property Rights 71
The Coase Theorem 72
Bargaining When Property Rights Belong
to the Refineries 72
Bargaining When Property Rights Belong
to the Recreational Users 73
Limitations of the Coase Theorem 74
Common Property Resources 74
The Solution: Government
Intervention 75

Conclusions 75

Summary 76

Review Questions 76

Additional Readings 77

Contents

pArRT 2 Modeling Solutions
to Environmental Problems 79

Chapter 5 Conventional Solutions to
Environmental Problems: The
Command-and-Control Approach 80
Use of Standards in Environmental Policy 81
Types of Environmental Standards 81
Economic Implications of Using
Standards 81
Are Environmental Standards
Allocatively Efficient? 82
Marginal Social Benefit of Abatement 82
Marginal Social Cost of Abatement 82
Application 5.1: Catano, Puerto Rico:
Reducing the Damages of Industrial
Pollution 83
Application 5.2: Abatement Costs: The
Promise of Remediation Technology 84
Are Abatement Standards Set Efficiently? 86
General Approaches to Implementing
Environmental Policy 89
Is the Command-and-Control
Approach Cost-Effective? 90
Cost-Ineffectiveness of the
Technology-Based Standard 90
Cost-Ineffectiveness of Uniform
Standards 90
Conclusions 93
Summary 93
Review Questions 94
Additional Readings 95

Chapter 6 Economic Solutions to
Environmental Problems: The Market
Approach 96
Descriptive Overview 97
Types of Market Instruments 97
Pollution Charges 97
Modeling a Product Charge as a Per Unit
Tax 98
Modeling an Emission Charge:
Single-Polluter Case 99
Modeling an Emission Charge:
Multiple-Polluter Case 101
Pollution Charges in Practice 103



Contents

Environmental Subsidies 103
Modeling an Abatement Equipment
Subsidy 103
Application 6.1: Taxing Gasoline
Consumption: An International
Comparison 104
Modeling a Per Unit Subsidy on Pollution
Reduction 106
Environmental Subsidies in Practice 106
Deposit/Refund Systems 106
Economics of Deposit/Refund Systems 107
Modeling a Deposit/Refund System 108
Deposit/Refund Systems in Practice 109
Pollution Permit Trading Systems 110
Structure of a Pollution Permit Trading
System 111
Modeling a Pollution Permit System
for Multiple Polluters 112
Pollution Permit Trading Systems in
Practice 115
Application 6.2: Fighting Acid Rain with
Pollution Rights: The First Annual
Auction 116
Conclusions 116
Summary 117
Review Questions 117
Additional Readings 118

PART 3 Analytical Tools for

Environmental Planning 121

Chapter 7 Environmental Risk Analysis 122

Concept of Risk 122
Classifying Risk: Voluntary and Involuntary
Risk 123
Defining Environmental Risk 124

Risk Assessment 124
Application 7.1: EPA Declares Secondhand
Smoke a Carcinogen 125
Hazard Identification 125
Dose-Response Analysis 127
Exposure Analysis 128
Risk Characterization 128

Risk Management 129
Tasks of Risk Management 130
Application 7.2: Using Comparative Risks to
Communicate the Dangers of Radon 131

Risk Management Strategies 132
Conclusions 134
Summary 135
Review Questions 136
Additional Readings 136

Chapter 8 Assessing Benefits for
Environmental Decision Making 138

Environmental Benefits: Conceptual
Issues 138
Identifying Incremental Benefits 139
Conceptually Valuing Environmental
Benefits 140
User versus Existence Value 142
Application 8.1: The Endangered Species
Act 144

Approaches to Measuring Environmental
Benefits: An Overview 144
Physical Linkage Approach 145
Behavioral Linkage Approach 145

Estimation Under the Physical Linkage
Approach 146
Damage Function Method 146

Direct Estimation Methods Under the
Behavioral Linkage Approach 148
Contingent Valuation Method (CVM) 148
Application 8.2: Valuing Agricultural
Benefits: The Case of Tropospheric Ozone
Reductions 149

Indirect Estimation Methods Under the
Behavioral Linkage Approach 151
Averting Expenditure Method (AEM):
An Indirect Approach Using
Substitutes 151
Travel Cost Method (TCM): An Indirect
Approach Using Complements 153
Hedonic Price Method (HPM): An Indirect
Approach Using Product Attributes 155

Conclusions 156

Summary 157

Review Questions 157

Additional Readings 158

Chapter 9 Assessing Costs for Environmental
Decision Making 160
Environmental Costs: Conceptual Issues 160
Identifying Incremental Costs 160



Application 9.1: Incremental Environmental
Costs of the September 11, 2001, Terrorist
Attacks 161
Explicit Environmental Costs 162
Implicit Environmental Costs 163
Conceptually Valuing Environmental
Costs 163

Estimation Methods for Measuring Explicit
Costs 166
Engineering Approach 166
Survey Approach 167

Cost Classifications in Practice 167
Cost Classifications by Economic
Sector 167
Cost Classifications by Environmental
Media 168
Application 9.2: Building Cleaner Cars:
What Is the Cost of Abating Tailpipe
Emissions? 171

Conclusions 172

Summary 172

Review Questions 173

Additional Readings 173

Chapter 10 Benefit-Cost Analysis in
Environmental Decision Making 174

Time Adjustments to Environmental
Benefits and Costs 174
Present Value Determination 175
Inflation Correction 176
Summary of Deriving Time-Adjusted
Benefits and Costs 177
Example: Time-Adjusted Incremental
Benefits 177

The Final Analysis: Comparing
Environmental Benefits and Costs 178
Step One: Determining Feasibility 179
Step Two: Selecting Among Feasible
Options 180

Reservations About the Use of Benefit-Cost
Analysis 181
Measurement Problems 181
Equity Issues 181

U.S. Government Support of Benefit-Cost
Analysis 181
Executive Order 12291: Regulatory Impact
Analysis (RIA) 182

Contents

Executive Order 12866: Economic Analysis
(EA) 182
Executive Order 13258: Economic Analysis
(EA) 183

Reducing Lead in Gasoline: A Real-World
Example 183
Application 10.1: Benefit-Cost Analysis in
Practice: The RIA for Reducing Lead in
Gasoline 184

Conclusions 185

Summary 185

Review Questions 186

Additional Readings 187

PART 4 The Case of Air 189

Chapter 11 Defining Air Quality: The
Standard-Setting Process 190

Overview of U.S. Air Quality
Legislation 191
In the Beginning 191
Current U.S. Policy 191
Application 11.1: California Smog and the
Automobile Industry 192

Defining the Objectives of Air Quality
Control 193
Identifying Major Air Pollutants 194

Setting Standards to Define Air Quality 194
Standards for Criteria Air Pollutants 195
Standards for Hazardous Air Pollutants 195

Implementing the Standards 195
State Implementation Plans (SIPs) 195
Application 11.2: Is Standard Setting Under
the Clean Air Act Unconstitutional? 196
Air Quality Control Regions (AQCRs) 196
Monitoring Air Quality Across
Regions 198

Analysis of U.S. Air Quality Policy 199
Environmental Justice: An Equity
Criterion 200
Allocative Efficiency: An Economic
Criterion 200

Benefit-Cost Analysis of the Clean Air
Act 200
Independent Benefit-Cost Analysis of the
1990 Amendments 200



Contents

Application 11.3: Clean School Bus USA: Air
Quality and Environmental Justice 201
EPA Benefit-Cost Analysis of the 1990
Amendments 204

Benefit-Cost Analysis of the Air Quality
Standards 206
Absence of Cost Considerations in the
Standard-Setting Process 206
Uniformity of the National Ambient Air
Quality Standards (NAAQS) 206

Conclusions 209

Summary 209

Review Questions 210

Additional Readings 210

A Reference to Acronyms and Terms Used
in Air Quality Control Policy 211

Chapter 12 Improving Air Quality: Controlling
Mobile Sources 212

Urban Air Pollution: An Important Policy
Motivation 212
Measuring U.S. Urban Air Quality 213
Urban Smog 214

Controlling Mobile Sources 215
Application 12.1: China’s Automobile
Demand 216
Current U.S. Controls on Motor Vehicles
and Fuels 216

Economic Analysis of Mobile Source
Controls 219
Absence of Benefit-Cost Analysis:
An Inefficient Decision Rule 219
Uniformity of Auto Emissions Standards 220
Inherent Bias Against New versus Used
Automobiles 222
Application 12.2: The Hybrid Car Market:
U.S. Firms Play Catch-Up 223
Implications of Clean Fuel
Alternatives 224
Application 12.3: Scrapping Old Cars for
Credit 225

Conclusions 225

Summary 226

Review Questions 226

397

Additional Readings 227
A Reference to Acronyms and Terms Used

in Mobile Source Control Policy 227

xiii

Chapter 13 Improving Air Quality: Controlling
Stationary Sources 228

Acidic Deposition: An Important Policy
Motivation 228
The Problem of Acidic Deposition 229

Controlling Stationary Sources 229
Technology-Based Standards 230
Emissions Trading 232
Acid Rain Program: SO, Emissions
Allowance Trading 233
Ozone Control: NOy Trading Programs 234
State-Level Trading Plans 234
Proposed Trading Programs 234
Application 13.1: President Bush’s Clear
Skies Initiative and Proposed Legislation 235

Economic Analysis of Stationary Source
Controls 236
Relative Cost of Using Command-and-
Control Instruments 236
Uniform Technology-Based NSPS 236
The Dual-Control Approach and the
New Source Bias 238
Application 13.2: The New Source Review
Standards Come Under Fire 239
Economics of Market-Based Trading
Programs 240

Conclusions 244

Summary 245

Review Questions 245

Additional Readings 246

A Reference to Acronyms and Terms Used
in Stationary Source Control Policy 247

Chapter 14 Global Air Quality: Policies for
Ozone Depletion and Global Warming 248
The Problem of Ozone Depletion 248
Searching for the Causes of Ozone

Depletion 249
Controlling Ozone Depletion 251
International Agreements to Control Ozone
Depletion 251
U.S. Policy to Control Ozone Depletion 252
Economic Analysis of Ozone Depletion
Policy 254
Regulatory Impact Analysis (RIA) of the
Phaseout 254
Assessing Cost-Effectiveness 255
Price Changes 255



Incentives and Disincentives to Develop
CFC Substitutes 256

The Problem of Greenhouse Gases and
Global Warming 257
Understanding the Potential Problem 257
Predicting the Potential Effects 258

Policy Response to Global Warming 259
International Response 259
Application 14.1: Why the United States Is
Not Participating in the Kyoto Protocol 261
U.S. Response 262
Application 14.2: The Energy Star
Program 263

Economic Analysis of Global Warming
Control Policies 264
Estimating the Benefits 264
Economic Model of the Market Failure 265
Evaluating Market-Based Policy
Instruments 266

Conclusions 268

Summary 269

Review Questions 269

Additional Readings 270

A Reference to Acronyms and Terms in
Global Air Quality Control Policy 271

PART 5 The Case
of Water 273

Chapter 15 Defining Water Quality:
The Standard-Setting Process 274
Understanding Water Resources 274
Water Resources and Their
Interdependence 274
Targeting Water Quality Policy 275
Overview of U.S. Water Quality
Legislation 276
In the Beginning 276
Application 15.1: Deterioration and
Restoration of the Chesapeake Bay 277
Current U.S. Policy 278
Policy Objectives 279
Zero Discharge Goal 279
Fishable-Swimmable Goal 279
No Toxics in Toxic Amounts Goal 279
Identifying Water Pollutants 279

Contents

Application 15.2: The Ecological
and Economic Effects of Oil Tanker
Spills 280

Setting Standards to Define Water
Quality 281
Use Designation 281
Water Quality Criteria 281

Analysis of Receiving Water Quality
Standards 282
Absence of Benefit-Cost Analysis 282
Application 15.3: How Much Is Clean Water
Worth to Marine Sportfishing? 283
Lack of Consistency with the
Technology-Based Effluent
Limitations 284

Benefit-Cost Analysis of the Clean Water
Act 284
Benefit Estimates 284
Cost Estimates 285
Benefit-Cost Comparison 286

Conclusions 288

Summary 289

Review Questions 290

Additional Readings 290

A Reference to Acronyms and Terms
in Water Quality Control Policy 291

Chapter 16 Improving Water Quality:
Controlling Point and Nonpoint Sources 292

Controlling Point Sources 292
Technology-Based Effluent Limitations 292
Permit System 293

Analysis of the Effluent Limitations 294
Imprecise Statutory Definitions 294
Meeting the Zero Discharge Goal 294
Lack of an Efficiency Criterion 294
Cost-Ineffective Decision Making 295

The POTW Funding Program 296
Federal Grant Program 296
Clean Water State Revolving Fund (CWSRF)
Program 296

Analysis of the POTW Funding Program 296
Identifying Accomplishments Attributable
to Federal Subsidies 296
Inefficiencies in the Grant Program 297
Equity Implications 297

Controlling Nonpoint Sources 298



Contents

Nonpoint Source Management Program 298
Application 16.1: Mercury Contamination
and Fish Advisories 299
Analysis of Nonpoint Source Controls 300
Delegating Control to the States:
The Pros 300
Delegating Control to the States:
The Cons 300
Assessing the Federal Role 300
Market-Based Solutions 301
Pollution Charges 301
Application 16.2: Germany’s Effluent Charge
System 304
Tradeable Effluent Permit Markets 305
Watershed Management 306
A Watershed Approach 306
Targeted Watershed Grants Program 307
Key Policy Instruments 308
Conclusions 308
Summary 309
Review Questions 310
Additional Readings 310
A Reference to Acronyms and Terms in
Water Quality Control Policy 311

Chapter 17 Protecting Drinking Water: The
Safe Drinking Water Act 312

Overview of U.S. Drinking Water
Legislation 313
In the Beginning 313
Current U.S. Policy 314
Relating the SDWA to Other Laws 314
Application 17.1: Who Regulates the
Quality of Bottled Water? 315
Pollutants Controlled Under the
SDWA 315

Setting Standards to Define Safe Drinking
Water 316
Establishing National Primary Drinking
Water Regulations (NPDWRs) 316
Application 17.2: Aircraft Drinking Water
Fails to Meet Standards 318
Establishing National Secondary Drinking
Water Regulations (NSDWRs) 318

Economic Analysis of Safe Drinking Water
Policy 320
Standard Setting and Efficiency 320

XV

An Economic Analysis (EA) for an
NPDWR 321

Economic Principles in Pricing Water
Supplies 323
An International Comparison 323
Pricing Practices of U.S. Water Utilities 324

Conclusions 326

Summary 327

Review Questions 328

Additional Readings 329

A Reference to Acronyms and Terms in
Drinking Water Quality Control 329

PART 6 The Case of Solid
Wastes and Toxic
Substances 331

Chapter 18 Managing Hazardous Solid Waste
and Waste Sites 332

Characterizing the Hazardous Waste
Problem 332
Magnitude and Source of the Problem 333
Application 18.1: The Hazardous Waste Site
Called Love Canal 334

Overview of U.S. Hazardous Waste Policy 335
In the Beginning 336
Current U.S. Policy 337

Controlling Hazardous Wastes: RCRA 337
“Cradle-to-Grave” Management
Approach 337
Moving Toward Pollution Prevention 339

Analysis of U.S. Hazardous Waste Policy 340
Risk-Based Uniform Rules of
Identification 340
Benefit-Based Uniform Standards 340
Failures of the Manifest System 341
Market Implications of the 1984 Land
Restrictions 342
Market-Based Policy 343
Application 18.2: Using the Market to
Control Hazardous Wastes 345

Overview of U.S. Hazardous Waste Site
Policy 345
In the Beginning 345
Current U.S. Policy 346

Managing Uncontrolled Hazardous Waste
Sites: Superfund 347



xvi Contents

Response and Cleanup 347
Compensation, Liability, and
Enforcement 349
Emergency Planning 349

An Analysis of Superfund 349
Assessing Superfund’s Performance 349
What’s Wrong with Superfund? 350
Application 18.3: GE Ordered to Dredge the
Hudson River: Do the Benefits Justify the
Costs? 351

Conclusions 352

Summary 353

Review Questions 354

Additional Readings 355

A Reference to Acronyms and Terms in
Hazardous Waste Control Policy 355

Chapter 19 Managing Municipal Solid

Waste 356

Characterizing Municipal Solid Waste 357
Observing a Trend 357
Composition of MSW in the
United States 358
Application 19.1: The Facts on Recycling
Plastics 360
International Comparisons 360
The Policy Response: An Overview 362
Federal Responsibilities 362
State Responsibilities 363
Application 19.2: The Green Dot Program in
Europe 364
The Market for MSW Management
Services 364
Supply of MSW Services 365
Demand for MSW Services 365
Resource Misallocation 366
Market Approaches to MSW Policy 368
Back-End or Waste-End Charges 368
Front-End or Retail Disposal
Charges 370
Application 19.3: Bag-and-Tag
Systems 371
Deposit/Refund Systems 372
Conclusions 374
Summary 375
Review Questions 375
Additional Readings 376

A Reference to Acronyms and Terms in
Municipal Solid Waste Policy 377

Chapter 20 Controlling Pesticides and Toxic
Chemicals 378

Overview of U.S. Pesticide Controls 379
Legislating Pesticide Use 379
Legislating Pesticide Residues 379

Controlling Pesticide Use 379
Registration of New Pesticides 379
Application 20.1: Solving the Delaney Clause
Dilemma 380
Reregistration of Existing
Pesticides 381
New Policy Direction 381

Analysis of FIFRA 382
Risk-Benefit Analysis 382
Problems in Risk Assessment 383
Problems in Benefit Assessment 383

Overview of U.S. Legislation on Toxic
Chemicals 385
Policy Response to Chemical Risks 385
Coordination with Other Agencies and
Initiatives 386

Controlling Chemical Use 387
New Chemicals 387
Existing Chemicals 387
New Policy Direction 387
Application 20.2: Pollution Prevention:
The Responsible Care™ Program 389

Analysis of TSCA 390
Risk-Benefit Analysis 390
Problems in Risk Assessment 391
Problems in Benefit Assessment 391
Bias Against New Chemical
Introductions 391

Economic Analysis and Market-Based
Policy 392
Modeling the Negative Externality 392
Market-Based Solution: Product
Charge 393

Conclusions 394

Sunumary 394

Review Questions 395

Additional Readings 396

A Reference to Acronyms and Terms in Toxic
Substances Policy Control 396



Contents

parT 7  Global Environmental
Management 399

Chapter 21 Sustainable Development:
International Trade and International
Agreements 400
Sustainable Development as a Global
Objective 401
Redefining Environmental
Objectives 401
Implications of Growth on the
Environment 402
Global Framework for Sustainable
Development 403
United Nations Conference on Environment
and Development (UNCED) 403
Application 21.1: The Environmental
Kuznets Curve 404
World Summit on Sustainable Development
(WSSD): Johannesburg 2002 405
International Agreements to Control
Transboundary Pollution 406
Montreal Protocol and
Amendments 407
U.N. Framework Convention on Climate
Change (UNFCCC) 408
London Dumping Convention
(LDC) 408
U.S.-Canada Air Quality
Agreement 409
International Trade and Environmental
Protection 409
Application 21.2: An International Treaty on
Ocean Dumping 410
Overview of the Controversy: Free Trade
versus Protectionism 410
International Trade and Environmental
Objectives 411
International Trade Agreements and the
Environment 412

Conclusions 414
Summary 415
Review Questions 416

Additional Readings 417

Xvii

Chapter 22 Sustainable Approaches: Industrial
Ecology and Pollution Prevention 418
Industrial Ecology 419

What is Industrial Ecology? 419

Revisiting the Materials Balance Model 419
Linear or Open Materials Flow: Cradle to
Grave 420

Cyclical or Closed Materials Flow: Cradle to
Cradle 421

Industrial Ecosystems 422

Application 22.1: ISO 14000 International
Standards on Environmental Manage-

ment 423

Application 22.2: Industrial Symbiosis in
Kalundborg, Denmark: When a Bad Becomes
a Good 424

Pollution Prevention 425

What is Pollution Prevention? 425
Comparing Pollution Prevention to
Industrial Ecology 425

Objectives and Techniques 425
National Legislation 426

Corporate Experience 428

Using Economic Analysis to Implement
Pollution Prevention 429

Strategic Initiatives and Programs 430

Extended Product Responsibility

(EPR) 431

Design for the Environment (DfE) 432
Application 22.3: Remanufacturing:

A Lucrative Approach to Pollution
Prevention 433

Green Chemistry Program 433
Disseminating Information and Technology
on a Global Scale 434

Conclusions 435
Summary 436

Review Questions 436
Additional Readings 437

REFERENCES 438
GLOSSARY 451
INDEX 458



Introduction

In the past ten years, the world has changed in ways we never thought possible. This past
decade has been marked by international conflict, acts of terrorism, and economic challenges.
But society also has witnessed achievements and positive change—great strides in medical
technology, advances in telecommunication, computing, and digitization, and measurable
progress toward achieving a cleaner environment. During the last decade, Earth Day
celebrated its 35th anniversary, and the Rio Summit its 10th, with the latter marked by the
World Summit on Sustainable Development in Johannesburg. At the start of the new century,
the European Union banned leaded gasoline, the Kyoto Protocol was ratified, hybrid SUVs
were introduced, and important trends are evolving toward sustainable development,
pollution prevention, and market-based solutions.

Of course, there have been setbacks and more than a few difficult compromises. The rapid
economic growth in China, for example, has placed that country’s natural resources at risk. This
giant nation along with other countries faces serious water shortages, and urban areas around the
world continue to struggle with poor air quality. Beyond national issues are transboundary
environmental concerns, including global warming and ozone depletion. Without question,
there is still much to be done. But the good news is that on balance, society has grown more
cognizant of environmental risks and more receptive to the notion of integrating environmental
issues into virtually every aspect of private and public decision making.

Few would debate the influence of environmental concerns on all facets of contemporary
living—consumer behavior, corporate strategy, and public policy development. In the last
several decades, we have witnessed significant change in product design, capital investment
practices, tax and accounting policies, product packaging, and technology. New industries
have emerged in environmental products and services. National and international policies
have been implemented to preserve natural resources and ecosystems. Firms have redefined
their business strategies in response to new regulations and the changing demands of more
environmentally conscious consumers. Many companies now produce an environmental
report to stockholders along with their financial annual report. As a society, we have come to
recognize that economic activity and the natural environment are inexorably linked, and this
profound relationship is at the core of environmental economics and management.

Arguably, environmental economics is a dynamic field. Hence, we continue to work
diligently to keep the content of this text current and, at the same time, accessible to students
and lively. In this fourth edition of our book, we again have had the opportunity to integrate
suggestions offered by our review panel, insightful comments made by our adopters, plus
some new ideas of our own. We continue to believe that teaching environmental economics is
an exciting opportunity to show students the broad applicability of economic thinking.
Students are more environmentally literate than ever before, and most are eager to understand
how the market process can help explain and even solve environmental problems. It is, to say
the least, an energizing challenge to present this evolving field to what typically is a diverse
audience of students.



