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Preface

This book grew out of discussions we had more than ten years ago, when we were both
teaching graduate courses in environmental economics at our respective universities in
Germany and the United States. Though our interests and skills were different — Requate
is a theorist/experimentalist, and Phaneuf an empiricist — we both had the sense that
there was something missing in the textbooks we used for our classes. Specifically,
while there are a variety of excellent undergraduate and some Master’s-level textbooks,
there was not a single obvious choice for instructors teaching at the advanced graduate
level. For environmental policy design, the classic book by Baumol and Oates (1988),
The Theory of Environmental Policy, had become dated. For non-market valuation,
Freeman (2003) and Freeman et al. (2014), The Measurement of Environmental and
Resource Values, was (and remains today) an authoritative and obvious choice, but its
emphasis is on concepts rather than empirics. As such, there was no single volume suit-
able for advanced study that presented the theoretical, empirical, and policy aspects of
the field as an integrated narrative. As a result, we felt that our students were seeing the
trees but not the forest, i.e. they were learning environmental economics as a collection
of disjointed topics, but failing to appreciate how the topics fit together into something
greater than the sum of their parts. We felt that a textbook for graduate students was
needed that: (a) presented the field’s canon on environmental policy design and non-
market valuation using a single notational convention; (b) included contemporary and
advanced topics missing in other sources; (c) reflected the increasingly empirical nature
of environmental economics; and (d) conveyed the excitement and dynamism of a grow-
ing field. This book is our attempt to meet that need.

Our vision for the book is best explained by discussing its organization. We have
divided the material into four parts. In Part I, we set the stage by placing environmental
economics in its historical context. This is accomplished by reviewing the field’s roots
in neoclassical welfare theory and the theory of externalities (Chapter 1), and its close
relationship to environmental policy and environmental science (Chapter 2). In Chap-
ter 3 we close Part I by laying out our basic modeling framework for the first half of
the book. We define the environmental externality problem and optimal solution, and
introduce a variety of environmental policy instruments, which are potentially suitable
for decentralizing the social optimum. We also begin to establish criteria that we will

Xxiil
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use to evaluate their performance. A main conclusion from Part I is that the portfolio of
economic-incentive based policies that we introduce — e.g. emission taxes, cap and trade
programs, emission subsidies — are equivalent in their economic efficiency properties.

Our Part I conclusions set up an important benchmark for Part II of the book, in
which we add real-world complexity to our description, and investigate the conditions
under which the equivalence of the above-mentioned policy tools breaks down. We also
study circumstances in which alternative (or complementary) policy instruments are
preferred, and when second-best optimal solutions need to be implemented. More spe-
cifically, the first several chapters in Part II cover the traditional sub-field of policy
design. In Chapters 4 through 9, we consider a range of generalizations and extensions
that add nuance to our comparisons of policy instruments. Examples of specific topics
include the role of uncertainty in policy design (Chapter 4), considerations related to
competitive and non-competitive output markets (Chapters 5 and 6), the role of other,
non-environmental distortions in formulating environmental policy (Chapter 7), compli-
cations related to spatial considerations and other institutional features (Chapter 8), and
the particular problems associated with non-point source pollution (Chapter 9). A com-
mon theme in these chapters is that context matters. We show that the equivalence of
different economic-incentive based policies holds only in special cases, meaning that
effective policy design requires careful consideration of multiple (often competing) fac-
tors. These chapters also illustrate how, in its focus on policy-specific challenges, envi-
ronmental economics has matured beyond an application of the theory of public goods
and externalities to the environment.

The last four chapters of Part II cover themes that move beyond the standard suite
of policy design topics. For example, in Chapter 10 we provide a detailed treatment of
liability rules as an alternative to emission regulations for environmentally risky activi-
ties. This is followed in Chapter 11 by a comprehensive discussion of environmental
technology development, adoption, and diffusion. In Chapter 12 we discuss several top-
ics that are specific to international environmental problems, including transboundary
pollution and international trade. Finally, we close Part I in Chapter 13 by addressing
dynamic aspects of externalities — notably models for stock (accumulating) pollutants,
and their connection to climate change and non-renewable resource policy.

Throughout Parts I and II of the book, we use conceptual representations of cost and
utility functions to characterize policy solutions. Implementation of policy solutions
in most instances requires empirical estimates of pollution abatement costs and dam-
age functions, which derive from firms’ and households’ underlying technology and
preference structures. In Part III we turn our attention to the traditional sub-field of
non-market valuation, which includes theoretical and empirical tools used to measure
the costs and benefits that result from changes in environmental quality. We begin by
describing the theoretical basis for applied welfare analysis (Chapter 14), and then dis-
cuss the specific assumptions that are needed to calculate non-market values using only
observed behavior (Chapter 15). These assumptions give rise to the so-called revealed
preference models. In Chapter 16 we present a review of discrete choice econometrics —
a class of empirical models that plays a large role in many areas of non-market valua-
tion. These initial Part III chapters provide the conceptual and empirical backgrounds
needed for studying the specific techniques and applications that follow. These include
recreation demand (Chapter 17), property values (Chapter 18), stated preference meth-
ods (Chapter 19), and health valuation (Chapter 20).
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XXV

We complete the book in Part IV by examining themes related to the practice of
environmental economics. Our main task is to discuss, across two chapters, a handful of
topics connected to cost-benefit analysis. These include conceptual issues such as dis-
counting and the use of integrated assessment models (Chapter 21), and applied issues
related to benefits transfer and estimating abatement cost functions (Chapter 22). We
then close the book in Chapter 23 with observations on the increasingly empirical nature
of environmental economics, discussions on themes we have not covered, and identi-
fication of topics that we believe provide important opportunities for future research.

A distinguishing feature of the book is that we have used a single notational scheme
across the four parts of the book in order to connect the various topics and minimize
the cost of entry into each new concept. We have also included numerous numbered
examples, which we use to describe relevant empirical research, provide intuition with
specific functional forms, or place our discussions in the context of a specific policy.
A variety of exercises are included at the end of most chapters, which, depending on
the chapter’s content, are analytical, numerical, empirical, or literature based.! In some
cases, advanced material or proofs are included in appendices that follow the main con-
tent of a chapter. The book’s website (www.phaneuf-requate.com) houses data for the
empirical exercises as well as supplemental information and errata.

Finally, we have included a “further reading” section at the end of each chapter. It
is here that we identify the original source material our discussion has drawn on, and
highlight related and in some cases recent research contributions to the area. We have
used this approach for two reasons. First, we wrote using a narrative format rather than
a review article format, meaning we tried to avoid breaking the flow of description with
a large volume of parenthetical references. Thus our citations in the main body of the
chapters are usually reserved for attribution of specific ideas, identification of classic
sources, and acknowledgment when we have used published material as a model for our
textbook presentation. Second, we wanted to have a specific section in each chapter that
would serve as a literature-organizing vehicle, where we could classify different areas of
inquiry that fit under the chapter’s broad themes. We emphasize that our further reading
sections are designed to be illustrative rather than comprehensive, and so we have not
included citations to many (or even most) of the relevant papers. That said, a book this
long that unfolded over many years will undoubtedly have failed to give proper credit
in many places, and so the book’s website will include expanded versions of our further
reading sections, which will be updated periodically.

There are many ways that instructors and students can make use of this book. One
possibility is to use the content as the basis for a lecture-based survey of the field. For
Master’s level survey classes, the early sections in most chapters are accessible and
provide the basic canon, while more advanced topics, covered in the later sections, can
be skipped. For PhD level survey classes, instructors will have more flexibility to cover
the advanced sections and the more technical chapters. A second possibility is to use
chapters in the book as background reading for discussion classes focused on contempo-
rary research. For example, students exploring new research at the health-environment
nexus may benefit from an initial review of our revealed preference, stated preference,
and health valuation chapters. As these different uses suggest, the book does not have

! When relevant, the difficulty of individual exercises is indicated using asterisks. One, two, or three asterisks
denote basic, intermediate, and advanced problems, respectively.
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to be read linearly. A course on environmental policy design could focus on Part I and
selected chapters in Part II, while a course on non-market valuation could start directly
with Part III and incorporate some material in Part I'V. Finally, the book can serve as a
reference for the collection of theoretical predictions and empirical methods that envi-
ronmental economists use in their day-to-day research and teaching.

In terms of technical preparation, readers should have a good understanding of core
microeconomic theory. This includes familiarity with consumer demand theory, the
theory of the firm, standard duality methods, and general equilibrium concepts. Basic
knowledge in game theory, including the concepts of Nash and sub-game perfect equi-
libria, is useful. In a few instances we use more advanced tools, including mechanism
design in Chapter 4 and dynamic optimization in Chapter 13. In these cases we have
tried to introduce the needed tools along with the specific concept. Topics that require
techniques beyond what is listed above are identified and references provided, but not
discussed in detail. Nonetheless, some of the end-of-chapter exercises provide oppor-
tunities to explore the advanced areas. For several of the analytical and numerical exer-
cises, familiarity with computational software packages such as Matlab or Mathematica
is necessary.

Readers should also have a good understanding of basic econometrics and applied
methods. Familiarity with linear regression models and discrete choice econometrics is
needed for our applied chapters and to appreciate many of the empirical examples we
use throughout. Since discrete choice methods are not always taught in core economet-
rics classes, we have included a chapter on this subject, which can serve as a point of
entry for the interested reader. Experience with applying basic regression and discrete
choice models using software tools such as Stata or R is necessary for completing the
applied end-of-chapter exercises.

To close the preface, we would like to share a few personal notes and express thanks
to the many people and institutions that supported our efforts during the writing of this
book. In retrospect, our feeling is that the book was harder to write than expected. Our
early plans envisioned translating our respective lecture notes into a narrative, but we
quickly discovered that the task of surveying a dynamic and growing field required more
than that. As we worked, we became convinced that the book needed to have substantial
breadth to represent the range of themes that have occupied environmental economists.
At the same time, we did not want to sacrifice depth, since our goal was to provide a
genuinely advanced treatment of topics in the field. These two objectives largely explain
the book’s length and the time it has taken to write. They are also the likely explanations
for any limitations that may be present in the final product. Challenging though it was,
writing the book was enormously satisfying intellectually, and we are grateful for the
opportunity the publisher and our institutions have given us to pursue this work.

A defining characteristic of any multi-year project is that the list of people and organi-
zations to whom thanks is owed is long. We are unable to list here the names of many
colleagues and students who read drafts, provided reviews, reacted to ideas, and gave
encouragement, but we want to extend our collective thanks for their input. In addition,
we have accumulated and presented the ideas in this book, but most of them originated
with other people. As such we want to thank the many economists, past and current, who
have shaped the field and driven its progress. We also want to acknowledge the authors,
reviewers, and publishers of the journals that we have edited during many of our writing
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years. Our editing work at Journal of the Association of Environmental and Resource
Economists (JAERE — Phaneuf) and Journal of Environmental Economics and Manage-
ment (JEEM — Requate/Phaneuf) has complemented our writing by keeping us abreast
of the field’s development, expanding our understanding of different topic areas, and
introducing us to researchers around the globe.>

We would also like to explicitly recognize the institutions that have supported
our efforts: North Carolina State University and University of Wisconsin-Madison
(Phaneuf), and University of Heidelberg and University of Kiel (Requate). Phaneuf also
acknowledges generous support from the NCSU Kriz Faculty Study Leave Endowment,
which partially funded his sabbatical visit at the University of Kiel.

2 At the time of writing, Requate is the Managing Editor for JEEM and Phaneuf is the Editor in Chief for
JAERE. Phaneuf served as JEEM’s Managing Editor from 2011 through 2013.
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Notational Conventions

The following describes the notation conventions that we generally maintain throughout

the book.

STRUCTURAL FUNCTIONS

D(-): Household pollution damage function

C(): Firm abatement cost or general cost function

II(-): Firm profit function

U(-): Household or individual direct utility function

V(-): Household or individual indirect utility function

P(-): Inverse demand function

E(): Household expenditure function (also industry emission level; see below)

f(),g(): Technologies

QUANTITIES

X: Scalar or vector of consumer demand or firm output levels

p: Scalar or vector of market prices for x

z: Scalar consumer good or firm output level; often the
numeraire good

[: Scalar or vector of firm factor input levels

w: Scalar or vector of firm factor input prices. Also used for
household wage rate

y: Household, individual, or firm income level

e: Firm level pollution emissions

E: Industry level pollution emissions (also household expenditure
function; see above)

q: Scalar or vector of an environmental good or quality level

s: Scalar or vector of agent characteristics

Capital letters: aggregate outcomes

Lower-case letters: agent level outcomes

XXViil
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Notational Conventions XXiX
BEHAVIORAL FUNCTIONS

x(+):  Ordinary (uncompensated) demand scalar or vector
h(-):  Compensated demand scalar or vector

mi(-): Compensated inverse demand function for quality
04(-): Uncompensated inverse demand function for quality
[():  Firm’s factor demand function

POLICY PARAMETERS

Pollution tax

Pollution or other subsidy

Price of a pollution allowance in a pollution rights market
Relative standard

Supply of pollution allowances in a pollution rights market

TRAD N

INDEXES

i=1,....,I: Index of households or individuals

j=1,....J: Index of firms; also used as index of consumer choice elements in later
chapters

OTHER SYMBOLS

g 1N, k, v. Parameters of structural, behavioral, or econometric functions. Also used
for elasticities or response functions

& Unobserved attribute of a quality-differentiated consumer good

B, o, v: Symbols commonly used as known or unknown parameters of a model;
often the targets of estimation

p: State of the world probability. Also used for consumption discount rate

VN General probability

PRONOUNS:

he:  Economic agent
she: Analyst or regulator
it Firm or household
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