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Preface

This book has a limited aim: to make available empirical approaches to
non-market valuation in a single location. We cover the two major areas
of non-market valuation: stated preferences and behavioral approaches.
The breadth and rapid expansion of methods have forced us to choose
our coverage carefully. We have opted for depth in the more frequently
applied methods, wanting the book to serve as a source for the popular
and established models of non-market valuation. We have provided a
portal to the literature for methods that we have not covered.

The spirit of the book is empirical modeling. We focus on how ob-
servations on behavior or responses to questions can be used to recover
measures of willingness to pay. This is not a strictly econometric book.
We provide the basics of models but space and time constraints prevent
us following many otherwise compelling questions. It is not a book on
the theory of non-market valuation either. But we think the book will
help in both directions.

The motivation for writing the book has come from many encounters
with able economists and students who want to do non-market valuation,
but have not yet been exposed to the methods. For them we hope this
book will make some parts of the enterprise easier. Almost everything
in the book can be found somewhere in the literature. In some cases,
we have simply transcribed models. In other cases, we have engaged in
simplification or exposition.

Non-market valuation employs microeconomics, welfare economics,
and econometrics. Readers will need some knowledge of each to profit
from the book. Three books that are especially valuable in these areas
are Just, Hueth and Schmitz on welfare economics, A. Myrick Free-
man’s book on valuation, and the volume edited by Joe Herriges and
Cathy Kling, also published by Elgar. Most models applied to valua-
tion use maximum likelihood methods. For readers not familiar with
these methods, we have provided a brief review in Appendix A. The
books by Maddala and by Ben-Akiva and Lerman are good sources for
the econometric issues associated with maximum likelihood estimation
for discrete choice methods.

While the book deals with the empirical approaches to valuation, we
do not want to leave the impression that this role dominates. Valuation
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stretches from defining the problem, to formulating the economic model,
to questionnaire design and then estimation. This books focuses princi-
pally on the last part, the estimation of models for non-market valuation.
It will have implications for the other tasks, for it is not really correct to
separate the components of research. Econometric model formulation is
part of questionnaire design. This is especially true for contingent valu-
ation. One needs to be armed with a sense of good questionnaire design
and practice, such as one can find in Mitchell and Carson’s book, Using
Surveys to Value Public Goods, Carson’s paper ‘Contingent Valuation:
A User’s Guide’ (2000) and Carson’s forthcoming book Contingent Val-
uation: A Comprehensive Bibliography and History published by Elgar.

The options for software for estimating maximum likelihood models
are growing. Increasingly many researchers write their own estimation
routines using packages like Gauss or Matlab. We develop models and
methods principally for programs like LIMDEP and SAS. And for the
most part, we limit our model to development to those that can be
estimated by researchers without writing their own maximum likelihood
routines. We write the likelihood function for each model in a way that
should allow one to program the function. Researchers writing their
own programs probably don’t need our help.

We have received help and encouragement from many. Kerry Smith
wrote an encouraging review and provided his own disproportionate con-
tribution to the literature on all of the chapters. John Loomis read parts
of the contingent valuation chapters and provided the dataset used in
Chapters 2-5. John Whitehead also read parts of the early chapters
and gave us access to several datasets. Cathy Kling read parts of the
chapters on travel cost models. Brent Sohngen lent us a dataset used
in Chapter 7. George Parsons provided us with the dataset for logit
model estimation of Chapter 8. Nancy Bockstael, Chris Leggett and
Ray Palmquist read the hedonic chapter. Part of the data for the hedo-
nic models was also provided by Nancy and Chris. Charles McCormick
provided the other part. Virginia McConnell provided encouragement
and a thorough reading of the first chapter. Margaret McConnell did
extensive work on the references. Graduate students in the Department
of Agricultural and Resource Economics at the University of Maryland
and in the Department of Agricultural, Environmental and Development
Economics at The Ohio State University read various draft chapters of
the book and provided valuable comments on clarity and exposition. We
thank them for their comments and willingness to help with data. In
short, we thank all who helped directly as well as all contributors to the
literature whose results we have used. And we accept full responsibility
for the remaining errors, omissions and misuse of data.



1

Welfare Economics for
Non-market Valuation

1.1 The Background for Valuation

Over the last five decades, economic analysis has spread from its tradi-
tional market orientation to such esoteric areas as crime and punishment,
family planning, the disposal of nuclear wastes, and drug use. This seem-
ing imperialistic tendency of economics is a consequence of the logic of
resource allocation. The notion of an efficient allocation of resources that
has emerged from economic theory is a powerful idea. Coupling this idea
with empirical techniques, economists have devised and refined methods
for measuring whether and to what extent resources are being allocated
efficiently. Measurement is an essential part of the approach because it
allows the idea of efficiency to be applied to an array of resources, and
it serves as the basis for decisions that can improve resource allocation.

The role of measurement in the efficient allocation of resources is espe-
cially important in cases of public goods. Markets cannot efficiently allo-
cate public goods or resources with pervasive externalities, or for which
property rights are not clearly defined. Examples of these market fail-
ures abound. Commercial harvesters of fish have no stake in the future
of the individual fish they catch and so they tend to harvest inefficiently
large quantities. Automobile drivers don’t account for the negative ef-
fects of auto emissions when they make driving decisions. The market
provision of protection against infectious diseases does not account for
the public protection provided by each private decision. These examples
have the characteristic that there are gains or losses that extend beyond
the private individuals making the decisions.

The principle that public goods and goods with externalities are not
efficiently allocated by the market suggests the possibility of improve-
ment by public action. But whether the public action in fact yields net
benefits requires measurement. An improvement in resource allocation
requires that the benefits of a decision exceed its costs, which in turn
requires the measurement of benefits and costs. Whether the issue is
public regulation of private actions that have externalities, or the pro-
vision of public goods, measurement is the key. To meet the demands
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for measurement, economists have devised a variety of empirical tools
for estimating the benefits and costs of public actions. These tools are
typically called valuation methods, and this book deals with their imple-
mentation. For public goods and pervasive externalities, implementation
involves data collection, model specification and econometric estimation.
This book is concerned with the specification and estimation.

Much legislation and many governmental practices give benefit-cost
analysis an important role in the public sector. For the US government,
Executive Order 12291 states that for each major federal project, the
benefits and costs of the project must be measured. Other important
legislation includes the Clean Water Act, the Comprehensive Environ-
mental Response, Cleanup and Liability Act (CERCLA), and the Oil
Pollution Act. In addition, benefit-cost analysis is a routine procedure
for the approval of public projects supported by multilateral interna-
tional banks. When banks lend for environmental projects such as wa-
ter treatment systems it is critical to know whether the country has the
aggregate willingness to pay for the project supported by the loan.

Measurement of benefits and costs often plays a role in debates about
resource allocation even when there is no formal requirement to mea-
sure benefits and costs. For example, the study of prairie potholes by
Hammack and Brown measured the unforeseen costs resulting from agri-
cultural practices that removed nesting grounds for migratory waterfowl.
Unregulated farming practices regarded only the agricultural production
from these wetlands. Measuring the economic gains from preserving wet-
lands required valuation methods, and the measures themselves helped
in the public debate about converting wetlands to cultivation.

Benefit estimation plays an important role in lawsuits to compensate
the public for private actions that injure public resources. This is its
essential role in CERCLA and the Oil Pollution Act. For example, the
Oil Pollution Act states

The valuation approach requires that trustees determine the
amount of services that must be provided to produce the
same value lost to the public. The approach relies on the
idea that lost value can be determined using one of a va-
riety of possible units of exchange, including units of re-
source services or dollars. The valuation approach requires
that the value of lost services be measured explicitly and that
the compensatory restoration alternative provide services of
equivalent value to the public.

The practice of measuring benefits and costs extends back at least
five decades. In the US, the Army Corps of Engineers has a long history
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of measuring the costs and benefits of dams. The pressure to derive
logically consistent measures is relentless. These measures have been
applied to national parks, oil spills, acid rain, waiting time at hospitals,
endangered species, sewer connections in developing countries, risk of
disease, and many other areas. Methods are constantly being developed,
refined, tested, rejected and revised.

This book deals with the empirical issues that arise in the estimation
and calculation of benefits for public goods, environmental amenities and
natural resources. Researchers use two basic approaches for benefit esti-
mation: indirect or behavioral methods and direct or stated preferences
methods. With behavioral methods, the researcher observes individual
behavior in response to changes in public goods, and from this behavior
attempts to infer the value of changes in public goods. Stated prefer-
ences is an omnibus name for a variety of approaches. The most preva-
lent is contingent valuation. Others include contingent ranking, contin-
gent choice and conjoint analysis. In the stated preferences approach,
researchers pose contingent or hypothetical questions to respondents,
inducing responses that trade off improvements in public goods and ser-
vices for money. From the responses, one can infer preferences for or the
value of changes in public goods.

The need for statistical inference and econometrics arises because in-
dividual actions, whether behavior that is observed in quasi-market set-
tings or responses to hypothetical questions, almost never reveal pre-
cisely the economic value that a researcher wishes to measure. Such
data are typically two steps removed from measures of benefits or will-
ingness to pay. First one infers a preference function such as a utility
function, or behavioral relation such as a demand function, and then
one calculates benefit measures such as willingness to pay. Randomness
enters through uncertainty about the nature of preference functions and
via errors in estimation.

Stated preference methods are a more recent development than be-
havioral methods. Economists initially viewed the former, especially in
their contingent valuation form, as inferior to behavioral methods. The
idea that one could learn about values except from what was revealed by
behavior had seemed foreign to economists. However, in recent years,
stated preference techniques have become more accepted. The debate
about valuation by stated preferences is over, with the possible exception
of its use in eliciting existence values. Contingent valuation has proved
to be no less reliable than behavioral methods in a variety of tests. In
an early example, Brookshire et al. (1982) showed that contingent valu-
ation and hedonic models yielded similar magnitudes for the willingness
to pay for improvements in air quality in Los Angeles. In more recent
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research, Carson, Flores, Martin and Wright (1996) assembled evidence
that contingent valuation and behavioral methods gave similar results
across a variety of environmental improvements. As Randall (1998) has
argued persuasively, looking for a single test of the validity of stated
preferences is a poor research strategy. Further, there is no good reason
to accept behavioral methods as the truth in testing stated preferences
versus behavioral methods. Stated preferences is a class of methods
that is generally acceptable, and one wants to know for any particu-
lar application whether the method works. We are not concerned with
whether stated preferences work better or worse than behavioral meth-
ods, or whether stated preferences measure true values, but given that
one has chosen an approach, how the data should be handled to ensure
defensible valuation estimates.

This book covers the empirical methods for estimating benefits for
non-market goods and services. These methods include contingent valu-
ation and the related approaches of stated preferences, travel cost mod-
els, random utility models, and discrete-continuous recreation demand
models. Our purpose is to provide guidance to the solution of empirical
problems that arise in the estimation and calculation of benefits. This
guidance will stem from our reading of the consensus of researchers,
when such a consensus has been achieved. In the absence of consensus,
we will present the issues for making an informed judgement. The em-
phasis will be on the practical use of estimation techniques rather than
the conceptually correct concepts that have less applicability in the rou-
tine estimation benefits. We have attempted to provide guidance for the
most commonly used methods.

1.2 The Theoretical Background

In this section we provide a brief synopsis of the results of welfare eco-
nomics that are employed in the remainder of the book. This skeletal
presentation of the basic welfare economics serves two purposes: it can
guide the reader back to the literature when the concepts are not clear
and it can satisfy the informed reader that the appropriate concepts are
employed. More complete background in the welfare economics can be
found in Freeman and in Just, Hueth and Schmitz.

1.2.1 The Value of Public Goods

The idea of a potential Pareto improvement provides the rationale for
public intervention to increase the efficiency of resource allocation. If
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the sum of benefits from a public action, to whomever they may occur,
exceeds the costs of the action, it is deemed worthwhile by this criterion.
The sum of the benefits entails two kinds of information: knowledge of
the individual benefits and a means of expanding the benefits to the
relevant population. Econometric practice is typically applied to obtain
individual benefits. Knowledge of the number of individuals who benefit,
while not necessarily inferred from econometric work, is nevertheless an
essential ingredient in determining the benefits.

The process of benefit estimation begins with the desired measurement
for an individual: the net change in income that is equivalent to or
compensates for changes in the quantity or quality of public goods. The
process is complete when the net income changes are expanded to the
relevant population. The theory of measurement of net income changes
for individuals is a well developed area. (See Just, Hueth and Schmitz,
or Freeman.) In this section we provide a brief survey of this theory as
a basis for the estimation that follows.

We begin with the preference function for an individual. (For the most
part, we ignore the distinction between household and 1nﬂ See,
however, the recent work by Smith anﬁ an Houtven.) Let lm e the
individual ﬁerence function, where m Tv AgAithe vector of private
goods, andlﬂ T|d$\vs the vector of public goods, which may also be
characteristics of private goods. (Throughout the book, we use bold to
denote vectors and matrices. If there is potential formmisinterpretation,
we specify whetlrer the vector is a row or column.} The distinction
between .vand Llrests on whether the individual controtgthe quanﬂ'ﬁr,
not whether there is a market. Individuals choose their ut their
exogenous. For example, the individual chooses Lhow much water to
draw from a tap; the public determines d #1ei qJﬁality of therwater.

The ﬂﬁzre assumed available at parametric prices, !/ Bl & BU%

which may or may not be ﬂlﬂrket-determined. The individuﬂﬂxﬁaﬂi izes
utility subject to income The indirect utility function, mmﬁ

o= 0D g LM

The minimum expenditure function DDD mﬂﬂls dual to the indirect

BN PO %1

The indirect utility and the expenditure function have well known prop-
erties. The derivative of the expenditure function with respect to price
gives the Hicksian or utility-constant demand, where the subscript indi-





