
PART I. OVERVIEW

CHAPTER 1: INTRODUCTION

1.1 Project Objectives

The objective of this report is to develop the best possible estimates of the economic value of
improving the environmental quality of Galveston Bay given the time and resources available.
When the first Caucasians began settling the land around Galveston Bay in the 1820s and 1830s,
literally millions of ducks, geese, and other waterbirds lived in the estuary. Early settlers
reported that massive flocks filled the skies, and specialty shotguns were imported to kill a dozen
birds with a single shot. For several decades the meat and feathers of these birds were one of
the main exports of what was to become the Houston-Galveston metropolitan area. Large sailing
vessels would annually carry thousands of bird carcasses to meat markets in New York,
Philadelphia, and other cities on the East Coast. Early residents also found the waters of
Galveston Bay teeming with fish, crabs, and other marine life. This huge stock of seafood lasted
longer than the waterfowl; even thirty years ago, it was not unusual for a recreational fisherman
to bring home a hundred pounds of fish after spending a Saturday or Sunday fishing on the bay.
This can still happen, but such a catch is now rare.

Today the main economic benefits that Galveston Bay provides are not the food supplies from
the fish and wildlife that can be extracted, although commercial fishing is still an important use
of the bay. Of greater economic significance is the fact that residents of the Greater
Houston-Galveston area and others in Texas use the bay for a variety of recreational activities,
including fishing, boating, swimming, and bird watching. In addition, the Houston Ship
Channel is an indispensable transportation artery serving the industrial facilities in the area.

People often ask about the economic value of a natural resource such as Galveston Bay. Some
want to know the bay's economic value in order to rigorously compare the economic benefits
of cleaning up or protecting the bay with the costs of improving the environmental quality of the
bay. Others want to have an estimate of the dollar value of the natural resource in an attempt
to answer the question, "Is Galveston Bay worth a lot or a little?" Whatever the uses to which
estimates of economic value are put, such estimates are a common ingredient in public policy
debates about appropriate strategies for managing natural resources.

The fact that estimates of economic value are commonplace in public policy discourse does not
make them easy to construct in a conceptually sound, meaningful manner. Indeed, assigning
an economic value to an ecosystem as complex and productive as the Galveston Bay estuary may
seem to many people to be at best a fool's errand, and at worst a moral outrage. Yet because
any plan for cleaning up, protecting, and managing Galveston Bay will inevitably cost millions
of dollars, the Galveston Bay National Estuary Program (GBNEP) felt that people in the Greater
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Houston-Galveston Area~and elsewhere in Texas-deserved to have the best information
available about the economic benefits they could expect to obtain from implementing a
management plan for the bay.

In order to provide public officials and the general public with an estimate of the economic
value of the improvements planned for the Galveston Bay estuary system, GBNEP
contracted with the University of North Carolina at Chapel Hill to carry out a
"nontraditional" economic valuation study. In this context, "nontraditional" meant that we
were not to restrict our focus to the goods and services provided by Galveston Bay for which
market prices are available. Instead, the objective of our research effort was to look broadly
at how changes in the environmental quality of the bay would affect its economic value.

1.2 The Concept of Economic Value

Yet what exactly would nontraditional estimates of economic value measure? What kind of
information would public officials, policy analysts, and the general public like to have about
the economic value of implementing a management plan? Clearly they want to know how
the implementation of a management plan would affect the water quality and other broad
ecosystem components. But policy makers and the general public also want to know how
much people care about—or value—such changes in the bay. This question takes us into the
realm of economic valuation.4

It is important to carefully define what economists mean by "economic value" because their
definition is much broader and more encompassing than many people realize. The economic
value of a natural resource is not simply the amount of income that individuals can receive
by using a natural resource (i.e., from harvesting fish); instead, economists attempt to
measure how much people's well-being would decrease if a natural resource were lost, or
how much people's well-being would increase if it were better managed or its quality
improved. In other words,when economists try to estimate the economic value of Galveston

The multiple meanings of the word "value" have been a source of considerable confusion. For most
laymen, philosophers, and members of other disciplines, the word "value" is used as a noun and means
something that is desirable. For economists the value of a good or service to an individual is established by
an exchange transaction (either actual or hypothetical) and is the amount of something else (usually money)
that the individual is willing to give up to have a certain change occur (or accept as compensation to forgo
or avoid the change). This definition of "value" does not allow for the possibility that, to some individuals,
goods, qualities of things, or criteria may be "incommensurable." Economists may also use the word "value"
as a verb to describe the activity or process of determining a monetary measure of the outcome of a policy
intervention, and the noun "valuation" to refer to the process of assigning value to such effects in monetary
terms. Confusion often arises because a layman may refer to improved environmental quality as an important
societal value, and economists may seek to determine or assign a monetary value to improved environmental
quality. The uses of the word in these two cases are quite different. The layman's usage may imply nothing
about our ability to assign a money measure to improved environmental quality or our interest or inclination
to think about what should be given up to maintain environmental quality.
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Bay, they attempt to answer the daunting question, "How much better off would people be
if a management plan for Galveston Bay were implemented and, consequently, the
environmental quality improved?"

How can economists measure a change in people's well-being? They simplify the task and
try to answer a related question: "What is the most people would be willing to pay for a
specified improvement in the quality of Galveston Bay?" (or, "If the environmental quality
deteriorated, how much money would a person need in compensation in order to make him
or her just as 'well off as if it had not deteriorated?"). The answers to such questions are
measured in dollars and may approximate a change in a person's well-being associated with
a change in the environmental quality of Galveston Bay. Economists call these monetary
measures of a change in an individual's well-being the total economic value to the individual
of the change in environmental quality.5

For a more formal definition of "economic value," consider an individual in an initial state of well-
being W0 that he achieves with a money income Y0 and an environmental quality level of E0:

W0 (Y0, E0)

Suppose there is a proposal to improve environmental quality from E0 to E1. This improvement would
increase the individual's well-being to Wt:

W1 (Y0, E,)

In order to assess the appropriateness of this policy, we would like to know how much the well-being of this
individual is increased by this improvement in environmental quality, i.e., how large is Wj minus W0?

Since we cannot measure well-being in the two states directly (i.e., before and after the change in
environmental quality), economists have proposed two different approaches. First, a policy analyst can try to
determine the maximum amount of income the individual would be willing to pay (WTP) for the change. In
effect, the individual is asked to consider two combinations of income and environmental quality that both
yield the same level of well-being (W0): one in which his income is reduced and environmental quality is
increased, and a second in which his income is not reduced and environmental quality is not increased, such
that

W0 (Y0 - WTP, EO = W0 (Yo, E0) .

The rational individual is assumed to adjust WTP to the point at which these two combinations of income and
environmental quality yield equal well-being. At that point WTP is defined as the monetary value of the
change in well-being, W1 - W0, resulting from the increase in environmental quality from E0 to Elf and is
termed the individual's compensating variation. It is measured relative to the initial level of well-being, W0

The second approach yields an alternative monetary measure of this change in individual well-being. This
approach is to ask how much an individual would be willing to accept (WTA) in additional income to forego
the improvement in environmental quality and still have the same level of well-being as if environmental
quality had been increased. In this case the individual is asked to consider the following two combinations
of income and environmental quality that yield an equal level of well-being (Wx):

Wa (Y0 + WTA, EO) = Wt (Yo, EJ)
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It is useful to consider at this point the different reasons why an individual would be willing to
pay for an improvement in environmental quality or services in order to disaggregate the concept
of total economic value (as defined by economists) into distinct components. Let us suppose
the environmental change at issue is the improvement in the quality of an estuary system. One
reason an individual might be willing to pay for a management plan to improve the estuary's
environmental quality is because he or she intends to go there and use it, i.e., for fishing,
boating, swimming, hiking, camping, or bird-watching. The amount he would be willing to pay
for such activities is termed the actual use value.

Alternatively, an individual may not be certain he would ever visit the estuary but might be
willing to pay for the improvement of its environmental quality in order to have the possibility
of using it in the future. The amount he would be willing to pay for this possibility is called the
option value of the resource. The total use value is the sum of the actual use value and the
option value.

Finally, an individual might be certain he would never visit the estuary, but he still might be
willing to pay something for the improvement of its environmental quality. This might be
because the individual is altruistic and wishes to provide others with the enjoyment of using the
estuary, or it may be because he simply feels it is the "right" or "moral" thing to do. Whatever
the reason, the amount such an individual is willing to pay is termed the existence value. This
is also often referred to as nonuse or passive use value. One component of existence value
might be the amount the individual is willing to pay to ensure that his heirs could use the park;
this is termed bequest value. The total economic value of the resource to the individual is the
sum of the actual use, option, and existence values:

Total Economic = Actual + Option + Existence (1.1)
Value Use Value Value Value

The economist's approach to measuring economic value must refer to some specified change in
environmental conditions or environmental quality of the resource; otherwise there would be
nothing for which people would be willing to pay. To better understand the significance of this
point, consider the following range of environmental quality conditions of Galveston Bay:

where WTA is an alternative monetary measure of the value to the individual of the change in well-being (Wt - W0)
resulting from the improvement in environmental quality. This is termed the equivalent variation and is measured
relative to the level of well-being after the change, W,. Here the monetary measure of the value of the change in
well-being could be infinite if no amount of money could compensate the individual for not experiencing the
environmental improvement.
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Figure 1.1:
Continuum of Environmental Quality Conditions of Galveston Bay
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One question that could be asked is, "How much would you be willing to pay to avoid a change
in environmental quality from the current state of the bay, B, to a degraded state, A?" This
change in environmental quality is measured by the difference between the existing situation (B)
and extreme degradation (A), or B minus A, (B - A). One way of thinking about the answer
to this question is to consider how much one would lose in terms of direct use opportunities as
well as existence value if this change occurred.

The estimates of economic value associated with the implementation of a management plan for
the bay are more difficult to characterize. An individual's willingness to pay for the
management plan would be based on how much he or she expected the environmental quality
to improve if the plan were implemented. This amount is the difference between the state of the
bay after the implementation of the management plan (C) and the existing situation (B), or C
minus B, (C - B). However, it is reasonable for an individual to expect that the environmental
quality of Galveston Bay would deteriorate if the management plan were not implemented.
Thus, an individual's answer would depend on how much he or she would expect the quality to
deteriorate in the absence of the management plan. It could not, however, deteriorate more than
from B to A (B - A). The estimates of the economic value of the management plan would thus
at least refer to a change from the existing situation to the improved state (C - B); at most they
could refer to a change from the deteriorated state to the improved state (C - A).6

For purposes of policy evaluation, the relevant estimate of economic value is that associated with
the changes in environmental quality resulting from the implementation of the management plan.
It is this estimate that one would wish to compare to the costs of implementing the management
plan. Note that neither estimate of change in environmental quality in Figure 1.1 (i.e., from C
to B or from B to A) would affect the economic value of the bay for shipping purposes, because
in both cases the use of the bay for shipping would not be changed. In other words, although
the use of Galveston Bay as a transportation artery is extremely valuable, the proposals for
managing the resource will not limit the amount of shipping that could be undertaken. The
estimates of the economic value of implementing a management plan for Galveston Bay
presented in this report thus do not include any estimate of the economic value of shipping,
because the management plan described does not restrict shipping.

This assumes the environmental quality of the bay would not improve in the absence of a management plan.
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We believe that estimates of economic value, properly defined and measured, provide relevant,
valuable information for public discourse on the wisdom of improving environmental quality in
Galveston Bay. We do not believe, however, that a criterion of economic value alone is an
adequate guide for evaluating public policy initiatives that affect the condition and use of a
natural resource such as Galveston Bay. Criteria other than economic efficiency should be
included in assessments of such actions. In particular, ethical judgments must be made about
what current generations wish to leave to future generations in terms of natural resource
endowments. Such questions are at the heart of the concept of sustainability and cannot be
answered simply by an appeal to economic efficiency (the criterion of traditional economics).

1.3 Measuring the Economic Value of Improving the Environmental Quality of Galveston
Bay: An Introduction to the Contingent Valuation Method

In this report we attempt to assign a monetary value to changes both in the goods and services
provided by the bay, even those not traded in markets, and in its ecological functions, by
estimating how much people would be willing to pay for them. This task was similar in many
respects to the work of economists trying to estimate the magnitude of the economic damages
associated with the Exxon-Valdez oil spill in Prince William Sound, Alaska. In the case of the
Exxon-Valdez oil spill, however, economists attempted to determine how much people would be
willing to pay to avoid the environmental damages associated with a similar spill in the future.
For us, the problem was to determine how much people would pay, not just to avoid a
deterioration in the environmental quality of the Galveston Bay estuary system, but also to
improve its environmental quality and ecological health.

The pursuit of this research objective inevitably resulted in estimates of economic value that are
imprecise and open to interpretation. The GBNEP felt, however, that it was important for
public deliberations to have a sense of the relative magnitude of the economic value of
improving the environmental quality of Galveston Bay based on this broader, more
comprehensive notion of economic value. Specifically, the GBNEP requested us to move
beyond the quantification of the use values of Galveston Bay, such as are often assigned to
fishing and recreational days, and to look systematically at the nonuse values of the bay. Of
particular concern to the GBNEP were intangible and aesthetic values, and the contribution of
Galveston Bay to "the quality of life and to human life support in a biological and ecological
sense."

The principal approach we use in this report to measure the economic value of improving the
environmental quality of Galveston Bay is the contingent valuation method (CVM). This is a
survey technique that attempts to elicit information about individuals' (or households')
preferences for a good or service. Respondents in the survey are asked a question or a series
of questions about how much they value a good or service. The technique is termed
"contingent" because the good or service is not, in fact, necessarily going to be provided by the
enumerator or research analyst: the situation the respondent is asked to value is hypothetical.
The CVM can be used to obtain values of private goods, goods with both private and public
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characteristics (such as various kinds of infrastructure), and "pure" public goods (such as
improvements in water quality). Often it is used to assess preferences for goods or services for
which a conventional market does not exist.

The University of North Carolina research team carried out a large two-part contingent valuation
survey of randomly selected households in the five counties in the Greater Houston-Galveston
Area (Harris, Galveston, Liberty, Chambers, and Brazoria). The details of the survey design
and implementation are described in this report, but in essence, participants in the survey were
asked to read a short pamphlet describing the current condition of Galveston Bay and a
proposed, hypothetical management plan for protecting and improving its environmental quality.
The proposed management plan included such actions as (1) tightening water quality standards,
(2) increasing monitoring and enforcement activities, (3) creating new "wetland reserves," (4)
establishing a program to test all types of seafood for possible contamination, and (5)
establishing a "rapid response" capability to minimize the effects of oil and chemical spills in
the bay. Respondents were then asked how they would vote if there were a referendum on
whether or not to implement this management plan if it would require adding a specified dollar
amount as a surcharge to their monthly water (or utility) bill. Different randomly selected
respondents were given different monthly amounts, and their answers to these questions were
used to develop estimates of respondent households' willingness to pay for the management plan
(i.e., its economic value).

Many economists consider the contingent valuation approach to nonmarket valuation to be very
nontraditional because it relies on what people say they would do in a hypothetical situation
rather than what people actually do (i.e., a traditional "revealed preference" valuation approach).
The use of the CVM to measure nonuse values is still quite controversial and must be regarded
as experimental. However, it is the only nonmarket valuation technique available for providing
estimates of existence value that are theoretically consistent with other measures of welfare
change. In this sense the CVM is still within the mainstream of economics because it does
attempt to measure the value of changes in human well-being.

At first glance the contingent valuation method appears similar to public-opinion polling and
market research techniques, and although there are indeed important similarities, there are also
significant differences. The contingent valuation (CV) technique seeks to obtain a monetary
measure of the strength of an individual's preference for a particular good or service. Public
opinion polls rarely ask for this specific information or require an individual to carefully
consider his or her budget constraints. Public opinion polls are typically concerned with
people's attitudes and opinions, not the translation of these into monetary valuations.

Market researchers, on the other hand, want to know whether people would purchase various
goods if they were offered at specified prices, but these goods or services are typically private
in nature. Contingent valuation research, however, typically focuses on individuals' preferences
for public or mixed private-public goods. Here, the kinds of hypothetical situations that must
be described to respondents in a questionnaire are often complex and difficult for them to
understand.
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The interviews for a CV study can be conducted by mail, telephone, or in person. Whatever
type of interview is selected, most CV survey instruments have three basic parts.

First, the respondent is presented with a hypothetical description of the terms under which the
good or service is to be offered. This description seeks to present sufficient information for the
respondent to carefully consider the value of the proposed good or service. Pictures or diagrams
are often used to convey information to the respondent. In general, the description of the good
or service to be valued should include information on such things as:

* when the service will be available
* how the respondent will be expected to pay for it
* who else will be expected to pay for it
* how much others will be expected to pay
* what institutions will be responsible for delivery of the service and
* the quality and reliability of the service

Survey designers face a tradeoff between providing respondents with sufficient information to
make a reasoned decision and overloading them with so much information that they become
distracted, bored, or confused.

Second, the respondent is asked one or more questions that try to determine how much he or she
would value a good or service if actually confronted with the opportunity to obtain it under the
specified terms or conditions. Such questions may take the form of asking how much an
individual is willing to pay for the service or how much he is willing to accept in compensation
for a loss (or to forego a gain). Alternatively, respondents may be asked how they would vote
on a proposal to provide a public good at a specified price. This may appear to be simply a
public-opinion-poll type of question, but by varying the price offered (i.e., using different
versions of the questionnaire with different respondents), respondents' willingness to pay can be
estimated with the use of econometric techniques.

Third, CV survey instruments usually include a series of questions about the socioeconomic and
demographic characteristics of the respondent and his or her family. These data are obtained
in order to correlate the respondent's answers to the valuation questions with various
characteristics of the respondent. Information may also be collected on respondents' knowledge,
attitudes, and practices regarding goods or services similar or related to what is being offered
in the hypothetical market scenario. The actual sequence of these parts in the questionnaire
depends on the particular cultural and social environment.

Over the last decade the contingent valuation method has attracted an increasing amount of
attention in the environmental economics profession and in the broader environmental policy
community. In the United States it has recently been recognized by the courts as a legitimate
procedure for valuing environmental benefits. There are several reasons for this widespread
interest in the contingent valuation method—some good and some not. First, it is the only
practical means of estimating some kinds of environmental benefits (especially nonuse values).
For example, if policy makers want to know what people are willing to pay to preserve natural
habitats that they never intend to visit or species they never expect to see, the only available
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benefit-estimation procedure is the contingent valuation method. Second, the evidence available
from the United States and Europe suggests that estimates of environmental benefits obtained
from well-designed, properly executed contingent valuation surveys appear to be as good as
estimates obtained with other valuation methods that measure only use values. Third, the ability
to design and carry out large scale surveys and to rigorously analyze and interpret the
information obtained has been greatly enhanced by advances in scientific sampling theory, the
economic theory of benefit estimation, computerized data management, and public opinion
polling.

On the negative side, some naive analysts are attracted to the contingent valuation method
because it appears on the surface to be so easy to do: just ask people a few questions and
tabulate their answers. Over the last few decades, survey researchers involved with public-
opinion polling have learned a great deal about the "art" of asking questions, and their
conclusions should give newcomers to the contingent valuation method pause. Public-opinion
pollsters have found that the task of obtaining accurate assessments of people's reasoned
judgments is much more complicated than many initially believed. Respondents often give
seemingly contradictory, inconsistent answers to questions; they sometimes fail to give truthful
answers to survey questions; they have a tendency to give an opinion even when they do not
have a real point of view on a subject; and their answers may change depending on the precise
wording of a question. Survey researchers and public-opinion pollsters have learned that reliable
information can often be obtained, but only with carefully designed, well-executed studies.

There are three basic categories of errors (or sources of problems) that arise in contingent
valuation studies. First, at the level of the individual, a respondent may not reveal his or her
true value of the good or service for a variety of reasons. There are two principal reasons
individuals may not provide accurate responses to CV questions: (1) they may know their true
preferences (i.e., how they would behave in the future if faced with the hypothetical situation
described in the questionnaire) regarding the good or service but provide a different answer, or
(2) they may not know their true preferences.

There are several reasons why respondents who know their real preferences might still provide
a different answer. For example, respondents may attempt to respond "strategically," i.e., to
provide answers different from their true preferences in hopes of influencing the outcome of the
study, which would in turn affect an actual investment or policy decision. The possibility of
strategic behavior has been a primary concern of economists, and this threat to the validity of
CV surveys is one reason that the method has not been more widely used. There is, however,
little convincing empirical evidence from contingent valuation studies in industrialized countries
that strategic behavior is a serious problem. People also may offer certain answers in hopes of
pleasing or gaining favor from the enumerator. This effect is sometimes called "compliance
bias" and may be an important problem in some cultural and social contexts.

Second, an individual may offer an accurate answer to a question he or she thought they heard
but which was not in fact the question the enumerator thought was asked. If a survey is not well
designed, it is easy for the enumerator to ask a question that he thinks is clear, which the
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respondent interprets differently than was intended. In such cases, the respondent may
(accurately) answer the question he or she honestly heard, not the question that the enumerator
thought he asked. These kinds of problems arise in part because certain words mean different
things to different people, and because survey researchers tend to impose their own conceptual
framework on problems and situations that respondents sometimes understand quite differently.

There is considerable evidence from public-opinion polls that people have particular problems
understanding certain kinds of questions that depend on insight into their own feelings or their
memory of events or feelings. Contingent valuation questions related to environmental policy
are very susceptible to such problems because attitudes toward such issues as environmental
degradation and the preservation of species evoke deeply held moral, philosophical, and religious
beliefs.

Third, even if each individual were to reveal his or her true preferences, problems can arise
when analysts attempt to aggregate individual valuation responses to the level of a group or
community. Most analysts working in the contingent valuation field have been worried about
the accuracy and reliability of responses to CV questions at the level of the individual, but
problems of aggregating individuals' responses may in some circumstances be equally or even
more important. Analysts often wish to (1) summarize respondents' answers to valuation
questions in terms of their mean willingness to pay for a good or service, or (2) synthesize
information contained in such WTP responses in terms of a multivariate model of the
determinants of respondents' answers. Even if all respondents answered the valuation questions
truthfully, such attempts to summarize and abstract information from a sample of respondents
can suffer from two types of problems: sampling errors and insufficient sample size. Although
these problems are not unique to CV surveys, they are sometimes overlooked by analysts
primarily concerned with potential biases that may arise at the individual level.

In this report we describe several ways in which we have tried to minimize the risks from these
three types of problems with the contingent valuation method.

1.4. Organization of the Report

This introductory chapter has presented a brief description of the policy context for our study
and detailed what we mean by the economic value of improving the environmental quality of
Galveston Bay. We have also briefly described the principal approach we used to measure the
economic value of improving the environmental quality of Galveston Bay (i.e., the contingent
valuation method). In Part II of this report, we describe in detail the design and implementation
of our contingent valuation survey. In Chapter 2 we discuss the main design issues that had to
be resolved and the results of several pretests; Chapter 3 presents the final study design and
describes the survey implementation.

The results of the study are the subject of Part III. Chapter 4 first presents information about
the response rates and gives demographic profiles of the respondents. We then examine
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respondents' answers to some of the attitudinal questions and give profiles of the respondents
who use the bay. Finally, in Chapter 4, we give the raw (unweighted) data on the answers of
different groups of respondents to the valuation questions.

In Chapter 5 we use multivariate statistical techniques to develop a better understanding of the
factors that determined respondents' support for the management plan (and their willingness to
pay for its implementation). In Chapter 6 we use the results of these models to estimate mean
respondent household willingness to pay for the management plan. We then use these
willingness-to-pay estimates to estimate the aggregate willingness of the population of the
Greater Houston-Galveston Area to pay for the implementation of the management plan. In
Chapter 7 we conclude with a summary of the results of the research.

Although most of the effort of the University of North Carolina research team was spent on the
design and execution of the contingent valuation survey, and on the analysis and interpretation
of the data collected, several other, different approaches were also used to measure the economic
value of Galveston Bay. These approaches include benefit transfer, net revenue analysis,
marginal productivity analysis, and embodied energy analysis. The results of this work are
described in detail in Appendix 1 of this report. Appendix 2 presents a detailed description of
the procedures used to select the samples for the contingent valuation survey. Appendix 3 is a
complete listing of all of our correspondence with sample respondents in the contingent valuation
survey as well as the household questionnaires themselves. Appendix 4 presents statistical
tabulations of respondents' answers to all of the questions in the contingent valuation survey.
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