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Preface

In 1991, the U.S. Environmental Protection Agency (EPA) proposed and
subsequently adopted a rule requiring the reduction of sulfur dioxide emissions
from the Navajo Generating Station (NGS), a coal-fired power plant located in
Page, Arizona. As of February 1994, contracts were being awarded for the
various stages of work required to install scrubbers at each of NGS'’s three
generating units. The installation is scheduled to begin in January 1995 and is
expected to be completed in August 1999.

The stated purpose of the regulation and subsequent installation was to reduce
anthropogenic haze, and thereby improve visibility, in Grand Canyon National
Park. The regulation also might improve visibility in other national parks in the
desert southwest. The proposed and final regulations were estimated to cost the
utilities (and their rate-payers) approximately $100 million per year (EPA, 1991a).
Although not required under the Clean Air Act, the EPA attempted to estimate
the economic value of visibility improvement in the Grand Canyon to compare
with the estimated costs. Two benefit analyses were submitted to the public
docket, one sponsored by the EPA and the National Park Service and the other
sponsored by the utility operators. These analyses employed contingent
valuation, a recently developed and somewhat controversial method for

assessing economic values.

RAND has a long-standing interest and experience in the scientific methods used
to determine the value of public goods.! Because of the potential significance of
introducing contingent-valuation (CV) studies to regulatory proceedings, RAND
provided a public comment on these studies at the EPA hearing in Phoenix,
Arizona on March 18, 1991, and subsequently submitted a written comment
(Levy et al., 1991) to the EPA Public Docket (AD-FRL-3700-4). This report is

based on that comment.

RAND is a non-profit institution founded to further and promote scientific,
educational, and charitable purposes for the welfare and security of the United
States of America. The research for this report was supported using RAND

Isee Jan P. Acton, Evaluating Public Programs to Save Lives: The Case of Heart Attacks, Santa Monica,
CA, RAND, R-950-RC, 1973, and James K. Hammitt, Estimating Consumer Willingness to Pay to Reduce
Food-Borne Risk, report to the U.S. Environmental Protection Agency, Santa Monica, CA, RAND,
R-3447-EPA, 1986.



iv

corporate funds. Neither the authors nor RAND have any financial or other
interest in the outcome of this matter except as it influences the welfare of the
American public. These comments are not intended and should not be taken as
the opinions of RAND or the sponsors of its other research.

The public comment was intended for the economists, statisticians and legal
counsel involved in the regulatory debate. This report should also be of interest
to the broader group of policymakers, economists, statisticians, and attorneys

involved in valuing environmental and other public goods.
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Summary

The application of contingent valuation to measure the economic value of
environmental and other public goods requires resolution of many economic,
legal, survey-methodological, and statistical issues. This report addresses a
number of these issues as they arise in two contingent valuation (CV) studies that
were used to estimate the value of improvements in visibility in the Grand
Canyon. These studies were prepared to assist the U.S. Environmental
Protection Agency (EPA) in determining whether to adopt a regulation to require
emission reductions from the Navajo Generating Station (NGS), a coal-fired
electric generating plant. Emissions from NGS are believed to contribute to a
winter-time haze that, on occasion, impairs visibility in the Grand Canyon.

Economic benefits of Grand Canyon visibility may be divided between use and
nonuse values. Because nonuse value may contribute a substantial part of the
total, contingent valuation appears to be the only method capable of estimating
the total value. However, estimation of the economic benefits of improved
visibility using CV presents a number of issues that must be resolved before the

results can be viewed with confidence.

The appropriate valuation concept is uncertain. Economic values can be
measured either (1) in terms of willingness to pay (WTP) for an improvement or
to avoid a degradation in quality or (2) as willingness to accept (WTA)
compensation to allow a degradation or to forego an improvement.
Conceptually, the choice between measures depends on the applicable property
rights. If, as our analysis of the law suggests, the U.S. public has the right to
Grand Canyon visibility unimpaired by NGS emissions, WTA is the conceptually

valid measure.

Contingent valuation studies have often estimated WTP, even in cases where
WTA may be the valid concept. This use of WTP arises from the belief that WTP
may be estimated more reliably than WTA, because CV studies often have found
the estimated WTA to substantially exceed estimated WTP. It had been thought
that economic theory precluded a substantial difference between these values.
More recently, it has been recognized that economic theory does not preclude
such a difference but rather predicts WTA to significantly exceed WTP for some
goods that do not have close substitutes; Grand Canyon visibility may be such a

good.



An additional factor influencing the choice of valuation concept is uncertainty
over the extent to which values are based on levels of environmental amenities
and other goods (as assumed by economic theory) or are based on changes in
amenities from the status quo or some other reference position (as suggested by
Prospect Theory, for example). Our analysis suggests that regardless of whether
level- or change-based theories best describes valuation, WTA compensation to
allow a degradation in visibility is a conceptually valid measure to use in this
context, and that the use of WTP in this context—the measure used by the two

studies under review—is conceptually incorrect.

An additional conceptual issue is the question of whether the visibility change in
the Grand Canyon is to be viewed in isolation or as part of a larger program of
regulation. CV research suggests that the estimated value of improvement in one
amenity (e.g., Grand Canyon visibility) will be greater if it is considered in
isolation than if it is embedded as part of a survey encompassing additional
goods. Similarly, the value of such an improvement also depends on whether

substitute amenities are also improved.

Often CV data are highly asymmetric. In one study under review, 90 percent of
the stated values for a specified visibility improvement are zero; the remaining 10
percent range from $5 to $100 per year per household. Because CV responses are
likely to include some large outliers, it is beneficial to use a robust statistic to
estimate the average response—one that is less sensitive to outliers than the
sample mean. Because the data are highly skewed, however, it is difficult to
distinguish outliers from legitimate large values. One study uses the trimmed
mean (which is the sample mean of the data after excluding a prespecified
number of the most extreme values from each tail of the distribution). This
statistic will underestimate the mean of a positively skewed distribution. Using
the data from this study, the estimate declines significantly with the degree of
trimming (the number of observations excluded from each tail). The Winsorized
mean is an alternative that exhibits less dependence on the degree of trimming.
This statistic shrinks a prespecified number of the most extreme observations
toward the center of the distribution and takes the mean of this modified sample.
Further improvements may be obtained using two-part models that distinguish
between the processes leading to zero and to positive responses.

An additional issue is that of distinguishing true zero values from “protest
zeros,” zero responses given by individuals who hold positive values for the
visibility change but reject some aspect of the specified contingency. Because
such individuals may have large values for visibility improvement, results may
be sensitive to the techniques used for treating possible protest zeros.
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Finally, the two studies under review, although they provide useful
methodological improvements and some illustrative results, do not appear to
provide an adequate basis to estimate economic benefits in this context. The
regulations under consideration were estimated to cost the NGS operators (and
their consumers) approximately $100 million per year; with stakes this large,
additional efforts to quantify the benefits appear warranted.
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1. Introduction

Contingent valuation (CV) has received increasing attention as a method for
valuing environmental and other public goods. This report reviews a particular
case that has received substantial attention from the Environmental Protection
Agency (EPA) and the public—the change in visibility in the Grand Canyon that
may result from a reduction in emissions from the Navajo Generating Station
(NGS). Two contingent-valuation studies were presented to the EPA to help it
decide whether to require the Navajo Generating Station to adopt best available
retrofit technology (BART) to reduce emissions. These studies provide an
opportunity to evaluate the use of contingent valuation both in this setting and
for regulatory decisionmaking in general. A number of economic, legal, survey-
methodological, and statistical issues that are central to the specific application
and to the use of CV in general are discussed.

On February 8, 1991, the EPA proposed to require the coal-fired Navajo
Generating Station to reduce emissions of sulfur dioxide (5O,) by 70 percent to
protect visibility in the Grand Canyon (EPA, 1991a). The annualized cost of the
proposed regulation to the utilities and other owners of the power plant was
estimated to be between $92 million and $128 million (EPA, 1991a). The
regulation was proposed under Section 169A of the Clean Air Act (CAA), which
sets as a national goal “the prevention of any future, and remedying of any
existing, impairment of visibility in mandatory Class I Federal areas which
impairment results from manmade air pollution” (42 U.S. C. 7491). To meet this
goal, the EPA is required to consider rules requiring certain emission sources to
adopt BART. In addition to the Grand Canyon, the EPA has identified more than
150 Class I Federal areas which are protected by the CAA. The EPA’s proposed
regulatory action at the Navajo Generating Station, therefore, presents the
possibility of similar regulatory actions to protect visibility at other locations.

The EPA considered a number of studies that investigated physical evidence to
determine both the extent to which the Navajo Generating Station contributes to
the reduction in visibility in the Grand Canyon and the costs required to remedy
the reduced visibility. In addition, the EPA considered two analyses to estimate
the economic value of visibility improvement to the U.S. public. The first study
was commissioned by the EPA and the National Park Service and the second by
the Salt River Project (the operating agent of the Navajo Generating Station).



The two studies produced widely divergent estimates of the value that the U.S.
public places on visibility in the Grand Canyon.

On October 3, 1991, the EPA promulgated a regulation requiring NGS to reduce
emissions of SO, by 90 percent! and to schedule most routine maintenance so as
to maximize downtime during the winter months, when NGS emissions are
believed to have greatest effect on Grand Canyon visibility. The estimated
annualized cost of compliance is $106 million (EPA, 1991b). The EPA did not
resolve the controversy over the magnitude of economic benefits, arguing that no
benefit analysis was required for this action (EPA, 1991b, pp. 50183-4).

Physical Evidence

The original evidence that NGS emissions were present in the Grand Canyon
came from the Winter Haze Intensive Tracer Experiment (WHITEX) conducted
by the National Park Service in January and February of 1987. The evidence
produced by the WHITEX study has been reviewed extensively by a number of
physical scientists, including an independent committee convened by the
National Academy of Sciences (NAS, 1990). Since that time, additional physical
evidence has been introduced by both the National Park Service and the Salt
River Project. Although the precise extent of the reduction in visibility caused by
NGS remains uncertain, the physical evidence suggests that emissions from NGS

do impair visibility in the Grand Canyon.?

Benefit Analyses

In conjunction with its BART analysis, the EPA considered and evaluated the
benefits associated with improving visibility in the Grand Canyon that might be
caused by a reduction in emissions from NGS. The EPA relied heavily on a CV
study funded by the National Park Service and the EPA (Chestnut and Rowe,
1990) for evidence of the value of a change in visibility in the Grand Canyon
(EPA, 1991a). The public docket also includes a CV-based benefit analysis by a
group of researchers assembled by Decision Focus Incorporated (DFI) and
funded by the Salt River Project (Balson et al., 1990; Carson et al., 1991). These
two analyses provide widely divergent estimates of the value of a change in
visibility in the Grand Canyon. Based on the Chestnut and Rowe study, the EPA

1Although requiring a greater percentage emission reduction than the proposed regulation, the final
regulation uses a less stringent averaging period for determining compliance: 365 days rather than
the 30 days in the proposed regulation (EPA, 1991b).

2Fora critique of the standard analysis, see Markowski (1992).



estimated the value of visibility improvement associated with the BART action as
$130 million to $250 million per year (EPA, 1991a,b), about 1.3 to 2.5 times the
projected cost. The Balson et al. study suggests values of less than $50 million
annually,? less than the estimated costs.

Report Outline

This report evaluates the two benefit analyses and the methods employed. The
comments are not meant to be exhaustive but to point to issues of major interest
and concern. The analyses presented here are meant only to illustrate the
economic and statistical issues and possible biases in the two benefit analyses.
Qur results are not intended to be, and should not be considered, estimates of the
benefits involved in this regulatory action. Our intent is to provide independent
evaluation of the existing benefit analyses and to suggest directions for future

research in this field.

The remainder of the report is divided into three sections. The first addresses a
set of conceptual issues that are relevant to a wide range of contingent valuation
studies. These issues are central to the use of CV for cost-benefit analysis and,
therefore, are critical to understanding and evaluating the evidence presented in
the two benefit analyses in the public docket. These issues include the validity of
the CV method, the divergence between responses to questions that seek to elicit
willingness to pay (WTP) and willingness to accept (WTA) measures of value,
property rights, and the appropriate contingent valuation question.

The second section addresses survey research methods, which are an integral
part of the CV method. It includes a discussion of a number of issues concerning
how the questions are presented and the use of pilot data and preliminary

analyses to inform regulatory action.

The third section comments on statistical techniques that are appropriate for this
type of analysis. Alternative statistical methods for analysis of CV data are
proposed, and the results are found to be sensitive to choice of analytic method.

The final section concludes and offers recommendations for procedural changes
that would facilitate the exchange of information and help inform regulatory

debates of this type.

3Carson, etal., (1991, p. 6) conclude “Benefits are likely to fall into the range of $0.00 to $0.50 per
household,” of which there are about 100 million.



2. The Contingent Valuation Method

Contingent valuation is a method for estimating the economic value individuals
place on environmental amenities and other goods. Unlike alternative methods
(hedonic and travel-cost methods), CV relies on stated values, elicited by survey,
in contrast to values as revealed through behavioral choices. As a result, CV can
be applied whenever relevant survey questions can be developed. The
alternative methods that rely on observation of behavior can be employed only in
cases where behavioral choices are made. In part because it relies on reported
preferences, as opposed to preferences revealed through action, many
economists have been skeptical of the validity and reliability of CV results.

Validity of the Contingent Valuation Method

Soon after Ciriacy-Wantrup (1947) introduced the concept of contingent
valuation, questions about the validity of the method surfaced. Samuelson
suggested that a respondent has a strong incentive to provide “false signals, to
pretend to have less interest in a given collective activity than he really has.” In
doing so “any one person can hope to snatch some selfish benefit in a way not
possible under the self-policing competitive pricing of private goods”
(Samuelson, 1954, p. 389).

A central effort of researchers in the field of contingent valuation has been to
demonstrate the validity of the method and its usefulness in estimating the value
of goods that are not exchanged on existing markets, and, therefore, do not have
directly observable prices. The U.S. Department of the Interior proposed the use
of CV to value damages to natural resources, in particular as a result of oil spills.
The courts have accepted this application, finding the contingent valuation
method to be “reasonable and consistent with Congressional intent” for valuing
injuries to natural resources (State of Ohio versus U.S. Department of the Interior,
880 F. 2d 432, D.C. Cir. 1989). However, the method is still viewed as being in its
developmental stage by many practitioners and may be viewed with even more
skepticism among the broader range of social science researchers. A leader in CV
research concluded his 1986 assessment of the method with the following
statement: “We can draw no conclusions on its accuracy based on what we know
from research to date” (Smith, 1986). Another prominent environmental

researcher concluded his foreword to a recent CV text by stating that “The



contingent valuation method is still in its infancy and research regarding
appropriate application procedures and tests of reliability are under way” (Kopp,
1989).1 Although contingent valuation research is providing important
information about the validity of the method, it is clear that even within the
group of contingent valuation researchers the validity of the method remains

controversial.

A number of studies have tested the validity of the contingent valuation method
(e.g., Bohm (1972); Bishop, Heberlein and Kealy (1983); Bishop and Heberlein
(1986); Dickie, Fisher and Gerking (1987)). Tests of validity are performed by
comparing valuations drawn from contingent value studies with valuations
produced by other methods, principally analysis of observed behavior (e.g.,
hedonic price estimates and travel-cost method).

Verifying the validity of contingent valuations of certain goods, such as visibility
in the Grand Canyon, may be particularly problematic. Values for
environmental goods can be divided between use, option, bequest, and existence
values. Use values incorporate the value of the service flow individuals derive
from an environmental good—in this case, the awe and appreciation experienced
upon viewing the Grand Canyon. Option value incorporates future use values,
discounted by the probability that the individual will actually obtain the services
of the good, e.g., the probability that he will visit the Grand Canyon. Bequest
value includes the value of preserving the option value for others, including
subsequent generations. Finally, existence value incorporates the satisfaction
that individuals may feel from simply knowing that an environmental good
exists, even if they have no intention of ever using it. In general, use and perhaps

option values can be measured with alternatives to CV.

Because a large part of the value of visibility in the Grand Canyon may reflect
existence value,? this good may be difficult, if not impossible, to value by
methods other than CV. Furthermore, prior work suggests that it is particularly
difficult for respondents to accurately value goods that they have had little
experience using, purchasing, or thinking about (Coursey, Hovis, and Schulze,
1987). Thus, Grand Canyon visibility represents a class of goods for which tests
of validity of the contingent valuation method may not be possible and for which
we might expect contingent valuation estimates to be less accurate than for other
goods. Nevertheless, contingent valuation may be the only available tool for
estimating the value of public goods such as visibility in the Grand Canyon.

1Hausman (1993) also gave a critical review of CV.
2Rowe, Chestnut, and Skumanich (1990) estimate that benefits are about evenly divided among
the three categories they consider: option, bequest, and existence.



Measures of Value: Willingness to Pay Versus
Willingness to Accept

An important issue that must be resolved before EPA and other agencies can
confidently rely on contingent valuation estimates in regulatory proceedings is
the determination of the appropriate measure of value (WTP or WTA) to use in a
particular case. Estimates based on alternative measures may differ widely, and
the reasons for the divergence are not settled. Some evidence exists that WTP
measures are more reliable (replicable) than WTA. However, the conceptually
valid measure to use depends on the applicable property right. Although the
two contingent valuation studies in the public docket estimated WTP, we suggest
that the appropriate conceptual measure in this case is WTA.

Many contingent valuation studies, including the two in the public docket, ask
respondents how much they are willing to pay (WTP) for an improvement in
conditions, as opposed to asking them how much they are willing to accept
(WTA) for a comparable diminishment. For example, both the Chestnut and
Rowe and the Balson et al. studies ask respondents how much they would be
willing to pay for a specific improvement in visibility,® as opposed to asking
respondents the minimum amount of money they would be willing to accept to
forego that improvement. This distinction is important for two reasons. First,
empirical evidence, beginning with work by Hammock and Brown (1974), has
repeatedly shown estimates drawn from WTA questions to be as much as two to
five times greater than those elicited from WTP questions. Second, the
appropriate WTA and WTP for policy evaluation depends on assumptions about
how individuals value gains or losses of amenities and the property rights
individuals have to the amenity being valued.

The empirical finding that WTA is often considerably greater than WTP is widely
recognized in the contingent valuation literature and has been demonstrated
repeatedly (Cummings, Brookshire, and Schulze, 1986; Mitchell and Carson,
1989). Until recently it was believed, however, that economic theory provided
little justification for a large difference between WTA and WTP. Many
researchers interpreted the empirical difference as evidence that WTA is less
reliably measured than WTP. It has been suggested that the divergence may be a
result of respondents’ uncertainty about their values, combined with risk
aversion, so that respondents overstate WTA and understate WTP. In this case,
WTA might converge to WTP as respondents gain experience in contingent

3The Chestnut and Rowe study asks respondents two types of WTP questions: willingness to
pay to improve visibility and willingness to pay to avoid the degradation of visibility.



valuation procedures. Coursey, Hovis, and Schulze (1987) experimentally
investigated the difference between WTP and WTA in a repeated-bid
experiment. They found that after a series of repeated closed-bid auctions for a
negative amenity, respondents’ WTA and WTP converged. Although WTP did
move upward slightly, the majority of the convergence was observed in WTA,
which declined by about half. Although the number of observations in the study
was too small to provide much statistical power,? this study provides a good
example of this line of thinking: WTP measures became the standard practice
because they appeared to give more reasonable answers.

Theoretical Reasons for Differences Between WTA and
WTP

For many years economists could not reconcile the empirical observation of large
differences between WTA and WTP with economic theory (Willig, 1976; Randall
and Stoll, 1980). Work by Kahneman and Tversky (1979), Tversky and
Kahneman (1981, 1991), and others has suggested an explanation for the
divergence based on a departure from economic theory. More recently
Hanemann (1991) has shown that the large divergence between WTA and WTP

may be consistent with economic theory.

Under economic theory, preferences are defined over levels of consumption. In
contrast, several investigators have argued that decisions often are made as if
individuals’ preferences are defined in terms of departures from the status quo or
some other reference position (Tversky and Kahneman, 1981, 1991; Thaler, 1980;
Schoemaker, 1980). Perhaps the most well-developed model of this class is
“Prospect Theory” (Kahneman and Tversky, 1979, and Tversky and Kahneman,
1981). Under this model, possible outcomes of a decision are represented as
changes from a reference position, and values are assigned asymmetrically, with
losses having a larger effect than equivalent gains.® This change-based model
predicts that respondents are willing to pay more to avoid the loss of an amenity
than they would be to gain an equivalent amenity. Thus if WTA is posed as the
amount the respondent would be willing to accept in compensation for loss of an
amenity and WTP is posed as the amount the respondent would be willing to
pay to gain the amenity, it predicts WTA to be greater than WTP. In what

4The same data also were analyzed by Gregory and Furby (1985). They concluded that WTA
and WTP valuations were statistically different even in the last rounds of the bids.

SIn addition to the value function described in the text, Prospect Theory incorporates a “decision
weight function,” a function of probabilities that determines the weights given to alternative
outcomes. Because our interest is in decisions without uncertainty, we focus on the value function.
Tversky and Kahneman (1991) address the implications of Prospect Theory for decisions when
outcomes are certain.



follows, we will consider the implications of the asymmetric value function
incorporated in Prospect Theory, but our conclusions hold for any change-based
model in which losses outweigh equivalent gains.

Recently, Hanemann (1991) has demonstrated that economic theory predicts that
WTA may greatly exceed WTP for goods that do not have close substitutes.® The
large divergence between empirical estimates of WTA and WTP may not be
inconsistent with utility maximization as previously believed. The reasoning
behind this finding and the economic concepts behind WTA and WTP can be
demonstrated by using Figure 1, which plots an individual’s indifference curves
for visibility in the Grand Canyon (VGC) and all other goods (AOG). q'and ¢°
represent two levels of visibility in the Grand Canyon, with g > q°. I represents
a given level of income measured in terms of all other goods consumed by an

AOG

WTA

WTP

Figure 1—WTP Versus WTA

61t is important to keep in mind that Hanemann’s work is completely consistent with the well-
known work of Coase (1960). Coase says that where property rights have been determined,
transaction costs are low, and redistribution does not affect marginal values, the allocation of legal
rights will not influence the allocation of resources. Furthermore, the allocation will be efficient.
Hanemann'’s suggestion is that the allocation of property rights influences the marginal values of
goods. Thus Hanemann’s work suggests the type of situation where the conditions underlying the
Coase Theorem may not be met.



individual. U? and UY represent two utility levels with Ul > UC. Given income I
and a level of visibility equal to g% the individual would achieve the level of
utility represented at point A on utility curve UC. Given income I and a higher
level of visibility, q', the individual would achieve the higher utility level
represented by point B on utility curve UL

The economic value of improved visibility is defined as the amount of AOG that
an individual could exchange for an change in VGC without altering his level of
utility. For example, a utility-maximizing individual would be equally happy at
point C as at point A. Therefore, he would be willing to reduce his income from I
to I€ in exchange for an increase in visibility from q° to q'. The difference, I - I%,
is a measure of his WTP.

WTA is the amount an individual would have to receive in exchange for a
degradation in VGC without altering his level of utility. In Figure 1, for example,
a utility-maximizing individual would be equally as happy at point D as at point
B. Therefore, he would be willing to have a reduction in VGC from q' to ¢° in
exchange for an increase in AOG from I to IP. The difference, IP -1, is a measure
of the utility-maximizing individual’s WTA.

As shown in Figure 1, the divergence between WTA and WTP is, in part, a
function of the curvature of the utility curves, which represents the
substitutability of VGC for AOG. Greater curvature represents less
substitutability between VGC and AOG.” For example, as U! becomes more
vertical to the left of point B, it will intersect with the vertical line q° at some
point above D, such as D’, increasing WTA. As U? becomes more horizontal to
the right of point A, it will intersect the vertical line q! at a higher point, such as
C’, reducing WTP. In the extreme case of no substitutability between VGC and
AOQG, the utility curves would be right angles. In this case, the individual could
not be compensated for a reduction in visibility from q' to ¢°. WTA would
approach infinity. At the same time, the same individual would find an increase
in visibility from q° to q! to be worthless. WTP would approach zero. Although
this final example of nonsubstitutability is extreme, it demonstrates the economic
concept underlying Hanemann’s argument: large differences between WTA and

WTP are not inconsistent with economic theory.

Although Hanemann’s work shows that a divergence between WTA and WTP
can be consistent with economic theory, it does not show that any particular

7Hanemann (1991) explicitly derives the factors that determine the divergence between WTA
and WTP. As he shows, along with the elasticity of substitution between AOG and VGC, the income
elasticity of the direct ordinary demand function for VGC and the income level will influence the
divergence between WTA and WTP.
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divergence is, indeed, a result of the economic conditions he describes. Other
mechanisms, such as departures from the economic model, could operate to
produce a divergence between WTA and WTP.

Testably Distinct Predictions of Level- and Change-
Based Models

In the level-based (economic) model, the value of a move from q' to q° may
depend on which utility curve the respondent starts from, i.e., on his initial
position, which is determined by his wealth and whether or not he has a
property right to the higher visibility level, q'. Given the respondent’s income
and property right to visibility, the level-based model provides two conceptually
distinct pairs of questions that should elicit the same WTP. Similarly, a separate
pair of questions should elicit equivalent valuations of the respondent’s WTA.
First consider an individual whose initial position is at point A, with property
right to AOG =1and VGC = q°. A typical WTP question (CSwrp) would be:
“What is the maximum you would be willing to pay in order to change visibility
from q° to q'?” If the level-based model is correct, the respondent should reply
with CSyrp = I ~I€. (Mitchell and Carson, 1989, denote this measure as CSyrp
because of the similarity of this question to that used to describe a compensating
surplus: It requests the change in AOG that compensates him for the change in
visibility.) An alternative WIP question (ESyrp) that should elicit the same
valuation from the respondent would be “What is the maximum you would be
willing to pay in order to avoid a degradation in visibility from q' to q°?” (This
second question is similar in form to that used to describe the equivalent surplus,
the change in AOG that would be equivalent, in terms of utility, to the proposed
visibility change.)

Both questions imply that the individual does not hold the property right to
visibility level q'. The difference between the two is that the first implies that the
initial position is at q°, whereas the second implies that it is at q'. In the level-
based model the distinction between the starting positions is irrelevant, but the
property right matters. The important similarity between CSyp and ESyrp is
that they both imply the same property right to AOG =Iand VGC = q° and,
therefore, the same utility or real income level UC.

If welfare is determined by changes from some reference position, the reference
point, rather than the property right, is critical. Determination of the appropriate
reference point is not always straightforward and may depend on how questions
are framed (Tversky and Kahneman, 1981; Thaler, 1980; Schoemaker, 1982). In
this situation, it appears that the reference position will correspond to the starting
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position implied by the question. If so, a change-based approach predicts that
CSwrp to improve visibility will elicit a valuation that is less than the ESy1p to
avoid a degradation in visibility. Therefore, whereas the CSyp and ESwrp
questions described above will elicit the same valuations if the respondent
follows the level-based model, under the change-based model the CSyrp
question will elicit a smaller valuation of visibility than the ESwrp question.

A similar relationship holds for the analogous WTA questions. The standard
WTA question (CSwra) asks “What is the minimum amount you would require
in compensation to be willing to accept a degradation in visibility from q! to q°?”
This question implies that the individual owns the property right of VGC = q*.
The respondent who behaves in accordance with the level-based model will
require CSyra = IP —I as compensation for a degradation in visibility from qto
q°. The alternate WTA question (ESwr,) takes the following form: “What is the
minimum amount you would require to forego an increase in visibility from q° to
q?” Once again, under the level-based model, CSyra and ESyrs questions will
elicit the same response. Under the change-based model, the CSyra question,
which asks about a reduction in visibility, will elicit a greater valuation of
visibility than the ESyra question, which asks about an increase in visibility.

The change-based model suggests that contingencies that have the same starting
point and are viewed as equal losses will elicit the same valuation. Similarly,
contingencies that have the same starting point and are viewed as equal gains
will elicit the same valuation. This suggests that the ESyp and CSyra questions,
which ask about a reduction in visibility from q! to q°, should elicit the same
valuation. Similarly, CSyrp and ESyra questions have the same starting point
and imply the same gain. The changed-based model implies that the CSyp and
ESwra questions, which ask about an increase in visibility from q° to q*, will elicit
the same valuation. Most importantly in the change-based model, gains (CSwtp
and ESyra) will have smaller absolute values than losses (ESytp and CSwra)-

The set of testably distinct implications derived from the level- and change-based

models are summarized in Table 1.

Under the change-based model, it is not clear whether individuals will perceive
CSwrp = ESwra and ESyp = CSwra. The inequality, however, is a strong
prediction that is testably different from the level-based model prediction.
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Table 1

Summary of Implications of Alternative Models of Choice

Model of Choice
Hypothetical
change Level-based Change-based
A->C CSwrp Gain
B->C ESwtp Loss
B->D CSWT A Loss
A->D ESwra Gain

Testably Distinct Predictions

Level-based: ESytp = CSwrp < ESwrta=CSwra
Change—based: CSWTP/ ESWTA< ESWTP/ CSWTA'

Property Rights, Current Conditions, and the Value of
Visibility

The preceding discussion demonstrates that the form of the question employed
in a contingent valuation may reflect differing property rights and starting
conditions. The theoretical work suggests that the valuations drawn from these
questions may differ in predictable ways. In the following section, we analyze
the law and suggest that the U.S. public holds the right to Grand Canyon
visibility unimpaired by pollution from NGS. Under the level-based model,
either CSyra or ESwra should provide conceptually correct values. Under the
change-based model, both CSyrp and ESwrp appear suitable. In this case, the
only concept that appears justified under both models of choice is CSwra-
Moreover, CSyrp, the concept used in both CV studies under review, appears

likely to understate the value of visibility improvements under both models.?

Public As Owner of National Parks

The position that the public “owns” natural resources is derived from federal
common law, which views the public’s interest in government land as analogous
to the rights private landholders enjoy in their property. This principle suggests
that the public holds the right to Grand Canyon visibility unimpaired by
pollution from NGS. However, several potential challenges to this conclusion
exist: preemption of federal common law by the Clean Air Act (CAA) or other
comprehensive environmental statutes, competing theories generated in part by

8Chestnut and Rowe (1990) also ask an ESyyyp question, which is supported by the change-
based model. Unfortunately, the ESyyrp question they ask is for a different change in visibility than
their two CSwp questions. Therefore, a direct comparison cannot be made of the two contingent

valuation questions.
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CV practitioners seeking to justify the use of WIP rather than WTA, and the
unsettled nature of federal land use management principles.

Legal Principles

Under federal common law, it is well settled that the government, on behalf of
the public, is considered to “own” the national parks and other public lands
much as ordinary owners control their property. Federal courts consistently
have held that “[t]he government has, with respect to its own lands, the rights of
an ordinary proprietor to maintain its possession and to prosecute trespassers. It
may deal with such lands precisely as a private individual may deal with his
property.”® Fundamental to the concept of ownership is the right to unfettered
enjoyment of property and that persons adversely affecting such rights must
cease their activities or pay for their interference. Consequently, the government
has a legal, proprietary interest in public lands, and third parties who interfere
with these interests must pay compensation or cease their activities.

Case law specifically enjoins the degradation of air quality on public lands on the
grounds that such degradation unacceptably harms the government’s
proprietary rights. In one early decision, the owners of a fish processing plant
generating noxious odors that adversely affected a downwind federal quarantine
station were required to abate their activities. In reaching this conclusion, the
court adopted a nuisance theory, ruling that the United States, like any other
owner, had the right to enjoin activities that unreasonably interfered with its use
of its own property.!® More recently, the United States successfully maintained a
nuisance suit against an aluminum plant that was emitting fluoride and
degrading air quality of national parklands in Montana.!! The legal theory of
these cases, nuisance, is predicated on the idea that the government has

ownership rights in public land and the air associated with the land.

9Gee United States v. Osterlund, 505 F. Supp. 165, 167 (D. Colo. 1981), aff'd 671 F.2d 1267 (10th
Cir. 1982). The leading case is United States v. Camfield, 167 U.S. 518, 524 (1897), which granted the
government’s motion for a summary judgment against a trespasser on federal lands. In reaching its
conclusion, the Supreme Court adopted the analogy between private ownership rights and the rights
of the government in its own lands that remains basic law today. For modern affirmations of
Camfield, see United States ex. rel. Bergen v. Lawrence, 848 F.2d 1502, 1510-12 (10th Cir. 1988);
United States v. Ruckman, 806 F.2d 1471, 1472-73 (10th Cir. 1986).

10ynited States v. Luce, 141 F. 385,419 (C.C.D. Del. 1905). In relevant part, the court held
“[t]hat the government, in the absence of a plain, adequate and complete remedy at law has a right to
maintain an injunction bill to restrain a nuisance materially and injuriously affecting the occupancy of
its own property there can be no doubt.” The theory of nuisance actions is that property owners
should receive compensation, or injunctive relief, for interference with their ownership rights. The
Luce court’s adoption of a nuisance theory, therefore, makes clear the concept that the United States
is the “owner” of public land and that interference with the air quality of such land is a compensable
tort.

1ynited States v. Atlantic Richfield Co., 478 F. Supp. 1215 (D. Mont. 1979). The affected lands
were Glacier National Park and Flathead National Forest.
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Consequently, interference with the air quality or other attributes of the national
parks creates compensable or enjoinable damage to the property interests of the
government and the public, and the responsible party must either cease the
interference or pay damages. There is no legal precedent suggesting an
alternative legal theory of the government’s rights in public land and of the
obligation of polluters to pay for the resource damage they cause.

Despite legal authority for government property rights in national parks, it can
be argued that comprehensive statutes such as the CAA have transformed the
government’s interest where air quality is at issue. In an influential decision, the
Supreme Court held that the Federal Water Pollution Control Act preempted all
other remedies for interstate water pollution, including state or federal
government claims based on nuisance theories.1? If the CAA similarly preempts
federal air pollution remedies, it might be claimed that the statute supersedes
prior law defining government interests in national parklands and instead
articulates a new approach.!3

Even if the CAA does preempt federal common law, however, little support
exists for the proposition that the statute also reconceived the government’s
interest in public lands. The CAA itself is silent on the matter of the public’s
property rights in national parks. It does, however, require the preservation or
remediation of air quality in such regions. This basic objective is consistent with
the view that pollution of national park air interferes with the public’s ownership
interest and, therefore, must be corrected. In addition, both the legislative
history of the 1977 amendments to the CAA and the position of the courts with
respect to the government’s property rights in the context of other
comprehensive environmental statutes support the view that the public’s
interests in national parkland air quality would not be affected substantially even
if the CAA did preempt common law.1# Consequently, the effect of CAA

12¢ity of Milwaukee v. Tllinois, 451 U.S. 304 (1980).

13The proposition that CAA preempts federal common law is not yet settled. In United States v.
Atlantic Richfield Co., 478 F. Supp. 1215 (D. Mont. 1979), the court found no preemption, but in
United States v. Kin-Buc, Inc., 532 F. Supp. 699 (D. N.J. 1982) the court held otherwise. Since Atlantic
Richfield was decided before the Supreme Court’s decision in Milwaukee v. Illinois, it is likely that
the Kin-Buc position would prevail in the higher courts.

14g0e 42 U.S.C. Sec. 7491(a), which mandates the “prevention of any future and the remedying
of any existing, impairment of visibility . . . which results from manmade air pollution.” The
legislative history of the CAA repeatedly affirms that the statute seeks to remedy damage to the
public’s right to clean air. See Congressional Committee Report, in U.S. Code Congressional and
Administrative News, Volume 2 (West 1977) at 1150-53, 1283-84, and 1296-97. Finally, under other
comprehensive environmental statutes such as the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA), the issue of whether the government has property rights
that can be damaged by pollution has been extensively litigated. A majority of courts have held that
the government retains its property interests under CERCLA. See AIU Insurance Co. v. Superior
Court, 51 Cal.3d 807 (1990), and Aerojet-General Corp. v. Superior Court, 211 Cal. App.3d 216 (1989)
for a summary of the relevant issues and authorities.
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preemption would seem only to limit the range of remedies that the government
might seek for interference with its rights on public land, rather than to

restructure those rights.1®

Federal Land Use Management Principles

An additional challenge to the reliance on WTA-type questions arises from the
frequent existence of multiple property rights and the unsettled nature of federal
land use policies. Even in private contexts, property rights are rarely absolute.
Landowners cede important property rights to others. In most communities, for
example, utility companies possess easements to enter homesites for
maintenance and safety reasons. Similarly, private parties may enjoy certain
commercial rights in public lands. Should their reasonable exercise of such rights
generate environmental harm, WTP-based question may be appropriate to value
damages. In effect, the public must pay to compensate rights holders for the loss
or restriction of their commercial opportunities to prevent reasonable damage to

public lands.

Federal land management policies reflect an effort to balance public and private
interests in natural resources. The concept that federal lands are held in trust for
the public is most pronounced with respect to national parks, which are
administered to preserve resources in a natural state for public enjoyment.
National forests, in contrast, are managed according to a “multiple use, sustained
yield” principle under which extensive oil, mineral, and timber harvesting, as
well as ranching and recreation, are permitted. The Bureau of Land Management
(BLM) manages the public lands on which commercial uses are most

aggressively pursued, especially for ranching (Coggins, 1982).

The extensive and multifaceted use of federal lands makes possible claims by
private interests that they enjoy certain exploitation rights that the public may
not curtail without compensation. The likelihood of a constructive “pollution
easement” arising from public land exploitation is considerably greater on
national forest or BLM property, but even in the national parks, mining was
permitted in six cases as of 1982, and ranchers still retain grazing rights in at least
one park (Novak, 1982).

15Preemption is, in general, an extremely complex, ambiguous area of the law. With respect to
environmental preemption, leading commentators typically focus only on the remedial preemption
effects of environmental statutes, and appear to take for granted that the public, through the
government, retains its proprietary right in the air and water associated with public lands. See, for
example, W. Rogers, Environmental Law, Section 2.14 (1977) for a review of possible effects of
preemption on remedies for environmental degradation.
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The New Property Rights Approach

A second challenge to the notion that WTA is the appropriate basis for valuation
is the “new property rights approach” (Mitchell and Carson, 1989), in which
natural resources are likened to condominium common areas for which each user
pays a fee. Proposed increases or decreases in commonly held goods of this sort,
it is claimed, are properly conceived in terms of a WTP decision. To illustrate,
WTP can be argued to be the appropriate method for valuing Grand Canyon

visibility because

... the residents may possess the right to clean air but [if the source of
pollution is owned by the public] they have to pay for it through higher
electricity prices so that the effective property right is WTP not WTA
(Carson, 1991).

Stated in this fashion, the new property rights approach is unconvincing.
Intuitively, the problem is that any statement in favor of WTP treatment can also
be restated to support a WTA position, e.g.,

... the residents may not possess the right to clean air but they are
compensated for dirty air through lower electricity prices so that the
effective property right is WTA not WIP.

Clearly, the same situation can be presented as a payment to produce cleaner air
or a savings to allow dirtier air, demonstrating that the new approach to property
rights does not settle the issue of whether WTP or WTA is the appropriate
measure. Without a determination of property rights it is not possible to assess
whether WTA or WTP is the appropriate question. Even in the public-good case
suggested by the New Property Rights approach, where both the polluting
source and the amenity being damaged are owned in their entirety by the same
public,1¢ individuals will disagree about the value of the damaged amenity.
Therefore, even in cases of complete equality of ownership, a determination must
be made of which owners’ preferences—those who want clean air and higher
electricity prices, or those who want dirty air and lower electricity prices—

16Entities other than the Federal Government directly own 75 percent of the Navajo Generating
Station. More than 42 percent is owned by two municipally owned public utilities: the Salt River
Project and the Los Angeles Department of Water and Power (LADWP). More than 32 percent is
owned by private investors. Americans who do not receive power from LADWP or the Salt River
Project and who do not own stock in the small number of investor-owned power companies that own
part of NGS receive only a fraction of the benefits produced by the Navajo Generating Station. Yet,
because all Americans are equal owners of the Grand Canyon, they pay a full share of the costs that
result from the degradation of visibility at the Grand Canyon caused by emissions from the Navajo
Generating Station. The new property rights approach does not seem to apply to cases like this,
where the benefits and costs of pollution abatement fall on different parties.
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coincide with the existing laws. The real underlying issue is whether the law
stipulates clean or dirty air to be the extant property right granted to the public.

The “new approach to property rights” is irrelevant to the determination of the
appropriate contingent valuation question. Legal, not semantic, arguments
determine the property right. In the case of the Grand Canyon, if the Clean Air
Act clearly specifies clean air as the public’s property right, the property right is
clear. If we wish to use contingent valuation methods to determine how much
the public values this existing right, the conceptually appropriate question must
ask them how much they would require in compensation for the good.

In general, the allocation of rights is not unambiguous. For this case, however,
the legal analysis supports the view that the U.S. public has the right to prevent
NGS from degrading Grand Canyon visibility. The conceptually appropriate
form of the contingent valuation question should reflect this loss of visibility,
rather than posing the change as a potential gain. Under the level-based model,
the implication is that ESyra or CSwra be estimated; the change-based model
would suggest the use of CSyra or ESyrp. We conclude that CSyyra is the only
measure that is appropriate to this case and conceptually valid under both level-
and change-based models of choice. Level- and change-based valuation
paradigms, together with empirical contingent valuation research, show that the
use of other measures, particularly CSyrp (the measure used by the studies in the
public docket) could contribute a potentially serious downward bias to the
estimated value of the change in visibility due to a change in emissions from the
Navajo Generating Station.

Structure of Benefit Analysis

The EPA proposal specified a 70 percent (rolling 30-day average) emission
reduction, together with alternative (50 percent and 90 percent) reductions. From
a social welfare perspective, the greatest gain would be produced by a regulation
that equates the marginal cost of reducing visibility impairment in the Grand
Canyon with the marginal value of further improvement. The studies in the
public docket only measure the total value of the proposed change, not the
marginal value of visibility. Consequently, they do not provide information
needed for choosing among the alternatives proffered.

The two benefit assessments do provide information useful for determining
whether the proposed level of control (70 percent) is preferred to the implicit
option of no additional controls. However, improved outcomes might be
obtained if information about marginal benefits (between control levels) were

incorporated. This type of analysis would require much more detailed
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information than provided by the surveys in the public docket. Moreover, it may
be impractical to reliably value changes in visibility even smaller than those
assessed by Balson et al. (1990), which are thought to be representative of the
visibility change associated with NGS. Given the cost of the BART action,
however, increased attention to estimating marginal benefits (and costs) may be

worthwhile.
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3. Survey-Research Methods

This section addresses survey research methods, which are an integral part of the
contingent valuation method. It also includes a discussion of the use of pilot data

and preliminary analyses to inform regulatory action.

Effects of Embedding on Reported Values

Respondents’ valuations are likely to depend on whether the improvement in
visibility in the Grand Canyon is viewed in isolation or as a part of a change in
visibility in a large number of Class I areas. Empirical evidence suggests that the
sum of respondents’ valuations of the parts exceeds their valuation of the whole
(e.g., Randall, Hoehn and Tolley, 1981; Hoehn and Randall, 1982). The two
studies in the public docket ask respondents to value visibility in the Grand
Canyon. The larger context, potential improvements in visibility in other Class I
areas, is not emphasized in either study. The omission of such information may
result in part from a desire to reduce the amount of information that respondents
are required to process. Clearly, a complete discussion of the possible
ramifications of the Clean Air Act would not be possible. As a result, however,
extrapolation from these studies to the value of visibility improvements in other
areas may overestimate the total. Similarly, the possible failure of respondents to
recognize the precedential nature of this case may have led them to overstate
their willingness to pay for improvements in the Grand Canyon, in the context of
other improvements in visibility that may result from the Clean Air Act.

Effects of Question Sequence on Valuation

A closely related issue is the effect that the sequencing of questions has on the
valuations of goods by the respondents. Contingent valuation studies often ask
respondents a series of contingencies to value (Hoehn and Randall, 1982; Tolley
and Randall, 1983). Empirical evidence shows that placing a contingency later in
the sequence will reduce its value. The Balson et al. study asks such a sequence
of questions. In total, five scenarios of visibility improvement are presented to
respondents for valuation (summer and winter, summer only, winter only, 20
winter days, and 10 winter days). Respondents are asked to rank these in
declining preference order and then provide values for each. The last two
scenarios are the cases suggested by the physical evidence to be the most
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representative of the effects of NGS emissions on visibility in the Grand Canyon.
This sequencing of scenarios for valuation is likely to bias the estimated value of
the last scenarios downward, thereby biasing downward the valuations of
change in visibility that are most relevant in this case. An alternative approach
would randomly permute the order of these questions across respondents to

avoid this possible systematic bias.

Definition and Presentation of the Contingency

It is unclear whether survey respondents should be valuing the fact that the
potential change in visibility would result from a reduction in NGS emissions as
opposed to some other source or simply natural causes. If respondents are to
value the change in visibility alone, the particular source of visibility impairment
may be irrelevant. The omission of information about the source of the change in
visibility would allow an easier separation of visibility from the harmful effects
that individuals perceive to be caused by power plant emissions. This method
may also reduce protest bids against the power plant, which potentially can
greatly alter the estimated value of visibility (as explained below).

On the other hand, the Clean Air Act may not be protecting visibility alone. It
may be protecting natural visibility or the benefit a visitor derives from
experiencing a natural environment. In this case, the source of the visibility
degradation would be relevant, and the respondents should be informed of it.
The choice between providing “complete” information and shielding certain
aspects of the scenario should depend on what the Clean Air Act is attempting to
protect—visibility per se or natural visibility.

Response-on-Demand Bias

The survey instrument itself provides information to respondents, which may
influence their responses. Individuals who visit the Grand Canyon often do not
see more than one visibility condition. They may not know that their view of the
Grand Canyon has been slightly impaired unless they are so informed. Showing
respondents two sets of pictures may alert them to a change in visibility that they
would not recognize while visiting the Grand Canyon; the process of showing
respondents the change in visibility may itself alter the value that individuals
place on the change as they look out over the Grand Canyon. This “response-on-
demand” bias is well known in the field of survey research (Converse, 1970). It
may be especially problematic in settings like this where respondents are not
familiar with the good or amenity being valued. In this case, it seems likely to
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impart an upward bias to the results by heightening the respondents” awareness
of visibility.

Depicting the Scenario of Interest

The Chestnut and Rowe study does not provide direct evidence on the value that
individuals place on the relevant change in visibility.! The study presented
respondents with photographs representing a change in visibility that is
substantially greater than that believed to be caused by emissions from NGS.

The authors attempted to extrapolate from the value individuals place on this
larger change in visibility, as measured in the survey, to the value individuals
would place on the smaller change in visibility believed to be caused by NGS.
Because the functional relationship between visibility and value is uncertain, this
extrapolation cannot be made with confidence.

Pilot Nature of Studies

Although it does provide information about the relevant change in visibility, the
Balson et al. study is only a pilot study. It is limited by a very small sample and
limited target population (100 St. Louis and 102 San Diego households were
surveyed). Such samples are not adequate to represent the diversity of the
American public and thereby reliably estimate the value that the public places on

changes in visibility.

Mail Versus In-Person Surveys

The two studies relied on different methods of administration. Balson et al.
relied on in-person interviews, while Chestnut and Rowe used a mail survey.
The majority of preceding contingent valuation studies were in-person, although
many of these studies were conducted in laboratory settings rather than by
survey. Neither of these data-collection modes is unequivocally superior in this
(or any other) context.

Face-to-face interviews generally are assumed to be the best mode for collecting
detailed data and for presenting complex tasks (especially those involving visual

aids) to respondents. Mail surveys cause researchers some concern because of

IThe study was designed for other purposes and adapted to provide information relevant to the
NGS issue.
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lack of control over how respondents handle the instrument—they may skip
around, using cues from later questions to answer earlier questions.

In an ideal world, all survey interviews might be conducted using mixed modes.
However, researchers usually are faced with limited resources and the trade-off
between obtaining a larger sample of mail or telephone responses and obtaining
a smaller sample of face-to-face responses. Chestnut and Rowe favored sample
size combined with a less desirable mode for contingent valuation. Balson et al.
chose a potentially more desirable mode and extremely thorough pretesting, but
the sample produced is too small for estimating U.S. population means or for
multivariate analysis.
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4. Statistical Methods

Analysis of the responses collected by the CV studies in the public docket must
account for a variety of problems, including reporting errors (respondents may
be uncertain of the value they place on visibility), highly skewed distributions
(combining many zeros with some very large values), and a substantial number
of “protest zeros.” In this section, we explore the sensitivity of conclusions to
alternative methods of analyzing these data. We concentrate our analysis on the
Balson et al. data because the data obtained by Chestnut and Rowe do not
directly measure the value of the relevant visibility change. Chestnut and Rowe
(1990) rely on an untested extrapolation model to adjust their estimates to the
relevant visibility conditions.

The goal of the benefit analysis is to determine the total value of visibility
improvements to the U.S. population, equal to the population mean household
valuation multiplied by the number of U.S. households. If the sample of survey
respondents were representative of the population of U.S. households, the
population mean could be estimated by the sample mean. Refinements to this
estimate could incorporate differences in characteristics between the sample and
the population of households. Because of the small sample available, we do not
consider extrapolation to the U.S. population; rather, we restrict our attention to
the estimation of the mean for the population from which the sample was drawn.

Use of Robust Statistics

Balson et al. (1990) and Carson and Ruud (1991) rejected the use of the sample
mean as a benefit measure and argued for the use of robust estimation
techniques such as the trimmed mean. This issue is crucial because the
corresponding estimates of the expected WTP are quite different, with the
trimmed mean being substantially smaller than the sample mean.

Balson et al. wrote that “statisticians recommend using 5 percent or 10 percent
trimmed means (Stigler 1977).” They also indicated that the trimmed mean
“tends in most types of data sets to be a more reliable statistical estimator of the
true expected value than the ordinary mean (Stigler 1977).” Carson and Ruud
indicated that “While there is much debate within the statistical community on

the optimal robust estimation technique in different circumstances, the
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overwhelming consensus is that the particular robust estimator used makes less
difference and is less important than the decision to use a robust estimator.”

Balson et al. and Carson and Ruud, however, failed to note that the robust
estimation techniques, in particular the trimmed mean, are predicated on the
assumption that the “underlying distribution is symmetric” (Miller 1986, p. 32).
Stigler (1977, p. 1056) also noted that “The distribution may be asymmetric, and
this asymmetry may be related to the bias in a perverse manner which suggests
that elimination of outliers is not beneficial.”

As shown below, the WTP data collected in Balson et al. exhibit a very high
degree of asymmetry. The use of the robust estimation techniques, in particular
the use of the trimmed mean, is therefore questionable. Miller (1986)
commented, “What does one do if the empirical distribution appears
asymmetric? No corresponding body of theory of robust estimators exists for
asymmetric distributions at the present time. Some hardy souls recommend
continued use of symmetric robust estimators on the ground that it is difficult to
tell from the sample whether the true underlying distribution is symmetric, but I
cannot recommend this.” The use of the trimmed mean by Balson et al. for the
very skewed WTP distribution falls into this category, which Miller “cannot

recommend.”

Use of Robust Statistics with Asymmetric Data

The Balson et al. WTP data are highly skewed. WTP for the improvement on 10
winter days is presented in Figure 2 (data for improvement on 20 winter days,
the other contingency that is consistent with the physical evidence, are similar).
Of the 181 responses excluding protest zeros and “don’t knows,” 164 (91 percent)
are zero, 14 values are nonzero and less than $50 per year, and the maximum
value is $100 per year. The mean of these 181 observations is $2.06, and the
standard deviation is $9.65—more than four times larger.

The sample mean is highly sensitive to outliers. For example, arbitrarily
changing the one observation with WTP=$100 to WTP=$200 increases the sample
mean from $2.06 to $2.61, a 27 percent increase. In CV studies and other
applications in which some of the extreme values may be inaccurate, it is
common to use an alternative statistic that is less sensitive to such outliers. A
variety of alternative approaches exists, including the median, trimmed and
Winsorized means, Huber estimates, and others (Huber, 1980; Relles and Rogers,
1977; Stigler, 1977). Many of these statistics, however, have been developed for
use with distributions which are symmetric—or at least roughly symmetric.
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Figure 2—Distribution of Responses, 10 Winter Days

Because the CV responses are highly asymmetric, such statistics may produce
very biased estimates of the mean.

Balson et al. use a standard robust estimator, the o-trimmed mean, which is
defined as the mean of the observations excluding the most extreme cases (some
prespecified fraction ¢ from each tail). This statistic may produce a biased
estimate of the mean response, as it cannot distinguish observations that are
extreme because they are outliers from those that are extreme because they come

from the long tail of the distribution.

The a-Winsorized mean is an alternative statistic that may be more appropriate
for these data. This statistic adjusts the values of the most extreme observations
toward the center of the distribution, then takes the average of all values (Huber,
1980). Specifically, the values of the largest not observations are replaced by the
(no. + 1)-st largest value. The values of the smallest n ¢ observations are
similarly replaced by the (no + 1)-st smallest value. Like the trimmed mean, the
Winsorized mean is less sensitive to extreme values than the sample mean. The
o-Winsorized mean might be preferable to the o-trimmed mean when used on
asymmetric distributions because it is less vulnerable to the bias which is due to
the asymmetry in the underlying distribution. While the o-trimmed mean
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truncates the tails of the distribution, the a-Winsorized mean shrinks the tails
toward the center of the distribution, in effect putting the probability assigned to
the tails on the (no + 1)-st most extreme observations. Table 2 compares the .-
trimmed means to the o-Winsorized means based on the WTP for an

improvement in 10 winter days.

As shown by Table 2, the trimmed and Winsorized means are sensitive to the
fraction of observations trimmed and Winsorized. Because the choice of o is
somewhat arbitrary, the dependence of the conclusion on « is troubling. The
pattern of a declining estimate with increasing « is symptomatic of a bias created
by applying robust statistics to a highly asymmetric distribution. Because these
statistics modify an equal fraction of observations from each tail, but
observations in the right tail (the large values) have a much greater effect on the
sample mean than those in the left (all of which are zeros), the larger the share of

observations modified, the smaller the resulting estimate.

The o-trimmed mean declines by more than six times between the 2.5- and the
7.5-percent trim. The Winsorized mean declines less than 2.5 times. Given that
the distribution of interest is highly asymmetric and positively skewed, robust
estimators (including the trimmed and Winsorized means) are likely to
underestimate the true mean of the distribution. In this case, the o.-Winsorized
mean might be a better estimate of the true mean than the o-trimmed mean,

because it is less biased.

Two-Part Models

To accommodate the large number of zeros, Balson et al. suggest the use of a
two-part model (Cragg, 1971; Poirier and Ruud, 1981; Duan et al., 1983) to
predict, first, whether or not an individual offered a nonzero bid and, contingent

on doing so, the amount of the bid. Balson et al., however, did not investigate

Table 2
Trimmed and Winsorized Means—10 Winter Days
(dollars per year)

o Trimmed Mean  Winsorized Mean
0.0 2.06 2.06
0.025 0.86 1.35
0.05 0.37 0.93
0.075 0.14 0.55
0.10 0.0 0.0

NOTE: Data: Combined sample of 202 St. Louis and San
Diego respondents in the Balson et al. visibility study.
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the application of a two-part model to their data. The two-part model assumes
that two different processes drive the zero responses and the positive responses.
In contrast, we will refer to the analysis in Table 2 as the one-part model analysis.
The zero values are assumed to be true valuations. By accounting for the
different processes that may lead a respondent to provide a zero or nonzero
response, a two-part model may allow better estimates of the mean value that
individuals place on the visibility change. In the following, we describe some
illustrative analyses that demonstrate the application of such a two-part model.
Our results show that use of the two-part model may greatly reduce the bias
introduced by the o-trimmed and o-Winsorized means on these highly skewed
distributions and may produce substantially larger point estimates.

Our illustrative analysis divides the WTP data into two parts: positive values
and zero values. Trimmed and Winsorized means are obtained for the positive
values and presented in columns 1 and 2 of Table 3. The two-part-model
estimates are calculated as weighted averages of zero and the a-trimmed and o.-
Winsorized means for the positive part, with weights reflecting the proportions
of positive and zero values. These estimates are presented in columns 3 and 4 of
Table 3.

The two-part trimmed and Winsorized means presented in Table 3 illustrate that
robust statistics based on the two-part model are likely to be much less sensitive
than those for the one-part model (Table 2). Even with these two-part model
estimates, however, the estimated means decline monotonically as the fraction
trimmed or Winsorized increases, symptomatic of a continued, albeit reduced,
bias in the use of the robust statistics. The reduction in bias reflects the fact that
the positive values of the sample are more symmetrically distributed than the

overall sample.

Our illustrative estimates suggest that point estimates based on a two-part model
could lead to estimated values of change in visibility that are at least an order

Table 3
Two-Part Model—Trimmed and Winsorized Means—10 Winter Days

Positive Part Two-Part
Trimmed Winsorized Trimmed  Winsorized
o Mean Mean Mean Mean
0.0 21.88 21.88 2.06 2.06
0.05 17.80 18.94 1.67 1.78
0.10 16.31 18.71 1.53 1.76
0.20 14.45 14.82 1.36 1.39

NOTE: Data: Combined sample of 202 St. Louis and San Diego respondents
in the Balson et al. visibility study.
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of magnitude greater than those found in the Balson et al. study. Clearly the
estimated means are extremely sensitive to the choices regarding o, Winsorized
versus trimmed means, and two-part versus one-part models. These issues

warrant additional research.

Protest Bids, Predicted Values, and Selection Models

The two-part model assumes that the zero values reflect the individuals’ true
underlying valuation of the change in visibility in the Grand Canyon. Some of
the zeros in the Balson et al. study, however, have been identified as “protest”
zeros—individuals who have a positive value of visibility in the Grand Canyon
but who have responded with zero bids as a form of protest, perhaps against the
scenario posed in the survey or the survey itself. This section discusses the
information represented by these protest zeros, the potential bias introduced by
the methods chosen by Balson et al. to handle protest zeros, and an alternative
method for investigating this potential bias.

WTP and WTA may produce various types of protest answers. A common type
of protest answer to a WTP question would result from respondents’
unwillingness to pay anything for the improvement in visibility in the Grand
Canyon because they believe that the owners of the generating station
responsible for the pollution should bear the cost of cleaning it up. A protest
answer of this type would prompt a zero response to the WTP question even
though the actual value of visibility (WTA) could be very large.

As an alternative, respondents may say that they are not willing to accept any
amount to degrade visibility because they think it is morally wrong to take
money for polluting the Grand Canyon. This answer could produce a zero
response to a WTA question that reflects a high underlying valuation of visibility
in the Grand Canyon. Other protest answers of this type may also exist. For
example, some individuals may dislike the particular payment vehicle, such as
higher taxes or power rates. Their aversion to higher taxes or power rates may
induce them to respond with a lower valuation of the value of visibility in the

Grand Canyon or a protest zero.

Both studies provide an opportunity for the respondents to indicate why they
provided a zero bid. In the Balson et al. study, zero bids were classified into
three types (Balson et al., 1990: pp. 8-10):

1. Clear protest bids (one respondent) were “individuals who indicated that
they wanted one or more of the visibility improvements but thought that it

should be paid for in some other fashion.”
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2. Possible protest bids (nine respondents) were “respondents who indicated
that the government wastes money, that if the program was undertaken it
should be paid from cuts in defense, or in one instance the space program, or
that the electric utility company could not be trusted.”

3. “Likely true zeros (10 respondents) look like possible protests in their
complaints about the government and electric utilities; however, they differ
in that they also included comments that suggest that they did not find the
visibility improvement programs to be important relative to other problems
faced by the government.”

The first two categories were dropped from most of the analyses in the Balson et
al. study. The last category was left in the analyses as zeros.

Respondents in each group might have had a very large underlying value of the
change in visibility. Certainly the respondent in the Clear Protest Bid category
explicitly demonstrated that he had some positive value for visibility in the
Grand Canyon; it might be expected that a Clear Protest Bid would represent a
very large positive value. The Possible Protest Bid category is also likely to be
composed, at least in part, of individuals who have a high valuation for visibility
in the Grand Canyon. These people think that other government programs
should be cut to provide the funding. Even the final group of zeros, Likely True
Zeros, may contain individuals who value the change in visibility highly, and

who have given a zero bid in protest.

These protest zeros, potentially representing high valuations of visibility,
comprise more than 5 percent of the total sample of valid bids; for the valuation
of the 10 winter days, positive bids represent only 9 percent of the sample. If the
protest bids actually represent positive valuations of visibility—and potentially
large ones—excluding them from the analysis could bias the estimated value of

visibility downward.

The underlying valuation these protest bids represent should be analyzed. One
approach would be to use the social, economic and demographic information
along with the WTP data for nonprotest bid observations to “predict” the
underlying value of visibility for the protest zeros. This approach assumes that
social, economic and demographic characteristics have the same effect on all
individuals’ value of visibility, on average. It is possible, however, that the
likelihood that an individual provides a protest zero may be correlated with the
value placed on visibility. For example, it may be that individuals who greatly
value visibility may become particularly indignant about power plants that
pollute. These individuals may be more likely to provide protest zeros,
producing a positive correlation between the underlying valuation of visibility
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and the likelihood of providing a protest zero. Other examples could be given
that produce a negative correlation. The possibility of this correlation suggests
the use of a test, possibly a “selection model” (Heckman, 1979). Omitting or
including protest zeros without investigating their underlying value of visibility,
including selection tests, may lead to significant bias in the estimated value of the
change in visibility. The direction of the bias is likely to be downward.

Rejection of Outliers

The o-trimming and a-Winsorization discussed above are methods used to
remove “extreme” observations, sometimes referred to as outliers, from the
sample. In addition, Carson and Ruud (1991) used another method to remove

extreme observations from the data.

Carson and Ruud explored the reliability of the survey responses in Balson, et al.,
using regression diagnostic techniques in Belsley, Kuh and Welsch (1980). In
particular, they considered the observations with “significant (i.e., greater than
1.96) studentized residuals” as outliers and excluded them from further analyses.

Carson and Ruud’s determination of the significance threshold (1.96) fails to
consider the simultaneity of the inference. If a specific observation chosen in
advance is examined, and the distribution of the residuals is (approximately)
normal, then 1.96 is the appropriate significance threshold for the usual 5 percent
significance level. On the other hand, the CV responses are highly asymmetric,
thus invalidating the assumption of normality on which the choice of 1.96 as the
threshold is based. If the studentized residuals are normally distributed, the
probability of the studentized residual for this specific observation exceeding

1.96 in absolute value is 5 percent.

However, Carson and Ruud did not examine one specific observation chosen in
advance. Instead, they examined all observations simultaneously. To test for
outliers at a specific significance level, therefore, the test statistic should be based
on the statistical theory of simultaneous inference. Cook and Weisberg (1982)
noted: “Where the candidate case for an outlier is unknown, the test is usually
based on the maximum of the t over alli. A multiple testing procedure, such as
one based on the first Bonferroni inequality (Miller, 1966), must be used to find
significance levels. A nominal level o two-tailed test for a single outlier will
reject if max; [tj] >t (a/n,n— p’ —1).” (Heren is the sample size and p’ is the

number of regressors in the model.)

The Bonferroni procedure recommended above usually results in significance
thresholds substantially larger than 1.96. To implement the Bonferroni
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procedure, we need the sample size n, which was not given explicitly in Carson
and Ruud for their regression analyses. According to Table VI of Carson and
Ruud, the sample size used for the summer and winter visibility program
appears to be 184. Assuming this is the actual sample size, the significance
threshold should be 3.64 instead of 1.96.
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5. Conclusion

The BART action proposed at the NGS has an estimated annualized cost of
between $92 and $128 million. At the time of this debate the total costs over the
life of the NGS were expected to exceed $1 billion (EPA, 1991b). As of February
1994, the BART is expected to require a total escalated cost of $530 million. Given
these costs, it is important to attempt to quantify the benefits for comparison, and
contingent valuation appears to be the only method currently available that has
the potential to quantify these benefits. The use of CV, however, remains subject
to many major uncertainties with regard to both validity and optimal procedure.

This analysis raises a number of issues that may significantly affect the estimated
value of visibility improvements. The two studies incorporated in the public
docket apparently both used a conceptually inappropriate measure of value—
CSyrp—which measures respondents’ buying price for incremental visibility.
Analysis of the relevant common and statutory law suggests that the public has
the right to visibility that is unimpeded by power-plant emissions. If so, the only
contingent valuation question consistent with both change- and level-based
models of choice is CSyra, willingness to accept compensation for a degradation
of visibility. Given cutrent uncertainties about which of these models best
describes individuals’ valuation of visibility, CSyra appears to be the only

conceptually valid measure.

Empirical research has shown that estimated WTA often exceeds estimated WTP.
CV researchers have used estimated WTP in place of estimated WTA, even when
the latter was conceptually appropriate, because of concerns that WTA is less
reliably estimated. Recent work has shown that, contrary to earlier
understanding, this difference may be consistent with economic theory when the
environmental good in question has no close substitutes—a condition that may
apply to visibility in one of the nation’s most cherished national parks. If WTP
questions are used in place of WTA questions because they are perceived to be
more reliable, it must be recognized that they may contribute a downward bias

to the estimated valuation of visibility.

Chestnut and Rowe did ask one question of the ESyrp form: willingness to pay
to avoid a degradation, which would be consistent with the change-based, but
not the level-based, model. Unfortunately, the Chestnut and Rowe survey
presents respondents with changes in visibility that are substantially larger than
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those believed to result from emissions from the NGS. Because of likely
nonlinearities in the relationship between the value of visibility and the level of
visibility, it is not possible to reliably extrapolate from the changes in visibility
and valuations found in the Chestnut and Rowe data to the smaller changes in
the visibility believed to be caused by emissions from the NGS.

Neither pilot study has the sample size and scope needed for a regulatory action
of this magnitude. An appropriate study should use a representative sample of
U.S. citizens, with a sample size that is large enough to provide reliable

estimates.

Even if data from a larger probability sample were available, the statistical
methods used in analyses must guard against the introduction of bias from a
wide range of sources, and analyses must be performed that investigate the
sensitivity of estimates to assumptions made in the analysis. Large asymmetries
in the distribution of values across individuals and the existence of protest
responses must be investigated adequately before results can be given credibility.

Finally, we propose that along with the written reports, survey instruments and
sampling frames, contingent valuation researchers involved in this type of debate
be required to place their data in the public domain, preferably at the time they
release their results. Without the provision of this information early in the
process, a fully informed public debate cannot take place.
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