WATER RESOURCES RESEARCH, VOL. 29, NO. 7, PAGES 2445-2454, JULY 1993

The Value of Clean Water:

The Public’s Willingness to Pay for
Boatable, Fishable, and Swimmable Quality Water

RICHARD T. CARSON

Department of Economics, University of California, San Diego

ROBERT CAMERON MITCHELL

Graduate School of Geography, Clark University, Worcester, Massachusetts

This paper presents the findings of a study designed to determine the national benefits of freshwater
pollution control. By using data from a national contingent valuation survey, we estimate the aggregate
benefits of meeting the goals of the Clean Water Act. A valuation function is estimated which depicts
willingness to pay as a function of water quality, income, and other variables. Several validation
checks and tests for specific biases are performed, and the benefit estimates are corrected for missing
and invalid responses. The two major policy implications from our work are that the benefits and costs
of water pollution control efforts are roughly equal and that many of the new policy actions necessary
to ensure that all water bodies reach at least a swimmable quality level will not have positive net

benefits.

INTRODUCTION

In 1972 Congress passed the Clean Water Act (PL 92-500)
by an overwhelming margin and thereby declared a national
goal of zero discharge of pollutants into navigable waters by
1985, an interim goal of achieving waters fit for fishing and
swimming by 1983, and the requirement that water pollution
sources meet nationally uniform pollution control technol-
ogy standards established by the U.S. Environmental Pro-
tection Agency (EPA). During the debate over this Act,
Congress paid little attention to the cost of achieving these
ambitious goals because the benefits seemed large and the
costs were largely unknown and spread through time {Leone
and Jackson, 1981]. It was anticipated that Congress could
correct the Clean Water Act on the basis of future research
and experience. Since 1983, however, despite the failure to
meet the 1983 and 1985 goals, attempts to make corrections
have foundered due to disagreement over what should be
done. In 1987, Congress postponed compliance deadlines for
effluent standards and put into place requirements for new
state programs to deal with nonpoint sources. The Clean
Water Act will again be up for renewal in 1993. Given the
latest Department of Commerce estimate {Bratton and Rut-
ledge, 1990) of current annual spending on controlling fresh-
water pollution, $37.3 billion (1990 dollars) in 1988, and the
increase in expenditures necessary to achieve further im-
provements, it is important to assess the aggregate economic
benefits of attaining the fishable-swimmable goal.

Those who would estimate the economic benefits of na-
tional water pollution control programs face a dilemma. On
the one hand, data at the national level have thus far been
lacking or are untrustworthy [Dorfman, 1977, Feenberg and
Mills, 1980; Freeman, 1982]. On the other hand, studies that
have valued ‘“‘local’” water bodies such as river basins or

Copyright 1993 by the American Geophysical Union.

Paper number 93WR00495.
0043-1397/93/93WR-00495%05.00

lakes, while more numerous [e.g., Greenley et al., 1982] are,
at best, of limited use in determining the benefits of national
water quality policy changes. Theoretical work by Hoehn
and Randall [1989] demonstrates that independently derived
benefit estimates for geographic locations or categories of
benefits which are potential substitutes or complements for
each other can not be aggregated to obtain national benefits
in a straightforward manner. Hoehn [1991] provides addi-
tional theoretical discussion on this issue and provides
empirical evidence that performing such an aggregation may
result in a significant overestimate of total benefits.

The approach presented here avoids the geographical
aggregation problem by the use of a contingent valuation
(CV) study in which a national probability sample of Amer-
ican households was asked to value a national set of water
quality improvements. It avoids the problem of benefit
category (e.g., fishing aesthetics) aggregation by asking the
same sample to give the total value of all benefits for them
for three progressively higher levels of water quality. In
addition to directly measuring national water quality bene-
fits, the national CV approach also makes it possible to
estimate a valuation function which predicts willingness to
pay as a function of the level of water quality, income,
water-based recreational use, and environmental attitudes
and which we use to update our 1983 benefit estimates to
1990 dollars. Other features of the study include a design that
allowed us to test for part-whole bias and reconsideration
effects and the use of a new missing data imputation method
to compensate for the bias introduced by missing valuation
responses. Of particular interest, given the strong claims
made by authors such as Kahneman and Knetsch [1992] that
the embedding effect is ‘‘the most serious shortcoming of
CV,” is the comparison between our national water quality
benefit estimates and those made by Smith and Desvousges
[1986] for the same quality changes in a subnational re-
source: the Monongahela River.
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CONTINGENT VALUATION

The contingent valuation method uses survey research
techniques to elicit people’s preferences in the form of
willingness-to-pay (WTP) monetary amounts. In its standard
form, the CV survey describes a detailed hypothetical mar-
ket in which a specified good may be purchased and asks
respondents how much of their current household income in
dollars they would be willing to give up in exchange for a
specified increase in the level of the public good. Thus we
ask the respondent for a direct evaluation of his household’s
compensating surplus (CS) from a change in the good in
question which can be represented as

CS = [e(p()’ 9%, 40, UO)] - [e(p()’ Gxs 41> UO)]’ (1)

or equivalently, CS = Y, — Y,, where e is the expenditure
function, p, the vector of prices for marketed goods, g, is
the vector of nonmarketed goods which remain fixed, g, and
g, are the initial and subsequent levels of the nonmarketed
good being valued, respectively, Yy and Y, are the initial
and subsequent levels of disposable income associated with
each of the two expenditure functions, respectively, and U,
is the initial utility level. An equivalent representation of (1)
which is often more useful for estimation purpose is the
income compensation function [Willig, 1976] u(q;|pg, Gx,
Yy, V(Po, 9%, 99, Yo, 1)), where T is a vector of taste
parameters and V is the indirect utility function which is
assumed here to equal the utility level U,. Often the
valuation question is repeated several times for different
levels of the good so that a Hicksian compensated demand
curve can be traced out.

Since its initial applications in the 1960s, considerable
effort has been devoted to establishing its theoretical basis,
developing the actual methodology and, where possible,
comparing its estimates with those using market demand
based measures {Cummings et al., 1986; Mitchell and Car-
son, 1989]. Even though the method is now the one most
frequently used to value environmental amenities (Carson et
al. [1993] provide a bibliography of over 1200 papers on
contingent valuation); its use has its critics [e.g., Cambridge
Economics, 1992]. If one accepts the compensating surplus
form of WTP as the appropriate welfare measure for a
specified improvement in the water quality enjoyed by an
individual household and takes the current distribution of
income as given, then a point on the Samuelson-Bradford
bid/benefit curve [Randall et al., 1974] is given by summing
all household’s WTP amounts for the new level of water
quality. Optimal provision of water quality occurs at the
point where the aggregate marginal cost and marginal benefit
curves Cross.

Table 1 shows the types of benefits which might accrue
from improved water quality. In the presence of uncertainty,
contingent valuation obtains an estimate of the difference
between two planned expenditure functions, an ex ante
welfare measure which is referred to as option price [Smith,
1987]. Several benefit categories, particularly those making
up the nonuse (i.¢., existence) class of benefits, may show no
traces in marketplace transactions. There are reasons to
believe that this class of benefits may comprise a sizable
portion of total water quality benefits [Fisher and Raucher,
1984]. Among benefit measurement techniques, the contin-
gent valuation method is uniquely able to measure nonuse
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TABLE 1. A Typology of Benefits From an Improvement in

Freshwater Quality

Benefit
Category

Benefit

Class Benefit Subcategory (Examples)

Use Recreational (water skiing, fishing,
swimming, boating)

Commerical (fishing, navigation)

Municipal (drinking water, waste
disposal)

Agriculture (irrigation)

Industrial/commerical (process
treatment, waste disposal)

Enhanced near water recreation
(hiking, picnicking, photography)

Enhanced routine viewing
(commuting, office/home views)

Enhanced recreation support (duck
hunting)

Enhanced general ecosystem support
(food chain)

Significant others (relatives, close
friends)

Diffuse others (American public)

Inherent (preserving remote wetlands)

Bequest (family, future generations)

In stream

Withdrawal

Aesthetic

Ecosystem

Vicarious
consumption

Nonuse

Stewardship

benefits since it can elicit values from both users and
nonusers of a given amenity.

DESIGN CONSIDERATIONS AND FEATURES

Although there is a growing consensus that the CV method
is a valid way of measuring the value of nonmarket goods,
successful implementation of the method requires great care
because survey-based benefit estimates are sensitive to
methodological artifacts. Large errors are possible if the
survey instrument is misunderstood or not accepted as
plausible by respondents, or if the questions or the inter-
viewers improperly influence the respondents’ answers, or if
the sample is distorted in some way. In this section we
provide information about the relevant design features of our
instrument which were developed after an extensive period
of questionnaire design research and pretesting. The com-
plete CV survey instrument is contained as an appendix in
the work by Mitchell and Carson [1989]. It was developed
and tested in three phases. During the first phase, 1979-80,
we developed a precursor to the present instrument which
we tested by appending it to a national, in-person survey of
1576 respondents we were conducting for another study
[Mitchell and Carson, 1981]. We used equivalent subsam-
ples in this pilot study to test the payment card elicitation
method for bias. In the second phase, we collaborated with
the Research Triangle Institute in the summer of 1983 to
pretest a modified and expanded version of this instrument.
This led to further modifications to make it more compre-
hensible to respondents. Finally, just prior to the survey’s
administration in November 1983, further pretesting was
conducted by the Opinion Research Corporation to ensure
that the survey was suitable for administration by their
national field staff. Additional information about the instru-
ment, its administration, the statistical tests reported here,
and other issues related to the valuation of national water
quality improvements may be found in our three technical
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reports on this project [Mitchell and Carson, 1981; Mitchell
and Carson, 1984; Mitchell and Carson, 1986].

One issue is whether, compared with local or regional
water quality, national water quality is too far removed from
the respondents’ everyday life and experience for them to
find the valuation scenario a plausible choice situation.
Plausibility was enhanced by several factors. One factor was
the all-inclusive nature of the amenity valued. Pretests
showed that respondents quickly grasped the idea of improv-
ing the water quality of all lakes, rivers, and streams
throughout the country. The plausibility of valuing national
water quality was also enhanced by the widespread aware-
ness among the respondents that water quality policy is
made at the national level. It was necessary, of course, to
define the amenity change in specific terms. Here plausibility
was aided by the fact that the levels of minimum national
water quality we asked respondents to value, boatable,
fishable, and swimmable, are concepts that are widely un-
derstood (although not unambiguously interpreted) in our
society. That they are also mandated by the Clean Water Act
enhances the correspondence between our valuation ques-
tions and the behavior we seek to predict. This does mean,
however, that our results will be more useful in making
broad comparisons of the benefits and costs of different
national water quality objectives than in making detailed
benefits estimates for the types of control problems routinely
faced by government regulators.

Matching the boatable, fishable, and swimmable levels of
water quality with physical water quality criteria is no easy
task, nor is there complete agreement on how to do this. In
our survey instrument, we used the Resources for the Future
water quality index developed by W. J. Vaughan for our
pilot study which maps the rungs of the water quality ladder
back into physical water quality parameters such as dis-
solved oxygen which can in turn be tied to a large scale water
quality model. Use of this ladder in the survey as a visual aid
greatly facilitated the task of communicating the several
quality levels to the respondents. Smith and Desvousges
[1986] successfully used the ladder for the same purpose in
their Monongahela River Study.

The scenario’s wording emphasized the nonuniform dis-
tribution of water quality implied by the concept of ‘‘mini-
mum’’ water quality. Respondents were told that although
the present minimum level is boatable, most of the nation’s
freshwater bodies are currently fishable and perhaps 70-80%
are swimmable. When asked to value the boatable (mini-
mum) level, respondents were asked how much they would
be willing to pay ‘“‘to keep the nation’s freshwater bodies
from falling below the boatable (minimum) level where they
are now.”” This ‘‘below boatable’” baseline, which was
described in some detail in the scenario, represented the
minimum level of national water quality which would occur
if all present annual expenditures for water pollution control
by industry and governmental entities ceased. The U.S.
Commerce Department also measures water pollution con-
trol expenditures from this baseline. This baseline offered
the respondents the opportunity to purchase water quality
improvements in a form which allows the compensating
surplus-WTP measure to be used in all the valuation ques-
tions.

The payment vehicle used in this study was annual taxes
and higher product prices. While contingent valuation esti-
mates are not generally independent of the payment vehicle
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used, the one used here has the advantages that it corre-
sponds with the way citizens presently pay for water quality
and that it was accepted by most respondents without
protest as appropriate for this purpose. In an effort to avoid
the starting point bias associated with the commonly used
bidding game method [Boyle et al., 1985; Randall et al.,
1974], our elicitation procedure used a grounded payment
card format we first developed and tested in the pilot study
for this project. Respondents were divided into five income
groups and given a payment card containing a large selection
of amounts ranging in order from $0 to a very high dollar
amount. In order to provide a meaningful context for the
valuation exercise, five points on the continuum were iden-
tified as the amounts average households of that income
group are currently paying in taxes and higher prices for
nonenvironmental public goods such as defense, the space
program, and police and fire protection. The willingness-to-
pay questions asked respondents to state an amount on the
payment card or ‘‘any amount in between’’ they were willing
to pay for each of the three levels of national minimum water
quality.

Because our development work indicated that some re-
spondents tend to confuse drinking water benefits with
freshwater benefits, the scenario was worded to distinguish
the two types of benefits. To ensure that all respondents
were aware of the full range of appropriate benefits, a
“‘values” card [Smith and Desvousges, 1986] was used
which listed the major reasons why households might value
water quality. We did not intend the respondents to take any
of the commercial in-stream or withdrawal benefits de-
scribed in Table 1 into account and it is unlikely, given the
wording of the CV scenario, that they did so. To promote
respondent understanding of the water quality levels, addi-
tional descriptions were provided. Regarding the fishable
level, for example, respondents were told that ‘‘although
some kinds of fish can live in boatable water, it is only when
water gets this clean that game fish like bass can live in it.”’
The scenario also reminded respondents that they are cur-
rently spending part of their income on water pollution
control, a condition they needed to understand for us to
implement our WTP-compensating surplus questions. Our
pretests had found that a number of respondents wanted to
know how much they were paying for this purpose. This
created a potential problem since we could not inform them
of this amount prior to eliciting their WTP amounts because
of the likelihood that some would base their value on this
figure instead of independently determining their maximum
WTP amount. By offering to provide this information at a
later stage in their interview and give the respondents an
opportunity to revise their original WTP amounts on the
basis of this information if they wished, we were able to coax
reluctant respondents to give us initial values and later to
test the effect of providing this information.

During the course of the interview we solicited a total of
four WTP amounts from each respondent for each of the
three water quality levels in order to provide opportunities
for respondents to arrive at a considered value. The first
(WTPg) series consists of the amount given for each of the
three WTP questions (boatable, fishable, and swimmable).
The corrected (WTP.) series consists of the amounts
(whether changed or unchanged) offered after each of their
first amounts were repeated to the them, the total was stated,
and they were encouraged to make any corrections they
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wished. The informed (WTP,) series consists of the amounts
given after respondents were informed of the range of the
amounts households in their income group were actually
paying for water (and air) quality. Finally, the pushed
(WTPp) series consists of amounts obtained by pushing the
respondents to increase their WTP amounts by telling them
that the amounts they previously stated were not enough to
reach any of the three goals, including the boatable water
quality goal.

Given the variety of measures, to three quality levels by
four separate measurements, it is at this point useful to make
clear our assumptions about the nature of the amounts
elicited. We assume that many or most of the respondents do
not have a well formed value when asked in a CV survey to
value a good which they are unaccustomed to purchasing.
Faced with such a first-time request for such a value, some
respondents are unable to offer a value. The interviewers
were instructed to avoid putting pressure on these respon-
dents to give what would only amount to meaningless
values. The remaining respondents, however, know within a
reasonable range where their value for the good may lie, and
a few may even have a good idea of the actual value. On the
assumption {Hoehn and Randall, 1987] that respondents are
generally cautious (i.e., they are risk averse consumers)
when faced with sizable purchases, we believe the MIN
(WTP., WTP,) represents the likely lower bound of their
WTP range. In the case of the WTPp amounts, the request
for revaluation is likely to have been interpreted by some
respondents as implying that they had not given a high
enough WTP amount and ‘‘should’’ give more. The prospect
offered respondents in this scenario was quite drastic, sug-
gesting that even the boatable level was threatened if a
higher WTPB bid was not forthcoming. On the assumption
that respondents can be pushed by the interviewers to give
amounts at or above their maximal willingness to pay, the
WTPp amounts represent an upper bound on the desired
WTP measure. The difference between the WTPpand WTP,
series may be indicative of how far respondents can be
encouraged to revise their WTP amounts upward by inter-
viewer and social pressure.

A major question in valuing water quality improvements is
the shape of the benefit curve between the three goals of
boatable, fishable, and swimmable water quality levels. If
willingness to pay is completely contingent upon the attain-
ment of each goal, the function is a step function, and
intermediate or partial improvements would provide no
additional benefits. To examine this possibility, we asked a
“‘halfway’’ policy question of half the sample. These respon-
dents were asked if they would still be willing to pay their
corrected amount for swimmable ‘‘if the best we could do
was to raise the minimum only halfway from fishable to
swimmable.’’ The overall improvement conveyed to the
respondent in this treatment was substantially more than
halfway, as respondents were told ‘‘At halfway, more water
bodies would be improved over the fishable level, and some
additional, but not all, water bodies would be improved to
the swimmable level.”’

Another direction in which the willingness to pay for water
quality improvements response surface can be explored is
geographical. One way we did this was by asking a 95%
question of the other half of the sample. This question asked
respondents if they would still be willing to pay the fishable
amount if *‘five percent of the nation’s water bodies remain
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at the boatable level .... The lakes, rivers, and streams
comprising this five percent would all be located in heavily
industrial and/or urban locations where a lot of people live.”
A second way is to look at the extent to which respondents
value provision of the good outside their home area. Pretests
showed the most readily understood definition of a home
area for a survey such as ours was the respondent’s state.
Any definition of ‘‘local’” area is necessarily ad hoc. The
state definition may have some relevancy in its own right due
to an increasing emphasis upon delegating authority for
environmental standards and enforcement to the states. We
asked respondents how many dollars or what percentage of
their WTPTOT ¢ bid they would give to their state and to the
rest of the nation.

It is sometimes believed that a respondent who is asked a
value for a particular water quality level unwittingly values,
instead, a more general package of environmental improve-
ments. To minimize the possibility of this type of bias,
termed policy-package-part-whole bias [Mitchell and Car-
son, 1989], we explicitly asked respondents to keep in mind
that no matter what amount they give for water pollution
control, they will also continue to pay for the nation’s other
environmental programs such as air pollution and ‘‘air
quality will remain at its present level or improve slightly.”
To test for the presence of this bias, we again used a split
sample approach. At the point in the interview where
respondents were told what amount they are already paying
for pollution control, those in subsample A were told only
the amount for water quality control whereas respondents
receiving treatment B were given the amounts for both water
and air pollution control. If this type of part-whole bias was
present in the WTP bids, we hypothesize that the provision
of the air pollution cost information to subsample B respon-
dents would cause that subsample to disproportionately
reduce their WTP; amounts to compensate for their previous
overspending of their environmental account.

A national area probability sampling plan based on the
1980 Census was used in this study. Experienced profes-
sional interviewers under the supervision of the Opinion
Research Corporation conducted in-person interviews at 61
primary sampling points in the contiguous United States.
Each interview took approximately 40 min. The response
rate was 79% of eligible respondents and a total of 813 people
were interviewed. Most of those counted as nonrespondents
were households never found at home in spite of repeated
call backs. Complete details of the sampling plan and its
execution can be found in the work by Mitchell and Carson
[1984].

FINDINGS

Of the original 813 interviews, 564, or 70% yielded ‘‘us-
able’” WTP amounts. The remainder consisted of 72 don’t
knows (9%), 18 refusals to answer the WTP questions (2%),
133 protest zeros (17%j), 16 inconsistent (too high) responses
(2%), and 10 inconsistent (too low) responses (1%). Re-
sponses judged inconsistent (too high) were those which
exceeded 5% of the household’s income, while those judged
inconsistent (too low) were WTP amounts of less than $5.00
(usually $1.00) given by respondents with above average to
high incomes whose answers to attitude questions showed
strong support for water pollution control expenditures.
Given the degree of interest and the effort involved in
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TABLE 2. Mean Unadjusted Annual Household Willingness to Pay Amounts for Different Levels
of National Water Quality by Type of Bid
First Bid Corrected Informed Pushed

Water Quality Level (F) Bid (C) Bid () Bid (P)
Nonboatable

to

boatable $111 $106 $125 $141

(WTPB) (10:340)* (10:340) (11:348) (13:350)
Boatable

to

fishable $80 $80 $96 $108

(WTPF) (8;$30) (8:330) (9:$35) (10:$50)
Fishable

to

swimmable $89 $89 $102 $116

(WTPS) (12;%25) (12:325) (12:325) (13:825)
Total WTP $280 $275 $323 $366

(WTPTOT) (25:%125) (25:$120) (27;%150) (29;5150)
Number changing their 75 104 136

bids at each stage

N = 564.
*Standard error of the mean; median.

answering complex CV scenarios such as the one used in this
study, this level of item response in a national sample, while
high, may be acceptable, provided the estimates are adjusted
to take into account the fact that the nonrespondents were
not a random subset of the sample. These adjustments are
discussed later in the paper.

Table 2 presents the unadjusted WTP amounts for each of
the four series of bids measured in the study. Using the
corrected series of bids, the respondents who gave usable
responses were willing to pay on average $106 annually for
maintaining boatable quality water (WTPB(), $80 more to
reach the fishable minimum water quality level (WTPF),
and an additional $89 to move from the fishable minimum
quality to a national minimum of swimmable quality water
(WTPS) for an unadjusted mean total (WTPTOT ) of $275.
An examination of the changes made by the 75 respondents
who reconsidered and corrected their amounts after giving
their WTP; amounts shows that most of them corrected
mistakes caused by misconceptions about the elicitation
process. In the WTP; iteration, 104, or 18% of the respon-
dents corrected their bids after being informed of the approx-
imate level of their current payments for water quality (water
and air quality) improvements.

Those changing bids tended to be respondents who dis-
covered that they were actually paying more money than
their previous (corrected) amount and wished to increase
their WTP,- amounts. Of those who discovered that they
were actually paying less than they said they were willing to
pay, few reduced their earlier bid. Those who changed their
amounts in the last iteration (WTPp), after being confronted
with the assertion that the amount they had previously
committed themselves to might not be enough to maintain
even the present minimum level of water quality (a strong
statement), tended to be of two types: (1) respondents whose
informed bid was still below their current payments and (2)
respondents who already had a corrected bid much higher
than their current payments. Overall, taking those who made
multiple changes into account, approximately 309% of the
respondents changed one or more of their WTP amounts. Of
these respondents about a third changed more than once.

The mean bids for the first and corrected conditions were not
significantly different based on ¢ tests computed using a
test-retest framework. Future opportunities to change gen-
erally resulted in mean bids that were insignificantly higher
than their predecessors, although the WTP, series are all
significantly lower than the WTP;p series. We believe the
WTP series represents the most valid basis for estimating
WTP (after adjustment for nonresponse). The informed
series and, in particular, the highest series of WTP questions
put a significant amount of pressure on the respondents to
increase their willingness to pay, and should be viewed as
upper bounds. The WTP, series is 30-35% larger than the
WTP, series.

The results of the test to see if some respondents had
believed they were valuing a broader pollution control policy
which includes air pollution control are reassuring. None of
the ¢ tests of the differences in the willingness to pay for any
water quality level between subsample A (who were told
what they were paying for water quality) and subsample B
(who were told the amounts they are currentily paying for
both air and water quality improvements) has an absolute
value greater than 0.75. This indicates that we can reject the
hypothesis that providing information on air pollution con-
trol costs to subsample B caused that subsample to dispro-
portionately reduce their WTP amounts. In turn, this pro-
vides support for the proposition that a particular type of
policy-package part-whole bias, erroneous inclusion of air
quality values, is not a major problem for this study.

A VALUATION FuncTiON

A total value/bid curve for the WTP, can be specified in
terms of the Hicksian income compensation function whose
arguments are a base water quality level gq; the level of
water quality being valued g;; disposable household income
Yo and the taste variables of water-based recreational use
W,, and environmental attitudes, A ,:

TOTWTP‘ :f(q,', Y(). W,. Aelq())’ (2)

Differentiating this bid curve with respect to g;, sTOTWTP,/
dq; yields the inverse Hicksian compensated demand curve.
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Stacking the observations from each of the quality levels
which were specifically asked about and using a Cobb-
Douglas representation of the income compensating function
which fits substantially better than the linear representation,
we obtain the following results:

TOTWTP,; = exp [0.413 + 0.819* log (q,)

(1.66) (9.20)
+0.959* log (Yy) + 0.207*W, + 0.460*A ], (3)
(22.30) (3.23) (6.47)

where ¢g; is the numeric value (e.g., boatable) on the water
quality ladder being valued, Y is the current annual house-
hold income in thousands of dollars and proxies for the
desired disposable income, W, is a dummy shift variable for
whether or not any member of the household engaged in
freshwater boating, fishing, or swimming activity during the
previous year, and A, is a dummy variable for whether or
not the respondent regarded a national goal *‘of protecting
nature and controlling pollution’” as ‘‘very important.”’ For
the sample (n = 1599) on which this regression was based,
Yo = 24.22, W, = 0.59, and A, = 0.65. This Cobb-
Douglas model with an additive error term [Goldfeld and
Quandt, 1972] predicts mean WTP conditional on the cova-
riates and can be estimated using nonlinear regression tech-
niques. Note that if (3) is estimated in its linear form after
taking logarithms, as is most often done in a Cobb-Douglas
model, then one is estimating the conditional median WTP
rather than mean WTP [Goldberger, 1968]. The ¢ statistics
given in the parentheses are based on the heteroskedasticity
consistent covariance matrix proposed by Whire [1980]. The
coefficients in this equation are all reasonable in terms of
sign and magnitude and are all quite significant. The adjusted
R? for this equation, 0.27, is large relative to many contin-
gent valuation surveys, especially given the small number of
variables in the valuation function. Equation (3) forecasts
well, at least within sample. For example, the WTP amount
predicted for a boatable to fishable water quality change
using (3) evaluated at the mean values of Yy, W,, and A, is
$79, compared to the observed sample mean of $80 for the
same change.

PARrTIAL IMPROVEMENTS

According to the answers to the ‘‘halfway’’ and the ‘95
percent’’ questions, the benefits of partial improvements are
considerable. For the halfway improvement question which
was asked of subsample A, we find that 73% of the respon-
dents said that going halfway from a fishable to a swimmable
minimum national water quality was worth the same to them
as the total improvement to the swimmable level. It is
important to note that this halfway improvement would have
provided a substantial amount of swimmable quality water
and, as a result, is likely to be perceived as providing for a
non-marginal increase in the quantity of swimmable quantity
water. Quoting from the text read to the respondents, ‘‘At
halfway [between a minimum fishable and swimmable qual-
ity level]..., some additional but not all water bodies
would be improved to the swimmable level.”” The $84 WTP
amount for the halfway improvement is 6% less than the $89
the respondents were willing to pay for the swimmable level
(WTPS().

Turning now to the 95% question, almost nine out of ten
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(89%) of those who were asked this question (subsample B)
said this amount of improvement from boatable to fishable
was worth the same to them as a complete improvement
(defined as where 99% or virtually all the nation’s lakes,
streams, and rivers would be fishable). Those who wished to
pay less for the partial improvement were disproportionately
residents of large urban areas. This is understandable be-
cause the question informed respondents that the ‘‘lakes,
rivers, and streams comprising this five percent would all be
located in heavily industrial and/or urban locations where a
lot of people live.”” Each person who was unwilling to pay
the same amount was asked how much he or she was willing
to pay for this partial improvement. Because those who were
not willing to pay the same amount were willing to pay a
somewhat lower amount for the improvement than in the
halfway question, the WTP amount for raising 95% of the
nation’s water to at least the fishable level is $74, or 8% less
than the $80 amount (WTPF ) for raising 99% to at least this
level. Both the 95% and the halfway questions attempt to get
at the same fundamental question, Do benefits fall dramati-
cally if one backs away slightly from a uniform water quality
goal? Our results suggest they do not, although substantially
more research is needed to determine how benefits change
with small changes in water quality and, in particular, the
spatial location of those changes.

The other question which relates to the spatial nature of
improvements asked the respondents how they would divide
their WTPTOT between their state and the rest of the
nation. They allocated an average of 67% of this amount to
be spent in their state and 33% for out-of-state improve-
ments. While these data show significant in-state benefits,
the level of out-of-state benefits is consistent with a strong
federal role in water pollution control.

A TesT oF EMBEDDING

One important issue in using surveys to value national
environmental programs is whether respondents can mean-
ingfully value amenities at this level of abstraction in a
meaningful way. We examine this issue here in the context
of a test of the embedding proposition. Mitchell and Carson
[1986] examine it in the context of a benefit-transfer exer-
cise.

The embedding proposition was first put forth by Kahne-
man [1986], who found respondents in a telephone survey
were willing to pay essentially the same amount for all lakes
in Ontario as for lakes in a small area of Ontario. Kahneman
and Knetsch [1992] provide another example of this phenom-
ena, this time using more and less inclusive policies, and
label the embedding problem ‘‘perhaps the most serious
shortcoming of CVM.”’ Smith [1992] in a critique of Kahne-
man and Knetsch’s paper argues that their results may be
largely due to bad survey design, vaguely described goods.

It is important to note an important distinction between
part-whole bias as defined by Mirchell and Carson [1989] and
the embedding problem as considered by Kahneman and
Knetsch [1992]. Part-whole bias occurs when a respondent
values a larger or smaller entity (e.g., geographic location,
range of benefits, policy package) than that intended by the
researcher. Part-whole bias is a common but avoidable
obstacle in designing a contingent valuation survey, and its
avoidance is seen by Mirchell and Carson [1989] as a key
element in the survey designer’s primary task, ensuring that
the respondent is valuing the good intended.
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In contrast, Kahneman and Knetsch [1992] seem to see
embedding as an indicator of the inevitable inability of
respondents to rationally value public goods. It will be useful
to state their definition of embedding: ‘‘the same good is
assigned a lower value if WTP for it is inferred from WTP for
a more inclusive good than if the particular good is evaluated
on its own.”’ This definition is problematic because the
sequence in which goods are valued, substitution effects,
income effects, and changes in the composition of the choice
set should make a difference in the agent’s valuation. Thus
embedding can only be seen as a distinct problem with
contingent valuation if this so-called embedding effect is
much larger than that which can be explained by reference to
plausible economic effects, that is to say that the contingent
valuation method produces the effect while it is not seen in
the actual behavior of consumers or voters. Because it is
hard to judge what the exact magnitude of these economic
effects should be, a statistical test of either part-whole bias
or embedding will set out as its null hypothesis that two
related goods (where one encompasses the other) are valued
identically by respondents against the alternative that the
good which encompasses the other is valued more highly.
Note however, the Mitchell and Carson [1989] framework
suggests that while the null hypothesis may be accepted in a
poorly designed contingent valuation study, it should be
rejected by a well-designed contingent valuation survey. The
Kahneman and Knetsch framework, because it views the
phenomena as ‘‘inevitable,”’ suggests that the null hypothe-
sis should always be accepted. The difference between the
two frameworks is that accepting a null hypothesis under
Mitchell and Carson framework implies a rejection of a
particular study while under the Kahneman and Knetsch
framework it implies rejection of the entire contingent valu-
ation method.

The availability of a CV study [Smith and Desvousges,
1986] for a regional freshwater resource, the Monongahela
River Basin in western Pennsylvania, whose design is com-
parable to ours in several important respects, offers an
opportunity for an empirical assessment of this issue. It is
possible to conduct an almost ideal test of geographic
part-whole/embedding hypothesis using our data set and that
of Smith and Desvousges [1986]. The ideal test would
involve two large independent in-person surveys of the same
population with highly trained interviewers, conducted over
the same time period, using survey instruments which dif-
fered only in the specific details of the two goods being
described, the two goods having well-defined relationship to
each other, one inclusive of the other, and the *‘difference"’
between the two goods was such that one would expect, on
economic grounds, to see a fairly large difference in the
respondents’ valuation of them. A comparison of our na-
tional results and Smith and Desvousges’ Monongahela
results meets all of these criteria except the need for two
random samples of the same population at the same time:
ours is a national sample theirs is a sample of the Pittsburgh
area, a little less than 2 years separating the interview
periods. Both of these weaknesses are easily correctable.
We can make a small CPI adjustment to Smith and Desvous-
ges’ estimates to correct for the time difference, and we can
evaluate our valuation function at Smith and Desvousges’
covariate means to get an estimate of what a Pittsburgh
sample would pay for a national water quality change.

Evaluating the function for the boatable to fishable quality
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water change, which we will use as an example, yields an
estimate of $68, which is $11 less than our estimate for the
national sample. Now we need to statistically test the
difference between our estimate, $68, and Smith and Des-
vousges’ [1986] estimate of $26 for their sample’s average
willingness to pay for the same change on only the Monon-
gahela River. The simplest test is to use our estimate ($68),
our unconditional standard deviation ($92), and sample size
(n = 564) for our boatable to fishable quality change and
compare it to Smith and Desvousges’ estimate ($26) and
standard deviation ($39) from Smith and Desvousges’ com-
bined sample (n = 211). The resulting approximate ¢ test
based on unequal variances is 4.88 and has a p value of less
than 0.001. Thus the part-whole hypothesis in this case is
rejected. More powerful tests can be created by conditioning
on the potential covariates in the two samples. This substan-
tially reduces the (unexplained) variance of the WTP
amounts in the two samples and hence result in much larger
t statistics. We also get stronger rejections with comparisons
based on the other water quality levels. It is important to
keep in mind that while the results in this section suggest that
our respondents and those of Smith and Desvousges valued
different goods differently, a test such as this one can not
conclusively demonstrate that either set of respondents
valued the good intended by the researchers.

CoMmPARISON WITH EARLIER CV STUDIES

Another issue is the stability of CV estimates over time
and across CV instruments. Gramfich's [1977] 1973 CV
study of Boston Residents” WTP for water quality improve-
ments in the Charles River offers an opportunity to investi-
gate this issue because he also asked his respondents how
much they were wiling to pay for swimmable quality water
throughout the United States from a baseline level of water
quality which was similar to our boatable or perhaps a little
above. Inflated to 1983 dollars, his mean WTP estimate of
$55 represents a value of $130 for this change. Given the
differences in samples, methods, and time periods, this
amount is reasonably close to our $169 for roughly the same
change. Indeed, the difference is not significant at the 10%
level using a ¢ test.

A more direct comparison to our estimate of the value of
achieving a national level of swimmable quality water can be
obtained by looking at our 1980 pilot study [Mirchell and
Carson, 1981], which used a large sample (N = 773).
Updating that 1980 number to 1983 using the CPI shows the
mean estimate for swimmable quality water ($275) from the
1980 survey to be almost identical to the WTP, mean
estimate from the 1983 survey. This comparison provides
important evidence on the replicability of a contingent
valuation survey instrument.

CORRECTION FOR MISSING
AND INVALID VALUES

In order to obtain an aggregate estimate of the benefits of
freshwater quality improvements, it is necessary to general-
ize from our sample to the national population. One poten-
tially serious problem in contingent valuation surveys is the
need to adjust the data to compensate for the bias introduced
by the inevitable failure to interview every person selected
for the sample (unit nonresponse) and by the failure of some
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TABLE 3. Adjusted Annual Household Values for Best
Estimate of National Water Quality Benefits
95%
Standard Error Confidence
Mean of the Mean Interval
WTP, (boatable) $93 $8 $77-109
WTP, (fishable) $70 $6 $58-82
WTP, (swimmable) $78 $9 $60-96
WTPTOT, $242 $19 $205-279

respondents to give valid answers to the WTP questions
(item nonresponse). Procedures to compensate for these two
types of nonresponse are routinely used by the Census
Bureau and other government agencies [Madow et al., 1983].
Sample nonresponse is usually corrected by some type of
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corrected by some type of imputation procedure. Item
nonresponse, when defined in a broad sense to include
various types of invalid or unusable responses such as
protest zeros as well as ‘“‘don’t know’s,”” is a particularly
troublesome problem in CV surveys such as ours which use
comparatively complicated scenarios.

We adjusted the data from the WTP (corrected) series to
compensate for item and unit nonresponse in two steps.
First, the WTP values for the 30% of the respondents with
missing or invalid WTP values were imputed using CART, a
powerful nonparametric tree-structured classification proce-
dure proposed by Breiman et al. [1984]. CART searches
over all values of available variables to determine the binary
split (i.e., constructed dummy variable) which best predicts
the variable of interest. This process is repeated using a
series of nodes and branches with the data at each node
being split into separate subsamples on the basis of the
optimal binary predictor at that node. Cross-validation is
used to ‘‘prune’’ the tree grown to prevent overfitting.

Second, we corrected for sample nonresponse by using
the household weights supplied by the Opinion Research
Corporation to weight the observations to make the available
sample (i.e., valid plus imputed responses) more represen-
tative of the Census population. As is typical in completed
national probability sample surveys, women are somewhat
overrepresented in our unweighted sample of respondents,
and young black males are underrepresented. A combination
of household weights and imputing the missing values re-
duces the adjusted WTPTOT value by 12% with each of the
two correction techniques contributing approximately
equally to this reduction. This scale factor was applied for
consistency to the rest of the WTP series as shown in Table
3.
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AGGREGATE BENEFITS

In this section, we take benefit estimates from our own
work and that of others from the early 1980s and update
those estimates by correcting for the CPI and the current
number of national households. For the benefits categories
measured in our survey, our best estimate of the benefits of
achieving the national swimmable water quality goal from a
baseline of nonboatable water is $29.2 billion dollars a year
(1990 dollars). Extreme bounds of $24 to $45 billion dollars a
year in swimmable benefits can be developed by taking the
lower 95% confidence interval for WTPTOT - and the upper
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95% confidence interval for WTPTOT . Because the WTP-
TOT, elicitation questions deliberately pressured respon-
dents to change their amounts upward, however, a more
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reasonable range of benefits for the swimmable qualit‘y goai
is $24 to $40 billion dollars a year.

It is of interest to compare our national estimate with the
estimate Freeman [1982] developed on the basis of a review
of the available studies, each of which had estimated the
national benefits associated with one or two water related
activities (such as fishing), a methodology that requires very
strong separability assumptions. This comparison is compli-
cated, however, by an important difference between his goal
and ours: Freeman sought to measure the benefits of going
from the 1972 water quality level to achieving the ambient
quality levels believed to be associated with meeting best
available technology (BAT) provisions of the Clean Water
Act, whereas our goal is to measure the benefits of going
from no pollution control to achieving swimmable quality
water nationwide. Freeman's aggregate estimate also in-
cludes two categories of benefits, commercial usage and
marine recreation, which were not covered by our CV
survey. In 1990 dollars, Freeman’s point estimate is $20.1
billion dollars with a range of $8.2 and $39.6 billion dollars.
In addition to a CPI adjustment, we have also adjusted
Freeman’'s estimates upward by the percentage increase in
the number of households from 1980 to 1990. If we add his
estimate of $9.9 billion for commercial usage and marine
recreation benefits to our preferred point estimate, our
annual benefit estimate for all categories of benefits in-
creases to $39.1 billion for attainment of the swimmable
water quality goal. That our estimate is higher than Free-
man’s is to be expected given the larger magnitude of the
water quality improvement measured in our study.

While we have adjusted both sets of aggregate estimates
for changes in population and the consumer price index, we
have not adjusted them for changes in the variables which
the valuation function above suggest determine a house-
hold’s willingness to pay for water quality improvements:
income, water-based recreation, and attitudes toward pollu-
tion control. Exact comparisons between the 1983 values
and 1990 values for these variables are not available. How-
ever, Census Bureau information suggests an approximately
10% increase in ‘‘real’” household income. The University of
Chicago’s National Opinion Research Center’s General So-
cial Survey suggests an approximate 30% increase in the
number of respondents who think that there should be more
spending on pollution control, and other survey organiza-
tions, such as Roper, report similar or larger changes in
public attitudes toward the environment and water pollution
in particular. The large percentage of households engaged in
water-based recreation appears not to have substantially
changed. Incorporating a 10% increase in real income (Y,)
and a 30% increase in attitudes toward pollution (A,) results
in a 19.5% increase in willingness to pay for swimmable
quality water. Scaling the $39.1 billion up by this factor
results in a $46.7 billion dollar estimate.

How do the aggregate benefits implied by our data com-
pare with the current and projected costs of all water
pollution control programs? This comparison, if we ignore
the toxics issue, is relatively straightforward because our
measure of benefits is directly tied to ambient water quality
levels and the Commerce Department cost estimates include
all expenditures for water pollution control irrespective of
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whether they were taken in response to particular provisions
of federal legislation. The Department of Commerce esti-
mates [Brarton and Rutledge, 1990] place water pollution
control expenditures in 1988 at $37.3 billion (1990 dollars), a
level somewhat below our aggregate benefit estimate for
1990 of $46.7 billion. These expenditures are currently
purchasing national water quality levels where most lakes,
rivers, and streams are at least somewhere between fishable
and swimmable and where a large number are swimmable. A
small number of rivers and lakes, mostly near urban and
industrial areas, are only of a boatable quality. EPA [1990]
has estimated 1991 water pollution control expenditures will
be $53.5 billion (1990 dollars) and has projected that such
expenditures in the year 2000 will be $76.3 billion (1990
dollars). These markedly higher projected expenditures are
due largely to moving from BPT (best practical technology)
to BAT (best available technology) standards and the imple-
mentation of nonpoint source controls on agricultural and
urban runoff. While a detailed discussion of the cost side of
the Clean Water Act is beyond the scope of this paper, the
interested readers should look at Freeman [1990] for a
discussion of policy considerations, EPA [1990] for a de-
tailed depiction of cost by industrial sector, and Lake et al.
[1979] for a discussion of the distribution of cost by con-
sumer groups.

It is important to note that our CV scenario did not
address the possible impact of long-lived toxicants such as
PCB’s and heavy metals, which for the most part can no
longer be legally discharged. Long-lived toxics primarily
pose a problem, not because our respondents did not think
that they were paying to prevent them but because if they
failed to prevent them in any one year, the damages will
carry over to other years. Our scenario poses a situation
where estimates reflect benefits which may be curtailed by
the cessation of expenditures or regained upon the resump-
tion of such expenditures. Households may be willing to pay
substantial amounts to control the release of such toxicants
even if their willingness to pay for present water quality was
zero if they had a desire for water quality in the future.
Freeman [1990] notes that the earlier benefit studies also
failed to account for this potentially important source of
benefits.

CONCLUDING REMARKS

Measuring national water quality benefits using a national
contingent valuation study offers several important advan-
tages over alternative approaches. Among other advantages,
it avoids the issue of how to aggregate benefits across
disparate water-related activities and how to aggregate ben-
efits over geographic areas. Furthermore, it easily incorpo-
rates nonuse benefits. We described how our study’s key
features were designed to address the problems of validity
and reliability which might arise in trying to make valid and
reliable inferences from data obtained from a national survey
of the benefits of a national good.

Evidence supporting the validity of the data include: the
favorable results of an experiment to test whether the
respondents were unwittingly valuing a more general pack-
age of environmental improvements, the estimation of a
parsimonious valuation function which was then used to
successfully predict the results of a regional CV water
benefits study, and comparisons with a variety of other
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studies which showed plausible relationships. While we
believe the results of this study as a whole are sufficiently
valid to be used for policy analysis, those who would do so
should pay careful attention to how we defined the amenity
and the context in which it would be provided.

Our estimates show that the potential annual benefits of
swimmable quality water in the nation’s freshwater lakes,
rivers, and streams are large and in excess of the latest
reported (1988) annual costs of the water quality improve-
ment program. Looking to the future, however, total costs
are projected to escalate well beyond total potential benefits
owing to the higher marginal costs of bringing the remaining
water bodies up to swimmable quality level. In revising the
Clean Water Act, Congress can improve the future benefit-
cost ratio by scaling back its goals, reducing the costs
associated with obtaining the current goals, or both. Our
work suggests that relaxing the uniform national swimmable
quality goal, for example, by setting lower quality targets for
certain stretches of large rivers with heavy industrial use
would significantly reduce costs while resulting in only a
small reduction in potential benefits. Lyon and Farrow
[1993] discuss these issues in more detail. Finally, econo-
mists have long argued [e.g., Hahn, 1989] that it should be
possible to reduce the cost across the board by moving from
the grossly inefficient technology-based command and con-
trol approach adopted in 1972 to one of the economic
incentive-based approaches. When Congress passed the
Clean Water Act, almost any method of reducing projected
effluent discharges would have increased the public’s wel-
fare. That is no longer true.
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