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Improvements to the quality of freshwater rivers and lakes
can generate a wide array of benefits, from “use values”
such as recreational boating, fishing, and swimming to
“nonuse values” such as improved outcomes for aquatic
biodiversity. Bringing these nonmarket values into decision-
making is crucial to determining appropriate levels of
investment in water quality improvements. However,
progress in the economic valuation of water quality benefits
has lagged similar efforts to value air quality benefits, with
implications for water policy. New data sources, modeling
techniques, and innovation in stated preference survey
methods offer notable improvements to estimates of use
and nonuse benefits of improved water quality. Here, we
provide a perspective on how recent applications of stated
preference techniques to the valuation of the nonmarket
benefits of water quality improvements have advanced
the field of environmental valuation. This overview is
structured around four key questions: i) What is it about
water quality that we seek to value? ii) How should we
design and implement the surveys which elicit individuals’
stated preferences? iii) How do we assess the validity of
the findings provided by such studies? and iv) What are the
contributions of these valuation exercises to public policy?
In answering these questions, we make reference to the
contributions provided by the papers in this Symposium.

economics | valuation | water quality | stated preference

As rules promulgated under the major US environmental
statutes of the 1970s and earlier have been applied more
broadly, environmental economists have developed and
improved environmental benefit valuation techniques to
explore the associated tradeoffs. This exercise is not purely
academic. An important driver of the development of such
methods has been a set of US Presidential executive orders
dating from the 1980s, which require rigorous benefit-cost
analysis for “economically significant rules"—regulations with
an anticipated economic cost exceeding $100 million per
year (1). Alarge share of these economically significant rules
has been applied by the US Environmental Protection Agency
(EPA), the regulatory agency whose mission is to protect
human health and safeguard the natural environment. Thus,
benefit valuation techniques developed by economists play
an important and visible role in making and evaluating envi-
ronmental policy.

Despite decades of work, notable omissions still remain
in the quantification of water quality benefits. These omis-
sions limit the accuracy of EPA to quantify the benefits of
prospective regulations. Sinden (2) examined 45 analyses of
EPA and found that in 80% of those documents “... EPA
excluded categories of benefits that the agency itself
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described as either actually or potentially ‘important,’ ‘signif-
icant,’ or ‘substantial’ because they were unquantifiable due
to data limitations.” Petrolia et al. (3) confirmed this finding
for an additional set of analyses. So, while benefit techniques
capable of valuing some of EPA’'s needed endpoints exist, the
empirical studies needed to support these regulatory impact
assessments do not. As a consequence of these gaps, EPA
recently funded a set of innovative water quality valuation
studies; findings and results of this work are the topic of this
Symposium.

In this Perspectives piece, we review how this collection
of papers extends the research frontier, yet leaves open sev-
eral important questions for future research. These studies
are united not only in terms of the focus of their valuations
but in a number of key methodological challenges. In the
remainder of this paper we discuss three issues common to
the empirical studies presented: i) defining the public good
under evaluation; ii) designing and implementing the surveys
used in all these applications; and iii) assessing the validity
of findings. Finally, we discuss the overall contributions to
public policy provided by these studies.

Defining the Good: What Is It about Water
Quality That We Value?

Changes in water quality affect a diverse suite of endpoints
and an even greater set of human uses including bird watch-
ing, boating, duck hunting, fishing, picnicking, swimming,
nongame wildlife viewing, and cultural values. In addition to
these use values, people may also value clean water due to
the role water quality plays in supporting nonuse values such
as aquatic biodiversity.

The science linking water policies to changes in water qual-
ity is also complex—requiring assumptions about how activ-
ities such as application of fertilizer, stormwater management,
or stream restoration affect multiple pollutants at varying
spatial and temporal scales. Progress in integrated
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assessment models, remote sensing, and real-time water
quality monitoring has greatly improved our ability to predict
how water quality is affected by human activities (4, 5).
However, the science and practice of water valuation remains
animportant and active area of research due to the dynamic
nature of the biophysical, social, and economic factors that
determine water values and the persistence of water quality
problems.

Given the complexity of water quality and the upstream
and downstream connections to human values and uses, the
choice of water quality metric—or the commodity to be val-
ued—can be quite important. Ideally, water quality metrics
used in economic valuation should be

* sensitive to the policy or program to be evaluated

+ easy to interpret by respondents

+ observable by the target population whose values will be
elicited

« measurable in biophysical terms that relate to hydrologic
or ecological processes

« commensurable, such that a change can be measured in

monetary terms

locally relevant yet generalizable to national scales appro-

priate for federal policy evaluation.

Water quality can be described in biophysical terms (e.g.,
concentrations of nitrogen), as a single water quality “score”
based on a combination of factors or as a set of multiple
qualitative or quantitative metrics. Simplified metrics reduce
cognitive burden on respondents but may miss important
aspects of water quality. Biophysically based metrics can be
modeled or measured using existing data but may not be
relevant or observable to respondents or tied to aspects of
water quality that people value (6). An additional challenge
is to develop water quality metrics that have the potential to
quantify both use and nonuse values.

The assembled papers build on decades of work by econ-
omists and water quality scientists to develop metrics of water
quality designed to capture a diversity of water values. Early
work by McClelland (7) and Mitchell and Carson (8) used expert
opinion to link measurable water quality parameters (e.g.,
fecal coliform, total nitrogen, and dissolved oxygen) with des-
ignated uses (boating, rough fishing, game fishing, swimming,
and drinking). Valuation studies could then be structured to
elicit respondents’ willingness to pay for an increase in water
quality based on comparisons between baseline and alterna-
tive scores on the water quality ladder (WQL) originally devel-
oped by McClelland (7). Consistent use of the WQL over time
and space means that there is a large bank of past studies for
comparison and to aid in national analyses.

At the same time, the assembled papers seek to improve
upon several limitations of the WQL. Presented as discreet
“rungs,” the WQL does not allow for the assessment of mar-
ginal changes in water quality that do not cross defined
thresholds for specific designated uses. These designated
uses describe a limited set of water quality benefits and omit
ecosystem or cultural services outside boating, fishing, swim-
ming, or drinking. Last, the WQL simplifies complex ecological
interactions that do not apply consistently to all waters. The
assembled papers offer alternative metrics of water quality
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for use in economic valuation and provide useful insights
into the application and interpretation of each metric.

In Lupi et al. (9) (in volume), three alternatives to the WQL
metric are applied to a valuation survey of Michigan resi-
dents. A Fishing Biomass Score is used to capture game fish-
ing conditions, a Water Contact Score is developed for
nonfishing recreation such as swimming, kayaking, and boat-
ing, and an index of biological condition is used to represent
the nonuse value of aquatic wildlife. Respondents were pre-
sented with alternative policy scenarios associated with
changes in the spatial distribution of individual and com-
bined water quality scores across the study region.

Invon Haefen et al. (10) (in volume), six water quality param-
eters (biotic integrity, fecal coliform, specific conductance, total
nitrogen, total phosphorus, and turbidity) were combined into
metrics of “ecosystem condition,” “human health risk,” and
“murky water days.” Changes in water quality were presented
as the percentage of stream miles rated as “high, med, or low”
or “poor, fair, or good” in each of the three metrics.

Vossler etal. (11) (in volume) adopted a water quality
measure developed by the EPA, the Biological Condition
Gradient (BCG), that captures the diversity and relative abun-
dance of freshwater taxa associated with a specific water-
body. The BCG metric is designed to reflect departures in
ecological integrity from a reference or “undisturbed” condi-
tion. The authors convey changes in BCG via illustrations of
biological diversity, visual conditions representing changes
in water quality, and associated survey narratives designed
to connect aquatic ecosystem health with attributes people
can perceive, understand, and thus value.

The work of Hill et al. (12) (in volume) aimed to develop a
nationally representative metric of aquatic biodiversity that
could be used to elicit nonuse values for improved water qual-
ity. Designed to complement the WQL, the authors tested sev-
eral potential metrics designed to capture “biological integrity.”
The authors settled on a metric of benthic macroinvertebrates
based on data from the National Rivers and Streams and
National Lakes Assessments and identify ways the metric can
inform future stated preference surveys for nonuse values.

Johnston et al. (13) (in volume) assess the water quality
benefits of riparian buffers, wastewater treatment plants,
stormwater retention, and road salt application on rivers and
streams in Connecticut, Massachusetts, Rhode Island,
Vermont, New Hampshire, and Maine. The authors pre-
sented respondents with changes in three water quality met-
rics—water safety based on fecal coliform concentrations,
support for aquatic life based on effects of chloride concen-
trations, and water pollution based on modeled solute con-
centrations. The survey communicated each metric in three
different ways: a normalized, spatial mean value (0 to 100)
over the river system, a bar chart showing the proportion of
total river and stream miles within seven binned quality inter-
vals, and geographical information system (GIS) maps show-
ing water quality predictions over the river system.

Of the five papers, four included at least one metric of bio-
logical condition that could be considered a proxy for nonuse
value. All papers, with the exception of Hill et al. (12), included
use-based metrics of water quality in their assessments, either
by associating changes in biological condition with changes in
designated uses or by including a separate metric that cap-
tured changes in human use of aquatic resources. The
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assembled papers provide researchers with a suite of poten-
tial water quality metrics that can inform future valuation
studies aiming to capture nonuse values for water quality.

We know from Lupi et al. (9) that elicited values are sensitive
to the presentation of water quality metrics separately, rather
than jointly. Policies that affect water quality may cause alter-
native metrics to move in opposite directions, such as a pro-
gram that increases water clarity at the expense of desired
game species. Lupi et al. (9) illustrate the potential for aggre-
gated metrics such as the WQL to undervalue water quality
benefits when multiple indicators are combined. All papers
illustrate how the selection of water quality metrics narrows
or expands the suite of values to be valued and poses risks of
either undervaluing or double counting values, with implica-
tions for benefits transfer and resulting policy analyses.

von Haefen et al. (10) and Johnston et al. (13) suggest that
not all water quality metrics are valued equally. von Haefen
et al. (10) found that of the six water quality indicators eval-
uated, the percentage of high human health risk stream
miles had the largest effect on the probability of voting for
a hypothetical action plan. Similarly, Johnston et al. (13) find
the greatest willingness to pay for “water safety,” with
improvements in total water pollution and aquatic life asso-
ciated with positive but lower willingness to pay (WTP).
Vossler et al. (11) suggest that nonuse sources of value (e.g.,
bequest value, intrinsic aesthetic value) are an important
part of overall water quality benefits, but do not estimate the
proportion of total value attributed to use vs. nonuse value.

No single metric for water quality will be comprehensive
across all values and uses nor will all metrics be appropriate
for all contexts. Tailored sets of local metrics based on
observed biophysical data provide advantages for local policy
evaluation but may limit the ability to scale study insights
into other geographic regions or contexts. Vossler et al. (11)
and Hill et al. (12) present water quality metrics that can facil-
itate national-scale evaluation, whereas Lupi et al. (9), von
Haefen et al. (10), and Johnston et al. (13) opt for water qual-
ity metrics that are relevant to specific geographies and tar-
get populations. A notable gap across all papers is the explicit
consideration of nonmaterial or relational values for clean
water such as spiritual or cultural values that might influence
willingness to pay for specific water bodies.

The relationship between water quality metrics and the
diversity of water uses and values remains a challenge. The
science of water quality is complex and constantly evolving,
revealing new understandings of how interactions among
constituents and across ecological gradients shape water
quality outcomes. The papers illustrate how collaboration
with water quality scientists via integrated models, integra-
tion of new data sets, and the use of expert elicitation can
improve the accuracy of water quality valuation.

Designing and Implementing the Surveys

Early efforts using stated preference methods to estimate the
values for changes in the allocation of environmental and nat-
ural resources involved simple bidding games and open-ended
willingness to pay questions. These have evolved to discrete
choice valuation questions with variation over costs and other
attributes of the choice (e.g., environmental quality) with
sophisticated experimental designs. The stated preference
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articles in this Symposium represent the state-of-the-art, espe-
cially considering the integration of environmental science and
measurement of environmental attributes into the valuation
exercise. This section of this Perspectives piece focuses on
decisions made about valuation methods. One conclusion is
the striking differences in form that these studies take.

Valuation Question Format. Since the landmark work by
Carson and Groves (14), researchers who have employed
the contingent valuation method have tended to employ
a single binary choice valuation question with a coercive
payment vehicle (e.g., a referendum vote with an unavoidable
tax payment). For example, a question which asks a survey
respondent if they would vote in favor of a policy that
generates a specified environmental quality improvement
and accompanied by a specified increase in taxes. The survey
is considered to be consequential if survey respondents think
its results could affect policy and in that sense represents
“revealed” economic behavior in the same sense as voting.
This particular format (with some auxiliary conditions) can
be shown to be incentive compatible in the sense that the
respondent should only indicate they favor the policy change
if their willingness to pay for the environmental improvement
is greater than the specified cost.

A single binary discrete question is a special case of a
general class of preference elicitation models known as dis-
crete choice experiment (DCE) that randomly assign respond-
ents to choice alternatives that differ by one or more attribute
levels (e.g., price and water quality levels). More general DCEs
involve either offering respondents more than one alterna-
tive to the current status quo, ask respondents more than
one choice question or both. These more general DCEs can
provide considerably more information about the public’s
preferences than a single binary discrete choice question.
However, as Carson and Groves (15) point out, collection of
this extra preference information results in effects on the
magnitude of WTP estimates that are not well known,
although their direction, particularly with additional assump-
tions with strong empirical support, is discernable.

Two of the studies, Lupi et al. (9), and Johnston et al. (13)
employ the single binary choice question format. The other
two stated preference studies, von Haefen et al. (10) and
Vossler et al. (11), ask multiple binary choice valuation ques-
tions. The key assumption needed for incentive compatibility
is that respondents treat each choice question independently
rather than engage in strategic behavior across questions to
influence the implemented option. With the respondent
asked to choose between multiple options in the same ques-
tion, the issue of “how” a single alternative will be picked by
the government emerges when only one can be imple-
mented at any single pointin time. von Haefen et al. (10) and
Vossler et al. (11) employ four and (an average of) nine ques-
tions, respectively. Vossler et al. (11) explicitly ask respond-
ents to treat each question independently, while von Haefen
et al. (10) test whether responses to the first valuation ques-
tion are different from responses to the other questions and
find no statistical difference. One should, of course, not draw
definitive inference about the performance of a particular
preference elicitation format from a small set of studies
focused on a particular type of environmental amenity.
Nevertheless, these results are encouraging. The repeated
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referendum DCE-type stated that the preference valuation
guestion may emerge as the dominant question format since
it appears to achieve a reasonable degree of incentive com-
patibility while increasing statistical efficiency relative to the
single binary choice question. If so, a key research issue is
what is the “optimal” number of choice questions? This issue
arises because it is known that boredom/fatigue can set in
with repeated asking of choice questions.

Experimental Design. The simplest experimental design
for a binary choice valuation question is for each respondent
to be presented with a randomly assigned cost amount
while the alternative to the status quo is defined by a fixed
set of attributes (quantitative or qualitative) relative to that
status quo. Clearly, the levels of these other attributes can
also be randomly assigned to generate a “scope test” (16-18)
revealing the responsiveness of WTP estimates to changes
in the magnitude of the good under investigation. The
experimental designs in this Symposium are considerably
more complicated. Each of the studies presents three noncost
attributes to survey respondents that reflect different water
quality endpoints and each are communicated in different
ways. Similarly, each of the four studies includes a cost
attribute that differs in the payment vehicle (increases in taxes,
fees, utility bills), payment frequency (monthly, annually), and
payment schedule (one-time, annually for 5, in perpetuity).

Vossler et al. (11) consider regional improvements in water
quality in the Midwest. They vary the spatial scale of the
water quality improvement, the magnitude of the water qual-
ity improvement and whether the respondent lives in the
geographic area where the water quality improvement would
occur. The levels of the attributes are communicated through
text that summarize descriptions, maps, and other images.
The payment vehicle is a tax increase that ranges from $20
to $750 that would be paid annually for 5y.

von Haefen et al. (10) value local water quality in North
Carolina and vary the number of murky water days, health
risk, and ecosystem conditions. The levels of these attributes
are displayed as pie charts with three slices (e.g., high,
medium, and low) that vary in size. The payment vehicle is
an additional monthly fee that ranges from $4 to $32 that
would be paid in perpetuity.

Lupi etal. (9) consider water quality improvements in
Michigan and vary water quality as it supports wildlife, human
contact (e.g., swimming) and recreational fishing. In addition,
they test for differences with a two-attribute treatment where
the human contact and recreational fishing attributes are
combined into one attribute. The cost attribute is a one-time
increase in the income tax that ranges from $45 to $965.

Johnston et al. (13) vary water quality in the Northeast with
endpoints described as water pollution, aquatic life, and
water safety (for human uses). The levels of these attributes
are communicated with clickable maps that describe spatial
scale and bar charts that display the magnitudes of the
changes. The cost attribute is taxes and fees that range from
$30 to $1,200 and would be paid annually in perpetuity.

Given the different definitions and measures of water
quality and the wide range of cost amounts presented to
survey respondents, it is clear that the four studies are
attempting to value different goods and comparison of will-
ingness to pay estimates across study might prove difficult.
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Further, these complicated and contrasting designs raise
interesting statistical questions which are discussed below.

Sampling. Methods for surveying the general public have
evolved considerably over since they first started to be widely
deployedinthe 1930s and now seemto be ata crossroads, ifnota
crisis. The long-standing gold standard of in-person interviewing
utilizing a full probability sample have simultaneously become
prohibitively expensive at the same time response rates
have dramatically fallen, raising issues of representativeness.
Telephone survey utilizing random digit dialing of landlines,
long the mainstay of much applied work in marketing and
political realms, now face severe problems from answering
machines and the rapidly increasing fraction of the public only
using a mobile phone. Mail surveys, which have often been
seen as good for nonmarket valuation studies for their better
ability (relative to telephone surveys) to present visual displays
of the relevant policy changes, have long been known to suffer
from potential interest-related sample selection issues since
respondents get to glance through the questionnaire before
answering it. To that problem, mail surveys, particularly to
large general population samples, are also experiencing falling
response rates. This has pushed researchers toward survey
implementation over web-based platforms, which shares the
same ability to display visual material that in-person and mail
surveys have and to control the order in which question are
seen that in-person surveys. Complex experimental designs,
which are possible with in-person and mail surveys by printing
different versions of a questionnaire, tend to be easier to
implement in web-based surveys. Complicated skip patterns,
long the forte of in-person surveys are, if anything are easier
to reliably implement in web-based survey.

The long-standing problem with web-based surveys is, of
course, the representativeness of the sample used. Early
studies often lacked representation of the general public (19).
The situation is now considerably different with three distinct
approaches being used. The first used by several of the large
firms dominant in the marketing and political spheres is to
recruit an enormous number of people from a wide variety
of sources to be in their panels who are incentivized to
answer the firm's surveys online. Samples representative of
the population of interest (e.g., American’s 18 and over) are
then drawn using probabilistic weighting schemes. Second,
rather than recruit for a panel widely, it is possible to define
the appropriate sampling frame, randomly choosing individ-
uals from it and then heavily investing in trying to recruit
members for a panel that can be repeatedly surveyed online
for different purposes. A third approach is to recruit a group
of respondents to participate in a special purpose survey
online. The sampling element here also comes from the
recruitment process, which is typically via selection of a ran-
dom sample to mail solicitation to participate in the online
survey from a master postal address list. It is often imple-
mented in local areas where the effective sample size avail-
able from panels of the first two types is inadequate. A
commonly used term for this approach when implemented
using this recruitment mechanism is mail-push-to-web.

The comparative quality of the survey data collected via
web-based surveys using these three different approaches
is a topic that has been and is currently being intensively
examined in the survey research literature resulting in
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improvements to all three approaches. The growing consen-
sus is that the quality of a well-done web-based survey is on
par with what can be achieved at this point in time with the
other well-established survey modes.

Each of the studies in this Symposium use web-based sur-
vey platforms implemented using different approaches. Lupi
et al. (9) use a sample drawn from Qualtrics' opt-in panel,
one of the exemplars of the first approach. Vossler et al. (11)
deploy the second approach by using the National Opinion
Research Center (NORC) probability-based research panel,
which is known to be of high quality with respect to the two
metrics panels of this type are measured on, response rate
to the initial full-probability based recruitment effort, and
the propensity to respond to the survey they are sent. Two
of the studies, von Haefen et al. (10) and Johnston et al. (13)
use different address-based mail- push- to- web surveys.

All noncompulsory surveys are subject to bias, and inter-
net surveys are no exception (20, 21). However, a common
characteristic of mail push-to-web approaches is that only a
relatively small proportion of those contacted actually com-
plete the survey. In these cases, after accounting for unde-
liverable mailings and those responses that failed quality
screening tests, the response for von Haefen et al. (10) was
15.2% and Johnston et al. (13) record a 5.1% response rate.
Such rates would not be an issue if they were a random and
hence representative selection of those approached.
However, as von Haefen et al. (10) note, “Compared to coun-
ty-level Census sociodemographic data, survey respondents
were wealthier, whiter, more educated, and younger.” As the
authors highlight, such bias necessitates the use of weights
to adjust the sample to better approximate the underlying
population. However, alongside socioeconomic dimensions,
surveys of goods which are spatially located are likely to have
response rates which are biased toward those that live near
to those sites (22). Those respondents are in turn likely to
hold higher values than others in the population. A failure
to adjust for the upward pressure these factors exert on
sample means can lead to significant overestimation of
aggregate values for a population (23). Vossler et al. (11) pro-
vide an innovative approach for adjusting for both sociode-
mographic and geographical biases through the joint use of
a representative internet panel survey combined with small
zone, distance weighted, value aggregation repeated across
their overall study area. Combining this with information on
variation in the baseline water quality yields spatially sensi-
tive mapping of the values of water improvement policies
which provide in-depth decision support for policy makers.

With low response rates using traditional modes of survey
administration, web-based surveys are increasingly the norm
as their quality has improved and properties have become
better understood. The papers in this Symposium all make
substantial contributions to understanding the implementa-
tion of nonmarket valuation surveys and the analysis of data
from them. Their results suggest a rich research agenda on
aspects of nonresponse and selection.

Econometric Approach. When the desire is to understand
individual level behavior, the state-of-the-art with multiple
response stated preference quasipanel data are to employ
some type of empirical model that captures preference
heterogeneity. The most common is some type of random
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parameter, aka mixed, logit models, that allow utility function
preference parameters to follow assumed distribution with
parameters (e.g., normal with unknown mean and variances)
to be estimated. Perhaps the most common alternative is a
latent class, aka finite mixture, logit model where instead
of the typically assumed smooth distribution of preference
parameters in the mixed logit model, there are a finite [small
(2 to 5)] number of types or segments as they are referred
to in the marketing literature. Two of the studies in the
Symposium elicit one response per respondent and, while
this format enhances incentive compatibility, are limited in
the range of empirical models that can be employed. One
of these single response studies employs a fixed coefficient
logit [Lupi et al. (9)] while the other reports results from a
Bayesian logit [Johnston et al. (13)]. von Haefen et al. (10) and
Vossler etal. (11) report results from a mixed logit regression
model that accounts for preference heterogeneity.

All four studies find that cost affects the choice negatively
and water quality improvements affects the choice positively,
as expected. Considering the two papers that use panel data
and mixed logit models, the distribution of the coefficient esti-
mates across the survey respondents could provide insights
into how each definition of water quality is perceived by
respondents. For example, a water quality attribute with a low
ratio of the mean coefficient to the SD of the coefficient could
suggest that there is much preference heterogeneity for that
attribute or that attribute is perceived in various ways by the
respondents. Information about the statistical distribution of
parameters on water quality measures could be useful in
determining the efficacy of the different approaches.

Testing the Validity of Findings

Caught between the need to ensure public goods are given
due valuations in decision-making and the lack of a criterion
yardstick, economists are forced to rely on a variety of less
definitive tests. While much attention is paid to whether esti-
mated values converge on those for similar goods as reported
elsewhere in the academic literature, such examinations are
ultimately unsatisfying because they mitigate against new
and improved studies which might provide better, yet differ-
ent, values to those in the prior literature. Indeed if the prior
literature were infallible then this would negate the need for
further valuations. Therefore, a more defensible approach
is to examine whether estimated values vary according to
prior expectations. One source of such expectations con-
cerns the responsiveness of values to variation in the char-
acteristics of individuals themselves. For example, do those
with higher incomes and therefore less constraint on their
ability to pay generally exhibit higher WTP values? Do those
who rarely visit beaches have lower WTP than those who
frequently use them for recreation?

Tests of the variation of WTP with individual characteristics
are routinely satisfied. However, the papers collected in this
Symposium conduct further analyses of the responsiveness
of values to changes in the physical definition of the environ-
mental public goods under assessment. Again we can test
against expectations, although now these are often more
nuanced. For example, we might expect that as the scale or
“scope” of the good on offer increases in quantity and/or
quality so valuations might rise. This expectation might well
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hold over a range of changes; however, economic theory
shows that individuals will at some point become satiated
by the level of a good offered to them. So, for example, if all
lakes are polluted then an individual might have a high WTP
for cleaning up a first lake. But once a first pristine lake has
been provided, that individual is likely to have a lower WTP
to clean up a similar second lake. This phenomena of a per
unit (or “marginal”) WTP which declines with successive units
of provision gives us a test of the validity of stated preference
responses although it does mean that such a scope test (16-
18) does not have the simple expectation of constant unit
values and that eventually marginal WTP may diminish to
zero. Arelated second expectation, which provides a further
test of validity, is that individuals may well care more about
changes that occur near to them than far away (indeed this
is the essence of the revealed preference travel cost method;
holding site quality and other factors equal then visitors
would prefer to undertake lower cost, nearby visits). So, con-
tinuing the lake example, individuals may hold higher values
for improvements to lakes near to their home (which they
are more likely to visit and recreate at) than those in distant
locations. The expected “distance decay” in such use values
provides a further validity test for assessing stated prefer-
ence responses (22, 24, 25). One might expect that nonuse
values would be immune to such distance effects; if | care
about wildlife that | never see, why should it matter if it is
located near to me or on the other side of the world?
However, empirical results find that distance decay can also
be observed in nonuse values, albeit often to a weaker extent
than for use values (23, 26). This would be expected to occur,
for instance, if respondents feel more of an affinity for pro-
tecting local biodiversity or that others in more distant lands
should be looking after their wildlife. Whatever the reason,
again this can provide a further test of validity.

Relatedly, individuals may also have higher WTP for water
quality at sites they visit than at those they do not visit. This is
likely correlated with distance, but the revealed preference
literature has established that the highest-valued sites are not
necessarily those closest to individuals’ homes and that
accounting for visitation patterns makes a large difference in
the magnitude of hedonic property estimates of the WTP for
water quality (27). This provides an additional test for validity
of use-value estimates in the stated preference literature.

The papers presented in this Symposium represent a new
high point in assessments of the validity of stated preference
responses. In particular, the examination against expectations
regarding the impact of variation in the scope and spatial dis-
tribution of changes in ecosystem services upon derived WTP
values is exemplary. As might be expected from its title, the
paper by Johnston et al. (13), “Spatial Dimensions of Water
Quality Value in New England River Networks,” makes such
validity testing a central feature of its analysis. Their use of
interactive GIS maps builds on prior choice experiments which
show that visual presentations may help tease out distance
decay effects by enhancing respondents’ abilities to compre-
hend information which might be challenging if presented
through a purely numeric format (28, 29). Results confirm
expectations regarding both distance decay in values and their
sensitivity to the quality of improvements. However, while von
Haefen et al. (10) report value sensitivity to changes in quality
and lower values for more distant respondents, the latter effect
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was not statistically significant. This may be due to the fact
respondents were only asked questions about their own
county, so the degree of spatial variation is small. This contrast
is most marked in comparison to the Vossler et al. (11) study
which considered changes occurring both in local subcatch-
ments and in watersheds across multiple states. This larger
canvas allows the authors to estimate values for potential pol-
icies that vary in their location, spatial scope, and the extent of
the water quality change. Results find that all of these dimen-
sions exert expected effects upon valuation results. Clear evi-
dence of scope sensitivity with eventual satiation is reported
with respondents initially increasing their WTP with the size of
watershed improved but marginal WTP falling toward zero as
successively larger improvements are offered. With regard to
distance decay Vossler et al. (11) find that people are willing to
pay twice as much for an improvement policy that targets their
home watershed than one affecting a more distant watershed.
Nevertheless, analysis of payments for such distant improve-
ments provides considerable evidence of nonuse values being
an element of the total value of water quality improvements.

As noted above, WTP may also vary with the degree to
which respondents visit or otherwise value the sites in ques-
tion, which may be correlated with distance, but not neces-
sarily perfectly so. Johnston etal. (13) demonstrate that
people value water quality at specific locations, only some
of which may be near their own homes. In concert with
recent evidence from the revealed preference literature (27),
their work suggests that failing to identify the specific water
bodies that people value [for whatever reason(s)] may impair
researchers’ ability to detect the signal of demand for water
quality at such locations amidst the noise from a multitude
of monitoring locations on water bodies where such demand
is low or nonexistent. It would be instructive to explore
whether the valued locations that Johnston et al. (13) identify
through their creative use of technology to track respond-
ents' attention correlate with observable patterns of recrea-
tional visitation or other potential drivers of willingness to
pay. This paper also forges a fascinating hybrid between
revealed and stated preference, as respondents “reveal”
through their interaction with online maps—uvisitation with
their eyes instead of with their feet in the manner exploited
for many decades by researchers estimating the recreational
demand models originally envisioned by Hotelling (30).
Intriguingly, Vossler etal. (11) also differentiate survey
respondents’ valuation of water quality improvements in
their home watershed vs. elsewhere, finding that WTP for
water quality outside of a respondent’s home watershed is
much smaller than that for local improvements. A small
extent of the market for water quality is somewhat incon-
sistent with the recreation demand literature (31). Future
research should explore whether the findings from these
two papers can be reconciled using an approach that adopts
the BCG Ladder piloted by Vossler et al. (11) but uses recre-
ational visitation patterns or other behaviors to identify the
particular waters that respondents may value.

Overall Contributions to Public Policy

This Symposium combines two important aspects of envi-
ronmental benefit valuation—one methodological and one
topical. The papers focus on the intersection of the
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valuation of changes in ambient water quality, and “stated
preference” methods, which use carefully structured sur-
veys and related experimental techniques to elicit estimates
of individuals’ demand for environmental amenities (or the
damages from disamenities). The papers’ illumination of
issues at this intersection is timely in an applied sense, given
seismic shifts in the jurisdictional scope of the Clean Water
Act in the United States during the current and last two
presidential administrations (32), and an upcoming decision
from the US Supreme Court in Sackett v. EPA which is likely
to continue the quaking. It is also of great academic interest,
given major advances in stated preference methods in
recent decades (33), and the new ground that the
Symposium papers’ authors break in their development.

Role of Stated Preference Approaches to Valuing Water
Quality. Stated preference approaches have been used for
water quality valuation in regulatory processes in various ways
over time. For some water quality rules, including some of
the earliest applications of regulatory benefit-cost analysis to
water pollution rules, the EPA has used contingent valuation
estimates from the national study by Mitchell and Carson
(34) and a small number of other location-specific studies to
account for recreation and nonuse values (1). More recently,
the EPA has used more sophisticated practices for this kind
of “benefit transfer,” estimating nonuse benefits via meta-
analysis (35). In this process, the EPA uses a benefit function
to extrapolate from a large set of estimates in the literature to
the specific policy case. Arecent example is the use of a peer-
reviewed meta-analysis of stated preference estimates of the
value of wetland acreage (36), commissioned by the EPA for
its economic analysis of rules attempting to clarify the Clean
Water Act (CWA) jurisdiction (the boundaries of the “Waters
of the United States”).

Stated preference methods play a key role in water quality
valuation for several reasons. First, many individuals value
water quality even in waters they never expect to encounter
for recreation or other purposes. Consider, for example, the
damages to water quality in the Gulf of Mexico from the 2010
Deepwater Horizon/Macondo disaster and those to Prince
William Sound off the coast of Alaska from the 1989 Exxon
Valdez oil spill. Careful research demonstrates that individuals
across the United States experienced a loss when these events
occurred, even if they did not incur direct damages related to
recreational, commercial, or other uses of the affected waters
(37, 38). As the authors of several of the Symposium papers
point out, such “nonuse” or “passive use” values do not leave
footprints in markets, thus stated preference methods are the
only way to estimate them. For water quality policies with sig-
nificant nonuse benefits, stated preference methods are
therefore essential valuation techniques.

Second, for benefit-cost analysis of regulation, natural
resource damage assessment in the context of litigation,
and in other settings, policymakers and other stakeholders
may seek a comprehensive estimate of the value of water
quality. The alternatives to stated preference tech-
niques—“revealed preference” methods which exploit
observational data on water quality and specific endpoints
it affects, such as property prices, recreational visitation
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patterns, and human health, to estimate willingness to pay
for water quality—are generally designed to capture one or
a small number of types of values. In contrast, a single stated
preference survey can, in principle, capture as many aspects
of water’s value as the researcher designs it to capture
(including nonuse values). While the two approaches are
complementary, their capacity for comprehensiveness make
stated preference approaches an important part of the
water quality valuation toolkit.

Third, one challenge in estimating the value of water qual-
ity is understanding what the affected individuals know about
the implications of changes in a waterbody’s appearance,
smell, and other noticeable characteristics, and how those
changes relate to water quality parameters that can be easily
observed by the researcher at a broad spatial and intertem-
poral scale. Unlike revealed preference methods, stated
preference approaches involve an interaction between the
researcher and the respondent via the survey questions
being asked. This provides a unique opportunity to explain
the change in the good being valued and the implications of
that change. This interaction makes willingness to pay sen-
sitive to descriptions of the good, one among many sources
of variation, which can be addressed through careful research
design (33). However, it is also an advantage of the approach
relative to methods that estimate value based on impacts to
property values or recreation behavior in a context where
the affected individuals lack perfect knowledge of both water
quality and its implications for their health and other aspects
of well-being.

Confronted with these advantages, it is not surprising that
the most comprehensive assessment of the benefits of the
CWA in the United States to date (39) used contingent valu-
ation, a stated preference approach. Given major methodo-
logical advances over the ensuing three decades, changes in
baseline water quality and the spatial distribution of water
pollution challenges, and potential differences in which
aspects of water quality are valued by individuals and firms,
where, and how much, this Symposium lays important
groundwork for much-needed new water quality valuation
work at broad spatial scales.

Contributions of the Symposium Papers. In combination,
these Symposium papers expand economists’ toolkit for
estimating the benefits of water quality improvements, or
conversely the damages from water quality degradation,
in multiple directions. They offer improved water quality
measures and stronger links between what can be measured
directly in the environment and what is valued (and where)
by individuals. They provide avenues to better capture
nonuse values associated with water quality, which may be
substantial in many settings. They tap new data sources and
new technologies that help define the spatial extent of the
market for water quality. These tools and other contributions
will spur exciting new basic research into the value of water
quality and help support better and more comprehensive
valuation of water pollution control policies in regulatory and
other applied settings.

Data, Materials, and Software Availability. There are no data underlying
this work.
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