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Abstract

Cost-benefit analyses have largely failed to demonstrate a positive benefit to
cost ratio for programs designed to improve and protect water quality in the
United States and European Union. At the same time, research from outside
economics suggests that water quality ranks among the most urgent envi-
ronmental concerns and highlights deep social and cultural connections to
clean water. Exploring alternative explanations for this apparent water value
paradox is essential to informing contemporary rulemaking and regulatory
analyses, such as the Clean Water Act and the debated Waters of the United
States (WOTUS) rule. I review contemporary advances in mainstream en-
vironmental economics relevant to the value of clean water, frontiers that
have not yet been integrated into mainstream valuation methods, and plu-
ralistic approaches from sociology, history, and moral philosophy that offer
policy-relevant insights but do not fit neatly in cost-benefit frameworks of
valuation. The review concludes with recommendations for improved water
quality planning and policy in pursuit of a more comprehensive and plural-
istic understanding of the value of clean water.
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1. INTRODUCTION

Water underpins human well-being and economic development in every region of the world.
Water quality affects a broad and diverse suite of ecosystem services, including public health,
recreation and tourism, property values, infrastructure, fish and wildlife populations, and cultural
resources (Keeler et al. 2012). In 2015, the World Economic Forum declared water crises as the
greatest risk affecting the world economy (World Econ. Forum 2015). Public polling in the United
States consistently ranks clean water as the top environmental concern in both state and national
surveys (Gallup 2019).

At the same time, addressing water quality impairments requires significant public investments
and financial resources. Water quality problems are widespread, and the cost of addressing all
identified impairments far exceeds available public and private resources. In the United States,
approximately 70% of total lake acres and 55% of stream and river miles are impaired, meaning
they do not meet quality requirements for designated uses of swimming, boating, or fishing (US
EPA 2017). The adoption of the Clean Water Act in 1972 was largely successful at regulating
point sources of water contamination. However, nonpoint sources of pollution such as croplands,
lawns, and livestock production continue to degrade water quality. Various instruments have been
proposed to internalize the externalities associated with nonpoint source water pollution, ranging
from nutrient trading schemes to voluntary certification programs. Given the significant invest-
ments required to address the scale and scope of water pollution, it is worth asking: Are public
investments in clean water worth the cost?

1.1. Is There a Water Value Paradox?

Over US$35 billion is spent annually in the United States to address surface water quality impair-
ments. However, cost-benefit analyses developed by economists have largely failed to demonstrate
a positive return on these investments (Keiser et al. 2019). Reviewing 20 studies of the economic
benefits of clean water policies from 1985 to 2015, Keiser and colleagues report that the median
benefit to cost ratio was 0.37, suggesting that benefits rarely exceeded costs. Economic analysis
of the EU Water Framework Directive found that three-quarters of the cost-benefit assessments
conducted on projects designed to improve water quality did not have a positive benefit to cost
ratio (Feuillette et al. 2016). At the local or regional scale, economic valuation of water-related
ecosystem services is significantly less than the opportunity costs of land protection, especially
when competing with high-valued land uses such as agriculture (Keeler & Polasky 2014, Kovacs
et al. 2013, Noe et al. 2016). At the same time, qualitative and participatory research in the same
geographies finds broad support for public investments in water resources and a willingness to pri-
oritize water quality expenditures over other policy objectives (Davenport & Keeler 2018, Fellows
etal. 2019, MEP 2017).

Of all environmental goods, clean water offers a unique test of the breadth and validity of how
economics assigns value to nonmarket goods and services. The relatively low value of clean wa-
ter when analyzed through benefit to cost ratios appears to be in contrast to how individuals and
groups assess its worth in public polling and survey research. Water quality affects a diverse suite
of benefits, not all of which have been integrated into economic valuation models (Keeler et al.
2012). Water quality can be degraded by many different types of contaminants that affect different
endpoints, from lakes to rivers to groundwater to coasts, complicating the development of inte-
grated assessment models (Kling et al. 2017). Additionally, public perceptions of water quality are
influenced by societal norms, historical and contemporary contexts, and institutions that moder-
ate exposure to water-related benefits and burdens—dynamics that are often absent in methods
of economic valuation.
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The apparent discrepancy between public preferences for clean water and economic analyses
of showing low benefit to cost ratios for water quality interventions may be due to the following
explanations, each with important implications for public policy:

1. Economic valuations accurately reflect public preferences and associated welfare gains or
losses associated with changes in clean water. Implication: Society should consider shifting
resources to other environmental or social goods with a better return on investment.

2. Economic valuations are incomplete because economists have thus far only captured a sub-
set of water-related benefits in value assessments. Implication: Economists should invest in
studying a broader suite of water values, taking advantage of new methodologies and data
sets.

3. The nonmarket valuation approaches used by most environmental economists have limi-
tations and biases that systematically underestimate the value of changes in water quality.
Implication: Policy evaluation for water quality programs should adopt a more interdisci-
plinary and pluralistic approach that incorporates deliberative and nonmonetary methods
of value elicitation.

Economics occupies a privileged position in policy evaluation. The field presents the most
well-developed suite of tools to assess the costs and benefits of proposed actions. As a result, envi-
ronmental economics is often deployed to inform key public policy decisions at local and national
scales, including a requirement by the US government to conduct cost-benefit assessments for
major rules and regulations at the federal level (Griffiths et al. 2012). The implications of these
findings can directly affect the adoption and implementation of policy, as evidenced by the con-
flicting economic assessments of the Waters of the United States (WOTUS) rule by the Obama
and Trump Administrations (Boyle et al. 2017).

These specific examples aside, broad integration of water values into environmental policy
making lags behind similar assessments for air quality and carbon pollution, in part because our
current understanding of the value of improvements in water quality remains incomplete and con-
tested (Garrick et al. 2017). Combined with persistent critiques about the validity of neoclassical
welfare approaches to valuation, the lack of policy uptake raises questions about whether or not
the field of environmental and resource economics is up to the task of informing the management
of one of society’s most precious and threatened natural resources.

1.2. Motivation and Scope

I present a critical appraisal of the contributions of economics with respect to water quality val-
uation, one that considers a range of critiques of valuation internal and external to the field of
economics. I synthesize what can be learned from a pluralistic, multidisciplinary review of the
economic valuation of clean water. My engagement is bounded by a pragmatic urgency. The de-
mand for water value information in decisions is present and growing. Therefore, critique should
be measured by what better insights or actions it generates that contribute to enhanced social
welfare. I aim to not only advance understanding of water valuation but also address persistent
limitations of economic valuation that apply to other environmental goods and services.

I focus my review on the value of water quality, rather than water quantity, while recognizing
they are often interlinked (Brauman et al. 2007, Olmstead 2009). I devote less attention to market
values of water or those values that can be internalized via private sector risk assessments (e.g.,
https://tool.waterriskmonetizer.com) in favor of deeper analysis of the values of clean water as
a public good that contributes to a diverse stream of benefits.

www.annualreviews.org o Pluralistic Approaches to Water Quality Valuation

237


https://tool.waterriskmonetizer.com

238

Section 2 reviews notable advancements in the valuation of clean water mainstreamed by en-
vironmental economists. Section 3 summarizes frontiers in economic valuation science that hold
promise, yet have not been widely adopted by economists. Section 4 discusses future directions and
pluralistic approaches to valuation that go beyond mainstream economics. Section 5 applies these
concepts to the valuation process, offering guidance for economists and practitioners conducting
assessments of water value. Section 6 explores potential answers to the water values paradox.

2. MAINSTREAM ADVANCES

Contemporary research in environmental economics has made both methodological and substan-
tive contributions to our understanding of the value of clean water. Comprehensive reviews of
the economics of water quality and nonmarket valuation approaches are covered in Dumas et al.
(2005), Griffiths et al. (2012), Olmstead (2009), and Viscusi et al. (2008). Below, I highlight a few
research advances in nonmarket valuation and integrated assessment modeling that are improving
the scale, scope, and validity of welfare estimates associated with changes in water quality.

2.1. Nonmarket Valuation and Benefits Transfer

Water quality affects multiple dimensions of human welfare (Brauman et al. 2007, Keeler et al.
2012, Olmstead 2009). Environmental economists have focused on a subset of these values that
can be assessed using standard revealed and stated preference approaches, mainly property val-
ues, recreational behavior, and avoided treatment costs. Revealed preference approaches ad-
dress the first two categories of values. In reviewing 48 different hedonic studies, Nicholls &
Crompton (2018) find consensus that clean water has a measurable positive impact on prop-
erty values. Similarly, studies of travel costs demonstrate that visitors are willing to travel fur-
ther to visit cleaner, clearer waterbodies (Phaneuf 2002, Van Houtven et al. 2014). An exemplary
case of a revealed preference approach to water valuation is the Iowa Lakes Valuation Project
(https://www.card.iastate.edu/lakes/), where researchers have conducted annual surveys of a
representative sample of residents on recreational lake usage in order to understand the impact
of water quality on visitation patterns over time (Egan et al. 2009, Jeon & Herriges 2010). Survey
results were used to estimate the willingness to pay for improvements in individual lakes, and the
resulting welfare benefits have been used to prioritize lakes for water quality improvements.

Applying revealed preference to water value has been aided by increasing accessibility of data,
including housing transaction data from the real estate website Zillow, aggregated data on water
rates from the American Water Works Association (AWWA), and online platforms for dissemi-
nating visitor use data (e.g., https://irma.nps.gov/Stats/Reports/Park/GRPO). In addition to
increased data availability, economic valuation estimates have become more precise as methods
have improved, including use of intertemporal panel data, cross-sectional approaches, and quasi-
experiments that take advantage of variability in environmental quality (Kuminoff et al. 2013,
Mendelsohn 2019).

Stated preference surveys also find consistent evidence of positive willingness to pay for im-
proved water quality, with average annual household willingness to pay varying from $0 to more
than $200 depending on the magnitude of water quality improvements (Ge et al. 2013, Johnston
et al. 2005, Van Houtven et al. 2014, Walsh & Wheeler 2013). Unlike revealed preference,
stated preference surveys allow estimation of the monetary values held by nonusers (Hanley &
Czajkowski 2019). Stated preference studies also permit measurement of values for water quality
changes that do not currently exist, such as a hypothetical policy or program that will reduce
water pollution in the future. Choice experiments provide greater opportunity to customize
bundles of water-related goods and services and identify site characteristics and demographic
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factors that explain variation in stated preferences for clean water (Ahtiainen et al. 2015, Brouwer
et al. 2010, Latinopoulos 2014, Phaneuf et al. 2013, Viscusi et al. 2008).

Debate continues about the validity of contingent valuation for informing environmental pol-
icy analyses (Hausman 2012, Kling et al. 2012). However, emerging consensus about best practices
for stated preference methods (Johnston et al. 2017b) is improving the development and interpre-
tation of nonmarket valuation instruments in water policy evaluations and regulatory assessments.

The costs of treatment associated with degraded water represent another stream of value that
can be integrated into cost-benefit assessments. There are generalizable damage functions for
the costs of water treatment at the household and municipal levels (Keeler & Polasky 2014,
Lewandowski et al. 2008). In general, treating contaminated water is relatively inexpensive, es-
pecially in urban areas where costs are distributed among many households. Avoided cost analyses
typically yield estimated benefits far below costs associated with interventions to improve water
quality, such as taking land out of agricultural production or reducing crop yields (Gourevitch
etal. 2018, Keeler et al. 2016). Residential surveys report per household willingness to pay of $45
to $60 per month to reduce nitrates in drinking water to a minimum safety standard (Crutchfield
etal. 1997), suggesting that the consumer surplus associated with clean water is much higher than
revealed through avoided cost approaches.

Benefits transfer of water-related values is needed when time and resource constraints prevent
the collection of site-specific data, as is often the case for policy evaluation. Researchers have syn-
thesized multiple water quality valuation studies via meta-analysis and developed meta-regression
models for transferring water quality benefits (Johnston etal. 2005,2017a; Kling & Phaneuf 2018).
These models allow users to adjust mean willingness to pay for water quality improvements based
on income, demographics, region, water body type, and other contextual factors. Additional ad-
vances that can reduce benefit transfer errors and produce more accurate welfare estimates in-
clude studies that calibrate preferences to local contexts, ensuring that consumers can afford to
pay the amounts indicated by benefits transfer (Dumas et al. 2005, Smith et al. 2002), updating be-
liefs about the distribution of values using Bayesian probability theory (Phaneuf & Van Houtven
2015), and calibrating stated preference data with site-specific revealed preference data (Haener
etal. 2001).

2.2. Integrated Assessment Models

In a review of the value of water quality—related ecosystem services, Keeler et al. (2012) noted that
water quality valuation was hindered by a lack of integrated hydrologic and economic models that
could translate changes in water quality into economic values. Research has greatly advanced in
this area over the last decade. Collaboration with ecologists and hydrologists at project conception
means that the variables used as inputs to economic models now better match the outputs of bio-
physical models, and that biophysical model outputs are translated into indicators of water quality
with direct application to human well-being (Keiser & Muller 2017, Kling et al. 2017, Olander
et al. 2018). Detailed hydrologic models of changes in water quality are coupled with economic
models, allowing researchers to investigate potential trade-offs or complementarities in pollution
reduction strategies (Rabotyagov et al. 2016). Advancements in spatial ecosystem services models
such as AIRES and InVEST emphasize the importance of visualizing the flows and sinks of ben-
efits so the spatial dynamics and specific contextual interactions with different user communities
can be determined (Bagstad et al. 2013, Cong et al. 2020).

Spatially explicit water quality models, when linked to spatially explicit damage functions, allow
analysts to account for heterogeneity in the distribution of economic benefits and costs (Bateman
et al. 2016, Keeler et al. 2016, Willemen et al. 2010). Recreation value is rarely a function of wa-
ter quality alone, for example, because visitation is affected by proximity to population centers,
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amenities, and access points and preferences for substitute recreation sites. Studies have found
that recreationists have inconsistent preferences for water quality, in that preferences can vary
over time and depend on baseline exposure to water quality (Smeltzer & Heiskary 1990). While
researchers understand water quality benefits to be highly spatially heterogeneous, there is a lack
of empirical data to estimate the damage functions for the full array of water quality pollutants
across space (Garnache et al. 2016). Assuming a linear constant damage function for changes in
water quality ignores both ecological thresholds and diminishing marginal returns to water qual-
ity improvements and masks underlying heterogeneity in affected populations and endpoints of
interest that may be relevant for prioritization decisions (Keeler et al. 2019). Future work aimed at
understanding spatial heterogeneity in costs and preferences of beneficiaries would improve the
potential of integrated assessment models to explore spatial patterns in the distribution and value
of water quality changes.

Methodological advancements in nonmarket valuation and integrated modeling have enhanced
economists’ ability to evaluate the efficacy of alternative elicitation formats and improve parameter
estimation. However, improved econometrics has not necessarily led to improved policy-relevant
insights, such as isolating the value of marginal changes in specific ecosystem services that relate to
water quality interventions (Hackbart et al. 2017, Olander et al. 2018). Additional challenges in-
clude understanding the generalizability of water valuation estimates, uncertainties in underlying
data, models, and assumptions, and a general distrust among the public of “black box” approaches
to producing valuation estimates (Laurans et al. 2013).

3. FRONTIERS IN VALUATION

Keiser et al.’s (2019) assessment of the “low but uncertain” economic benefits of the Clean Water
Act represents a synthesis of much of the economic research described in Section 3. This section
highlights three research frontiers: inclusion of a broader suite of benefits, new sources of data,
and insights from behavioral and institutional economics. If included in future welfare evaluations,
these approaches are likely to increase the estimated net benefits of clean water policies.

3.1. Missing Benefits? Health Costs, Nonuse Values, and Nonmaterial Benefits

When pollution exposure is linked to impacts on human health, valuation estimates tend to be
large, as research on the economic costs of particulate air pollution has shown (Krupnick &
Morgenstern 2002). However, epidemiological and toxicological data linking changes in degraded
water quality to health impacts are absent or inconclusive for most water pollutants. To date, few
economic assessments of water values have integrated data on potential health costs associated
with exposure to water pollution in drinking water or recreation. An exception is lead pollution,
where researchers have documented how lead in drinking water can negatively affect cognitive
function and lifetime socioeconomic achievement (Gould 2009). Data on lead-related costs have
been used to evaluate the economic benefits of investments in lead removal in municipal and
household water systems (MDH 2019).

The evidence for other common water pollutants such as nitrate remains inconclusive. El-
evated levels of nitrate in drinking water are associated with increased risk of some cancers as
well as birth defects and miscarriages (Brender et al. 2004, Manassaram et al. 2006, Ward et al.
2018). However, studies have reported positive, neutral, and negative effects of nitrate on cancer
incidence, and elevated risks are often associated with specific subpopulations, making it difficult
to make generalizable claims. Van Grinsven et al. (2010) proposed a method for calculating the
economic costs of increased cancer risk due to nitrate pollution in water supplies in the European
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Union, arriving at a population-averaged health loss of €0.7 per kilogram of nitrate leaching based
on an assumed increase in risk of colon cancer. This method has since been modified and applied
to assessments of the economic cost of nitrogen pollution in valuation assessments in the United
States and European Union (Sutton et al. 2011, Temkin et al. 2019). Gourevitch et al. (2018)
found that a more comprehensive accounting of the social costs of nitrogen pollution, inclusive
of potential health costs due to elevated cancer risk, increased the social cost of nitrogen fertil-
izer use such that water quality benefits approached the same magnitude of savings as air quality
benefits.

The inclusion of avoided health costs is likely to increase estimates of net benefits for water
quality improvements, and their absence may partly explain the low economic values for clean
water found to date. However, there are reasons to be cautious about this approach. The science
linking nitrate and human health is underdeveloped, and there is no dose-response curve for ni-
trate exposure (or most water pollutants). Therefore, we know little about the shape of the damage
function relating increased nitrate to increased health risk.

In addition to health benefits, nonuse values and cultural or nonmaterial values often elude
quantification. In a review of cultural ecosystem services, Chan et al. (2012) caution that owing
to the intangible nature of values for nonmaterial benefits, analysts cannot assume that they are
self-evident and will appear in trade-off assessments or stated preference studies in the same way
as instrumental services.

Scholarship on cultural and nonmaterial ecosystem services has demonstrated that expressed
values for clean water are deeply tied to stewardship motivations surrounding the protection and
restoration of clean water (Peppard 2013, Raymond et al. 2009). A review of watershed payment
programs found that values such as “an obligation to future generations” and “pride in and re-
sponsibility for taking care of the land” were the most common justifications for participating in
water restoration activities and Payments for Watershed Services (Bremer et al. 2018).

Nonmaterial values are difficult to disentangle into their constituent parts, which is needed to
isolate marginal values for specific water quality changes (Chan etal. 2011). Researchers know very
little about how sensitive cultural values are to changes in water quality or the material status of
freshwater bodies (Peppard 2013). Nonmaterial values are also dynamic—humans are not passive
recipients of water-related values but active coproducers (Vatn 2009). For example, institutions
and technological advancements such as changes in fishing gear can moderate how users interact
with the natural environment, leading to shifts in demand for water-related benefits and changing
sensitivities to water quality changes (de Oliveira & Berkes 2014).

Beyond nonmaterial values, other categories of water-related values remain underdeveloped
or highly uncertain. These include the economic impacts of hypoxia and harmful algal blooms
(Rabotyagov et al. 2014) and potential value streams associated with changes in phosphorus and
sediment pollution (Garnache et al. 2016, Hansen & Ribaudo 2008). Both biophysical scientists
and economists need to develop integrated ecological and damage functions that connect changes
in water quality to these endpoints. Further work is also needed evaluating the option value of
protecting aquatic ecosystems from water quality changes even for cases where there is high un-
certainty surrounding potential welfare impacts of water quality changes. Until these other ben-
efits are included in cost-benefit assessments, economic assessments of clean water are likely to
consistently undervalue water protection or restoration programs.

3.2. New Data Sources: Advances in Nontraditional and Big Data

The explosion of big data generated through remote sensing, social media, and crowd-sourced
platforms is expanding the scale and scope of data-driven analyses in fields ranging from ecology
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(Hampton etal. 2013) to human behavior (Chatterjee et al. 2019). In economics, big data provides
information at a volume and granularity that present both challenges and opportunities for eco-
nomic theory and applications (Einav & Levin 2014). Data from social media platforms such as
Flickr or Twitter can estimate user activity and movement, visitation rates, and population den-
sity (Lin & Cromley 2015, Patel et al. 2017, Wood et al. 2013). Content analysis from websites,
blogs, or apps can evaluate preferences, user perceptions, social networks, and even property values
(Schwartz et al. 2019, Yao et al. 2018). These nontraditional sources offer the ability to evaluate
trends at spatial and temporal scales that would not be possible with survey instruments, increasing
the number of observations in models and thereby enabling economists to test the generalizability
of value estimates.

Data on activity, movement, and preferences can be coupled with crowd-sourced data on
amenities through platforms such as Open Street Maps, and remotely sensed data on land use,
flooding, and water quality, enhancing coupled social and ecological models at scale (Donahue
etal. 2018, Ramadas & Samantaray 2018). Recent remote sensing work has demonstrated increas-
ing skill at monitoring and understanding lake clarity (Feng et al. 2019), measuring suspended
solids (Wang et al. 2017), detecting algal blooms (Neil et al. 2019), and identifying and classifying
boat traffic (Kanjir et al. 2018). Economists are just beginning to explore how the use of alternative
data sources can improve the accuracy and representation of economic models and lead to more
inclusive and comprehensive valuation at scale.

Big data also presents numerous challenges. Economists will need to modify econometric tech-
niques reliant on individual demographics to take advantage of social media data, where the num-
ber of observations is large but the analyst knows very little about the income, location, or choice
set of individual users. Because social media data are not representative of the full population, re-
sulting analysis of user behaviors or preferences is likely biased toward a subset of the population.
Social media data or remotely sensed products may not be accessible to all researchers, and not all
data providers are fully transparent about the source, accuracy, and potential biases of data they
make public. And of course, there are very real privacy concerns about the use and analysis of data
on individuals obtained without consent, even if anonymized. Despite these limitations, big data
sources offer an exciting frontier in valuation science, especially if they can be applied to water
quality analyses in data-scarce regions of the world.

3.3. Beyond the Rational Actor: Behavioral and Institutional Economics

Behavioral and institutional economists caution that the elicited preferences may not accurately
reflect the marginal worth of the good in question, but rather the general identity or principles
of the respondent (Kahneman & Knetsch 1992). Stated preference studies are subject to known
biases, including anchoring, priming effect, and loss aversion, with alternative question framings
leading to significantly different elicited willingness to pay (Gregory & Slovic 1997, Ovaskainen
& Kniivild 2005). A behavioral paradigm asserts that preferences are neither completely fixed nor
totally fluid, and that research design interacts with social, cultural, and economic context to shape
preferences (Bowles 2008).

Designers of contemporary stated-preference surveys have integrated learning from behavioral
economics into the design of valuation instruments (Hanley & Czajkowski 2019). These include
formats designed to reduce the cognitive burden on respondents and correct for biases such as
loss aversion. Additional behavioral recommendations include pretesting the instrumental design
to check for comprehension and to detect lapses into heuristics, presenting valuation questions
in such a way that the information seems consequential and realistic, and designing choice ex-
periments that allow for more realistic comparisons (Hanley & Czajkowski 2019, Johnston et al.
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2017b). Some authors argue that these improvements do not go far enough in addressing ex-
ceptions to rational actor theory and advocate for continued innovation in instrument design
that is consistent with “social rationality” or “satisficing behavior” theories of welfare (Folmer &
Johansson-Stenman 2011). For example, Lindenberg & Steg (2007) advocate for a valuation ap-
proach that assumes environmental behaviors are shaped by physical and social constraints where
agents have limited information and use heuristics to make and adapt their choices through iter-
ative learning.

If behavioral economics has highlighted inconsistencies and complexities that affect the inter-
pretation of individual rationality, then institutional economics has shaped understanding of the
role of formal and informal institutions in shaping values (Berbés-Blizquez et al. 2016). Different
institutional framings support different rationalities that affect stated willingness to pay. For exam-
ple, Dietz & Atkinson (2010) show that elicitation instruments produce different policy rankings
if they frame implementation options as polluter pays or beneficiary pays.

Valuation responses are also sensitive to the specification and articulation of institutional con-
texts as part of hypothetical water quality scenarios commonly used in integrated assessment mod-
els (Motew et al. 2019). Institutions define who should participate in environmental assessments,
what counts as relevant knowledge, and how information is conveyed and interpreted (Vatn 2009).
"This influences valuation results because respondents’ political worldviews may interact with the
choice of payment mechanism (Fourcade 2011, Lamont 2012). Clean water applications of be-
havioral and institutional research include studies of the role of prosocial messaging on water use
(Ferraro et al. 2011) and investigations into the institutional factors that affect participation in
water quality protection or restoration activities (Pradhananga et al. 2015).

4. A HETERODOX APPROACH TO VALUATION

The economic valuation of ecosystem services is criticized for narrow conceptualizations of wel-
fare and a static view of the formation and articulation of individual preferences (Wegner &
Pascual 2011). Researchers from sociology, history, and moral philosophy have a lot to say about
these topics, but their insights have been largely ignored by mainstream economists in part be-
cause the focus has been on critique rather than the development of actionable alternatives (Nunn
2020). Heterodox fields of economics such as feminist economics and ecological economics have
embraced pluralistic methodologies of valuation, as well as a more intentional focus on issues
of rights, power relations, and equality in the framing of environmental issues. In this section, I
review the advantages and disadvantages of heterodox frameworks of valuation and preference
elicitation.

4.1. Insights from Sociology and Moral Philosophy

The construct of value is defined and interpreted in unique ways across varied disciplinary con-
texts. Sociologists define values as guiding principles that are relatively stable over time and in-
form and influence people’s beliefs, attitudes, perceptions, and behaviors (Schwartz 1992). Values
filter information about the world, shape people’s attitudes, and indirectly influence their behavior
(Bardi & Schwartz 2003). Economists conceptualize values as a measure of worth that reflects an
individual’s preferences for changes in the amount or quality of a good or service. Under a neo-
classical view, values may be influenced by social context but are best observed at the level of the
individual, with net changes in social welfare estimated through the aggregation of individual val-
ues. In contrast, sociologists take society and culture as their units of analysis precisely because they
believe phenomena are shaped by institutions and social and cultural norms and therefore cannot
be understood at the individual level. Individual and collective concepts of value are interlinked,
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and techniques designed to elicit values under either framing can be supported by well-developed
theories of value construction, formation, and articulation (Brekke et al. 2003, Kenter et al. 2015).

The valuation context serves to signal which frame of thinking a respondent should use when
answering valuation questions. If a survey uses a “consumer framing,” then the respondent is more
likely to respond through the lens of their individual utility function. If a survey uses a “citizen
framing,” then we expect respondents to use their own notion of a social welfare function (Brekke
et al. 2003, Sagoff 1998). Using a “we” orientation in a value instrument, such as “what are we as
a society willing to pay,” activates social norms and consideration of values about what is best for
the community or society (Kenter et al. 2015, Soma & Vatn 2014). People also express different
preferences when given information about the intended use of a natural resource or public good by
beneficiaries (Yaari & Bar-Hillel 1984). For example, respondents may be willing to pay more for
clean water if hypothetical visitors are using a water body for a spiritual or cultural practice, rather
than say, committing a crime. If social norms and institutions can modify people’s preferences, then
the analyst must consider whose welfare changes should be used as the baseline to evaluate the
welfare changes of others and whether the goal of valuation is to modify preferences or satisfy
existing preferences even if they lack full information (Nurmi & Ahtiainen 2018).

Some researchers have advocated for either replacing individual preferences with alternative
conceptualizations of welfare or including these in addition to more traditional approaches. Sen
(2005) argues that economists should expand welfare models to include the influence of factors
beyond constraints, beliefs, and preferences to include “sympathy” and “commitment.” According
to Sen, individuals are not always self-interested and may act in ways that decrease their welfare
for the sake of others or for the sake of their moral commitments (Hausman et al. 2016). In col-
laboration with philosopher Martha Nussbaum, Sen proposed a theory of well-being based on
“capabilities” and “functionings” (Teschl & Comim 2005). A capabilities approach to environ-
mental policy evaluation seeks to assess the extent to which a policy makes people more or less
able to achieve defined components of well-being, including “control over one’s environment,”
“affiliation,” “play,” and “bodily health” (Holland 2014).

Scholars have identified lists of key rights and capabilities, including access to clean water,
which could form the basis of alternative instruments for preference elicitation and trade-off as-
sessments (Holland 2014, Raworth 2017). Liu & Opdam (2014) operationalize this approach with
a representative group of stakeholders who are tasked with ranking different dimensions of well-
being that relate to specific ecosystem service values in the Netherlands. Participants allocated a
limited number of points among competing objectives in order to prioritize future management
actions (Liu & Opdam 2014). A remaining (but significant) challenge is determining appropriate
minimal thresholds of water-related rights and capabilities across multiple dimensions of water
quality, biophysical endpoints, and populations of beneficiaries.

4.2. Challenges of Inequality in Valuation Assessment

Poorer households have budget constraints, and the assumption of diminishing marginal utility
of income suggests that gains in environmental quality should count more when they accrue to
lower-income communities. However, cost-benefit assessments that rely on willingness to pay are
subject to ability to pay and can therefore privilege the preferences of the wealthiest individuals
(Wegner & Pascual 2011). In response, equity or distributional weights can be used to adjust wel-
fare estimates according to income. In climate accounting, equity weights have been used to adjust
estimates of climate damages based on income levels in developed and developing countries. The
results of cost-benefit assessments of climate change are substantially higher than unweighted es-
timates, suggesting that assumptions about individual and regional income distribution can greatly
affect resulting damage assessments of environmental policies (Anthoff et al. 2009).

Keeler



Application of equity weighting outside climate economics is rare. I was able to find only a
single study applying equity weights to water quality benefits. Nurmi & Ahtiainen (2018) applied
equity weights to results from a contingent valuation survey that assessed willingness to pay for
improved marine water quality in nine countries bordering the Baltic Sea. They found that equity-
adjusted benefits exceeded unweighted benefits estimates by approximately 30%. Analyzing equity
weights also identified important institutional considerations, including efficiency gains from a
policy allowing intergovernmental transfers of responsibilities and resources in addressing water
quality problems.

Water quality problems are unequally distributed, with poor and minority communities bear-
ing more of the burdens associated with degraded water quality and white, affluent communities
having the means to invest in avoidance behaviors or to relocate to areas with higher-quality water
(Deitz & Meehan 2019). The unequal distribution of water benefits coupled with rising income
inequality presents a strong case for broader implementation of equity weighting in environmental
cost-benefit analysis. Analysts should consider the implications of alternative weighting schemes
(inter- or intraregional approaches) and the relative income elasticity of preferences for different
types of water quality benefits—from luxury goods, such as recreational boating, to subsistence
fishing or access to drinking water (Drupp et al. 2018). Importantly, the decision not to use equity
weights is itself one with normative implications about whose preferences receive greater weight
in environmental policy analysis.

In addition to the unequal distribution of water quality benefits and harms, inequalities can
be reinforced through institutions and processes of environmental valuation. Having a voice in
the mechanisms by which values are elicited and representation in the institutions that design
and implement environmental policies are also important mechanisms to address environmental
injustices. Environmental programs associated with negative equity outcomes can erode public
trust, reduce stakeholder participation, and undermine conservation objectives due to rule break-
ing or sabotage (Berbés-Blazquez et al. 2016). Explicit consideration of equity in environmental
economics necessitates a commitment to understanding what matters to all people—not just those
in power—and the creation of opportunities for residents to articulate their own desired environ-
mental futures.

Social scientists with training in power analysis, political economy, and ethnography can help
identify the relevantsocial and historical contexts that shape individual preferences and bring valu-
able perspectives to the design and implementation of value assessments. For example, vastly dif-
ferent life experiences, including disenfranchisement or disempowerment, can mediate and affect
preferences about the environment. If individual preferences are shaped by historical and social
circumstances, then the interpretation of welfare estimates should account and potentially adjust
for biases in elicited preferences among beneficiary groups (Hausman et al. 2016). Thus far, there
has been little scholarship on how historical and social contexts shape individual values for changes
in environmental quality. Teschl & Comim (2005) found people in underserved areas where the
lack of access to clean water has become normalized may exhibit resigned adaptation, valuing clean
water less because “they are used to getting by without it” or think change is “out of their reach.”
More research is needed to understand how past experiences shape contemporary preferences and
how these insights can improve the design and interpretation of valuation instruments.

4.3. A Deliberative Toolkit for Value Elicitation

In contrast to monetary cost-benefit assessment based on the elicitation of individual preferences,
deliberative approaches to valuation rely on structured deliberations between small groups of
stakeholders to rank priorities, assess trade-offs, and negotiate values. Based on theories of
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deliberative democracy, deliberative methods rely on informed discussion, negotiation, and
learning that can activate social values (Bunse et al. 2015, Kenter et al. 2015, Spash 2007). Specific
methods vary, but a focus on participation, iteration, and consensus seeking is the cornerstone of
a deliberative approach to environmental valuation (Jacobs et al. 2018).

Advocates for deliberative methods base their argument on both procedural and substantive
grounds. Procedural benefits are well documented in the literature and include capacity building,
improved learning, dialogue, and awareness and an increase in the perceived legitimacy of out-
comes or recommendations (Kenter et al. 2015). Deliberation produces a record of concerns and
values that can help stakeholder groups and public entities craft more effective communications
campaigns that tie into expressed social values/norms (Bunse et al. 2015). Interaction and debate
improve value formulation and articulation, which lead to more informed choices, especially for
complex problems or contexts with high degrees of uncertainty about future outcomes (Wilson
& Howarth 2002). Substantive benefits such as increased public consensus or realized changes in
actions taken are less evidenced but are also noted in the literature (Kenter et al. 2015).

Lienhoop et al. (2015) and Jacobs et al. (2018) review how deliberative methods have been
applied to environmental values. Citizen juries, market stalls, participatory modeling, and de-
liberative multicriteria analyses all utilize some kind of public forum to encourage deliberation
and knowledge exchange, coupled with an assignment of social weights, policy recommendations,
and/or a monetary valuation. Deliberative monetary valuation combines a deliberative forum such
as a citizen jury or market stall with a stated preference or choice experiment where values can
be expressed as individual payments or aggregated totals for society (Lienhoop et al. 2015, Lo &
Spash 2013). Hybrid approaches take advantage of sophisticated online platforms for value elici-
tation that allow for an increased number of respondents and control for statistical representation
(Gregory et al. 2016). Qualitative methods such as charrettes, narrative prompts, and visual tools
have been found to be particularly effective at eliciting social and emotional values for the envi-
ronment (Satterfield 2001).

By virtue of their design, deliberative methods are time and resource intensive and typically
can only involve a small number of participants (see online methods described in Gregory et al.
2016 for an exception). This may be appropriate for local- or regional-scale problems but is harder
to justify when the decision context is associated with larger spatial scales and more diverse con-
stituencies. Some methods require participants to reach consensus on a monetary valuation of an
environmental change, for example, in the form of an agreed-upon tax or payment scheme that
will be applied to a larger population. Other methods use aggregation weights before or after
deliberation to scale elicited benefits to a population of interest. In either case, the analyst needs
to be transparent about the method of participant selection and how value estimates from small
groups are applied to larger populations (Lienhoop et al. 2015, Spash 2007). Their small size also
means that deliberative processes are subject to manipulation by vested interests and open to co-
ercion and strategic action (Vatn 2009). Forcing consensus on values means there is potential for
political or power dynamics to corrupt participatory ideals of value pluralism and open debate.
Advocates for deliberative processes note that effective facilitation, framing, and enforcement of
ground rules can mediate some of the risks of manipulation or group think (Kenter et al. 2016).

In summary, deliberative approaches offer an alternative to the individual consumer model of
economic valuation where social welfare is evaluated based on aggregated willingness to pay for
water quality changes. Deliberative methods provide time for respondents to increase their under-
standing of complex environmental issues and activate more reflexive and socially oriented value
frames. Lienhoop et al. (2015) recommends deliberative methods when the values at stake are un-
familiar or are primarily cultural or nonmaterial in nature. Vatn (2009) groups valuation contexts
into categories based on assumed rationality (consumer versus citizen), value commensurability,
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complexity, and temporal and spatial scale, noting that deliberative methods are better suited to
situations with high complexity and broad social implications.

Application of deliberative approaches to environmental value assessments remains relatively
siloed in ecological economics and associated fields. The field would benefit from further collabo-
ration between mainstream and heterodox economists, who would compare methods and insights
across alternative valuation approaches. Water-related ecosystem services that range from egotis-
tic to altruistic value orientations offer a unique opportunity to compare the value of water-quality
policies and programs generated by different methods across varied contexts.

Heterodox scholars recognize valuation as a social process, embedded within culture and there-
fore affected by social norms and other forms of political power. Whereas mainstream economics
marginalizes issues of equity and distribution, other social sciences lean into these issues and of-
fer important and consequential insights on the impacts of institutions, power imbalances, and
inequality on the formation and articulation of preferences. Comprehensive information on pro-
jected welfare changes due to environmental investments is critical to policy analysis and getting
the best return on public investments in public goods. Theory and methods from beyond eco-
nomics deserve a closer look for their contributions to our understanding of values and valuation.

5. THE VALUATION PROCESS: A PROPOSED FRAMEWORK
FOR PLURALISTIC, COMPREHENSIVE VALUATION

The process of valuation will influence the outcome of valuation, with subsequent effects on policy
analysis and decision making. The economist makes numerous decisions in the framing, design,
implementation, and interpretation of a valuation study. These decisions have consequences and
yet they are rarely interrogated for their impact and give a false sense that economic studies are
objective and neutral in their conclusions about important natural resource management con-
texts. In this section, I provide a framework to guide the selection of valuation methodologies that
encourages more reflective and comprehensive environmental valuation.

5.1. Diagnose the Decision Context

Effective policy-relevant valuation depends upon a clear articulation of the decision context that
it is meant to inform. There are three questions researchers should consider at the scoping stage
of a valuation assessment: (#) Whose values are to be counted? (#)) What water quality—related
values or ecosystem services are at stake? (¢) Why is valuation information needed (Figure 1)?
Answering these questions requires the analyst to make explicit the assumptions that are relevant
to the selection of valuation methodologies and the application and interpretation of end results.
These assumptions are present in all economic studies, but not often elevated and debated for
their potential theoretical and practical significance.

5.1.1. Who: identify the relevant population. Valuation assessments may target specific sub-
populations (e.g., recreational anglers who visit a particular lake) or a representative population
within a defined spatial boundary (e.g., statewide population of water users and nonusers). Initia-
tives that affect water quality may have benefits downstream beyond the study area of interest. In
this case, the analyst should consider if nonresident values are also of interest even if nonresidents
do not bear the costs in the form of higher taxes or increased fees associated with a proposed policy
or program.

Decisions about defining the relevant population in a primary study or benefits transfer ap-
plication can be challenging. Without a clear justification, unit benefit values are often arbitrarily
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o Diagnose the decision context
WHO? WHAT? WHY?
Identify the relevant Identify the values Anticipate how value
population at stake outputs will be used
Whose values need to What water quality-related What is being decided?
be counted? goods or services may be By whom?
Do value estimates need to be affected by the decision? What audience is the target
disaggregated by group? for the information?

v

o Select the value-articulating
process and methodology

v

e Interpret and communicate

How should uncertainties and
assumptions be communicated to
decision makers?

Figure 1

The process of economic valuation should be grounded in a clear articulation of the populations of interest,
the types of values or ecosystem services at stake, and the decision context and audience for the information.
These questions should inform the selection of the appropriate valuation methodology and the
interpretation and communication of results.

multiplied by the number of inhabitants living close to a water body or study area, which can pe-
nalize regions with lower population densities. Aggregate willingness to pay can be highly sensitive
to decisions about the population selected for an analysis of benefits (Feuillette et al. 2016).

Analysts should also consider the appropriate frame respondents should adopt when respond-
ing to a valuation prompt. Does the valuation assessment aim to capture values of the current pop-
ulation, or are the policy options in question distant and enduring such that respondents should
be prompted to consider the well-being of future generations? Framing also affects the activation
of social norms, prompting respondents to adopt perspectives of either individual consumers or
a more socially oriented rationality (Vatn 2009). Finally, the analyst should consider whether it is
useful to be able to disaggregate water values among different beneficiary groups—for example,
to assess the equity or distributional consequences of a proposed policy or program (Daw et al.
2011).

Whether explicit or implicit, these discussions of whose values are valued in the context of
decision making have implications for the design of valuation instruments and the interpretation
and application of study conclusions.

5.1.2. What: identify the values at stake. Clean water affects a broad suite of ecosystem goods
and services, including use and nonuse and material and nonmaterial values. Water quality itself
is not an ecosystem service, but rather a contributor to multiple dimensions of human well-being,
defined by unique endpoints, beneficiaries, and implications for welfare (Keeler et al. 2012). Water-
related values can be organized along a continuum spanning egocentric values that relate to direct
material self-interest, pleasure, or comfort; altruistic values that relate to cultural or social consid-
erations; and biospheric values that relate to nonhuman or natural systems (Figure 2). Identifica-
tion of the types of values at stake is closely linked to the identification of relevant populations of
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Egocentric (self) Altruistic (society) Biospheric (nature)

Clean drinking water Heritage and identity Sustained natural systems

Property value Future generations and processes

Recreation Protecting downstream Hé’lzllt?t for native fish and
populations wildlite

Fish and shellfish production
Preservation of cultural and
spiritual value

Figure 2

Typologies of values based on Schwartz (1992) and Bouman et al. (2018), with associated water-related values
identified under each category.

beneficiaries as discussed above. Different constituencies will prioritize different values, and these
preferences for water-related goods and services may not be known at the study outset.

Instrument design is often disconnected from the types of water values under consideration.
Discrepancies between value estimates derived from willingness to pay and those derived from
willingness to accept in stated preference instruments are most notable in goods that evoke moral
or emotional sentiments (Biel et al. 2011), underscoring the need for analysts to consider how
the goods in question should affect methodological design. Value instruments may be designed
to capture a narrow set of values (e.g., property values) or aim to capture material and nonma-
terial values, including intrinsic values that relate to the existence or health of natural habitats
and wildlife. Water-related values also differ in their level of complexity or familiarity. Near-term,
proximate, and instrumental values, such as changes in property values, are easier to communicate
and place a lower cognitive burden on respondents. More complex, uncertain, or distant values
included in the altruistic or biospheric categories may be unfamiliar to respondents and there-
fore require a study design that allows for reflection, iteration, and the consideration of relevant
cultural or social norms (Vatn 2009).

Not all water-quality interventions will affect all water-related values to the same degree. For
example, a streambank stabilization program may affect sediment loads and fish habitat but have
minimal impact on drinking water quality. Consultation with biophysical scientists can identify
the likely magnitude and direction of ecological responses to proposed policies or programs and
this information should inform the design of hypothetical scenarios illustrating program impacts.
Interdisciplinary consultation on the selection of relevant values at stake can also identify key
sources of uncertainty, the existence of thresholds or feedbacks, and the level of familiarity of the
target population with specific water-related values of interest.

5.1.3. Why: anticipate how value outputs will be used. Valuation exercises cannot be di-
vorced from the contexts they aim to inform. Information on the value of clean water can be
deployed in a variety of decision contexts, ranging from raising awareness, prioritizing among
competing actions, accounting for the benefits or costs of proposed rules or regulations, develop-
ing instruments or mechanisms for resource governance, and settling legal claims (Figure 3).

Raising awareness of the value of water in order to influence a campaign or legislative agenda
does not necessarily require monetary values or a detailed cost-benefit assessment. In evaluating
social policies or prioritizing the allocation of scarce resources, decision makers may be more
interested in understanding a diversity of values across different groups or sectors, especially where
cultural, stewardship, or relational values for water have been identified as important.

The intended audience for a valuation study may be distinct from the decision makers in
charge of implementing a water quality policy or program and different still from the popu-
lation of beneficiaries who stand to benefit from water quality improvements. Understanding
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Time and resources

Y

Reliability and accuracy requirements

Y

Raising Setting . Designing

awareness priorities Accounting instruments
Shaping minds Spatial Return on Payment for Damage and
Growing targeting investment ecosystem compensation
awareness Assessing Cost-benefit services claims
Establishing trade-offs assessments Trading
common Prioritization National programs
language accounts

Figure 3

Valuation information may inform a variety of decisions ranging from raising awareness to litigation. As the
need for quantitative rigor and accuracy increases, so do the time and resources needed to complete the
valuation assessment. Not all decisions require complex models or monetary valuation. In many cases,
qualitative data, relative values, or improved education and awareness are all that are needed to inform
decisions. Figure based on Gémez-Baggethun & Barton (2013).

the decision context and relevant end-users for a valuation process is best achieved through a
process of codevelopment, where decision makers, stakeholders, scientists, and economists work
together to scope project objectives, codesign research, and build collective understanding of the
assumptions embedded in valuation studies. There is a well-developed literature on best practices
in coproduction (Wyborn 2015), although there is limited evidence of this approach being used
by economists, with few exceptions (Irwin et al. 2018).

5.2. Select the Appropriate Methodology

Selection of the most appropriate valuation methodology should follow from reflection on the
population of interest, types of water-related values, target audience, and potential application of
valuation results. Economic literature describing the results of valuation studies rarely provides a
detailed justification for their selection of methods, so there is room for improvement here.

Traditional cost-benefit assessments are most suitable for decision contexts where the poten-
tial benefits or costs of water policies are familiar, respondents are well informed about potential
consequences, and the distribution of income or ability to pay is relatively equal across the popu-
lation of interest. In contexts where policies will affect public goods that are difficult to measure,
where consequences are likely to be lasting, serious, and highly uncertain, where policy choices
raise other moral questions about issues such as equity, or where there are big differences between
the wealth of those who favor a policy and those who oppose it, then alternative methods that
allow for deliberation, activation of social norms, and disaggregation of benefits across different
groups are warranted.

The objectives of environmental policies often extend beyond efficiency to include goals such
as minimizing pain or human suffering, addressing or mitigating historic inequalities, and pro-
tecting human rights. In these cases, a valuation strategy should integrate a plurality of meth-
ods, drawing expertise from diverse disciplines, to provide the most comprehensive assessment of
trade-offs resulting from policies or programs.
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5.3. Implement and Interpret

Research from social psychology and behavioral economics underscores how the implementation
of valuation instruments can affect the formation and expression of preferences. Values are not
independent from the means of value elicitation, including instrument design, framing, and the
selection of representative publics. For deliberative forums, facilitation and ground rules are in-
strumental in ensuring that participation is representative and the potential impacts of coercive
or manipulative behaviors are minimized.

Interpretation includes sensitivity analyses, decisions about aggregation and value commensu-
rability, the visualization of trade-offs or distributional considerations, and the communication of
uncertainties. Making these assumptions explicit and carrying implications all the way from in-
strument design to application to policy will improve transparency of value estimates and clearly
identify whose values are represented in any resulting policy analysis.

6. SYNTHESIS AND CONCLUSION

If we agree that economics is the study of trade-offs and the allocation of scarce resources, then the
mandate of environmental economics is much broader than assessments of individual preferences
in pursuit of maximum efficiency. Moral, ethical, and normative dimensions of environmental val-
uation are critical to understanding how to make complex choices in an uncertain world. Ethical
choices cannot be addressed only through technocratic methods, but require open deliberation
about interests, motivations, and values. Complex problems of social choice and the allocation of
public resources are riddled with trade-offs over competing values and objectives. A robust pol-
icy assessment requires comparisons among individuals and groups, acknowledgment of historical
context and social norms, and stakeholder awareness of the uncertainties and potential biases em-
bedded in economic models and methods.

The discipline of economics primarily adopts an ahistorical approach, with minimal exploration
of how historical factors affect contemporary economic outcomes (Nunn 2020). There is some
evidence this is changing as the scholarship of economic historians has become more influential
in research on economic development (Nunn 2020) and citations of work in political science,
sociology, and psychology are on the rise in economic journals (Angrist et al. 2020). I would like
to see this trend extend into environmental economics. My collaborations with historians have
made clear how understanding coupled with environmental and social histories of watersheds
is extremely relevant to both the design of valuation instruments and the evaluation of future
environmental policies (Keeler et al. 2020).

6.1. Resolving the Water Value Paradox?

This review identifies several explanations for the apparent disconnect between past studies show-
ing a low economic value for clean water and perceptions of water as an invaluable public good.
While we cannot discount past cost-benefit assessments that have found low monetary values
for clean water policies, I believe the other two explanations for the paradox presented in the
introduction—missing benefits and limited and biased models—are supported by this review.
Assessment of a more comprehensive suite of water values, including health costs, nonuse val-
ues, and relational values, will likely increase benefit assessments for clean water interventions.
Applying equity weights where the population of interest has known disparities in income and
the benefits of environmental policies are regressively distributed will also likely increase value
estimates for clean water. Continued integration of learning from behavioral and institutional
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economics will improve the design and implementation of value assessments and increase confi-
dence in the validity of conclusions. Finally, integration of big data and other nontraditional data
sets may mean modifications to econometric models but could meaningfully expand the scale and
scope of valuation methods.

Research on nonmaterial ecosystem services demonstrates that individual preference-based
methods of value elicitation are poorly suited to evaluate social and cultural values and will re-
quire alternative approaches. Scholarship from moral philosophy and sociology advocates for a
broader definition of welfare that includes rights, capabilities, and commitment as objectives for
policy implementation. There is also a growing call for more intentional consideration of eq-
uity and distributional impacts in economic research, beyond equity weighting (Raworth 2017).
Accounting for historical context, power relations, and the unequal distribution of benefits and
costs necessitates a pivot away from aggregate approaches that seek to maximize efficiency at the
expense of equity.

Economic valuation of environmental goods and services will always be imperfect. Assessing
the value of clean water is especially challenging given the diversity of material and nonmaterial
values at stake, the varying temporal and spatial scales of water quality changes, and the complex
social and biophysical interactions that govern changes in water quality and impacts to human
well-being. Economists have made great progress in articulating the value of clean water, and
this progress must continue as the urgency and scope of water quality problems grow. Future
progress can be aided by an expanded economic toolkit, inclusive of traditional and heterodox
approaches, that elevates the distributional consequences of environmental decisions and increases
the legitimacy of economic valuation.

DISCLOSURE STATEMENT

The author is not aware of any affiliations, memberships, funding, or financial holdings that might
be perceived as affecting the objectivity of this review.

ACKNOWLEDGMENTS

Steve Polasky, Terin Mayer, and Kelly Meza Prado were instrumental in scoping the manuscript
and developing the core arguments. Terin Mayer reviewed literature on behavioral and institu-
tional economics, and Kelly Meza Prado reviewed literature on cultural and nonmaterial ben-
efits. Special thanks to Hillary Waters and Daniel Hernandez for reviewing early drafts and to
Rachel Hauber and Lindsey Krause for fact checking and reference formatting. This research was
supported by the Environment and Natural Resources Trust Fund and the Legislative-Citizen
Commission on Minnesota Resources.

LITERATURE CITED

Ahtiainen H, Pouta E, Artell J. 2015. Modelling asymmetric preferences for water quality in choice experi-
ments with individual-specific status quo alternatives. Water Resour. Econ. 12:1-13

Angrist ], Azouley P, Ellison G, Hill R, Feng Lu S. 2020. Inside job or deep impact? Extramural citations and
the influence of economic scholarship. 7 Econ. Lit. 58:3-52

Anthoff D, Hepburn C, Tol RS. 2009. Equity weighting and the marginal damage costs of climate change.
Ecol. Econ. 68:836-49

Bagstad KJ, Johnson GW, Voigt B, Villa F. 2013. Spatial dynamics of ecosystem service flows: a comprehensive
approach to quantifying actual services. Ecosyst. Serv. 4:117-25

Bardi A, Schwartz SH. 2003. Values and behavior: strength and structure of relations. Pers. Soc. Psychol. Bull.
29:1207-20

Keeler



Bateman I, Agarwala M, Binner A, Coombes E, Day B, et al. 2016. Spatially explicit integrated modeling
and economic valuation of climate driven land use change and its indirect effects. 7. Environ. Manag.
181:172-84

Berbés-Blizquez M, Gonzilez JA, Pascual U. 2016. Towards an ecosystem services approach that addresses
social power relations. Curr. Opin. Environ. Sustain. 19:134-43

Biel A, Johansson-Stenman O, Nilsson A. 2011. The willingness to pay-willingness to accept gap revisited: the
role of emotions and moral satisfaction. . Econ. Psychol. 32:908-17

Bouman T, Steg L, Kiers HA. 2018. Measuring values in environmental research: a test of an environmental
portrait value questionnaire. Front. Psychol. 9:564

Bowles S. 2008. Policies designed for self-interested citizens may undermine “the moral sentiments”: evidence
from economic experiments. Science 320:1605-9

Boyle KJ, Kotchen M], Smith VK. 2017. Deciphering dueling analyses of clean water regulations. Science
358:49-50

Brauman KA, Daily GC, Duarte TK, Mooney HA. 2007. The nature and value of ecosystem services: an
overview highlighting hydrologic services. Annu. Rev. Environ. Resour: 32:67-98

Brekke KA, Kverndokk S, Nyborg K. 2003. An economic model of moral motivation. 7. Public Econ. 87:1967-83

Bremer LL, Brauman KA, Nelson S, Prado KM, Wilburn E, Fiorini ACO. 2018. Relational values in evalu-
ations of upstream social outcomes of watershed Payment for Ecosystem Services: a review. Curr: Opin.
Environ. Sustain. 35:116-23

Brender JD, Olive JM, Felkner M, Suarez L, Marckwardt W, Hendricks KA. 2004. Dietary nitrites and nitrates,
nitrosatable drugs, and neural tube defects. Epidemniology 15:330-36

Brouwer R, Martin-Ortega J, Berbel J. 2010. Spatial preference heterogeneity: a choice experiment. Land Econ.
86:552-68

Bunse L, Rendon O, Luque S. 2015. What can deliberative approaches bring to the monetary valuation of
ecosystem services? A literature review. Ecosyst. Serv. 14:88-97

Chan KM, Goldstein J, Satterfield T, Hannahs N, Kikiloi K, et al. 2011. Cultural services and non-use values.
In Natural Capital: Theory and Practice of Mapping Ecosystem Services, ed. P Kareiva, H Tallis, T Ricketts,
GC Daily, S Polasky, pp. 206-28. Oxford, UK: Oxford Univ. Press

Chan KM, Guerry AD, Balvanera P, Klain S, Satterfield T, et al. 2012. Where are ‘cultural’ and ‘social’ in
ecosystem services: a framework for constructive engagement. Bioscience 62:744-56

Chatterjee A, Gupta U, Chinnakotla MK, Srikanth R, Galley M, Agrawal P. 2019. Understanding emotions
in text using deep learning and Big Data. Comput. Hum. Bebav. 93:309-17

Cong W, Sun X, Guo H, Shan R. 2020. Comparison of the SWAT and InVEST models to determine hydrolog-
ical ecosystem service spatial patterns, priorities and trade-offs in a complex basin. Ecol. Indic. 112:106089

Crutchfield SR, Cooper JC, Hellerstein D. 1997. The benefits of safer drinking water: the value of nitrate reduction.
Econ. Res. Serv. Agric. Econ. Rep. 752, US Dep. Agric., Washington, DC

Davenport M, Keeler BL. 2018. The value of Minnesota water: a resident survey. Survey, Cent. Changing Land-
scapes, Univ. Minn., St. Paul. https://www.changinglandscapes.umn.edu/sites/changinglandscapes.
umn.edu/files/mn_water_value_questionnaire_final_1.pdf

Daw T, Brown K, Rosendo S, Pomeroy R. 2011. Applying the ecosystem services concept to poverty allevia-
tion: the need to disaggregate human well-being. Environ. Conserv. 38:370-79

de Oliveira LEC, Berkes F. 2014. What value Sdo Pedro’s procession? Ecosystem services from local people’s
perceptions. Ecol. Econ. 107:114-21

Deitz S, Meehan K. 2019. Plumbing poverty: mapping hot spots of racial and geographic inequality in US
household water insecurity. Ann. Am. Assoc. Geog. 109:1092-109

Dietz S, Atkinson G. 2010. The equity-efficiency trade-off in environmental policy: evidence from stated
preferences. Land Econ. 86:423-43

Donahue ML, Keeler BL, Wood SA, Fisher DM, Hamstead ZA, McPhearson T. 2018. Using social media to
understand drivers of urban park visitation in the Twin Cities, MN. Landsc. Urban Plan. 175:1-10

Drupp MA, Meya JN, Baumgartner S, Quass MF. 2018. Economic inequality and the value of nature. Ecol.
Econ. 150:340-45

Dumas CF, Schuhmann PW, Whitehead JC. 2005. Measuring the economic benefits of water quality im-
provement with benefit transfer: an introduction for noneconomists. Amz. Fish. Soc. Symp. 47:53-68

www.annualreviews.org o Pluralistic Approaches to Water Quality Valuation

253


https://www.changinglandscapes.umn.edu/sites/changinglandscapes.umn.edu/files/mn_water_value_questionnaire_final_1.pdf

254

Egan KJ, Herriges JA, Kling CL, Downing JA. 2009. Valuing water quality as a function of water quality
measures. Am. J. Agric. Econ. 91:106-23

Einav L, Levin J. 2014. Economics in the age of big data. Science 346:1243089

Fellows S, Davenport M, Pradhananga A. 2019. Conservation beliefs and actions in the Sand Creek Wa-
tershed, Minnesota. Tech. Rep., Cent. Changing Landscapes, Univ. Minn., St. Paul. https://www.
changinglandscapes.umn.edu/sites/changinglandscapes.umn.edu/files/final_sand_creek_report.
pdf

Feng L, Hou X, Zheng Y. 2019. Monitoring and understanding the water transparency changes of fifty large
lakes on the Yangtze Plain based on long-term MODIS observations. Remote Sens. Environ. 221:675-86

Ferraro PJ, Miranda JJ, Price MK. 2011. The persistence of treatment effects with norm-based policy instru-
ments: evidence from a randomized environmental policy experiment. Amz. Econ. Rev. 101:318-22

Feuillette S, Levrel H, Boeuf B, Blanquart S, Gorin O, et al. 2016. The use of cost-benefit analysis in envi-
ronmental policies: some issues raised by the Water Framework Directive implementation in France.
Environ. Sci. Policy 57:79-85

Folmer H, Johansson-Stenman O. 2011. Does environmental economics produce aeroplanes without engines?
On the need for an environmental social science. Environ. Resour. Econ. 48:337-61

Fourcade M. 2011. Cents and sensibility: economic valuation and the nature of “nature.” Am. F. Sociol.
116:1721-77

Gallup. 2019. In depth: topics A to Z: Environment. https://news.gallup.com/poll/1615/environment.aspx

Garnache C, Swinton SM, Herriges JA, Lupi F, Stevenson RJ. 2016. Solving the phosphorus pollution puzzle:
synthesis and directions for future research. Am. 7. Agric. Econ. 98:1334-59

Garrick DE, Hall JW, Dobson A, Damania R, Grafton RQ, et al. 2017. Valuing water for sustainable devel-
opment. Science 358:1003-5

Ge ], Kling C, Herriges J. 2013. How much is clean water worth? Valuing water quality improvement using a
meta analysis. Econ. Work. Pap. 13016, Iowa State Univ., Ames. https://lib.dr.iastate.edu/econ_las_
workingpapers/51

Goémez-Baggethun E, Barton DN. 2013. Classifying and valuing ecosystem services for urban planning. Ecol.
Econ. 86:235-45

Gould E. 2009. Childhood lead poisoning: conservative estimates of the social and economic benefits of lead
hazard control. Environ. Health Perspect. 117:1162-67

Gourevitch JD, Keeler BL, Ricketts TH. 2018. Determining socially optimal rates of nitrogen fertilizer ap-
plication. Agric. Ecosyst. Environ. 254:292-99

Gregory R, Satterfield T, Hasell A. 2016. Using decision pathway surveys to inform climate engineering policy
choices. PNAS 113:560-65

Gregory R, Slovic P. 1997. A constructive approach to environmental valuation. Ecol. Econ. 21:175-81

Griffiths C, Klemick H, Massey M, Moore C, Newbold S, et al. 2012. US Environmental Protection Agency
valuation of surface water quality improvements. Rev. Environ. Econ. Policy 6:130-46

Hackbart VCS, de Lima GTNP, dos Santos RF. 2017, Theory and practice of water ecosystem services valu-
ation: Where are we going? Ecosyst. Serv. 23:218-27

Haener MK, Boxall PC, Adamowicz WL. 2001. Modeling recreation site choice: Do hypothetical choices
reflect actual behavior? Am. 7. Agric. Econ. 83:629-42

Hampton SE, Strasser CA, Tewksbury JJ, Gram WK, Budden AE, et al. 2013. Big data and the future of
ecology. Front. Ecol. Environ. 11:156-62

Hanley N, Czajkowski M. 2019. The role of stated preference valuation methods in understanding choices
and informing policy. Rev. Environ. Econ. Policy 13:248-66

Hansen L, Ribaudo M. 2008. Economic measures of soil conservation benefits: regional values for policy assessment.
Tech. Bull. 1922, US Dep. Agric., Washington, DC

Hausman D, McPherson M, Satz D. 2016. Economic Analysis, Moral Philosophy, and Public Policy. Cambridge,
UK: Cambridge Univ. Press. 3rd ed.

Hausman J. 2012. Contingent valuation: from dubious to hopeless. 7. Econ. Persp. 26:43-56

Holland B. 2014. Allocating the Earth: A Distributional Framework for Protecting Capabilities. Oxford, UK: Oxford
Univ. Press. 1st ed.

Keeler


https://www.changinglandscapes.umn.edu/sites/changinglandscapes.umn.edu/files/final_sand_creek_report.pdf
https://news.gallup.com/poll/1615/environment.aspx
https://lib.dr.iastate.edu/econ_las_workingpapers/51

Irwin EG, Culligan PJ, Fischer-Kowalski M, Law KL, Murtugudde R, Pfirman S. 2018. Bridging barriers to
advance global sustainability. Nat. Sustain. 1:324-26

Jacobs S, Martin-Lépez B, Barton DN, Dunford R, Harrison PA, et al. 2018. The means determine the end—
pursuing integrated valuation in practice. Ecosyst. Serv. 29:515-28

Jeon Y, Herriges JA. 2010. Convergent validity of contingent behavior responses in models of recreation
demand. Environ. Resour. Econ. 45:223-50

Johnston RJ, Besedin EY, Iovanna R, Miller CJ, Wardwell RF, et al. 2005. Systematic variation in willingness
to pay for aquatic resource improvements and implications for benefit transfer: a meta-analysis. Can. 7.
Agric. Econ. 53:221-48

Johnston RJ, Besedin EY, Stapler R. 2017a. Enhanced geospatial validity for meta-analysis and environmental
benefit transfer: an application to water quality improvements. Environ. Resour. Econ. 68:343-75

Johnston RJ, Boyle KJ, Adamowicz W, Bennett ], Brouwer R, et al. 2017b. Contemporary guidance for stated
preference studies. 7. Assoc. Environ. Res. Econ. 4:319-405

Kahneman D, Knetsch JL. 1992. Valuing public goods: the purchase of moral satisfaction. 7. Environ. Econ.
Manag. 22:57-70

Kanjir U, Greidanus H, Ostir K. 2018. Vessel detection and classification from spaceborne optical images: a
literature survey. Remote Sens. Environ. 207:1-26

Keeler BL, Dalzell BJ, Gourevitch JD, Hawthorne PL, Johnson KA, Noe RR. 2019. Putting people on the
map improves the prioritization of ecosystem services. Front. Ecol. Environ. 17:151-56

Keeler BL, Derickson KD, Waters H, Walker R. 2020. Advancing water equity demands new approaches to
sustainability science. One Earth 2:211-13

Keeler BL, Gourevitch JD, Polasky S, Isbell F, Tessum CW, et al. 2016. The social costs of nitrogen. Sci. Adv.
2:¢1600219

Keeler BL, Polasky S. 2014. Land-use change and costs to rural households: a case study in groundwater nitrate
contamination. Environ. Res. Lett. 9:074002

Keeler BL, Polasky S, Brauman KA, Johnson KA, Finlay JC, et al. 2012. Linking water quality and well-being
for improved assessment and valuation of ecosystem services. PNAS 109:18619-24

Keiser DA, Kling CL, Shapiro JS. 2019. The low but uncertain measured benefits of US water quality policy.
PNAS 116:5262-69

Keiser DA, Muller NZ. 2017. Air and water: integrated assessment models for multiple media. Annu. Rev.
Resour. Econ. 9:165-84

Kenter JO, Bryce R, Christie M, Cooper N, Hockley N, et al. 2016. Shared values and deliberative valuation:
future directions. Ecosyst. Serv. 21:358-71

Kenter JO, O’Brien L, Hockley N, Ravenscroft N, Fazey I, et al. 2015. What are shared and social values of
ecosystems? Ecol. Econ. 111:86-99

Kling CL, Arritt RW, Calhoun G, Keiser DA. 2017. Integrated assessment models of the food, energy, and
water nexus: a review and an outline of research needs. Annu. Rev. Resour: Econ. 9:143-63

Kling CL, Phaneuf DJ. 2018. How are scope and adding up relevant for benefits transfer? Environ. Resour:
Econ. 69:483-502

Kling CL, Phaneuf DJ, Zhao J. 2012. From Exxon to BP: Has some number become better than no number?
F- Econ. Perspect. 26:3-26

Kovacs K, Polasky S, Nelson E, Keeler BL, Pennington D, et al. 2013. Evaluating the return in ecosystem
services from investment in public land acquisitions. PLOS ONE 8:¢62202

Krupnick A, Morgenstern R. 2002. The future of benefit-cost analyses of the Clean Air Act. Annu. Rev. Public
Health 23:427-48

Kuminoff NV, Smith VK, Timmins C. 2013. The new economics of equilibrium sorting and policy evaluation
using housing markets. 7. Econ. Lit. 51:1007-62

Lamont M. 2012. Toward a comparative sociology of valuation and evaluation. Annu. Rev. Sociol. 38:201-21

Latinopoulos D. 2014. Using a choice experiment to estimate the social benefits from improved water supply
services. 7. Integr: Environ. Sci. 11:187-204

Laurans Y, Rankovic A, Billé R, Pirard R, Mermet L. 2013. Use of ecosystem services economic valuation for
decision making: questioning a literature blindspot. 7. Environ. Manag. 119:208-19

www.annualreviews.org o Pluralistic Approaches to Water Quality Valuation

255



256

Lewandowski AM, Montgomery BR, Rosen CJ, Moncrief JF. 2008. Groundwater nitrate contamination costs:
a survey of private well owners. 7. Soi/ Water Cons. 63:153-61

Lienhoop N, Bartkowski B, Hansjiirgens B. 2015. Informing biodiversity policy: the role of economic valua-
tion, deliberative institutions and deliberative monetary valuation. Environ. Sci. Policy 54:522-32

Lin J, Cromley RG. 2015. Evaluating geo-located Twitter data as a control layer for areal interpolation of
population. Appl. Geogr. 58:41-47

Lindenberg SM, Steg L. 2007. Normative, gain and hedonic goal frames guiding environmental behavior.
F- Soc. Issues 63:117-37

Liu J, Opdam P. 2014. Valuing ecosystem services in community based landscape planning: introducing a
wellbeing approach. Landsc. Ecol. 29:1347-60

Lo AY, Spash CL. 2013. Deliberative monetary valuation: in search of a democratic and value plural approach
to environmental policy. 7. Econ. Surv. 27:768-89

Manassaram DM, Backer LC, Moll DM. 2006. A review of nitrates in drinking water: maternal exposure and
adverse reproductive and developmental outcomes. Environ. Health Persp. 114:320-27

MDH (Minn. Dep. Health). 2019. Lead in Minnesota water: assessment of eliminating lead in Minnesota drink-
ing water. Rep., MDH, St. Paul, Minn. https://www.health.state.mn.us/communities/environment/
water/docs/leadreport.pdf

Mendelsohn R. 2019. An examination of recent revealed preference valuation methods and results. Rev.
Environ. Econ. Policy 13(2):267-82

MEP (Minn. Environ. Partn.). 2017. Minnesota voters’ environmental priorities in 2017: results of a statewide voter
survey conducted February 1-5, 2017. Rep., MEP, St. Paul, Minn. https://www.mepartnership.org/wp-
content/uploads/2017/03/MEP-Poll-Public-Release-3.1.17.pdf

Motew M, Chen X, Carpenter SR, Booth EG, Seifert J, et al. 2019. Comparing the effects of climate and land
use on surface water quality using future watershed scenarios. Sci. Total Environ. 693:133484

Neil C, Spyrakos E, Hunter PD, Tyler AN. 2019. A global approach for chlorophyll—a retrieval across opti-
cally complex inland waters based on optical water types. Remote Sens. Environ. 229:159-78

Nicholls S, Crompton J. 2018. A comprehensive review of the evidence of the impact of surface water quality
on property values. Sustainability 10:500

Noe RL, Heavenrich H, Nachman E, Keeler BL, Hernandez D, Hill J. 2016. Assessing uncertainty in the
profitability of prairie biomass production with ecosystem service compensation. Ecosys. Serv. 21:103-8

Nunn N. 2020. The historical roots of economic development. Science 367:€2az9986

Nurmi V, Ahtiainen H. 2018. Distributional weights in environmental valuation and cost-benefit analysis:
theory and practice. Ecol. Econ. 150:217-28

Olander LP, Johnston R], Tallis H, Kagan J, Maguire LA, et al. 2018. Benefit relevant indicators: Ecosystem
services measures that link ecological and social outcomes. Ecol. Indic. 85:1262-72

Olmstead SM. 2009. The economics of water quality. Rev. Environ. Econ. Policy 4:44—62

Ovaskainen V, Kniivili M. 2005. Consumer versus citizen preferences in contingent valuation: evidence on
the role of question framing. Aust. J. Agric. Resour. Econ. 49:379-94

Patel NN, Stevens FR, Huang Z, Gaughan AE, Elyazar I, Tatem AJ. 2017. Improving large area population
mapping using geotweet densities. Truns. GIS 21:317-31

Peppard CZ. 2013. Troubling waters: The Jordan River between religious imagination and environmental
degradation. 7. Environ. Stud. Sci. 3:109-19

Phaneuf D]J.2002. A random utility model for total maximum daily loads: estimating the benefits of watershed-
based ambient water quality improvements. Water Resour. Res. 38:1254

Phaneuf DJ, Van Houtven G. 2015. Structural benefit transfer using Bayesian econometrics. In Benefit Transfer
of Environmental and Resource Values, ed. R Johnston, J Rolfe, R Rosenberger, R Brouwer, pp. 525-49.
Dordrecht, Neth.: Springer

Phaneuf DJ, Von Haefen RH, Mansfield C, Van Houtven G. 2013. Measuring nutrient reduction benefits for policy
analysis using linked non-market valuation and environmental assessment models. Rep. to the US Environ.
Prot. Agency, Washington, DC. https://www.epa.gov/sites/production/files/2015-10/documents/
final-report-stated-preferences-surveys.pdf

Keeler


https://www.health.state.mn.us/communities/environment/water/docs/leadreport.pdf
https://www.mepartnership.org/wp-content/uploads/2017/03/MEP-Poll-Public-Release-3.1.17.pdf
https://www.epa.gov/sites/production/files/2015-10/documents/final-report-stated-preferences-surveys.pdf

Pradhananga AK, Davenport M, Olson B. 2015. Landowner motivations for civic engagement in water re-
source protection. 7. Am. Water Resour. Assoc. 51:1600-12

Rabotyagov SS, Kling CL, Gassman PW, Rabalais NN, Turner RE. 2014. The economics of dead zones:
causes, impacts, policy challenges, and a model of the Gulf of Mexico hypoxic zone. Rev. Environ. Econ.
Policy 8:58-79

Rabotyagov SS, Valcu-Lisman AM, Kling CL. 2016. Resilient provision of ecosystem services from agricultural
landscapes: trade-offs involving means and variances of water quality improvements. Am. J. Agric. Econ.
98:1295-313

Ramadas M, Samantaray AK. 2018. Applications of remote sensing and GIS in water quality monitor-
ing and remediation: a state-of-the-art review. In Water Remediation, ed. S Bhattacharya, AB Gupta,
A Gupta, A Pandey, pp. 225-46. Singapore: Springer

Raworth K. 2017. A doughnut for the Anthropocene: humanity’s compass in the 21st century. Lancet Planet.
Health 1:¢48-49

Raymond CM, Bryan BA, MacDonald DH, Cast A, Strathearn S, et al. 2009. Mapping community values for
natural capital and ecosystem services. Ecol. Econ. 68:1301-15

Sagoff M. 1998. Aggregation and deliberation in valuing environmental public goods: a look beyond contin-
gent pricing. Fcol. Econ. 24:213-30

Satterfield T. 2001. In search of value literacy: suggestions for the elicitation of environmental values. Environ.
Values 10:331-59

Schwartz AJ, Dodds PS, O’Neil-Dunne JPM, Danforth CM, Ricketts TH. 2019. Visitors to urban greenspace
have higher sentiment and lower negativity on Twitter. People Nat. 1:476-85

Schwartz SH. 1992. Universals in the content and structure of values: theoretical advances and empirical tests
in 20 countries. Adv. Exp. Soc. Psychol. 25:1-65

Sen A. 2005. Why exactly is commitment important for rationality? Econ. Philos. 21:5-14

Smeltzer E, Heiskary SA. 1990. Analysis and applications of lake user survey data. Lake Res. Manag. 6:109-18

Smith VK, Van Houtven G, Pattanayak SK. 2002. Benefit transfer via preference calibration: “prudential
algebra” for policy. Land Econ. 78:132-52

Soma K, Vatn A. 2014. Representing the common goods—stakeholders versus citizens. Land Use Policy 41:325—
33

Spash CL. 2007. Deliberative monetary valuation: issues in combining economic and political processes to
value environmental change. Ecol. Econ. 63:690-99

Sutton M, Oenema O, Erisman J, Leip A, van Grinsven H, Winiwarter W. 2011. Too much of a good thing.
Nature 472:159-61

Temkin A, Evans S, Manidis T, Campbell C, Naidenko OV. 2019. Exposure-based assessment and economic
valuation of adverse birth outcomes and cancer risk due to nitrate in United States drinking water.
Environ. Res. 176:108442

Teschl M, Comim F. 2005. Adaptive preferences and capabilities: some preliminary conceptual explorations.
Rev. Soc. Econ. 63:229-47

US EPA (US Environ. Prot. Agency). 2017. National summary: water quality attainment in assessed rivers and
streams. National Summary of State Information, US EPA, Washington, DC, updated April 20, 2020.
https://ofmpub.epa.gov/waters10/attains_nation_cy.control#total_assessed_waters

Van Grinsven HJ, Rabl A, De Kok TM. 2010. Estimation of incidence and social cost of colon cancer due to
nitrate in drinking water in the EU: a tentative cost-benefit assessment. Environ. Health 9:58

Van Houtven G, Mansfield C, Phaneuf D], von Haefen R, Milstead B, et al. 2014. Combining expert elicitation
and stated preference methods to value ecosystem services from improved lake water quality. Ecol. Econ.
99:40-52

Vatn A. 2009. An institutional analysis of methods for environmental appraisal. Ecol. Econ. 68:2207-15

Viscusi WK, Huber J, Bell J. 2008. The economic value of water quality. Environ. Resour. Econ. 41:169-87

Walsh PJ, Wheeler WJ. 2013. Water quality indices and benefit-cost analysis. 7. Benefit-Cost Anal. 4:81-105

Wang C, Chen S, Li D, Wang D, Liu W, Yang J. 2017. Engineering technology center for remote sensing big
data application. Geosci. Model. Dev. 10:4347-65

Ward MH, Jones RR, Brender JD, de Kok TM, Weyer PJ, et al. 2018. Drinking water nitrate and human
health: an updated review. Int. 7. Environ. Res. Pub. Health 15:1557

www.annualreviews.org o Pluralistic Approaches to Water Quality Valuation

257


https://ofmpub.epa.gov/waters10/attains_nation_cy.control#total_assessed_waters

258

Wegner G, Pascual U. 2011. Cost-benefit analysis in the context of ecosystem services for human well-being:
a multidisciplinary critique. Glob. Environ. Chang. 21:492-504

Willemen L, Hein L, Verburg PH. 2010. Evaluating the impact of regional development policies on future
landscape services. Ecol. Econ. 69:2244-54

Wilson MA, Howarth RB. 2002. Discourse-based valuation of ecosystem services: establishing fair outcomes
through group deliberation. Ecol. Econ. 41:431-43

Wood SA, Guerry AD, Silver JM, Lacayo M. 2013. Using social media to quantify nature-based tourism and
recreation. Sci. Rep. 3:2976

World Econ. Forum. 2015. Global risks 2015 10th edition. Insight Rep., World Econ. Forum, Geneva. http://
reports.weforum.org/global-risks-2015

Wyborn C. 2015. Connectivity conservation: boundary objects, science narratives and the co-production of
science and practice. Environ. Sci. Policy 51:292-303

Yaari ME, Bar-Hillel M. 1984. On dividing justly. Soc. Choice Welfare 1:1-24

Yao Y, Zhang ], Hong Y, Liang H, He ]J. 2018. Mapping fine-scale urban housing prices by fusing remotely
sensed imagery and social media data. Tiuns. GIS 22:561-81

Keeler


http://reports.weforum.org/global-risks-2015

