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Researchers are increasingly considering benefit transfer approaches that allow welfare measures to
be adjusted for characteristics of the policy context. The validity and reliability of such adjustments,
however, depends on the presence of systematic variation in underlying WTP. This paper describes
a meta-analysis conducted to identify systematic components of WTP for aquatic resource improve-
ments. Model results reveal systematic patterns in WTP unapparent from stated preference models
considered in isolation, and suggest that observable attributes account for a substantial proportion
of the variance in WTP estimates across studies. The analysis also exposes challenges faced in de-
velopment, estimation, and interpretation of meta-models for benefit transfer and welfare guidance.
These challenges remain salient even in cases where the statistical performance of meta-models is
satisfactory.

Les chercheurs examinent de plus en plus les méthodes de transfert des valeurs qui permettent le rajuste-
ment des mesures du bien-être selon les caractéristiques du contexte politique. Toutefois, la validité
et la fiabilité de ce genre de rajustements dépendent de la présence de la variation systématique de
la volonté de payer (VDP) sous-jacente. Le présent article décrit une méta-analyse réalisée dans le
but d’identifier les composantes systématiques de la VDP pour l’amélioration des ressources aqua-
tiques. Les résultats du modèle ont révélé des profils systématiques de la VDP non apparents dans les
modèles de préférence déclarée examinés isolément et ils ont semblé indiquer que les caractéristiques
observables ont représenté une partie substantielle de la variance des estimés de la VDP dans les
études. Cette analyse a également mis en lumière les difficultés à surmonter quant à l’élaboration,
à l’estimation et à l’interprétation des méta-modèles pour le transfert des valeurs et l’orientation du
bien-être. Ces difficultés demeurent même dans les cas où la performance statistique des méta-modèles
est satisfaisante.
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INTRODUCTION

Despite the mixed performance of benefit transfer in past assessments (Smith et al
2002), welfare measures estimated using such methods are increasingly incorporated
as central components of benefit–cost analyses (Bergstrom and De Civita 1999). Given
the generally unreliable performance of unadjusted single-site transfers, however, re-
searchers are increasingly considering approaches that allow welfare measures to be
adjusted for characteristics of the policy context under consideration. For example,
U.S. EPA (2000, 87) notes that analysts often “adjust [WTP] point estimates based on
judged differences between the study and policy cases.”

The validity of willingness to pay (WTP) adjustments and their appropriateness for
benefit transfer depends on the presence of systematic, identifiable variation in underlying
WTP. If WTP cannot be shown to vary systematically according to attributes distinguish-
ing study and policy sites, the justification for such adjustments—and for benefit transfer
in general—becomes more tenuous. The validity of benefit transfer may also be called
into question if a large proportion of WTP variation is associated with otherwise unex-
plained study-level effects, rather than identifiable differences in resource, context, and
study design attributes. Nonetheless, transfers are often conducted without assessment
of whether welfare measures display systematic variation associated with observable re-
source, context, and study design attributes, or whether (in contrast) WTP variation is
due largely to unobservable, stochastic, or study-specific elements.

Meta-analysis1 has been drawing particular attention as a potential means to assess
systematic variation in WTP (Brouwer 2002; Johnston et al 2003). Such methods have
been applied extensively in fields such as epidemiology and education, where applica-
tions typically involve studies conducted under controlled conditions with standardized
experimental designs (Glass et al 1981; Bateman and Jones 2003). However, because of
heterogeneity of research methods in economics and a lack of standard data reporting,
meta-analysis is still used sparingly in resource and environmental economics (Button
2002, 83–5).

Within a benefit transfer context, meta-analysis may be applied to identify sys-
tematic influences of study, economic, and resource attributes on WTP. Such informa-
tion may allow researchers to more appropriately adjust WTP estimates, providing an
improved mechanism for benefit transfer (Rosenberger and Loomis 2003). Based on
this potential, U.S. EPA (2000) guidelines characterize meta-analysis as “the most rig-
orous benefit transfer exercise” (p. 87). Another advantage of meta-analysis is that it
“may . . . provide insights into phenomena for which no current studies exist” (Button
2002, 78). Nonetheless, review of the literature reveals some controversy with regard to
the use of meta-models for applied welfare analysis. For example, while many authors
(e.g., Poe et al 2001) advise caution in direct policy applications of meta-analysis, others
recognize its increasing policy use (Bergstrom and De Civita 1999).

This paper describes a meta-analysis conducted to identify systematic patterns in
WTP for aquatic resource improvements. The analysis was initially conducted to explore
benefit transfer methods for estimating WTP for fish and related resources affected by
U.S. EPA regulations. The broader purpose of the analysis, however, is to assess whether
variation in WTP for aquatic resources may be explained sufficiently by systematic vari-
ation in policy, context, and other observable attributes to justify attempts at benefit
transfer, or whether WTP variation is dominated by unexplained or study-level factors.
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A secondary goal is to assess the potential sensitivity of WTP to specification issues that
are not determined by characteristics of the policy context, nor may be decided based
on theory alone—issues for which researcher judgment is critical in a benefit transfer
context.

Results of the analysis are promising with regard to the ability of meta-analysis to
synthesize information regarding WTP for aquatic resource improvements and reveal
systematic relationships unapparent from individual stated preference studies. Results
further suggest that WTP variation for aquatic resource improvements is largely system-
atic. However, results also expose challenges in the design and estimation of meta-models
for welfare and policy analysis.

DATA AND CONCEPTUAL APPROACH

The applicability of meta-analysis to any particular research question is dependent on the
quality and comparability of the available data. While a certain degree of heterogeneity
in observations is desirable, extensive divergence in study approaches and attributes may
cast doubt on the appropriateness and validity of meta-models (Bateman and Jones 2003).
Here, the goal of the analysis is to estimate the relative influence of resource, context, and
study characteristics on per household WTP for water quality improvements that affect
aquatic species.

Given this emphasis, the data are drawn from nonmarket valuation studies that
estimate total WTP for water quality changes that affect aquatic life habitats and/or
recreational fishing and other recreational uses. From a universe of greater than 300
identified surface water valuation studies addressing such resource types, 34 were found
to be suitable for inclusion in the metadata. Specific criteria for inclusion were: (1) a
requirement that the study estimate total (use and nonuse) per household WTP, (2) a
requirement that the water quality change being valued affect aquatic life or habitat
in a water body that provides recreational fishing uses or other recreational activities,
(3) a requirement that the study was conducted in the United States, (4) a requirement
that the study apply research methods generally accepted by journal literature, and (5)
a requirement that the study provide sufficient information regarding resource, context,
and study attributes to warrant inclusion in the metadata.

The resulting metadata comprise 81 observations from 34 unique studies conducted
between 1973 and 2001. The studies include 18 journal articles, 10 research reports
or academic papers,2 four Ph.D. dissertations, one book, and one Master’s thesis. The
number of observations exceeds the number of studies because many studies provide more
than one estimate of WTP. Multiple WTP estimates from a single study are available due
to in-study variations in such factors as the extent of amenity change, elicitation methods
applied, water-body type and number, recreational activities affected, and species affected.
Because of the requirement that each study estimate total (use and nonuse) WTP, the
data are limited to studies relying on stated preference methods; these include open-
ended contingent valuation, choice-based survey methods, and combined revealed/stated
preference techniques. Table 1 summarizes principal study characteristics for those studies
included in the metadata.

Based on theory and findings from the literature, we expect that various attributes
may be associated with systematic variations in WTP for water quality improvements
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(Poe et al 2001; Johnston et al 2003). For ease of exposition, these attributes are cate-
gorized into those characterizing (1) study and methodology, (2) surveyed populations,
(3) geographic region and scale, (4) water-body type, and (5) resource condition and
change. Study and methodology attributes characterize such features as the year in which
a study was conducted, payment vehicle and elicitation format, WTP estimation methods
and conventions, and survey response rates. Surveyed populations attributes characterize
such features as the average income of respondents and the representation of users and
nonusers within the survey sample. Geographic region and scale attributes characterize
such features as the number of water bodies affected by the policy and the geographic
region in which the study was conducted. Water body type attributes characterize hy-
drological characteristics of the affected water body (e.g., river, lake, salt pond, estuary).
Finally, resource condition and change attributes characterize baseline conditions, resource
uses supported, and the extent of water quality change. Table 2 summarizes the set of
independent variables included in the meta-analysis.

Although the interpretation and calculation of most independent variables requires
little explanation, there are some variables for which additional detail is warranted.
These include variables characterizing surface water quality and its measurement. To
allow the partial slope associated with water quality changes to vary systematically
as a function of the primary affected species group(s), we include water quality in
the model as a set of interactions with binary variables characterizing the primary
species affected by water quality change, as noted in the original studies. These in-
teraction variables distinguish the effects of water quality change for fish (WQ_fish),
shellfish (WQ_shell), multiple species (WQ_many), and nonspecified species (WQ_non)
(Table 2).

Further explanation is also warranted for methods used to reconcile water quality
measures across different studies. Many (26) observations in the metadata characterize
quality changes using variants of the Resources for the Future (RFF) water quality ladder
(Mitchell and Carson 1989, 342).3 This scale is linked to specific pollutant levels which,
in turn, are linked to presence of aquatic species and suitability for particular recreational
uses. Other observations in the metadata, however, rely on ordinal rankings—often paired
with verbal descriptions—to measure water quality. To reconcile measurements of water
quality change (a prerequisite for this meta-analysis), we map all water quality measures
to the RFF water quality ladder.

In most cases, the descriptions of water quality (present in the studies that did not
apply the water quality ladder) rendered mapping of water quality measures to the RFF
ladder straightforward. For example, studies often defined baseline and subsequent water
quality in terms of suitability for recreational activities (e.g., boating, fishing, swimming)
or corresponding qualitative water quality measures (e.g., poor, fair, good)—features
corresponding to the RFF ladder. For studies in which such information was not provided,
we used descriptive information available from studies (e.g., amount/indication of the
presence of specific pollutants and historical decline of the quality of the resource) to
approximate the baseline level of water quality and the magnitude of the change. However,
to account for potential systematic biases involved in mapping those studies that are not
based on the RFF water quality ladder, we define the binary variable wq_ladder. This
variable identifies those studies in which RFF water quality ladder measurements were
an original component of the survey instrument.
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THE EMPIRICAL MODEL

Past meta-analyses have incorporated a range of statistical methods, with none univer-
sally accepted as superior (e.g., Poole and Greenland 1999; Poe et al 2001; Bateman
and Jones 2003; Johnston et al 2003). Indeed, the literature provides mixed guidance
on several specification and estimation issues, leaving researchers to make sometimes
ad hoc judgments regarding the most appropriate specification of meta-models. Despite
the variation in statistical approaches to meta-analysis, the literature has reached consen-
sus on many fundamental issues. For example, there is general consensus that meta-models
must somehow address (or at a minimum, test for) potential correlation among observa-
tions provided by like authors or studies and the related potential for heteroskedasticity
(Rosenberger and Loomis 2000b; Bateman and Jones 2003).

Here, we follow recent work of Bateman and Jones (2003) and apply a multilevel
model to the metadata, to address potential correlation among observations gathered
from single studies. Following Poe et al (2001) and Smith and Osborne (1996, 293), we
also apply Huber–White robust variance estimation; this “approach treats each study
as the equivalent of a sample cluster with the potential for heteroskedasticity. . . across
clusters.”

Given this empirical framework, we illustrate three models. In all cases, the dependent
variable is the natural log of estimated household WTP for water quality improvements in
aquatic habitat. For model one, all right-hand-side variables are linear, resulting in a semi-
log functional form common in meta-analysis (e.g., Smith and Osborne 1996; Johnston
et al 2003). While linear forms are also common (Rosenberger and Loomis 2000a, 2000b;
Poe et al 2001; Bateman and Jones 2003), the semi-log form was chosen on the basis
of its statistical performance, ability to capture curvature in the valuation function, and
because it allows independent variables to influence WTP in a multiplicative rather than
additive manner.

For comparison, two alternative specifications are illustrated. Model two is a trans-
log model, identical to the semi-log specification save for the inclusion of water quality
measures as natural logarithms. This form—common in the hedonic modeling literature—
shares many advantages of the semi-log functional form, but also incorporates the desir-
able quality that WTP is constrained to zero when quality change is also equal to zero.
For both models 1 and 2, weighting of observations is avoided following Bateman and
Jones (2003). Model 3 is identical to the semi-log specification, save that observations are
weighted following the approach of Poe et al (2001). Weights are defined such that each
study is given identical weight in the analysis (i.e., weights on multiple observations within
each study sum to 1). Although weighting methods prevent studies providing multiple
observations from unduly influencing model estimation, they also imply that such studies
are no more informative, overall, than others (Bateman and Jones 2003). Consideration
of three model specifications allows at least a preliminary assessment of robustness in
statistical results.

MODEL RESULTS

Regression results reveal numerous statistically significant and intuitive patterns that in-
fluence WTP for water quality improvements in aquatic habitats (Table 3). In general, the
statistical fit of the three estimated equations is good; model results suggest a considerable
systematic component of WTP variation. Likelihood ratio tests (Table 3) show that model
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variables are jointly significant at p < 0.01 in all cases. In all models, the majority of inde-
pendent variables are statistically significant at p < 0.10, with most statistically significant
at p < 0.01. Signs of significant parameter estimates generally correspond with intuition,
where prior expectations exist. Considering these factors, the statistical performance of
all models compare favorably to prior meta-analyses in the valuation literature.

While all models provide evidence of systematic WTP variation associated with
resource, context, and study attributes, random effects associated with systematic study-
level variance (σ 2

u) are not statistically significant in any of the estimated models. Indeed,
σ 2

u approximates (or is equal to) zero in all cases. This finding is similar to those of
Bateman and Jones (2003) and Johnston et al (2003), and suggests that once one accounts
for variation in observable resource, context, and study attributes, no additional systematic
variation in WTP may be ascribed to study-level effects. This is a significant finding, as it
suggests that systematic variation in WTP is not driven by unobservable attributes unique
to particular studies or sets of study authors.

Contrasting Model Specifications
Despite differences in the three presented model specifications, statistical results
are similar. In most all cases, coefficient magnitudes and standard errors vary to
only a small degree. Measures of equation fit are similar, and all models are sig-
nificant at p < 0.01. Moreover, additional preliminary models—suppressed from
Table 3 for the sake of brevity—reveal that the signs and magnitudes of statistically
significant parameter estimates are generally robust with regard to modest changes in
model variables.4 Such results mirror those of Johnston et al (2003), whose meta-analysis
of use and nonuse WTP for water quality improvements finds a high degree of robustness
to changes in model specification. This suggests that meta-analyses may provide useful
insights into systematic elements of WTP variation, notwithstanding controversy in the
literature regarding appropriate statistical methods.

For purposes of initial discussion, we emphasize results of the semi-log model (model
one). The R2 for this model is 0.77, indicating that approximately 3/4 of the variation
in WTP is systematically correlated with model variables. Despite emphasizing results
of a single model, we emphasize that—with a few notable exceptions to be discussed
later—policy implications of the three model specifications are nearly identical.

Systematic Components of WTP: Resource Attributes
The variables WQ_fish, WQ_shell, WQ_many, and WQ_non indicate the effects of water
quality improvements associated with gains in fish, shellfish, multiple species, and unspec-
ified habitat, respectively (Table 2). All signs are as expected. The associated coefficients
are positive and statistically significant (p < 0.02 or better), indicating that higher WTP
is associated with larger gains in water quality, as measured on the RFF ladder (Table 3).
This is a noteworthy result, as it indicates that WTP—compared systematically across
studies—is sensitive to the scope of water quality improvements (cf. Smith and Osborne
1996; Johnston et al 2003).

Results also suggest that WTP for water quality improvement declines as baseline
water quality increases. The variable baseline represents the baseline water quality from
which water quality change would occur. The associated parameter estimate is significant
(p < 0.01) and of the expected negative sign, revealing diminishing returns to scale for
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water quality improvements. This finding suggests that WTP across studies is not only
systematically sensitive to scope at a broad level (i.e., larger water quality improvements
generate larger WTP), but at a more subtle, if no less important, level associated with
diminishing marginal returns to scale.

Finally, the variable fishplus identifies those studies for which the associated survey
identified particularly large gains in fish populations or harvest rates (>50%). The positive
and statistically significant result (p < 0.01) indicates that particularly large gains in
fish populations or harvests are associated with statistically significant increases in total
WTP.

Systematic Components of WTP: Geographical and Water Body Type Attributes
Ten binary variables characterize geographic region and scale and water body type; eight
are statistically significant at p < 0.10. The default category from which these variables
allow systematic variations in WTP is an estuarine water body in the Northeast United
States. Compared to this baseline, lower WTP is associated with rivers (single_river,
multiple_river), while higher WTP is associated with water quality gains in salt ponds
(salt_pond). Single_lake and regional_fresh both have positive values, but neither is statis-
tically significant.

Results further suggest that WTP is sensitive to the number of water bodies under
consideration. Of the water body categories distinguished above, both rivers and salt
ponds include variation in numbers of affected water bodies explicitly described by the
survey. This variation is captured by the variable num_riv_pond (Table 2). The associated
parameter estimate is statistically significant (p < 0.01) and indicates that WTP increases
with the number of water bodies considered (Table 3). This result, combined with the
statistical significance of the water quality change variables noted above, suggests that
WTP values in the metadata are strongly sensitive to scope—both in terms of the number
of water bodies and the magnitude of quality change. Such multidimensional scope
sensitivity extends findings such as those of Smith and Osborne (1996), which address
sensitivity to scope in more limited dimensions.

Finally, the regional indicator variables southeast, pacif_mount, plains, and mult_reg
are statistically significant at p < 0.05 (most at p < 0.01), suggesting that there are
significant differences among WTP estimates from surveys in different geographical re-
gions of the United States. While such effects may be related to systematic differences in
preferences or resource characteristics across regions, they may also be related to other-
wise unexplained characteristics of authors, methodology, or other factors that may be
correlated with geographical region.5

Systematic Components of WTP: Population Attributes
WTP studies often differ with regard to the presence and type of demographic and other
variables that characterize sampled populations. Given the wide disparity in the treatment
of such factors, meta-analyses in the valuation literature typically include relatively few
variables that characterize sampled populations (e.g., Smith and Osborne 1996; Poe et al
2001). Here, only two variables, nonusers and income, are used to characterize surveyed
populations. The variable nonusers is of particular relevance. The negative and significant
(p < 0.01) parameter estimate indicates that surveys of nonusers only—where nonusers by
definition have only nonuse values for the resource improvements in question (Freeman
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2003, 142)—generate lower WTP values than surveys that include users, who may have
both use and nonuse values. Caution must be taken in using such estimates to provide
guidance regarding general population nonuse values, however, as nonuser values may
underestimate nonuse values of the general population, if nonuse values of users exceed
those of nonusers (Whitehead and Blomquist 1991).

Systematic Components of WTP: Study Attributes
A variety of study and methodology effects may be shown to influence WTP for water
quality improvements. While not surprising, this does indicate that methodological ap-
proach influences WTP, as indicated by prior meta-analyses (e.g., Smith and Osborne
1996; Rosenberger and Loomis 2000a; Brouwer 2002; Johnston et al 2003). Analysis
shown later in this paper demonstrates the potential implications of such sensitivity for
benefit transfer and WTP estimation. Of 12 variables characterizing study and method-
ological effects, 10 are statistically significant at p < 0.10. Among these is the year in which
a study was conducted (year_indx), with later studies associated with lower WTP. This
is an expected result, as the focus of stated preference survey design over time has often
been on the reduction of survey biases that would otherwise result in an overstatement of
WTP (Arrow et al 1993).

Model results reveal that voluntary (voluntary) payment vehicles (i.e., surveys that
describe hypothetical payments as voluntary) are associated with reduced WTP estimates.
This result counters common intuition that voluntary payment vehicles may be associated
with overstatements of true WTP. The reason for this finding is unknown, but may indicate
an unwillingness among respondents to proffer large voluntary payments, given the fear
that others will free-ride. Reduced WTP estimates are also associated with studies applying
nonparametric methods (nonparam). Survey response format (e.g., discrete_ch) does not
have a statistically significant effect in the model.

Smaller WTP estimates are associated with studies that eliminate or trim outlier
bids when estimating WTP (outlier_bids; p < 0.01). Conversely, increased WTP estimates
are associated with studies that seek to eliminate protest bids (protest_bids; p < 0.01),
suggesting a preponderance of zero protest bids. Especially when eliciting values that relate
to ecological resources, such as fish species, such bids may be provided by respondents
that have preferences structures at variance with consumer choice axioms; they may be
essentially unwilling to equate an ecological change with any dollar amount (Spash 2000).

Studies with high response rates (hi_response; p < 0.01) are associated with lower
WTP estimates, an expected result associated with limiting avidity bias. In addition, lower
WTP is associated with the use of the RFF water quality ladder in the original survey
(wq_ladder; p < 0.10). As is the case with a variety of study design variables, there is no
necessary expectation with respect to the direction of this effect. Survey format variables
also have an effect on WTP, as might be expected. Interview and mail both have positive
and statistically significant coefficients (p < 0.01), compared to the default of telephone
surveys.

WTP values for the majority of studies included in the analysis consist of annual
payments over an indefinite duration. However, a small number of studies estimate WTP
for payments over a short horizon—typically 3–5 years. The variable lump_sum identifies
studies in which payments were to occur on something other than an indefinite annual
basis (Table 2). The positive and statistically significant parameter for lump_sum indicates
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sensitivity to the payment schedule (Stevens et al 1997). Studies that ask respondents
to report an annual payment (as opposed to a shorter lump_sum payment) have lower
nominal WTP estimates (p < 0.01).

IMPLICATIONS FOR WTP ESTIMATION AND BENEFIT TRANSFER

Findings summarized above (Table 3) suggest a wide range of robust, systematic, and
intuitive patterns influencing WTP for water quality improvements to aquatic habitats.
Results suggest that while WTP is sensitive to survey and elicitation methods, it is also
systematically influenced by scope in various dimensions, the type of habitat under con-
sideration, the type of population sample (i.e., user vs. nonuser), and other attributes of
the resource(s) and region(s) in question. Results further suggest that WTP is not system-
atically influenced by otherwise unobservable attributes of study authors. Based on such
results, one might argue that such meta-analyses can provide useful guidance regarding
the general magnitudes of welfare effects within a benefit transfer context—at least with
regard to potential WTP adjustments associated with policy, resource, or context effects.

The statistical performance of this particular meta-analysis notwithstanding, how-
ever, there are a variety of issues that must be addressed if one seeks to use such results
for benefit transfer or applied welfare guidance. Many of these issues may not be appro-
priately resolved based solely on empirical considerations, and involve such features as
implications of functional form, the assignment of levels for study design attributes,6 and
methods used to reconcile environmental quality measures. Such issues remain relevant,
even in instances where WTP variation is largely systematic and robust to changes in
model specification.

Sensitivity of WTP to Study Methodology and Functional Form
As an example, consider that the literature provides little practical guidance with regard
to the choice of functional forms for meta-models used in welfare analysis. Econometric
functional forms are most appropriately interpreted as approximations of actual func-
tional relationships. Nonetheless, there may be constraints or patterns imposed by specific
functional forms that researchers may find desirable or undesirable in certain contexts.

For example, while many meta-analyses of WTP apply linear or semi-log functional
forms, appropriately specified double log or trans-log models have the desirable quality
that WTP may be constrained to zero when quality change is also equal to zero. Semi-log
and linear specifications do not impose this exogenous—but theoretically attractive—
restriction. In addition, constraints imposed on the second-derivatives of estimated WTP
by semi-log or linear functions may be undesirable under certain circumstances. Such
issues may be of particular relevance in cases where WTP is highly sensitive to functional
form, or in which investigators are faced with a choice of one form that may offer superior
empirical performance while an alternative form provides desirable theoretical properties.

The literature also provides little guidance with regard to the specification of variables
characterizing study methodology, including those characterizing such factors as survey
implementation, question formats, payment vehicles, and analytic methods. Here, WTP
is sensitive to a wide array of such variables (Table 3). While this does not negatively
affect the statistical properties of meta-models—and in fact may be expected—it does
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lead to questions regarding the most appropriate treatment of these variables for benefit
transfers.

To illustrate potential implications of issues such as functional form and variable-
level assignment in the present case, we use model results (Table 3) to estimate nonuser
WTP associated with increasing levels of WQ_fish. Nonuser WTP estimates are calculated
for both the semi-log and trans-log models. Given the choice of functional forms, it is
expected that variable level assignments for resource and policy context attributes will be
largely determined by characteristics of the policy and context for which WTP estimates
are desired. However, these characteristics will not, in general, provide insight into the
appropriate assignment of levels for variables characterizing study methodology.

For purposes of illustration, levels for policy and context variables are fixed at
levels consistent with what might be expected from a regulation promulgated under the
U.S. Clean Water Act. To illustrate the potential significance of level assignments for
study methodology variables within this context, we calculate nonuser WTP given two
different sets of level assignments for these variables. For simplicity, we show potential
WTP variation associated with changes in only one set of methodology variables—those
characterizing survey administration method (e.g., mail, phone, or in-person). Other
methodological variables are set with the goal of providing conservative WTP estimates,
subject to consistency with methodological guidance in the literature.7

Table 4 shows the four scenarios under which nonuser WTP is illustrated. These
include (1) semi-log specification, mail survey; (2) trans-log specification, mail survey; (3)
semi-log specification, telephone survey; and (4) trans-log specification, telephone survey.
For each scenario, Table 4 illustrates estimated mean nonuser WTP for three different
levels of WQ_fish (water quality improvements that benefit fish habitat), representing
improvements of 0.5, 1.0, and 2.0 units. To further clarify WTP differences, Figure 1
illustrates estimated nonuser WTP for each scenario, as a continuous function of WQ_fish.
As baseline water quality for WTP illustration is set at 7 on the 10-point RFF ladder, the
maximum possible gain in WQ_fish is 3.8

In general, illustrated patterns in WTP (Figure 1) show little sensitivity to functional
form; over most of the data range WTP forecasts are similar. While the choice between
semi- and trans-log forms may have little practical consequence for policies involving
moderate water quality change (between 0.5 and 2.5), implications are quite evident at
the extremes of the data—particularly for very small changes in water quality. While
more striking WTP differences occur in a data range for which there are no in-sample
observations (the smallest water quality change present in the metadata is 0.5 units), they
nonetheless exemplify the need to carefully consider choices affecting the development
and application of meta-analysis for benefit transfer.

Central to such choices here is a tradeoff between congruence to accepted theory
and model fit. To wit, the trans-log model offers desirable theoretical properties, as
noted above. These include the properties that WTP approaches zero as quality change
approaches zero, and the negative second derivative of the WTP function with regard to
water quality change. In contrast, the semi-log model offers a somewhat improved fit to
the data. The meta-analysis literature offers little to assist researchers in choosing among
such contrasting specifications.

While choices among functional form influence WTP within certain policy contexts
(i.e., small water quality changes), specification of levels for study methodology variables
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Table 4. Specification of attribute levels and nonuser WTP forecasts

Specification 1 Specification 2 Specification 3 Specification 4
semi-log; trans-log; semi-log; trans-log;

Variable telephone survey telephone survey mail survey mail survey

intercept 1 1 1 1
year_indx 31 31 31 31
discrete_ch 1 1 1 1
voluntary 0 0 0 0
interview 0 0 0 0
mail 0 0 1 1
lump_sum 0 0 0 0
nonparam 0 0 0 0
wq_ladder 0 0 0 0
protest_bids 1 1 1 1
outlier_bids 1 1 1 1
median_WTP 0 0 0 0
hi_response 1 1 1 1
income 53,840 53,840 53,840 53,840
nonusers 1 1 1 1
single_river 0 0 0 0
single_lake 0 0 0 0
multiple_river 0 0 0 0
salt_pond 0 0 0 0
num_rivers_ponds 0 0 0 0
regional_fresh 0 0 0 0
southeast 0 0 0 0
pacif_mount 0 0 0 0
plains 0 0 0 0
mult_reg 0 0 0 0
WQ_fish 0–3 0–3 0–3 0–3
nonfish_uses 0 0 0 0
fishplus 0 0 0 0
baseline 7 7 7 7
Nonuser WTP forecasts (2002 dollars)

WTP for WQ_fish = 0.5 3.24 3.07 5.70 5.80
WTP for WQ_fish = 1.0 3.60 3.60 6.32 6.79
WTP for WQ_fish = 2.0 4.44 4.21 7.80 7.95

have significant implications for WTP over the entire range of quality change. Figure 1
illustrates substantial shifts in estimated nonuser WTP associated with changes in the
method of survey administration, with mail surveys associated with as much as a 76% in-
crease in predicted WTP, compared to the default of a telephone survey. Unlike sensitivity
associated with functional form, WTP variation associated with the survey administration
method applies over the full range of policy outcomes, with often-substantial implications
for WTP.9
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Figure 1. Estimated willingness to pay for improvements in water quality for fish habitat
(WQ_Fish): four specifications

Researchers may address such sensitivity in a variety of ways. Where possible, one
might choose variable levels based on guidance from prior work regarding the appro-
priateness of particular methodologies within stated preference research (Arrow et al
1993). Where such guidance is lacking, variables might be specified at mean values. A
potential advantage of the mean-value approach includes reduced sensitivity to researcher
judgment, as variable level assignments are determined by the data. Implications of this
approach are illustrated in Table 5, which reports nonuse WTP estimates for a policy
scenario analogous to that shown in Table 4, except that all methodological variables are
set at mean values (Table 2).

Results of Table 5 parallel those of Table 4, showing similarity in WTP estimates
across the two functional forms (semi-log vs. trans-log), but also revealing WTP estimates
that vary according to changes in assigned values for methodological variables. Here,
WTP forecasts associated with mean values for methodological variables exceeds estimates
shown in Table 4, with the increase ranging from less than 1% (compared to the trans-log,
mail survey scenario) to greater than 100% (compared to the semi-log, telephone survey
scenario). Hence, while the use of mean values for methodological variables represents
an alternative, perhaps compelling strategy for variable-level assignments, it does not
ameliorate the sensitivity of WTP to such variables.

An alternative approach to the sensitivity of WTP to methodological variables would
be to omit such variables from the statistical model(s). That is, variables characterizing
study methodology—assuming negligible correlation to other model variables—might be
dropped from the model, their influence instead subsumed under random effect terms
specified at higher levels in a multilevel model. Statistical tests (e.g., Hausman; likelihood
ratio) would be essential in such cases. Here, likelihood ratio (χ2 = 51.17; df = 11; p
= 0.0001) and Hausman tests (χ2 = 36.73; df = 19; p = 0.009) performed on prelim-
inary models indicate that such omissions are both statistically significant, and lead to
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Table 5. Alternative specification of attribute levels: nonuser WTP forecasts

Specification 5 Specification 6
semi-log; mean trans-log; mean
methodology methodology

Variable values values

intercept 1 1
year_indx 31 31
discrete_ch 0.35 0.35
voluntary 0.07 0.07
interview 0.19 0.19
mail 0.56 0.56
lump_sum 0.21 0.21
nonparam 0.46 0.46
wq_ladder 0.32 0.32
protest_bids 0.46 0.46
outlier_bids 0.22 0.22
median_WTP 0.06 0.06
hi_response 0.31 0.31
income 53,840 53,840
nonusers 1 1
single_river 0 0
single_lake 0 0
multiple_river 0 0
salt_pond 0 0
num_rivers_ponds 0 0
regional_fresh 0 0
southeast 0 0
pacif_mount 0 0
plains 0 0
mult_reg 0 0
WQ_fish 0–3 0–3
nonfish_uses 0 0
fishplus 0 0
baseline 7 7
Nonuser WTP forecasts (2002 dollars)

WTP for WQ_fish = 0.5 6.89 5.83
WTP for WQ_fish = 1.0 7.65 6.82
WTP for WQ_fish = 2.0 9.44 7.99

systematic changes in remaining model parameters, respectively.10 Hence, in the present
case, the omission of methodological variables appears unjustified from a statistical
perspective.

The appropriateness and policy implications of such solutions may vary across data
sets and policy contexts. Such variation notwithstanding, the potential sensitivity of WTP
to variables characterizing study methodology remains a challenge to those seeking to
apply meta-analysis for welfare estimation. The literature provides little guidance in the
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Figure 2. Estimated willingness to pay for improvements in water quality for fish habitat
(WQ_Fish): wq_ladder = 0 versus wq_ladder = 1

resolution of such issues, which may affect meta-analytic benefit transfers even in cases
where strong and intuitive systematic elements of WTP are demonstrated.

Reconciliation of Quality Measures: Implications for WTP
Similar sensitivity of WTP may be shown to choices made regarding the reconciliation of
resource quality measures across studies. Here, differences in methods used to represent
water quality change in original studies are captured by wq_ladder, which indicates that
the original study reports resource changes using a variant of the RFF water quality ladder
(Mitchell and Carson 1989, 342). To illustrate potential WTP differences associated with
this variable, Figure 2 illustrates nonuser WTP for the cases in which wq_ladder = 0 and
wq_ladder = 1. As above, estimated WTP is illustrated for both the semi-log and trans-log
functional forms, as a function of WQ_fish. The illustration assumes a telephone survey
instrument, with all other variables specified as shown in Table 4.

As shown in Figure 2, nonuser WTP varies substantially according to the specifi-
cation of wq_ladder. At WQ_fish = 1, for example, WTP resulting from the semi-log
model increases by approximately 43% when wq_ladder = 0, compared to wq_ladder
= 1 ($3.60 vs. $2.51). The analogous increase in the trans-log model is approximately
23%. As one might expect, WTP divergence is greater for larger values of WQ_fish
(Figure 2).

The sensitivity of WTP to variables such as wq_ladder—which account for mecha-
nisms used to reconcile quality measures—has obvious implications for benefit transfer.
However, the appropriate response to such sensitivity is unclear, and may depend on
the suspected rationale for the statistical significance of such variables. For example, if
the significance of wq_ladder were related to a true reduction in WTP associated with the
use of the RFF water quality ladder in survey instruments, then an appropriate action
might be to specify the variable at its mean value, unless one has a priori reason to believe
that lower WTP estimates associated with ladder-using studies are more appropriate. In
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contrast, if one suspects that the significance of this variable is due to systematic biases
involved in mapping water quality measurements from those studies that are not based
on the RFF water quality ladder (see discussion of this mapping above), then a more
appropriate action might be to set wq_ladder = 1, to offset this suspected bias.

In the present case, the rationale for the statistical significance is ambiguous, leading
to uncertainty regarding its appropriate treatment in a benefit transfer context. Moreover,
as above, the literature provides little guidance regarding appropriate treatment of such
variables. This lack of attention notwithstanding, such issues may be encountered in
any meta-analysis or benefit transfer in which study methodology (or context) affects
the measurement or representation of environmental quality, and in which researcher
judgment is required to reconcile quality measurements from different studies (Smith et
al 2002). As shown above, ambiguity in the treatment of such effects may have substantial
implications for the outcome of applied welfare analysis or benefit transfer.

CONCLUSION

This paper presents a meta-analysis conducted to estimate systematic components of WTP
for aquatic resource improvements. Model results are promising with regard to the ability
of meta-analysis to identify systematic components of WTP and reveal patterns that may
be unapparent from stated preference models considered in isolation. We find intuitive and
statistically significant relationships between a range of independent variables and WTP,
including findings that indicate strong sensitivity to scope in various dimensions. WTP is
shown to be sensitive to such factors as geographical region, sample characteristics, water
body type, habitat type, and a variety of study design attributes.

While illustrating that meta-analysis can successfully explain a substantial propor-
tion of the variance in WTP estimates, model results also expose challenges faced in
the estimation and interpretation of meta-models for policy analysis. These challenges in-
volve methodological choices faced by researchers, and remain salient even in cases where
the statistical performance of meta-models may be exemplary. Researchers commonly
face choices involving such factors as functional form, the use of weights in statistical
models, and metrics used to reconcile resource quality across studies (Engel 2002; Smith
et al 2002). In addition, application of meta-models to policy analysis typically requires
professional judgment regarding selection of independent variable values, particularly for
variables characterizing study methodology.

Currently, the meta-analysis literature provides minimal guidance regarding such
issues, leaving researchers to make often ad hoc decisions. However, as meta-analysis
and similar methods become more commonly used as central components of benefit–
cost analyses, the need for research and guidance on such issues will almost certainly
increase. Even given strong systematic variation in WTP, the ability of researchers and
policymakers to agree on standard guidance for policy applications of meta-analysis and
benefit transfer may have significant implications for the future role of such methods in
applied welfare analysis.

NOTES
1Glass (1976) characterizes meta-analysis as “the statistical analysis of a large collection of results
for individual studies for the purposes of integrating the findings. It provides a rigorous alternative
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to the casual, narrative discussion of research studies which is commonly used to make some sense
of the rapidly expanding research literature” (p. 3; cited in Poe et al 2001, 138).
2In some cases, peer-reviewed journal articles failed to provide sufficient information on study
attributes, necessitating a review of more detailed technical reports (from which the journal articles
were derived). In such cases, the original reports are referenced as the primary data source.
3Additional details on the RFF ladder are provided by McClelland (1974) and Vaughan (1986).
4As might be expected, results are somewhat less robust to omission of large and statistically
significant groups of variables. However, such large-scale omissions are rarely advisable, given the
potential for omitted variables bias. Statistical tests associated with the potential omission of various
variable groups are discussed in subsequent sections.
5Preliminary tests of models omitting regional variables reveal few subsequent changes in either
the sign or statistical significance of parameter estimates for remaining model variables, but some
substantial effects on the magnitudes of parameter estimates.
6In order to use model results to derive WTP estimates, one must choose variable levels for each
independent variable, including those characterizing study methodology.
7For example, in correspondence with typical guidance (e.g., Arrow et al 1993) we assume a
nonvoluntary payment mechanism (voluntary = 0), a discrete choice instrument (discrete_ch =
1), high response rate (hi_response = 1), and elimination of protest and outlier bids (protest_bids =
1; outlier_bids = 1).
8This level of baseline water quality (i.e., baseline = 7.0) represents the highest level present in the
metadata.
9There is no way to ascertain which of these values (i.e., those from mail versus telephone sur-
veys) more closely approximates true underlying WTP, as criterion values are unavailable. Interest-
ingly, however, model results indicate that in-person interview surveys—those recommended by the
NOAA Blue Ribbon Panel (Arrow et al 1993)—generate higher WTP estimates than either mail or
telephone surveys (Table 3).
10The Hausman test compares an unrestricted semi-log, unweighted model to an analogous model
from which the 11 methodological variables (noted in Table 5) have been omitted. Full results of
the restricted model are suppressed for brevity. The unrestricted model is identical to that shown in
Table 3, save that Huber–White adjustment is not applied to the covariance matrix.
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