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Executive Summary

Executive Summary
The U.S. Environmental Protection Agency (EPA) on June 12, 2012 published a Notice of Data
Availability (NODA) in the Federal Register providing preliminary data and econometric results
based upon a stated preference (SP) survey (hereafter EPA survey) related to the potential
benefits of regulatory alternatives for cooling water intake structures at power plants and other
facilities under §316(b) of the Clean Water Act (EPA 2012a). EPA has solicited public
comment—within a 30-day comment period—on all aspects of the stated preference study,
including the methodology, the strengths and weaknesses of stated preference methods generally,
and the appropriate role, if any, the study should play in the analysis of the final rule.

A. Objectives and Context of this Report
This report focuses on three questions related to the EPA survey:
1. Does the EPA survey provide the basis for respondents to provide meaningful responses?
2. Does EPA’s empirical analysis indicate that the survey data and results yield valid
willingness-to-pay estimates?
3. Do EPA’s empirical results from the survey provide plausible national and regional
willingness-to-pay estimates for §316(b) alternatives?
We assess the role the EPA survey should play in EPA’s analysis of the final §316(b) rule in
light of these evaluations.
1. Background on National Benefits and Costs in EPA April 2011
Regulatory Impact Analysis
Although EPA had earlier stated that the EPA survey would be used to supplement the benefits
estimates it developed in the Regulatory Impact Analysis (RIA) for its April 2011 §316(b)
Proposed Rule by providing potential additional estimates of “non-use” benefits (EPA 2010b),
EPA states in the NODA that it would use the results of the survey to supplant rather than to
supplement the RIA benefit estimates (EPA 2012a). Table E-1 shows the summary benefit-cost
RIA results, which include detailed and comprehensive assessments of potential commercial and
recreational fishing benefits.1

1

Note that the EPA RIA benefit estimates include the value of additional forage fish based upon their
contributions to additional commercial/recreational catch.
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Table E-1. Summary of Annualized Social Benefits and Costs of Options in §316(b) Proposed Rule

Annualized Benefits
Annualized Costs

Option 1 Option 2 Option 3 Option 4
$16.0
$92.2
$95.7
$15.8
$459
$4,699
$4,862
$383

Notes: Dollar values in millions of 2009 dollars.
Values are annualized using a 7 percent discount rate.
Benefits include estimates of both “use benefits” from commercial and recreational fishing and “non-use
benefits” for the North Atlantic and Mid Atlantic regions only.
Source: EPA Section §316(b) Proposed Rule, pp. 22219 and 22247

Under EPA’s preferred option (Option 1) using a 7 percent discount rate, national costs were
estimated to be $459 million annually and national benefits were estimated to be $16 million
annually, or about 3 percent of costs. EPA speculated that the benefits in Table E-1 may not fully
account for potential non-use benefits and the Agency noted in the RIA that it was preparing a
SP survey to estimate §316(b) benefits that would include potential non-use benefits (EPA
2011b, p. 8-6). Because EPA has prepared detailed estimates of use benefits, the usefulness of
the EPA survey depends in large part on the extent to which it provides valid estimates of nonuse benefits associated with the §316(b) regulatory alternatives.
2. Areas for Initial Comments on EPA Survey
These initial comments on the EPA survey are in three major areas corresponding to the three
questions noted above:
EPA survey instrument;
Econometric analysis of EPA survey data; and
National benefit and benefit-cost comparisons based upon the EPA survey.
Note that within the limited 30-day comment period we do not address other aspects of the
survey that also deserve evaluation, such as the nature of the survey procedures (e.g., the
limitations of using a mail survey for data collection) and the specific sampling (e.g., the use of
regions as the basis for stratifying the sample). These comments provide the basis for our
conclusions regarding the role that the EPA survey should play in the evaluation of the final rule.
The comments build upon our previous comments on EPA’s analysis of §316(b) regulatory
alternatives, including our comments on prior stages of the EPA survey.
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B. Evaluation of the EPA Survey Instrument
Our review of EPA’s survey instrument indicates that it suffers from fundamental flaws that
make it an unreliable basis for estimating households’ willingness-to-pay for regional and
national §316(b) environmental benefits, including any non-use benefits.2

1. Overview of Major Flaws in EPA Survey Instrument
The major flaws include the following:

Inadequate and misleading biological information. Respondents are asked to evaluate
policies predicated on four broad regional “scores:” (1) commercial fish populations
based upon a score between 0 and 100 percent; (2) all fish populations, also based
upon a score from 0 to 100 percent; (3) fish saved, based upon a percentage saved,
with information provided on the numbers of fish saved; and (4) condition of aquatic
ecosystems, based upon a score from 0 to 100 percent. Barnthouse (2012) provides an
expert review of the survey instrument and the underlying biological information and
concludes that “none of the four attributes used by EPA in the SP Survey provides
scientifically valid information concerning the potential benefits to the public of
reducing [impingement and entrainment] mortality” (p. 12). Dr. Barnthouse focuses
his review on the “fish saved” attribute (because EPA may use this attribute alone to
estimate willingness-to-pay values); he concludes that the metric is “questionable at
best and highly misleading at worst” (p. 2) because EPA does not reveal its highly
speculative nature or the correct context. The “fish saved” metric provides no
information on the nature of the species that would be saved and how increases in
their numbers might affect their viability in the various relevant water bodies.
Barnthouse (2012) investigates the data used by EPA to develop its estimate of “fish
saved” and finds that it involves highly uncertain extrapolations with enormous
uncertainties. Moreover, the bulk of the gains are a single tiny forage species that
would translate into a minuscule share of additional commercially harvested fish. In
short, the EPA survey does not provide accurate scientific information to respondents
that clarifies what is actually at stake to various fish species in various locations.
Complexity of accurate potential regional and national §316(b) biological benefits.
Providing policy-relevant information for the rulemaking would mean that the EPA
survey would need to present respondents with complex and detailed information on
potential biological benefits for all species and facility locations, including an
acknowledgement of the enormous uncertainties involved in developing this
information. The vast majority of respondents would have no prior knowledge of
these biological issues or no experience comprehending such information and the
related uncertainties. Research on the cognitive processes that respondents use in
2

The EPA survey results would not be appropriate to use (via “benefit transfer”) for a site-specific benefits
assessment given the survey’s fundamental flaws. Since the focus of this report is on EPA’s regional and
national benefit-cost analysis of §316(b) options, we do not discuss the additional issues related to the
inappropriateness of the EPA survey for use in site-specific benefit assessments.
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these circumstances suggests that such a detailed survey instrument is not likely to
provide valid estimates of households’ willingness-to-pay.

Improper context for policy choice. The survey provides a misleading
characterization of the likely full policy effects. For example, the survey materials
state explicitly in the background section that “studies of industry suggest that effects
on employment will be close to zero” even though elsewhere the survey materials
indicate that electricity prices will rise (EPA 2011c). Various studies have shown that
higher electricity prices lead to job losses (in part because they make U.S. companies
less competitive internationally) and, indeed, that major environmental regulations
are likely to lead to net negative effects on the national economy even when the
positive effects of increased expenditures are taken into account. The fact that EPA
provided this (erroneous) information suggests that the Agency recognizes that some
survey participants would be influenced in their evaluation of fish and ecosystem
improvements by concerns about policy impacts such as increased electricity prices
(and, indeed, such effects might lead to negative non-use values, e.g., if some
respondents were concerned about impacts on low income groups). The materials also
fail to inform respondents of other potential negative environmental effects of the
cooling tower retrofits that would be required under certain regulatory options,
including aesthetic considerations and the potential for increased air emissions and
greenhouse gas emissions.
Hypothetical bias. The EPA survey instrument has additional limitations that cause it
to fall short of meeting the standards set by various government agencies and
practitioners for an appropriately designed SP survey (see NERA Economic
Consulting and W.H. Desvousges & Associates, 2010). Although the fundamental
difficulties outlined above imply that the survey instrument is not usable for its
intended purpose, it is important to be aware of these other limitations. In particular,
even if respondents were provided with complete and accurate information, and
appropriate context and the other fundamental difficulties were not present, the
responses would be subject to the well-known difficulty of hypothetical bias. This
bias refers to the difference between the value implied by SP responses—in this case,
choices among policy alternatives, including the “no policy” alternative—and the
values revealed by actual behavior. EPA contends that concerns of hypothetical bias
in SP surveys have been overstated (EPA 2011d). However, the characteristics of this
particular survey (e.g., unfamiliar commodities, non-use included, complex choices)
more closely align with those that have exhibited considerable hypothetical bias. EPA
fails to indicate to respondents the full potential consequences of their votes since, as
emphasized above, the policy descriptions are inaccurate and misleading, and
respondents do not have experience considering these types of choices. As we discuss
below, the econometric results bear out this point that people’s answers are not
reflective of real economic tradeoffs.
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2. Implications of the Major Flaws in EPA Survey Instrument
The net effect of these various flaws is that the current survey responses are not likely to reflect
respondents’ true willingness-to-pay for the detailed biological changes due to §316(b) policy
alternatives. Academic literature on the cognitive processes involved in survey responses
indicates that when the information provided to respondents is inadequate and/or the burden on
respondents to determine a reasoned response is high, respondents tend to take shortcuts in
answering the survey questions. These shortcuts—such as substituting an easier heuristic
question or providing an apparently satisfactory answer (“satisficing”) instead—do not reflect
true willingness-to-pay for environmental gains.
The EPA survey is not likely to develop usable information for its intended purpose because it
does not provide the detailed information and context that would be needed to provide the basis
for valid willingness-to-pay responses for regional and national changes in EPA’s selected
attributes due to §316(b) policy alternatives. Minor changes to the survey instrument would not
alter this conclusion. Indeed, the required complexity of the survey instrument indicates that the
SP survey approach is not an appropriate means of estimating regional/national benefits for
§316(b) alternatives.

C. Evaluation of EPA Survey Econometric Analysis
Our initial review of the EPA econometric analysis supports our concerns that the EPA survey
instrument is not capable of yielding usable survey data on households’ willingness-to-pay for
§316(b) policy options.

1. Substantial Problems with the EPA Survey Econometric Analysis
Our review reveals the following substantial problems in EPA’s econometric analysis of the data
from the EPA survey.

Lack of replication. Our initial results indicate that there are fundamental flaws in the
econometric exercise conducted by EPA. One prominent indication of these flaws is
that the EPA estimation results could not be replicated. Although the data sample
published by EPA is somewhat larger than the one on which EPA’s results are based
(because EPA continued to receive returned surveys after conducting its preliminary
econometric analysis), the additional data should not lead to the substantial and
consistent differences in results that we observe.
Model selection flawed. EPA’s method to select the appropriate model based upon the
survey data is flawed. We have serious concerns with the procedures used by EPA to
select a model because they do not conform to statistical best practices. An equally
troubling concern is that our analysis uncovered strong evidence that EPA’s model
for its chosen specification suffered from false convergence. The implication of this
result is that any testing of alternative models that EPA did perform is unreliable.
This completely invalidates the justification EPA uses to support its willingness-topay estimates derived from the fitted models.
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“Irrational” respondent behavior. Our additional analyses of the EPA survey data
display behavior on the part of respondents that is inconsistent with the underlying
economic theory of a linear random utility model. These analyses indicate that—
consistent with our expectations based upon the nature of the survey questions—
respondents were confused or used heuristic methods to select a preferred alternative.
Some of the indications of irrationality are quite striking. For example, our results
showed that the EPA survey data imply that 35 percent of respondents had a negative
value on the number of fish saved, which is the variable that underpins EPA’s
recommended use of the survey to generate benefit estimates. Our analysis further
showed that 75 percent of respondents had a fundamental preference for more
regulation, regardless of the tradeoff choices they were provided. Such a result is not
consistent with the model underlying EPA’s method, which requires people to make
tradeoffs among attributes. Our results further showed that people were “adding up”
the values of the fish attributes and not making the tradeoffs among them as required
by the underlying model. Finally, respondents had much more difficulty making
tradeoffs when presented with two choices having the same costs—rather than when
costs differ—further suggesting that respondents did not differentiate among the
various metrics and relied on short-cuts to try to answer the complex questions. The
implication of respondents using these short-cut or heuristic approaches to make
choices is that their choices are not consistent with uncovering valid assessments of
willingness-to-pay for the changes in environmental indicators.
2. Implications of the Substantial Problems with the EPA Survey
Econometric Analysis
These results all indicate that the EPA econometric results are not valid and do not provide an
appropriate basis for developing valid regional or national estimates of households’ willingnessto-pay for various §316(b) alternatives. Indeed, our findings of widespread irrational behavior by
survey respondents means that the use of a larger sample or a different model specification
would not “solve” the problems with the EPA econometric analysis. The flaws in the survey
instrument make it incapable of developing data that can be used to produce meaningful
estimates of willingness-to-pay for §316(b) policy options.
We emphasize that these conclusions do not relate to the general SP approach but rather to the
specific application of the SP approach in the EPA survey.

D. Evaluation of National §316(b) Benefit-Cost Results Using the
EPA Survey
The use of the EPA survey results would dramatically alter the benefit-cost calculations and
conclusions regarding the proposed §316(b) regulatory alternatives.
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1. National Benefit Calculations Based Upon the EPA Survey Using the
Approach Outlined by EPA
In the NODA, EPA has provided its recommendations on how to use the EPA survey results to
develop regional and national benefit estimates. EPA’s approach would focus on the results for
the “fish saved” variable. In particular, EPA proposes calculating total regional willingness-topay by multiplying the dollar value of a 1 percent reduction in fish lost by the estimated regional
percent improvement, and then multiplying by the number of households in the region; national
totals would involve summing over the regions or using the results of the national survey. These
national benefit estimates would substitute for the use value estimates from the RIA, since EPA
argues that the survey values reflect both use and non-use values (although, as noted above,
EPA’s original motivation for the survey was to develop non-use values to supplement its RIA
estimates).
Table E-2 shows the results of substituting the implied national3 benefits from the EPA survey
for the use and (partial) non-use benefits reported in EPA’s RIA accompanying the §316(b)
Proposed Rule. (Note that to facilitate comparisons, the benefit and cost estimates from the
§316(b) Proposed Rule have been converted from 2009 dollars to 2011 dollars.) For the
preferred Option 1, quantified benefits would change from about $16 million per year based
upon the RIA estimates to about $2.3 billion per year using the results of the EPA survey. The
annualized benefits calculated using the results of the EPA survey are therefore roughly 140
times (or 14,000 percent) larger than the quantified benefits reported in the RIA. The results are
similarly dramatic for the other regulatory options EPA identified in its §316(b) Proposed Rule.

3

We use the “national” version of the EPA survey to estimate national benefits; the results are very similar when
results from the four regional surveys are used to produce a national benefit estimate.
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Table E-2. Comparison of Quantified Benefits and Costs from §316(b) Proposed Rule and EPA Survey
Option 1

Option 2

Option 3

Option 4

Commercial and Recreational "Use" Benefits (2011$ million)
Total Quantified "Non-use" Benefits
Total Quantified Benefits

$15.8
$0.5
$16.3

$36.8
$56.7
$93.6

$37.6
$59.4
$97.0

$15.4
$0.5
$15.9

Annualized Costs (2011$ million)

$466

$4,769

$4,934

$389

Benefits to Costs Ratio

0.03

0.02

0.02

0.04

$2,275

$7,330

$7,449

$2,228

$466

$4,769

$4,934

$389

Benefits to Costs Ratio

4.9

1.5

1.5

5.7

Comparison of Non-use and Use Benefits:
Implied "Non-use" to "Use" Benefits Ratio

143

198

197

143

Benefits and Costs from the Proposed Rule:

Implied Benefits and Costs from the Survey:
Implied Benefits from Survey (2011$ million)
Annualized Costs (2011$ million)

Note: Annualized benefits and costs calculated using a 7 percent discount rate
Source: EPA 2012b and NERA calculations

2. Implications of National Benefit Calculations Based Upon the EPA
Survey Using the Approach Outlined by EPA
a. National Benefits
Figure E-1 illustrates the enormous increase in annualized (quantified) benefit estimates when
the EPA survey results are substituted for the benefits calculated by EPA in the RIA for the
§316(b) Proposed Rule. (Note that the RIA quantified benefit estimates are so much smaller than
the values based upon the EPA survey that they are not visible in the bar graph.) Figure E-1 also
includes the annualized cost estimates for comparison with the two benefits estimates (using a
7 percent discount rate to annualize benefits and costs).
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Figure E-1. Comparison of Quantified Benefits and Costs from §316(b) Proposed Rule and EPA Survey

Option 2

Option 3

Option 4

Proposed Rule Quantified Benefits
Survey Implied Benefits
Costs
Note:

Annualized benefits and costs are expressed in millions of 2011 dollars.
Benefits and costs are annualized using a 7 percent discount rate.
Source: EPA 2012b and NERA calculations

b. National Benefit-Cost Ratios
Figure E-2 illustrates the large increase in benefit/cost ratios between the Proposed Rule and the
EPA survey. For Option 1, benefits would be about 3 percent of costs using the RIA benefit
values and almost 500 percent of costs using the EPA survey.
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Figure E-2. Benefit/Cost Ratios for Proposed Rule and Survey
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Option 4

Proposed Rule
Survey

Note: Benefits and costs are annualized using a 7 percent discount rate.
Source: EPA 2012b and NERA calculations

c. National Non-Use Benefits
One potential implication of the EPA survey results is that about 99.5 percent of all benefits from
avoided fish losses would be “non-use” benefits as opposed to “use” benefits associated with
commercial and recreational fishing, using the EPA RIA “use” benefit calculations from the
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§316(b) Proposed Rule. We find this level of non-use benefits to be highly implausible, and, as
discussed below, not supported by any systematic assessment of their likely significance. Of
course, survey respondents in theory could have had “use” values in mind when they voted for a
policy option. This raises the equally troubling issue that the estimates of use benefits from the
EPA survey are too much larger than the use benefit estimates from the RIA to be taken
seriously.
With regard to potential non-use values, it is instructive that EPA has not provided a systematic
assessment of whether non-use benefits are likely to be significant due to §316(b) regulations, as
EPA itself has previously recommended for site-specific benefit assessments (EPA 2004). In the
RIA, EPA discusses the threatened and endangered species that might be affected (EPA 2011b),
but the Agency does not rely upon threatened and endangered species as the justification for
potentially substantial non-use benefits. Instead, EPA seems to believe that non-use benefits are
likely to be significant—and worth spending substantial resources to develop the EPA survey—
because the majority of the biological gains represent un-harvested recreational and commercial
catch and forage fish (the value of which are based upon the relatively minor use value of the
additional catch they provide) (EPA 2011e, p. 22240). But the fact that the use values of
additional forage fish are relatively small does not imply that they provide significant non-use
values.
The economic literature and previous EPA guidance suggest non-use benefits are likely to be
significant only if the resource (in this case the changes in fish populations) is “unique” (e.g.,
like the Grand Canyon) and if the potential gains are long-lasting; increases in the numbers of a
widely dispersed wildlife species do not meet these criteria and thus would not be likely to
generate significant non-use values (Freeman 2003). EPA has not provided any information to
indicate that the changes due to §316(b) alternatives would meet these two requirements, and, as
discussed above, Dr. Barnthouse’s review of the biological information underlying EPA’s survey
information suggests that the gains would indeed consist of increases in the numbers of widely
dispersed wildlife species.
EPA has provided no evidence that potential non-use benefits of the §316(b) alternatives are
likely to be significant, let alone of the magnitude that is implied from the EPA survey. Although
the money to undertake and analyze the EPA survey has already been spent, it seems important
to acknowledge the principle that potential significance should be assessed in order to focus
future efforts on situations in which the resources required to undertake such a survey are
justified. Indeed, there is a further advantage of assessing likely significance—a comprehensive
assessment of the likely significance of non-use benefits would provide guidance for the sitespecific entrainment assessments called for in EPA’s preferred option (Option 1).

d. Summary
In summary, we find the national benefit and implied non-use (or use) benefit estimates based
upon the use of the EPA survey highly implausible, although it is of course not possible to
“prove” that they are “wrong” just because of their magnitude. But in combination with our
conclusions regarding the survey instrument and the EPA econometric analysis, these results are
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additional confirmation that the EPA survey does not provide valid estimates of willingness-topay for §316(b) benefits.

E. Conclusions Regarding the Appropriate Role of the EPA Survey
We conclude that the EPA survey should not be used as the basis for calculating regional and
national benefits in EPA’s final assessment of various §316(b) regulatory alternatives. EPA has
developed national commercial and recreational fishing benefit estimates using sound
methodologies, and it would not make sense to supplant these estimates with the flawed EPA
survey results. Consistent with prior EPA guidance, non-use benefits should be assessed in sitespecific §316(b) determinations, where the assessments could be much more meaningful because
they would focus on specific conditions and potential impacts (e.g., loss of unique resources such
as threatened and endangered species).
Some at EPA—and some reviewers—might argue that “some non-use valuation is better than no
non-use valuation.” But the inherent problems with the EPA survey—as revealed by assessments
of the survey instrument and statistical analyses—are too severe for the resulting estimates to
serve as the justification for spending hundreds of millions or even billions of dollars each year,
costs that ultimately would be paid for by society largely through higher electricity rates and
price increases for many other goods and services. The results of the EPA survey are simply not
reliable estimates of the benefits that households would receive if these §316(b) regulations were
promulgated.
As noted above, we do not conclude that stated preference survey techniques in general are
invalid or that in principle they should never be used for §316(b) assessments. Indeed, our
conclusions also support a recommendation to focus benefit-cost evaluations of §316(b)
alternatives at the site-specific level. In that context, there may be circumstances in which efforts
to quantify non-use benefits are warranted. EPA regional and State officials can use site-specific
information—potentially including the results of SP surveys for non-use valuation if the
likelihood of significant non-use benefits justifies the expense of developing a sound
methodology—to make sensible choices on individual §316(b) permits.
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I. Introduction
The U.S. Environmental Protection Agency (EPA) has published preliminary results from a
survey (“EPA survey”) that it is considering using to develop revised estimates of the benefits of
regulatory alternatives related to cooling water intake structures (CWIS) at power plants and
other facilities under §316(b) of the Clean Water Act. This report evaluates key elements of the
EPA survey and assesses whether the EPA survey should be used as the basis for EPA’s final
assessment of benefits for §316(b) regulatory alternatives.

A. Overview of the EPA Survey and Analyses
On June 12, the EPA published in the Federal Register a Notice of Data Availability (“NODA”)
related to a stated preference survey entitled “Fish and Aquatic Habitat” (EPA 2012a, p. 34,927).
EPA is considering using the results of the EPA survey to provide the basis for estimates of the
benefits U.S. households would receive from various §316(b) alternatives.
The EPA survey presented respondents with background information that included various
assertions and illustrations concerning the importance of fish and the effects on fish populations
of cooling water intake structures used by power plants and other industrial facilities. The survey
then presented three choice questions, each of which asked respondents to choose one of three
hypothetical policy options—the status quo, for which one would pay nothing, and two
hypothetical policy options that would provide hypothetical regional or national improvements in
various environmental attributes in exchange for paying some cost in the form of higher
electricity and other prices.
The NODA also includes a description of the empirical model EPA developed using the data
obtained from the EPA survey and technical support for its statistical analyses. The materials
accompanying the NODA also describe a methodology on how to use the statistical results to
generate regional and national estimates of the benefits of §316(b) regulatory options. These
national estimates would supplant national benefit estimates developed by EPA when the
proposed standards were issued by EPA in July 2011, with benefits generally calculated using
well-established methods to value commercial and recreational fish catch.

B. Objectives of this Report
EPA has solicited public comment on all aspects of the EPA survey, including the methodology,
the strengths and weaknesses of the survey method generally, and the appropriate role, if any, the
study should play in the analysis of the final rule. The objective of our report is to evaluate the
EPA survey and its potential usefulness in developing reliable benefit estimates for national
§316(b) policy alternatives.
Our initial comments (provided within the 30-day comment period) on the EPA SP study are in
three major areas:
1. Evaluation of the EPA survey instrument;
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2. Assessment of the EPA econometric analysis; and
3. Assessment of the potential use of the EPA survey for national §316(b) benefit and benefitcost comparisons.
This report provides the basis for our conclusions regarding the role that the EPA survey should
play in EPA’s evaluation of the final rule. These comments build upon our various previous
comments on EPA’s analysis of §316(b) regulatory alternatives, including our comments on
prior versions of the survey (Harrison et al. 2010) and on the EPA proposed rulemaking
(Harrison et al. 2011).

C. Organization of this Report
The remainder of this report is organized as follows. Section II describes the EPA benefit-cost
assessment for the §316(b) proposed rulemaking and the potential role of the EPA survey to
develop alternative benefit estimates for EPA’s final evaluation. Section III provides an
assessment of the EPA survey instrument. Section IV provides an empirical analysis using the
survey response data that were provided by EPA, including an assessment of EPA’s econometric
estimates. Section V considers the implications of using the EPA survey results—rather than the
information that was developed in the draft rulemaking—to estimate national §316(b) benefits.
Finally, Section VI provides conclusions and recommendations.
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II. EPA Benefit-Cost Assessment and Potential Role of EPA
Survey
§316(b) of the Clean Water Act calls for the EPA to set regulations on the intake of cooling
water by power plants and other facilities. These regulations provide the basis for individual
§316(b) regulations imposed on power plants and other facilities in their National Pollution
Discharge Elimination System (NPDES) permits, typically issued by states that have assumed
regulatory responsibility for the NPDES program Clean Water Acts. The key regulatory
requirement under §316(b) is that the location, design, construction, and capacity of a facility’s
cooling water intake structures reflect the best technology available (BTA) for minimizing
adverse environmental impacts. In April 2009, the Supreme Court ruled that it is permissible
under §316(b) for EPA and the states to consider costs and benefits in setting BTA regulations
and in individual permit requirements.
In a Proposed Rule issued in July 2011, EPA developed estimates of the costs and benefits of
four potential §316(b) regulatory options. In order to provide an appropriate context for the EPA
survey—since EPA has now decided that the survey results would supplant the prior estimates if
they were used in the final rule—this section provides an overview of the July 2011 estimates.
We begin with background on the various benefits categories, including both use and non-use
benefits.

A. Categories of Potential §316(b) Benefits
The EPA Guidelines for Preparing Economic Analyses (“Guidelines”) provide a summary of the
benefit categories relevant to an assessment of ecological benefits, the general category of
benefits relevant to §316(b) regulatory assessments (EPA 2010a). Figure 1, adapted from the
Guidelines, provides a way of organizing the relevant categories based on how they are
experienced. Figure 1 divides the ecological benefits into two major categories: use benefits and
non-use benefits.
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Figure 1. Summary of Benefit Classification Scheme from EPA Guidelines

Ecological
Benefits

Use

Direct

Non-Use

Indirect
Forage Fish
Effects

Market

Non-Market

Commercial
Harvest

Recreational Harvest
and Release

Source: Adapted from EPA (2000, p. 7-9)

1. Use Benefits
Figure 1 shows a breakdown of use benefits into direct and indirect benefits, with direct benefits
divided into market (commercial fishing) and non-market (recreational fishing) categories.
Indirect use benefits are those that contribute through secondary effects on either marketed goods
or non-market uses of a resource.

a. Market Commercial Fishing Benefits
Reducing fish losses at cooling water intakes may result in additional numbers of specific fish
species that are caught or are available to be caught by commercial fishermen. This increased
catch constitutes the market benefits, since commercial fish are bought and sold in fish markets.
Market benefits are measured using market prices in the commercial fishing industry. Ex vessel
prices reflect the values received by commercial fishermen (in contrast to wholesale and retail
fish prices, which include mark-ups reflecting additional costs) and thus are the appropriate
prices to value additional commercial catch. Data are available on ex vessel prices for the major
commercial species that can be used to estimate the societal values of additional commercial
catch. These values differ substantially among different fish species.

b. Non-Market Commercial Fishing Benefits
Non-market benefits reflect the value of opportunities for additional recreational catch for
various fish species. Economists have developed well-established methods of evaluating the
value that recreational fishermen place on additional catch of various types of fish. These values
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can differ by species and by location of the fishery. The methods are referred to as “revealed
preference” methods since they use observed behavior to infer preferences.
Various researchers, including those supported by EPA grants, have used these methods to
develop detailed estimates of the values that recreational fishermen place on additional catch.
These values typically are greater than ex vessel commercial values for a given species and
fishery.

c. Indirect Forage Fish Benefits
Forage fish are small prey or bait fish (e.g., bay anchovy and menhaden) that are generally near
the base of the food chain. An increase in the number of forage fish may increase the population
of commercially or recreationally valuable fish species and some of these increased numbers
may be harvested. There are thus potential indirect benefits to commercial and recreational
anglers of increasing the population of forage fish.
Biologists and economists have developed reliable methods of valuing forage fish populations by
estimating the increase in harvested commercial and recreational game fish for a given increase
in forage fish and then using the commercial and recreational values to calculate benefits. This
value of forage fish is included in the use benefits calculated by EPA for the §316(b) Proposed
Rule.

2. Non-Use Benefits
This section provides an overview of non-use benefits and the reasons given by EPA as to the
need to develop surveys to determine their potential importance. We discuss the criteria that have
been identified for determining when non-use values are likely to be important in light of the
difficulties and expense of the survey approach.

a. Overview of Non-Use Benefits
Non-use benefits may arise if individuals value the change in an ecological resource without the
prospect of using the resource or enjoying the option to use it in the future. That is, non-use value
is separate from the potential specific gains to those who would gain through “use” of the
resource, where use includes the variety of ways that specific gains may accrue to various
households. The Grand Canyon provides the classic example of a resource for which there is
likely to be significant non-use value if it were affected by a policy; households may value
changes in the Grand Canyon (e.g., visibility) even if they do not intend to visit it. The EPA
Guidelines (2010a) note various circumstances in which non-use benefits might arise:
knowledge that the resource exists in an improved state;
bequest values for future generations;
altruistic values for others’ enjoyment of the resource; and
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commitment to environmental stewardship.
Although this list provides some sense of the circumstances that might give rise to non-use
values, it does not provide much guidance on when such values are likely to be significant. Nonuse benefits are difficult (and expensive) to estimate or quantify because, as the EPA Guidelines
indicate, estimating non-use benefits requires the use of surveys that are complicated and that
can be expensive to conduct correctly (EPA 2010a). Thus, the leading stated preference
practitioners emphasize that it is important first to determine whether non-use benefits are likely
to be significant in order to avoid committing to an expensive analysis that may not provide
useful information (Bateman et al 2002).

b. Prior EPA Criteria for Potential Significance of Non-use Benefits
EPA’s §316(b) Phase II Rule (issued in 2005) provided guidance on the circumstances in which
non-use benefits are likely to be significant. The Phase II Rule recommends considering the
magnitude and character of ecological impacts implied by the results of biological assessments
and other related information prior to determining whether to monetize potential non-use benefits
(EPA 2004, p. 41648).
The Phase II Rule specifies that monetization of non-use benefits should be considered if an
impingement mortality and entrainment characterization study determines that substantial harm
is done to one or more of the following:
A threatened or endangered species;
The sustainability of populations of important species of fish, shellfish, or wildlife; or
The maintenance of community structure and function in a facility’s waterbody or
watershed (EPA 2004, p. 41648).
These criteria imply that increases in the numbers of individuals within one or more fish species
are unlikely to give rise to non-use benefits unless the species are threatened or endangered or
the changes affect sustainability of the populations or are likely to result in other significant
gains to the water body.

c. Economic Criteria for Potential Significance of Non-use Benefits
The economic literature on non-use valuation also provides useful guidance on situations in
which non-use values are likely to be significant. In his well-regarded text on measuring
environmental and resource values, Freeman (2003) reviews the literature on non-use values,
considering the situations in which non-use values are likely to be significant. He concludes by
noting that, while the literature is unresolved on this issue, non-use values are likely to be
important when the resource in question is special or unique and the loss or injury is irreversible
(or subject to a prolonged recovery):
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Another important question is, when are nonuse values likely to be important?
The long literature on nonuse values emphasizes the uniqueness or specialness of
the resource in question and the irreversibility of loss or injury. For example,
economists have suggested that there are important nonuse values in preserving
the Grand Canyon in its natural state and in preventing the global or local
extinction of species and the destruction of unique ecological communities. In
contrast, resources such as ordinary streams and lakes or a subpopulation of a
widely dispersed wildlife species are not likely to generate significant nonuse
values because of the availability of close substitutes. Moreover, the literature
does not suggest that nonuse values are likely to be important where recovery
from an injury is quick and complete, either through natural processes or
restoration (Freeman 2003, pp. 156-157, emphases added).
Thus, Freeman’s (2003) review of this literature suggests two operative criteria for evaluating
whether non-use value for fish protection is likely to be significant:
the resource is unique; and
the loss would be irreversible or subject to a long recovery period.
If neither of these criteria applies, Freeman (2003) suggests that the non-use values are likely not
to be important and thus would not justify an expensive survey. As Freeman notes in the above
quotation, changes in the subpopulations of a widely dispersed species would not be likely to
lead to significant non-use values (Freeman 2003, p. 156).

B. EPA Benefit-Cost Analyses of Proposed §316(b) Regulatory
Options
This section describes the estimates of benefits and costs of the regulatory options evaluated in
the RIA developed for the §316(b) Proposed Rule.

1. Overview of EPA Benefit-Cost Estimates
In its §316(b) Proposed Rule, EPA provides estimates of the benefits and costs of four regulatory
options,4 as displayed in Table 1. Note that benefits and costs are annualized using a 7 percent
discount rate.5

4

Option 1 = Impingement limitations based on modified traveling screens for all facilities with flow greater than 2
million gallons per day (MGD); Option 2 = Intake flow commensurate with closed-cycle cooling for facilities
that have a design intake flow of greater than 125 MGD and impingement limitations based on modified
traveling screens for all facilities with flow greater than 2 MGD; Option 3 = Intake flow commensurate with
closed-cycle cooling for all facilities and impingement limitations based on modified traveling screens for all
facilities with flow greater than 2 MGD; and Option 4 = Impingement limitations based on modified traveling
screens for all facilities with flow greater than 50 MGD.
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Table 1. EPA’s Annualized Benefit and Cost Estimates for §316(b) Proposed Rule

Annualized Benefits
Annualized Costs

Option 1 Option 2 Option 3 Option 4
million 2009$
$16.0
$92.2
$95.7
$15.8
million 2009$
$459
$4,699
$4,862
$383

Note:

Dollar values in millions of 2009 dollars.
Values are annualized using a 7 percent discount rate.
Source: EPA §316(b) Proposed Rule, pp. 22219 and 22247

EPA estimates that the total annualized costs of the preferred Option 1 are $459 million (using a
seven percent discount rate). The annual costs of the other three regulatory options range from
$383 million to almost $4.9 billion. These costs include those pertaining to technology
installation, energy penalties including the effects of installation downtime, operation and
maintenance of technologies, and a variety of administrative expenses. The installation
downtime costs mainly measure the social costs incurred from lost electricity production when a
generating facility takes additional downtime (beyond normal levels) to install control
technologies.
EPA’s evaluation shows that the quantified costs of each regulatory option exceed the quantified
benefits by a very large margin (approximately 25 to 1 for Options 1 and 4 and approximately 50
to 1 for Options 2 and 3). EPA concluded that Option 1 was the preferred regulatory option
despite its quantified costs exceeding its quantified benefits by hundreds of millions of dollars
per year. EPA justifies this recommendation in part on speculation that non-use benefits for
Option 1 may lead to benefits greater than costs.

2. EPA Determination of Use Benefits in the §316(b) Proposed Rule
In its §316(b) Proposed Rule, EPA provided preliminary estimates of the use and non-use
benefits for the four regulatory options. The use benefit estimates were based on sound
methodologies that used market values for commercial fishing benefits and non-market values
for recreational fishing benefits. EPA noted that the totals included the effects of increased
forage fish, which as noted above can provide for additional commercial and recreational
benefits. Table 2 shows EPA’s estimates of annualized use benefits (using a 7 percent discount
rate) divided by major category. The methodologies used to estimate these values are
summarized below.

5

EPA also presents benefit and cost estimates using a 3 percent discount rate. The scale of benefits and costs
using a 3 percent discount rate, and ratios between them, are qualitatively similar to the estimates using a
7 percent discount rate. We only include estimates using a 7 percent discount rate in our comments.
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Table 2. EPA’s Annualized Use Benefit Estimates for §316(b) Proposed Rule

Commercial Use Benefits
Recreational Use Benefits
Quantified T&E Species Use Benefits
Total Use Benefits

Option 1 Option 2 Option 3 Option 4
$0.9
$3.3
$3.3
$0.9
$14.2
$32.4
$33.3
$13.9
$0.5
$0.6
$0.6
$0.4
$15.6
$36.3
$37.2
$15.3

Note:

Dollar values in millions of 2009 dollars.
Values are annualized using a 7 percent discount rate.
Source: EPA §316(b) Proposed Rule, pp. 22242 and 22245

a. Market Commercial Fishing Benefits
EPA calculated commercial fishing benefits—including both direct and indirect (forage)
biological gains—using commercial fish market prices between 2005 and 2009 obtained from
National Oceanic and Atmospheric Administration’s National Marine Fisheries Service. For the
preferred Option 1, the annualized commercial fishing benefits (using a seven percent discount
rate) were estimated at $900 thousand, as displayed in Table 2.

b. Non-Market Recreational Fishing Benefits
EPA calculated recreational fishing benefits—also including both direct and indirect (forage)
biological gains—using detailed estimates of the estimated marginal value per fish for the
affected species. These values are based upon a detailed meta analysis of the many studies that
have evaluated how recreational fishermen value additional catch.
EPA estimated the “Low,” “Mean” and “High” values of annualized recreational fishing benefits
(using a seven percent discount rate) for the preferred Option 1 to be $7.2 million, $14.2 million,
and $28.5 million, respectively. Table 2 shows the “Mean” value of annualized recreational
fishing benefits for each regulatory option.

c. Use Benefits from Threatened and Endangered Species
Table 2 includes use values for recreational fishing of two threatened and endangered (“T&E”)
species: pallid sturgeon and American paddlefish. As EPA explains in the Proposed Rule (p.
22245), it estimated use benefits for these T&E species despite restrictions on their capture
because it has information on baseline recreational fishing of these species and the potential
impacts of the regulatory options. EPA notes (p. 22245) that the primary category of potential
benefits for T&E species is non-use benefits, but as discussed below, EPA did not perform a full
assessment of potential non-use benefits related to T&E species for the Proposed Rule.

3. EPA Assessment of Non-use Benefits in the §316(b) Proposed Rule
EPA does not provide an assessment of the likely significance of non-use benefits. Instead, EPA
claims that non-use values need to be monetized “[b]ecause the majority of annual [impingement
and entrainment] mortality losses include unharvested recreational and commercial fish and
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forage fish” (EPA 2011e, p. 22240). The Agency presents two methods of estimating non-use
benefits in the §316(b) Proposed Rule: (1) a “benefit-transfer” method using a stated preference
study from Rhode Island on households’ willingness to pay to remove impediments to fish
migration, and; (2) a “habitat-based” method. Using the “benefit-transfer” method, EPA
estimated annual benefits of about $500,000 for Option 1 in the North Atlantic and Mid-Atlantic
regions only. Because non-use benefits were not monetized for five of the seven regions, EPA
notes that “total estimated benefits are likely to be significantly understated” (EPA 2011b, p. 104). Using the habitat-based method, EPA estimated a national annual willingness-to-pay of about
$500 million for Option 1.
Table 3 shows EPA’s estimates of non-use benefits for each option using the “benefits transfer”
method and the habitat-based method (and using a 7 percent discount rate). EPA used the
“benefits transfer” non-use estimates for calculating the total quantified benefits of regulatory
options in the Proposed Rule.
Table 3. EPA’s Annualized Non-Use Benefit Estimates for §316(b) Proposed Rule

Option 1
Benefits Transfer (Johnston et al.)
North Atlantic
Mid-Atlantic
Northeast + Mid-Atlantic
Habitat-Based Estimation
California
North Atlantic
Mid-Atlantic
South Atlantic
Gulf of Mexico
Great Lakes
Inland
Total

Option 2

Option 3

Option 4

$0.1
$0.4
$0.5

$11.5
$44.5
$55.9

$12.0
$46.5
$58.5

$0.1
$0.4
$0.5

$0.4
$195.5
$0.3
$142.6
$9.7
$128.7
$477.2

$168.0
$929.1
$0.4
$305.9
$9.6
$130.0
$1,542.8

$176.2
$940.7
$0.4
$305.0
$9.6
$131.6
$1,563.4

$0.4
$196.3
$0.3
$142.0
$9.6
$125.4
$474.0

Notes:

All values are in millions of 2009 dollars.
Values are annualized using a 7 percent discount rate.
Source: EPA, Environmental and Economic Benefits Analysis for Proposed §316(b) Existing Facilities Rule,
pp. 8-14, 9-16, 11-3, and 11-4

As we have discussed in prior comments and as EPA has acknowledged, neither the “benefitstransfer” nor the “habitat-based” method is sufficiently reliable to provide meaningful estimates
of non-use benefits associated with the §316(b) regulatory options. EPA (2010) has developed a
substantial list of characteristics that a good benefits transfer would contain. These
characteristics are not met with the “benefit-transfer” approach used for the §316(b) Proposed
Rule. The “habitat-based” method suffers various limitations, including the fact that the
methodology includes values for many benefits—such as improved fish nurseries, habitat for
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birds and other species, and enhanced nutrient cycling—that are beyond those that would be
associated with the proposed regulations.
EPA has indicated that neither the “benefits-transfer” approach based on the Rhode Island study
nor the “habitat-based” method will be used as a basis for a final §316(b) regulatory decision.
Instead, as noted in the NODA, EPA has indicated the possibility that the EPA survey would be
used to develop benefit estimates that are intended to include non-use benefits.

4. Summary of EPA’s Quantified Benefits and Costs
Table 4 summarizes EPA’s annualized benefit and cost estimates for the §316(b) Proposed Rule,
using a 7 percent discount rate and expressed in millions of 2009 dollars. The quantified non-use
benefits are based on the “benefits transfer” method for the North Atlantic and Mid-Atlantic
regions, as discussed above.
Table 4. EPA’s Annualized Benefit and Cost Estimates for §316(b) Proposed Rule (millions 2009$)

Option 1 Option 2 Option 3 Option 4
Annualized Benefits
Commercial Use
Recreational Use
Quantified T&E Species Use
Subtotal (Use Benefits)
Quantified Non-use
Total

$0.9
$14.2
$0.5
$15.6
$0.5
$16.0

$3.3
$32.4
$0.6
$36.3
$55.9
$92.2

$3.3
$33.3
$0.6
$37.2
$58.5
$95.7

$0.9
$13.9
$0.4
$15.3
$0.5
$15.8

Annualized Costs

$459

$4,699

$4,862

$383

Notes:

All values are in millions of 2009 dollars.
Values are annualized using a 7 percent discount rate.
Totals may differ from the sum of rows because of independent rounding.
Source: EPA, Environmental and Economic Benefits Analysis for Proposed §316(b) Existing Facilities Rule,
pp. 8-14, 9-16, 11-3, and 11-4, and Proposed Rule, p. 22219

Table 5 shows EPA’s annualized benefit and cost estimates in millions of 2011 dollars. These
benefits and costs will be compared later in this report with implied benefits from the EPA
survey in 2011 dollars.
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Table 5. EPA’s Annualized Benefit and Cost Estimates for §316(b) Proposed Rule (millions 2011$)

Option 1 Option 2 Option 3 Option 4
Annualized Benefits
Use
Quantified Non-use
Total

$15.8
$0.5
$16.3

$36.8
$56.8
$93.6

$37.7
$59.4
$97.1

$15.5
$0.5
$16.0

Annualized Costs

$466

$4,769

$4,934

$389

Notes:

All values are in millions of 2011 dollars.
Values are annualized using a 7 percent discount rate.
Source: EPA, Environmental and Economic Benefits Analysis for Proposed §316(b) Existing Facilities Rule,
pp. 8-14, 9-16, 11-3, and 11-4, Proposed Rule, p. 22219, and NERA calculations as explained in text

C. Potential Use of EPA Survey
In the NODA, EPA has indicated that the EPA survey may be used to develop regional and
national benefit estimates for §316(b) regulatory options that it presumes would include use and
non-use benefits. In contrast to the detailed biological and economic assessments used to assess
use values, for the §316(b) Proposed Rule, the EPA survey purports to assess the values that
households place on the environmental benefits based upon a survey.
The estimates of use benefits for the §316(b) Proposed Rule are based on sound methodologies
that use actual market and (in the case of recreational fishing) revealed preference behavior to
assess the values of fishing gains. Although EPA had earlier stated that the EPA survey would be
used to supplement the benefits estimates it developed in the Regulatory Impact Analysis (RIA)
for its April 2011 §316(b) Proposed Rule by providing potential additional estimates of “nonuse” benefits (EPA 2010b), EPA has stated that the benefits estimated using the EPA survey
would supplant these estimates on the theory that the EPA survey would provide estimates of
total benefits, including use and non-use benefits.
As noted in the economic literature and as suggested by EPA’s prior guidance on determining
the significance of non-use benefits, non-use benefits are highly contingent upon site specific
factors such as the particular affected species or the ecological conditions of the relevant water
body. As a threshold issue, it seems clear that non-use benefits should be assessed at local levels
so that the implications of alternative regulations for particular fish specifies and/or ecological
conditions could be evaluated. Any survey conducted at the regional or national level will
necessary omit these important site-specific considerations and thus not provide survey
participants with enough information to provide meaningful responses. As EPA states in its
Guidelines, “it is better to acknowledge gaps in information by discussing them qualitatively or
by reporting physical measures … than to employ conceptually flawed methods of monetization”
(EPA 2010a, p. 7-36)
EPA would have been confronted with the importance of species-specific and site-specific
information if it had preceded the development of the survey by an assessment of the likely
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significance of non-use benefits in this rulemaking. EPA has responded to a prior
recommendation to assess the likely significance of non-use benefits in our prior comments by
quoting Bateman et al. (Bateman 2002, p. 75) that there are “no easy rules for determining at the
outset” whether non-use values are likely to be significant. However, Bateman et al. (2002) also
notes that “[o]ne of the issues to be determined before commissioning a study is the extent to
which non-use values are likely to be important” (p. 74). In addition, Bateman et al. (2002) does
not imply that non-use values should be monetized regardless of the cost of doing so or the likely
importance of the results. Sensible regulatory policy requires that the EPA consider the potential
nature of non-use benefits and how they might be estimated before committing to a costly and
time-consuming study.
The following section describes the EPA survey instrument, including its reliance on broad
regional measures of what are purported to be environmental impacts of §316(b) alternatives. As
will be discussed, the failure to clarify the potential nature of potential non-use (and use) benefits
as well as the failure to provide important context means that the survey instrument does not
provide an acceptable means of obtaining information on potential of §316(b) benefits.
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III. Evaluation of the EPA Survey Instrument
This section provides an overview of the EPA survey instrument. We then assess its usefulness,
first with regard to some general considerations in the survey literature and then with regard to
specific features of the EPA survey.

A. Overview of the EPA Survey Instrument
This section provides a brief overview of the EPA survey, including the survey process and the
survey itself as well as background on focus groups and other pre-survey activities. As noted
above, given the limited comment period, we focus our comments on the survey instrument and
do not comment on the survey process or the pre-survey activities.

1. Survey Process
EPA conducted its stated preference survey in mail format, sending a questionnaire to the
population samples in each of its five target regions: the Northeast, Southeast, Inland, and Pacific
areas of the country, as well as a ‘National’ sample drawn from the nationwide population. The
address sample for the mail survey was drawn from a database that covers 97 percent of
residences in the United States.
EPA sent out a total of 6,800 of the regional surveys and 960 of the national surveys, with a
target sample size of 2,000 and 288 for the regional and national surveys, respectively. The
number of surveys sent to each region differed based on household populations. For example,
1,440 households were surveyed in the Northeast region for target sample size of 417, whereas
2,480 households were surveyed in the Inland region for a target sample size of 732.
At the time of EPA’s statistical analyses (as reported in the NODA), EPA had received 2,313
completed and returned surveys across all regions. The average response rate was 33 percent.

2. Survey Questionnaire
Twenty-four versions of the eighteen page questionnaire were used, each containing the same
background information on the subject of fish losses and cooling water intake structures. The
versions differ in the specific policy alternatives that are presented to the various respondents,
both in terms of the various changes in regional environmental measures and in the potential cost
of the policy. The questionnaires also ask respondents to rate their personal investment in the
issues considered in the survey (e.g., how important they consider prevention of fish losses,
whether or not they fish or consume fish, etc.) and their understanding of the survey materials.
Respondents also are asked to provide demographic information.
Each survey contains three valuation questions that ask respondents to choose among three
options, two policy options and one “No Policy” option that would maintain the status quo. The
policy options are characterized by changes in four regional environmental benefit metrics that
purport to reflect the effects of different §316(b) policy alternatives and by an assumed annual
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cost (which respondents are told would be paid for in the form of higher electricity rates and
other prices). Among all surveys sent, there are 72 distinct pairs of policy options that are
provided. The surveys also include the baseline levels of each environmental attribute for the
given region.

3. Environmental Benefit Measures
The survey summarizes the potential benefits of policy options in terms of four broad
environmental benefit measures. The validity of these measures is key to the potential use of the
survey, since the empirical analysis involves using the choices that respondents make to “pay”
for these benefit measures to estimate the dollar value that households are presumed willing to
pay for changes in these measures, and ultimately in §316(b) policy options if the survey results
are used. Thus, it is important that these measures are both understandable and accurately reflect
potential impacts of alternative §316(b) policy options. As discussed below and in the remainder
of this section, the measures used in the EPA survey do not pass these two important tests.
Barnthouse (2012) provides further details on the biological problems with these four measures,
concluding that “[n]one of the four attributes used by EPA in the Stated Preference Survey
provides scientifically valid information concerning the potential benefits to the public of
reducing [entrainment and impingement] mortality.”
The EPA survey instrument lists four measures of the potential environmental benefits of the
alternative policies:
1. Commercial fish populations;
2. Fish populations (all fish);
3. Fish Saved (per year); and
4. Condition of aquatic ecosystems.

a. Commercial Fish Populations
The following figure shows the summary that is presented to respondents regarding a score to
measure the effect of policies on commercial fish populations. The score is said to range between
zero for no harvest to 100 for maximum long-term harvest.
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Figure 2. Description of Commercial Fish Populations from EPA Survey Instrument for the Northeast

Source: EPA survey instrument

There are several features of this measure that raise serious questions on its usefulness as a
means of estimating the dollar value of commercial and recreational benefits, relative to the
detailed information that EPA has developed in its RIA.

No indication of how scale calculated. The measure is a score between 0 and 100
percent that purports to show “the overall health of commercial and recreational fish
populations.” There is no indication of how this score is calculated or the significance
of differences in the values.
Broad regional measure with no information on species and location. In contrast to
the detailed assessments of use benefits in EPA’s RIA, this measure does not provide
any indication of the species that are potentially affected or the fishery locations that
are affected.
No non-use rationale. There seems no reason to expect households to have non-use
benefits from greater commercial and recreational catch per se and thus no reason to
substitute a survey approach for well-tested approaches to measure market and nonmarket fisheries benefits.
These characteristics indicate that the EPA survey is an inferior means of assessing the value that
households place on increased commercial and recreational catch, compared to the detailed
assessments in the EPA RIA. As discussed below, the EPA survey simply gives respondents too
little information to develop a sensible evaluation of the proper value of increased commercial
and recreational catch using this unspecified regional score and, if such detailed information
were provided, it is difficult to see how survey respondents could develop sensible assessments.

b. Fish Populations (All Fish)
The following figure shows the summary that is presented to respondents regarding a score to
measure the effect of policies on total fish populations. The score is said to range between zero
for no fish to 100 for the largest natural size possible.
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Figure 3. Description of Fish Populations (All Fish) from EPA Survey Instrument for the Northeast

Source: EPA survey instrument

This measure also has features that raise questions on its usefulness as a means of estimating the
dollar value of benefits, relative to the detailed information that EPA has developed in its RIA.

No indication of how scale calculated. The measure is a score between 0 and 100
percent that is claimed to show “the estimated size of all fish populations.” There is
no indication of how this score is calculated or the significance of differences in the
values.
Unclear relationship to commercial/recreational fish population measure. The
materials indicate that about one-sixth of fish lost are species caught by commercial
and recreational fishermen, with the other five-sixths being forage fish that “serve as
food for larger fish, birds, and animals.” This characterization suggests that forage
fish are valued for their contributions to commercial/recreational fish, but there is no
indication of the nature and empirical significance of this indirect benefit.
Potential non-use rationale not provided. The survey provides no link between this
measure and potential non-use benefits. The description of forage fish implies that
they are valued for their contributions to commercial and recreational catch. There is
no indication that changes in this measure indicate effects on the viability of specific
species in specific locations, or the type of detailed information that would be
necessary to provide a sound basis for potential non-use benefits.
These characteristics suggest that surveying households on the value they place on total fish
population is an inferior means of assessing the value that households place on use benefits—
including the indirect benefits of increased commercial and recreational catch due to additional
forage fish—compared to the detailed assessments in the EPA RIA. As discussed below, the
EPA survey simply gives respondents too little information to develop sensible benefit estimates
using this unspecified regional score and, indeed, if such detailed information were provided, it
is difficult to see how survey respondents could develop sensible assessments. Moreover, the
difficulties are particularly great for using the results for this measure to infer non-use benefits,
which the literature (and common sense) indicate would be based upon unique and long-lasting
gains rather than changes in the numbers of fish.
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c. Fish Saved (Per Year)
The following figure shows the summary that is presented to respondents regarding a score to
measure the effect of policies on fish saved per year. The score ranges between zero percent for
no reduction in fish losses to 100 percent for all fish saved due to the policy. In the actual
questions, respondents are provided with specific numbers of fish saved. In the case of the
Northeast survey, the materials state that 1.1 billion fish are lost in water intakes. Thus, a 50
percent reduction is noted to save 0.6 billion fish.
Figure 4. Description of Fish Saved (Per Year) from EPA Survey Instrument for the Northeast

Source: EPA survey instrument

Dr. Barnthouse (2012) focuses his comments on the EPA survey on the “fish saved” attribute
(since it is one recommended for use by EPA); he concludes that the metric is “questionable at
best and highly misleading at worst” (p. 2) because EPA does not reveal its highly speculative
nature or the correct context. Barnthouse (2012) investigates the data used by EPA to develop its
estimate of “fish saved” and finds that it involves highly uncertain extrapolations with enormous
uncertainties. Moreover, the bulk of the gains are a single tiny forage species (bay anchovies,
each weighing 0.00381 pounds) that would translate into a minuscule share of additional
commercially harvested fish (0.025 percent). In short, the EPA survey does not provide accurate
scientific information to respondents that clarifies what is actually at stake to various fish species
in various locations.
This measure also has limitations similar to the “total fish” measure that raise questions on its
usefulness as a means of estimating the dollar value of benefits, relative to the detailed
information that EPA has developed in its RIA.

No indication of the nature of the fish saved. The background materials imply that the
bulk of these are forage species, but this is not clear in the characterization of the
policy choice. Nonetheless, the EPA survey materials still create the underlying
impression that the fish that are being affected by the regulation are ones that matter
to humans, especially the recreational and commercial species.
No indication of relative significance of the gains. It is not possible for respondents to
understand the significance of the gains in fish population—either as a number or a
percentage improvement—without context on how these numbers relate to individual
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species or bodies of water. Moreover, without any indication of the size of the
relevant population, the respondent has little basis to consider the significance of
either the number of fish gained or the percentage reduction in fish losses. Indeed, the
background materials appear to appreciate the importance of this context for
determining the significance of the number of fish saved when they note that
“[a]lthough scientists can predict the number of fish saved each year, the effect on
fish population is uncertain. This is because scientists do not know the total number
of fish in Northeast waters and because many factors—such as cooling water use,
fishing, pollution and water temperature—affect fish.”

No indication of current fish protection controls in place. Respondents have no way
of knowing the extent to which facilities already have controls in place that reduce
fish losses due to cooling water intake. The baseline score of zero erroneously may
imply to many respondents there are no controls in place.
No non-use rationale. Without a context for the fish gains—notably their effect on the
viability of particular species in particular fisheries as well as their relationship to
other factors affecting fish populations—there seems no rationale for interpreting
values as reflecting non-use values.
These characteristics suggest that surveying households on the value they place on the numbers
of fish saved is both an inferior means of assessing the value that households place on the gains
from commercial and recreational catch and an invalid means of assessing any non-use value. As
discussed below, the EPA survey simply gives respondents too little information to develop a
sensible evaluation of the likely gains using this regional total fish saved as a metric. Moreover,
as with the other measures, if such information were provided, it is difficult to see how survey
respondents could develop sensible assessments. The difficulties are particularly great for using
the results to infer non-use benefits, which the literature indicates (as emphasized above) would
be based upon unique and long-lasting gains rather than changes in the numbers of individual
fish.

d. Condition of Aquatic Ecosystem
The following figure shows the summary that is presented to respondents regarding a score to
measure the effect of policies on the “condition of the aquatic ecosystem.” The score is said to
“show the ecological condition of affected areas,” with the score “determined by many factors
including water quality and temperature, the health of aquatic species, and habitat conditions.”
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Figure 5. Description of Condition of Aquatic Ecosystem from EPA Survey Instrument for the Northeast

Source: EPA survey instrument

This measure has features that raise questions on its usefulness as a means of estimating the
dollar value of benefits, relative to the detailed information that EPA has developed in its RIA.

No indication of how scale calculated. The measure is a score between 0 and 100
percent that is described as reflecting many factors. But there is no indication
whatsoever of how this score is calculated or the significance of differences in the
values. Indeed, as discussed below, we have not been able to obtain information on
how EPA determined the current scores (e.g., Northeast score is 50) or the potential
effects of §316(b) policy alternatives.
Non-use rationale unclear. The description implies that this effect might reflect the
potential non-use value that households might place on changes. But without more
information on the nature of the measure –and the significance of changes—it would
be virtually impossible for respondents to provide meaningful valuations. As with the
other measures, if sufficiently detailed information were provided—based upon
specific ecosystem effects—it seems unlikely that respondents would be able to
process the information and develop appropriate valuations. Moreover, as Dr.
Barnthouse (2012) demonstrates, the scientific literature does not support any
increase in such an index as a result of the policy. The index is based on habitat and
pollution variables that would not be affected by the votes on the policy.
These characteristics suggest that surveying households on the value they place on the “condition
of the aquatic ecosystem” is not likely to provide useful information. As discussed below, the
EPA survey simply gives respondents too little information to develop a sensible evaluation
using this undefined regional score and, indeed, if such information were provided, it is difficult
to see how survey respondents could develop sensible assessments. The difficulties are
particularly great for using the results to infer non-use benefits, which the literature indicate
would be based upon unique and long-lasting gains.
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4. Other Survey Activities
Before the final survey was determined, the EPA organized six focus groups and eight cognitive
interviews as methods for pre-testing the design of the survey instrument. The EPA has made the
results of these sessions available. The EPA survey instrument also included validity testing after
the survey results were compiled; a split-sample external validity test for scope was conducted
on the Northeast region survey data. In addition, a non-response study was completed for the
Northeast region. EPA states that the corresponding studies for other regions have not yet been
finalized. Given the constraints imposed by EPA’s 30-day comment period, we do not comment
on these other activities.

B. General Concerns about the EPA Survey Respondents’ Task
When properly constructed, surveys can be useful tools for measuring public opinion. However,
as survey researchers have long recognized, the answers that respondents give to a survey may
be influenced by the design of the questionnaire itself. Decisions such as how to phrase the
questions, which alternatives to offer, and the order in which to present the questions can have an
effect on the survey results (Schuman and Presser 1981; Converse and Presser 1986; Groves et
al. 2004). In addition to demonstrating that such questionnaire effects may occur, the survey
research literature also investigates the cognitive processes that respondents use when answering
complex survey questions. (Sudman et al. 1996; Tourangeau et al. 2000). In evaluating the EPA
survey, the implications of these cognitive processes are important to consider since, as
discussed below, the EPA survey poses major difficulties to respondents.

1. Survey Respondents May Replace Complex Survey Questions with
“Heuristic Questions”
a. Overview of Concern
Often survey questionnaires simply assume that respondents will do whatever it takes to provide
the types of answers that are needed. Questionnaires are frequently too long, too difficult and not
sufficiently interesting to the respondents. The drafters of the questions can work in blissful
ignorance, though, because most respondents will answer all the questions that they are asked.
The problem is that their answers may not be meaningful.
The psychologist Daniel Kahnemann (who won the Nobel-Prize in economics) has proposed a
simple explanation of how survey respondents deal with questions that are too numerous and
difficult. Instead of answering the target question actually given in the questionnaire, the
respondent substitutes an easier, heuristic question (Kahnemann 2011).
Kahnemann illustrates the nature of this response based upon the target question, “How much
would you contribute to save an endangered species?” To answer this question, a respondent
would have to decide which species should be thought about, figure out how much money (s)he
has available for contributions, take into account other obligations and come up with an answer.
In most cases, the respondent would not do all this work, and would substitute a heuristic
alternative such as “How much emotion do I feel when I think of dying dolphins?” The amount
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of money stated in the answer would depend on the intensity of feeling that the respondent
experiences when thinking about the dolphins.

b. Relevance to EPA Survey
There are clear similarities between the EPA survey and Kahnemann’s example of dying
dolphins noted above. However, the EPA survey deals with biological issues that are even more
complex and nuanced. Unlike dolphins or certain endangered species, most people do not have
pre-formed opinions about the forage fish that comprise the majority of the species affected by
cooling water regulations. People may substitute “heuristic questions” for the complex scenarios
provided in the EPA survey, and, in this case, it is not even clear that people have sufficient
information to answer these substitute questions.

2. Survey Respondents May Avoid Substantial Cognitive Effort and
“Satisfice”
a. Overview of Concern
Stanford professor Jon Krosnick has introduced the concept of “satisficing,” which he defines as
when a survey respondent avoids the substantial cognitive effort required for a difficult question
and simply provides an apparently satisfactory answer instead (Krosnick 1991). To give the
answer that is actually required to produce meaningful survey results, Krosnick describes a fourstep procedure:
[Producing high-quality data] requires that respondents proceed through four
stages of cognitive processing. They must carefully interpret the meaning of each
question, search their memories extensively for all relevant information, integrate
that information carefully into summary judgments and report those summary
judgments in ways that convey their meaning as clearly and precisely as possible.
Performing those four steps carefully and comprehensively constitutes what might
be called optimizing (Krosnick 1991, p. 214) [internal citations omitted].
When survey questions are too difficult, most respondents do not expend the necessary energy to
provide the required answer, and simply decide to compromise and expend less energy instead.
As a more recent text puts it, respondents “truncate the search process as soon as enough
information has come to mind to form a representation that is sufficient for the judgment at
hand” (Sudman et al. 1996). Such a search would not be extensive unless the respondent was
highly motivated because the topic had important personal consequences, a rare circumstance not
typically found in surveys. Accordingly, the respondents’ judgments are based on information
which most easily comes to mind.
Krosnick et al. (1996) suggest three factors that may contribute to satisficing:
the difficulty of the task;
the respondent’s ability to perform the task; and
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the respondent’s motivation to perform the task.
According to Krosnick et al. (1996, p. 32), “[t]he greater the task difficulty and the lower the
respondent’s ability and motivation to optimize, the more likely satisficing is to occur.”

b. Relevance to EPA Survey
The EPA survey would appear to meet all three of the conditions for “satisficing” outlined by
Krosnick et al.
First, the task was difficult in that the referendum questions require substantial effort from the
respondents. To begin, there is a great deal of information that the respondent must process
before completing the voting task. Once they have reviewed the background information, they
must then read and attempt to understand the instructions for completing the referendum.6 They
must first consider their opinions on each of five criteria, some of which they may not have
previously thought about. Respondents then must figure out how to combine the criteria. For
example, a respondent may have preferred to maximize the commercial fish populations but been
indifferent to the total fish populations. Such a respondent would then have to decide which of
these two criteria was most important and then extend the ranking to all five criteria. Given the
complexity of this task it would not be surprising that many respondents would simplify their
task in some way, perhaps voting on the basis of costs and the numbers of fish saved per year.
Applying the principles described by Kahneman and Krosnick, a likely way that respondents
might satisfice is to base their answers on these two criteria and not seriously consider the
different options for the three other criteria.
In addition to requiring a difficult task, most respondents’ ability to develop these detailed
assessments is likely to be low. It is likely that respondents had not given much thought to the
effect of cooling water intake structures on fish populations prior to taking the survey. Finally,
respondents’ motivation to develop these detailed assessments is likely to be low, particularly for
respondents who know nothing about fishery biology or who do not live near areas potentially
influenced by cooling water intake structures.

3. Responses May Depend on the Degree of Balance in the Information
Provided
a. Overview of Concern
Various studies have shown that responses of potential WTP are affected by the background
information given to survey respondents (Fischhoff and Furby 1988; Lazo et al. 1992). In
describing the Exxon Valdez CV questionnaire, Carson et al. (1998) explain how that study took
care to ensure that the information presented to respondents was balanced:

6

With an in-person interview, the interviewer can ensure the respondent understands the referendum task before
(s)he votes for a particular option. Since the EPA SP survey was self-administered, there is no certainty that the
respondent understood the directions (s)he was given.
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“Unlike ordinary attitude questionnaires, the Exxon Valdez CV instrument
included several design features to discourage cursory responses in favor of the
program. The respondents were given 20 minutes of carefully pretested
information, both verbal and pictorial, about what the program would and would
not accomplish. Equally important immediately before they were asked to vote,
the questionnaire provides several reasons why they might want to vote against
the program. With this context, those voting ‘for’ the program are likely to be
sufficiently sure of their responses so that they are not attracted to the [would not
vote] option” (337). [emphasis in original]
The implication is that it is important to provide balanced descriptions of the policy alternatives
that are provided in the questionnaire.

b. Relevance to EPA Survey
The EPA survey does not provide respondents with any information about why someone might
prefer the “current situation” (i.e., no policy) to one of the offered policy alternatives. It provides
extensive information on the impacts to environmental attributes (even those such as the
“Condition of Aquatic Ecosystem,” for which there is no clear scientific link to the regulations),
but limited information on the costs to society such as how higher electricity prices are expected
to impact jobs and gross domestic product.
Indeed, as discussed below, our review of the EPA questionnaire, and the comments by
respondents in the survey responses and EPA’s own focus groups, indicates that respondents did
not have sufficient information to provide meaningful responses.7
Respondents also do not or could not understand the significance of the fish losses relative to fish
populations and the impact that individual fish loss has on commercial and recreational fisheries
and ecosystem health. For example, of particular concern is the relative importance of cooling
water intake structures on coastal fish populations. According to Barnthouse (2012), fish
populations are affected by many stressors and there is no credible way to attribute historical
changes in these populations to impingement and entrainment mortality (p. 7). Such information
is crucial for people to understand that none of the other major factors that limit fish populations
will be affected by the proposed regulation.
Respondents were instead provided with this information in the survey: “Cooling water use is not
the largest cause of fish loss in most areas (fishing causes greater losses), but has affected some
fish populations” (p. 3). Without relevant context, people are asked to evaluate changes in the
number of fish saved with little knowledge as to the potential effects of those savings.

7

For example, a 2010 focus group participant said: “We’re not informed voters, here. This is one piece of paper
and it’s telling you, ‘that’s perspective’, and it doesn’t even say where the statistics come from, so until we
become informed voters, I-how do I know whether I would vote this way or not until I hear the pros and cons?”
(Waltham, MA, 7/29/10, pp.12). Similarly, a survey respondent stated: “I have a B.S. in biology & the wording
of the survey/layout were still incredibly opaque!”
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4. Summary of General Concerns
In sum, when the respondent burden is high, survey respondents may be more likely to take
shortcuts in answering the survey questions. Compared to other types of surveys, stated
preference surveys that are used to value environmental policies place a larger burden on
respondents. The typical public opinion survey measures respondents’ attitudes about an issue
with which they likely possess some familiarity. In contrast, respondents to SP surveys on
environmental policies are unlikely to have ever considered the specific topic prior to taking the
survey. As a result, the SP survey instrument must educate respondents on the issue at hand and
provide all of the information that would be relevant for a respondent to make an informed
choice. At 18 pages in length, the EPA survey is burdensome even though, as emphasized above
and discussed more below, it does not provide sufficient information on the nature of the
biological benefits (Bradburn 1979). Once fatigued, respondents are more likely to provide
incomplete answers, seek ways to speed up the interview (Herzog and Bachman 1981; Sudman
and Bradburn 1982), or satisfice.

C. Specific Concerns with the EPA Survey Instrument
This section provides specific concerns with the EPA survey instrument, building upon the
general considerations outlined above. As discussed above, surveys should provide complete and
accurate information about both the positive and negative impacts of alternative policies and
should minimize hypothetical biases in order for the survey responses to provide useable
information. When surveys do not provide complete and accurate information about the tradeoffs between positive and negative impacts, respondents are likely to use heuristics, or short cuts,
to make decisions. These results do not provide the basis for valid estimates of the willingness to
pay for improvements.
We have concluded that the EPA survey instrument suffers from the following fundamental
flaws:
1. Respondents were not given sufficient information and context to determine the significance
of the fish gains;
2. Environmental attributes were included without scientific justification;
3. The survey instrument provides insufficient and misleading information on economic
impacts; and
4. The survey instrument is likely subject to hypothetical bias.
The remainder of this section provides details and discussion on these flaws in the survey
instrument.
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1. Respondents Were Not Given Sufficient Information and Context to
Determine the Significance of the Fish Gains
Figure 4 (above) from the EPA survey instrument for one version of the Northeast region survey
describes the measure for “Fish Saved (per year)” to survey respondents. In several ways, the
design of this variable makes it likely that respondents will over-react and consequently overvalue the effect the policy has on this attribute. On page 4 of the survey, respondents are first
presented with a number for fish loss, 0.1 to 1.1 billion fish each year. Without an estimate of the
total fish population, these numbers lack the necessary context to make appropriate utility-cost
tradeoffs. When you talk about billions of something out of context, it will produce a strong
reaction, as shown in the following example comments from EPA’s focus groups:

“[C]learly it’s trying to make us think it’s big ‘cause it’s using numbers like one billion, you
know, this billion. But yet at the same time leaving out what the actual total number of fish
are.” (Philadelphia, PA, 9/23/10, pp.11)
“Yeah. Like you say one billion you automatically are like, oh, wow.” (Philadelphia, PA,
9/23/10, pp.11)
“It seemed to be larger than it really was to me”. (St. Louis, MO, 8/4/10, pp.21)
“I assume we’d eat more salmon in America in a year, so it’s just, you know, it’s hard to
see” (St. Louis, MO, 8/4/10, pp.21)
“[T]here was a statement somewhere early on 1.1 billion fish are lost. Well when you read
that, like, wow. That’s a ton of fish just a big problem. Well, if the population of fish is 100
billion, then it’s not.” (Philadelphia, PA, 9/23/10, pp.11)
“Like that part of it did tell you how much, you know how much we could lose, but it never
told you how much that we have. It said that there’s no way that they could tell or especially
when the species that we didn’t fish for ourselves that were used for other fish to eat or
things like that could lead to a little problem trying to understand” (Philadelphia, PA,
9/23/10, pp.2).
Another problem with the “Fish Saved” attribute is the way that it is presented in the choice set,
particularly when compared to the other attributes. A range of zero percent to 100 percent fish
saved is used for attribute levels between the choice sets for Fish Saved. The other three
attributes show a very small range of change in attribute levels between the choices.
This caused a noticeable effect on survey respondents, who did not separately consider each
environmental attribute, but instead tended to focus most of their attention on the Fish Saved
attribute because the others didn’t really change.
We confirm this behavior of respondents using empirical tests that are described in the following
section. Quotes from EPA focus groups also provide evidence that respondents focused on the
“Fish Saved” attribute because that was the only one that really changed. For example:
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“[F]or me it seemed relatively inconsequential when I compared A and B, they’re virtually
the same statistics except on the fish saved per year, where there were a lot more fish saved.
It’s like, hey, for twelve more dollars a year saves 0.3 billion more fish? So, I selected Option
B.” (Bethesda, MD, 8/18/10, pp. 6)
“That’s how I felt.” (Bethesda, MD, 8/18/10, pp. 6)
“Exactly the same.” (Bethesda, MD, 8/18/10, pp. 6)
Only one participant disagreed, saying that the condition of the aquatic ecosystem was primary.
In another focus group, participants responded in much the same way:

“I think the most striking thing on the page, or option, was –or statistic, was the 50% and the
1.4 billion fish saved. So, that alone helped with my decision. Then looking down, some of
them are not as much of a difference.” (East Providence, RI, 8/12/10, Interview #6, pp. 2)
In reference to the attributes that matter to the participant, one participant responded, “It was
more the ones that were – had a larger difference. But, I mean I read all of them and all of it
was taken into consideration; but the closer ones, not as much.” (East Providence, RI,
8/12/10, Interview #6, pp. 2).
If the other three environmental attributes had varied over similarly wide ranges (for example, if
the “total fish population” was provided as an estimate of the change in total fish as opposed to
as an index between 0 and 100), it is reasonable to expect that survey respondents would have
focused less on the “Fish Saved” attribute, and thus EPA would have found lower implicit prices
for this attribute.

2. Environmental Attributes were Included Without any Scientific
Justification
Figure 5 (in the previous section) from the EPA survey instrument for the Northeast describes
the measure for the condition of aquatic ecosystems. This again is a rating based on the
“ecological condition of affected areas”. The respondents are provided with virtually no
information about the relationship between the condition of aquatic ecosystems and the policy in
question. The respondents are asked if maintaining ecological health of aquatic ecosystems is
important to them on page 3 and again on page 6 of the survey, yet they are never given any
information about how cooling water intake structures affect the ecological health of aquatic
ecosystems.
As Barnthouse (2012) shows in his comments, EPA’s derivation of the aquatic ecosystem index
suffers from a variety of flaws, including that it is based largely on pollution measures which
would not be affected by the proposed regulations. Nonetheless, the EPA questionnaire allows
respondents to infer that forage fish loss may affect ecosystem health from the food web diagram
on page 1 of the survey. However, it fails to explain the specific effects and the degree of the
effect because it is not possible develop a scientifically sound explanation.
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Focus groups’ responses showed that ecological health was important to certain respondents, but
they (understandably) did not see the connection with the cooling water regulation. For example:

“It would have been nice to know how the condition of the aquatic ecosystem would have
been improved besides just a numerical value.” (Bethesda, MD, 8/18/10, pp. 8)
“[A]dd a qualification to that in what ways it will be improved, and the first two pages it
doesn’t address the ecosystem really at all. Besides fish, does it mean any other, you know,
environmental effects or is it simply just fish?” (Bethesda, MD, 8/18/10, pp. 8)
When the focus group moderator asked the group, “what were you imagining when you saw that
‘condition of aquatic ecosystems’? What did you think was happening when that changed (the
rating)?” The responses were:

“I personally thought everything from pollution to the fish to just everything. It’s an
ecosystem. Literally comprises everything as a whole.” (Bethesda, MD, 8/18/10, pp. 8)
“Right down to dissolved oxygen content. Perhaps the dead zone in the Chesapeake Bay.”
(Bethesda, MD, 8/18/10, pp. 8)
3. The Survey Instrument Provides Insufficient and Misleading Information
on Economic Impacts
The EPA survey instrument provides insufficient and misleading information on the economic
impacts of the cooling water intake regulations. The questionnaire states that “studies of industry
suggest that effects on employment will be close to zero” even though elsewhere in the materials
survey respondents are informed that the regulatory policies would increase the costs of goods
and services, including electricity and common household products. Various economic studies
have pointed out that higher electricity prices lead to job losses and other economic hardships
even after accounting for the positive effects of expenditures on controls (see Schmalensee
1993). EPA has itself noted that under some regulatory scenarios, certain power plants would
close, but this information is not included in the EPA survey materials.
The EPA survey instrument is unclear on the costs of the alternative policies, including
requirements for regulated facilities and impacts on households. The focus groups wanted to
know how the policies would affect jobs and costs:
“I wanted to know if there were job losses related to this.” (Bethesda, MD, 8/18/10, pp. 3)
“I didn’t know what goods and services that would increase.” (East Providence, RI, 8/12/10,
Interview #1, pp. 15)
“What would the job effect be? That would be similar to having manufacturers (say)… ‘hey,
if you’re going to regulate me too much, I’m closing up my door’. (Bethesda, MD, 8/18/10,
pp. 9)
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“I was just wondering about the ultimate effect. It wasn’t so much just jobs, but this is just
looking at the going government policy and it always has a multiple effect just like the
ecocycle or ecosystems.” (Bethesda, MD, 8/18/10, pp. 9)
“I just want to know cost, whether more jobs would be created by...equipment, manufacturing
equipment, monitoring equipment-take care of the equipment, you know, would there be
some job creation in this cost?” (St. Louis, MO, 8/4/10, pp. 3)
“I’d like to have seen more information. Like, who is going to build it? Who is going to
maintain?...And what are the costs to those companies? Is it really going to affect my
business? Is it going to be to the point where we’re forcing these companies in New England
to put these filter systems or enclosed systems in, and it’s going to drive these businesses out
of this area and go to different areas?” (East Providence, RI, 8/12/10, Interview #1, pp. 14)
Unfortunately, accurate answers to these reasonable questions of the focus group participants
were not provided to the survey respondents.
The lack of scientific information linking impingement and entrainment losses for cooling water
intake structures to environmental attributes included in the survey (such as “Condition of
Aquatic Ecosystems”) makes the omission of important information on economic impacts all the
more glaring. It is not surprising that a willingness-to-pay survey that provides respondents with
misleading evidence in support of regulation and insufficient evidence against regulation
produces implausibly large benefits, which is what we show in Section V.
The fact that EPA provided any information on jobs and economic impacts suggests that the
Agency recognizes that some survey participants would be influenced in their evaluation of fish
and ecosystem improvements by concerns about policy impacts other than the dollar costs to
their own households. However, the materials fail to inform respondents of other potential
negative effects of the cooling tower retrofits that would be required under certain regulatory
options, including aesthetic considerations and the potential for increased air emissions and
greenhouse gas emissions.

4. The EPA Survey Likely Suffers from Hypothetical Bias
The EPA survey instrument has additional limitations that cause it to fall short of meeting the
standards set by various government agencies and practitioners for an appropriately designed SP
survey (see NERA Economic Consulting and W.H. Desvousges & Associates, 2010). Although
the fundamental difficulties outlined above mean that the survey instrument is not usable for its
intended purpose, it is useful to be aware of these other limitations. In particular, even if
respondents were provided with complete and accurate information and appropriate context, and
the other fundamental difficulties could be overcome, the responses would be subject to the wellknown difficulty of hypothetical bias.
EPA contends that the concerns over hypothetical bias are greatly exaggerated. EPA relies
primarily on a study by Johnston (2006) and a meta-analysis by Murphy et al (2005) to support
its position that hypothetical bias is not likely to be a major problem in the EPA survey. We
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disagree with EPA’s conclusion and maintain that even if many stated preference studies have
found little hypothetical bias, the characteristics of this particularly survey more closely align
with those that have found considerable hypothetical bias. We reached this position after a
thorough review of the literature on hypothetical bias, including those studies cited by the
Agency.
To evaluate how the hypothetical nature of the questions affects SP results, researchers have
performed several experiments to test for hypothetical bias. Generally, these studies find
hypothetical bias. Vossler et al. (2003) reveal that a majority of the studies find significant
response differences in hypothetical and real situations. Murphy and Stevens (2004) note that the
literature shows hypothetical bias across a wide variety of CV approaches.8 Johnston (2006)
concurs: “Most research finds significant divergence between stated and actual behaviors” (p.
469). Following Vossler and Kerkvliet (2003), these studies fall into four groups.
The first group of studies tested the difference between actual payments for private goods and
stated CV payments for the same private goods (Bishop and Heberlein 1979; Dickie, Fisher, and
Gerking 1987; List and Shogren 1998; Cummings, Harrison, and Rutström 1995; Berrens and
Adams 1998). The second group of studies evaluated the difference in stated CV payment and
revealed actual WTP for public goods for which observed behaviors are available (Knetsch and
Davis 1966; Brookshire, et al. 1982; Loomis, Creel and Park 1991; Shabman and Stephenson
1996). These two groups of studies reflect “use” values for natural resource services and
generally demonstrate hypothetical bias.
The third group of studies developed simulated market experiments to test whether CV values
are comparable to the amount respondents would really pay if an actual market existed. This
synthetic form of external validation involves comparing CV values to actual cash payments
from a simulated market for the same commodity (Kealy, Montgomery, Dovidio 1990; Seip and
Strand 1992; Bohm 1992; Duffield and Patterson 1992; Brown et al. 1996; Champ et al. 1997).
For example, Duffield and Patterson (1992) compare stated and actual WTP for maintenance of
instream water flows in Montana and find that CV values exceed actual payments by a factor of
4 for residents and a factor of 3 for nonresidents. Brown et al. (1996) elicited WTP for a roadremoval program on the North Rim of the Grand Canyon. The results show that mean stated
WTP was four to six times the mean actual WTP, with the means being statistically different.
The last group of studies contains studies that use the referendum format to elicit WTP values for
various types of goods, both private and public. In a number of these studies, the CV referenda
did not reflect an actual referenda, much like the CV study that Stratus has conducted for this
litigation (Cummings et al 1997; Bjornstad et al. 1997; Taylor 1998; Cummings and Taylor
1999; Taylor et al. 2001; Brown et al. 2003; Landry and List 2007; Burton et al. 2007; Carson,
Groves, and List 2008). However, an actual group payment was part of the study design. Overall,
these studies reveal that hypothetical bias persists, even when the referendum format is used.

8

Most of the literature has focused on the use of CV questions, especially the referendum format, but the
conclusions of the literature apply to the SP survey EPA conducted.
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A subset of the referenda studies has compared CV results from a simulated referendum for a
public good to voting results from an actual referendum for the identical public good (Carson,
Hannemann, and Mitchell 1986; Shabman and Stephenson 1996; Champ and Brown 1997;
Vossler and Kerkvliet 2003; Vossler et al. 2003; Schläpfer Roschwitz, and Hanley 2004;
Johnston 2006). Table 6 summarizes this set of studies. To evaluate EPA’s contention about the
lack of hypothetical bias, it is useful to compare the features of the EPA survey to these studies.
First, the EPA survey does not reflect an actual referendum. Respondents choose between
hypothetical policy choices. Second, the nature of the public good, shown in the second column
of Table 6, differs substantially between the EPA studies and the actual referenda. The studies
that do not exhibit hypothetical bias involve well-understood public services actually used by the
voters. These referenda asked voters to approve bonds or other funding for the construction of
sewage treatment plants, public road maintenance and improvements, public water supply
provision, and river front park improvements. The one exception to this conclusion is the
Shabman and Stephenson (1996) study of flood protection projects. Clearly, though, all of these
studies are remarkably different from the policy choices involving increases the number of
forage fish saved.
The commodities depicted in the two studies that clearly demonstrate hypothetical bias are open
space preservation and rural landscape protection. While some voters may use open spaces and
directly benefit from some rural landscape protection, other voters will not use these types of
natural resource services. When the commodities of the hypothetical referenda studies are
examined, the majority (but admittedly not all) of them are also largely non-use commodities.
Thus, the use/nonuse distinction likely explains at least part of the findings on hypothetical bias
in referenda studies. Cameron and Englin (1997), Blamey, et al. (2001), Johnston, et al. (1995),
and Johnston (2006) all demonstrate that first-hand experience or familiarity with the good leads
to a closer correspondence between stated intentions and actual behaviors.
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Table 6. Empirical Studies on Actual Referenda

Study

Referendum

Familiarity and
Salience of Proposed
Project

Evidence of
Hypothetical
Bias?

Carson, Hanneman
and Mitchell (1987)

Construction of sewage
treatment plants in
California in 1984

High familiarity and
salience. No additional
information provided in
the survey.

No, only if
undecided
responses are
recoded as no

Johnston 2006

Provision of public water
supply to Village of North
Scituate, RI in 2001

High familiarity and
salience. No additional
information provided in
the survey.

No

Vossler and Kervliet
2003

Riverfront park
improvements in
downtown Corvallis, OR
in 1998

High familiarity and
salience. Community had
studied the issue for 6
years. No additional
information provided in
the survey.

No*

Vossler, et al. (2003)

Purchase of open space
near Corvallis, OR in 1995

High familiarity and
salience. Most discussed
item on the ballot that
year. No additional
information provided in
the survey.

No, only if
undecided
responses are
recoded as no

Schläpfer, Roschwitz,
and Hanley (2004)

Improved protection of
rural landscape near
Zurich, Switzerland in
1996

Some familiarity and
salience. The CV survey
provided substantial
information.

Yes

Shabman and
Stephenson (1996)

Flood protection project in
Roanoke, VA in 1989

High familiarity and
salience. Flooding two
years earlier caused $200
million in property
damage. The CV survey
provided substantial
information.

Yes

Champ and Brown
(1997)

Use of budget surplus for
road maintenance in Fort
Collins, CO in 1996

High familiarity and
salience. No additional
information provided in
the survey.

No

* However, the study was also designed to test the treatment of undecided votes.
If undecided votes are re-coded as votes against, then there is a statistical difference
between the actual vote and the survey results.
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The second feature of the actual referenda studies that merits discussion is the salience and
familiarity of the good to survey respondents. Certainly, this feature is related to the use values
aspects identified above. However, what is an important extension of that concept is the amount
of information provided to the CV survey respondents in advance of their votes in the survey.
For the majority of these studies, the survey designers did not have to provide information about
the issues to the respondents. In fact, Johnston (2006) believes that this lack of additional
information is one of the reasons that his study does not exhibit hypothetical bias. For most of
these studies, the survey respondents had access to information about the ballot issue from a
variety of sources and viewpoints. The two studies that did provide substantial information to the
respondents exhibit hypothetical bias. This feature is relevant to the evaluation of hypothetical
bias for the EPA survey. EPA’s survey responses as well as its focus groups and cognitive
interviews all show that people have limited awareness of the potential effects of cooling water
intake systems on forage fish populations. Thus, the EPA survey included information in order to
“educate” the respondents prior to their hypothetical votes. Providing so much information to
respondents is a symptom of the lack of salience and a corresponding likelihood of hypothetical
bias in the EPA study.
The last feature of the actual referendum studies that is relevant to a discussion of hypothetical
bias is the treatment of the undecided voters in the CV survey. Two of the studies that do not find
hypothetical bias do so only because they treat the undecided votes as votes against. In addition,
Vossler and Kerkvliet’s (2003) study design includes a separate element to test for the treatment
of undecided votes. They find that there is no clear evidence that undecided votes should be
treated as votes against and that doing so results in statistical differences. Vossler et al. (2003)
conclude that it is an open question whether undecided votes should be recoded as votes against.
Wang (1997) reasons that “common sense suggests that if a respondents is answering truthfully,
a DK [don’t know/not sure/would not vote] response is not the same as no” (p. 220).
In an actual referendum, the undecided votes would not be counted, either because the voters did
not go to the polls or because they did not make an explicit choice on their ballot. Treating the
undecided votes as votes against is particularly important when predicting the WTP for the
commodity. Specifically, without such an adjustment of the undecided votes, the survey results
over-predict both the percentage of votes for the proposition and the WTP for the commodity at
issue.
EPA contends that it has taken all necessary steps to minimize hypothetical bias in this survey.
In fact, here’s what the EPA survey tells respondents:
“Your votes are important. Answer all questions as if it were a real, binding vote.” There are
many reasons why this survey fails to mimic a real referendum. First, the extensive use of the
EPA logo and overall imprimatur makes it clear that this is an EPA sponsored study rather than
an independent referendum. Second, EPA provides people with little information about how their
votes will influence the provision of a good. Carson and Groves (2007) specifically point out
that the survey respondent must perceive that they survey responses will influence the outcome
of the policy and that there is a positive probability that they would have to pay the amount in
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question.9 Without such consequential circumstances being established, even stated preference
proponents, such as Dr. Carson are dubious about the ability of the survey to yield responses that
would mimic a real referendum. Finally, the EPA survey differs from a real referendum in that
people have to make up their minds on the spot as to how they would vote and only have the
information given to them in their survey (Schlapfer 2008, Desvousges Hudson and Ruby 1996
and Horowitz 2000).
Thus, hypothetical bias is prevalent in empirical studies. Most studies that claim to find no
hypothetical bias depend on a manipulation of the undecided responses. The three studies that do
not find hypothetical bias, without manipulation of the undecided responses, reflect use value
goods without significant information dosing in the survey questionnaire. EPA’s efforts to
minimize hypothetical bias are totally inadequate. Clearly, the weight of the evidence suggests
that hypothetical bias is likely present in the EPA survey results.

D. Conclusions Regarding the EPA Survey Instrument
For the reasons outlined above, we conclude that EPA’s stated preference survey questionnaire is
not capable of providing the basis for reliable estimates of benefits related to cooling water
regulations. The “commodity” is poorly defined, respondents are not well informed, and the
information provided biases the respondent. Therefore, the value estimates produced by the
survey would not reflect the public’s true value for reducing fish loss from cooling water system.
In light of these fundamental flaws, we conclude that the EPA survey instrument cannot provide
meaningful results of household willingness-to-pay to reduce fish losses resulting from cooling
water intake structures. Given the characteristics of the survey, it seems likely that respondents
used heuristics to make their decisions. The next section on the EPA econometric analysis
provides empirical assessments of the proposition that respondents used heuristics rather than
rationally weighing the effects of environmental improvements against the assumed cost.

9

Carson and Groves further argue that the survey question has to be framed as a single take it or leave it question
about a single good. Clearly, this is not the case for the SP format used in the EPA survey. Finally, they argue
that the good has to be something that people care about. This latter condition begs the question of whether
respondents even knew what a forage fish was prior to taking this survey.
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IV. Evaluation of the EPA Survey Econometric Analysis
This section begins with a brief overview of the econometric analysis used by EPA to convert
survey responses into estimates of willingness-to-pay for environmental attributes. We then
describe our attempts to replicate the EPA results, including validation of EPA’s selected
specification and its parameter estimates for all survey regions. We conclude from these
replication attempts and additional statistical analyses that EPA’s econometric analysis suffers
from several critical flaws that stem in large part from the inadequacies of the survey instrument.
These econometric difficulties thus would not be “solved” through additional analysis or
estimation since they reflect the fundamental limitations of the survey data that were developed.

A. Overview of the EPA Survey Econometric Analysis
The EPA econometric analysis is based on a random utility model, in which the utility of a
survey respondent is assumed to be “the sum of systematic [or observed] and random [or
unobserved] components” (Holmes and Adamowicz 2003, p. 189). It is common in the stated
preference literature to use a random utility model to convert survey responses into welfare
measures. These models allow for coefficients on attributes to be distributed across sampled
individuals according to a set of estimated coefficients and researcher-imposed restrictions (EPA
2012b). The researcher estimates the parameters of the probability distribution that characterizes
how utility is distributed in the population.
EPA assumes the policy preferences of survey respondents are a function of the level of each of
the environmental attributes included in the survey and the cost to the respondent of the policy
options. In particular, EPA uses a mixed logit model to model policy choice given policy costs
and environmental attributes. The mixed logit model is a generalization of the multinomial logit
model which “obviates the three limitations of standard logit by allowing for random taste
variation, unrestricted substitution patterns, and correlation in unobserved factors over time”
(Train 2003). The model is estimated using simulated maximum likelihood. Willingness-to-pay
for the environmental attributes in all four survey regions (as well as for the national survey) is
estimated from the fitted mixed logit models for each region using simulation. Appendix B
provides a more complete description of the mixed logit methodology.
EPA chose a model specification based on the estimation of various mixed logit models for the
Northeast region. The preferred specification includes a fixed cost coefficient and random
coefficients on the environmental attributes (with free correlation across these coefficients). EPA
then used its preferred specification to estimate mixed logit models on data from the other four
surveys. The fitted models were used to calculate willingness-to pay (or “implicit prices”) for the
environmental attributes in each region. As noted, EPA is considering the use of these
willingness-to-pay values to calculate the benefits of various §316(b) regulatory options.
Figure 6, reproduced from EPA (2012b), shows EPA’s estimation results for the Northeast
region.
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Figure 6. EPA Northeast Estimation Results

Source: EPA (2012b), p. 21

B. Overview of Evaluation of EPA Survey Econometric Analysis
We find serious deficiencies in EPA’s econometric analysis presented in the NODA. EPA’s
model selection process is flawed and the estimation results are not replicable. In addition, we
find that parameter estimates for models estimated on the Northeast survey data differ
substantially depending on the software package used to estimate the model. We provide
evidence that EPA’s Northeast region model suffered from false convergence, and thus the
parameter estimates presented by EPA were not the true maximum likelihood estimates. This
invalidates EPA’s testing of alternative specifications, all of which was performed for the
northeast region only (EPA 2012a, p. 19).
We have also conducted numerous additional analyses in order to determine the extent of the
problems and whether an appropriate specification could be found. This includes conducting
analyses on all of the survey data pooled to minimize problems due to small sample sizes. The
results of these analyses on the pooled data imply behavior on the part of survey respondents that
is inconsistent with the underlying economic theory of a linear random utility model. Likely
causes of these results include the following:
1. Respondents were inherently irrational. Specific categories of irrational behavior (e.g.
anchoring, the willingness-to-pay/willingness-to-accept gap, et cetera) are well-documented
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in the behavioral economics literature. The econometric analysis may be uncovering the
aggregate effects of such individual behavior.
2. Respondents were confused by the survey and thus answers were irrational because they
were based on incorrect understanding of the information presented or insufficient context to
provide a proper understanding of the resources they were being asked to value.
3. Respondents allowed external information, political bias, bias toward the survey
administrator or popular misconceptions to influence a decision that should have been based
solely on the information presented in the survey.
4. Respondents used heuristic approaches to select the preferred alternative or are “satificing” to
avoid significant cognitive effort (see Section IV). Although they attempted to find the best
alternative in a rational way, their decision-making sometimes led them to choose a set of
alternatives across the three choice experiments that are not consistent with any rational set
of preferences.
Some or all of these mechanisms may be occurring to some degree; we cannot provide a
quantitative indication of whether one is more important than another. Regardless, these data
cannot possibly produce sensible estimates of willingness-to-pay because respondents are clearly
not behaving in a manner consistent with the underlying economic theory.10 We conclude that
EPA’s econometric analysis is not a sufficient basis for §316(b) (or any other) benefits
estimation.

C. Fundamental Deficiencies of EPA Survey Econometric Analysis
We attempted to reproduce the econometric analysis EPA released in the NODA. We used the
survey response data published by EPA. (As noted below, these data include a slightly larger
number of observations than those used by EPA to conduct its analysis.) To eliminate any
possibility for differences in results owing to differences between software packages, we
purchased a license for the NLOGIT software, the package used by EPA for estimation. We used
the LIMDEP code published by EPA to attempt to replicate EPA results.
We were therefore able to follow the EPA methodology step by step, from statistical testing to
model selection to the fitted model output. In doing so, we came to the following two
conclusions.
1. EPA’s chosen specification as presented in the NODA most likely suffered from false
convergence for the Northeast region, invalidating any testing of alternatives that EPA
carried out; and

10

This should not be construed to mean that SP surveys can never be used to calculate willingness-to-pay for a
resource, particularly when no other means are available. Rather, this conclusion applies to these data collected
by this specific survey instrument.
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2. EPA’s econometric results are consistently not replicable, suggesting some fundamental
problems with estimation. EPA appears to have made errors in setting up the data or using
the software.
The following sections discuss both of these issues in detail.

1. EPA’s Process for Choosing a Specification Is Invalidated by False
Convergence of Its Selected Model
In the materials accompanying the NODA, EPA discusses how it chose a specification. We
review EPA’s discussion in detail because it contains conceptual errors that may have resulted in
the selection of an inappropriate model.
EPA notes that a “comparison of model outputs for the Northeast survey” was used to assess
“various statistical models.” EPA determined that the “best overall model fit and greatest
robustness of results” were achieved with a model in which cost had a fixed, rather than random,
coefficient. EPA notes that it estimated a model in which cost had a coefficient with a lognormal
distribution, but that model converged with a lower log likelihood than the model with cost fixed.
EPA explains this result as follows:
Given that mixed logit models such as these are nonlinear and estimated using
simulated likelihood methods, it is possible for a seemingly less constrained
model (e.g., with a lognormal cost distribution) to converge with a lower log
likelihood than an otherwise parallel model with a fixed cost coefficient.
This explanation is both incorrect and incomplete. It is incorrect because the test results imply a
negative value of an asymptotically chi-squared-distributed test statistic for comparing the model
with cost lognormal to the model with cost fixed. The chi-squared distribution has support only
on positive numbers, so this result is theoretically impossible and cannot be explained by the
nonlinearity of the model.
EPA’s statement is incomplete because it omits an explanation of how these test results could
arise using the simulated maximum likelihood method. There are two possible explanations:
1. The simulation draws are not comparable across the two models (i.e., the difference is due to
simulation error); or
2. The optimizer is not finding “true” global maxima (i.e., it is finding local maxima).
The results described later in this section suggest that the second explanation is more plausible
than the first. If the optimization algorithm is indeed having difficulty finding global maxima,
estimates of willingness-to-pay (WTP) derived from the different specifications tested by EPA
may be inaccurate and unreliable. Regardless, if either of the two issues is occurring, it would
call into question the validity of EPA’s estimates using its chosen specification.
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Using EPA’s estimation results for the northeast region displayed above in Figure 6, we note
three additional concerns with the model specification choice. First, the constant and the fish
population variables are included in the final model despite neither being statistically significant.
EPA presents no testing of a model with these predictors omitted, and indeed, such tests would
probably be invalid as a result of the convergence problems discussed above. Second, the
parameter estimates for the standard deviations of the random coefficients are, with the exception
of that for fish saved, not statistically significant, implying that these coefficients should be
treated as fixed, not random. EPA’s selection of a model with correlated random effects when
the random effect standard deviations are not statistically significant is not consistent with good
statistical practice. Again, no formal testing of alternative models is presented.
Finally, the estimated standard deviations of the normal distributions for the random coefficients
imply that a substantial portion of the population of respondents has negative value for some or
all of the environmental benefits of the regulation. Such irrational preferences are evident across
all of the surveys. For example, in the Southeast model, the mean of the normal distribution for
the fish saved coefficient is 0.026 and the standard deviation is 0.068. This implies that about 35
percent of the population places a negative value on fish saved. Irrational survey responses and
their implications are discussed in more detail in section C.
EPA’s failure to even acknowledge these issues is inconsistent with standard practice for
performing econometric analyses, particularly mixed logit estimation. Thus, EPA’s statement
that “similar results and WTP estimates are generated with all preliminary model specifications”
is not meaningful because of serious flaws in the statistical procedure. These problems cast
doubts on the validity of all of the EPA modeling results that use this specification.

2. EPA’s Model Results are Not Replicable
We repeated EPA’s analysis for each survey using both LIMDEP (the package used by EPA)
and STATA (using the mixlogit package developed by Arne Risa Hole at the University of
Sheffield).11 All of the models discussed in this report were estimated using the same number of
Halton draws (300) and the same random number seed used by EPA.
Our results are shown in the following tables. For comparison, we also provide the results EPA
reported in tables 8 – 12 of the “316(b) Memo” (EPA 2012b).

11

Appendix C provides details on these software packages and tests that have been conducted to compare the
results from each package.

NERA Economic Consulting

39

Evaluation of the EPA Survey Econometric Analysis

Table 7. Estimation Results for the Northeast Region Survey

EPA, LIMDEP
NERA, LIMDEP
Log likelihood
(different scale)
-899.57
Parameter
estimate std error estimate std error
means
Constant
-0.083
0.361
-0.049
0.013
Com Fish
0.203
0.054
0.060
0.043
Fish Pop
0.075
0.083
-0.014
0.074
Fish Saved
0.030
0.005
0.021
0.003
Aquatic Cond
0.210
0.090
0.095
0.081
nonrandom
Cost
-0.028
0.004
-0.021
0.003
Standard deviations
sd Constant
0.038
1.056
0.087
0.018
sd Com Fish
0.175
0.285
0.006
0.138
sd Fish Pop
0.179
0.316
0.003
1.125
sd Fish Saved
0.056
0.012
0.051
0.020
sd Aquatic Cond
0.267
0.339
0.009
0.715
Source: EPA (2012b) and NERA calculations

NERA, STATA
-889.07
estimate std error
-0.052
0.097
-0.025
0.025
0.145

0.011
0.047
0.082
0.004
0.083

-0.028

0.004

0.080
0.224
0.413
0.031
0.472

0.016
0.078
0.157
0.006
0.140

Table 8. Estimation Results for the Southeast Region Survey

EPA, LIMDEP
NERA, LIMDEP
NERA, STATA
Log likelihood
-1100.541
-1098.39
Parameter
estimate std error estimate std error estimate std error
means
Constant
0.080
0.342
-0.029
0.007
-0.035
0.007
Com Fish
0.121
0.046
0.136
0.051
0.153
0.047
Fish Pop
0.125
0.071
0.042
0.065
0.007
0.066
Fish Saved
0.026
0.005
0.019
0.005
0.020
0.004
Aquatic Cond
0.232
0.079
0.161
0.087
0.178
0.074
nonrandom
Cost
-0.035
0.004
-0.040
0.004
-0.042
0.005
Standard deviations
sd Constant
0.025
1.168
0.074
0.013
0.075
0.013
sd Com Fish
0.095
0.164
0.263
0.106
0.268
0.087
sd Fish Pop
0.093
0.139
0.065
0.198
0.295
0.140
sd Fish Saved
0.068
0.010
0.044
0.032
0.042
0.007
sd Aquatic Cond
0.122
0.129
0.375
0.384
0.535
0.123
Source: EPA (2012b) and NERA calculations
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Table 9. Estimation Results for the Pacific Region Survey

EPA, LIMDEP
NERA, LIMDEP
NERA, STATA
Log likelihood
-557.3831
-555.89
Parameter
estimate std error estimate std error estimate std error
means
Constant
0.246
0.541
-0.025
0.015
0.000
0.011
Com Fish
0.103
0.104
0.078
0.063
0.101
0.071
Fish Pop
0.142
0.151
0.091
0.094
0.119
0.103
Fish Saved
0.053
0.011
0.091
0.013
0.110
0.020
Aquatic Cond
0.209
0.166
0.174
0.099
0.231
0.123
nonrandom
Cost
-0.022
0.005
-0.039
0.006
-0.048
0.008
Standard deviations
sd Constant
0.026
1.927
0.095
0.021
0.075
0.018
sd Com Fish
0.204
0.159
0.105
0.151
0.281
0.130
sd Fish Pop
0.140
0.365
0.197
0.149
0.455
0.210
sd Fish Saved
0.139
0.053
0.086
0.025
0.135
0.026
sd Aquatic Cond
0.187
0.508
0.654
0.235
0.946
0.238
Source: EPA (2012b) and NERA calculations

Table 10. Estimation Results for the Inland Region Survey

EPA, LIMDEP
NERA, LIMDEP
NERA, STATA
Log likelihood
-1797.797
-1797.14
Parameter
estimate std error estimate std error estimate std error
means
Constant
-0.250
0.353
-0.045
0.006
-0.044
0.005
Com Fish
0.099
0.032
0.065
0.029
0.064
0.030
Fish Pop
0.112
0.054
0.020
0.044
0.020
0.045
Fish Saved
0.025
0.004
0.006
0.002
0.007
0.002
Aquatic Cond
0.087
0.066
0.053
0.050
0.048
0.051
nonrandom
Cost
-0.032
0.003
-0.034
0.003
-0.034
0.003
Standard deviations
sd Constant
0.027
2.016
0.068
0.008
0.068
0.009
sd Com Fish
0.073
0.169
0.134
0.057
0.144
0.057
sd Fish Pop
0.069
0.208
0.063
0.079
0.067
0.082
sd Fish Saved
0.052
0.008
0.022
0.003
0.021
0.003
sd Aquatic Cond
0.527
0.403
0.437
0.113
0.449
0.089
Source: EPA (2012b) and NERA calculations
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Table 11. Estimation Results for the National Survey

EPA, LIMDEP
NERA, LIMDEP
NERA, STATA
Log likelihood
-630.73
-630.98
Parameter
estimate std error estimate std error estimate std error
means
Constant
-0.061
0.604
-0.040
0.012
-0.043
0.012
Com Fish
0.174
0.066
0.083
0.062
0.082
0.056
Fish Pop
0.251
0.124
-0.026
0.100
-0.009
0.096
Fish Saved
0.039
0.011
0.025
0.006
0.024
0.005
Aquatic Cond
0.140
0.136
0.064
0.108
0.125
0.100
nonrandom
Cost
-0.035
0.005
-0.029
0.005
-0.030
0.005
Standard deviations
sd Constant
0.023
1.828
0.088
0.020
0.091
0.020
sd Com Fish
0.137
0.521
0.058
0.298
0.027
0.104
sd Fish Pop
0.117
0.564
0.423
0.215
0.407
0.186
sd Fish Saved
0.108
0.056
0.032
0.010
0.033
0.008
sd Aquatic Cond
0.161
1.218
0.527
0.178
0.490
0.157
Source: EPA (2012b) and NERA calculations

As shown in the preceding tables, we were unable to replicate EPA’s results with either the
LIMDEP or STATA software. In part, this is because our results are based on a slightly different
number of observations than used by EPA because the analysis reported in the materials
accompanying the NODA does not use all of the observations published in the dataset.12
However, the extent of disagreement between our results and EPA’s cannot be explained by
relatively small differences in sample size.
We note the following key discrepancies from the NERA results compared to the EPA results:
1. The “status quo” constant (which EPA calls the “alternative-specific constant” or ASC) is
negative and statistically significant in all of the NERA models except the Pacific region, but
is not statistically significant in EPA’s models. This result indicates a fundamental preference
for more regulation (on average), regardless of the characteristics of the regulation (even if it
does not affect any of the attributes in the model). This is not consistent with rational choice
theory. EPA notes that the insignificance of the ASC “should be viewed as a desirable result”
because “respondents are not willing to pay a positive or negative amount for a regulation
that has no effects on ecological attributes” (EPA 2012, p. 25). We find the opposite result,
indicating that respondents generally have a pre-existing bias. Note that because the constant
has a random coefficient in this specification, and the estimated standard deviation is larger
than the mean in most cases, the result implies that some subset of respondents have a bias
against more regulation and some have a bias toward more regulation. This echoes many of
the transcribed respondent comments displayed in Appendix A.

12

For example, EPA’s preliminary results for the northeast region are based on responses from 367 individuals,
whereas our results are based on 391 observations. (Note that EPA erroneously claims that their results are based
on responses from 394 decision-makers; however it is clear from the EPA model output that only 367 were
included).
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2. Various parameter estimates that NERA obtained for the Northeast model differ markedly
from those reported by EPA. As discussed in more detail below, our hypothesis is that the
optimization algorithm in LIMDEP is having difficulty finding the global maximum of the
likelihood function when estimating a model with an unrestricted random coefficients
covariance matrix on this particular dataset.
3. The standard deviations for the random parameters are not statistically significant for any of
the variables in EPA’s models with the exception of fish saved, whereas our results indicate
that the standard deviations are statistically significant for all of the random coefficients with
the exception of fish population.
4. With the exception of results for the northeast region, NERA’s results are very consistent
between LIMDEP and STATA. The largest differences in parameter estimates for other
regions occur for the “fish pop” variable, which is never statistically significant in any of the
models. Because the predictor is not significant, it is not surprising that a range of parameter
estimates is obtained across the different software packages.
It is very disconcerting that the EPA results are not replicable using the same software, code, and
dataset. The differences are not trivial, and in certain cases mask key problems with the analysis.
In the next section we investigate and discuss these problems in more detail.

3. Significant Estimation Problems for the Northeast Model Invalidate
EPA’s Specification Selection Process
Our analysis uncovered strong evidence that EPA’s model for the Northeast likely suffered from
false convergence. For the Southeast, Pacific, Inland, and National surveys, our results were
quite similar between STATA and LIMDEP. For the northeast region, however, the results are
not consistent between the two packages. The maximized value of the likelihood is higher by
about 10 when estimation is done in STATA compared to LIMDEP. These values should be
directly comparable for identical models estimated on identical data using the same random
number seed and same number of Halton draws. The maximized likelihood at convergence using
LIMDEP was -899.57, as compared to -889.07 using STATA, suggesting that LIMDEP is
trapped at a local maximum and is unable to find the global maximum. This is a relatively large
difference, indicating a likelihood ratio of about e10 ≈ 22,000 . The likelihood ratio is,
colloquially, a measure of the relative plausibility of the two sets of parameter estimates. Thus
the parameter estimates provided by STATA are about 22,000 times more plausible than those
provided by LIMDEP in this case.
As noted above, EPA admits to obtaining smaller values of the maximized log-likelihood for
models in which cost was treated as random rather than fixed. This is a theoretically impossible
result. When we tested models with cost given a lognormal distribution in LIMDEP, we obtained
larger, not smaller, values of the log-likelihood (-865.01 compared to -899.57). However, when
we estimated a model with random coefficients independent in LIMDEP, a less complex model
than the specification used by EPA, we also obtained a larger value of the maximized log
likelihood than when free correlation was allowed (-895.75 compared to -899.57). This is
precisely the sort of problem that EPA encountered when estimating a model with cost
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lognormal. Notably, when we estimated both models in STATA, we obtained a larger value of
the maximized likelihood for the model with free correlation (-889.07 compared to -897.30), the
only sensible result for comparisons of this type. These comparisons provide strong evidence that
the nonsensical results obtained by both NERA and EPA for less constrained models estimated
on the Northeast data using LIMDEP were the result of false convergence of this particular
model in LIMDEP. Such false convergence is fairly common in models estimated on small
sample sizes, as is the case here. EPA should have carried out testing of alternative models using
one of the other region’s survey dataset. In that case it likely would have caught this serious
problem. Unfortunately, EPA notes that alternative models were tested only using the Northeast
region data (EPA 2012, p. 19).
We conclude that the regression results displayed by EPA in the NODA are not reliable and thus
cannot produce meaningful estimates of willingness-to-pay. They differ markedly from our
estimates, which we obtained using two industry-standard software packages. EPA’s
specification choice was based entirely on testing alternative models for the Northeast region,
which very likely exhibited false convergence. EPA also appears to have overlooked obvious
problems such as the nonsensical values of the chi-square tests. A more careful examination
likely would have led to very different results. However, these results are quite contrary to those
reported by EPA and indicate that survey respondents followed various heuristics rather than
making tradeoffs among attributes as required by utility theory. As such, it is not possible to
develop valid benefit estimates with these data.

D. Evidence of “Irrational” Behavior in EPA Survey Responses
We initially set out to test alternative model specifications with the objective of providing
guidance to EPA in selecting an appropriate specification. Our research led us to a more
fundamental concern with these data: survey respondents clearly did not behave in a manner
consistent with the underlying economic theory of a linear random utility model. In this section
we provide results of several alternative specifications that show evidence of “irrational”
behavior on the part of survey respondents. We provide econometric evidence of three distinct
types of such behavior.13
1. Respondents did not differentiate among environmental attributes.
2. Respondents were more concerned about cost when the costs of the policy options were
equal.
3. The distribution of random coefficients in a model with cost also having a random coefficient
implies that substantial portions of the population (half or more) have the “wrong sign” on
one or more policy attributes (i.e. a positive sign on cost or a negative sign on one or more
environmental benefits).

13

This is by no means a complete list. Given the limited timeframe we had to conduct these analyses, we note
these three items because they are sufficient to make the point that individuals were clearly not behaving
rationally. A more exhaustive analysis could undoubtedly allow for additional and more complete results.
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These results show that a large portion of respondents are not answering the choice experiments
rationally. They are described in more detail in what follows.

1. Respondents Did Not Differentiate Among Environmental Attributes
We tested two separate classes of models where some or all of the environmental attributes were
aggregated. The first class replaces all four of the environmental attribute variables (“fish pop,”
“fish saved,” “commercial fish,” and “aquatic condition”) with their sum (which is given a
random coefficient). The second class replaces the separate “fish pop,” “fish saved,” and
“commercial fish” variables with the sum of these three variables, leaves the aquatic condition
variable in the model as a separate predictor, and models coefficients on both predictors as
random.
All classes model cost as fixed, include a “status quo” constant modeled as random, and allow an
unrestricted covariance matrix for random coefficients. The models are compared with EPA’s
preferred specification and formal nested model tests are performed. The test used is a likelihood
ratio test, in which the deviance (twice the difference in the log likelihoods between the two
models) is compared with the critical value of a chi squared distribution with degrees of freedom
equal to the difference in the number of parameters between the two models. If the deviance is
less than the critical value, we accept the less complex model (the one with fewer parameters).
This is the standard test for comparing the fit of mixed logit models.
The results are summarized in Table 12. In four of the five regions, the statistical testing
indicates that the second class of model is preferable to EPA’s chosen specification (and in the
fifth region, the Northeast, the test statistic is close to the critical value).
This result suggests that rather than considering all of the categories of benefits independently,
respondents are simply adding the values of the different fish benefits and deciding on the basis
of that total value. Thus, despite EPA’s efforts to “break the correlation” between the different
benefit categories through the survey design, respondents are not consistently distinguishing
between the different categories of fish benefits and instead only distinguishing between the
(aggregate) fish benefits and overall aquatic condition. This behavior of survey respondents is
not consistent with the underlying economic theory, which requires that respondents consider
each attribute separately.
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Table 12. Likelihood Ratio Tests on the Differentiation between Environmental Attributes
Log Likelihood
Region
Model Class Software
Northeast Class 1
LIMDEP
STATA
Class 2
LIMDEP
STATA
Southeast Class 1
LIMDEP
STATA
Class 2
LIMDEP
STATA
Pacific
Class 1
LIMDEP
STATA
Class 2
LIMDEP
STATA
Inland
Class 1
LIMDEP
STATA
Class 2
LIMDEP
STATA
National Class 1
LIMDEP
STATA
Class 2
LIMDEP
STATA

EPA Spec
-899.57
-889.07
-899.57
-889.07
-1100.54
-1098.39
-1100.54
-1098.39
-557.38
-555.89
-557.38
-555.89
-1797.80
-1797.14
-1797.80
-1797.14
-630.73
-630.98
-630.73
-630.98

Alternative
-903.84
-904.14
-898.75
-899.12
-1114.41
-1112.94
-1107.74
-1106.63
-573.22
-571.93
-560.47
-564.73
-1822.53
-1824.96
-1803.54
-1805.16
-638.09
-638.91
-635.42
-635.47

Deviance
8.54
30.14
-1.64
20.10
27.74
29.10
14.40
16.48
31.67
32.08
6.17
17.68
49.47
55.65
11.49
16.05
14.72
15.85
9.38
8.97

∆p
15
15
11
11
15
15
11
11
15
15
11
11
15
15
11
11
15
15
11
11

Critical Value
(0.05 level)
25.00
25.00
19.68
19.68
25.00
25.00
19.68
19.68
25.00
25.00
19.68
19.68
25.00
25.00
19.68
19.68
25.00
25.00
19.68
19.68

Test Outcome
Accept Alternative
Reject Alternative
N/A
Reject Alternative
Reject Alternative
Reject Alternative
Accept Alternative
Accept Alternative
Reject Alternative
Reject Alternative
Accept Alternative
Accept Alternative
Reject Alternative
Reject Alternative
Accept Alternative
Accept Alternative
Accept Alternative
Accept Alternative
Accept Alternative
Accept Alternative

Source: NERA calculations as described in text.

2. Respondents were Twice as Concerned about Cost when the Costs of
the Policy Options were Equal than when the Costs Differed
Through our testing of alternative specifications, we discovered that respondents appeared to
have reacted differently when the costs of the two policy alternatives were the same relative to
when the costs of the policy options differed.
To test whether this effect was statistically significant, we investigated models with two separate
cost coefficients – one for choice experiments in which the presented costs were the same and
one for which the presented costs differed. We compared this “two cost” specification to the
“class 2” model from the previous section because in all but one case the “class 2” model was
preferred.
The results are presented in Table 13. In all but one region, the “two cost” model is preferred to
the model with a single cost coefficient. This cannot be explained by nonlinearity of utility in
cost, since the mean of cost does not differ across the two types of choice experiments (ones in
which the presented costs were the same versus those in which they differed). As shown in the
table, the means of the distributions for the cost coefficients are different by a factor of two,
indicating that respondents were, on average, twice as concerned about cost when the costs of the
two policy options were the same.
A possible explanation for this result is that respondents had more trouble deciding on a policy
option when the presented costs were the same. This suggests that respondents are using a
“process” or “heuristic” to select an option (as suggested in Section IV), rather than rationally
trading off costs and benefits. For example, some people may be committed to choosing
additional regulation regardless of the cost and then choosing whichever alternative “looks
better.” This is a more difficult task when one or more of the policy characteristics are identical.
This type of behavior is not consistent with rational choice theory.
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Table 13. Tests of the “Two Costs” Model
Log Likelihood
Region
Northeast
Southeast
Pacific
Inland
National

Software
STATA
STATA
STATA
STATA
STATA

Two Price Model
Base Model
Deviance
∆p
-895.56
-899.12
7.12
-1100.45
-1106.63
12.36
-558.62
-564.73
12.22
-1801.75
-1805.16
6.82
-634.38
-635.47
2.18

1
1
1
1
1

Critical Value
(0.05 level) Test Outcome
3.84 Accept Two-price
3.84 Accept Two-price
3.84 Accept Two-price
3.84 Accept Two-price
3.84 Reject Two-price

Mean of Cost Coefficient
Region
Costs equal
Costs not equal
Northeast
0.065
0.022
Southeast
0.071
0.035
Pacific
0.068
0.038
Inland
0.052
0.031
National
0.046
0.025
Source: NERA calculations as described in text.

3. Distributions for Random Coefficients Imply that the Majority of the
Surveyed Population was Irrational
As discussed previously, the parameter estimates for EPA’s selected specification imply that
substantial portions of the population have a negative value for one or more of the benefits of the
regulation. EPA does not explore alternative distributions for these parameters that have mass
only on one side of zero, which is the usual solution to this problem when one believes that
decisions are being made in a rational way.
However, in light of the evidence of irrational decision-making on the part of respondents that
we discuss above, it may be reasonable to assume that some individuals are actually less likely to
choose a policy option with higher environmental benefits; these individuals may be “antiregulation,” perhaps due to perceived “over-reach” of the regulation (or regulations in general).
We therefore test a model with cost given as a normally distributed random coefficient. The only
reason not to do so is because the results may imply that some individuals have a positive value
for cost; however, this is no more illogical than some individuals having a negative value for
environmental benefits.
Allowing for heterogeneity in sensitivity to cost is probably as important, if not more important,
than allowing heterogeneity in the value of benefits. In light of the evidence of irrationality of
decision-makers in this sample, it is plausible that some individuals with a strong pro-regulatory
position would be more likely to choose a more expensive regulatory option even if it did not
make sense on a benefit-cost basis. Moreover, one of the original reasons for developing random
utility models was to allow for heterogeneity in the marginal utility of income. EPA’s chosen
specification does not allow for this type of heterogeneity.
We estimated a model identical to EPA’s chosen specification with the exception that cost is
given a random coefficient and the fish pop variable, which is not statistically significant, is
omitted. We omit fish pop mainly because its coefficient distribution, which is centered near zero
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with a large variance, artificially inflates measures of irrationality that we explore in this model.
Thus, respondent behavior would actually appear more irrational had we left this variable in the
model. Unrestricted covariance is allowed.
The model was estimated both for the Northeast survey and for all five surveys pooled. The latter
model leads to similar conclusions and the much larger sample size alleviates concerns about
inflated estimates of variance parameters due to small sample sizes. In both cases, the model
with cost random provides a much better fit to the data than the model with cost fixed (p< 0.01).
Table 14 shows the probability of coefficients having the “wrong sign” in each of these models.
Note that the probability of a respondent being fully “rational” is only about 50 percent,
indicating that nearly half of the population has the incorrect sign for at least one of the policy
attributes. Also note that the distribution of the “status quo” coefficient implies that about three
quarters of the population has a built-in bias toward more regulation, regardless of the
characteristics of the regulation.
Table 14. Probability of Irrational Behavior Using the Model with Normally Distributed Cost

Characteristic
Full rationality (correct sign on all coefficients)
Wrong sign on commercial fish
Wrong sign on fish saved
Wrong sign on aquatic condition
Wrong sign on cost
Bias toward more regulation
Source: NERA calculations as described in text.

Probability
Northeast
All data pooled
51.0%
52.0%
11.9%
23.4%
20.2%
26.9%
5.5%
7.1%
23.4%
19.8%
78.2%
75.9%

E. Conclusions on the EPA Survey Econometric Analysis
EPA used the random utility model and mixed logit estimation to convert the survey responses
into estimates of willingness-to-pay for various environmental attributes. We followed the EPA
methodology step-by-step, from its model selection decision to estimates of each survey region.
We found that the model selection decision was flawed and the estimation was not replicable.
These findings alone should be sufficient to show that far more analysis is needed before any
decision could be made about the proposal of using EPA’s survey results to estimate benefits in
any regulatory proceeding.
We conducted some of these additional analyses in an attempt to determine the underlying
problems with the EPA estimates. We concluded that EPA’s model choice was based on false
convergence of the selected model in LIMDEP.
We also found strong evidence of irrational behavior on behalf of survey respondents. The
survey respondents did not differentiate between the environmental attributes, likely because
they did not have sufficient context and information to form preferences for these attributes.
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They also did not properly trade off costs and benefits, indicating that they were using heuristics
or “short-cuts” to make their decisions.
These results imply that a revised analysis would be needed for model selection and estimation
as a pre-condition for producing meaningful willingness-to-pay estimates. However, our
alternative model tests strongly suggest that the problems with the survey instrument are
sufficiently severe that the current dataset cannot be used to produce meaningful willingness-topay estimates for §316(b) policy options.
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V. Use of EPA Survey Results to Estimate Benefits
EPA has specifically requested comment on whether the stated preference survey should be used
to estimate the benefits of the regulatory options for the §316(b) final rule. EPA has noted that if
these benefits are used, they would supplant the estimated benefits of the §316(b) Proposed Rule.
In this section we describe EPA’s proposed method for using the survey to estimate §316(b)
benefits. We then calculate these benefits for each regulatory option, and evaluate the
implications of these benefit estimates.

A. EPA Proposed Method for Estimating §316(b) Benefits
The econometric results discussed in the previous section are used by EPA to estimate the
marginal annual willingness-to-pay (“WTP”) for a one percentage point change in a given
environmental attribute (the four attributes are Commercial Fish Populations, Fish Populations,
Fish Saved per Year, and Condition of Aquatic Ecosystems). This WTP value is referred to as
the “implicit price” of the environmental attribute.
According to the supporting documents to the NODA, the implicit price can be calculated as the
coefficient on the environmental attribute divided by the coefficient on the program cost. But
because the mixed logit model includes random coefficients, implicit prices are actually
estimated by EPA using a bootstrap simulation approach, in which each of the environmental
attribute coefficients is assumed to be normally distributed.
EPA notes that annual WTP per household can be calculated for a given regulatory option by
multiplying actual estimated changes in environmental attributes due to regulation (e.g., 50
percent increase in fish saved per year) by their respective implicit prices and then summing
across the environmental attributes.
EPA indicated in the supporting documents to the NODA that annual WTP per household may
be estimated using solely the “Fish Saved per Year” attribute, by multiplying its implicit price by
the percentage change in fish saved. EPA asserts that using only this one attribute will result in a
conservative estimate of benefits in that it assumes zero impacts on the other three environmental
attributes.
Finally, total annual WTP within each survey region under each regulatory option would be
calculated by multiplying the annual household WTP by the number of households in the survey
region. Annual WTP for each survey region would then be discounted using the region-specific
regulatory compliance schedule, which is based on biological considerations and the anticipated
timeline of rule implementation.
EPA does not provide WTP or total §316(b) benefit estimates in the supporting documents to the
NODA. However, it provides the inputs for these calculations, which include the implicit prices
of the “Fish Saved” attribute and the estimated number of fish saved per year for each region and
regulatory option. In the following subsections, we calculate the §316(b) benefits implied by the
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EPA survey and the method that EPA has outlined in the NODA and we comment on our serious
concerns related to the plausibility and precision of these estimates.

B. §316(b) Benefits Implied by the EPA Survey
As noted above, EPA does not calculate WTP for changes in environmental attributes and does
not estimate total regional or national benefits in the NODA. In what follows we therefore
estimate the implied benefits for each §316(b) regulatory option using the national survey
results14 and the methodology described above. While we do not endorse the validity of the
inputs to these calculations (and have shown in the previous section that the econometric results
are neither replicable nor robust to alternative modeling choices), without these calculations it is
not possible to fully assess the plausibility of the survey results.
Table 15 displays the estimated benefits for each regulatory option implied by the survey results.
Annual benefits are calculated as the product of the implicit price (per percentage point) of fish
saved, the change in fish saved, and the number of households. The discounted present value and
annualized value of benefits are then estimated using the national “time profile of benefits” from
the Proposed Rule and a seven percent discount rate. Table 15 shows that the annualized benefits
(using a seven percent discount rate) implied by the survey results range from $2.2 billion to $7.4
billion.

14

We use the “national” version of the EPA survey to estimate implied benefits, but it should be noted that the
results are similar when the implied benefits from the regional surveys are estimated and summed together.
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Table 15. Implied Benefits from the EPA Survey
Option 1

Option 2

Option 3

Option 4

Implicit Price of Fish Saved

$1.13

$1.13

$1.13

$1.13

Change in Fish Saved (%)

24.25

78.13

79.39

23.75

111.67

111.67

111.67

111.67

$3,060

$9,859

$10,018

$2,997

7.0%

7.0%

7.0%

7.0%

$31,400

$101,165

$102,796

$30,752

$2,275

$7,330

$7,449

$2,228

Number of Households (million)
1

Annual Benefits (2011$ million)
Discount Rate

Discounted Present Value of Benefits (2011$ million)
3

Annualized Benefits (2011$ million)
Notes:

2

1

Annual Benefits are calculated as the product of the implicit price of fish saved, the change in fish saved
and the number of households.
2
The discounted present value of benefits is calculated over 50 years using the regulatory compliance
schedule in the §316(b) Proposed Rule, which is based on the anticipated timeline of rule implementation
and biological considerations (EPA 2011, Appendix D).
3
Annualized benefits are calculated using the formula in EPA 2011b, Appendix D.
Source: EPA 2011b, EPA2012b and NERA calculations

C. Comparison to §316(b) Proposed Rule Benefits and Implied NonUse Benefits
In the §316(b) Proposed Rule, EPA calculates the commercial and recreational “use” benefits of
each regulatory option. Well-established and sound methods are available to perform these
calculations, which include not only the estimated values of commercial and recreational fish but
also the benefits of potential additional forage fish and non-harvested recreational and
commercial fish. These benefits estimates were described in Chapter II.
Table 16 displays EPA’s estimates of commercial and recreational “use” benefits for each
regulatory option, which range from $15 million for Option 4 to $38 million for Option 3. (The
results are displayed for a seven percent discount rate and have been adjusted to 2011 dollars to
enable a direct comparison with the implied benefits from the survey.)
As explained in Chapter II, EPA only partially quantified non-use benefits in the §316(b)
Proposed Rule. The vast majority of quantified benefits were comprised of “use” benefits, as
displayed in Table 16. This aligns well with intuition. Non-use values are the benefits related
only to the existence of the fish that would be lost due to cooling water intake. EPA notes in the
survey questionnaire that over 80 percent of the fish lost are forage species that do not interact
with humans (except indirectly as food for larger fish, which is already incorporated into the
“use” value calculations). The vast majority of the fish and aquatic ecosystems affected by the
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§316(b) Proposed Rule would not meet the criteria that economists have developed for assessing
whether non-use benefits are likely to be significant: (1) the resource is unique; and (2) the loss
is irreversible (see Chapter II for details). Thus, based on information provided by EPA, there is
no reason to expect the potential non-use benefits of the §316(b) Proposed Rule to be significant
relative to use benefits.
As EPA notes in the NODA, if the benefits from the survey are used in the final §316(b) rule,
they will supplant the commercial and recreational use benefits calculated by EPA for the
Proposed Rule (EPA 2012a). From a theoretical perspective, this is the correct approach. The
results of the survey will capture both use and non-use benefits, so it would be double counting
to add these benefits to the use benefits calculated for the §316(b) Proposed Rule.
It is instructive to note how drastically benefits would change if the benefits estimates from the
§316(b) Proposed Rule are replaced by the benefits calculated using the EPA survey. As
displayed in Table 16, the ratios of quantified benefits to costs from the §316(b) Proposed Rule
are between 0.01 and 0.04, indicating that none of the four options are justifiable from a benefitcost perspective. Table 16 also displays the benefit-cost ratios using the benefits implied by the
results of the EPA survey (and the same cost estimates). These ratios range from 1.5 to 5.7,
indicating that all four options could be justified from a benefit-cost perspective using the
benefits implied by the survey.
Table 16. Comparison of Benefits and Costs from Proposed Rule and EPA Survey
Option 1

Option 2

Option 3

Option 4

Commercial and Recreational "Use" Benefits (2011$ million)
Total Quantified "Non-use" Benefits
Total Quantified Benefits

$15.8
$0.5
$16.3

$36.8
$56.7
$93.6

$37.6
$59.4
$97.0

$15.4
$0.5
$15.9

Annualized Costs (2011$ million)

$466

$4,769

$4,934

$389

Benefits to Costs Ratio

0.03

0.02

0.02

0.04

$2,275

$7,330

$7,449

$2,228

$466

$4,769

$4,934

$389

Benefits to Costs Ratio

4.9

1.5

1.5

5.7

Comparison of Non-use and Use Benefits:
Implied "Non-use" to "Use" Benefits Ratio

143

198

197

143

Benefits and Costs from the Proposed Rule:

Implied Benefits and Costs from the Survey:
Implied Benefits from Survey (2011$ million)
Annualized Costs (2011$ million)

Note: Annualized benefits and costs calculated using a seven percent discount rate
Source: EPA 2012b and NERA calculations
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These comparisons also provide a check on the intuition noted above that “use” benefits should
comprise a substantial portion of total benefits. The implied non-use benefits of the survey can
be calculated by subtracting the §316(b) Proposed Rule’s “use” benefits from the total implied
benefits from the EPA survey.
As shown in the bottom row of Table 16, the implied “non-use” benefits are between 144 and
199 times larger than the “use” benefits. In other words, the “non-use” benefits account for over
99 percent of total benefits, whereas the commercial and recreational use benefits account for
less than one percent of total benefits.
As noted above, for the vast majority of resources affected by cooling water intake structures, the
resources are not unique and the potential damages are reversible. This suggests that non-use
benefits are unlikely to account for a significant portion of total benefits in this case, let alone 99
percent.
Of course, the actual magnitude of non-use benefits is an empirical question. However, it is also
well known that stated preference surveys are highly imprecise in practice. If the implications of
the results of such a study defy common sense, then it is the researcher’s duty to determine
whether the intuition is wrong or whether the underlying study is flawed. In this case, the most
likely causes of the unintuitive results are the serious problems with the survey instrument and
econometric results described in the previous chapters.

D. Comparison of Implied Use Benefits from EPA Survey to Use
Benefits using Market Valuation
Stated preference surveys such as the EPA Survey measure total willingness-to-pay, which
includes both use and non-use values. Because the survey results do not provide separate
estimates for use and non-use values, the preceding analysis assumed that use benefits were
equal to those calculated by EPA for the §316(b) Proposed Rule.
Of course, in reality, survey respondents may have had “use” values in mind when they voted for
a policy option. This would imply that “nonuse” benefits do not comprise over 99 percent of the
total implied benefits of the EPA Survey. However, it raises an equally troubling issue regarding
the reliability of the implied benefits estimates. If use values were indeed a significant
component of respondents’ willingness-to-pay, then the estimates of “use” benefits from the
EPA survey are too much larger than the “use” benefit estimates from the §316(b) Proposed Rule
to be taken seriously.
1. Comparison assuming Use Benefits are 50 percent of Total Implied EPA
Survey Benefits
For example, assume that “use” benefits comprise 50 percent of total implied survey benefits. In
that case, implied “use” benefits are between $1.1 and $3.7 billion for the four regulatory options,
as displayed in Table 17. This is compared to the “use” benefits from the §316(b) Proposed Rule
of between $16 and $38 million. The implied “use” benefits from the EPA survey are 70 to 100
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times larger than those calculated using well-established and relatively uncontroversial marketbased methods.
Table 17. Comparison of Annualized Use Benefits

Option 1

Option 2

Option 3

Option 4

Implied Benefits from Survey (2011$ million)

$2,275

$7,330

$7,449

$2,228

50% of Implied Benefits from Survey (2011$ million)

$1,138

$3,665

$3,724

$1,114

"Use" Benefits from 316(b) Proposed Rule

$16

$37

$38

$15

Ratio of NODA to 316(b) Proposed Rule "Use" Benefits

71.9

99.5

98.9

72.2

Note: Seven percent discount rate used to calculate the discounted present values of benefits.
Source: EPA 2012b and NERA calculations

2. Comparison using “Commercial Fish Population” Attribute to Estimate
EPA Survey Use Benefits
Another estimate of implied “use” benefits from the EPA survey can be attained using the
“Commercial Fish Populations” environmental attribute, which is described to survey
participants as “fish used by people” (emphasis added) and “the overall health of commercial and
recreational fish populations.”
Given these descriptions, the preferences measured by the Commercial Fish Population attribute
can reasonably assumed to estimate “use” benefits. While it is theoretically possible that certain
people have non-use values associated with the health of the commercial fish population in
particular, it is more plausible that any “existence” values would be captured by other more
general environmental attributes such as “Total Fish Populations,” “Fish Saved,” or “Condition
of Aquatic Ecosystems.”
EPA estimates the implicit prices in each region for the Commercial Fish Populations attribute,
but does not estimate the total benefits implied by these implicit prices. Compared to the “Fish
Saved” attribute, it is more difficult to estimate the implied benefits of the Commercial Fish
Populations attribute. To our knowledge, explicit estimates of the changes in commercial and
recreational fish populations due to the change in the number of fish saved by the §316(b)
regulatory options do not exist.
Nevertheless, the EPA survey implicitly provides information on the magnitude of the changes in
Commercial Fish Populations due to the policy options. EPA uses biological data to select a
range of potential increases in each environmental attribute due to the §316(b) regulations.
Survey respondents were presented with changes in each attribute between zero and the “max
change assigned” for each attribute. For the “Fish Saved” attribute, this maximum change was 95
percent in the national survey. For the “Commercial Fish Populations” attribute, the
corresponding maximum change was 6 percent (EPA 2012b). For the purpose of this analysis,
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we assume that the percentage change in “Fish Saved” is proportional to the percentage change
in “Commercial Fish Populations.”
This assumption enables the calculation of an alternative estimate of the “use” benefits implied
by the EPA survey results by multiplying the implicit prices by the expected changes in
Commercial Fish Population due to the §316(b) regulatory options.
Table 18 displays these implied “use” benefits. Estimated changes in “Commercial Fish
Populations” of 1.5 to 5.0 percent lead to annualized “use” benefits of $614 million to over $2
billion. The annualized benefits are calculated in the same manner as described above, using a
seven percent discount rate.
Table 18. Implied Commercial and Recreational Use Benefits of the EPA Survey

Option 1

Option 2

Option 3

Option 4

Implicit Price of Commercial Fish Populuations

4.93

4.93

4.93

4.93

Maximum Change in Environmental Attribute:
Fish Saved
Commercial Fish Populations

95%
6%

95%
6%

95%
6%

95%
6%

24.3%
1.53%

78.1%
4.93%

79.4%
5.01%

23.8%
1.50%

$627

$2,020

$2,052

$614

Change in Environmental Attribute due to Regulations:
Fish Saved
Commercial Fish Populations (estimated)
Implied Annualized "Use" Benefits (2011$ million)
Note:

Change in Commercial Fish Population calculated as the change in Fish Saved multiplied by the ratio of
maximum changes in Commercial Fish Population to Fish Saved.

Source:

Table 19 compares the implied “use” benefits from the EPA survey to the “use” benefits
calculated in the §316(b) Proposed Rule using well-established market valuation methods. The
implied “use” benefits of the EPA survey are 40 to 56 times larger than the benefit calculations
for the same regulatory options from the §316(b) Proposed Rule. Estimates of “use” benefits
have changed by over 4000 percent relative to the benefits calculated in the §316(b) Proposed
Rule. The results for Options 2 and 3 are particularly dramatic, with the difference in estimates
being roughly $2 billion.
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Table 19. Comparison of Commercial and Recreational Use Benefits

Option 1

Option 2

Option 3

Option 4

Estimated "Use" Benefits Calculated in:
NODA using EPA Stated Preference Survey
Proposed Rule using Well Established Methods

$627
$15

$2,020
$36

$2,052
$37

$614
$15

Ratio of NODA to Proposed Rule "Use" Benefits

40.9

55.8

55.3

40.9

Source: NERA Calculations and EPA materials

These implied “use” benefit estimates show that the survey results are overwhelmingly imprecise.
Consider an analogous scenario in which a business changes a reliable methodology of
calculating future earnings and finds that profits calculated with a new method were 40 times
larger than the calculation with the old method. There is, of course, no doubt that this business
would react by either seriously re-examining its new methodology or by simply throwing these
new results in the wastebasket and starting over, knowing that errors have clearly been made.
There is no justification for EPA to be any less cautious spending the money of electricity
ratepayers.

E. Conclusions on the Use of the EPA Survey to Estimate §316(b)
Benefits
The use of the EPA survey in the final §316(b) rule would drastically change the benefits
estimates of the §316(b) regulatory options. This section estimated the implied benefits of the
EPA survey for these four options. These implied benefit estimates showed that the EPA survey
results are either too implausible, too imprecise, or both.
The estimates in the §316(b) Proposed Rule provide what seem to be reliable measures of “use”
benefits. The implied “non-use” benefits from the EPA survey are between 150 and 200 times
larger than these “use” benefits. Particularly given that characteristics of the resources in
question, we find these estimates to be highly implausible. It would unexpected if non-use
benefits accounted for a significant portion of total benefits in this case, let alone 99 percent.
If, instead, survey respondents had “use” benefits in mind when selecting the policy options, an
equally concerning issue arises. If “use” benefits comprise a significant portion of the total
survey benefits, then these results are too imprecise (when compared to the reliable estimates
from the §316(b) Proposed Rule) to be taken seriously.
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VI. Conclusions on the Potential Use of the EPA Survey
This chapter summarizes our conclusions and recommendations regarding the potential use of
the EPA survey in the final §316(b) rule. We also comment on the implications of our
assessment for site-specific benefit-cost assessments.

A. The EPA Survey Should Not be Used in the Final §316(b) Rule
Our analysis of the EPA survey indicates that it does not provide the necessary information and
context to respondents in order to provide the basis for meaningful assessments of the national
§316(b) alternatives. The results of our empirical analysis and our estimation of implied benefits
confirm that the EPA survey data are not usable. It would therefore be inappropriate to use the
results of the EPA survey in the Final §316(b) Rule.
We emphasize we do not conclude that SP surveys should not be used in general or that SP
surveys should never be used to assess potential non-use benefits of environmental regulations.
However, we question whether any national or regional survey attempting to elicit WTP for
measures of this type could provide reliable national benefit estimates. The detailed information
and context that would be needed to provide the basis for valid willingness-to-pay responses
would be too difficult for respondents to evaluate, resulting in choices based upon heuristic and
“satisficing” choices that cannot be interpreted as valid estimates of willingness-to-pay.
Non-use benefits should instead be evaluated in site-specific assessments, which could be much
more meaningful since they could focus on specific potential conditions (e.g., loss of unique
resources such as threatened and endangered species).

B. EPA Should Encourage the Use of Sound Site-Specific BenefitCost Methodologies
EPA notes that the EPA survey results are not directly transferable to site-specific situations
because they are predicated on the background information provided to respondents on the
regional and national impacts of the regulatory alternatives (EPA 2012b, p. 30). As noted above,
we do not develop comments on issues related to “benefit transfer,” although given the flaws we
have identified, this particular survey would not be appropriate for benefit transfer.
EPA should encourage use of sound site-specific benefit-cost methods, both in its comments and
in the example it sets with its own analyses. Use benefits should be estimated using the wellestablished and sound methodologies that EPA seems to have used to estimate the use benefits of
the §316(b) Proposed Rule. To assess non-use benefits for individual facilities, analysts should
first assess whether non-use benefits are likely to be significant, as EPA concluded was
important in its prior rulemaking (EPA 2004). If non-use benefits are found likely to be
significant, analysts can consider the gains of this additional information—in terms of greater
understanding of the benefits and costs of site-specific alternatives—against the costs of
developing a sound survey.
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Appendix A: Detailed Open-Ended Survey Responses

Appendix A: Detailed Open-Ended Survey Responses
This appendix displays the transcribed comments of respondents to the EPA survey.
A significant proportion of the 353 questionnaires that included respondent comments indicated
some type of problem with the survey or posed a validity issue. 46% of the comments indicated
such problems, and 42% of these problematic comments were complaints about the survey itself
while 33% were complaints about the EPA and/or government regulations in general.
The tables below provide a list of responses to the open-ended survey question. We have
grouped them according to whether or not they are supportive of the survey (positive, negative)
and in a general group.
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Table A-1. Summary of Negative Open-Ended Survey Comments
WHILE I STRONGLY BELIEVE IN AQUATIC CONSERVATION,THE COST OF SOME PLANS SEEMED HIGH GIVEN VERY
SMALL EXPECTED %CHANGES. (41)
SURVEY WAS VERY DIFFICULT TO UNDERSTAND AND FOLLOW. (64)
UNCLEAR WHAT MAKES 4-6 DIFFERENT. ARE THERE 6 DIFFERENT POLICIES? YOU KNEW THEY WERE CONFUSING SO
WHY NOT WRITE THEM SO THEY ARE NOT. (65)
THIS SURVEY WAS OBVIOUSLY DONE AT CONSIDERABLE EXPENSE AND IS MUCH TOO COMFUSING TO HAVE ANY
VALUE. (76)
POORLY DESIGNED (240)
THIS SURVEY IS POORLY CONSTRUCTED AND I DO NOT TRUST IT. (247)
THIS SURVEY IS TOO CONFUSING. (264)
ARGUEMNT WAS BIASED-DATA PRESENTED WAS SKETCHY,DID NOT PRESENT A REAL BASIS ON HOW IT IS PROBED
THAT INTAKES KILL FISH LARVAE. (274)
Q8, NOT SURE THE SURVEY QUESTIONS ALLOWED FOR FINER POINTS OF AN ANSWER.EX Q8/5 EASY TO
ANSWER,WELL,YES EASY TO DECIDE ON AN ANSWER BUT NOT EASY IF ASKING ABOUT THE LEVEL OF
CONSIDERATION TO DECIDE ON AN ANSWER THAT BALANCED MORAL OBLIGATION WITH COSTS,ETC. SURVEY
DESIGN NOT AS SHARP AS IT COULD HAVE BEEN TO DETERMINE PROCESS VS RESULT TO ANSWERS. (291)
A POORLY WRITTEN SURVEY. (308)
TRY AND MAKE THE QUESTION & BACKGROUND MATERIAL EASIER TO DIGEST IF POSSIBLE. (333)
I DID NOT FULLY UNDERSTAND THIS SURVEY (387)
FOR THE LAY PERSON,THIS SURVEY WAS A LITTLE CONFUSING. (427)
SURVEY FELT BIASED IN FAVOR OF AGENDA… (530)
CONFUSING SURVEY! (678)
I HAVE A BS IN BIOLOGY & THE WORDING OF THIS SURVEY/LAYOUT WERE STILL INCREDIBLY OPAQUE! (707)
THE QUESTIONS ASKED WERE DIFFICULT TO UNDERSTAND AND MADE IT DIFFICULT TO UNDERSTAND THE END
RESULT OF THE SURVEY. (799)
BIASED POOR SURVEY! (968)
IT WOULD BE NICE IF YOU MADE THIS MORE SIMPLE TO UNDERSTAND FOR THE SURVEY. I AGREE WITH USING
DIFFERENT FILTERS AND CLOSED CYCLE COOLING. IF ITS NOT GOING TO AFFECT COST TO THE PUBLIC OR IF IT
HELPS WITH WORKING THINGS BETTER FOR THE FISH LIFE. (1139)
THIS SURVEY WAS HIGHLY BIASED TO PROMOTE PRO ENVIRONMENTAL RESPONSES. (1326)
THIS IS AN IMPORTANT ISSUE THAT COULD HAVE BEEN PRESENTED IN A MUCH SIMPLER FASHION. THIS WAS
CONFUSING AND I DON'T THINK YOU WILL GET THE INFORMED ANSWERS FROM THE PUBLIC THAT YOU NEED. (1420)
THIS SURVEY IS HIGHLY DIFFICULT TO FOLLOW-PAGES 3AND6 SURVEY QUESTIONS ARE NOT WELL PREPARED FROM
INFORMATION GIVEN-ALMOST A DOUBLE NEGATIVE IN TRYING (1508)
QUESTIONS 4-6 NEAR IMPOSSIBLE TO UNDERSTAND (1569)
Q4,5,6 WERE RATHER UNCLEAR. (1673)
I WOULD HAVE APPRECIATED MORE INFORMATION REGARDING METHODS. (1727)
IT WAS NOT WRITTEN CLEARLY. I AM IN THE LEGAL PROFESSION & I FOUND IT TO BE CONFUSING. (1782)
I THOUGHT THIS WAS VERY POORLY WRITTEN. THE DESCRIPTIONS WERE VERY CONFUSING AND DIDN'T CLEARLY
EXPLAIN THE SITUATION. (1858)
QUESTION 11 WAS VERY CONFUSING AND MADE THE REST OF THE SURVEY SEEM DAUNTING (2053)
SOME QUESTIONS WERE CONFUSING. (2099)

Notes: Numbers in parentheses indicate the row in the spreadsheet provided by EPA.
Source: EPA 2012 Survey Data (“survey data.xls”).
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Table A-2. Summary of Positive Open-Ended Survey Comments
SURVEY PRETTY WELL DESIGNED,DO MORE OF THEM IN OTHER EPA AREAS LIKE AIR POLLUTION,DRINKING WATER
IF YOU CAN. THANKS (119)
EXCELLENT -SORRY THIS IS LATE-I WAS AWAY. (165)
THIS SURVEY WAS VERY WELL DONE. THANKS FOR INCLUDING OUR HOUSEHOLD. (347)
VERY GOOD INFO. HOPE THAT WE PRESERVE AQUATIC ECOSYSTEM FOR FUTURE GENERATIONS. (416)
THANK YOU FOR GIVING US A VOICE! (424)
THE STATE DOES A GOOD JOB AT REGULATING THE INDUSTRY. (523)
THANK YOU FOR ASKING THE PUBLIC FOR OUR OPINIONS ON POLICY. I DEFINITELY SUPPORT CLOSED WATER
SYSTEMS-GREATEST FISH PROTECTION AND RECYCLING H20 USED (649)
THANK YOU FOR THE OPPORTUNITY TO LEARN MORE ABOUT PROTECTING OUR WATER ENVIRONMENT AND
ALLOWING ME TO VOICE MY OPINION. (703)
THE INFORMATION WAS A LITTLE SIMPLISTIC,NEVER THE LESS,YOU DID A GOOD JOB. (740)
THANK YOU FOR INFORMING THE SOCIETY OF THE FISH LOSS,I NEVER KNEW WE WERE LOSING FISH. (760)
THANK YOU FOR PROTECTING OUR ECO SYSTEM! (782)
EXCELLENT SURVEY! (868)
INTERESTING-IMPORTANT SURVEY. (934)
HOPED I HELP MAKE A POSITIVE CHANGE BY PARTICIPATING IN THIS SURVEY. I HAVE STRONGLY THOUGHT ABOUT
PURSUING A DEGREE IN ECONOMICS NOW I HAVE HAD A CHANCE TO PLAY A PART IN DOING SO. (998)
THANK YOU FOR LETTING ME PARTICIPATE. I REALIZE I WAS ANSWERING YOUR QUESTIONS AND THERE IS
MUCHMORE TO THIS ISSUE. (1024)
PLEASE KEEP UP THE GREAT WORK TO PROTECT OUR BEAUTIFUL COUNTRY. (1200)
I REALLY APPRECIATE THE EPS'S CONCERN FOR FISH POPULAR ROWS. GOOD JOB GENTLEMAN & LADIES. (1340)
GOOD LUCK WITH YOUR EFFORTS AND ANALYSIS! (1410)
GOOD JOB! (1543)
THANK YOU FOR ASKING FOR MY OPINION. (1822)
I SINCERELY HOPE THAT THE RESPONSE TO THIS SURVEY YIELDS POSITIVE RESULTS FOR THIS VITALLY IMPORTANT
ISSUE. AQUATIC ECOSYSTEMS ARE NOT ONLY CRUCIAL SOURCES OF RECREATION AND COMMERCIAL FISHING BUT
AS KEY ELEMENTS OF THE NATURAL BEAUTY AND WEALTH AROUND US. FURTHERMORE,THEY HAVE THEIR OWN
NATURE GIVEN RIGHT TO EXIST REGARDLESS OF THEIR VALUE TO US. THESE ORGANISIMS AND ECOSYSTEMS ARE
THE RESULT OF MILLIONS OF YEARS OF EVALUATION. THEY WERE HERE FIRST,WE HAVE NO RIGHT TO DESTROY
THEM. (1882)
VERY GOOD EFFORT TO EDUCATE THE PUBLIC AND PROVIDE OPPORTUNITY TO CONTRIBUTE OPINIONS. WE NEED
MORE OF THIS. (1952)
I HOPE AND PRAY FOR THE SUCCESS OF THE PROPOSED POLICIES THAT WOULD REDUCE FISH LOSSES. (1965)
SURVEYS ARE USEFUL,BUT LESS IMPORTANT THAN EXPERT OPINION. (2088)
THANK YOU FOR ASKING TO PARTICIPATE,OUR ECO-LIFE IS IMPORTANT TODAY,TOMORROW AND FUTURE. IF WE
WANT FUTURE WE NEED TO PLAN FOR IT AND PAY FOR IT. (2158)
THANKS FOR THE OPPORTUNITY TO BE A PART OF THIS SURVEY. I LOVE FISHING AND AM CONCERNED. (2246)
VERY INFORMATIVE & A PLEASURE TO PARTICIPATE. THANK YOU (2312)

Notes: Numbers in parentheses indicate the row in the spreadsheet provided by EPA.
Source: EPA 2012 Survey Data (“survey data.xls”).
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Table A-3. Summary of Other Survey Comments with Validity Concerns
THIS COUNTRY IS ON A SLIPPERY SLOPE TO SOCIALISM/COMMUNISM. (29)
I DON'T KNOW WHY I GOT THIS BUT I HAVE LOTS OF NEIGHBORS WHO FISH ALL THE TIME & THEY NEVER GOT
THESE?? (72)
THIS WHOLE EXERCISE IS A WASTE OF PUBLIC MONEY BY THE EPA. (90)
IF FISH AND SEAFOOD GOES THE WAY OF WHEAT AND CORN FOR FAKE FUEL (I.E. ETHANOL) WE (THE PEOPLE) ALL
WILL STARVE TO DEATH AND MONEY WON'T BE NECESSARY (111)
I HAVE LITTLE FAITH IN BIG GOVERNMENT. (112)
JOKE - LEAVE OUR ECOSYSTEM ALONE, NO MORE REGS, GOD IS IN CONTROL, ALL WILL GO WELL WITH FISH (125)
IS THE GOV REALLY CONCERNED ABOUT THIS SURVEY? THEY ARE NOT TOO CONCERNED ABOUT MY COUNTRY
RIGHT NOW. (138)
THIS IS A BULLSHIT SURVEY. (233)
VERY CONFUSING TO UNDERSTAND. ENJOY SEAFOOD VERY MUCH. (295)
YOU COULD HAVE SAVED MONEY BY NOT SENDING GHESE SURVEYS IN THE MAIL AND SAVE ON POSTAGE BY NOT
SENDING ME MULTIPLE REMINDERS! USE THIS $$$ TO SAVE THE FISH. SAVE THE MONEY YOU USE TO SEND THESE
SURVEYS TO SAVE THE FISH & ENVIORNMENT. YOU ALSO SENT ME MULTIPLE REMINDERS VIA THE USPS-WHICH THE
$ COULD ALSO BE USED SOMEWHERE ELSE! SAVE PAPER $$-SEND THE SURVEYS VIA EMAIL. (370)
WAS A WASTE OF MY TIME HAVE TWINS 2 THREE MO OLD BABIES TO TAKE CARE OF. (382)
WHY DO YOU PLAY GOD? (384)
THE EPA HAS SCREWED UP ENOUGH (479)
I DO NOT UNDERSTAND THIS SURVEY. I THINK THIS IS ANOTHER WAY FOR THE GOVERNMENT TO INVADE MY
PRIVACY LIFE. (514)
THOSE PEOPLE WHO CAUSED PROBLEMS SHOULD PAY ALL COSTS TO CORRECT ALL PROBLEMS. (536)
THIS IS A GARGANTUAN WASTE OF TAXPAYER DOLLARS!!! (552)
BY SAVING THE FISH YOU SAVE THE FUTURE. (559)
EPA NEEDS TO BE ABOLISHED! (614)
MAN CANNOT DESTROY WHAT GOD CREATED,GOVERNMENT CAN DESTROY MAN! (636)
EPA DOESN'T WANT TO READ MY COMMENTS! (662)
I DO NOT HAVE ANY COMMENTS-I DO NOT WISH TO DO THIS ANY MORE. (669)
WE JUDGE ANCIENT CIVILIZATIONS BY THE QUALITY OF THEIR WATER AND WASTE SYSTEMS! SOMEONE WILL
JUDGE OURS DON'T YOU THINK (677)
AS A BOY SCOUT LEADER I UNDERSTAND ABOUT NATURE AND IT IS OUR SACRIFICE WE ALL MUST MAKE TO KEEP
OUR PLANET HEALTHY. (691)
NO MORE GOVERNMENT REGULATIONS! (753)
THANK YOU FOR INFORMING THE SOCIETY OF THE FISH LOSS,I NEVER KNEW WE WERE LOSING FISH. (760)
IF WE DON'T GET THIS RIGHT NOW WE WILL ALL GO EXTINCT. (793)

Notes: Numbers in parentheses indicate the row in the spreadsheet provided by EPA.
Source: EPA 2012 Survey Data (“survey data.xls”).
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Appendix B: Overview of the Mixed Logit Framework
This appendix provides information on the mixed logit model used by EPA in its econometric
analysis.

A. The Random Utility Model
The EPA econometric analysis is based on the random utility model, in which the utility of a
survey respondent is assumed to be “the sum of systematic [or observed] and random [or
unobserved] components” (Holmes and Adamowicz 2003, p. 189). It is common in the stated
preference literature to use the random utility model to convert survey responses into welfare
measures.

B. The Mixed Logit Framework
Willingness-to-pay for environmental attributes in all four survey regions (as well as for the
national survey) is estimated using maximum likelihood mixed logit models. The mixed logit
model is a generalization of the multinomial logit model which “obviates the three limitations of
standard logit by allowing for random taste variation, unrestricted substitution patterns, and
correlation in unobserved factors over time” (Train, 2003). The model can be written in standard
statistical form as:

yit = j ⇔ u ijt = max u ikt
k

u ijt = xijt β i + ε ijt

ε ijt ~ Gumbel (0,1)
β i ~ f (β i | θ )
where i indexes decision-makers, j indexes options (i.e. available choices), and t indexes choice
situations faced by each decision-maker. The chosen policy for each decision-maker and choice
situation is given by yit . Both ε ijt and β i are assumed to be independent and identically
distributed with a unit-scale Gumbel distribution and a general, continuous, usually parametric
multivariate distribution given by f ( β i | θ ) , respectively. In the simplest case, f ( β i | θ ) is
specified to be multivariate normal with a diagonal covariance matrix, but many other joint
distributions can be used for the β i parameters.
Marginalizing over the ε ijt in this model gives rise to the familiar expression for the simple logit
choice probabilities:
Lijt =

e

xijt β i

∑e

xikt β i

k

NERA Economic Consulting

73

where for some l, xilt β i is restricted to be zero for identification. This is often accomplished by
differencing all of the xijt ’s from xilt . Thus the marginal choice probabilities for each individual
are mixtures of standard logit choice probabilities, i.e.:
Pijt (θ ) = ∫ Lijt f ( β i | θ )dβ i
This model is known as “mixed logit” because the choice probabilities are a mixture of standard
logit choice probabilities. Parameter inference generally focuses on the parameters of the mixing
distribution, indicated above by θ . In the case where the random coefficients are taken to have a
multivariate normal distribution, θ = ( µ , Σ) , the mean vector and covariance matrix of the
distribution.
Estimation of this model is usually achieved using simulated maximum likelihood (see Train,
2003). In brief, this involves sampling random numbers for each decision-maker, corresponding
to samples from the distribution f ( β i | θ ) , and taking the mean of the logit choice probabilities
calculated at each of these sampled values. It follows that the estimation of a mixed model is
more complex than the estimation of a simple logit model, because one must calculate a
simulation-based approximation to a multidimensional integral for each iteration of the
optimization algorithm.
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Appendix C: Comparison of Mixed Logit Software Packages
Using the EPA survey data, we conducted our econometric analyses with two software packages
(LIMDEP and STATA). This appendix provides information on the software packages that have
been developed to estimate mixed logit models, and it explains why it may be important to use
more than one package when conducting such analyses.

A. Recent Literature on the Mixed Logit Software Packages
The statistics literature has included discussions recently regarding software choice for
estimating mixed logit models. In a 2010 paper in the “Software Reviews” section of Journal of
Applied Econometrics, Jae Bong Chang of the Korea Rural Economics Institute and Jayson Lusk
of Oklahoma State compare LIMDEP, the mixlogit package in STATA, and SAS for estimating
mixed logit models. A cursory reading of this paper gives the impression that LIMDEP
performed the best of the three packages. However, more careful examination makes it clear that
this conclusion was based on the inclusion of results from the mixlogit package in which STATA
indicated that the model did not converge. Inclusion of such results makes no sense. The authors
themselves write that:
In smaller sample sizes, Hole’s module for Stata either performs best or worst
depending upon how one wants to treat cases where Stata indicated nonconvergence (recall that the same datasets were used in all three packages, so SAS
and NLOGIT sometimes indicated that convergence was achieved when Stata did
not).
Thus, when compared only across cases where all three models indicated convergence, the
mixlogit package slightly outperforms NLOGIT (LIMDEP) and both outperform SAS. Notably,
the Chang and Lusk paper did not assess the performance of the estimation algorithms for
models in which random effects were correlated, as they are in EPA’s chosen specification. The
authors also point out a troubling fact: in some cases, LIMDEP indicates convergence when
STATA does not converge. It is possible that in these cases we are observing false convergence
in LIMDEP. Note that the mixlogit package uses the built-in optimization routines in STATA,
which are used for all of the base STATA functions and are considered highly reliable. Moreover,
the authors themselves concede that STATA performs the best when considering only models for
which all packages converged. Since all of the models we ran converged in both STATA and
LIMDEP, we conclude that the literature supports our own conclusion that the mixlogit package
in STATA performs at least as well as LIMDEP.
A final point from the Chang and Lusk paper that is relevant to this study is the authors’
conclusion that “when the sample size is small…there may be insufficient variation to model the
kind of distributional information being assumed by the ML [Mixed Logit]. People may be
asking ‘too much’ of their data when trying to fit an ML model to small-sized datasets.” This
comment was in reference to simulation studies carried out by the authors in which they
generated synthetic datasets with 200 decision-makers and four choice experiments per decisionmaker. This is comparable in size to EPA’s regional datasets, which have three (and sometimes
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fewer than three because of nonresponse) choice experiments per decision-maker and between
270 and 752 decision-makers. Thus, the size of EPA’s sample may be insufficient to estimate
such complex models, particularly for the regions with a smaller number of responses (national,
pacific, and northeast regions).
In a response to the Chang and Lusk paper, Arne Risa Hole, the author of the mixlogit package,
points out that the simulated data used by Chang and Lusk was probably not sufficient for a
meaningful model comparison. Hole finds that some of the simulated data used by Chang and
Lusk did not contain “sufficient variation to identify the model empirically” and that their
experiment thus is “not well-suited to evaluate the accuracy of different mixed logit routines.”

B. Conclusions from the Recent Literature
The discussion above support four general conclusions regarding the importance of software
choice in estimation of mixed logit models:
1. The performance of different software packages remains controversial. The Chang and Lusk
study suggests that, at least where meaningful comparisons can be made (i.e. where all
models converged), the mixlogit package for STATA performs slightly better than LIMDEP.
2. Chang and Lusk caution researchers about the unreliability of mixed logit models estimated
on “small samples.” In context this referred to samples of 200 decision-makers and four
choice situations per decision-maker. This is comparable to the size of the samples gathered
by EPA for the Northeast, Pacific, and National surveys.
3. Hole’s research paper suggests that the Chang and Lusk study is probably not conclusive
regarding comparisons about software, but does not question Chang and Lusk’s comments
about the potential inadequacy of small sample sizes for estimating mixed logits.
4. In light of the ongoing controversy regarding the accuracy of mixed logit estimation
algorithms in different software packages, a thorough analysis should estimate the model in
multiple packages and compare results across the different pckages to look for signs of
problems with the estimation.
Consistent with our point four above, we carried out estimation of identical mixed logit models
on the northeast survey data using both LIMDEP and STATA as well as the original MATLAB
code for mixed logit estimation using simulated maximum likelihood written by Kenneth Train
at UC Berkeley, the originator of the simulated maximum likelihood estimation method, which is
used by both STATA and LIMDEP. Note that the study authors have collaborated with Professor
Train on projects involving the estimation of mixed logit models in the past and are highly
experienced in the estimation and interpretation of such models. Our results are provided in the
following section.
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C. Comparison of Mixed Logit Models Estimated in LIMDEP,
STATA, and MATLAB
To further investigate the accuracy and robustness of mixed logit estimation routines in LIMDEP
and STATA, we estimated the same model in both packages as well as using Train’s MATLAB
code. The MATLAB code is the original mixed logit implementation and is generally considered
a benchmark. Because the MATLAB code can only estimate models with the random
coefficients independent, we compare the model for the northeast with a diagonal covariance
matrix across all three packages. The results are comparable for the three packages, with the
agreement slightly better between LIMDEP and MATLAB. This suggests that the problems with
estimation in NLOGIT are probably restricted to models with unrestricted covariance matrices
for the random coefficients. The estimation of correlations is generally more difficult than the
estimation of variances, and optimization-based estimation of these parameters is notoriously
difficult, particularly on small sample sizes. Based on this result, we estimate alternative
specifications in at least two software packages wherever possible.
Table C-1. Results from STATA, LIMDEP, and MATLAB for models with random coefficients independent.

Log likelihood
Parameter
Constant
Com Fish
Fish Pop
Fish Saved
Aquatic Cond
Cost
sd Constant
sd Com Fish
sd Fish Pop
sd Fish Saved
sd Aquatic Cond

LIMDEP
-895.75
estimate
std error
-0.048
0.011
0.111
0.040
0.004
0.062
0.025
0.003
0.180
0.062
-0.027
0.004
0.095
0.191
0.280
0.027
0.359

0.016
0.095
0.158
0.005
0.126

STATA
-897.30
estimate
std error
-0.045
0.010
0.108
0.038
0.001
0.062
0.024
0.003
0.175
0.062
-0.026
0.004
0.085
0.141
0.295
0.026
0.337

0.014
0.142
0.184
0.005
0.143

MATLAB
-894.73
estimate
std error
-0.047
0.010
0.110
0.040
0.010
0.062
0.026
0.004
0.166
0.062
-0.027
0.004
0.088
0.196
0.268
0.029
0.341

0.014
0.106
0.189
0.005
0.133
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