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Navigating benefit transfer for
salmon improvements in the Western
US
Matthew A. Weber*

Western Ecology Division, US Environmental Protection Agency, Corvallis, OR, USA

A perennial problem in environmental resource management is targeting an efficient level
of resource provision that maximizes societal well-being. Such management requires
knowledge of both costs and benefits associated with varying management options.
This paper illustrates the challenge of estimating the benefits of an improvement in
a marine resource when secondary data must be used, and when total economic
benefits include non-use values. An example of non-use values is existence value,
which is not contingent on resource extraction nor recreational activities. State of the
art techniques for adapting secondary data, or “benefit transfer,” are reviewed in the
context of increasing anadromous salmon for an example Western US policy scenario.
An extensive summary of applicable primary studies is provided, compiling observations
from several studies surveying several thousand Western US households. The studies
consistently indicate a high willingness to pay for increased salmon abundance. Analytical
techniques for transferring data are described, with calculation examples using published
tools, focusing on meta-regression and structural benefit transfer. While these advanced
benefit transfer tools offer perspective on benefits beyond what can be learned by relying
on a single study, they also represent a variety of challenges limiting their usefulness.
While transparently navigating these issues, a monetized estimate of increased salmon
for the policy case is provided, along with discussion on interpreting benefit transfer
techniques and their results more generally. From this synthesis, several suggestions
are also made for future original salmon valuation studies.

Keywords: salmon, meta-analysis, preference calibration, structural benefit transfer, non-use value

Introduction

In the Western US, migratory salmon are iconic symbols of nature’s strength and bounty.
However, wild salmon stocks have precipitously declined in the last century (Nehlsen et al.,
1991). Some populations may be on the brink of extinction, already the fate of hundreds of West
Coast evolutionarily significant units (Gustafson et al., 2007). Numerous anthropogenic stressors
have played a role, such as dams, overfishing, hatchery practices, and multiple forms of habitat
degradation (Stouder et al., 1997; Lackey et al., 2006). More recently, negative impacts from climate
change have also been recognized (Doney et al., 2012).

As salmon losses continue, policymakers are increasingly called upon to consider ways of
mitigating impacts and/or promoting salmon recovery. Indeed, numerous state and federal
policies are oriented toward this goal, such as Total Maximum Daily Loads for pollutants such
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as temperature, and critical habitat designations under the
Endangered Species Act. However, regulations do not guarantee
a given salmon stock will persist, nor is simple survival
necessarily the sole objective. Often the debate over different
options involves economic questions—i.e., benefits and costs. For
example, an entity responsible for dam operationsmay bemaking
tradeoffs between flood control, hydropower generation, water
availability for agriculture, reservoir recreation, and migratory
fish. Similarly, planning agencies confront tradeoffs between
development proposals and environmental mitigation strategies
of various costs. While not every decision context requires
monetized environmental impacts, it does allow resource
management options to be compared in a common unit. This
can be helpful at multiple levels of governance, with established
use of such information at the US federal level (Weber, 2010;
Lipton et al., 2014). The direct interpretability of benefit and cost
information also facilitates public discussion on issues such as
salmon recovery, rather than simply “leaving it to the experts,”
or special-interest lobbyists. Typically, costs of environmental
protection are better characterized than benefits. If benefits are
not represented, there is cause for concern that protection efforts
will be sub-optimal.

How can the benefits of salmon be estimated? This difficult
problem is the focus of the paper. First, the case study literature
on the “total economic value” of changes in abundance of
Western US salmon will be synthesized, including particularities
of each study. Second, challenges in utilizing these data (in
conjunction with other available literature) will be illustrated in
the course of conducting “benefit transfer” for a newWestern US
example context. Several benefit transfer methods are applied,
insights and pitfalls that arise are documented, and the range
of results is discussed. While the paper revolves around a single
policy case, the discussion is designed to make benefit transfer
techniques more accessible for those seeking to apply or develop
the tools more generally. Finally, based on lessons learned,
suggestions are made for future salmon valuation studies, both
for more robust case studies and improved benefit transfer
capacity from them.

Valuing societal impacts from changes in salmon proceeds
from recognizing various pathways of human benefit. Some
benefits are relatively obvious, such as resource use and extraction
in the market economy, e.g., commercial fish harvest, and
revenue from fishing-related expenditures. A less recognized
but important dimension are nonmarket benefits, such as the
recreational enjoyment of a fishing experience. An angler may
contribute only minimally to a local economy through the act
of fishing—yet the opportunity to engage in this pastime may
be of extraordinarily high value to that individual. By studying
recreation behavior analysts can construct a demand curve for
recreational fishing for a given site or a site network, and estimate
the monetary value per day of the enjoyment associated with an
angler-day, as well as monetary impacts from site closures or fish
abundance changes. Such nonmarket environmental amenities
are an important dimension of natural resources management,
and have been referred to as a “second-paycheck.” For example, a
person may be willing to accept less income in order to live near
particular environmental amenities (Power and Barrett, 2001).

Yet human appreciation of natural resources such as
salmon goes deeper still. For decades environmental economists
have recognized an important category of benefits known as
non-use values (e.g., Krutilla, 1967; Johnston et al., 2003).
Essentially, resources may be valued without the necessity of
direct experience. Notions of value predicated on resource
extraction, harvest, and even nonconsumptive recreational use
are overly limiting. Categorically neglecting non-use values
can lead to significant underestimates of public welfare
(Freeman, 2003: p. 138). The evidence for non-use values comes
from survey research, in which respondents have consistently
demonstrated a “willingness-to-pay” (WTP) to protect or
increase environmental amenities even when there are essentially
no resource use opportunities. Non-use values have enormous
potential importance for managing environmental resources for
the best benefit of society. The total economic value (TEV)
conceptual framework helps maintain attention on the diverse
components of value potentially associated with changes in
a natural resource: market as well as nonmarket values are
included, with nonmarket values including both use and non-
use (US National Research Council of the National Academy of
Sciences, 2004).

The survey-based methods that allow insight into both
the use and non-use components of TEV are known as
contingent valuation and choice experiments (Mitchell and
Carson, 1989; Louviere et al., 2000). Numerous such “stated
preference” valuation survey studies exist (e.g., tallied by Carson,
2000). However, only a few feature Western US salmon,
despite their high-profile role in historical and contemporary
culture. To address this problem, methodologies of benefit
transfer can be employed to apply valuation results from
prior relevant studies to a new context. Benefit transfer has
received substantial academic attention. Notable milestones are
edited compendiums: Brookshire and Neill (1992); Florax et al.
(2002); Wilson and Hoehn (2006); and Navrud and Ready
(2007). For a summary of the recent literature, see Johnston
and Rosenberger (2010). Compared with an original study,
benefit transfer is usually viewed as second best or even a last
resort. This is tempered by acknowledgment that environmental
decisions need guidance more often than valuation studies can
be marshaled. Furthermore, methodological idiosyncrasies and
biases associated with any single study are dampened when
placed in context of additional observations. Benefit transfer
will continue; more awareness of the techniques including their
weaknesses will aid both analysts and those interpreting the
resulting monetized estimates.

Methods

While there is no single way to conduct benefit transfer, counsel
is found in multiple sources, e.g., Brouwer and Spaninks (1999),
Nelson and Kennedy (2009), Johnston and Rosenberger (2010),
and US Environmental Protection Agency (2010). A general
three-step outline for benefit transfer follows: describe the policy
case; select study cases; and transfer values (US Environmental
Protection Agency, 2010). To satisfy the first step, in the next
section we describe an illustrative policy case of the Willamette
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Valley, Oregon, although certainly many more policy cases
are possible. Regarding step two, we review the context and
background for various available study cases to gauge similarities
with the policy case, and to address any potential study quality or
bias issues. For step three, several benefit transfer methods will be
explored in turn:

• Transfer a point value from a single study,
• Transfer with the aid of a study’s valuation function,
• Apply an existing meta-regression,
• New meta-regression, and
• New structural benefit transfer.

An Illustrative Policy Case
To illustrate benefit transfer methods, as well as provide
management insight in a specific case, this paper will estimate the
TEV of an increase in Spring Chinook for the Willamette Valley,
Oregon. The valley is an 11,704 sqmi watershed in northwest
Oregon, draining a north-trending valley between the Coast
Range to the west, and the Cascades to the east. The basin has
a rapidly growing population, currently home for nearly three
million people. This encompasses most of Oregon’s population,
despite the valley representing only about 10% of the state’s
total area. Significant tourism occurs in the region, attracted by
recreational, scenic, and cultural amenities. Urban and exurban
areas in the river valley share space with agricultural lands,
timberland, and natural areas. With the watershed size, human
population, and diverse land use, environmental policymaking
processes are complex, similar to multi-use contexts found in
many other watersheds.

The wild salmon run of the entire Columbia River of the
late 1990s was estimated to be less than 2% of runs in the late
1800s (Gresh et al., 2000), allowing some inference as to the
decline for the Willamette as a Columbia subwatershed. Sheer
and Steel (2006) estimate over 40% of salmon habitat in the
Willamette and lower Columbia watersheds has been lost due
to dams alone, the majority of which was higher-quality upland
habitat. Spring Chinook comprise by far the largest salmon
run in the Willamette, although there are Coho and Winter
Steelhead runs as well. All three are threatened under the US
Endangered Species Act [US National Oceanic and Atmospheric
Administration (NOAA), 2010]. Recovery plans are in process
by the Oregon Department of Fish and Wildlife (ODFW) for
Spring Chinook and Winter Steelhead, and critical habitat for
Coho has been proposed by NOAA as of 2013. These listings
do not guarantee recovery, and proposed goals go beyond
simply preventing extinction. For example, ODFW describe both
minimum viability and “broad sense” recovery options with
different associated salmon abundance levels (ODFW, 2011).

Spring Chinook are the state fish of Oregon and salmon are
a conspicuous symbol in the US Pacific Northwest in general.
Given their cultural importance, a significant TEV for increasing
salmon abundance in the Willamette seems likely1. As of this

1Describing the policy case helps define the appropriate scope of the benefit
analysis, such as whether relevant values are exclusively ecological in character
or if human health concerns are an issue; unequal distributive impacts of an
environmental change may also be important to consider (US Environmental

writing, no empirical studies are known estimating the TEV
of changes in abundance specifically for Willamette salmon.
However, Olsen et al. (1990) and Layton et al. (1999) implicitly
include the Willamette watershed as a portion of the change they
consider for the entire Columbia River watershed. In addition,
Wallmo and Lew (2012) query a national sample to estimate
the value of a change in status for Willamette Spring Chinook
from threatened to recovered (not explicitly tied to a change in
abundance) as one of eight listed marine species included their
study.

To constrain the benefit transfer, a specific salmon population
change for the Willamette must be cited. At Willamette Falls
on the Willamette River, the ODFW has counted returning
Spring Chinook since 1946: the most recent ten-year average
(up through 2014) is 35,115 fish. Not all spawning habitat is
upstream of the Falls, and there is significant attrition before they
reach that point, e.g., anglers in the popular Lower Willamette
fishery. ODFW also reports an estimated entire Willamette Run,
which was 64% higher than counts at the Falls in 2014. Thus,
for the purposes of this paper, the status quo Willamette Spring
Chinook run is estimated to be 164% of the 10-year average,
rounded to the nearest 100 fish, or 57,600 fish. The majority
of returns are hatchery fish. The specific commodity valued in
this paper is a doubling in the average annual Willamette Spring
Chinook run, from the estimated status quo average of 57,600
fish per year, to 115,200 fish per year. Note that this is not the
only possible fish-related commodity. Also note that the change
does not specify whether increases pertain to hatchery or wild
fish. This decision was forced mainly by most available studies
neglecting to specify for survey respondents whether hatchery or
wild fish were impacted. It seems likely that preserving wild fish
in particular would matter mainly for the non-use component of
TEV, but perhaps also for angling use value.

The market extent—which households will be considered in
the analysis—must also be specified. This judgment determines
how values will be aggregated, and the outcome can be especially
sensitive when non-use values are involved. Defining market
extent also aids selection of study cases (and their market extents)
most relevant for the policy case. Salmon recovery within a
relatively small watershed has been found to be valuable to
households across the nation (Loomis, 1996). Thus Pate and
Loomis (1997) caution against artificially limiting market extent
specifically for changes in salmon, due to the underestimates
of public welfare that could result. However this paper takes
a relatively conservative stance, defining the market extent as
just the households within the Willamette watershed. While
values for increases in Willamette salmon abundance may well
extend more broadly, the author believes it preferable to err
on the conservative side when relying on secondary estimates.
Furthermore, substitute salmon resources do not appear to have
been well characterized within available studies. This leads to
somewhat more caution than usual when applying such values

Protection Agency, 2010). This application focuses on ecological values. Adverse
health impacts seem unlikely since contamination advisories in the region focus
on resident (non-migratory) fish. Distributional analysis would require additional
social and biological data, including a model of fish distribution at baseline and
improved levels.
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at market extents beyond which households could be reasonably
expected to have familiarity with the range of substitute salmon
resources available in the Western US. However, the value
estimates derived in this paper will be on a per household basis
to facilitate comparison with other valuation work, and will not
actually be presented in aggregate form.

To provide an example of howmonetizing the societal benefits
of salmon could assist regional decision-making, consider the
long-running debate in Oregon over the appropriate distance
buffer for logging on private timberlands near streams. The
issue was recently reignited with a study finding that the
current buffer set by the Oregon Board of Forestry does not
do enough for small and middle-sized streams to maintain
shading and temperature requirements set by the Oregon
Environmental Quality Commission (Barnard, 2015a,b). Costs to
private timberland owners of larger buffers are relatively easy to
estimate, and are readily available. Missing from the debate is an
estimate of the TEV of increased salmon associated with cooler
streamwater (although this value would certainly not be the only
consideration).

The above forest practices example raises the
interconnectedness of estimating TEV with biophysical
predictions of salmon populations. Such predictions are
extraordinarily challenging—models quantifying salmon
response to changing conditions and restoration strategies
contain significant uncertainty (e.g., ODFW, 2011).
Interconnected freshwater factors must be further combined
with ocean conditions, one of which is the Pacific Decadal
Oscillation (Mantua et al., 1997). Limiting factors for salmonids
in the freshwater environment that have been identified by
regional research, in addition to elevated water temperature
(see also McCullough et al., 2009), are lack of large wood in the
channel (Oregon Department of Environmental Quality, 2009),
and increased silt (Honea et al., 2009).

Data
In assembling case study data, criteria were that the study must
supply at least one estimate in WTP format to preserve, increase,
or avoid the loss of a given number of Western US salmon;
sample the general population in one or more regions of the US;
and be intended to capture TEV. A broad internet-based search
was conducted including the “Environmental Valuation Resource
Inventory” of Environment Canada, and inquiries were made
with other valuation researchers. Ultimately, only six relatively
well-known studies were located: Jones and Stokes Associates
(1990); Olsen et al. (1990); Loomis (1996); Layton et al. (1999);
Bell et al. (2003); and Mansfield et al. (2012). A summary of these
studies is given in the Appendix.

Qualitative and quantitative metadata from the six studies
and corresponding 29 observations are summarized in Table 1.
Publication dates range from 1990 to 2012. Since the studies
occur in different years, have varying payment plans, and
reference different salmon changes, TEV results are not directly
comparable. Raw values were adjusted to 2015 dollars using an
inflation calculator based on the national Consumer Price Index
(CPI) (US Bureau of Labor Statistics, 2015). To account for
different payment plans ranging from 10 years to perpetuity, net

present value (NPV) was calculated with a 7% yearly discount
rate, a common base-case rate (US Office of Management and
Budget, 2003). However, the reader should be aware that the
discount rate is a sensitive and controversial variable (Weitzman,
1998). Furthermore, it is not clear how survey respondents
themselves discount a stream of payments into the future when
responding to a WTP questionnaire. Since each observation
values a different change in fish population from a different
baseline scarcity, Table 1 provides additional context for value
interpretation. Figure 1 plots the NPV of salmon abundance
against the scope of the salmon population increase. Both axes are
on a logarithmic scale to make it easier to differentiate clustered
observations. Data labels in Figure 1 match the observation
numbers inTable 1. Note that observation 28 is dropped from the
figure (and from later analyses) since it is negative, an anomaly in
the dataset.

Although all the studies in Table 1 meet selection criteria,
they have numerous differences, such as examining different
salmon populations (although they occasionally overlap), and
surveying different market extents. The early studies by Jones
and Stokes Associates (1990) and Olsen et al. (1990) are fully
or partially conducted by telephone, in contrast to later studies
which rely almost exclusively on mail surveys, with the most
recent study combining mail and internet modes. The elicitation
format is contingent valuation for all but Layton et al. (1999) and
Mansfield et al. (2012). Explanation within the survey regarding
how improvements would occur varies, with Jones and Stokes
Associates (1990) and Loomis (1996) providing the most detail.
In the author’s opinion, all of the surveys could have included
more information on substitute migratory fish resources in
the Western US. None of the studies included information on
salmon resources outside of the watersheds that were the topic
of the survey. That said, the Olsen et al. and Layton et al.
studies considered large systems, e.g., the entire Columbia River
watershed, which implicitly captures regional substitutes.

What then can be gleaned from Table 1 regarding the TEV
of changes in Western US salmon abundance for the policy case
and other applications? The studies consistently indicate that
households in the Pacific Northwest and beyond have a high
WTP for increased salmon, yet they do not cover all of the
areas in the Western US that currently provide salmon habitat.
If the parameters of a given study in Table 1 happen to match
a context of interest, perhaps no further analysis is required.
More often, there is interest in estimating a value for an “out
of sample” context. Furthermore, insights drawn from a group
of observations are arguably stronger even if the parameters of a
single study are well matched to a given policy scenario. Benefit
transfer tools developed for these situations will be reviewed in
the next several sections.

Before proceeding, it should be noted that studies in Table 1
do not include all of the available insight on salmon values
in the Western US. Notably, some survey studies have elicited
a WTP for recovery of salmon listed under the Endangered
Species Act, rather than specifying population changes. This
focuses specifically on wild fish, and the values would seem to
be more associated with non-users than an equivalent study
citing abundance changes. For examples see Bell et al. (2003),
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Lew and Wallmo (2011), Wallmo and Lew (2011, 2012), and
Mansfield et al. (2012). Other survey studies have treated habitat
improvements for salmon, without specifying the impact on
salmon either in terms of listing status or in terms of abundance
(e.g., Garber-Yonts et al., 2004). At least one study has elicited
values for changes in salmon abundance as a commodity lumped
with other environmental attributes, Douglas and Taylor (1999).
Still more studies have focused on just recreational or commercial
benefits of salmon.

Point Estimate Transfer
The simplest form of benefit transfer is transferring a point
estimate. The value for the most similar context should serve
as a reference, but this is challenging to identify since there
are multiple dimensions of applicability. There are no obvious
reasons to suspect quality issues with estimates in Table 1 except
observations 28 and 29 from Mansfield et al. (2012), which as
described in the Appendix have broad confidence intervals; the
response rate for this study is also the lowest in Table 1. Survey
response rates are quite high for the other five studies, from
49% (Bell et al., 2003: Grays Harbor) to 77% (Loomis, 1996,
Clallam Co.). No two studies were conducted by exactly the same
protocol, and there remains active debate about best practices
in valuation. One of the debates concerns contingent valuation
vs. alternative stated preference formats. Layton et al. (1999)
and Mansfield et al. (2012) are the only studies that do not use
contingent valuation. On one hand, alternatives to contingent
valuation are gaining in popularity and choice experiments seem
to have become the new standard. On the other hand, value
estimates can be higher (Stevens et al., 2000; Bateman et al., 2006),
and consensus protocols are still emerging (e.g., Hanley et al.,
2001; Louviere et al., 2010; Boyd and Krupnick, 2013). However,
to be sure, a variety of application styles is possible within either
contingent valuation or choice experiments that may eclipse the
effect of methodology alone.

In addition to study methodology, other obvious differences
between studies in Table 1 are the size of fish change, regional
scarcity, and market extent. It is tempting to utilize the survey
results of Olsen et al. (1990) since some of the respondents
would have been Willamette valley households, but the scale
of change is the entire Columbia, an area about 20 times as
large as the Willamette, and features a salmon abundance change
measured in millions rather than tens of thousands of fish.
Jones and Stokes Associates (1990) offer an estimate for San
Joaquin Valley households, a watershed similar in size to the
Willamette, but the baseline fish population is extremely low. The
change would essentially create a Chinook fishery rather than
supplement an existing one. The Bell et al. (2003) estimate for
a 100% improvement in Coho salmon in Willapa Bay, WA is
the most similar in terms of baseline and final fish population,
even though the extent of market surveyed and the watershed
itself are relatively small. Since no prior studies match the
Willamette context in all dimensions, a judgment was made
to match closest available baseline and final fish population.
Comparing US Census household income for the Willapa Bay
and Willamette valley regions indicates that of the two possible
Bell et al. models, the high income (observation 20) more closely
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FIGURE 1 | Total economic value of Western US salmon increases vs. size of salmon increase (Net Present Value per household 2015$, r = 7%).

matches Willamette valley demographics. The corresponding
estimate is $726.97 NPV, or $50.89 per household as if a yearly
payment (2015$).

Functional Transfer
The next step in complexity is functional transfer, which uses a
model offered by the study case, and adjusts context variables
to estimate the policy case value (Loomis, 1992). By elimination,
Layton et al. (1999) is best suited for functional transfer; other
studies either did not include a model or used highly specialized
information available only through their survey instrument.
The Layton et al. models are scaled by the context variable of
percentage change in fish population. There are different models
for different fish category, and either high or low baseline fish
population. The Layton et al. functions were developed for a
much larger area and much larger absolute numbers of fish,
however there are a few to choose from. Of the two migratory
fish models, Columbia River and Puget Sound, the former was
chosen since the Willamette is at least a tributary of this system.
The Columbia models also have lower status quo fish populations
than the Puget Sound models, although even the low baseline
option is still higher than the Willamette Spring Chinook status
quo by an order of magnitude. An alternative possibility is
choosing the high baseline model in an attempt to harness

diminishing returns to offset the larger scope of the Columbia
system, but here the low baseline option is employed as a more
logical usage of the functional transfer method. The Layton et al.
(1999) formula for monthly WTP when the increase in fish is
greater than 5% is:

WTP = βfish(0− ln(fish % change))/βcost

Solving the function for a 100% change using their regression
parameters, converting the monthly value to a yearly value, and
then converting this to a NPV using a 7% discount rate yields
$4,370.83 per household; if expressed as a yearly payment the
value is $305.96. Both values are converted to 2015$ using the
CPI.

Existing Meta-regressions
With both point transfer and functional transfer, the analyst
must choose a single study. In contrast, meta-analysis uses
observations from multiple studies to gain insight, and may use
statistical techniques such as meta-regression to isolate sources
of influence on a dependent variable (Stanley, 2001). Three
published meta-regressions were found that could be applied to
the policy case of doublingWillamette Spring Chinook. Johnston
et al. (2005) estimated a meta-regression of TEV for changes
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in US water bodies that provide fishing or other recreational
improvements, using 81 observations. Richardson and Loomis
(2009) supply a meta-regression of TEV for US Threatened
and Endangered species using 67 observations, as an update
to Loomis and White (1996). Last, Loomis and Richardson
(2007) provide a meta-analysis specifically for Western US
Salmon, using 20 observations from five of the six studies earlier
described.

While meta-regressions supply predictive relationships,
applying them is not necessarily straightforward. Context
variables can reflect both household preferences and study
methodology. For methodological variables, it is usually
recommended that the analyst employ sample means, yet one
may also wish to select particular “favorite” methodologies for a
given transfer, e.g., a method known to be relatively conservative.
Preference variables may be straightforward, but can also be
specialized and difficult to generate for the policy case. Meta-
regressions may also present multiple functional forms, leaving
the analyst uncertain regarding which to utilize.

To illustrate how these factors can affect the benefit transfer
for the selected policy case, limited sensitivity analyses are
presented based on the three existing meta-regressions. Table 2
shows choices used in applying Johnston et al. (2005). Of
their three models, the weighted semi-log specification is used
since it had the best fit as published [the functional form
is not reproduced here, but parameters and estimates can be
viewed in (Johnston et al., 2005): Table 3]. Only eight of
the 34 regressors are adjusted here, chosen for relevance to
the application and for their influence. Variables not shown
were constant throughout2. The first two adjusted variables are
based on the well-known water quality index, mathematically

2Methodological variables not in Table 2 were set to sample means. Sample means
were not used for preference variables; settings constant throughout were that
the value represents a lump-sum payment, the geographic context is the Pacific
Mountain USDA region, the population includes the non-user community, water
quality improvements only benefit fin fish, the improvement is more than a 50%
increase, and mean household income is $71,690 (weighted average based on
Census data for the 10 counties most closely corresponding with the watershed
boundary, adjusted to 2015$ with the Consumer Price Index).

determined from numeric values of fecal coliform, dissolved
oxygen, biological oxygen demand, turbidity, and pH (Vaughan,
1986). The index has been used to define rungs on a water
quality “ladder”: boatable; fishable; swimmable; and drinkable,
that has had a legacy influence on water quality valuation studies
(Carson and Mitchell, 1993). A primary limiting water quality
factor for salmon in the Willamette is thought to be elevated
stream temperature, withmigration barriers posed by dams being
another major factor. Yet there is no defined “rung” for increased
fish abundance per se. Thus, different changes in the water index
are shown as part of the sensitivity analysis.

In applying the Johnston et al. (2005) meta-regression, the
first column of Table 2 shows a potential study, i.e., one that
might be designed if pursuing an original survey for the case
study. For the water quality index, a baseline corresponding
to “game fishing” is entered with a change halfway to the
next rung of “drinking without treatment” (Vaughan, 1986).
A choice experiment would allow direct inclusion of potential
substitutes, an attractive feature in valuation, thus discrete choice
methodology is selected. Mail survey mode is selected due to its
low cost, and high response rate is not selected since achieving
rates above the 75% threshold is uncommon. The second and
third columns adjust eight selected variables within reasonable
bounds to explore lower and upper bounds, respectively. The
fourth column utilizes Johnston et al. (2005) sample means. For
year, the most recent study year is used as typically recommended
for benefit transfer. The impact of study year is shown by
providing an additional upper bound value using the earliest
meta-data date instead. The function returns estimates in 2002$,
which were adjusted to 2015$ using the CPI. Using samplemeans,
the estimate is $46.51 per household NPV, or $3.26 per household
as if a yearly payment in perpetuity.

The meta-regression by Richardson and Loomis (2009) for
endangered species values is applied in Table 3, again comparing
four columns. The authors recommend their reduced double log
model 3 for benefit transfer, which includes 10 regressors (the
functional form is not reproduced here but a calculation example
showing parameters and estimates is provided by Richardson
and Loomis, 2009: Section 3.5). The key preference variable is

TABLE 2 | Meta-regression results applying Johnston et al. (2005).

Variable Correlation with
willingness to pay

Potential study Lower bound Upper bound Sample
means

Baseline water quality index, 1−10 − 5 7 4 4.6

Water quality index change + 2.25 2 5 2.42

High response rate dummy (over 75%) − 0 1 0 0.31

Choice experiment dummy + 1 0 1 0.35

Mail survey mode + 1 0 0 0.56

Telephone survey mode Reference Mode 0 1 0 N/A

In-person interview survey mode + 0 0 1 0.19

Study year − 2001† 2001† 2001† (1973) 2001†

Willingness to pay per household, net present value (2015$) $76.73 $8.64 $247.74 ($7,152.34) $46.51

Willingness to pay per household, as if a yearly payment (2015$) $5.37 $0.60 $17.34 ($500.66) $3.26

† Metadata span 1973–2001.
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TABLE 3 | Meta-regression results applying Richardson and Loomis (2009).

Variable Correlation with willingness to pay Potential study Lower bound Upper bound Sample means

Response rate − 49% 75% 25% 49%

Choice experiment + 1 0 1 0.075

Mail survey mode − 1 1 0 0.851

StudyYear + 2007† 2007† (1983) 2007† 2007†

Willingness to pay per household‡ (2015$) $2,608.95 $127.07 ($8.50) $9,667.31 $185.84

† Metadata span 1983–2007.
‡The payment schedule is uncertain, underlying observations did not appear to have been scaled to net present value.

the percentage change in population of the endangered species;
this is set to 100%. There is no adjustment for the baseline
level of fish, although one would expect that a lower baseline
would mean a higher marginal value for each additional fish as
compared with a location where fish are already plentiful. As
with using Layton et al. (1999) for functional transfer above,
percentage increase must be used rather than absolute increase
in fish numbers. Selections in the function were made to indicate
that the endangered species was a fish. The “visitor” variable was
not selected to indicate that value beyond recreation was desired.
For a potential study scenario in column 1, selections were made
to parallel those in column 1 of Table 2. Study year again has a
large impact, but in the opposite direction. Thus, an additional
lower bound value is shown using the earliest meta-data date. The
function returns values in 2006$, which were adjusted to 2015$
using the CPI. The estimate based on sample means is $185.84
per household. The payment schedule is unspecified since the
observations had various payment plans that did not appear to
be adjusted to a NPV.

The third meta-regression, utilizing Loomis and Richardson
(2007), only requires input on percentage change in fish run, with
the meta-regression utilizing percentage change and percentage
change squared (with no constant term). This function has a
strong advantage in simplicity of application, particularly given
the online calculator provided by the authors. However again
there is no adjustment possible for baseline fish populations,
and percentage change must be used instead of absolute fish
numbers. The calculator provides estimates in 2006$. Using the
CPI to adjust to 2015$, the resulting estimate for a 100% increase
in salmon population is $89.23 per household. The payment
schedule is unspecified since the observations had various
payment plans that did not appear to be adjusted to a NPV.

New Meta-regression
Taken together, the three meta-regressions represent five of the
six studies in Table 1, but not all of the observations that can
be extracted from those five studies. For example, Loomis and
Richardson (2007) represent the various Layton et al. (1999)
models at only the 50% fish increase levels. In addition, there
are two new observations from Mansfield et al. (2012). As noted
earlier, observation 28 is the only negative value in Table 1 and
thus appears to be an outlier. This leaves 28 observations with
which to explore a new meta-regression. The dependent variable
was defined as NPV of household TEV elicited as WTP in
2015$.

As seen earlier, meta-regressions typically include
methodological regressors to control for study differences.
Here, this has not been explored due to there being few studies,
which often vary in more than one methodological respect
from each other, leading to confounding effects. This meta-
regression is limited to preference variables. Different hypotheses
were considered regarding conversion of before and after fish
abundance into one or more resource quality variables. As
discussed above it was desired to incorporate not only the
scope of change, but also the baseline level of fish. However,
change in fish and baseline fish have a correlation coefficient
of 0.7, signaling multicollinearity issues in a regression model
using both variables. The problem is that when researchers have
elicited WTP for large increases in salmon, this has tended to
occur when the baseline levels of salmon were also large. Thus,
there is limited independent variation in added fish and baseline
fish. Transforming the variables by centering data (subtracting
the mean from each observation) was ineffectual in reducing
this high correlation. A different transformation is possible by
dividing baseline fish by watershed area, under the rationale
that when gauging scarcity a household might consider overall
watershed size. Although numeric watershed areas were not
specified in the study cases, a map was typically provided, except
when telephone sampling. Transforming the scarcity variable
in this manner substantially reduced correlation (correlation
coefficient reduced to 0.4). Note that both variables cannot be
transformed or the high correlation reappears. Watershed areas
were found using publicly available national hydrography data
(Horizon Systems Corporation, 2015; US Geological Survey,
2015) and are shown in Table 1. Constructing the independent
variables in this way hypothesizes that survey respondents
viewed scarcity in context of the watershed, but instead reacted
directly to the added number of fish. This is questionable, thus
the transformation is only employed in one of the regression
models presented below.

All models use a log form for both the baseline fish and
added fish variables. For baseline fish, this means that as baseline
level decreases, the (expected) influence on increasing WTP
would accelerate per unit decrease. For added fish, a log form is
one way of instituting the common assumption of diminishing
returns: as added fish goes up, added WTP also goes up but at
a decreasing rate. All models also use a cluster adjustment for
standard errors, to control for non-independence of observations
from the same study. Results from four models are shown in
Table 4. Model 1 has the expected positive sign for added fish
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TABLE 4 | New meta-regression of the total economic value of migratory pacific salmon abundance changes in the US.

Model 1 Model 2 Model 3 Model 4

Observations Drop 28 Drop 28 Drop 16, 18, 28 Drop 8 to 19, 28

n 28 28 25 16

r-squared 0.14 0.40 0.12 0.78

Intercept (std error) −3100.27 (3626.968) −7125.27** (2405.383) −636.724 (3275.488) 2417.42 (3730.635)

ln of added fish (std error) 699.152** (206.191) 844.183** (207.139) 473.052* (181.7151) 493.498 (432.0829)

ln of baseline fish (std error) −278.066 (263.4649) N/A −273.68 (227.6074) −672.078** (137.0615)

ln of baseline fish/unit area (std error) N/A −439.32** (128.2208) N/A N/A

Policy Case: willingness to pay per household, net present
value (2015$)

$1515.37 $1427.96 $1548.65 $459.96

Policy Case: willingness to pay per household as if a yearly
payment (2015$)

$106.08 $99.96 $108.41 $32.20

*Significant at the 0.05 level.
**Significant at the 0.01 level.

and expected negative sign for baseline fish. However, Model 1
has several weaknesses. Only the added fish variable is significant,
the model has a low r-squared, the two regressors are highly
correlated, and examination of standardized residuals shows two
outliers (exceeding positive or negative two). Model 2 utilizes
the transformed baseline fish variable as described above to
reduce correlation between variables. This improves r-squared,
both variables retain expected sign, and both variables are now
significant. Model 3 repeats Model 1, dropping the two outliers
(observations 16 and 18). This only minimally affects the model.
However, the model is sensitive to dropping certain observations
and/or studies, since there are only 28 observations total from
six studies. To illustrate this, the study contributing the most
observations (Layton et al., 1999) is dropped for Model 4. Now
only the baseline fish variable is significant, and interestingly the
r-squared improves dramatically. Model 4 also shows a dramatic
reduction in predicted TEV for the policy site.

Further development of the meta-regression is certainly
possible. Despite potentially confounding effects with so
few studies, methodological variables could be attempted. A
treatment for heteroskedasticity would be desirable, however
variance was not uniformly available from the study cases.
Observations could be weighted by sample-size, a second-
best solution for benefit-transfer (Nelson and Kennedy, 2009).
However, given the known efficiency of some valuation
methodologies relative to others, and development of valuation
techniques across the span of years in the sample, weighting
on sample size would seem a dubious approach. There are
also few observations overall, limiting the ability to include
additional context variables due to the danger of overfitting.
Overall the investigation of a new meta-regression is less than
satisfying. Parameters do show the theoretically expected sign,
but parameter significance and overall model performance are
low or unstable.

Structural Benefit Transfer
Meta-regression reanalyzes valuation estimates along with other
meta-data from original studies in search of statistical predictors
for WTP. However the resulting equation cannot be viewed as

a utility function when there are variables (i.e., methodological)
not theoretically linked to preferences. A separate form of meta-
analysis known as structural benefit transfer (aka preference
calibration) uses a different approach. A utility function for
a representative agent is defined, and outcomes of valuation
studies are used to calibrate preference coefficients. From that
point, application is similar to functional benefit transfer.
Advantages of this technique are its explicit connections to
economic theory (for example WTP can be bounded by
household income), consistency, and its ability to integrate
value estimates from different techniques and welfare measures,
such as recreational value from travel-cost techniques, and
TEV from a survey. A weakness is subjective identification of
the underlying utility function, and as typically employed, use
of relatively few observations to calibrate parameters. Studies
used for calibration should reasonably apply to representative
households for the policy case. In contrast to the relatively large
number of environmental valuation meta-analysis studies, there
are relatively few for structural benefit transfer.

For references developing structural benefit transfer, see
Smith and Pattanayak (2002), Smith et al. (2002), Van Houtven
et al. (2011), and Van Houtven and Poulos (2009). Only Van
Houtven et al. include treatment of non-use values, a crucial
concern for the policy case. Here we include two of the five
functional forms they considered, a modified constant elasticity
of substitution (CES) functional form (Equation group 1), and
a linear functional form (Equation group 2), both of which
performed reasonably well for their case study. It should be
plainly stated that multiple functional forms are possible other
than the two tested here. Both functional forms predict indirect
utility “V,” with changes in the resource quality from “Q.” Also
included are the price of visiting the resource “P” (i.e., travel
cost), and income “Y.” Subscripts “0” and “1” correspond to
initial and final resource quality levels. Each equation has five
parameters to calibrate, alpha α, beta β, gamma γ, delta δ, phi
ϕ, and psi ψ. Income less WTP for improved quality (or WTP to
avoid degraded quality) that equilibrates initial and final indirect
utility corresponds to a Hicksian welfare change expressed in
dollars. Via Roy’s Identity the functions can be re-expressed in
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terms of number of trips demanded per household per year (X)
which can in turn be related to a Marshallian welfare change
(�MCS) in dollars typical in travel cost studies. Based on these
algebraic manipulations the following formulas are taken from
Van Houtven et al. (2011):

(1) Modified Constant Elasticity of Substitution (CES)
Functional Form:

V = ϕQψ + ((P − Qγ)−αYδ)β

WTP = Y− (((ϕQψ
0 )− (ϕQψ

1 )

+ ((P− Qγ
0)

−αYδ)β)1/βδ) / (P− Qγ
1)

−α/δ

X = (α/δ) ∗ (Y / (P− Qγ)
�MCS = (α/δ) ∗ Y ∗ (ln(P− Qγ

0)− ln(P−Qγ
1))

(2) Linear Functional Form:

V = ϕQψ + (Y+ 1/δ(α − βP+γQ− β/δ))∗

exp(δ/β(γQ− βP))
WTP = 1/δ((X1 − β/δ)

− (X0 − β/δ)∗exp((δγ/β) ∗ (Q0 − Q1))

+ϕ(Qψ
1 − Qψ

0 )
∗ exp((δ/β) ∗(βP− γQ1))

X = α − βP+ δY+ γQ
�MCS = (X2

1 − X2
0)/2β

In both cases the first term on the right-hand-side of “V” is
a simple means of expressing non-use value, while the second
more complicated term represents use value. Only preference
variables are included: income (Y); trip price (P); the quality
variable (Q); and the six parameters (greater than or equal to 0)
to be calibrated. Changes in utility are effected by changing from
the initial to a final quality state, Q0 to Q1. Increases in quality
increase the non-use component directly, and reduce the effective
price of the trip within the use value term. For example, all else
equal, people are less likely to incur a high travel cost P to visit a
site with low Q. Hicksian and Marshallian welfare estimates, an
average income estimate, an average trip price, and recreational
demand statistics can all be used to calibrate parameters.

In addition to testing two functional forms, we also test
two ways of calculating quality, resulting in four models total
in Table 5. The first method of calculating quality is based on
amount of fish per watershed area. To rescale the variable to have
an upper limit of 10, observed fish density was multiplied by 10
and divided by the in-sample maximum density post-increase
(observations 5, 6, and 7 all have this maximum density). The
second method of calculating quality is based on the number
of fish without regard to watershed area. In this latter case,
scaling from 0 to 10 was done based on the upper limit being
the maximum in-sample total number of fish post-increase
(observation 19).

For recreational statistics and recreational angling use-value,
we utilize angler survey results for Spring Chinook in the
Lower Willamette River. The Research Group (1989) conducted
the survey and Lin et al. (1996) provide additional analysis
by leveraging data on site characteristics during 1988 from
ODFW. Four observations, A, B, C, and D of angler trips per

household per season are possible from the data, corresponding
to different Spring Chinook run sizes (these receive letter labels in
Table 5 to avoid confusing these observation with the numbered
observations in Table 1). First, overall angler-day effort for the
fishery was estimated at 222,457 days in 1988 while the average
run size for 1986–1993was 86,000 fish (as cited in Lin et al., 1996).
The interception-mode survey conducted in the 1988 season
asked anglers about their current average trip frequency (11.6
trips/season), their expected trip frequency with a 10% increase
in the run (2.3 additional trips/season), and with a 20% increase
in the run (3.0 additional trips/season). A fourth estimate of
how fishing trips change with fishing quality is possible using an
estimated average angler-day effort in 1974–1979 being 147,000
and average run size during a similar timeframe 1976–1985
being 63,500 fish (as cited in Lin et al., 1996). All four of
these observations are scaled to represent trip frequency for a
representative household by dividing by the approximate number
of households in the Willamette valley based on Census data.
Note that observations A, B, C, and D assume the Willamette
valley is a feasible market extent for the Willamette Spring
Chinook fishery. Observations B and C based directly on the
angler survey assume no influx of new anglers with run size:
the stated change number of trips by those who are already
anglers is used to estimate total change in angler effort. All
four are “X” observations, i.e., average trips per household per
season.

Loss in Marshallian consumer’s surplus based on change in
Willamette Spring Chinook run size is also available from Lin
et al. (1996). Based on a random utility model they calculate
welfare loss at $0.4657 per trip with a reduction in run size of
5000 fish, or $-0.92 in 2015$ using the CPI. This calculation relies
on the more conservative formulation of the travel cost variable
presented by Lin et al. with opportunity cost of time valued at
1/3 of the average wage rate rather than at 100%. Adjusting the
welfare loss by the average number of trips per household from
the first observation results in observation E; loss in use value for
the given quality decrease.

Remaining observations in Table 5 used for the four
calibrations are Hicksian WTP estimates from Table 1. In an
effort to have the calibrated utility function more reasonably
match relatively limited market extents, given that the policy case
is limited to the Willamette valley, observations were dropped
in which the WTP was associated with out-of-state respondents
(observations 3, 7, 28, and 29).

Estimates for average household income and average travel
cost are also needed to calibrate the utility functions. For
average household income, Jones and Stokes Associates (1990)
was the only study that provided sample information. For
other observations average income was calculated from Census
estimates corresponding to the sampled geography. When more
than one geography was sampled (e.g., Olsen et al. included
more than one state), a weighted average based on population
was calculated. For the Bell et al. (2003) models distinguished
by above and below median income respondents, an estimate of
average household income given the condition of being above
or below the median was interpolated based on Census county
level income quintiles (Census table b19081). In all cases average
income estimates were adjusted to 2015$ using the CPI.
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TABLE 5 | Structural benefit transfer of the total economic value of migratory pacific salmon abundance changes in the US.

Observation label† Observation type Observation value Y P Models 1 and 3 CES
functional form

Models 2 and 4 linear
functional form

Qo Q1 Qo Q1

A X 0.287 71,690 52.68 0.067 N/A 0.086 N/A

B X 0.190 71,690 52.68 0.050 N/A 0.064 N/A

C X 0.355 71,690 52.68 0.074 N/A 0.095 N/A

D X 0.373 71,690 52.68 0.081 N/A 0.103 N/A

E �MCS −0.26 71,690 52.68 0.067 0.063 0.086 0.081

1 WTP 381.78 94,617 248.47 0.000 0.003 0.0001 0.015

2 WTP 342.09 94,617 457.03 0.000 0.003 0.0001 0.015

4 WTP 194.67 68,051 259.62 0.095 0.191 2.5000 5.000

5 WTP 95.17 85,494 13.34 1.429 10.00 0.0500 0.350

6 WTP 49.04 73,307 267.80 1.429 10.00 0.0500 0.350

8 WTP 60.68 84,055 256.02 0.019 0.020 0.5000 0.525

9 WTP 56.52 84,055 256.02 0.076 0.080 2.0000 2.100

10 WTP 106.93 84,055 256.02 0.019 0.033 0.5000 0.875

11 WTP 55.83 84,055 256.02 0.076 0.134 2.0000 3.500

12 WTP 286.85 84,055 256.02 0.019 0.048 0.5000 1.250

13 WTP 149.78 84,055 256.02 0.076 0.191 2.0000 5.000

14 WTP 332.90 84,055 149.44 1.136 1.193 2.5000 2.625

15 WTP 173.83 84,055 149.44 2.273 2.386 5.0000 5.250

16 WTP 161.40 84,055 149.44 1.136 1.705 2.5000 3.750

17 WTP 117.47 84,055 149.44 2.273 3.409 5.0000 7.500

18 WTP 432.98 84,055 149.44 1.136 2.273 2.5000 5.000

19 WTP 315.14 84,055 149.44 2.273 4.545 5.0000 10.000

20 WTP 461.84 76,676 8.90 0.463 0.926 0.0640 0.128

21 WTP 336.13 76,676 8.90 0.463 1.852 0.0640 0.256

22 WTP 50.89 20,259 5.77 0.463 0.926 0.0640 0.128

23 WTP 49.47 20,259 5.77 0.463 1.852 0.0640 0.256

24 WTP 32.64 86,022 6.83 0.437 0.874 0.1289 0.258

25 WTP 31.74 86,022 6.83 0.437 1.749 0.1289 0.516

26 WTP 49.93 23,118 4.38 0.437 0.874 0.1289 0.258

27 WTP 48.70 23,118 4.38 0.437 1.749 0.1289 0.516

Policy Case N/A N/A 71,690 52.68 0.045 0.090 0.0576 0.115

†Note that observations 3, 7, 28, and 29 are dropped from the structural benefit transfer models as described in the text.

The average cost of salmon angling “P” relevant for each
observation in Table 1 is the travel cost facing a representative
household within the market extent, not just the price paid by
households that regularly fish. An average travel cost depends
on the opportunity cost of time, vehicular depreciation and
fuel cost per mile, the distribution of population for a given
market extent, and the distribution of places to fish. The last two
factors are particularly difficult to assess precisely, and this study
relies on simplifying assumptions as follows. Salmon fishing is
often considered preferable closer to a river’s mouth, due to
fish attrition and lower meat quality upstream. Thus a single
angling location was researched for each fishery, as a point close
to the river mouth with public boat ramp facilities3. For each

3The angling sites used for the observations are as follows: 1 and 2= Buckley Cove
Park, CA; 4 and 8 to 13 = Rainier City Park, OR; 5 and 6 = Lake Aldwell, WA;
14 to 19 = Port of Edmonds, WA; 20 to 23 = Town of Willapa, WA; 24 to 27 =

observation’s market extent, the top five population centers were
used as starting point “hubs,” with roundtrip travel times and
distances calculated with Google Maps. For small county-level
market extents, the single top population center in that county
was used. Travel cost was then calculated from the hubs to the
angling site and weighted based on hub population. Round trip
travel cost for a given hub was:

1/3 ∗ (Y/2, 000) ∗ (round− trip driving time)
+ 0.58 ∗ (round− trip driving distance)

The calculation assumes 2000 h worked per year, counts the
opportunity cost of time at 1/3 of the average wage rate

Morrisson Riverfront Park, WA. Last, for the Willamette policy case, Cathedral
Peak Park, OR.
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(Parsons, 2003; p. 285), and uses a national average of $0.58/mile
for driving cost (American Automobile Association, 2015).

For the four models tested, preference parameters were
calibrated by minimizing the sum of errors between observed
and predicted values (with error calculated as percent difference
between observed and predicted). Observed and predicted values
correspond to WTP (25 observations per model), X (four
observations per model), and �MCS (one observation per
model) associated with the quality changes from Q0 to Q1.
Calibrations were achieved by crosschecking an evolutionary
algorithm with a generalized reduced gradient algorithm, using
a multi-start option to avoid local optima. The calibrated
parameters, associated minimized errors, WTP, X, and �MCS
data for the four models are shown in Table 6.

Discussion

The TEV estimates of doublingWillamette Spring Chinook using
each benefit transfer method are summarized in Table 7. There is
a remarkable order of magnitude range in values, from $46.41
to $4,370.83 per household. The lowest estimates are from prior
meta-regressions. For comparison, Table 1 values (excluding
observation 28) range from $122.44 from Mansfield et al. (2012)
to $6,597.65 from Layton et al. (1999).

Point transfer is the most straightforward benefit transfer
technique, with a strong underlying study having similar baseline
and final salmon populations to the policy case. However, as
compared with the Willamette policy case the Willapa study
case is about one-tenth the area, with about one-hundredth
the human population. Furthermore, it is possible that TEV
would reflect more angling use value in the Willapa watershed
than in the Willamette watershed, due to a close proximity of
the population surveyed to the fishery. Functional transfer, a
technique slightly more complex than point transfer, returns
an extreme high value prediction. This is attributable to a
100% change for Layton et al. (1999) representing an order of
magnitude more fish than the policy case, even using the low

baseline model option. In other words, there remains a context
mismatch.

Prior meta-regressions revealed both insights and difficulties.
Estimates based on both Johnston et al. (2005) and Richardson
and Loomis (2009) were sensitive to selections in key
methodological and preference variables. Study year in particular
stands out for having a large impact in each study but in opposite
directions, and thus may be proxying for other unobserved
variables. All else equal, the two studies find that higher response
rates and use of choice experiments boost values. Estimates
utilizing sample means and most recent study year in the
meta-data provide the least extreme estimates from Tables 2
and 3, and represent best-practices estimates utilizing the meta-
regressions. If meta-data for both studies could be recovered,
discrepancies between observed and predicted values for the
salmon-related observations could be gauged as a further test of
how the regressions performed in those instances.

Comparing all three existing meta-regressions, values for
increasing abundance for threatened and endangered species
appear to be highest, followed by values for increasing

TABLE 7 | Comparing estimates of the total economic value of doubling
willamette salmon.

Method Predicted total economic value per
household

Point Transfer $726.97 Net Present Value (2015$)

Functional Transfer $4,370.83 Net Present Value (2015$)

Existing Meta-Regression 1
(Johnston et al., 2005)

$46.51 Net Present Value (2015$)

Existing Meta-Regression 2
(Richardson and Loomis, 2009)

$185.84 Undefined payment schedule

Existing Meta-Regression 3
(Loomis and Richardson, 2007)

$89.23 Undefined payment schedule

New Meta-Regression (Model 1) $1,515.37 Net Present Value (2015$)

Preference Calibration (Model 4) $305.34 Net Present Value (2015$)

TABLE 6 | Structural benefit transfer calibrated parameters and predicted values.

Run Model 1: CES functional
form; Quality as fish density

Model 2: Linear
functional form; Quality

as fish density

Model 3: CES functional
form; Quality as number

of fish

Model 4: Linear
functional form; Quality

as number of fish

α 4.616E-05 1.217E-04 2.215E-01 0.000E+00

β 2.763E+00 1.012E-01 7.057E-04 2.898E-05

γ 6.689E-02 2.174E+00 3.591E-07 5.673E-03

δ 2.465E-01 6.373E-01 1.040E-06 3.635E-06

� 2.327E+04 2.128E+00 2.384E+04 2.645E+05

� 3.318E-05 5.751E-01 1.469E-03 1.006E-04

Sum of Squared % Errors 13.828 11.289 14.361 8.726

Policy case: use value $0.01 $0.00 $0.00 $2.93

Policy case: trip rate 0.259 0.260 0.259 0.260

Policy case: willingness to pay per household,
net present value (2015$)

$397.99 $236.86 $345.44 $305.34

Policy case: willingness to pay per household
as if a yearly payment (2015$)

$27.86 $16.58 $24.18 $21.37
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salmon abundance, followed by values for aquatic resource
improvements in general. However existing meta-regression
results are difficult to interpret and compare since the underlying
observations mix payment plans, without calculating a NPV
using a defined discount rate. Modeled outputs thus also reflect
a mix of payment schedules, not strictly yearly payments in
perpetuity nor NPVs. Johnston et al. (2005) provide a separate
“lump-sum” dummy variable regressor, set to 1 for this paper
for clarity in calculating NPV, but this does not actually adjust
underlying observations to NPV using a defined discount rate.

A simplistic new meta-regression using two variables has
only limited success, but does include more salmon-oriented
TEV observations than any other available regression. Of the
four models, Model 1 employs the fewest adjustments regarding
dropping observations or transforming underlying variables,
and has the theoretically expected signs on both variables. The
salmon fish change is expressed in absolute numbers, retaining
raw information rather than rescaling to percentage. The log
format of the salmon change variable conforms with diminishing
returns; WTP per additional fish decreases the larger the increase
in fish. ModeledWTP is explicitly NPV; underlying observations
were discounted to NPV using a discount rate of 7%. If a
rapid, rough estimate is needed, the model could be applied to
other Western US salmon contexts, with awareness of model
sensitivity to relatively few observations and even fewer studies.
In particular there is the disclaimer that the model does not
accommodate important methodological differences between
studies. For example, extent of market is not a regressor and thus
the function implicitly assumes no distance-decay effect. It would
be possible to re-estimate the function by dropping observations
with especially large market extents, if desired. For the policy
case, the function returns a relatively large NPV similar to Layton
et al. observations associated with much larger fish increases.
Dropping Layton et al. observations returns a value about 1/3 as
large. It seems that even when controlling for the relatively high
baseline and high fish changes considered in Layton et al. within
a meta-regression, the Layton et al. observations still represent
high TEV estimates.

Structural benefit transfer was the most time intensive method
employed for this paper, even testing just two functional
forms. An obvious weakness of functional forms as they
were tested is that quality must be summarized in a single
variable. Furthermore, the quality scale was tied to a maximum
observed number rather than a theoretic number. Testing two
representations of quality showed the scale based on absolute
number of fish to be superior to fish per unit area for both the CES
and linear functional forms, based on lower error as reported in
Table 6. Exploration of combining variables into a quality index,
or functional forms with different quality variables, would be
possible with future research. Certain observations could also be
weighted as more important for the optimization, e.g., use value
observations. The linear functional form with quality scaled as
absolute number of fish has the lowest error overall, and predicts
a use-value that appears to be the most realistic. As compared
with the new meta-regression, structural benefit transfer predicts
lower estimates. Thismay be due to themeta-regression explicitly
accounting for a separate impact of scarcity on WTP. There

may also be some effect of the meta-regression and structural
benefit transfer minimizing different calculations of error: sum
of squared errors and sum of percentage errors respectively.
However, re-running the calibration to minimize sum of squared
errors yielded only a slighter higher value, still far less than the
new meta-regression models. The structural benefit transfer also
has more stable estimates than the meta-regression, despite much
variability in the six optimized parameters.

Any of the estimates aggregated over time and over
the approximately 1 million households in the basin (as a
possible market extent) supports substantial recovery efforts for
Willamette Spring Chinook4. Since it is already listed under the
Endangered Species Act, such quantifications may seem moot.
Yet the decision space for recovery is broad and estimates of TEV
can inform policy decisions. Economic criteria figure directly
into critical habitat designation by 16 U.S.C. § 1533(b)(2). This
often reduces designated habitat since costs are easier to estimate
than benefits (Duane et al., 2007).

Conclusions

The hypothetical context of doubling a salmon run in
the Western US is used to guide passage through the
analytic procedures of benefit transfer techniques. Compiling
observations from several studies surveying several thousand
Western US households, there is a consistently high WTP for
increased salmon abundance. Applying benefit transfer tools to
these results requires that the analyst consider numerous factors
that influence value, which offers perspective beyond what can be
learned from a single estimate. With the illustrative policy case as
a vehicle, challenges of applying each benefit transfer technique
were discussed.

Simplistic benefit transfer methods and previous meta-
regressions displayed a variety of weaknesses for the application.
The new meta-regression and structural benefit transfer also
required a number of judgments. These are detailed in the
paper for transparency, and to facilitate further tailoring best
suiting future applications. Each method returns vastly different
TEV estimates for the policy case as seen in Table 7. The new
meta-regression is simpler to estimate and includes two separate
gauges of resource quality, yet is highly sensitive to modeling

4Ideally, survey studies in Table 1 that provided the foundation for benefit
transfer have captured both use and non-use values, in the correct proportions
that they exist across households. However, there are relatively few commercial
salmon anglers, thus their values may not be well represented by a sample, or
observations could have been removed as outliers. Thus, for additional context on
this issue, salmon constituted 8% of onshore landed value across all coastal Oregon
commercial fisheries in 2013, amounting to about $12.4 million in gross revenue
(The Research Group, 2014). The year 2013 was abnormally high compared to
the several prior years. There are no known estimates of how Willamette Spring
Chinook contribute to the coastal Oregon commercial salmon fishery overall, since
the fishery has many other sources, such as the rest of the Columbia system and
Oregon’s Coast Range. For these reasons welfare impacts on commercial anglers
from doubling Willamette Spring Chinook would appear to be relatively small,
especially given that costs of fishing would need to be subtracted from gross
revenue. Hanna et al. (2006) citing Huppert et al. (2004) discuss the possibility that
net profit may even approach zero for Columbia Spring Chinook (one factor noted
is the rise of farmed salmon, potentially offset by the popularity of wild-caught
brands).
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decisions. The structural benefit transfer allows inclusion of more
data, produces separate use value and trip rate estimates, and
yieldsmore stable estimates over the sensitivity analysis. However
structural benefit transfer required more assumptions to execute
and was more time consuming. In this paper both methods are
utilized solely with preference variables, but meta-regression has
the ability to include methodological factors if desired.

Ultimately both forms of meta-analysis are useful for
crosschecking values, and the wide variety in estimates of the
“true” value should be kept in mind. For the selected policy
case the author would recommend use of structural benefit
transfer for two reasons. First, the meta-regression was unstable,
at least partially due to relatively few studies and observations.
Second, the structural benefit transfer allows portraying TEV in
the context of use value. According to available data, use value
appears to be much less than non-use value. This has potentially
important policy implications for fishery management, since
commercial and recreational anglers are typically thought of as
themain stakeholders. For different policy scenarios, it is possible
that a different benefit transfer approach would be preferred—for
example if the fishery had dwindled to extremely low numbers as
in Jones and Stokes Associates (1990), a point transfer from that
study could be justifiable since it is the only one dealing with a
highly scarce situation.

For conducting TEV benefit transfer for other marine
resources, it would not be obvious which technique would
be preferred until a literature review of available studies, as
compared with the intended application, is complete. Meta-
regression and structural benefit transfer are both sophisticated
techniques, and are likely to receive continued development.
Their intention is to make benefit transfer more reliable; however
both techniques of meta-analysis require a series of judgments
which this paper attempts to make clear to facilitate use of the
tools and interpretation of their results. Of the two techniques,
structural benefit transfer is relatively less developed in terms of
potential functional forms and other best practice details. There
would seem to be opportunities to combine meta-regression
with structural benefit transfer, to leverage the benefits of each
and offset respective weaknesses. For example, the empirical
behavior of preference variables from numerous studies (e.g.,
linear or exponential relationship withWTP) could be integrated
into development of theoretically consistent utility functions,
to provide more reliable guidance on functional form for both
techniques.

One of the surprising outcomes of this study is the advantage
of proactively applying benefit transfer to glean contextual factors
explicit or implicit in prior research. These help plan an original
valuation effort to address holes in meta-data. During this
journey through benefit transfer, several suggestions emerge for
future salmon TEV studies:

• Distinguish between wild and hatchery fish. It is currently
unclear whether values are sensitive to the distinction.
This is important due to controversies regarding hatcheries.
Complicating the issue is that angler harvests are sometimes
limited to hatchery fish.

• Differentiate between abundance changes and species
loss/recovery in the survey. ODFW recommend population
increases in wild Willamette Spring Chinook simply to guard
against extinction. Surveys do not appear to have represented
the concept of a biologically viable population, thus it is
unclear whether value estimates apply solely to increased
abundance, with a separate, yet undiscovered value applying
to avoid a species loss. None of the studies in Table 1 includes
discussion of threatened or endangered species status for the
salmon values in Table 1, although Mansfield et al. (2012) do
mention such status for other species treated in their choice
experiment.

• Include information on substitutes, perhaps in a split sample
approach, to test Pate and Loomis’ (1997) result (which
used external data) that substitutes were of low importance.
Optimally, relevant information on substitutes would be
discovered through focus group and/or interview research
with case study residents, but could include presence of
or numbers of other salmon species in the watershed or
neighboring watersheds. Salmon density per unit watershed
area is another possibility.

• Further test the impact of scarcity and salmon baseline. There
is evidence from the new meta-regression that low baseline
populations have a positive influence on value, but isolating
this was hampered by the correlation of fish baseline with fish
change.

• Conduct complementary new use value studies. Despite
established econometric methods and widespread interest in
the recreational and commercial salmon fishery, relatively few
recent studies have quantified these for theWillamette or other
areas.
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