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Abstract   This article presents results from a stated preference survey of U.S. house-
holds intended to value the public’s preferences for enhancements to the protection 
of the western stock of Steller sea lions, which is listed as endangered under the 
Endangered Species Act. To account for the uncertainty of future populations under 
current programs without additional protection efforts, three survey versions were 
implemented that each present different, yet plausible, baseline futures for Steller sea 
lions. Stated preference choice experiment data from each survey are analyzed using 
repeated, rank ordered random parameters logit models, and welfare estimates are 
calculated and compared for each baseline for a variety of possible improvements. 
The willingness to pay (WTP) results reflect positive, but diminishing, marginal util-
ity for improvements in the western stock population, regardless of baseline future: 
WTP increases for population improvements until the population greatly exceeds the 
current population, at which point the WTP for additional improvements levels off. 
Similarly, as would be expected, WTP for improvements to the western stock popula-
tion decreases as the future baseline population forecast improves. 

Key words   Choice experiments, threatened and endangered species, stated prefer-
ence, non-market valuation, Steller sea lion.

JEL Classification Code   Q51.
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Introduction

This article describes research to study the economic benefits of providing enhanced 
protection to the endangered western stock of Steller sea lions using a stated preference 
choice experiment (CE) approach. As is the case for many threatened and endangered 
species, the benefits of protecting Steller sea lions are primarily the result of the non-
consumptive values that individuals attribute to such protection, such as active use values 
associated with viewing them, passive use values from reading or seeing films about 
them, or from existence values. Resource managers and policy-makers need information 
about these benefits to assist them in evaluating the merits of alternative management 
measures or policies that may affect Steller sea lions.
	 An important feature of this research is the treatment of the uncertainty of the future 
population and status of Steller sea lions. Several population viability analyses have been 
developed to assess the likely future status of Steller sea lions (Winship and Trites 2006; 
Gerber and VanBlaricom 2001; National Marine Fisheries Service 2008). These models, 
however, are sensitive to assumptions that drive them, and as a result, projections of future 
populations vary considerably (National Marine Fisheries Service 2008). Given that the out-
comes of present species protection plans can never be known with certainty, policymakers, 
and in turn researchers, need to make judgments about how to incorporate this uncertainty.
	 One route is to attempt to explain the uncertainties to respondents and perhaps in-
clude their own subjective probabilities of outcomes in estimated values. This is the 
general approach followed by numerous non-market valuation studies that focus on 
estimating the value of the supply uncertainty; i.e., the option price associated with an 
environmental change (e.g., Desvousges, Smith, and Fisher [1987], Edwards [1988]). In 
the context of endangered species valuation, Whitehead (1992) employed a referendum-
based contingent valuation approach to estimate willingness to pay (WTP) for protecting 
loggerhead sea turtles in the presence of an uncertain future state for the species by in-
cluding subjective probabilities directly in the utility specification. While Whitehead’s 
empirical model included each individual’s subjective expectations of the future supply 
of sea turtles, Cameron (2005) employed a specification that accounted for the expecta-
tion and dispersion of subjective supply uncertainty in an application to climate change 
valuation. In both Whitehead and Cameron, information on supply uncertainty was based 
on self-reported information and thus was dependent upon the individual’s background 
knowledge and perceptions of the information provided in the survey. In contrast, Rob-
erts, Boyer, and Lusk (2008) included supply uncertainty explicitly as an attribute in a 
stated preference CE to value lake water quality and found that WTP estimates can be 
greatly affected in the presence of this type of uncertainty.
	 An alternative approach is to construct scenarios that reflect beliefs about likely 
outcomes. This approach might be especially apt when the uncertainties in underlying 
population models are quite large, and even population biologists have difficulty assign-
ing probabilities about future outcomes, perhaps due to studies yet to be completed. This 
latter case characterizes the route we follow here well. In this article, three survey ver-
sions were implemented that each present different, yet plausible, baseline futures for 
Steller sea lions. In this manner, it is possible to bound the likely range of WTP associated 
with different future outcomes of protection actions on Steller sea lions. A key advantage 
of the approach over explicit incorporation of supply uncertainty is that it allows policy-
makers to develop an expected value function using supply uncertainty weights to each 
state of nature without being dependent upon subjective respondent probabilities. As 
such, it provides great flexibility to decision-makers, enabling them to adjust program 
evaluation as information on expected future baselines change, which is particularly use-
ful given the often large time gap between development, implementation, and analysis of 
stated preference-based surveys and use of the analytic results for policy analysis. Anoth-
er advantage is the reduced burden on respondents, who need only consider one certain 
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future baseline, as opposed to multiple futures or probabilistic ones, thereby reducing a 
principal source of uncertainty, which can otherwise impact the reliability of WTP. Still, 
few, if any, other studies have been conducted that provide estimates of welfare changes 
under alternative views of future supply.
	 A key question we ask is whether WTP will vary across the differing baselines. Us-
ing the method of convolutions approach to analyze differences between estimated mean 
WTP under different baselines (Poe, Giraud, and Loomis 2005), we find that WTP is 
indeed sensitive to the baseline future outcome for smaller enhancements in protection, 
though differences become insignificant for relatively larger enhancements.
	 To date, almost all economic benefit estimates for protection of threatened and en-
dangered species have been based on stated preference contingent valuation methods 
(CVM) (Boyle and Bishop 1987; Jakobsson and Dragun 2001; among others).1 A study 
by Giraud et al. (2002) used CVM to estimate the public’s WTP for protecting Steller sea 
lions. In their study, respondents are asked for their WTP for a single proposed protection 
program, which is typical of many CVM-based species valuation studies. In contrast, the 
approach followed here allows us to estimate the public’s values for a variety of possible 
policies or programs. This is particularly useful given researchers lack the resources to 
collect data and estimate WTP for all possible management alternatives, and the set of 
management alternatives considered by decision-makers often changes over time.
	 To this end, we depart from previous threatened and endangered species valuation 
studies and employ an alternative stated preference approach, the stated preference CE, or 
stated choice, approach for eliciting economic values for the Steller sea lion (Adamowicz, 
Louviere, and Williams 1994; Adamowicz et al. 1998; Alpizar, Carlsson, and Martinsson 
2001; Hanley, Wright, and Adamowicz 1998).2 In the CE approach, respondents are asked 
to choose between two or more alternatives that differ in one or more attributes, includ-
ing cost. Choice experiments offer a useful alternative to CVM for estimating a wider 
range of economic values by decomposing environmental goods, in the form of choice 
alternatives (e.g., species protection programs), into measurable attributes (e.g., specific 
outcomes of protection such as population size under each protection program) whose 
value can be estimated from an analysis of choices between different alternatives. Since 
choice alternatives are described by their attributes, and the effects of these attributes 
on choice are estimated in the model, it is possible to estimate WTP for alternatives not 
originally included in the CE questions seen by respondents.
	 The remainder of the article is organized as follows. A national mail-telephone sur-
vey is described and used to illustrate the application of CE stated preference methods to 
the valuation of an endangered species. Second, details about the survey implementation 
and data are delineated. This is followed by a section that describes how the CE responses 
from each survey version (baseline future for Steller sea lions) are analyzed using random 
utility maximization-based (RUM) choice models. Repeated and rank-ordered random 
parameters logit models that account for preference heterogeneity are estimated. Then 
welfare estimates for several policy scenarios are calculated and compared across base-
line survey versions. The results suggest WTP is sensitive to projected future baselines 
and that people are generally willing to pay for small-scale enhanced species protection 
programs, but do not appear to get additional utility from larger-scale improvements. Ad-
ditional discussion concludes the article.

1 See Loomis and White (1996) for a useful synthesis of the literature through the early 1990s and Richardson 
and Loomis (2009) for a recent update.
2 To our knowledge, few previous studies have been conducted to value threatened and endangered species 
protection using CE methods. Layton and Levine (2005) conducted a Bayesian analysis of CE data collected in 
the mid-1990s on alternative programs to protect the northern spotted owl. Additionally, two recent studies con-
ducted in Canada provide economic values for threatened or endangered species derived from stated preference 
choice experiment analyses. Rudd (2009) utilized the CE approach to value the protection of several endangered 
Canadian marine species on the Atlantic coast, while Olar et al. (2007) used CE to value some Canadian aquatic 
species in the St. Lawrence Estuary.
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The Steller Sea Lion Economic Survey

Steller sea lions (Eumetopias jubatus) live in the North Pacific Ocean and consist of two 
distinct populations, the western stock and eastern stock. Steller sea lions are the largest 
sea lions, and can grow to 11 feet (3.4 m) long and 2,400 pounds (1,088 kg). As a result 
of large declines in the populations since at least the early 1970s, in April 1990 the Steller 
sea lion was listed as threatened throughout its range under the U.S. Endangered Species 
Act (ESA). Due to continued declines, the western stock was declared endangered in 
1997, while the eastern stock remained listed as threatened (National Oceanic and Atmo-
spheric Administration 1997).
	 The western stock is found mainly in the Gulf of Alaska and Aleutian Islands (see 
figure 1). One reason the western stock is believed to have declined in recent years is 
competition with commercial fisheries, which target many of the same fish species that 
make up Steller sea lions’ diet (e.g., pollock, Pacific cod, and Atka mackerel). Since 1990, 
the U.S. government has implemented a number of restrictions to conserve Steller sea 
lions and manage commercial fishing activities, including prohibiting shootings of Steller 
sea lions (with certain well-defined exceptions), setting up a Steller sea lion conservation 
area, and limiting fishing in and around key rookeries and haulouts where Steller sea lions 
mate, raise their young, and rest. These restrictions appear to have slowed, and perhaps 
even stopped, the decline. Through the 1990s, the annual rate of decline fell to about 4%, 
down from 15% observed during the 1980s. The rate of decline is higher in areas like the 
western Aleutian Islands. The most recent evidence suggests the western stock population 
as a whole may be stabilizing or perhaps even increasing slightly overall (National Ma-
rine Fisheries Service 2008).
	 The following analysis is based on data from a survey conducted on a sample of 
U.S. households in the winter and spring of 2007. The survey collects information on 
attitudes toward threatened and endangered species, seals and sea lions, and Steller sea li-
ons, preferences for protecting Steller sea lions, and demographics. It was developed and 
tested with the aid of a series of focus groups (six in total) and cognitive interview ses-
sions (four in total) conducted in Seattle, Denver, Sacramento, Rockville (Maryland), and 
Anchorage, as well as input from several Steller sea lion biologists and experts in stated 
preference techniques and survey design and methodologies. A pretest implementation 
(sent to 424 households) preceded the full survey.
	 The survey itself is divided into several sections. The first section sets the broader 
stage of threatened and endangered species by describing the ESA, how and what it pro-
tects, definitions for “threatened species” and “endangered species,” and reasons why 
people may be interested in protecting threatened and endangered species (i.e., benefits 
of protection) or not protecting them (i.e., costs of protection). This section also lists the 
number of species by type (e.g., mammals, reptiles, birds, etc.) protected by the ESA. 
The second section identifies other seal and sea lion species that may be similar or re-
lated (taxonomically and in appearance) to Steller sea lions, and provides information on 
population sizes and trends of these species. Presentation of this information is critical to 
respondents who may view other seals and sea lions, or other threatened and endangered 
species, as substitutes (or even complements) in their preferences for protecting Steller 
sea lions. It also serves as a reminder to all respondents that other species may need pro-
tection while answering questions about paying for additional Steller sea lion protection. 
In this fashion, this information acts as another budget constraint reminder.
	 The subsequent section presents information on Steller sea lions specifically, includ-
ing their size and appearance, what they eat, where the two stocks of the species are 
found, and a description of the population declines over time. This section also describes 
causes behind the observed declines and measures taken to protect Steller sea lions, both 
historically and presently, and the outlook for the two stocks if current protection and 
population trends continue. The next section discusses the possibility of additional pro-
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tection measures being undertaken and the potential positive and negative effects of these 
actions on the eastern and western stocks of Steller sea lions, fishing interests, and U.S. 
households. This provides the set-up for the CE questions, which are asked in the next 
section following instructions on answering the questions and a budget reminder. In the 
choice questions, respondents are asked to choose among three alternatives that differ in 
the level of protection provided to Steller sea lions and in their costs. Three choice ques-
tions are asked in each survey. The survey concludes with questions about the respondent 
and the respondent’s household.

Figure 1.  Map of the Ranges of the Western and Eastern Stocks of Steller Sea Lions

Dealing with Western Stock Population Uncertainty

To deal with the uncertainty of the future western stock population trend (i.e., whether 
it will in fact stabilize, increase, or even decrease with current protection actions), three 
main survey versions were developed to cover the range of plausible future populations. 
The choice questions are framed in terms of results in 60 years. The Decreasing Version 
assumes the western stock population will decrease in the future from its current popu-
lation of 45,000 to 26,000 and remain endangered during this time period. The Stable 
Version assumes the western stock population will stabilize over time but will likewise 
remain endangered. The Increasing Version assumes an increasing western stock popu-
lation in the future, from 45,000 to 60,000, but with a relisting as threatened.3 Table 1 

3 The final Steller sea lion recovery plan (National Marine Fisheries Service 2008) was published after the 
completion of the survey described herein and delineates the conditions that must be met for relisting to an 
improved status. The criteria include an increasing population over a specified time period and achievement of 
specific population size targets.
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summarizes the attribute levels for the status quo (no additional protection) in each survey 
version. In all versions, the eastern stock of Steller sea lions is assumed to be “recovered” 
(taken off the endangered species list) in 60 years, which appears to be the consensus 
among biologists and is consistent with the Steller Sea Lion Recovery Plan and recent 
population trends in the stock. Projected populations of the eastern and western stocks 
under each alternative baseline are displayed in figure 2.
	 The experimental design of each survey version (Decreasing Version, Stable Version, 
and Increasing Version) differs. The experimental design for each main survey version 
was chosen based on a main effects design that maximizes D-optimality and accounts 
for limited parameter uncertainty (Sandor and Wedel 2001) while also considering level 
balance (Bunch, Louviere, and Anderson 1996).4 To generate each version’s experimental 
design, we employed an algorithm (programmed in GAUSS) to determine the best main 
effects choice designs that maximize Db-efficiency, a criterion that takes into consid-
eration the fact that utility parameters are not known with certainty in the design stage 
(Sandor and Wedel 2001). The 150 most efficient experimental designs are determined 
from testing 10,000 candidate designs that conform to a set of design rules that rule out 
infeasible combinations (e.g., better alternatives cannot cost less) and ensure internal con-
sistency of the attributes each individual respondent will see in a survey. These efficient 
designs are then evaluated with respect to the level balance, the statistical design property 
that seeks to minimize differences in the frequency of occurrence of each attribute level in 
the design. The most balanced and efficient design for each survey version was selected 
based on an equal weighting of the balance and efficiency criteria.
	 Alternatives B and C in each choice question were assumed to provide better overall 
results, but for higher costs, compared to the status quo (current program) alternative. 
Consequently, the eastern stock is assumed to be recovered in all Alternatives B and C, 
since inferior eastern stock results are not considered possible and the status quo suggests 
the eastern stock will be recovered in 60 years. There are 10 Decreasing Version surveys 
and 8 each of the Stable and Increasing survey versions.
	 In each choice question, respondents are confronted with a choice between three 
Steller sea lion protection alternatives—the current Steller sea lion protection program 
(Alternative A), which is the status quo alternative (that differs between the three sur-
vey versions as illustrated in table 1), and two other alternatives that do more to protect 
Steller sea lions but cost more (Alternatives B and C) (see figure 3). Alternatives are 
described by their expected results on the ESA listing status of both the western stock 
(endangered, threatened, or recovered) and eastern stocks (recovered only), the popula-
tion sizes of each stock (nine population levels for the western stock; two for the eastern 
stock), and the annual household cost of each alternative (14 costs ranging from $0 
to $200). The range of costs was determined using input from qualitative pretesting 
activities and formal pretest results.  The cost of the program would be borne by each 
household as a combination of taxes and increased costs associated with protection (e.g., 
higher prices for seafood). The attributes and attribute levels in the experimental designs 
for each version are presented in table 2.

4 Also, see Huber and Zwerina (1996), Lusk and Norwood (2005), and Ferrini and Scarpa (2007) for useful 
discussions of experimental design construction issues in choice experiments. A number of restrictions were 
placed on the candidate set of alternatives used in the selection of the experimental design to impose feasibility 
constraints on the choice alternatives respondents would see. Imposition of rules that significantly diminishes 
the size of the candidate choice alternatives reduces the overall efficiency of the design, but was needed to en-
sure respondents would not be faced with unrealistic choices that could lead to item or unit non-response. For 
example, within each survey version, clearly dominant choice alternatives were required to be more expensive 
than less effective alternatives. Level balance and statistical efficiency were given equal weight in the determi-
nation of an optimal design.
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Table 1
Alternative A by Survey Version, Results in 60 Years under Status Quo

Level of Protection

                                                                       Decreasing                  Stable                  Increasing
Attribute	                                   Version                    Version                   Version

W. stock status (Wstat)	 Endangered	 Endangered	 Threatened

E. stock population status	 Recovered	 Recovered	 Recovered

E. stock population (Epop), thousands	 60	 60	 60

W. stock population (Wpop), thousands	 26	 45	 60

Added cost ($) (Cost)	 0	 0	 0

Figure 2.  Estimated Past and Predicted Future Steller Sea Lion Populations Under 
Alternative Survey Versions

Note: Each respondent was presented only one of the three western stock predicted future baselines, consistent 
with their survey version.
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Figure 3.  Example of Choice Experiment Question from Decreasing Version

Below the table, indicate which of these three alternatives you most prefer and which you 
least prefer.	

                                                                                   Results in 60 Years for Each Alternative

	                                    Alternative A        Alternative B        Alternative C
	                                Current Program      

Western Stock
Population status…………….	 Endangered	 Endangered	 Threatened
(Endangered now)
Population size……………… 	 26,000	 30,000	 75,000
(45,000 now)
	
Eastern Stock
Population status…………….	 Recovered	 Recovered	 Recovered
(Threatened now)	
Population size………………	 60,000	 80,000	 60,000
(45,000 now)	

Added cost to your household………….	 $0	 $20	 $40
each year for 20 years

			      Alternative A         Alternative B        Alternative C
 
Which alternative do you prefer the most?
Check one box------>	 □	 □	 □
Which alternative do you prefer the least?
Check one box------>	 □	 □	 □

Table 2
Experimental Design Attribute Levels by Survey Version, Results in 60 Years

under Status Quo Level of Protection

Attribute                          Decreasing Version        Stable Version                 Increasing Version

E. stock population 	 60, 80	 60, 80	 60, 80
(Epop), thousands	

W. stock status	 Endangered (E) 	 Endangered (E)	 Threatened (T) 	
(Wstat)	 Threatened (T)	 Threatened (T)	 Recovered (R)
	 Recovered (R)	 Recovered (R)

W. stock population 	 26, 45, 50, 60, 75, 90	 45, 50, 60, 75, 90, 100	 60, 75, 90, 100, 120
(Wpop), thousands	
	
Added cost ($)	 5, 10, 25, 50, 75,	 Same as Decreasing	 Same as Decreasing
(Cost)	 100, 150, 250, 350	 Version 	 Version
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Survey Implementation and Data

The survey was implemented using a modified Dillman mail-telephone approach (Dill-
man 2000). The implementation included an advance letter, an initial mailing with a 
monetary incentive (US$10),5 a reminder postcard, a follow-up telephone call, and a 
second mailing conducted by USPS certified mail for individuals who had not responded 
after the phone follow-up. The mail survey was initially sent to a stratified random sam-
ple of 4,200 U.S. (heads of) households.6 The implementation achieved response rates, 
excluding undeliverables, of 60% across each of the three main survey versions.7
	 The datasets used in model and welfare estimation consist of 717 Decreasing Version 
respondents, 648 Stable Version respondents, and 587 Increasing Version respondents. 
These samples exclude individuals who indicated their most preferred and least preferred 
choices were the same choice alternative, thus indicating confusion over how to respond 
to the choice questions or a lack of well-defined preferences, and individuals who indi-
cated they were not at all confident in their responses to the choice questions. Table 3 
provides descriptive statistics of key demographic characteristics of the sample. Com-
pared to the Census population estimates, the samples of respondents overall tended to 
be better educated, older, live in households with fewer residents, consist of more males, 
have a higher percentage of whites, and be more affluent. T-tests and chi-square tests sup-
port the assertion that there are differences between the Census population numbers and 
each sample, but do not support such differences between the samples themselves for 
these characteristics.8 

Estimation Models

CE data are analyzed using RUM-based discrete choice econometric models. In the RUM 
approach, the conditional indirect utility of the jth choice alternative (Uj) is assumed to be 
composed of an observable deterministic component (Vj) and a stochastic component (εj) 
that is known to the individual, but not the researcher. For any choice question, individu-
als choose the alternative that yields the highest utility from among the J choices in the 

5 Inclusion of an incentive acts as a sign of goodwill on the part of the study sponsors and encourages reciproc-
ity of that goodwill by the respondent. In the review of this survey by the U.S. Office of Management and Bud-
get (OMB), we tested several different incentive amounts in a formal pretest at OMB’s request. Results from the 
pretest implementation indicated that a $10 incentive led to a statistically higher response rate compared to $2 
and $5 treatments at the 1% and 10% levels, respectively, and was thus the incentive used in the survey.
6 The population frame for the samples used in this analysis is all U.S. households except Alaskans. Given Alas-
kans represent only about 0.23% of the U.S. population, their exclusion from the sample is not expected to lead 
to any appreciable bias. The random sample of households was obtained from Survey Sampling, International.
7 Response rates varied only slightly over the main survey versions. They ranged from 59% (Decreasing Ver-
sion) to 64% (Stable Version). Stable and Increasing Version surveys were sent to 1,292 households each. To 
accommodate the larger experimental design, 1,616 received the Decreasing Version. Response rates are based 
on 739, 801, and 918 completes from the Decreasing, Stable, and Increasing Versions, respectively, and exclude 
undeliverables (131 total) and deceased individuals (23 total). The 60% response rate achieved here is quite 
good relative to other recent stated preference mail surveys of general populations. Giraud et al. (2002), for in-
stance, report a 51% response rate for their U.S. sample.
8 Certain demographic differences between the heads of households making up respondents and the U.S. popula-
tion estimates should be viewed cautiously because the comparison is not exact. That is, the comparison is not 
heads of household for the sample compared to heads of household U.S. Census numbers since head of household 
Census information was not available for several variables. Thus, the large difference in gender composition is 
somewhat misleading because the Census estimate is for the general population while the respondents are only 
heads of households. Likewise, age, race and ethnicity, and education may also differ because they are demograph-
ic characteristics about individuals that may be systematically different for heads of households relative to the gen-
eral population. Additional modeling investigation suggests little effect due to the differences between sample and 
population values for these variables on the mean WTP presented herein (and on the population aggregate WTP).
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choice set. Letting J = 3 with corresponding choice alternatives A, B, and C, we model 
the probability that the individual chooses the jth alternative as Pr[choose j] = Pr[Vj ≥ 
max{VA, VB, VC}]. A common assumption in analyzing CE data is to assume εj is an inde-
pendent and identically distributed Type I Extreme Value (TEV), or Gumbel. This leads 
to the familiar logit model and probabilities of the form:

                Pr[choose j] = exp(Vj)/[exp(VA) + exp(VB) + exp(VC)]       j = A, B, C.	 (1)

	 In the survey, respondents are asked to identify their “most preferred” and “least pre-
ferred” from among three alternatives. This provides a full rank ordering of alternatives 
and therefore more information about the individual’s preferences. Following Beggs, 
Cardell, and Hausman (1981) and Chapman and Staelin (1982), under the assumption 
of TEV errors, we can extend the model in equation (1) to allow for the full ranking. In 
our case, this requires a sequence of two probability terms. For example, the probability 
of observing an individual choosing Alternative A as most preferred and Alternative C 
as least preferred implies a ranking of A > B > C. The probability of observing this rank 
ordering is the product of the probability of choosing A from A, B, and C and the prob-
ability of choosing B from B and C:

                                  Pr[A > B > C] = Pr[A | A, B, C]⋅Pr[B | B, C],	 (2)

where:		  Pr[A | A, B, C] = exp(VA)/[exp(VA) + exp(VB) + exp(VC)] and
			   Pr[B | B, C] = exp(VB)/[exp(VB) + exp(VC)].

To incorporate the additional information about each respondent’s preferences due to 
the fact that each survey contains three choice questions, we model the joint probability 
of observing the sequence of choices an individual makes as the product of individual 
choice probabilities (e.g., Morey, Rowe, and Watson 1993).
	 It is widely recognized that the logit probabilities in equations (1) and (2) exhibit the 
Independence from Irrelevant Alternatives (IIA) property, which restricts the substitution 
patterns. One model that relaxes this property is the mixed, or random parameters, logit 
(RPL) model (Train 2003). Layton (2000) used this approach to analyze rankings data, 
and we extend that approach here to accommodate a sequence of repeated rankings. Like 
the conditional logit model, the unobserved component of conditional indirect utility is 
assumed to be distributed as a TEV error term in the RPL model. However, unlike the 
conditional logit model, which assumes fixed parameters, this model assumes utility pa-
rameters are distributed continuously over the population. Consequently, the probabilities 
in an unordered RPL model must be evaluated over the parameter distributions:

                               Pr[choose j] = pj = ∫ {exp(Vj(β))/Σi exp(Vi(β))}f(β)dβ,	 (3)

for all j and where f(β) is the probability distribution of the utility parameters β. To 
operationalize the model, the probabilities (3) are approximated through simulation. R 
draws of β are taken from f(β), and the conditional choice probabilities are evaluated at 
each draw. The simulated probability of choosing the jth alternative is the mean over 
the R draws:
			 

                                    πj
s = (R−1)⋅	

1

exp( ( ))
,

exp( ( ))

rR
j

r
r k

k

V
V


β
β 	 (4)
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where βr is the rth coefficient vector draw from the mixing distribution, f(β). For our 
sequence of rankings, the individual’s simulated likelihood function to be maximized in 
estimation for our random parameters panel ranking model is:

                                                  Ls = (R−1) ⋅ Σr [Πc Πj (πcj
r)dcj],	 (5)

where πcj
r is the simulated probability of observing the jth rank order in the cth choice 

that takes the form of (2) for the rth random parameter vector draw, the jth rank order is 
from the set {A>B>C, A>C>B, B>A>C, B>C>A, C>B>A, C>A>B}, and dcj = 1 if the 
individual chooses the jth rank order in the cth choice question and zero otherwise. In this 
application, we assume the random parameters follow a multivariate normal distribution 
that allows for correlation between random parameters.

Modeling Preferences for Steller Sea Lion Protection

The choice models assume that preferences for providing additional protection to the 
western and eastern stocks depend upon the results of the protection on the population 
sizes and ESA statuses of the stocks. The model acknowledges there are two correlated 
(though not perfectly correlated) dimensions of resulting protection for each stock, its 
population size, and ESA status, and therefore simple specifications of the main effects 
or interaction effects of these attributes are insufficient to adequately describe the data 
and people’s valuations. Instead, the conditional indirect utility of a choice alternative is 
assumed to be a linear function of the western stock population sizes above the minimum 
needed to achieve a given ESA status; that is, we assume it is the population “residual” 
above the minimum required to achieve a given ESA status that yields utility, in addition 
to the utility associated with achieving an improved ESA status. Note that these minimum 
thresholds are not explicitly defined for each respondent; rather, they are implicit in the 
choice alternatives they face in the survey. For instance, an individual respondent may 
have several choice alternatives in the survey they see that achieves a threatened status 
for the western stock. It stands to reason that, given that it was not possible to provide in-
formation about official threshold levels necessary to change ESA status levels since none 
had been determined at the time the survey was designed and implemented, the respon-
dent likely assumes that the minimum population threshold for achieving a threatened 
status is equal to the lowest population size of the threatened choice alternatives they see 
in the survey.9
	 For a given individual, there are up to three possible “residual” western stock popu-
lation variables, one for each ESA status: the western population residual associated with 
an endangered status (EndPop), the residual associated with a threatened status (ThrPop), 
and the residual associated with a recovered status (RecPop). Since the status quo base-
line in the Increasing Version is that the western stock is threatened with a population of 
60,000, there are only two residual populations (ThrPop and RecPop). In addition to these 
residual western stock population variables, utility was assumed to be a function of sever-
al dummy variables associated with the western stock ESA statuses (Wstat2 = threatened 
dummy and Wstat3 = recovered dummy), a larger than expected eastern stock population 
size (Epop = dummy variable for a population of 80,000 as opposed to 60,000), and in-
come minus the cost of the alternative, which is equivalent to modeling the alternative’s 

9 Alternatively, they may assume it is some population size between the largest population size of any choice al-
ternative with an endangered western stock status and the lowest population size of the set of threatened choice 
alternatives. The minimum threshold level to achieve an endangered status for the western stock is assumed to 
be the status quo population level in the Decreasing and Stable Versions (26,000 and 45,000, respectively).
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cost alone when assuming linear income effects.10 In the empirical specifications, all pa-
rameters except the income minus cost term are allowed to be randomly distributed over 
the population.11

Estimation Results

Using the conditional utility specifications described above, repeated rank-ordered ran-
dom parameters logit versions of the Decreasing, Stable, and Increasing models were 
estimated using simulated maximum likelihood methods in GAUSS.12 Quasi-random 
numbers are used in lieu of pseudo-random numbers to generate draws from the normal 
distribution in constructing simulated probabilities. Recent research has shown that using 
quasi-random number sequences like Halton sequences instead of draws from a pseudo-
random number generator can lead to more accurate and precise simulated probabilities 
with fewer iterations (Bhat 2001, 2003; Train 2000). In this application, the simulation of 
probabilities in the RPL models is based on 150 randomized Halton draws. Proposed by 
Bhat (2003) and based on work by Tuffin (1996), randomized Halton draws are Halton 
draws with random numbers added to them, which introduces randomness into the other-
wise deterministic sequence.13

	 Estimation results for the Decreasing, Stable, and Increasing models are presented 
in table 4. Each model fit the respective choice data reasonably well. Likelihood ratio 
indices, which are often used as measures of goodness-of-fit in discrete choice models, 
are 0.295, 0.268, and 0.288, respectively, for the Decreasing, Stable, and Increasing Ver-
sions. The sign and significance of the model parameters suggest a context-specific effect 
in each model based on the expected future baseline (i.e., what ESA status and population 
size the western stock will achieve in 60 years under current protection). Respondents 
appear to hold values for programs that improve conditions to the next one or two levels 
from the status quo future baseline ESA status level, but exhibit an apparent “wait and 
see” attitude towards spending for multiple status level improvements. For example, in 
the Decreasing Version there is value to increasing the western stock population if the 
status remains endangered (positive EndPop parameter) and to improving conditions to 
reach a threatened status level (positive Wstat2 parameter). However, there is diminished 
marginal value to a program that increases populations once at a threatened status level 
or to the recovered status level (since the magnitudes of WStat3 and ThrPop are less than 
WSstat2 and EndPop, respectively). Similarly, for the Stable Version there is value to 
increasing the western stock population size while in an endangered status and to under-
taking improvements that result in achieving a threatened status or recovered status level. 
However, there is little or no value, at present, for increases in stocks within the improved 
status levels. For the Increasing Version, further improvements to the western stock while 
at the threatened level and improving to a recovered status, adds value, but improving 
stocks beyond the minimum level required to reach the recovered status adds little or no 
additional value.

10 We investigated the role of income effects on preferences and welfare estimates, but did not find statistically 
significant non-linear income effects.
11 Restricting the income minus cost term to be a fixed parameter in a linear income effects specification implies 
the welfare measures have a closed form and a more straightforward interpretation than if it were randomly 
distributed. Alternative specifications that account for non-linear income effects and demographic-based hetero-
geneity of income effects were estimated, but do not lead to significantly different results.
12 Pooled data models were estimated, but pooling was rejected.
13 A randomized Halton sequence is constructed as follows. For each Halton sequence consisting of numbers 
between 0 and 1, we add a random number between 0 and 1. If any number in the new sequence is greater than 
1, we subtract one to get a number in [0,1].
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	 Also note that the model results suggest that preferences for initial improvements 
to the western stock population size and status vary over the population, as indicated by 
large and significant estimated standard deviations on the random parameters associated 
with these improvements. For example, the standard deviation on the WSTAT2 random 
parameter is larger in magnitude than the mean parameter estimate in both the Decreas-
ing and Stable Version models. This result indicates the presence of individuals who have 
strong preferences for protecting Steller sea lions, as well as those with strong preferences 
for not providing additional protection to the species.

Table 4
Estimation Results

    	                                         
Random Parameter Mean  Decreasing Version	            Stable Version	            Increasing Version
Random Parameter                                   Asy.                                Asy.                                  Asy. 
  Std. Dev	.                         Estimate	       T-value	        Estimate	     T-value	       Estimate	        T-value

Western stock is	 2.47817	 10.76573	 1.94421	 11.65638	 –	 –	
threatened dummy	 4.56234	 13.1196	 2.9824	 14.50215
variable (WSTAT2)			 

Western stock is	 2.30689	 4.83404	 2.52087	 8.45649	 1.96102	 7.09831
recovered dummy	 1.17599	 1.39657	 -1.97212	 -4.3139	 2.72787	 6.74361	
variable (WSTAT3)		
	
W. stock population	 0.08119	 12.16974	 0.10383	 6.90103	 –	 –
residual for endangered	 0.02505	 2.55294	 -0.05528	 –2.36026	
status (ENDPOP)			 

W. stock population	 0.01714	 3.07845	 –0.01667	 –3.48593	 0.08709	 9.36422
residual for threatened	 –0.0019	 –0.12868	 0.0007	 0.05268	 0.09676	 8.38644
status (THRPOP)	

W. stock population	 0.00147	 0.13689	 –0.01789	 –2.45925	 0.00884	 1.26077
residual for recovered	 –0.01254	 –0.93137	 –0.00827	 –0.56322	 0.0118	 0.94282
status (RECPOP)	

Eastern stock has	 0.35287	 3.30729	 0.68995	 5.90479	 0.67988	 5.56024
population of 80,000	 –0.04929	 –0.14362	 –0.02351	 –0.05867	 –0.22552	 –0.61935
dummy variable (EPOP)	

Annual household	 –0.01756	 –14.8616	 –0.01448	 –18.3324	 –0.02500	 –13.2796
cost (COST)							     

Sample size	 717		  648		  587	

Maximized log-	 –2,719.93		  –2,552.91		  –2,249.47
likelihood value		

AICc	 6,623.58		  5,964.68		  5,087.85	

BIC	 5,623.95		  5,287.09		  4,594.57	

Notes: Estimates of the off-diagonal elements of the Choleski decomposition of the estimated random param-
eters covariance matrix are excluded from the table but are available upon request from the first author. AICc is 
the Akaike Information Criterion with a second-order correction for sample size. BIC is the Bayes Information 
Criterion.
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Economic Benefits of Additional Protection for Steller Sea Lions Under 
Alternative Baseline Futures

The WTP results presented here are for a representative sample of U.S. households and 
thus are appropriate WTP estimates for a national valuation of public preferences toward 
additional protection of Steller sea lions. The welfare measures represent a U.S. house-
hold’s annual WTP for the incremental change in the ESA listing status and population 
size of the western stock and the population size of the eastern stock from the status quo. 
When the marginal utility of money is constant and the compensating variation (CV) of 
a change from the status quo to an alternative state of the world is desired, the expected 
WTP is measured by CV = (–1/γ)⋅(V1 – V0). In this equation, V0 is the conditional indirect 
utility evaluated at the original (status quo) levels, and V1 is the conditional indirect util-
ity under the alternative (improved) state of the world.
	 Table 5 displays mean annual household WTP estimates and associated 95% con-
fidence intervals calculated for four hypothetical policy scenarios related to the western 
stock, which were selected as a reasonable subset of possible policy scenarios of inter-
est.14 Scenario 1 corresponds to the case where the western stock remains at its current 
level (45,000) and status (endangered). In Scenario 2, a population of 50,000 western 
stock sea lions results in 60 years, but the status remains endangered. In Scenario 3, the 
western stock population increases to 70,000, a level assumed to be beyond the mini-
mum population needed to achieve a threatened status. The final scenario (Scenario 4) 
represents the case where the western stock reaches a population size of 90,000, a level 
assumed to be above the level needed to be removed from the ESA list of threatened 
and endangered species (i.e., the western stock recovers). Under each scenario, WTP is 
calculated assuming the eastern stock is recovered, but alternatively with a (a) 60,000 or 
(b) 80,000 population size. Note that the first two scenarios cannot be valued using the 
Increasing Version results since the baseline in that version assumes a threatened status 
for the western stock and only improvements are being valued; likewise, the Stable model 
cannot be used to calculate WTP for Scenario 1(a) since that is its baseline scenario (and 
hence has a value of $0).
	 For the Decreasing Version welfare estimates, and for a given eastern stock popula-
tion, the mean annual household WTP for maintaining the western stock at its present-day 
population size and an endangered level (Scenario 1) is lower than the mean WTP for 
achieving a higher population (Scenario 2), which reflects that individuals value more 
endangered sea lions to fewer. The mean WTP estimates for the endangered scenarios are 
likewise lower than the mean WTP for achieving a threatened status (Scenario 3), which 
is also consistent with our expectations. The mean WTP for a recovered status (Scenario 
4), however, is lower than that for a threatened status. Importantly, the WTP of Scenarios 
3 and 4 are not statistically different, suggesting that there may be leveling off of WTP 
in this range. Across all scenarios in the Decreasing Version, respondents were willing to 
pay about $20 more, on average, for a situation where the eastern stock has an increased 
population of 20,000 more sea lions than under the baseline (suggesting an additional 
1,000 eastern stock sea lions is worth about $1 to the average household when the west-
ern stock is expected to decline).
	 The Stable Version welfare estimates follow a similar pattern. The mean annual 
household WTP for Scenario 1(b) is lower than for Scenario 2(b), again reflecting that 
individuals value programs that lead to more sea lions when in the endangered status. 
The mean WTP estimates for the endangered scenarios are also less than the mean WTP 
for achieving a threatened status (Scenario 3). In contrast to the Decreasing Version, 

14 The estimated conditional utility functions can be used to evaluate numerous possible improvements to the 
western stock status and population, so long as the population sizes and status levels are within the range esti-
mated in the model (i.e., the levels are within the experimental design).
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however, the WTP for a recovered western stock is larger than the WTP for a threatened 
western stock. This may not be surprising given the fact that the Stable Version has as its 
baseline a larger western stock population size, so, in principle, programs that lead to a 
recovered status do not have as far to go as in the Decreasing Version. This is mitigated, 
to an extent, by the fact that the WTP for Scenarios 3 and 4 are not statistically different, 
which again suggests that respondents are willing to pay for small to modest improve-
ments, but are less likely to pay even more for larger programs that promise dramatic 
changes. In this version, respondents were willing to pay about $48 more for situations 
that would lead to the eastern stock having a larger population size at the end of 60 years. 
In addition, the $48 premium for the higher eastern stock population suggests that when 
the western stock is stable, eastern stock sea lions are worth more (about $2.40 per 1,000 
sea lions), suggesting respondents felt it is of increased importance to protect the eastern 
stock while the western stock is endangered but stable.
	 Only Scenarios 3 and 4 can be valued for the Increasing Version. Mean WTP estimates 
are generally much lower than the mean WTP calculated from the Decreasing and Stable 
Versions, which reflects the fact that the Increasing Version has a status quo baseline that 
assumes the western stock will reach 60,000 and a threatened status, and as a result, the 
population and status changes in nominal terms are less than under either the Decreasing or 
Stable Versions. Additionally, respondents were willing to pay about $27 more for programs 
that lead to 20,000 more eastern stock sea lions than under the baseline at the end of 60 
years (about $1.35 per 1,000 sea lions). This is lower than the WTP for the eastern stock in 
the Stable Version, but higher than the WTP for the eastern stock in the Decreasing Version.

Formal Testing of WTP Differences

One may be tempted to evaluate significant differences between the WTP estimates from 
the survey versions by looking at whether the 95% confidence bounds on mean WTP do 
not overlap. However, as Poe, Severance-Lossin, and Welsh (1994) have discussed, non-
overlapping confidence intervals are biased indicators of the significance of differences 
in estimated means. To formally test for WTP differences between baseline versions, we 
use the approach suggested by Poe, Giraud, and Loomis (2005) to develop precise confi-
dence bounds for the difference between the mean WTP estimates for the three baseline 
surveys. We use a complete combinatorial convolution approach that involves empirically 
estimating the confidence interval around the difference of the mean WTP values. This is 
accomplished by computing every possible difference between WTP values in each itera-
tion of the Krinsky-Robb simulation used to empirically simulate the welfare measures. 
This is a computationally intensive, but precise, method for estimating the difference be-
tween two (independent) WTP distributions.15

	 These results, shown in table 6, support the argument that different assumed baseline 
futures for Steller sea lions affect WTP for protection. Significant differences, as indicated 
by confidence intervals for the difference in mean WTP estimates that do not contain $0, 
were found for small improvements to Steller sea lion protection between the Decreasing and 
Stable Versions, between the Decreasing and Increasing Versions, and between the Stable and 
Increasing Versions. Significant positive differences in WTP were not found for larger im-
provements to Steller sea lions. For instance, positive and significant differences between the 
Decreasing and Stable Versions were found for Scenarios 1 and 2, but not 3 or 4. In fact, in 
the case of Scenario 4, the difference is significantly negative, indicating the mean WTP for 
the scenario is larger in the Stable Version compared to the Decreasing Version. A similar pat-
tern of significance is found for differences between the Decreasing and Increasing Versions.

15 On a 2.6 Ghz Pentium-based PC, the calculation of the confidence interval around the difference in means 
between survey versions took a little over two hours to run.
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Discussion

In this study, different survey versions were developed and implemented to enable calcu-
lation of WTP under different, but distinct, futures for the Steller sea lion. Since the future 
population and overall health of a species are unknown when policy decisions are made, 
it is important to understand how future supply uncertainty affects economic values for 
species protection. To this end, we bound the effects of supply uncertainty by generating 
estimates of WTP in the context of supply certainty for multiple states of nature, which 
differs from much of the empirical literature that addresses supply uncertainty in welfare 
measures of changes to non-market goods (Cameron 2005; Roberts, Boyer, and Lusk 
2008; Whitehead 1992).
	 The results here suggest preferences for enhanced protection of the western and east-
ern stocks of Steller sea lions depend upon the predicted future state of the western stock, 
as mean WTP values for additional Steller sea lion protection calculated using the Increas-
ing Version model are significantly less than the mean WTP values for the Stable Version 
for achieving the same level of improvements. Moreover, Decreasing and Stable Version 
welfare measures, as well as Decreasing and Increasing Version welfare measures, were 
statistically different for small improvements, with the Decreasing values being larger, 
but appear to converge to values that are statistically indistinguishable for larger improve-
ments, which is suggestive of a finite limit on households’ WTP for additional Steller sea 
lion protection under both baseline futures. For the Decreasing and Stable Versions, this 
limit is in the $150 per household per year range when the eastern stock population is 
60,000 and about $200 per household when the eastern stock has a population of 80,000. 
The difference between the Decreasing and Stable Versions in this regard appears to be at 
what improvement level WTP levels off. For the Decreasing Version, WTP appears to level 
off earlier, when the western stock is improved to a Threatened status, while in the Stable 
Version WTP appears to level off when the stock is recovered.
	 While the focus of this article is on whether there is WTP sensitivity to different base-
line futures, the comparison can be interpreted as a type of scope test (Carson and Mitchell 
1995; Carson 1997). This is important since scope tests are rarely done in the context of 
choice experiments (see Lew and Wallmo [2010]). Since the versions differ only in the 
assumed future population size and status of the western stock under the status quo level 
of protection (and the differences are ordinal), one could interpret the examination of wel-
fare estimates associated with scenarios leading to the same population and ESA status 
as between-sample, or “external,” tests of scope. Viewed in this light, scope sensitivity is 
present in the 10 comparisons where there are positive and significant differences in WTP 
(table 6). The remaining comparisons, which do not support scope sensitivity, reflect com-
parisons for large improvements where the WTP function appears to flatten out. As such, 
we do not consider these cases failures of scope sensitivity, but rather a reflection of dimin-
ishing marginal utility for population increases well above current levels.
	 These results generally support the idea that people are willing to pay for incremental 
improvements (small- to modest-scale enhanced species protection programs), but appear 
to get diminished utility from large-scale improvements, perhaps as a result of the greater 
uncertainty that such large, wholesale improvements can be feasibly implemented.16 The 
diminishing utility associated with larger improvements is consistent with convex prefer-
ences for protection (see Rollins and Lyke [1998] for a useful discussion) and suggests 
sensitivity to internal scope effects in the results. Another possible explanation is that 
given the long time horizon (60 years in the survey), respondents may only wish to get 
the species back on track in the near-term, as opposed to “fixing” the whole problem all 

16 Uncertainty related to the success of the protection programs was not included in the survey—program results 
were presented as certain. The extent to which respondents introduced uncertainty into the provision of the pro-
gram results remains an open question and a topic for future research.
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at once. Yet another possibility is a “wait and see” mentality—people may wish to make 
small changes, then wait to see how the changes work out before spending more money 
on improvements. As a whole, these observations point to the fact that respondents likely 
have more complex and nuanced preferences that incorporate dynamic processes and ele-
ments of uncertainty than can be fully understood in this study. Future research to better 
understand the structure of these preferences seems clearly warranted.
	 Another key point to emphasize is that welfare values for numerous potential improve-
ments to the Steller sea lion can be determined from the estimated valuation functions. The 
welfare estimates in table 5 are just a few of the possible scenarios that can be valued. 
This is an appealing feature of the CE approach and, together with the fact that there are 
different valuation functions associated with different possible baseline futures for Steller 
sea lions, provides considerable flexibility in generating estimates of public values for 
enhanced Steller sea lion protection. To properly aggregate these welfare estimates, one 
needs to carefully consider the influence of sampling and response rates, sample represen-
tativeness, the geographic extent of the market, and the potential influence of factors such 
as physical distance from the good being valued on WTP values, issues that are beyond the 
scope of this research, and consequently, aggregation is left for subsequent work.
	 This study characterizes the results of enhanced protection of Steller sea lions in 
terms of population sizes and statuses achieved, but another possible dimension to mea-
sure the improvements to the species is by reductions in the probabilities, or risks, of 
extinction. Changes in extinction risks are obviously correlated with population and status 
levels, and their use as an attribute in the CE introduces uncertainty into the valuation ex-
ercise itself, which adds its own challenges both in measurement and interpretation terms. 
Nevertheless, given that it is possible respondents implicitly view changes in population 
sizes and status as changes in the risks of extinction, it may be worthwhile to explore in 
the future how these changes in risk affect preferences and whether there is added value 
to risk as an attribute compared to the approach followed here.
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