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This  article  describes  a nonmarket  valuation  study  about  benefits
of  managing  the  invasive  disease  white  pine  blister  rust  in high-
elevation forests  in  the  Western  United  States.  Results  demonstrate
that,  on  average,  households  in  the  Western  United  States  are  will-
ing  to  pay  $154  to improve  the resiliency  of  these  forests.  Factor
analysis  shows  that  long-run  protection  of  the  forests  dominates
recreation  in  motivating  support.  Cluster  analysis  suggests  three
groups  of  survey  respondents:  those  indifferent  to the  program  and
not  willing  to  pay,  those  wanting  to protect  the  future  of  the  high-
elevation  forests,  and  those  wanting  to protect  both  the  forests  and
related  recreational  opportunities.
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Introduction

As the rate and extent of global travel and trade has increased over the past century, so too has
the threat posed by non-native species to the ecological sustainability of many forested ecosystems
(Holmes et al., 2009; Liebhold et al., 1995). Each year, invading alien species cause approximately
$120 billion in costs and losses to agriculture, forestry, and public health in the United States, $4.2
billion of which is due to losses in timber value alone (Pimentel et al., 2005). Nonmarket impacts,
not included in these estimates, are likely even greater (Holmes et al., 2008, 2009; Kramer et al.,
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2003; Rosenberger et al., 2012, Appendix C). Though these losses clearly are substantial, resources for
managing forests are constrained, and government agencies carefully weigh whether the benefits of
potential management options justify the costs. For example, in response to a variety of threats to
whitebark pines, the Natural Resources Defense Council recently petitioned to have the species listed
under the protection of the Endangered Species Act. The U.S. Fish and Wildlife Service reviewed the
case and announced that although “there is sufficient scientific and commercial data to propose listing
throughout its range,” it will devote its resources to other priorities at this time (U.S. Fish and Wildlife
Service, 2011). Another important consideration when weighing forest management options is public
acceptance.

One of the most serious threats facing the whitebark pine is the disease white pine blister rust
(WPBR). This disease is caused by the non-native fungus Cronartium ribicola, which threatens the
high-elevation white pine species collectively known as five-needle pines. The fungus was introduced
to Vancouver, Canada, in the early 20th century and now has spread across much of the natural range
of high-elevation forests in Western North America (Burns et al., 2008; Liebhold et al., 1995). These
forests include some of the oldest living organisms on Earth and are associated with many important
ecosystem services, including wildlife habitat, watershed regulation, and recreational opportunities
(Mattson et al., 1992; Petit, 2007; Robbins, 2010; Samman et al., 2003; Tomback and Kendall, 2001;
U.S. Fish and Wildlife Service, 2011).

Though mountain pine and other bark beetle outbreaks have received substantially more press
in recent years in the Western United States, WPBR has the potential to be more damaging to the
long-run health of high-elevation forests. The disease impairs a forest’s natural ability to recover from
disturbances, including the native beetle outbreaks. It degrades forest resiliency by attacking white
pines at all life-cycle stages (Burns et al., 2008; Logan and Powell, 2001). Further, the fungus likely
will continue to spread regardless of attempts at either eradication or containment, due to a complex
lifecycle involving multiple hosts and airborne dispersal (Liebhold et al., 1995; Maloy, 1997). The
slow growing cycles of high-elevation white pines mean that the chances of success for any potential
treatment plans will not be known for many years (Burns et al., 2008; Schoettle and Sniezko, 2007).
However, treatments focused on increasing the frequency of genetic rust resistance across the high-
elevation forests’ range show promise for improving the forests’ resiliency to the disease (Bond et al.,
2011; Burns et al., 2008; Kinloch, 2003; Samman et al., 2003; Schoettle and Sniezko, 2007; Schwandt,
2006).

Thus, government agencies recognize the problems facing high-elevation white pine forests, and
knowledge about treatment options exists. However, proposed resilience-based treatments for WPBR
are costly (Burns et al., 2008; Schoettle and Sniezko, 2007), and as with many invasive species issues
(Holmes et al., 2008), there is little understanding of the social benefits of such treatments. Though
many aspects of market and nonmarket values related to managing forests have been studied exten-
sively (see Sills and Abt, 2003; Barrio and Loureiro, 2010 for a broad introduction), a gap remains in
the literature for information directly pertinent to the context of WPBR management in nontimber
forests. Specifically, although numerous valuation studies over the past few decades have addressed
the nonmarket values related to managing forest pests, including several studies pertaining to inva-
sive insects (e.g., Haefele et al., 1992; Holmes and Kramer, 1996; Jakus and Smith, 1992; Miller and
Lindsay, 1993; Moore et al., 2011), very few studies address the effects of forest diseases or pathogens.

This study fills that gap, using contingent valuation (CV) to estimate the public benefits of managing
the invasive species causing WPBR in high-elevation five-needle pine forests. As such, it presents the
first nonmarket valuation of the benefits of managing a forest invasive fungus, and the first nonmarket
valuation of managing a forest invasive species in the Western United States. Recent research (e.g.,
Bestard and Font, 2010; Hynes et al., 2011) recognizes that CV, rather than attribute-based choice
experiment approaches, is more appropriate for holistically valuing a policy, particularly when the
policy will be implemented across a large spatial scale. In addition, the CV methodology is well-
established, and a precedent for its use in nonmarket research, policy decisions, and Natural Resource
Damage Assessment has been set (Boyle, 2003; Carson et al., 2001; Rosenberger and Smith, 1997).

This study also incorporates measures of relevant attitudes into the estimation of willingness to pay
(WTP) using factor and cluster analysis. Attitudes toward forest health, disturbance, and the manage-
ment thereof vary substantially across society yet are not well understood (Flint et al., 2009; McFarlane
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et al., 2006). This application demonstrates the interpretive advantages factor and cluster analysis
offer to the analysis of valuation data and extends their application into a new context. Factoring
captures the covariation in respondent agreement with attitude statements, offering clarity to anal-
ysis of the relationship of attitudes, as measured by responses to these statements, with benefits, as
measured by responses to the contingent valuation question. Cluster analysis separates respondents
into groups with similar responses to attitude statements, creating subgroups that likely represent
dominant stakeholder positions. Together, these analyses provide nuanced understanding of public
benefits, improving the applicability of the survey’s results to decisions to be made about managing
high-elevation forests.

Background

Nonmarket benefits of forest invasive species management

Although the nonmarket benefits of forests in general are well documented (Barrio and Loureiro,
2010), the nonmarket benefits from managing invasive species in forests are addressed by only a few
studies (Holmes et al., 2008; Kramer et al., 2003; Rosenberger and Smith, 1997; Rosenberger et al.,
2012). These studies take diverse approaches to measuring nonmarket values; some focus on public
land and others on private land, some provide estimates by the tree, the acre, or by household per year
for an entire program. The disparate approaches makes comparisons difficult. However, this body of
literature finds that, in general and on average, people are willing to pay amounts significantly greater
than zero to protect forests. For example, Jakus and Smith (1992) use the contingent valuation (CV)
method to estimate willingness to pay (WTP) of $254 to $670 for programs to protect trees against
gypsy moth invasions in Pennsylvania and Maryland, and Miller and Lindsay (1993) find an annual
WTP  of $43 (median) or $70 (average) for gypsy moth control in New Hampshire. Haefele et al. (1992)
and Holmes and Kramer (1996) use CV to estimate the benefits from protecting high-elevation spruce-
fir forests in the southern Appalachian mountains of the eastern United States against a combination of
threats, one of which is exotic insects, with annual estimates of WTP  for total forest protection ranging
from $22 to $107. More recently, Moore et al. (2011) use CV to establish support for protecting hemlock
forests against an invasive insect, the hemlock wooly adelgid, in the Great Smoky Mountains National
Park and the Pisgah and Nantahala National Forests, again in the southeastern United States. That study
estimates per capita benefits at $60 or $122, depending on conservation strategy. However, to the best
of the authors’ knowledge, none have studied the nonmarket benefits of managing an invasive fungus
or pathogen in forests; the most similar example is Kovacs et al.’s (2011) use of hedonic modeling to
establish the effects of sudden oak death, a non-native forest pathogen, on residential property values
on the United States’ Pacific Coast, which range from 3 to 15% depending on severity and proximity of
the disease to the property.

Research on the benefits of managing forests in the Western United States tends to focus on threats
other than invasive species. For example, Walsh et al.’s (1990) study finds substantial nonuse values
for the protection of ponderosa pines in Colorado from native, mountain pine beetle outbreaks (with
only $14 of the average annual total value of $52 for 150 trees per acre allocated to recreation-use),
and Loomis et al. (1996) find significant WTP  ($90 per household per year) to reduce fire hazards
to Pacific Northwestern old-growth forests, again with the CV method. Highlighting the importance
of the context of management, Chang et al. (2011) find substantially different WTP  to control future
outbreaks of two different native forest pests, spruce budworms and forest tent caterpillars, in the
Canadian provinces of New Brunswick and Saskatchewan, with point estimates of mean WTP  ranging
between $33 and $104 per household per year.

Other characteristics of the WPBR threat have not been addressed in the literature to date. For
example, most of the studies listed above focus on individual forests, but the fungus causing WPBR is
not confined to any particular forest or management unit. As emphasized by Bockstael et al. (2000),
extrapolating nonmarket benefits from studies on small spatial scales to large geographical areas is an
issue with many difficulties. In a recent brief on ecosystem service valuation, Stephen Polasky high-
lights that such difficulties remain unresolved (Stokstad, 2011). The existing literature also tends to
target the values of recreational users of the resource, but the management of WPBR would encompass
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public forests established for ecological conservation as well recreation. Therefore, the benefits that
accrue to both users and nonusers of the forests need to be considered. Both the background liter-
ature on five-needle pines and focus groups for this project suggest substantial nonmarket benefits
associated with the non-recreational aspects of these forests.

Attitudes and heterogeneity in nonmarket valuation

Attitudes and variations across them have been of interest to economists at least since Krutilla
(1967) referred to “the spiritual descendants of John Muir” in demonstration of the existence of nonuse
values. Although more specific theories about attitudes can be found, a general definition of the concept
from social psychology is that an attitude is “any belief or opinion that has an evaluative component”
(Gray, 1999, p. 507). In the context of forest management, the public tends to have diverse perspectives
on how and why forests should, or should not, be managed. For example, McFarlane et al. (2006) find
that attitudes toward managing the mountain pine beetle infestation in Canada vary with whether
proposed measures are proactive and with respondents’ knowledge and attitudes toward ecological
processes. The Moore et al. (2011) study on the management of the hemlock wood adelgid finds a
preference for protecting ecological sites up to a minimal level of protection, after which preferences
shift toward protecting recreation sites.

Although attitudes themselves, like economic preferences, are not directly observable, surveys
often measure attitudes by asking respondents’ to rate their level of agreement (e.g., strongly disagree
to strongly agree) with a series of statements. By convention, responses to the statements provide
multiple measures of the same underlying attitudes. While this convention helps build robustness
with respect to the specific wording of any one statement, the similarity between statements can
complicate interpretation of findings and creates high potential for multicollinearity among measures.
One approach to addressing both of these issues is factor analysis. Factor analysis is a family of related
techniques that allow for linear transformations of the data to reduce the dimensionality of multiple
correlated variables.

There is a small but growing use of factor analysis in the broad environmental literature. Exam-
ples include Langford et al.’s (2001) open-ended elicitation of WTP  for conserving the endangered
Mediterranean monk seal, Nunes’ (2002) exploration of motivations for WTP  for preventing tourism
development in Portugal, and others (e.g., Hyytiä and Kola, 2006; Martín-López et al., 2007; Sharp
et al., 2011). Other uses of factor analysis explore methodological issues and include examinations
of the influence of fringe benefits of survey participation (Hidano et al., 2005), the role of protest
responses (Jorgensen et al., 2001; Meyerhoff and Liebe, 2006), and the warm-glow effect (Nunes and
Schokkaert, 2003). Tapsuwan et al. (2010) use factor analysis to determine that all five of their attitude
statements convey uniquely meaningful information in their CV study of cave recreation. In our study,
factor analysis provides insight into the relationship between attitudes toward forest management
and responses to a CV question.

Information about attitudes also can be used to separate respondents into groups with similar per-
spectives. Market research often uses cluster analysis for this purpose, as in studies focusing on the
preferences over genetically modified food (Baker and Burnham, 2001; Lusk et al., 2001), fresh produce
(Bond et al., 2008), and rural tourism in Croatia (Šergo et al., 2010). Though the nonmarket valuation
literature has historically focused on using sociodemographics to create groups with homogeneous
intra-group characteristics (Aldrich et al., 2007), interest in using attitudes to identify groups with
cluster analysis is growing. Some recent studies cluster stakeholders, including forest owners (Kline
et al., 2000a,b), ranchers (Bartlett et al., 1989), and users of a wetland area (García-Llorente et al.,
2008, 2011) or a national seashore (Sharp et al., 2011), into user types based on responses to atti-
tudes questions. Hyytiä and Kola (2006) use factor scores for a large number of attitudinal variables
to cluster respondents to an open-ended CV question in estimating the benefits of multifunctional
agriculture in Finland. Martín-López et al. (2007) cluster respondents to an open-ended CV question
based on biodiversity preferences and then use factor analysis to understand variance in WTP  for pro-
tection of different species. Finally, Aldrich et al. (2007) separate their sample into groups with similar
environmental attitudes in estimating WTP  to protect the endangered peregrine falcon and shortnose
sturgeon, finding convergence between cluster analysis and probabilistic methods for determining
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subgroups. This study adds to this research by applying cluster analysis to measures of attitudes in
the context of forest invasive species management, with an interest in emergent groups within the
general public, rather than just within user groups.

Data and estimation

Data were collected in a survey administered as part of a broader project on the costs and benefits of
managing white pine blister rust in high-elevation forests, described in more detail by Meldrum et al.
(2011). After development through a series of four focus groups, a pretest, and extensive consultation
with natural scientists, the final survey instrument provided respondents with background informa-
tion, including pictures of the five-needle pine species and WPBR, maps of the species’ distributions,
and descriptions of distinctive features of healthy high-elevation forests. A healthy high-elevation
forest was defined as one in which all functional stages of the tree lifecycle occur simultaneously.
To establish the plausibility of protecting the high-elevation forests despite the lack of options for
abating the spread of WPBR, the questionnaire provided information on treatment options (which
could be implemented either proactively or reactively) and typical short-term and long-term effects
of these treatments on forests and related services. After the survey described high elevation forests,
the threat posed by WPBR, and management options, respondents were asked about their WTP  for
a program to manage high elevation forests in the Western United Stated for WPBR. The question-
naire concluded with the elicitation of respondents’ agreement with numerous statements about
high-elevation forests, proposed management plans, and related attitudes.

The survey was administered online by Knowledge Networks, Inc., a private research firm, to a
probability-based sample of the general population in the Western United States in June of 2010.1 This
sample was selected by stratified random sampling from a panel of potential respondents who  respond
to approximately one survey per week in exchange for modest incentives, such as entrance into raffles
and special sweepstakes. Knowledge Networks, Inc. recruited its panelists through a combination
of random-digit dialing and address-based sampling, thereby accounting for the large number of
contemporary households without landline telephones.

Five hundred forty two of 895 individuals contacted completed the survey over a period of 11 days,
for a completion rate of 61%. Twenty of these respondents skipped at least one question analyzed
here, leaving a truncated sample of 522 completed surveys.2 Table 1 provides selected summary
statistics on the socioeconomics of the samples and population. Demographics do not statistically
differ between the truncated and full samples, and robustness checks demonstrate similar results
from estimations for which the full sample can be run, supporting the use of the truncated sample for
main results. Probability weights, based on the inverse probability of selection from the population
and correcting for oversampling of the Mountain region to ensure adequate coverage, were provided
by Knowledge Networks, Inc. and used for all estimations. Wald tests demonstrate that demographics
of the weighted, truncated sample do not statistically deviate from those of the population on most
measured dimensions, with two exceptions: (1) the racial composition of the weighted sample differs
from that of the population; and (2) the weighted sample percentage of households with access to
the internet differs from that of the population.3 Accordingly, measures of these two demographic
factors are included in estimations to accommodate adjusting resulting statistics from the sample to
the population’s demographics.

1 The sample was drawn only from the population of the Western United States because a national sample with the same
number of observations would have resulted in very few observations in some of the Western states (e.g., Wyoming) that were
of  particular interest for other aspects of the study. More information on the Knowledge Networks panel and methodology can
be  obtained from Meldrum et al. (2011),  contacting the authors, or visiting www.knowledgenetworks.com.

2 This relatively high completion rate reflects Knowledge Networks, Inc.’s sampling methodology, in which surveys are sent
to  panels of regular survey participant, as described above.

3 For respondents without Internet access, Knowledge Networks supplies a system that only is capable of accessing their
online surveys, thus allowing interactive surveys without changing respondents’ access to the Internet.

http://www.knowledgenetworks.com/
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Table 1
Demographics of samples and study population.

Sample Raw Truncated, weighted Populationa Test of equalityb

Census division 0.43
Pacific (WA, OR, CA) 29% 68% 66%
Mountain (MT, ID, WY,  CO, NM,  AZ, UT, NV) 71% 32% 34%

Gender 0.79
Male 47% 49% 50%
Female 53% 51% 50%

Age 0.92
18–29 16% 22% 24%
30–44 22% 29% 28%
45–59 30% 26% 27%
60+ 31% 23% 22%

Educational attainment 0.67
Less than high school 10% 14% 16%
High school 23% 25% 27%
Some college 35% 32% 31%
Bachelor and beyond 32% 30% 26%

Race/ethnicity 0.01
White, Non-Hispanic 75% 60% 55%
Black, Non-Hispanic 2% 2% 5%
Other, Non-Hispanic 6% 10% 10%
Hispanic 14% 24% 29%
2+  Races, Non-Hispanic 2% 3% 2%

Other criteria
In a Metropolitan Statistical Area 86% 91% 91% 0.96
Household Internet Access 76% 67% 76% 0.02

N 542 522 27,115,377

a Source:  U.S. Census Bureau: 2007 Current Population Survey, 2009 Population Estimates Program, and 2006–2008 American
Community Survey 3-Year Estimates.

b p-Values from Adjusted Wald tests for equivalence of “Truncated, Weighted” sample means to population means for each
category; reject equivalence if p < 0.10.

Contingent valuation question and analysis

Survey respondents were asked their willingness to pay (WTP) for a program to treat a large portion
of the entire 2 million acres of high-elevation forests in the Western United States for the threat of
WPBR. Immediately before answering the contingent valuation (CV) questions, respondents were
reminded of their budget constraint and of possible reasons why  they might not support the program.
Respondents were told the management would be funded through a combination of individual dona-
tions, increased visitor fees, and tax increases. The question was then asked in dichotomous-choice
CV format. Specifically, respondents were asked:

Suppose managers treat [quantity] of the high-elevation forests in the Western United States.
As a result, these acres will be healthy in 100 years from now. The remainder of the acreage
would not be treated. Would your household be willing to pay a one-time cost of [bid] to fund
this program?

Each respondent was given a randomly selected quantity level of 30%, 50%, or 70% and a randomly
selected bid amount of $10, $25, $50, $100, $250, $500, or $1000. Respondents indicated a “Yes” or “No”
response to the CV question. These responses are reported in Table 2, which shows that, in general,
fewer respondents faced with high bid values chose “Yes” than those with lower bid values, but there
are no clear differences in response patterns among proposed quantities of forests protected. These
relationships are explored later in this article.

As typical for single-bounded CV questions, a standard random utility model (McFadden, 1974) is
assumed for estimating parameters for deriving the WTP, such that:

Uni = Vni + ∈ ni (1)
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Table  2
Proportion of yes responses to contingent valuation question for each pair of randomly selected Bid and Quantity values.

Bid $10 $25 $50 $100 $250 $500 $1000 All bids

Quantity = 30% 19/23 18/23 12/27 18/31 6/20 9/33 1/20 83/177
83% 78% 44% 58% 30% 27% 5% 47%

Quantity = 50% 27/29 14/20 19/30 10/26 6/22 12/31 3/18 91/176
93% 70% 63% 38% 27% 39% 17% 52%

Quantity = 70% 17/19 18/30 9/18 16/28 11/26 7/31 1/17 79/169
89% 60% 50% 57% 42% 23% 6% 47%

All  quantities 63/71 50/73 40/75 44/85 23/68 28/95 5/55 253/522
89% 68% 53% 52% 34% 29% 9% 48%

where Uni is the unobserved, true utility to individual n if he chooses alternative i, Vni is the observed,
systematic component of the utility, and ∈ni is a random error. For the dichotomous choice, the respon-
dent is assumed to respond “yes” to option j if and only if Unj > Un0, where i = 0 corresponds to the status
quo case, which is indicated by a “no” response to the CV question. Further assuming errors to be inde-
pendent and identically distributed draws from the type 1 extreme value distribution, as is customary
in the random utility model, yields the familiar logit probability model:

Pn(yes) = eVni

1 + eVni
(2)

Vni is assumed to be linear in parameters:

Vni = ˛ + ˇ1 bid + ˇ2 quantity + �1z1 + · · · + �K zK (3)

where  ̨ is the constant associated with the “yes” response and z1,. . .,  zK correspond to K respon-
dent characteristics hypothesized to influence the utility derived from the choice of “yes.” Variables
representing respondents’ race and household access to Internet are included to allow extrapola-
tion of results from the sample to the population. Race is represented by dummy  variables, with the
majority race of White, Non-Hispanic serving as the baseline. Household Internet Access also is repre-
sented by a dummy  variable, coded as “1” for households with access. Though these variables relate to
demographic groups, inference about the choices of those groups based on these coefficients is inap-
propriate, because no attempt has been made to control for confounding demographic influences, such
as income or education. F-adjusted test statistics are reported to provide a comparative measure of
model fit, taking survey design into account and thus accommodating the use of probability weights
in estimation (Archer and Lemeshow, 2006). Higher values correspond to better fit.

Mean WTP  is evaluated at the mean level of included covariates and calculated by:

mean WTP  = −  ̨ + ˇ2 quantity + �1z̄1 + · · · + �K z̄K

ˇ1
(4)

which adjusts estimated WTP  by population-level statistics for race and internet access and also allows
for negative WTP  (Hanemann, 1989), which could be observed if, for example, respondents weigh
the non-pecuniary costs of management more heavily than the benefits. Although Eq. (4) appears to
be straightforward regarding how to incorporate attitude measures into the WTP  equation, practical
issues arise with respect to proper specification and resulting interpretation. Therefore, factor analysis
and cluster analysis are explored as two approaches to exploiting the information provided by the
attitude measures.

Attitudes toward invasive species management in high-elevation forests

Social psychologists have multiple theories on what is considered an “attitude,” which are not
delved into here. This paper adapts the notion of an attitude articulated by Gray (1999, p. 507) as
“any belief or opinion that has an evaluative component.” To measure attitudes about the forests and
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potential management plans, respondents were asked their level of agreement with a series of state-
ments using a Likert scale ranging from 1: “strongly disagree,” to 3: “neutral,” to 5: “strongly agree.”
The complete wording of the statements is shown in Table 3 along with a breakdown of responses to
each statement. Respondents saw only the statement, not the descriptive label. Reflecting the spec-
trum of ideas conveyed through a series of focus groups, these statements span a variety of possible
motivations for protecting (or not protecting) high-elevation forests. Some, such as the Extinction and
Future statements, relate both to obligations toward the environment and future generations and to
the intrinsic existence value of the forests. Others, such as the Non-intervention and Responsibility
statements, relate to the role of humans with respect to nature. The Recreation and Tourism state-
ments focus on the potential use values of the forests, including provision of recreational amenities
and supporting tourism-based economies. Finally, the Personal statement reflects the emotional con-
nection that some individuals may  feel toward the forests, recognizing that individuals may  derive
benefit from protecting something personally important to them.

Despite the statements describing different, specific ideas, their similarity creates the possibility for
both the analytical issue of multicollinearity between measures and the practical problem of readily
interpretable results. One answer to both these problems is to omit many of the variables from the
estimated model, leaving only those most promising for conveying relevant information. However,
not only does this approach discard a large amount of information, it also introduces substantial
subjectivity through the analyst’s decisions over which variables to retain. Factor analysis, which still
eliminates information but does so with less assumption required, provides an alternative.

The version of factor analysis used here, iterative principal factoring, focuses on explaining correla-
tions between variables through an iteratively improved estimation. Factor analysis derives weights,
called factor loadings, which provide for linear combination of each individual’s responses to the atti-
tude statements. A typical further step, called varimax rotation, maximizes the variance of squared
factor loadings, creating factors that represent orthogonal dimensions underlying the original data.
The result of the linear combination is called a factor score, which can be used in place of the attitude
statement responses as an independent variable for further analysis. Each factor score is distributed
with mean 0 by construction. In this case, responses to the statements are factored, creating factor
scores representing latent attitudes related to multiple observed attitudes responses.

Using cluster analysis to partition respondents

The second approach considered for inclusion of attitude measures in the WTP  model is cluster anal-
ysis. Cluster analysis uses the information gathered with attitude statements to partition the sample
into distinct subsamples.4 Like factor analysis, the term cluster analysis refers to a family of techniques
(Hamilton, 2006). In general, cluster analysis separates observations based on the relationships among
observable data. The “K-medians” partitioning cluster method applied here uses the raw responses to
attitude statements. As in other partition-clustering techniques, the clusters found by K-medians are
defined by a central vector of summary statistics that may  not exist as any particular observation in
the data (Mooi and Sarstedt, 2011). As such, these techniques are better suited for analyzing clusters
of unobservable constructs such as attitudes, which can only be measured imperfectly, than are hier-
archical techniques that define clusters by similarities in the observed data. In addition, partitioning
methods tend to be less affected by outliers and irrelevant clustering variables than other clustering
techniques (Mooi and Sarstedt, 2011). For c clusters, where c is defined by the analyst through an
iterative process of exploring a balance of explanatory and statistical fit, this algorithm starts with a
random draw of c observations, which provide initial estimates of the medians of each variable for
each cluster (Hamilton, 2006). The algorithm then successively draws observations without replace-
ment. It assigns each draw to a cluster based on minimizing the Euclidian distances from the cluster’s
medians to the draw’s data, updating the estimated medians after assigning each draw to a cluster.

4 Cluster analysis is therefore similar to the techniques of latent class cluster analysis (e.g., Aldrich et al., 2007). Consistent
with  the findings of Aldrich et al. (2007), the results of ordered logit latent class analysis with these data (not reported in this
paper) do not differ substantially from the reported cluster analysis results.
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Table 3
Attitudes responses (percentage of respondents, N = 522).

Label Statement Strongly disagree (%) Disagree (%) Neutral (%) Agree (%) Strongly agree (%)

Extinction Protecting five-needled pines from the threat of
extinction is important.

2 3 20 30 45

Recreation It is important that high-elevation forests provide
recreation activities, such as hiking or camping.

3 11 34 29 22

Future It  is important that high-elevation forests exist for
future generations.

2 2 16 30 52

Personal  It is important that forests I am personally attached to
are treated for WPBR.

6 6 41 28 20

Tourism  Tourism related to high-elevation forests is important. 6 15 48 20 11
Non-intervention People should not intervene in high-elevation forests. 23 32 29 11 5
Responsibility Humans have the responsibility to protect ecosystems

from pests or diseases that humans introduced.
2 3 24 34 37
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Table 4
Correlation matrix for attitudes measures.

Extinction Recreation Future Personal Tourism Non-intervention Responsibility

Extinction 1.00
Recreation 0.37 1.00
Future 0.74 0.46 1.00
Personal 0.51 0.39 0.48 1.00
Tourism 0.27 0.61 0.28 0.30 1.00
Non-intervention −0.36  −0.07 −0.34 −0.28 0.03 1.00
Responsibility 0.55 0.19 0.50 0.40 0.10 −0.35 1.00

The generated clusters can be treated as distant subpopulations, allowing estimation of logit models
and summary statistics for each cluster individually.

The main empirical difficulty with this technique is its sensitivity to the random draws that provide
the initial basis of the clusters. Accordingly, researchers must consider the robustness of estimated
clusters to initialization (Juan and Vidal, 2000). Here, this sensitivity is explored by reporting sum-
mary statistics of the estimated WTP  and descriptive statistics for each cluster over 1000 random
initializations, based on the technique proposed by Faber (1994) and recommended by Steinley and
Brusco (2007) and Maitra et al. (2010),  particularly as the number of replications increases. This
straightforward approach provides the nonparametric distribution of estimates over different random
initializations.

Results

Table 3 presents a summary of responses to attitude statements and shows that, on average, respon-
dents agree most strongly with statements relating to existence values (Extinction), moral obligations
(Responsibility), and bequest motivations (Future) and less so, though still positively, with state-
ments related to use values (Tourism and Recreation). The only statement toward which respondents
typically had a negative attitude states that people should not intervene in high-elevation forests
(Non-intervention). This result could relate to a wide variety of attitudes and ideas about the forests
and natural resource management, so the disagreement is not unexpected given the support for all
other statements.

Table 4 presents correlations between the attitude measures, examining the possibility that the
similarity of the Likert-style questions leads to multicollinearity between responses. Correlations
between two variables are all low to moderate, following expected patterns, such as stronger cor-
relations existing between Extinction and Future, and between Recreation and Tourism. In addition
to pairwise correlations, joint multicollinearity can be tested by using the condition number, of which
values greater than 20 suggest potential problems (Belsley, 1980). Under this test, the original speci-
fication is in danger of multicollinearity, with a condition number of 23.69.

The factor analysis suggests a two-factor solution. Table 5 shows the factor loadings for the rotated
two-factor solution. A higher factor loading for a given statement signifies that that statement plays
a larger role in that factor score. Two factors explain 94% of the overall variation, and eigenvalues for

Table 5
Factor loadings for attitudes.

Factor 1 “Protect” Factor 2 “Play” Uniqueness

Extinction 0.82 0.23 0.27
Recreation 0.26 0.79 0.31
Future 0.77 0.30 0.32
Personal 0.55 0.31 0.60
Tourism 0.10 0.75 0.43
Non-intervention −0.50 0.09 0.74
Responsibility 0.67 0.02 0.55
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factors 2 and 3 drop from 0.97 to 0.16, crossing the common cutoff of 0.5. The variance in responses
that remains unexplained by the full set of factors is called that variable’s uniqueness.

Perhaps more importantly than statistical testing for present purposes, the two-factor solution
presents an easily interpretable combination of the statements that are demonstrated to be evaluated
similarly by respondents on average. The two factors have been labeled “Protect” and “Play” to reflect
the statements that dominate the factor loadings for each: Future, Extinction, and Responsibility for
the former, and Tourism and Recreation for the latter. That means each individual is assigned a Pro-
tect factor, with higher values corresponding to more positive attitudes toward protection-oriented
statements, and a Play factor, with higher values corresponding to more positive attitudes toward
statements that express the importance of recreational uses of the forests. These scores will be used
directly in estimating logit models and in providing a shortcut to understanding the collective attitudes
of groups.

The dimensions of the two-factor solution are similar but not completely analogous to the com-
monly discussed dimensions of use and nonuse values. Factor 1 more closely represents nonuse
interests toward the resource, and Factor 2 relates more to use values, but neither of those char-
acterizations are precise. Rather, these two dimensions of Protect and Play closely mirror two major
environmental perspectives in North American history. The preservationist ethic, championed by fig-
ures such as John Muir, argues for the protection of the environment primarily for its own  sake, citing
moral, esthetic, and even spiritual reasons and thus reflecting the Protect factor. In contrast, the con-
servationist mindset, held by the likes of Gifford Pinchot, argues for the environment’s protection for
more utilitarian reasons (Smith, 1998), similar to the Play factor in this context of nontimber forests.
Important to the analogy, however, is the recognition that both Muir and Pinchot advocated for use
of the natural resources, albeit in very different senses: Muir more for experiential, in situ uses of
the forest, and Pinchot for benefits derived from physical aspects of the forest, such as timber and
watershed protection. Like these historic stances, the Factor 1 and Factor 2 both conceivably point to
either category of use or nonuse, and thus the labels Protect and Play are applied rather than use and
nonuse.

Table 6 presents the main results from various standard conditional logit specifications of the
responses to the WTP  question. Model I presents the simplest specification, with the right-hand side
of the equation including only design variables (Bid and Quantity) and demographics. In this model,
as in all subsequent models, the coefficient on the bid value is negative and strongly significant. This
result is of course expected by economic theory; holding all else equal, fewer respondents are expected

Table 6
Standard logit models with attitudes measures; dependent variable is response to WTP  question: 1 = yes; 0 = no (N = 522).

Model I II III

Bid ($100) −0.458*** (0.059) −0.482*** (0.063) −0.505*** (0.065)
Quantity treated (% of total acreage) 0.015 (0.010) 0.014 (0.011) 0.014 (0.011)
Extinction – 0.697*** (0.205) –
Recreation – 0.087 (0.151) –
Factor 1 Score “Protect” – – 0.958*** (0.201)
Factor 2 Score “Play” – – 0.209 (0.187)
Black,  Non-Hispanic −2.309** (0.827) −1.822** (0.814) −1.972** (0.880)
Other, Non-Hispanic −1.654** (0.737) −1.343** (0.678) −1.056 (0.671)
Hispanic −0.535 (0.416) −0.755* (0.426) −0.635 (0.438)
2+Races, Non-Hispanic 2.181** (0.825) 2.087** (0.843) 2.124** (0.857)
Household Internet Access −0.115 (0.413) 0.063 (0.404) 0.000 (0.414)
Constant 0.416 (0.577) −2.708** (1.070) 0.404 (0.624)

Non-adjusted sample average WTP  ($) 174.34*** (41.39) 172.75*** (40.67) 173.92*** (36.94)
Estimated population average WTP  ($) 149.76*** (35.36) 153.43*** (35.10) 153.56*** (33.42)
F-adjusted test statistic 0.488 1.068 1.299

Notes: Standard errors in parentheses; post-estimation standard errors are calculated via the delta method (Oehlert, 1992).
* 0.05 > p < 0.10.

** 0.01 > p < 0.05.
*** p < 0.01.
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to agree to fund the management at higher bid amounts. The coefficient on Quantity, however, is
statistically indistinguishable from zero, suggesting that respondents are indifferent to the extent of
a management program, at least for treating within the range of 30–70% of the 2 million acres of
high-elevation forests in the Western United States. This result is also consistent across specifications.
Although one might expect a positive coefficient on Quantity, this result is consistent both with recent
meta-analyses of stated preferences from forest studies (Barrio and Loureiro, 2010; Lindhjem, 2007)
that find WTP  tends to be insensitive to the size of a forest, and with Rollins and Lyke (1998), who argue
for rapidly diminishing marginal returns for nonuse values. Sample WTP  for the average quantity of
treated forest is strongly different from zero at $174.34, with a standard error of $41.39. Adjusting for
population demographics shifts the point estimate to $149.76, standard error of $35.36.

Model II introduces the use of measures of attitudes but only includes two  of the measures, because
the full set of measures cannot be estimated together due to multicollinearity issues. The included
measures, Extinction and Recreation, are selected for their representativeness of the two  underly-
ing attitudes types that are suggested by the factor analysis. Despite intuitively pertaining to different
ideas, however, these two measures are non-negligibly correlated with each other, as shown in Table 4,
and thus this model should be considered exploratory rather than definitive. In this model, the coeffi-
cient on Extinction is positive and strongly significant, whereas that on Recreation is not statistically
different from zero.

Model III provides the best fit of the tested models. Additionally, in an important distinction from
Model II, the interpretation of the factor coefficients in Model III is not confounded by potential
collinearity because the two factors are uncorrelated with each other by construction. In this model,
the coefficient on Bid and the estimated average WTP  remains consistent with other models, demon-
strating the robustness of the original result from estimating without attitudes. However, Model III
outperforms the others by presenting the information conveyed by the common variation in the seven
attitudes measures concisely, in two variables, and by demonstrating the effect of these two variables
on the probability that respondents support the management program. The coefficient on Factor 1,
labeled Protect, is positive, strongly significant, and more than four times larger than the coefficient on
Factor 2, labeled Play, with the latter not significantly different from zero. Because of the independence
of the factor variables, this model demonstrates that attitudes toward protection strongly outweigh
those toward recreational use in influencing support for managing WPBR in high-elevation forests.

Further insight into the role of attitudes comes from the results of cluster analysis. Because of its
interpretative value, results of a three cluster model are presented. This model is selected although
relative Caliński/Harabasz pseudo-F statistics (Caliński and Harabasz, 1974), of which higher values
demonstrate greater separation between clusters and thus more natural groupings, demonstrate a
statistic preference for the two-cluster model. Presentation of the three-cluster model is warranted by
its representation of a fair amount more nuance in what can be expected to be substantial stakeholder
positions regarding a policy for managing WPBR than that shown in the two-cluster model.

Fig. 1 plots the distribution of the estimated WTP  for each of the three clusters created over 1000
random initialization trials, and Table 7 shows summary statistics from these Monte Carlo procedures.

Table 7
Cluster analysis results, averaged over 1000 random initializations; dependent variable is response to WTP  question: 1 = yes;
0  = no.

Means of statistics and parameter estimates (standard errors)

Cluster 1
“Indifferent”

Cluster 2
“Protect”

Cluster 3
“Protect and Play”

WTP  mean ($) −86.47 (428.36) 270.11 (92.04) 323.16 (68.33)
WTP  Std Error ($) 328.32 (1015.92) 69.64 (24.68) 89.19 (39.52)

Average Factor 1 Score (“Protect”) −0.77 (0.39) 0.45 (0.52) 0.67 (0.27)
Average Factor 2 Score (“Play”) −0.40 (0.34) −0.13 (0.47) 0.73 (0.45)
N  per cluster 193.5 (76.4) 171.1 (59.9) 157.4 (72.4)

Notes: Standard errors in parentheses are from Monte Carlo results; post-estimation standard errors are calculated via the delta
method (Oehlert, 1992).
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Fig. 1. Frequency of estimated willingness to pay (WTP) for the three clusters and their average, for each of 1000 trials.

Though highly variable, Cluster 1 consistently exhibits a low WTP, and average WTP  estimates for Clus-
ters 2 and 3 consistently exceed the combined sample’s estimate. The figure also depicts a smoothed,
nonparametric distribution of the weighted average of the three clusters’ estimates for each of the
randomizations. The mean value of this distribution of weighted average WTP  is $203.99, which is
quite close to the sample estimates of WTP  reported for the non-partitioned models. Table 7 reports
the distributions of each cluster’s point estimates, their standard errors, and mean factor scores across
the 1000 trials. Factor scores are not used in estimation but rather are used as a short-hand for describ-
ing results. Over the 1000 trials, the clusters split the sample roughly in even thirds, with between
157 and 194 respondents being assigned to each cluster on average. The Indifferent cluster appears to
adhere to its label on average, with imprecise WTP  estimates averaging to −$86 and low mean factor
scores. The Protect and Play cluster consistently corresponds to a high mean WTP  for management,
averaging about $323 per household, and factor scores for both Protect and Play are consistently high.
The Protect cluster averages a mean WTP  nearly as high as the Protect and Play cluster, despite a much
lower mean factor score for Play and somewhat lower for Protect.

For further insight into the nature of the different clusters, Table 8 presents parameters and statistics
pertaining to a particular random initialization of the cluster analysis, which is selected because of
its representativeness of the qualitative pattern of typical results from the Monte Carlo analysis with
respect to factor scores and CV question coefficients. For this representative result, as in Table 7,
mean factor scores are presented for each cluster to aid interpretation, but these data are not used in
estimating either the clusters or the choice parameters.

As shown, Cluster 1 consists of 30% of the sample and is named the “indifferent” cluster, because
it has a point estimate of WTP  that is not statistically different from zero. As expected, this group’s
aggregated attitudes lean strongly away from supporting management, with a significant level of
disagreement with protection attitude statements compared to the full sample’s average level of
agreement. In contrast, the mean WTP  estimates, $310.44 and $309.08, based on Clusters 2 and 3,
respectively, are both statistically different from zero. While Cluster 3 includes respondents with
higher than average levels of agreement with both Protect and Play attitudes, Cluster 2 statistically
differs from the sample’s average positively for the Protect factor and negatively for the Play factor,
demonstrating the group’s higher-than-average agreement with Protection statements and lower-
than-average agreement with Play statements. In other words, while members of both clusters with a
positive and significant WTP  care more than average about protecting the health of the forests, mem-
bers of Cluster 3 (32% of the respondents) also care substantially more about recreation and tourism
compared to the respondents in Cluster 2 (38% of the respondents).
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Table 8
Cluster analysis and standard logit model for a “typical” set of three clusters; dependent variable is response to WTP  question:
1  = yes; 0 = no.

Statistics and parameter estimates (standard errors)

Cluster 1“Indifferent” Cluster 2“Protect” Cluster 3“Protect and Play”

Logit coefficient estimates (and standard errors), by cluster
Bid ($100) −0.454** (0.157) −0.538*** (0.100) −0.358*** (0.072)
Constant −0.335 (0.427) 1.670*** (0.347) 1.106** (0.353)

Estimated willingness to pay (and standard errors), by cluster
WTP  ($) −73.68 (112.19) 310.44*** (56.76) 309.08*** (83.50)
N  per cluster 157 200 165
% per cluster 30% 38% 32%

Attitude measurements, by cluster
Factor 1 “Protect” −1.00*** (0.08) 0.45*** (0.07) 0.67*** (0.05)
Factor 2 “Play” −0.16 (0.14) −0.48*** (0.08) 0.91*** (0.08)

Calinski/Harabasz pseudo-F = 158.28

Notes: Standard errors in parentheses; post-estimation standard errors are calculated via the delta method (Oehlert, 1992).
** 0.01 > p < 0.05.

*** p < 0.01.

Conclusion

The primary conclusion of this study is that, on average, individuals in the Western United States
are willing to pay $153.56 for a program to manage white pine blister rust across the range of high-
elevation white pine forests in the Western United States, with a 95% confidence interval5 placing that
value between $87.91 and $219.22. This estimate comes from Model III in Table 6, which provides the
best fit of the data by using the factor score representations of agreement with attitudes statements.
Considering that this pertains to a one-time payment per household, this estimate is in line with
estimates of WTP  for forest protection programs in similar research, such as Kramer et al.’s (2003)
reviewed range of roughly $20 to $100 per household per year, Moore et al.’s (2011) estimate of $122
per capita for the optimal strategy of protecting specific national parks and forests from the hemlock
wooly adelgid, and Chang et al.’s (2011) estimated WTP  for controlling spruce budworms and forest
tent caterpillars of between $33 and $104 per household per year. At the same time, when scaled by
the roughly 27 million households in the sampled population, an average of $153.56 corresponds to
an aggregate willingness to pay of $4.1 billion. Even at the low end of the 95% confidence interval, an
average WTP  of $87.91 per household translates to $2.4 billion. Thus, these estimates of the benefits of
such management make a compelling case for devoting significant resources to addressing the threat
posed by WPBR to high elevation forests in the Western United States.

Additional insights from these data accrue from the application of factor and cluster analyses. The
two observed factors map  the Likert-scale questions into two dimensions, reflecting attitudes toward
the long-run existence of the forests on the one hand, and toward recreational use values on the other.
Including the factors in regression analysis demonstrates that, overall, WTP  for WPBR management
relates more to interest in the long-run existence of high-elevation pine forests than to interest in the
forests’ role in recreation and tourism. Such information should encourage decision-makers acting on
the public’s behalf to prioritize the long-term health of the forests over the short-term recreational
interests in the likely case that deciding over management options requires a tradeoff between the
two.

At the same time, cluster analysis suggests heterogeneity in the motivations for valuing the man-
agement. Although existence values are much more strongly associated with willingness to pay than
use values on average, the approximately one-third of the sample that feels that recreational uses of

5 The confidence interval is generated by assuming a normally distributed post-estimation standard error, which is calculated
via  delta method (Oehlert, 1992).
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the forest are important is willing to pay approximately the same amount as the one-third who  empha-
size the importance only of the existence values. Accordingly, management that curtails recreational
activities could substantially undercut the level of support from a large portion of the population cur-
rently in favor of management. In contrast, those disagreeing with the most with statements about
the importance of high-elevation forests and managing for WPBR are collectively not willing to pay
for such management. Though not surprising, this result should improve confidence in the results by
demonstrating the extent to which not all respondents agree with the majority, or aggregated, pre-
ferences. In addition, this finding demonstrates the existence of a concentrated group of individuals
who do not significantly value the potential management and, accordingly, may  oppose the spending
of public funds for it. From a policy perspective, this report is important for suggesting that the imple-
mentation of treatment might still be politically contentious, despite the estimated mean willingness
to pay demonstrating a strong average level of support for treatment.

Overall, the take-home message of this analysis mirrors the sentiment conveyed in focus groups
during survey development: though not a source of market products such as timber, high-elevation
pine forests are valuable. Specific sentiments vary, but people generally agree on the importance
of protecting the five-needle pine species from extinction and helping these forests exist for future
generations. Accordingly, the general public of the Western United States is willing to pay substantial
sums for management programs that promise to improve the chances of long-run forest health in the
face of the threat of white pine blister rust. This aggregate result is robust to the different analyses
of heterogeneity explored; the bottom line WTP  is consistent regardless of estimation method. At the
same time, the further analyses explored in this paper demonstrate the importance of considering of
the heterogeneity of benefits of such a policy.

Acknowledgements

We  would like to thank our funding sources, including the USDA-PREISM grant program, USDA
Forest Service Rocky Mountain Research Station, and the Colorado Agricultural Experiment Station, as
well as participants at the 2010 CU Environmental and Resource Economics workshop and the 2010
CU Environmental Studies Graduate Student Seminar Series for constructive comments.

References

Aldrich, G.A., Grimsrud, K.M., Thacher, J.A., Kotchen, M.J., 2007. Relating environmental attitudes and contingent values: how
robust are methods for identifying preference heterogeneity? Environmental and Resource Economics 37 (4), 757–775.

Archer, K.J., Lemeshow, S., 2006. Goodness-of-fit test for a logistic regression model fitted using survey sample data. The Stata
Journal 6 (1), 97–105.

Baker, G.A., Burnham, T.A., 2001. Consumer response to genetically modified foods: market segment analysis and implications
for  producers and policy makers. Journal of Agricultural and Resource Economics 26 (2), 387–403.

Barrio, M.,  Loureiro, M.L., 2010. A meta-analysis of contingent valuation forest studies. Ecological Economics 69 (5), 1023–1030.
Bartlett, E.T., Taylor, R.G., McKean, J.R., Hof, J.G., 1989. Motivation of Colorado ranchers with federal grazing allotments. Journal

of  Range Management 42 (6), 454–457.
Belsley, D.A., 1980. On the efficient computation of the nonlinear full-information maximum-likelihood estimator. Journal of

Econometrics 14 (2), 203–225.
Bestard, A.B., Font, A.R., 2010. Estimating the aggregate value of forest recreation in a regional context. Journal of Forest

Economics 16 (3), 205–216.
Bockstael, N.E., Freeman, A.M., Kopp, R.J., Portney, P.R., Smith, V.K., 2000. On measuring economic values for nature. Environ-

mental Science and Technology 34 (8), 1384–1389.
Bond, C.A., Champ, P.A., Meldrum, J.R., Schoettle, A.W., 2011. Investigating the optimality of proactive management of an invasive

forest pest. In: The future of high-elevation, five-needle white pines in Western North America: Proceedings of the High Five
Symposium, U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Missoula, MT, pp. 295–302.

Bond, C.A., Thilmany, D., Keeling Bond, J., 2008. Understanding consumer interest in product and process-based attributes for
fresh  produce. Agribusiness 24 (2), 231–252.

Boyle, K.J., 2003. Contingent valuation in practice. In: Champ, P.A., Boyle, K.J., Brown, T.C. (Eds.), A Primer on Nonmarket Valuation.
Kluwer Academic Publishers, Boston, pp. 111–170.

Burns, K.S., Schoettle, A.W., Jacobi, W.R., Mahalovich, M.F., 2008. Options for the Management of White Pine Blister Rust in the
Rocky  Mountain Region. General Technical Report, U.S. Department of Agriculture, Forest Service, Rocky Mountain Research
Station, Fort Collins, CO, 26 pp.
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