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Abstract A broad range of participatory methods can be
employed to understand the vulnerability of social-eco-
logical systems threatened by various drivers of change
including climate change and land-use change. Under-
standing this vulnerability is critical for managing natural
resources, particularly water resources that flow across
jurisdictional boundaries, and support conflicting uses. This
paper demonstrates Q-methodology, a promising partici-
patory method infrequently applied in the vulnerability
context, with a case study investigation of the vulnerability
of stakeholders reliant on water-based ecosystem services
derived from the Shoshone National Forest in Wyoming,
USA. The approach identified four distinct viewpoints
regarding vulnerability, including an environmental per-
spective, agricultural perspective, Native American per-
spective, and recreation perspective. The distinct
viewpoints highlighted disparate levels of importance
related to 34 water benefits, such as commercial irrigation,
oil and natural gas extraction, river-based fishing, and
cultural and spiritual use. A diverse range of drivers of
change threatening important water benefits were also
identified, including pollution, too much management
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intervention, and development of recreation opportunities.
The potential benefits of Q-methodology for vulnerability
assessment include a rank-ordering exercise that elicits
preferences for tradeoffs, and statistical derivation of a
small number of perspectives about the topic.
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Introduction

The integrity of social-ecological systems (SESs) around
the world is threatened by numerous stressors (e.g., climate
change, land-use change, and invasive species), and
research is revealing that such stressors are likely to cause
abrupt and potentially irreversible changes that have seri-
ous consequences for human well-being (MEA 2005; IPCC
2007, 2012; Advisory Committee for Environmental
Research and Education 2009). SESs are inherently com-
plex and interconnected, and the relatively new field of
sustainability science focuses on providing holistic (i.e.,
multidisciplinary, transdisciplinary, and interdisciplinary)
approaches that aim to understand the dynamic linkages
between nature and society to support the development of
sustainable adaptations, environmental management, and
policy recommendations in the face of uncertainty (Gal-
lopin et al. 2001; Clark and Dickson 2003; Kajikawa 2008;
Stock and Burton 2011).

Of central importance within sustainability science is the
need to understand the characteristics of SESs that affect
their vulnerability in the context of global environmental
change (Kates et al. 2001; Turner et al. 2003; Turner 2010;
Gabrielsson et al. 2013). Vulnerability assessments aim to
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measure possible future harm to SESs by understanding
susceptibility, and describing both the current state of
systems and possible future scenarios as they relate to
important variables of concern that are at risk of being
affected by a multitude of drivers (Adger and Kelly 1999;
Adger 2006; Carter et al. 2007; Hinkel 2011; Wolf 2012).
Susceptibility is a function of exposure, sensitivity, and
adaptive capacity; where exposure refers to the likelihood
that a driver will have repercussions on a system, sensi-
tivity focuses on the degree to which a system will respond
to an external driver, and adaptive capacity refers to a
system’s ability to evolve, both through shock absorption
and self-organization (Luers 2005; Adger 2006; Metzger
et al. 2008; Engle 2011; Fischer et al. 2013).

In order for vulnerability assessments to be relevant to
local decision-makers, Luers (2005) stressed that they need
to include the potential impact of particular drivers of
change (e.g., over-fishing, land-use change, or climate
change) on specific variables of concern (e.g., ecosystem
services) that are tied to human and environmental well-
being. It has been argued that no resource will be more
critical to human health and well-being than water in the
coming decades, and that no region in the world is more
cognizant of the current water crisis than the western
United States (National Research Council 2004; Hundley
2009). Decision- and policy-making regarding water in the
western United States is especially difficult when consid-
ering the competing nature of several water benefits (e.g.,
agriculture and instream flow for environmental use), and
the fact that humans place disparate values on a wide range
of benefits that are reaped at various spatial and temporal
scales. As a result, choices made by managers and poli-
cymakers will result in tradeoffs and, consequently, ‘win-
ning’ and ‘losing’ stakeholders.

Assessing the vulnerability of inherently complex
social-ecological systems requires the consideration of
multiple variables and drivers (economic, cultural, demo-
graphic, and environmental) (Turner et al. 2003; Adger
et al. 2009; Bennett et al. 2016). To this end, vulnerability
assessments are increasingly incorporating the ecosystem
services concept, because, it can effectively illustrate how
natural resources contribute to the well-being of humans
(Kumar et al. 2011; Stratford et al. 2011; Micheli et al.
2014). Ecosystem services’ contribution to human well-
being is complex, as it depends on spatial scales, levels of
dependence, a combination of utilitarian and non-utilitarian
values, and issues of access (Zhang et al. 2014). However,
to advance beyond a broad and conceptual understanding
of how ecosystem services support human well-being, to a
nuanced and local understanding, it is likely that process
information will need to be collected. That is, information
that “concerns the relations among people and organiza-
tions and between people and landscapes that influence
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people’s perceptions of their own well-being and capacity
to act” (Fischer et al. 2013: 361).

In the context of vulnerability, a broad range of partic-
ipatory methods for collecting process information have
been employed, including focus groups and stakeholder
meetings (e.g., Parkins and MacKendrick 2007; Plummer
et al. 2013), one-on-one qualitative methods such as indi-
vidual interviews (e.g., de Chazal et al. 2008; Farley et al.
2011; Kajan 2013), a combination of focus groups and one-
on-one meetings (e.g., Eakin 2005; Keskitalo 2008; Gab-
rielsson et al. 2013), GIS mapping tools (e.g., Hung and
Chen 2013), fuzzy cognitive mapping (e.g., Reckien et al.
2013), and normative visions (e.g., Schneider and Rist
2014). Although Q-methodology has rarely been employed
to understand vulnerability (see Albizua and Zografos 2014
for the only published application), the method provides
several benefits such as highlighting agreement, disagree-
ment, and ambivalence regarding the topic of interest via a
rank-ordering exercise, statistically reducing numerous
unique perspectives into a limited number of general per-
spectives, and providing a nuanced understanding of gen-
eral perspectives supported by process information.
Assessing vulnerability with Q-methodology can facilitate
an understanding of the complex nature of the contribution
of ecosystem services to human well-being. Such an
understanding is critical for “measuring, modeling, valuing
and managing ecosystem services” (Zhang et al. 2014: 89).

This paper presents an application of Q-methodology to
understand the social-ecological vulnerability of stake-
holders reliant on water-based ecosystem services (WESs)
derived from the Shoshone National Forest (SNF) in the
state of Wyoming, USA. This understanding was gathered
by collecting process information regarding how water
flowing from a protected federal area supports well-being,
the potential drivers of change threatening that well-being,
perceived capacity to adapt, and the likely tradeoffs asso-
ciated with changes in flows of WESs. Also, the potential
of Q-methodology as an approach to understand social—
ecological vulnerability is discussed.

Study area

The purpose of this research was to inform national forest
managers and policymakers about the vulnerability of
stakeholders reliant on water flowing from the SNF to
complement a top-down assessment of biophysical vul-
nerability of water resources flowing from the SNF by Rice
et al. (2012). Similar to many landscapes in the western
United States, the study area (Fig. 1) has: a snow-driven
hydrologic cycle, variable topography, vegetation and cli-
mate, federally protected land with headwater streams
supporting both forest users and downstream communities,
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Fig. 1 Study area map
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natural resource-driven economies, and a sense of place
dating back generations.

The SNF protects a number of headwater streams, which
flow from high elevation mountains and forests into two of
the largest rivers in the region, the Shoshone River and
Wind River, and subsequently into the Bighorn River. The
study area has a population of about 100,000 people, and
the water resources flowing off the SNF provide a diverse
range of WESs important to the economy, and cultural and
natural heritage. For example, 26.3 % of employment in
the study area is derived from industries relying on and

affecting water quality and quantity such as farming and
ranching, outfitting and guiding, oil and natural gas
extraction, and accommodation and food services (Bureau
of Economic Analysis 2010). The study area is also part of
the Greater Yellowstone Ecosystem (GYE), which is of
national and international importance for many reasons,
including it being a premier tourist destination, home to
pristine and unique ecosystems, and the nation’s first
national park.

There are three Native American tribes (Crow, Northern
Arapaho, and Eastern Shoshone) currently residing in the
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study area, who rely on clean water and healthy instream
flow not only for many of the same benefits that support
non-native communities, but also for sacred ceremonies
and the provision of culturally important plants (Armatas
2013). The development of water resources for the cattle
and agricultural industries is entwined with the pioneering
history of the study area dating back to the homesteaders of
the late 1800s, which is a significant part of the region’s
identity (Bonner 2003, Bonner 2005).

Assessing vulnerability of stakeholders
with Q-methodology

To improve the chance that vulnerability assessments will
actually inform policy- and decision-making, stakeholder
involvement and interaction with scientists throughout all
stages of assessments are needed to define and understand the
spatial and temporal scales of the study area, highlight
desired states of ecosystem service provision, and provide
place-based information, such as that related to specific
vulnerabilities and potential adaptation strategies (Schroter
et al. 2005; Eakin and Luers 2006; Fiissel and Klein 2006;
Smit and Wandel 2006; Carter et al. 2007; Mastrandrea et al.
2010). Collecting process information from stakeholders can
highlight multiple and disparate perceptions of vulnerability,
which have been shown to influence the willingness to
implement adaptation strategies (Grothmann and Patt 2005;
Kromker et al. 2008), is important for providing context
regarding stakeholder conflicts that stem from different
interests (Gallopin et al. 2001), and may impact support of
adaptation strategies proposed by land management agen-
cies acting as stewards of public land (Fischer et al. 2013).
Considering that integrated vulnerability assessments of
complex social-ecological systems often require many
years of coordination and multidisciplinary approaches
combining both bottom-up, community-centric narratives
regarding conditions of vulnerability, and broad top-down
quantitative assessment and modeling (Downing 2004;
Schréter et al. 2005; Carpenter et al. 2009; Salter et al.
2010), it is unlikely that any single method will be suffi-
cient for completing such an assessment. However,
Q-methodology is a well-rounded approach for gathering
process information, which positions the researcher to
pursue a more extensive integrated assessment.
Q-methodology involves a rank-ordering exercise, known
as the Q-sort, which obtains “insight into the values and
preferences held by the public” about a topic of interest
(Steelman and Maguire 1999, p. 362). The method does not
aim to measure the prevalence of any viewpoint, but
instead to understand, in a nuanced fashion, the full range
of existing viewpoints. A thorough discussion of
Q-methodology can be found in Brown (1980) and Watts
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and Stenner (2012). Here, we present a brief description of
the method and how it was applied to understand social
vulnerability in northwest Wyoming, USA.

Developing the Q-set

The first step in a Q-methodology study is to develop the
Q-set, which is a collection of items or statements related
to the research topic that will be rank ordered by partici-
pants. This generally involves literature review, interviews,
and focus groups. However, the approach chosen is less
important than ensuring that the final Q-set represents the
full range of sentiments regarding the topic of interest
(Watts and Stenner 2012).

The goal for the Q-set in this study was to include the
full range of WESs being derived from the SNF. This was
achieved primarily through review of ecosystem services
literature, study area-specific water and climate change
literature, and two focus groups with a broad range of
stakeholders. The 18 focus group attendees, listed in
Table 1, were identified by an internet search and phone
conversations with federal, state, and local water resource
managers, and citizens connected to water for professional
and personal reasons (e.g., farmers and water recreation
enthusiasts). The focus groups did not include Native
American tribal members; however, informal meetings,
both one-on-one and in a group setting, provided tribal
members the opportunity to comment on the Q-set.

Following a broad discussion on the ecosystem services
concept, each focus group participant was asked to identify
WESs derived within the study area, and then, the group as
a whole worked together to define each WES. To the
greatest extent possible, all WESs were included in the
Q-set, regardless of perceived importance a priori, to pro-
vide the greatest opportunity for a broad range of stake-
holders to express their interests. Furthermore, the
definitions for the WESs in the Q-set often included exact
wording offered by participants based upon the rationale
that such wording would be understandable to participants
from the study area. Pilot testing with the general public
was used to finalize the Q-set for the case study.

Developing the P-set

The second step requires the recruitment of participants to
complete the Q-sort, who are collectively referred to as the
P-set. The P-set is obtained by strategic sampling, not
random sampling of a large number of participants, to
ensure “comprehensiveness and diversity, rather than rep-
resentativeness or quantity” (Eden et al. 2005, p. 417). This
is because Q-methodology is “intended to identify sub-
jectivities that exist, not to determine how those subjec-
tivities are distributed across a population” (Brown et al.
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Table 1 Focus group attendees

for Q-set development Cody, Wyoming

Riverton, Wyoming

Whitewater Rafting Outfitters
Greater Yellowstone Coalition
Fly Fishing Outfitter

BLM Recreation

Forest Service Archeology
Forest Service Hydrology
State Engineers Office
Irrigation District Management
Guest Ranch Owner

Trout Unlimited

Department of Environmental Quality
Wyoming Game and Fish
Cooperative Extension Services

Fish and Wildlife Service

Wyoming Outdoor Council

Local Conservation District

Local Rancher

Local Farmer and Livestock Feeder

1999, p. 602). Stainton Rogers (1995) asserted that a P-set
of 40-60 participants is most effective in capturing a
diverse range of viewpoints. Indeed, fewer than 60 par-
ticipants are commonly recruited in Q-studies (e.g., Vug-
teveen et al. 2010; Gruber 2011; Ray 2011). Development
of the theoretical target P-set is facilitated by the dimen-
sional sampling approach developed by Arnold (1970),
which encourages explicit delineation of the population
being sampled into combinations of the various categories,
or ‘dimensions’, that define an overarching typology.

To uncover diverse perceptions about stakeholder vul-
nerability in northwest Wyoming, a typology of people
interested in WESs was developed to account for both area
of interest (e.g., fishing, agriculture, and environmental
conservation) and alignment within the organizational
structure of management and policy-making in the United
States (e.g., private sector, local government, state gov-
ernment, and tribal government). The categories of this
typology were defined through extensive research of the
study area, two meetings with local Forest Service per-
sonnel, discussions during the two focus groups conducted
to define the Q-set, and snowball sampling employed
during the exit interview with members of the P-set.
Snowball sampling, or chain referral method, builds a
sample based on referrals from people who know of others
who may be interested or knowledgeable about the
research topic (Biernacki and Waldorf 1981). For this
study, snowball sampling was used as a secondary means
to enrich the sample, because the researchers felt that a
topic as broad and salient as water was likely to be of
interest to groups or individuals not uncovered by literature
review and discussions with land management personnel.

Q-sorting exercise and exit interview
Step three requires the participants (P-set) to rank order the

statements from the Q-set in an exercise known as the
Q-sort. This exercise requires the participants to decide,

from their perspective, that which is important and, con-
versely, that which is not. The participants are given a deck
of shuffled cards (each card contains one statement from
the Q-set) to be placed onto the Q-board, which provides
the framework for the Q-sorting process. Q-boards typi-
cally (but not always) require participants to distribute the
cards in a manner similar to a normal distribution, as
illustrated in Fig. 2. Brown (1980) described the rationale
for alternative Q-board designs. The participant is
instructed by the researcher to sort the cards onto the
Q-board in order of importance, with each column denoting
a different level of importance. The number of rows dic-
tates how many cards from the Q-set belong in each
column.

After the Q-sort is complete, the researcher normally
conducts an exit interview, in which the participant is
asked to discuss the reasoning for ranking the statements in
their unique way (Brown 1980). In addition to factor
analysis, the interviews will help to give the Q-sorts
meaning. The exit interview is also an appropriate time to
collect demographic information, which can assist the
researcher in understanding if the P-set represents a diverse
range of sentiments.

In the case study, each member of the P-set attended a
one-on-one meeting with the lead author at a convenient
location within the study area, which included residences,
places of work, and public meeting places. During those
meetings, the participant completed the Q-sorting exercise,
where they sorted the WESs on the Q-board illustrated in
Fig. 2, and an exit interview. During the exit interview,
participants provided demographic information and
engaged in a short discussion regarding drivers of change
considered to be potentially influential on the flow of their
two ‘most important” WESs. Specifically, each participant
was asked, “what factors, influences, or things do you see
as potentially affecting your ability to receive your most
important two WESs in the future, either positively or
negatively?”
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Fig. 2 Q-board and instructions
given to the participant for the
Q-sorting exercise in the case
study

-4
Most Unimportant

3002 -1 0 +1 2 +3 4
Most Important

Please rank the statements on the cards from most important to most unimportant from your

perspective. Each statement represents a water-based ecosystem service derived from the

Shoshone National Forest.

Data analysis and interpretation

Steps four and five in a Q-methodology study are data
analysis and interpretation. Factor analysis, including
varimax or judgmental factor rotation, is employed to
analyze the Q-sort data (Brown 1980). Results are repre-
sented by factor arrays, which are typified Q-sorts defined
by all of the participants who load onto a particular factor.
Each factor array represents a generalized viewpoint or
perspective with regard to the topic of investigation. The
factor arrays are defined by purely loading Q-sorts, which
are those that load significantly onto one factor only. A Q-
sort can also be confounded (loads significantly onto more
than one factor) or null (does not significantly load onto
any factor). Confounded Q-sorts are typically not used in
the construction of the factor arrays, because they are a
reflection of at least two factors, which can increase the
correlation between factors and make the resulting factor
arrays less distinct. Nevertheless, confounded Q-sorts can
still be explained in terms of the resulting factor arrays onto
which they significantly load. Those Q-sorts that are null
are considered to be idiosyncratic viewpoints, which are
not explained by any of the resulting factor arrays and do
not contribute to the interpretation of the factor arrays.
These are outlier perspectives, and do not suggest another
common viewpoint (otherwise factor analysis would have
revealed it).

Factor interpretation typically involves a write-up
exercise, which conveys the meaning of each factor array
with the aid of information gathered during the exit inter-
view. Each factor interpretation includes relevant quotes
and demographic data from participants that help to define
each viewpoint. The factor arrays yielded in this step
identify those items for a particular viewpoint that are
important (right side of the Q-board), unimportant (left side
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of the Q-board), and lacking salience (middle of the
Q-board). By comparing factor arrays of each perspective,
it is also possible to identify those items about which there
is consensus, contention, and ambivalence among the
perspectives.

Centroid factor analysis and varimax rotation were
applied to the case study Q-sort data, and interpreted using
qualitative data collected during the exit interviews.

Results of case study

The Q-set developed for this study is reported in Table 2,
and the WESs have been categorized as regulating, pro-
duction or cultural ecosystem services, as defined in the
table. Obvious WESs, such as water for household use,
were included with more obscure benefits, such as nutrient
cycling and sediment transport.

Purposeful sampling resulted in a P-set of 96 stake-
holders who were not participants in the two focus groups
or pilot testers of the Q-set. Table 3 reports the composi-
tion of the P-set by sector and interest group. The size of
the P-set is considered large for a Q-methodology study.

In accordance with good practice in Q-methodology, the
factor solution chosen was based on both statistically-ob-
jective criteria (e.g., the Scree test, Humphrey’s Rule, the
significant loading test, and the eigenvalue test) and theo-
retical significance (e.g., researcher intuition, and social
and political context) (Brown 1980; Watts and Stenner
2012). Factor analysis of the 96 Q-sorts resulted in a three-
factor solution with four distinct viewpoints about the
importance of WESs and the drivers of change that are
perceived to threaten those important ecosystem services.
The three factor solution explained 48 % of the study
variance, which is considered to be a sound solution by
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Table 2 Q-set of water-based ecosystem services

Ecosystem service title

Ecosystem service definition

Regulating services

1. Water quality

2. Instream flow

3. Conservation of keystone (critical)
species

4. Conservation of rare plant species

5. Biodiversity conservation

6. Gradual discharge of stored water

7. Natural flood control
8. Glacier-based services

9. Nutrient cycling and sediment
transport

Production Services
10. Household/Municipal water

11. Hydropower
12. Commercial irrigation
13. Personal irrigation

14. Water for stock

15. Manufacturing and industrial

16. Oil and natural gas extraction, and
mining

17. Fighting forest fires

18. Supporting of commercial land-
based recreation

Cultural Services

19. River-based fishing

20. Lake/Reservoir fishing

21. Lake, reservoir, and river-based
hunting

“Regulation services result from the capacity of ecosystems to regulate climate, hydrological and bio-
chemical cycles, earth surface processes, and a variety of biological processes” (Hein et al. 2006,
p. 212)

The water in and flowing from the SNF is purified and filtered by natural systems like beaver ponds and
wetlands resulting in clean water

The water from the SNF that is not drawn from the river can help to create and maintain healthy
aquatic habitats. For example, a certain amount of water in the stream can maintain channel form and
function, and regulate water temperature

The water within the study area helps to support important plant and wildlife species. For example, the
whitebark pine, beaver, and cutthroat trout are considered keystone species of the Greater
Yellowstone Ecosystem (GYE), which means they are important for the conservation of a host of
other species

Wetlands within the study area support a number of rare plant species. The rare plants may have some
use that is unknown to humans at this time, but they could be beneficial in the future

Aquatic and riparian areas fed by the SNF provide habitat for a diversity of species, and genetic
variation within species. Species diversity may help maintain ecosystem structure, processes and
functions

Water released into streams and rivers is naturally regulated by glaciers, wetlands, riparian areas, and
aquifers, which provides a reliable flow of water throughout the year, even during the warmest
summer months

The storage of SNF water in glaciers, wetlands, riparian areas, and aquifers provides natural flood
control, which avoids flooding damage costs

The glaciers in the SNF are of the largest concentration in the lower 48 states, and they provide unique
services like stream-water temperature regulation, summertime skiing, and glacier sightseeing

The water flowing from the SNF helps to cycle nutrients and transport sediment. Nutrients cycled
throughout the natural system helps to maintain healthy and diverse aquatic habitats. The transport of
sediment helps to create floodplains and riparian areas

“Production services reflect goods and services produced in the ecosystem” (Hein et al. 2006, p. 212)

Water in the study area, both surface water and groundwater, can be used for drinking, washing, and
other in-house use

Water provided by the SNF can be used to generate hydropower

The water in the study area, both surface water and groundwater, can be used to irrigate commercial
crops, which could include hay, sugar beets, corn, grain, barley, and beans. These crops could be sold
on the market and/or used to support ranching activities

The water in the study area, both surface water and groundwater, can be used to fill private ponds, and
irrigate gardens and lawns

Water provided by the SNF can be used for the watering of stock

The water in the study area, both surface water and groundwater, can be used for manufacturing and
industrial purposes

The water in the study area, both surface water and groundwater, can be used for the extraction of
natural gas and oil, and to a lesser extent, in the mining of coal, bentonite, uranium and gypsum.
Water is also used in these industries for dust control on roads

Water provided by the SNF can be used for the fighting of forest fires

Water provided by the SNF facilitates land-based recreational activities. For example, the watering of
golf courses, the water used to make snow for the Sleeping Giant Ski Area, and the water used for
amusement parks

“Cultural services relate to the benefits people obtain from ecosystem through recreation, cognitive
development, relaxation, and spiritual reflection” (Hein et al. 2006, p. 212)

The rivers throughout the study area can be used for fishing, both for sport and the harvesting of fish for
personal consumption

The lakes and reservoirs in the study area provide the opportunity for fishing, both for sport and the
harvesting of fish for personal consumption

The lakes, reservoirs, and rivers throughout the study area provide opportunities for hunting waterfowl
from the water in a boat
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Table 2 continued

Ecosystem service title

Ecosystem service definition

22. Land-based hunting

23. River recreation

24. Lake/reservoir recreation

25. Commercial water-based recreation

26. Motorized ice- and snow-based
recreation

27. Non-motorized ice and snow based
recreation

28. Recreation/Leisure activities done
near water

29. Physically and mentally
challenging recreation

30. Education, management and
science

31. Native American cultural and
spiritual values

32. Non-Native American cultural and
spiritual values

33. Preserving livelihoods, lifestyles,
and landscapes

34. Inspirational and aesthetic values

The water resources in the study area provide habitat for game and, as a result, watercourses and
wetlands can be used for land-based hunting

The rivers flowing in and out of the SNF can be used for both whitewater and scenic recreational
activities. Some include: rafting, kayaking/canoeing, stand-up paddle boarding, tubing, body
boarding, surfing, river-access hiking, and bird watching

The lakes and reservoirs in the study area provide opportunities for recreational activities. Some
include: water skiing, wakeboarding, kneeboarding, skurfing, tubing, sailing, motorboating,
parasailing, canoeing, kayaking, and kiteboarding

Outfitted whitewater rafting trips and guided-fishing trips are two examples of commercial water-based
recreation sold on the market. Both opportunities are provided by the water resources in the study
area

The ice and snow within the study area can be used for motorized winter recreational activities like
snowmobiling

The ice and snow within the study area can be used for a number of non-motorized winter recreational
activities. Some include: skiing, snowboarding, ice climbing, winter camping, and snowshoeing

For example, the experience of wildlife viewing and hiking could be done in close proximity to a water
resource within the study area. Additionally, reflective recreational activities like introspective
thought may be done near water

The water environments within the study area can provide opportunities for physically and mentally
challenging recreational opportunities

The aquatic habitats and water-based ecosystem processes within the study area can be studied with the
goal of improving both management and objective knowledge of natural and social sciences, which
include biology, botany, hydrology, and history

The water resources in the study area have special meaning to Native Americans, and can be used for
cultural, spiritual, religious and ceremonial purposes

The water resources in the study area have special meaning to Non-Native Americans, and can be used
for cultural, spiritual, religious and ceremonial purposes

The water flowing from the SNF is used to support healthy agricultural communities and large working
farms and ranches

The rivers and lakes in an around the SNF can provide inspiration and enjoyment. For example, a
scenic water vista can provide the motivation for an artist’s work, and the beauty, smell, and sound of
water can provide enjoyment

Kline (1994). The factor solution provided four perspec-
tives for interpretation because of a bipolar third factor.
That is, a factor defined by both positive and negative
loading Q-sorts or viewpoints.

The factor arrays for the four perspectives are presented
in Fig. 3, and the numbers within the factor arrays corre-
spond with the numbering of ecosystem services in
Table 2. The perspectives were named environmental,
agricultural, Native American, and recreation, because of
the high level of importance assigned to particular con-
trasting ecosystem services by the respondents who helped
to define each perspective. Of the 96 total participants, 74
loaded purely onto one of the four viewpoints (35 on the
environmental, 26 on the agricultural, 8 on the Native
American, and 5 on the recreation), 8 were confounded,
and 14 were null cases.

In the description of each perspective that follows,
numbers in parentheses that range from —4 to +4 represent
the level of relative importance from the Q-board that
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particular perspective assigned to the WES being dis-
cussed. Several quotes from exit interviews by participants
who loaded onto particular perspectives are provided to
highlight detailed contextual information collected in a
Q-methodology study.

Environmental perspective

Interviewees who aligned with the environmental per-
spective, including a conservation-based nonprofit worker,
several commercial recreation outfitters and guides, an
outdoor educator, and an ecologist, placed a high level of
importance on WESs that regulate and support a healthy
environment, as is evident by the eight regulating services
populating the right side of factor array A. Water quality
(4+4) is paramount for the environmental perspective,
because it maintains a healthy river environment, which
supports river-based fishing (+2), the conservation of
keystone species (43), and biodiversity conservation (+4).
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Table 3 P-set of interest
groups surveyed on importance
of water-based ecosystem

Sector (number surveyed within sector)

Interests/groups (number surveyed)

Sector (number surveyed within sector)

Interests/groups (number surveyed)

services Private sector (32) Tribal Governments (11)
Fishing outfitters and guides 3) Business council (N
Hunting outfitters and guides (1) Environmental Quality Commission 2)
Whitewater raft companies 4) Fish and Game 3)
Guest ranches (1) Engineers Office (1)
Farmers (5) Water and Wastewater 2)
Ranchers 2) Water Quality (N
Winter recreation enthusiasts 3) Employment Rights Office @))]
Summer recreation enthusiasts 2) Local Government (13)
Golf course/ski area employees 2) County Commissioners 3)
Mining/gas/oil industry (1) Town Mayors (€))
Average interested citizen 5) Conservation Districts 3)
Manufacturing/industrial use (1) Weed and Pest Districts 2)
Outdoor education 2) County Planners @))]

Non-Governmental Organizations (11) Water and Sewer Districts (N
Irrigation Districts (N
Wyoming Outdoor Council 2) Wyoming Farm Service Agency (1
Wyoming Stock Growers Association (1) Federal Government* (18)
Wyoming Wilderness Association (1) Recreation 2)
Greater Yellowstone Coalition (1 Climate Change Research (1)
Trout unlimited (1) Hydrology 2)
Wyoming heritage (1) Archeology 2)
Silviculture (1)
OHV Alliance (1) Planning @))]
Wyoming State Snowmobile Association (1) Hydropower (1)
Biodiversity Conservation Alliance (nH Plant Ecology (N
Dude Ranchers Association (1) Soils Science (1)
Natural Resource Extraction 2)
State Government (11) Natural Resource Specialist 3)
State Engineers Office €8] Biology ()
University of Wyoming 2)
Cooperative Extension Services 2) Total Surveyed (96)
Game and Fish Department (1)
Wyoming Water Development Commission 2)
Department of Environmental Quality (1)
Department of Agriculture (1)
State Parks 1)

Workers from the following federal agencies completed Q-sorts, but to protect confidentiality the interests
represented within the federal agencies will not be attributed to a specific agency: Bureau of Land Man-
agement, Forest Service, National Park Service, US. Fish and Wildlife Service, Bureau of Reclamtion,
Bureau of Indian Affairs, Natural Resources Conservation Services, and Army Corps of Engineers

Participants 14 and 15 stressed that water quality maintains
the Yellowstone cutthroat trout, which is critical for
maintaining the study area’s reputation as a world class
fishing destination and the stability of its aquatic ecosys-
tems. Instream flow (43) is crucial for the health of the
river and its ability to benefit humans: “We lose some of
these streams that run dry, and then you lose that water

quality. Water quality is threatened and then the biological
diversity is threatened, and even the human use of that
stream is threatened” (Participant 50).

The WESs that are viewed as unimportant by this per-
spective are the production services, which populate the
left side of the factor array, and are often perceived as
threatening to the important regulating WESs. For
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-4 -3 2 -1 0 +1 +2 +3 +4
Most Unimportant Most Important

21

29

27 | 23 | 28

26 | 25 | 24
-4 -3 -2 -1 0 +1 +2 +3 +4
Most Unimportant Most Important

31

32 34 | 21
-4 -3 -2 -1 0 +1 +2 +3 +4
Most Unimportant Most Important

20 23 19

-4 -3 -2 -1 0 +1 +2 +3 +4
Most Unimportant Most Important

Note: Regulation services are in black boxes; production services are in grey boxes; and cultural services are in

white boxes.

Fig. 3 Factor arrays illustrating the relative importance of water-based ecosystem services to participants who hold the: a environmental
perspective; b agricultural perspective; ¢ Native American perspective and d recreation perspective

example, agricultural WESs such as commercial irrigation
(—2) and water for stock (—2) are seen as threatening.
Participant 51 asserted, “the thing we worry about most for
in-stream flow would be the development of it for com-
mercial or agricultural interests, potentially residential”.
Participant 13 saw agriculture as a threat to fishing, “I see
us having really bad in-stream flows, (which are) incon-
sistent from year to year, very poorly managed, short-
sighted and made for irrigation and agricultural goods and
services, and that is it”. Oil and natural gas extraction, and
mining (—4) provide economic stimulus to the study area,
but these activities are considered threats to regulating
ecosystem services such as nutrient cycling and sediment
transport (+3) and biodiversity conservation (+4). Partic-
ipant 93 stated, “if we have increased oil and gas pro-
duction on the [SNF], I think there is possibility with
extracted water and effluent holding ponds [and] the entire
extraction process has the ability to disrupt appropriate
cycling sediment transport [and wildlife] habitats”.
Hydropower (—3) is also unimportant to the environmental
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perspective, because its generation can have negative
effects on in stream flow and riverine ecosystems.

Other drivers that were of concern to the environmental
perspective were the potential impact of a changing cli-
mate, particularly as it relates to biodiversity conservation
and the health of native cutthroat trout populations and the
ability of the land to store water with the loss of wetlands
due to warm temperatures. The potential impact of climate
change, land management, and other drivers, such as the
provision of WESs such as agriculture were perceived to be
influenced by spatial distribution. Participant 13 suggested,
“the second it hits ranch land the water quality starts to fall
apart”, and Participant 27 noted, “almost all the water that
comes [out of the SNF] comes out of wilderness, so the
Forest Service cannot affect it positively or negatively,
which I think is very good”.

In vulnerability terms, those who align with this per-
spective are: (1) threatened by extractive water use and
climate change; (2) highly sensitive to a loss in regulating
ecosystem services (i.e., those that support functioning
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ecosystems); (3) limited in terms of adaptive capacity
because of priority given to extractive water uses outside
the SNF and the hands-off management dictated by
wilderness designation; and (4) exposed in a relatively
small amount in areas that are protected, such as the SNF
and its associated designated wilderness, with higher
exposure outside the SNF where the majority of extractive
water use is taking place.

Agricultural perspective

The agricultural perspective, defined by participants
including farmers and ranchers, county commissioners,
randomly selected citizens, and an economist, who
assigned high importance to the four ecosystem services
that are related to agriculture [commercial irrigation (+4);
personal irrigation (+2); water for stock (+43); and pre-
serving lifestyles, livelihoods, and landscapes (+3)], and
the regulating services that support agriculture [water
quality (+3) and gradual discharge of stored water (42)].
According to this perspective, agriculture supports more
than just the farming and ranching community, since
without water for stock (4-3), “people would be forced to
look outside the area or region for stock, so it would drive
[beef] prices up” (Participant 10). Those who subscribe to
the agricultural perspective rely on water quality (+3) and
quantity to maintain healthy agricultural communities,
which preserve livelihoods, lifestyles, and landscapes (+3).
Participant 45 noted that if there isn’t enough water, “then
those of us that depend on irrigation to produce crops and
water for livestock would have to reduce our income
basically, because that is how most of us make our
income”. The sensitivity of this perspective to loss in water
quality and quantity is evident in a comment by Participant
44, “the quality of water and the quantity that has been
supplied off the forest, and historically livelihoods have
been developed. Agricultural communities, everything we
do, the reason we live where we do is because of the water
running off the mountains”.

Several ecosystem services that are considered to be
unimportant by the agricultural perspective are those that
compete with agriculture. This perception, as illustrated in
the factor array, was confirmed by Participant 31, who
commented, “increased pressure from conservation groups,
fishing, in-stream flow and anything like that would influ-
ence the ability to use it for commercial irrigation”.
However, water for agricultural use is considered to be
relatively insensitive to a variety of drivers. The system of
dams and reservoirs within the study area assuages many of
the concerns about water availability and potential impacts
of climate change, which may be why glacier-based ser-
vices (—3) are unimportant despite their support of late-
season water flow in the study area. Some participants

anticipated a benefit from warmer temperatures predicted
with climate change. Participant 20 noted about warmer
temperatures, “I get to grow more in the garden, more fruit
trees. It is actually benefitting me personally, because I can
grow more stuff”. Regarding the potential loss of water
availability to competing uses, such as increased residential
demand, Participant 20 acknowledged the threat. but added
a caveat that senior water rights are a mitigating factor.
“Trying to maintain the water use for irrigation is going to
impacted not only by the number of individuals pulling
water for small yards and drinking water, [which] takes
away a lot from the agricultural water source. Luckily, in
Wyoming we do have the senior water rights that go with
the land, but I can see challenges coming up if the popu-
lation of this area grows much more, and or the down-
stream users all the way to the Gulf of Mississippi, because
that is where our water ends up” (Participant 20).

In vulnerability terms, the stakeholders that align with
the agricultural perspective are: (1) threatened by com-
peting uses for residential and environmental purposes; (2)
highly sensitive to a change in provision of commercial
irrigation water; (3) able to adapt to potential issues such as
climate change because of water storage that is primarily
operated for agricultural purposes; and (4) minimally
exposed to the aforementioned threats as a result of well-
defined property rights to water that limit the threat posed
by conservation groups and residential development.

Native American perspective

The Native American perspective, defined by members of
the Eastern Shoshone and Crow tribes working mostly for
tribal government agencies, was one of two distinct bipolar
viewpoints that loaded onto the third factor. Native
American cultural and spiritual values (4+4) and water
quality (4+4) are most important, because both WESs are
integral in the lives of this perspective and well-being is
sensitive to changes in the provision of these benefits.
Participant 77 explained, “Our way of governing, our way
of teaching, our love for each other came from that River
corridor...that is our stories, we come out of the water”.
Instream flow (4-3) is also important for Native American
cultural and spiritual values. Participant 57 asserted that,
“if they are going to lower the water, we have less water
for the plants and, so, that causes a shortness of growth for
our natural plants that we use culturally”.

In general, recreation is unimportant to the Native
American perspective, and as recreational opportunities
continue to increase, the threat of natural resource degra-
dation and its subsequent impact on cultural sites is per-
ceived to increase. Participant 84 explained, “if the
Bighorn Recreation Area is developed, yeah it is going to
affect our cultural sites in that area...the [proposed] ‘trans-
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park road’ goes right through the heart of our prime
hunting grounds.” Those who align with the Native
American perspective regard provisioning services such as
hydropower (+2) and water for stock (+2) to be important
because, in the case of the Crow Indians, a recent agree-
ment with the United States government (Water Settlement
Act of 2010) provided funding for the development of
agriculture and hydropower, which can create much needed
economic opportunities on the reservation.

In addition to the threat of increased recreation oppor-
tunities on the provision of Native American cultural and
spiritual values, are the threats of pollution and changes in
water temperature. Participant 85 explained the connection
between water quality and an important cultural ceremony
known as the Sacred Sweat: “It has been with the Crow
Indians for a long time, the so called ‘Sweat’, and it is very
important. When you have no place to sweat or dip [in the
river] after that, you do not want to dip in the river so that
affects that, you know, the pollution that goes into that
river”. According to Participant 47, one source of water
pollution is acid rain as a result of air pollution from oil and
natural gas development taking place hundreds of miles
away. The fact that the oil and gas development is hap-
pening in another jurisdiction suggests that adaptive
capacity is limited in this case.

In terms of vulnerability, those who align with the
Native American perspective are: (1) threatened by pollu-
tion, loss of instream flow, and increased recreation
opportunities in particular areas of importance; (2) highly
sensitive to changes in the provision of Native American
cultural and spiritual values and water quality; (3) limited
in their ability to adapt to stressors such as pollution and
loss of instream flow; and (4) exposed to loss of water
quality and quantity as a result of being downwind from air
pollution sources and having limited water rights relative to
extractive stream uses such as agriculture.

Recreation perspective

The recreation perspective is the second distinct viewpoint
that loaded onto the third factor. This perspective, defined
by participants including a local business owner, hunting
guide, and motorized recreation advocate, regards almost
all types of water-based recreation as important, which is
reflected by 10 out of 12 recreation ecosystem services
being ranked as positively important. Conversely, the
recreation perspective sees regulating services as unim-
portant, which is reflected by all but one of them falling on
the negative side of the Q-board. Particular recreational
ecosystem services, such as motorized ice and snow-based
recreation (4+3) and lake/reservoir recreation (43) are
viewed as a boon to the economy by the recreation per-
spective, because of the expenses (e.g., fuel) associated
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with the machines. Also, motorized recreational uses are
seen as a way to generate money for federal land man-
agement agencies, because they are required to pay a fee to
register their vehicles for use on federal land. At the forest
level, those who adopt the recreation perspective support
multiple uses of resources and less restrictive management.
Participant 41 declared, “the more management you have
the more politics that you have, so, what happens is the
Forest Service is going broke...but, if you don’t have
mining or logging, you don’t have funding for recreation or
anything”.

The recreation perspective assigned a high level of
unimportance to education, management, and science (—4)
because there is a perception that increased management
and scientific inquiry will threaten recreation opportunities
on the SNF. Participant 41 remarked, “We can’t get the
trails generated. A lot of these trails were existing 20 or
30 years ago, and then they closed them due to the roadless
acts or grizzly reasons or whatever, and once it gets taken
away it doesn’t ever come back, even if the circumstances
are changed, we can’t get them back”. Furthermore, there
is a feeling that rigid management and misinformation
damage the opportunity for increased recreation. Partici-
pant 40 stated, “it is a no net gain, if you shut a trail down,
it is gone, you are not going to get it back. It [takes] an act
of congress to get it back” and, regarding the lack of logic
in management, “snowmobiles, we stake our trail on top of
snow! When the snow is gone, you don’t even know we
have been there”. Participant 56 added that management
closes snowmobiling trails for reasons which are “not
totally logical”.

In terms of vulnerability, those who subscribe to the
recreation perspective are: (1) threatened by management
approaches that prioritize other WESs over recreation; (2)
sensitive to losses in recreation, particularly motorized
winter recreation (3) lacking adaptive capacity without any
ability to influence management approaches; and (4)
exposed to management of the SNF which is perceived to
favor the environment over recreation.

Discussion of Q-methodology results in the context
of vulnerability assessment

With reference to the case study, this section discusses
benefits and limitations of Q-methodology for improving
understanding of the vulnerability of social-ecological
systems. Although the process of Q-methodology includes
procedures integral to other research methods, such as lit-
erature review, focus groups, and one-on-one qualitative
interviews, the combination of these procedures with
unique aspects of Q-methodology, such as the rank-order-
ing exercise and statistical analysis of the Q-sorts, yields a
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well-rounded and thorough understanding of stakeholder
perspectives of vulnerability. Specifically, Q-methodology
results in:

e identification of multiple stakeholder perceptions about
the importance of variables of concern and their
vulnerability to drivers of change;

e an understanding of where perceived vulnerability and
actual vulnerability may not align;

e a foundation for performing subsequent steps of an
integrated vulnerability assessment such as the top-
down simulation modeling of values, qualities, and
quantities of ecosystem services in response to drivers;

e a firm understanding of a study area defined with direct
input from stakeholders; and

e a clear and captivating tool for communicating the
aspects of vulnerability to a broad range of
stakeholders.

Multiple stakeholder perspectives of vulnerability

The case study presented identified four perspectives via
factor arrays and exit interviews, where the former high-
lighted ecosystem services about which there is contention,
consensus, and ambivalence, and the latter provided addi-
tional qualitative data for supporting the interpretation of
the factor arrays. These unique perspectives contribute to
an improved understanding of vulnerability from the
stakeholders’ perspectives, with information about desired
WESs, and distributional tradeoffs, inequities, and drivers
threatening the provision of desired WESs. For example,
the factor arrays highlighted the polarizing attitudes toward
Native American cultural and spiritual values, motorized
ice and snow-based recreation, commercial irrigation, and
hydropower. The Native American perspective considered
increased recreation opportunities such as motorized
recreation to be a threat to their most important WES,
Native American cultural and spiritual values. On the other
hand, the recreation perspective had a polar opposite view,
which highlights a tradeoff that managers and policymak-
ers may want to consider when making decisions. The
environmental perspective and the agricultural perspective
see biodiversity conservation as a contentious WES. From
the environmental perspective, management of water that
favors agricultural use amounted to an inequity that harms
environmental health and fishing. For the agricultural
perspective, however, the use of water for agriculture
amounts more to a distributional tradeoff, which is justified
by long-standing water rights. Although there are no WESs
in this case study that were viewed with ambivalence by all
perspectives, the middle area of the Q-board can highlight
those ecosystem services that are not as relevant to the
perspectives.

A community-centered approach that focuses on multi-
ple drivers is important for maintaining human well-being
and identifying potential adaptation approaches (Bennett
et al. 2016). The recently completed Forest Plan on the
SNF highlights circumstances where the results from this
study could be potentially beneficial. For example, the plan
explicitly discusses the need to mitigate impacts to Native
American cultural resources that may result from “man-
agement activities” (USDA 2015: 108); however, the plan
fails to mention specific activities that may result in
impacts. This study suggests that activities reducing
instream flow and recreation activities, particularly those
that require road development, are of concern to the Native
American perspective.

Difference between perceived vulnerability
and actual vulnerability

Although vulnerability assessments should aim to include a
‘multiplicity of legitimate perspectives’ without focusing
on whether such perspectives are correct or true (Gallopin
et al. 2001), it can be helpful to understand when stake-
holder perceptions about vulnerability are likely mis-
guided, because these areas of misunderstanding can
inform extension and education programs. For example,
respondents expressing the agricultural perspective were
not concerned about the potential impact of climate change
on agriculture because of the water storage capacity in the
study area. However, if particular impacts of climate
change come to fruition (e.g., earlier spring runoff), then
the adaptive capacity may be more limited than perceived.

Differences between perceived vulnerability and actual
vulnerability may also result from differences in perceived
relevant temporal scales. Continuing the climate change
example, several stakeholders who valued agricultural
services (i.e., water for stock; personal irrigation; com-
mercial irrigation; and preserving livelihoods, lifestyles,
and landscapes) were more concerned about restrictive
water management in the short run (e.g., increase of
instream flow rights) than climate change. The potential
impacts of climate change were commonly dismissed
because of the perception that those impacts would not
happen in their lifetime. This indicates that the timeline for
managers and scientists with regard to the stressor of cli-
mate change is not relevant to some stakeholders, which
could be a source of contention if water policy and man-
agement shifts away from the status quo.

Platform for future phases of integrated
vulnerability assessments

The Q-methodology approach presented here methodically
refined the focus of a vulnerability assessment from a broad
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range of individual stakeholders, each with their own opin-
ions about important ecosystem services and drivers of
change, to a manageable number of statistically- derived
perspectives. This is critical for ensuring that the modeling
steps in an integrated vulnerability assessment are tractable.
With Q-methodology having identified WESs about which
there is consensus, contention, and ambivalence, there is a
basis for economists to select particular WESs for socioe-
conomic valuation, a necessary step in holistic vulnerability
assessment of social-ecological systems. This will facilitate
evaluation of alternative simulated future scenarios in terms
of overall performance, as well as distributional impacts on
particular perspectives revealed by Q-methodology. Arma-
tas et al. (2014) described the benefits of Q-methodology for
informing valuation of non-market ecosystem services,
including a structured process for pre-survey development
required by stated preference approaches.

Defining and understanding the study area

Definition of the Q-set and P-set through literature review,
focus group meetings, and pilot tests result in a study area
definition based on direct input from stakeholders. In this
case study, an appropriate spatial scale for the study area
emerged after definition of the Q-set and P-set. While
interacting with stakeholders, for example, ecosystem ser-
vices related to agriculture, such as commercial irrigation
and water for stock (the Q-set), were commonly discussed,
and it became clear that such benefits were being derived
by people (P-set) mostly outside the SNF. Therefore, even
though the boundaries of the SNF limit the impact that
forest managers can have on sustaining ecosystem services,
a landscape approach was necessary, because WESs that
originate in the SNF have far reaching benefits.

The focus groups resulted in a nuanced understanding of
WESs being reaped in the study area, which ensured that a
broad range of variables of concern were included in the
analysis. For example, literature discussed the importance
of agriculture for the local economy, but focus groups with
residents revealed that the agricultural community is con-
sidered by non-farmers and ranchers as both a layer of
protection against further residential development and a
significant part of the region’s identity. This knowledge of
the study area resulted in the definition and inclusion of the
locally important ecosystem service, ‘preserving liveli-
hoods, lifestyles and landscapes’ within the Q-set.

Communicating vulnerability
Finally, an important aspect of vulnerability assessment is
effective communication of potential vulnerabilities to

relevant stakeholders (Schréter et al. 2005). The factor
arrays produced with this approach provide a visually
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appealing and understandable vehicle for conveying the
alternative perspectives of stakeholders. They can be used
to explain why particular indicators of vulnerability were
adopted and decrease the chance that particular stake-
holders will feel as though their concerns are not being
addressed within the assessment. The factor arrays and
interpretive write-ups facilitate verification and validation
of perspectives regarding the importance of WESs.

The results from this case study were presented to, and well
received by, an audience of managers and planners on the
SNF. Also, the results were presented to a Native American
audience on the Crow Indian Reservation, and through dis-
cussions with that audience, it became apparent that additional
recreation activities are indeed a threat to sustaining cultural
and spiritual use. Both audiences gave positive feedback when
viewing and discussing the factor arrays.

Limitations

The application of Q-methodology for understanding
social-ecological vulnerability yields several benefits, but
there are two limitations worth noting. First, this approach
may be more costly, both in terms of time and funding,
than other approaches. Second, there is the potential for
respondent fatigue, which is inherent in all qualitative
approaches that include respondent participation. This
application of Q-methodology asks participants to: (1) rank
order the Q-set; (2) discuss their unique Q-sort generally;
(3) discuss potential drivers threatening important ecosys-
tem services; and (4) complete a brief demographic survey.

To avoid respondent fatigue, the research can prioritize
the most important aspects of data collection for under-
standing vulnerability. In this study, the researcher priori-
tized 1, 3, and 4. Although these tasks resulted in a great
deal of information about each Q-sort generally, there may
have been interesting aspects of particular perspectives that
were not fully investigated. For example, the recreation
perspective ranked water quality as relatively unimportant
(—1), but at the same time, river-based fishing was highly
important (+4). One possible explanation for this counter-
intuitive result is that those aligning with this perspective
viewed water quality as another reason for management to
restrict recreation; however, there may have been a dif-
ferent explanation for this result that was missed as a result
of prioritizing the respondent tasks.

Conclusion
The case study on water-based ecosystem services (WESs)

flowing from a protected area in Wyoming, USA, high-
lighted Q-methodology as a wuseful approach for
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understanding the perspectives of stakeholders about the
importance of WESs and their vulnerability to drivers of
change. With stakeholder input, the method gathers process
information that highlights multiple perspectives of vul-
nerability, improves understanding of where perceived
vulnerability and actual vulnerability may conflict, helps to
define and understand the study area, and provides support
for subsequent steps of complex integrated vulnerability
assessments. Also, the factor arrays provide an appealing
format for communicating vulnerability to stakeholders,
managers, and policymakers. Although Q-methodology
incorporates several aspects common in other participatory
approaches, such as focus groups and one-on-one inter-
views, the data collection tool that requires participants to
make tradeoffs, and the statistical analysis of subjective
material make Q-methodology a unique approach that is
underrepresented within the vulnerability literature.

Acknowledgements This research was funded by the Aldo Leopold
Wilderness Research Institute, which is administered by the Rocky
Mountain Research Station of the U.S. Forest Service. We would like
to thank all participants who contributed their valuable time to this
research, with a special thanks to the Crow, Eastern Shoshone, and
Northern Arapaho Tribes for their cooperation. The information and
support provided by the Forest Service in Cody, Wyoming, was
greatly appreciated. We would also like to thank Dr. Laurie Yung
(The University of Montana) for commenting on an earlier version of
the manuscript.

References

Adger WN (2006) Vulnerability. Glob Environ Chang 16:268-281.
doi:10.1016/j.gloenvcha.2006.02.006

Adger WN, Kelly PM (1999) Social vulnerability to climate change
and the architecture of entitlements. Mitig Adapt Strateg Glob
Chang 4:253-266

Adger WN, Eakin H, Winkels A (2009) Nested and teleconnected
vulnerabilities to environmental change. Front Ecol Environ
7(3):150-157. doi:10.1890/070148

Advisory Committee for Environmental Research and Education
(2009) Transitions and tipping points in complex environmental
systems. A report by the NSF Advisory Committee for
Environmental Research and Education. http://www.nsf.gov/
geo/ere/ereweb/acere_synthesis_rpt.cfm. Accessed 6 May 2016

Albizua A, Zografos C (2014) A values-based approach to vulner-
ability and adaptation to climate change. Applying Q method-
ology in the Ebro Delta, Spain. Env. Pol. Gov. 24:405-422.
doi:10.1002/eet.1658

Armatas CA (2013) The importance of water-based ecosystem
services derived from the Shoshone National Forest. The
University of Montana, Missoula, MT. http://etd.lib.umt.edu/
theses/available/etd-01242013-102813/. Accessed 6 May 2016

Armatas CA, Venn TJ, Watson AE (2014) Applying Q-methodology to
select and define attributes for non-market valuation: a case study
from Northwest Wyoming, United States. Ecol Econ 107:447-456

Arnold DO (1970) Dimensional sampling: an approach for studying a
small number of cases. Am Soc 5:147-150

Bennett NJ, Blythe J, Tyler S, Ban NC (2016) Communities and
change in the anthropocene: understanding social-ecological

vulnerability and planning adaptations to multiple interacting
exposures. Reg Environ Change 16:907-926

Biernacki P, Waldorf D (1981) Snowball sampling: problems and
techniques of chain referral method. Sociol. Meth. Res.
10:141-163

Bonner R (2003) Local experience and national policy in federal
reclamation: the Shoshone project, 1909-1953. J Policy Hist
15:301-323

Bonner R (2005) Elwood Mead, Buffalo Bill Cody, & the Carey Act
in Wyoming. Montana 55:36-51

Brown SR (1980) Political subjectivity: applications of Q method-
ology in political science. Yale University Press, Connecticut

Brown SR, Durning DW, Selden S (1999) Q Methodology. In: Miller
G, Whicker ML (eds) Handbook of research methods in public
administration. Marcel Dekker, New York, pp 599-673

Bureau of Economic Analysis (2010) Regional Data: Total full-time
and part-time employment by industry [Data File]. http://www.
bea.gov/iTable/iTable.cfm?ReqID=70&step=1&isuri=1 &acrdn=
5. Accessed 15 Sept 2012

Carpenter SR, Mooney HA, Agard J, Capistrano D, DeFries RS, Diaz
S, Dietz T, Duraiappah AK, Oteng-Yeboah A, Pereira HM,
Perrings C, Reid WV, Sarukhan J, Scholes RJ, Whyte A, Clark
WC (2009) Science for managing ecosystem services: beyond
the millennium ecosystem assessment. P Natl Acad Sci USA
106(5):1305-1312. doi:10.1073/pnas.0808772106

Carter TR, Jones RN, Lu X, Bhadwal S, Conde C, Mearns LO,
O’Neill BC, Rounsevell MDA, Zurek MB (2007) New assess-
ment methods and the characterization of future conditions. In:
Parry ML, Canziani OF, Palutikof JP, van der Linden PJ, Hanson
CE (eds) Climate change 2007: impacts, adaptation and vulner-
ability. Contribution of working group II to the fourth assess-
ment report of the intergovernmental panel on climate change.
Cambridge University Press, Cambridge, UK, pp 133-177.
http://www.ipcc.ch/publications_and_data/ar4/wg2/en/ch2.html.
Accessed 6 May 2016

Clark WC, Dickson NM (2003) Sustainability science: the emerging
research program. P Natl Acad Sci USA 100(14):8059-8061.
doi:10.1073/pnas.1231333100

De Chazal J, Quétier F, Lavorel S, Van Doorn A (2008) Including
multiple differing stakeholder values into vulnerability assess-
ments of socio-ecological systems. Glob Environ Change
158:508-520. doi:10.1016/j.gloenvcha.2008.04.005

Downing T (2004) What have we learned regarding a vulnerability
science? In: Science in support of adaptation to climate change.
Recommendations for an adaptation science agenda and a
collection of papers presented at the side event of the 10th
session of the conference of the parties to the United Nations
framework convention on climate change. Buenos Aires,
Argentina, December 7, 2014, pp 18-21. http://www.start.org/
Projects/AIACC_Project/whats_new/Science_and_Adaptation.pdf.
Accessed 6 May 2016

Eakin H (2005) Institutional change, climate risk, and rural vulner-
ability: cases from central Mexico. World Dev 33:1923-1938.
doi:10.1016/j.worlddev.2005.06.005

Eakin H, Luers AL (2006) Assessing the vulnerability of social-
environmental systems. Annu Rev Environ Resour 31:365-394.
doi:10.1146/annurev.energy.30.050504.144352

Eden S, Donaldson A, Walker G (2005) Structuring subjectivities?
Using Q methodology in human geography. Area 37(4):413-422

Engle NL (2011) Adaptive capacity and its assessment. Glob Environ
Chang 21:647-656. doi:10.1016/j.gloenvcha.2011.01.019

Farley KA, Tague C, Grant GE (2011) Vulnerability of water supply
from the Oregon Cascades to change climate: linking science to
users and policy. Glob Environ Chang 21:110-122. doi:10.1016/
j-gloenvcha.2010.09.011

@ Springer


http://dx.doi.org/10.1016/j.gloenvcha.2006.02.006
http://dx.doi.org/10.1890/070148
http://www.nsf.gov/geo/ere/ereweb/acere_synthesis_rpt.cfm
http://www.nsf.gov/geo/ere/ereweb/acere_synthesis_rpt.cfm
http://dx.doi.org/10.1002/eet.1658
http://etd.lib.umt.edu/theses/available/etd-01242013-102813/
http://etd.lib.umt.edu/theses/available/etd-01242013-102813/
http://www.bea.gov/iTable/iTable.cfm?ReqID=70&step=1&isuri=1&acrdn=5
http://www.bea.gov/iTable/iTable.cfm?ReqID=70&step=1&isuri=1&acrdn=5
http://www.bea.gov/iTable/iTable.cfm?ReqID=70&step=1&isuri=1&acrdn=5
http://dx.doi.org/10.1073/pnas.0808772106
http://www.ipcc.ch/publications_and_data/ar4/wg2/en/ch2.html
http://dx.doi.org/10.1073/pnas.1231333100
http://dx.doi.org/10.1016/j.gloenvcha.2008.04.005
http://www.start.org/Projects/AIACC_Project/whats_new/Science_and_Adaptation.pdf
http://www.start.org/Projects/AIACC_Project/whats_new/Science_and_Adaptation.pdf
http://dx.doi.org/10.1016/j.worlddev.2005.06.005
http://dx.doi.org/10.1146/annurev.energy.30.050504.144352
http://dx.doi.org/10.1016/j.gloenvcha.2011.01.019
http://dx.doi.org/10.1016/j.gloenvcha.2010.09.011
http://dx.doi.org/10.1016/j.gloenvcha.2010.09.011

Sustain Sci

Fischer AP, Paveglio T, Carroll M, Murphy D, Brenkert-Smith H
(2013) Assessing social vulnerability to climate change in
human communities near public forests and grasslands: a
framework for resource managers and planners. J For
111(5):357-365. doi:10.5849/jof.12-091

Fiissel H, Klein RJT (2006) Climate change vulnerability assess-
ments: an evolution of conceptual thinking. Clim Change
75:301-329. doi:10.1007/s10584-006-0329-3

Gabrielsson S, Brogaard S, Jerneck A (2013) Living without
buffers—illustrating climate vulnerability in the Lake Victoria
basin. Sustain Sci 8:143-157. doi:10.1007/s11625-012-0191-3

Gallopin GC, Funtowicz S, O’Connor M, Ravetz J (2001) Science for
the twenty-first century: from social contract to the scientific
core. Int Soc Sci J 53(168):219-229. doi:10.1111/1468-2451.
00311

Grothmann T, Patt A (2005) Adaptive capacity and human cognition: the
process of individual adaptation to climate change. Glob Environ
Chang 15:199-213. doi:10.1016/j.gloenvcha.2005.01.002

Gruber JS (2011) Perspectives of effective and sustainable commu-
nity-based natural resource management: an application of Q
methodology to forest projects. Conserv Soc 9(2):159-171.
doi:10.4103/0972-4923.83725

Hein L, van Koppen K, de Groot RS, van Ierland EC (2006) Spatial
scales, stakeholders and the valuation of ecosystem services.
Ecol Econ 57:209-228. doi:10.1016/j.ecolecon.2005.04.005

Hinkel J (2011) “Indicators of vulnerability and adaptive capacity”:
towards a clarification of the science—policy interface. Glob Environ
Chang 21:198-208. doi:10.1016/j.gloenvcha.2010.08.002

Hundley N Jr (2009) Water and the West: the Colorado River
compact and the politics of water in the American West.
University of California Press, Berkeley

Hung HC, Chen LY (2013) Incorporating stakeholders’ knowledge
into assessing vulnerability to climatic hazards: application to
the river basin management in Taiwan. Clim Change
120:491-507. doi:10.1007/s10584-013-0819-z

IPCC (Intergovernmental Panel on Climate Change) (2007) Climate
change 2007: synthesis report. Contribution of working groups I,
II and III to the fourth assessment report of the intergovernmen-
tal panel on climate change. IPCC, Geneva, Switzerland. http://
www.ipcc.ch/publications_and_data/publications_ipcc_fourth_
assessment_report_synthesis_report.htm. Accessed 9 May 2016

IPCC (Intergovernmental Panel on Climate Change) (2012) Manag-
ing the risks of extreme events and disasters to advance climate
change adaptation: special report of the intergovernmental panel
on climate change. Cambridge University Press, New York,
USA. http://ipcc-wg2.gov/SREX/report/. Accessed 9 May 2016

Kajan E (2013) An integrated methodological framework: engaging
local communities in Arctic tourism development and commu-
nity-based adaptation. Curr Issues Tour 16:286-301. doi:10.
1080/13683500.2012.685704

Kajikawa Y (2008) Research core and framework of sustainability
science. Sustain Sci 3:215-239. doi:10.1007/s11625-008-0053-1

Kates RW, Clark WC, Corell R, Hall JM, Jaiger CC, Lowe I,
McCarthy JJ, Schellnhuber HJ, Bolin B, Dickson NM, Faucheux
S, Gallopin GC, Griibler A, Huntley B, Jdger J, Jodha NS,
Kasperson RE, Mabogunje A, Matson P, Mooney H, Moore B
III, O’Riordan T, Svedin U (2001) Sustainability science.
Science 292(5517):641-642

Keskitalo ECH (2008) Climate change and globalization in the
Arctic: an integrated approach to vulnerability assessment.
Earthscan, London

Kline P (1994) An easy guide to factor analysis. Routledge, London

Kromker D, Eirdanz F, Stolberg A (2008) Who is susceptible and
why? An agent-based approach to assessing vulnerability to
drought. Reg Environ Change 8:173-185. doi:10.1007/s10113-
008-0049-5

@ Springer

Kumar R, Horwitz P, Milton GR, Sellamuttu SS, Buckton ST,
Davidson NC, Pattnaik AK, Zavagli M, Baker C (2011)
Assessing wetland ecosystem services and poverty linkages: a
general framework and case study. Hydrol Sci J
56(8):1602-1621. doi:10.1080/02626667.2011.631496

Luers AL (2005) The surface of vulnerability: an analytical frame-
work for examining environmental change. Glob Environ Chang
15:214-223. doi:10.1016/j.gloenvcha.2005.04.003

Mastrandrea MD, Heller NE, Root TL, Schneider SH (2010) Bridging
the gap: linking climate-impacts research with adaptation
planning and management. Clim Change 100:87-101. doi:10.
1007/s10584-010-9827-4

MEA (Millennium Ecosystem Assessment) (2005) Ecosystems and
human well-being: Synthesis. Island Press, Washington, D.C.

Metzger MJ, Schroter D, Leemans R, Cramer W (2008) A spatially
explicit and quantitative vulnerability assessment of ecosystem
service change in Europe. Reg Environ Change 8:91-107.
doi:10.1007/s10113-008-0044-x

Micheli F, Mumby PJ, Brumbaugh DR, Broad K, Dahlgren CP,
Harborne AR, Holmes KE, Kappel CV, Litvin SY, Sanchirico
JN (2014) High vulnerability of ecosystem function and services
to diversity loss in Caribbean coral reefs. Biol Conserv
171:186-194. doi:10.1016/j.biocon.2013.12.029

National Research Council (2004) Adaptive management for water
resources project planning. The National Academies Press,
Washington, D.C.

Parkins JR, MacKendrick NA (2007) Assessing community vulner-
ability: a study of the mountain pine beetle outbreak in British
Columbia, Canada. Glob Environ Chang 17:460-471. doi:10.
1016/j.gloenvcha.2007.01.003

Plummer R, de Grosbois D, Armitage D, de Loé RC (2013) An
integrative assessment of water vulnerability in First Nation
communities in Southern Ontario, Canada. Glob Environ Chang
23:749-763. doi:10.1016/j.gloenvcha.2013.03.005

Ray L (2011) Using Q-methodology to identify local perspectives on
wildfires in two Koyukon Athabascan communities in rural
Alaska. Sustain Sci Pract Policy 7:18-29

Reckien D, Wildenberg M, Bachhofer M (2013) Subjective realities
of climate change: how mental maps of impacts deliver socially
sensible adaptation options. Sustain Sci 8:159-172. doi:10.1007/
$11625-012-0179-z

Rice J, Tredennick A, Joyce LA (2012) Climate change on the
Shoshone National Forest, Wyoming: a synthesis of past climate,
climate projections, and ecosystem implications. General tech-
nical report RMRS-GTR-264. Fort Collins, CO: United States
Department of Agriculture/Forest Service Rocky Mountain
Research Station

Salter J, Robinson J, Wiek A (2010) Participatory methods of
integrated assessment—a review. Wiley Interdiscip Rev Clim
Change 1:697-717. doi:10.1002/wcc.73

Schneider F, Rist S (2014) Envisioning sustainable water futures in a
transdisciplinary learning process: combining normative, explo-
rative, and participatory scenario approaches. Sustain Sci
9:463-481. doi:10.1007/s11625-013-0232-6

Schréter D, Polsky C, Patt AG (2005) Assessing vulnerabilities to the
effects of global change: an eight step approach. Mitig Adapt
Strateg Glob Chang 10:573-596

Smit B, Wandel J (2006) Adaptation, adaptive capacity and vulner-
ability. Glob Environ Chang 16:282-292. doi:10.1016/j.gloenv
cha.2006.03.008

Stainton Rogers R (1995) Q methodology. In: Smith JA, Harre R, Van
Langenhove L (eds) Rethinking methods in psychology. Sage,
California, pp 178-192

Steelman TA, Maguire LA (1999) Understanding participant per-
spectives: Q-methodology in national forest management. J Pol-
icy Anal Manag 18(3):361-388


http://dx.doi.org/10.5849/jof.12-091
http://dx.doi.org/10.1007/s10584-006-0329-3
http://dx.doi.org/10.1007/s11625-012-0191-3
http://dx.doi.org/10.1111/1468-2451.00311
http://dx.doi.org/10.1111/1468-2451.00311
http://dx.doi.org/10.1016/j.gloenvcha.2005.01.002
http://dx.doi.org/10.4103/0972-4923.83725
http://dx.doi.org/10.1016/j.ecolecon.2005.04.005
http://dx.doi.org/10.1016/j.gloenvcha.2010.08.002
http://dx.doi.org/10.1007/s10584-013-0819-z
http://www.ipcc.ch/publications_and_data/publications_ipcc_fourth_assessment_report_synthesis_report.htm
http://www.ipcc.ch/publications_and_data/publications_ipcc_fourth_assessment_report_synthesis_report.htm
http://www.ipcc.ch/publications_and_data/publications_ipcc_fourth_assessment_report_synthesis_report.htm
http://ipcc-wg2.gov/SREX/report/
http://dx.doi.org/10.1080/13683500.2012.685704
http://dx.doi.org/10.1080/13683500.2012.685704
http://dx.doi.org/10.1007/s11625-008-0053-1
http://dx.doi.org/10.1007/s10113-008-0049-5
http://dx.doi.org/10.1007/s10113-008-0049-5
http://dx.doi.org/10.1080/02626667.2011.631496
http://dx.doi.org/10.1016/j.gloenvcha.2005.04.003
http://dx.doi.org/10.1007/s10584-010-9827-4
http://dx.doi.org/10.1007/s10584-010-9827-4
http://dx.doi.org/10.1007/s10113-008-0044-x
http://dx.doi.org/10.1016/j.biocon.2013.12.029
http://dx.doi.org/10.1016/j.gloenvcha.2007.01.003
http://dx.doi.org/10.1016/j.gloenvcha.2007.01.003
http://dx.doi.org/10.1016/j.gloenvcha.2013.03.005
http://dx.doi.org/10.1007/s11625-012-0179-z
http://dx.doi.org/10.1007/s11625-012-0179-z
http://dx.doi.org/10.1002/wcc.73
http://dx.doi.org/10.1007/s11625-013-0232-6
http://dx.doi.org/10.1016/j.gloenvcha.2006.03.008
http://dx.doi.org/10.1016/j.gloenvcha.2006.03.008

Sustain Sci

Stock P, Burton RJF (2011) Defining terms for integrated (multi-
inter-trans-disciplinary) sustainability research. Sustainability
3:1090-1113. doi:10.3390/su3081090

Stratford CJ, Acreman MC, Rees HG (2011) A simple method for
assessing the vulnerability of wetland ecosystem services.
Hydrol Sci J 56(8):1485-1500. doi:10.1080/02626667.2011.
630669

Turner BL II (2010) Vulnerability and resilience: coalescing or
paralleling approaches for sustainability science? Glob Environ
Chang 20:570-576. doi:10.1016/j.gloenvcha.2010.07.003

Turner BL II, Kasperson RE, Matson PA, McCarthy JJ, Corell RW,
Christensen L, Eckley N, Kasperson JX, Luers A, Martello ML,
Polsky C, Pulsipher A, Schiller A (2003) A framerwork for
vulnerability analysis in sustainability science. P Natl Acad Sci
USA 100(14):8074-8079. doi:10.1073/pnas.1231334100

USDA (United States Department of Agriculture) (2015) Land
management plan 2015 revision: Shoshone National Forest.

Forest Service, Cody, Wyoming, USA. http://www.fs.usda.gov/
Internet/FSE_DOCUMENTS/stelprd3842886.pdf. Accessed 9
May 2016

Vugteveen P, Lenders HIR, Devilee JLA, Leuven RSEW, van der
Veeren RJHM, Wiering MA, Hendriks AJ (2010) Stakeholder
value orientation in water management. Soc Natur Resour
23:805-821. doi:10.1080/08941920903496952

Watts S, Stenner P (2012) Doing Q methodological research: theory,
method and interpretation. SAGE Publications Ltd., London

Wolf S (2012) Vulnerability and risk: comparing assessment
approaches. Nat Hazards 61:1099-1113. doi:10.1007/s11069-
011-9968-4

Zhang Y, Zhao S, Guo R (2014) Recent advances and challenges in
ecosystem service research. J. Resour. Ecol. 5:82-90

@ Springer


http://dx.doi.org/10.3390/su3081090
http://dx.doi.org/10.1080/02626667.2011.630669
http://dx.doi.org/10.1080/02626667.2011.630669
http://dx.doi.org/10.1016/j.gloenvcha.2010.07.003
http://dx.doi.org/10.1073/pnas.1231334100
http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprd3842886.pdf
http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprd3842886.pdf
http://dx.doi.org/10.1080/08941920903496952
http://dx.doi.org/10.1007/s11069-011-9968-4
http://dx.doi.org/10.1007/s11069-011-9968-4
https://www.researchgate.net/publication/303040366

	Understanding social--ecological vulnerability with Q-methodology: a case study of water-based ecosystem services in Wyoming, USA
	Abstract
	Introduction
	Study area
	Assessing vulnerability of stakeholders with Q-methodology
	Developing the Q-set
	Developing the P-set
	Q-sorting exercise and exit interview
	Data analysis and interpretation

	Results of case study
	Environmental perspective
	Agricultural perspective
	Native American perspective
	Recreation perspective

	Discussion of Q-methodology results in the context of vulnerability assessment
	Multiple stakeholder perspectives of vulnerability
	Difference between perceived vulnerability and actual vulnerability
	Platform for future phases of integrated vulnerability assessments
	Defining and understanding the study area
	Communicating vulnerability

	Limitations
	Conclusion
	Acknowledgements
	References




