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Abstract
As research recognizes the importance of ecological impacts of drought to natural

and human communities, drought planning processes need to better incorporate

ecological impacts. Drought planning currently recognizes the vulnerability of

some ecological impacts from drought (e.g., loss of instream flow affecting fish

populations). However, planning often does not identify all the ecological aspects

in a landscape that stakeholders value, nor does it examine the extent to which

those aspects are vulnerable to drought. One approach for identifying ecological

aspects is ecosystem services (ES)—that is, the benefits humans receive from

nature. To incorporate ecological impacts into drought planning in the Upper Mis-

souri Headwaters (UMH) region (Montana, USA), we combined ES elicitation

using the Common International Classification of Ecosystem Services and a vul-

nerability assessment using semi-structured interviews. We juxtaposed results from

the interviews and the ES elicitation to assess which ES might be vulnerable to

drought and which impacts from interviews were associated with losses of

ES. While both methods suggested common drought vulnerabilities, each method

also suggested drought vulnerabilities not reported using the other method. The ES

elicitation produced more detail about services present in the UMH ecosystem

today while interviews resulted in more discussion about ecological transformation

from future droughts. Results suggest that some combination of open-ended vul-

nerability assessment methods and ES elicitation using a structured framework can

result in greater understanding of ecological drought vulnerability in a given

region.
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1 | INTRODUCTION

Droughts are projected to become more severe in the western United States, resulting from changing climate and human water
use (Cook, Ault, & Smerdon, 2015; Dai, 2013; Van Loon et al., 2016). As research increasingly recognizes the importance of
ecological impacts of drought to natural and human communities (Crausbay et al., 2017; Millar & Stephenson, 2015), compre-
hensive drought planning processes need to better incorporate current and potential future ecological impacts.

Drought planning research (Wilhite, 1992; Wilhite, Hayes, & Knutson, 2005) and drought plans often mention environ-
mental impacts, but plans typically do not consider a comprehensive suite of ecological impacts (McEvoy et al., 2018;
Tánago, Urquijo, Blauhut, Villarroya, & de Stefano, 2016). Instead, plans tend to focus on historically better-studied hydro-
logical, agricultural, and socio-economic impacts (National Drought Mitigation Center (NDMC), n.d.; National Center for
Environmental Information, 2018) This relative absence of focus on ecological impacts is also due to the complexity in relat-
ing these impacts directly to human communities, and because stakeholders might not deem them a priority (Wilhite, 1992).
Institutional fragmentation also plays a role, as ecological impacts of drought may be addressed in other planning processes
rarely integrated with drought planning (McEvoy et al., 2018) (e.g., US Forest Service National Forest Planning).

Droughts are a leading cause of economic losses by hazards in the United States, causing an average of 9.4 billion dollars
a year in damages (National Center for Environmental Information, 2018). Loss estimates are primarily based on US Depart-
ment of Agriculture (USDA) indemnity payments and Federal Emergency Management Agency (FEMA) property damage
assessments; they do not take into account damages to natural capital or to ecosystem services (ES)—the benefits that people
derive from nature (Millennium Ecosystem Assessment (MEA), 2003). Perhaps as a result, drought planning has tended to
focus more on responding to droughts as they occur and mitigating economic impacts than on proactively implementing
changes to natural resources management before a drought happens. Notably, common methods of assessing drought vulnera-
bility do not account for ES (Tánago et al., 2016).

A growing literature discusses the significant impacts that drought has on ecosystems—and by extension, the human com-
munities that rely upon them. Crausbay et al. (2017, p. 2544) termed this set of impacts ecological drought, defining it as “an
episodic deficit in water availability that drives ecosystems beyond thresholds of vulnerability, impacts ES, and triggers feed-
backs in natural and/or human systems.” A drought in Syria caused decreases in primary productivity and water availability
which contributed to conflict in that country (Kelley, Mohtadi, Cane, Seager, & Kushnir, 2015). The Australian government
spent nearly AU$810 million for the restoration of mostly provisioning and regulating services after the Millennium drought
in the Murray-Darling Basin (Banerjee, Bark, Connor, & Crossman, 2013). Decadal droughts in Glacier National Park, Mon-
tana, USA have affected ES in alpine glaciers and snowfields, and montane forests over the past several centuries (Pederson,
Gray, Fagre, & Graumlich, 2006).

There are several ES frameworks, generally derived from the MEA (2003). Most frameworks (de Groot, Wilson, &
Boumans, 2002; Sukhdev et al., 2019) describe four categories of services: supporting, provisioning, regulating, and cultural.
Supporting services underpin all other ES; one example is photosynthesis (primary productivity) in grasses, which leads to a
suite of other services (e.g., soil retention due to thriving grassland communities) (MEA, 2003). Not all ES frameworks
include supporting services as these do not directly impact humans (Haines-Young & Potschin, 2012). Provisioning services
are directly consumed, and include fresh water and food (e.g., trout fisheries). Regulating services result from mediating pro-
cesses, and include regulation of hydrologic processes and water quality (e.g., riparian areas trap sediment and reduce their
movement into rivers). Cultural services derive from the relationship of spiritual, aesthetic, educational, and recreational
(e.g., hiking) values with ecosystems.

In order to better integrate ecological impacts into drought planning, planners need support in at least two areas: how to
ascertain the salient ecological impacts of a drought in a given region and how to integrate knowledge of those impacts into
preparedness efforts. Once they have ascertained impacts of concern, they will need to work with stakeholders to determine
the impacts' priorities, and then devise adaptive strategies. In this paper, we present results from a two-part approach to ascer-
tain ecological impacts of concern in the Upper Missouri Headwaters (UMH) basin in southwestern Montana, USA, the
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location of a national demonstration project (Montana Drought Demonstration Partners, 2015) for innovative drought plan-
ning. In this pilot effort, drought planners are actively exploring approaches for integrating ES into drought vulnerability
assessments.

In order to ascertain what ES might exist in the region, we created, in a participatory workshop, an inventory or extensive
organized list of ES using a widely accepted framework CICES v. 4.1 (Haines-Young & Potschin, 2012). This method pro-
vides a fairly comprehensive list of possible ES in the region. In order to start to reduce the list of services or impacts to those
more likely to be affected by drought, we then cross-referenced this inventory with results from semi-structured interviews
asking professionals who manage for drought resilience to identify a range of drought impacts in this landscape. After examin-
ing how results from the two methods overlap and differ, we discuss how drought planners, researchers, and conservation
practitioners might integrate these approaches into their planning efforts. This appears to be the first work to use an ES
approach to catalog potential ecological impacts in a particular landscape before a drought occurs. It also appears to be the first
attempt to use the CICES framework to elicit ES in the United States.

2 | BACKGROUND

Drought is, most basically, a precipitation deficit over an extended period of time that results in reduced water availability for
some activity or group (Wilhite & Glantz, 1985; American Meteorological Society, 2004). Droughts are a normal, but tempo-
rary, feature of all climates. Temperature, humidity, wind, and the unique societal and ecological characteristics of a region
can all contribute to drought severity. Because droughts are experienced relative to local baselines and the sector-specific
impacts they cause, operational definitions of drought must focus on location-specific characteristics and impacts. This lack of
a universal definition can make developing policies or plans to address drought challenging (Hayes, Svoboda, Wall, &
Widhalm, 2011).

Drought planning, which began as a response by state officials to droughts during the 1970s and 1980s (American Plan-
ning Association, 2013; Wilhite & Easterling, 1989), seeks to reduce the impact of droughts. The planning process often
focuses on three important components: (a) early warning, based on continuous assessment of appropriate indicators;
(b) impact and vulnerability assessments to identify principal activities, groups, and locations most at risk and why; and
(c) response and mitigation strategies to address identified risks (Geological Society of America, 2007; Hayes, Svoboda,
Wardlow, Anderson, & Kogan, 2012). Vulnerability and impact assessments help stakeholders identify valued resources that
could be harmed by drought. They often begin by identifying the resources and groups at risk during periods of drought and
assessing the underlying causes for the vulnerabilities (Wilhite & Pulwarty, 2018). Because vulnerability is context- and
location-specific, drought vulnerability assessments need to be comprehensive and multidimensional in their approach
(Sivakumar et al., 2014). They may be quantitative or qualitative, though complementing quantitative measures with narra-
tives of stakeholders has been suggested as important for capturing the complexity of vulnerability (Adger, 2006; Cardona
et al., 2012).

Failure to include key stakeholder groups and identify significant sectoral drought impacts leads to gaps in a vulnerability
assessment as well as in the development of a successful drought policy (Redmond, 2002; Wilhite, World Meteorological
Organization, Global Water Partnership, & National Drought Mitigation Center, 2014). Tánago et al. (2016) conducted a
review of drought vulnerability analyses, and found that few included environmental aspects. McEvoy et al. (2018) examined
drought plans in Montana and found that while drought plans generally address impacts to fish, they do not account for other
ecological impacts such as forest mortality. The authors suggest this is likely because fishing is salient to stakeholders in their
study area and impacts to fishing can be linked to well-established hydrological drought indicators such as streamflow. In con-
trast, an ES-based approach that comprehensively examines ES of different types is less likely to result in such gaps.

While ES are not generally used in drought planning, there is a history of their use in other planning efforts. The use of ES
in environmental planning can be traced at least to the development of Ecosystem Based Management (Slocombe, 1993). In
the United States, ES were discussed at the federal level in the 2008 farm bill (Schaefer, Goldman, Bartuska, Sutton-Grier, &
Lubchenco, 2015). Some planning approaches that have integrated ES include benefit–cost analyses, environmental accounts
(UK Office of National Statistics, n.d.), and conservation planning (Chan, Shaw, Cameron, Underwood, & Daily, 2006;
European Union, 2011). Environmental impact assessment sometimes requires assessment of the economic value of ES for
which there is no market (“non-market valuation”) (Freeman, 2003; Raheem et al., 2009). Payment for ES is used throughout
the world to offset costs of conservation, especially to those who would otherwise profit from using the resource differently
(Dunn, 2011).
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Albert et al., in an overview of using ES in landscape-level planning, recommend focusing on what is appropriate in a
given community and in terms of planning objectives, and that what is needed is not the “most detailed environmental infor-
mation…but rather data…sufficiently robust to serve as the basis for decision-making (1282) (Albert, Aronson, Furst, &
Opdam, 2014).” In this work, we tailored an internationally used ES framework to a specific landscape in order to facilitate
and improve ongoing planning efforts to better address the ecological impacts of drought. Working with drought planners and
stakeholders, we were aiming to obtain data sufficiently robust for decision-making in this context.

3 | METHODS

3.1 | Study team

This work was conducted as part of a national-scale Science for Nature and People Partnership (SNAPP) Working Group on
Ecological Drought, which defined and developed an overarching framework for ecological drought (Crausbay et al., 2017),
and is working to test the framework's concepts through place-based case studies. In order to tailor information to stakeholder
needs, we conducted this work in partnership with state water planners at the Montana Department of Natural Resources and
Conservation (MT DNRC), lead agency for the Montana demonstration project of the National Drought Resilience Partnership
(NDRP) (Montana Drought Demonstration Partners, 2015). The NDRP is a collaborative of federal and state agencies, water-
shed stakeholders, and nongovernmental organizations. The MT Demonstration project partners are working collaboratively
to engage and train community based drought coordinators to plan for drought impacts and build drought resilience within
watershed communities. MT DNRC supports watershed-level drought planning by local entities within the UMH, and is also
creating a UMH basin-wide drought contingency plan based on local watershed planning efforts. By working in partnership
with social and natural scientists as well as practitioners, we respond to best practice guidance in ES analysis to ensure that the
quality of the social and natural science work is high, that integration between them is strong and that the research is focused
on policy-relevant efforts in a real landscape (Bauer & Johnston, 2013).

3.2 | Study location

Adjacent to Yellowstone National Park in SW Montana, the UMH Basin (Figure 1) includes the three forks of the Missouri
River—the Jefferson, Madison and Gallatin Rivers—and their tributaries, the Red Rock, Beaverhead, Big Hole, Ruby, and
Boulder Rivers. The headwaters area (≈3.5 million ha) encompasses a series of mountain ranges and broad valleys, ranging
from 1,400 to 3,300 m. Streamflows are snowmelt dominated, typically peaking late May to mid-June. Average annual precip-
itation is about 48 cm, ranging from about 25 cm in drier valleys and prairies to about 203 cm at the highest elevations. Land
ownership is a combination of private (≈1.4 million ha) and State and Federal (≈2 million ha in total). The mostly rural com-
munities are agriculturally based and divert almost 98% of surface water to irrigate ≈192,000 ha. The basin is prone to fre-
quent drought, marked by rapid population growth (in the Gallatin Valley), shifting demographics and land use, and is well
known for outdoor recreation including fly-fishing, hiking, wildlife viewing, and skiing (Upper Missouri Basin Water
Plan, 2014).

Many community-based conservation organizations work within the basin's eight (HUC 8) watersheds. While all vary
slightly in their structure and mission, each addresses natural resource issues collaboratively within the community. Through
the Montana NDRP demonstration project, local community organizations were selected to participate in the planning process
and develop locally-led drought management plans (Montana Drought Demonstration Partners, 2015). Montana NDRP part-
ners believe successful drought preparedness is rooted in communities and guided by leaders invested in the approach. The
overall goal is to develop long-term drought resilience and deliver needed scientific tools and resources to local drought plan-
ners to guide conversations within their watersheds. Local leadership allows communities to identify and prioritize regionally
specific vulnerabilities of concern. By identifying what resources matter to which stakeholders, all parties can work toward
better protecting or maintaining those resources.

In order to frame the vulnerability assessment process for these drought plans more holistically, the study team was inter-
ested in providing drought planners with detailed information and resources for considering natural resource amenities and
impacts. This interest in taking a closer look at ecological consequences of drought, and links to services that are important to
people in the region, made the UMH an ideal place to test how integrating ES within vulnerability assessments can contribute
to drought planning and preparedness efforts.
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3.3 | Ecosystem services workshops

An ES inventory is an organized list or table of ES by category in a given landscape. ES inventories have been completed in
the United States (Raheem et al., 2015), Belgium (Turkelboom et al., 2014), and Portugal (Sousa, Sousa, Alves, & Lillebø,
2016). We developed the ES inventory through a participatory workshop based on the Common International Classification of
Ecosystem Services (CICES), to ensure participants could choose from a wide range of services, and to work with an interna-
tionally recognized framework (Environment and Natural Resources Code, 2016; Eurostat, n.d.; Victoria Parks, n.d.). CICES
is similar to other frameworks, but omits supporting ES, and divides services into those resulting from biotic versus abiotic
processes. This is a common approach; for instance, the US National Oceanographic and Atmospheric Administration
(NOAA) uses planning methods (Office of National Marine Sanctuaries, 2015) which also omit supporting ES as these are
often not “final” services, or services directly used by humans. Rather, supporting services contribute to processes that gener-
ate those final services.

We consulted a group of professionals working in water, drought, and landscape planning in the study region, includ-
ing regional and watershed drought planners, scientists, and managers from various federal and state land management
agencies (e.g., MT DNRC, US Forest Service), and conservation scientists and practitioners from non-profits working in
the region (e.g., The Nature Conservancy, the Center for Large Landscape Conservation, the Wildlife Conservation Soci-
ety). These participants came from partner organizations involved in the Montana NDRP demonstration project (Montana
Drought Demonstration Partners, 2015). We convened a 1-day meeting in July 2017, in Bozeman, MT, with 18 partici-
pants. After brief presentations on ecological drought and ES, we divided participants into three groups, and asked them
to fill out tables for all CICES subcategories. We asked each group to focus on one of three biomes—forests, grasslands,
or river/riparian—that managers in the region felt were salient. In each group, members discussed and wrote down ES
they thought were present across all categories, without focusing yet on drought. We assigned each group a discussion
leader from the research team who also took notes (all notes and worksheets are available upon request from the
corresponding author).

FIGURE 1 The Upper Missouri Headwaters Basin (NDRP 2015)
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After the workshop, we followed up with participants in person and via telephone and email, and consulted other experts
from NDRP partner organizations who were unable to attend to ensure the ES list was complete, and to follow up on state-
ments that were hard to understand or contextualize. After these conversations, we clarified and corrected transcriptions from
the meetings, moved services into more appropriate categories, and reduced duplication. For more detail on methods and anal-
ysis, please consult Appendix A.

3.4 | Interviews to identify drought impacts

We conducted 44 semi-structured interviews (39 hr and 12 min total, averaging 53 min per interview) with 48 individuals
throughout 2017. The sampling strategy for this interview study was to speak with representatives of as many Montana NDRP
demonstration project partner agencies and organizations as possible. For more details on sampling strategy and first round
coding process, please see Appendix B. The interview team consisted of two social scientists and two ecologists; each inter-
view was conducted by one social scientist and one ecologist. The majority of the interviews were with a single interviewee,
but at interviewee request three interviews included additional staff from the same organization. While the ES workshop par-
ticipants and interviewees were drawn from the same sample population (staff of NDRP partner organizations), individual par-
ticipants were not identical.

Questions focused on how interviewees define drought, impacts of drought about which they are concerned, use of and
gaps in drought science and monitoring, approaches to preparing for and/or responding to drought, and innovative solutions
for drought management. With interviewee permission, we audio-recorded each interview. The interview protocol and study
procedures were approved by the Montana State University Institutional Review Board.

Each drought impact mentioned in first round coding was categorized into one of seven sectors. These sectors were initially
based on the water use sectors identified in the Montana Drought Impacts Reporter (Montana Department of Natural
Resources and Conservation, n.d.). However, as not all impacts reported by interviewees fit into the categories used by the
Montana Drought Impacts Reporter, we used the National Drought Mitigation Center's Drought Impact Reporter (National
Drought Mitigation Center, 2019) to adjust the impact categories to better fit the data. This resulted in the following top-level
categories: Agriculture & Livestock; Domestic & Municipal; Fire; Fisheries, Wildlife & Plants; Power, Mining & Industrial;
Recreation & Tourism; Society & Public Health. Within each sector, impacts were combined into sub-categories using open
coding principles (Corbin & Strauss, 2008).

3.5 | Juxtaposition of ES inventory and interviews

Once both approaches were complete, we juxtaposed the results of the ES inventory and the interviews. We found ES that
were identified only in the inventory, ES that were identified only in the interviews, and ES identified by both methods. There
were also impacts listed in the interviews that could not be categorized as ES. We then evaluated patterns of overlap and
differences.

4 | RESULTS

4.1 | ES inventory

Tables S1–S3 present all the ES identified as important in the UMH basin. Participants elucidated over 200 services across
three major biomes. Participants described well over 50 cultural services (Table S1) and found services in all subcategories in
all biomes. Many participants expressed surprise in the debrief discussion about how many services occurred in this category,
while others pointed out that, for instance, managers working for the US Forest Service frequently receive public comments
that mention the existence value of species and ecosystems. Participants identified well over 80 services in the regulating
(Table S2) category. Participants were also surprised by the extent of the regulating services. Many agreed that some of these
regulating services are not frequently thought about, such as avalanche control (forests) and smell reduction (all biomes). Dur-
ing the workshop, provisioning services (Table S3) seemed to be the most familiar to participants, but this category did not
have the greatest number of entries. Participants identified over 30 services in this category. Table 1 provides one example
row from each table (without endnotes) to illustrate the range of ES that were discussed. ES in bold text were also mentioned
as being vulnerable to drought during the interviews.
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4.2 | Drought impacts identified by interviewees

Table 2 provides several examples from the complete impacts table (Table S4) to illustrate the range of impacts recorded in
interviews, and how they interact with ES. Interviewees identified over 100 distinct impacts of drought across the seven sec-
tors. For each impact, we assessed whether it was associated with a loss of ES and cross-referenced whether or not it had been
mentioned in the ES inventory. If the study team deemed an impact as being associated with a loss of ES (e.g., change in cul-
tural or provisioning), we marked it as such. If it seemed likely that the impact might belong to an ES category, we marked it
as “possibly” in that category. If the impact mentioned was not readily categorizable as a loss in ES, we marked it with an
X. If an impact was mentioned in the ES workshop, we marked “yes” in the “mentioned in ES inventory” column. If the
impact was very similar to something mentioned in the workshop, we marked it as “no,” with a superscript asterisk.

4.3 | Juxtaposition of ES inventory and interviews

There was considerable overlap between ES identified by the ES inventory and during the interviews. Interviewees indicated
impacts from each category of ES. Nearly every subcategory of ES from the CICES inventory (e.g., wild animals and their
outputs) was mentioned in the interviews. Every category of impact from the interviews (e.g., agriculture and livestock, fire)
contained responses easily described as losses of ES, though some categories (e.g., recreation and tourism) exhibited more
direct linkages than others (e.g., society and public health). For example, under “recreation and tourism,” respondents
described impacts such as “loss of access for recreationalists,” clearly a cultural service; they also described “declining ame-
nity quality or value of private riparian properties,” which could be classified as a loss of either regulating or cultural ES.

Some topics mentioned in interviews could be construed as ES losses missing from the inventory (e.g., loss of amenity
value of private lands, loss of access for recreation). Conversely, some ES mentioned during the workshop were not men-
tioned by interviewees, and yet are likely to be affected by drought (e.g., pollination and seed dispersal, tribal values, carbon
sequestration).

TABLE 1 Excerpt from ecosystem services inventory by biome in the UMH

Services by biome

Subcategories Forests Grasslands River/riparian

CULTURAL:
Nonconsumptive use
of plants, animals
and landscapes

Wildlife watching, hiking, bird
watching, skiing, wildflowers,
white-bark pine forest, mountain
biking, snowshoeing, ATVing,
rock climbing, ice climbing.

Wildlife management areas,
wildlife and bird watching and
photography, hiking, horseback
riding, off road vehicle use,
mountain biking.

Catch and release fishing. Bird and
animal watching. Camping by lakes.
Picnic sites. Wildlife refuges- red
rocks. Tourism and scenery. State
parks, moose viewing, ancient beaver
lodges. Reservoir use, winter use of
rivers, summer use of rivers.

REGULATING:
Water cycle and water
flow maintenance

Physical shading,
evapotranspiration, forest
species composition and age
structure influences hydrologic
cycle. Throughfall and
orographic rainfall/ snowfall,
snow capture and rates of
sublimation from canopies, rate
of evaporation of throughfall,.
Regulated by forest presence and
composition. Forests provide
water retention for late season
flows.

Possible return flow from flood
irrigation. Surface
water/groundwater interactions
on grasslands and unlined
canals. Healthy grasslands will
be less flashy, allow for more
soaking into aquifers. Also
possible evapotranspiration from
riparian vegetation on irrigation
canals.

Groundwater recharge. Preventing
incised channels/maintaining water
table and ground-surface water
interconnections. Soil moisture
(increases habitat). Riparian
evapotranspiration, shading affects
evaporation and stream
temperatures.

PROVISIONING:
Wild animals and
their outputs

Game animals and any kind of
hunting, antler sheds, fishes,
trapping for furs (multiple
species), upland game birds.

Forage and habitat for wild game
animals, grassland game birds.

Hunting, trapping. Fishing.

Bold font indicates ES that were also mentioned in interviews.
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Not every impact from interviews linked to an ES loss. Sometimes interviewees described broad ecological impacts
(e.g., impacts to grassland health, invasive species) that could link to many ES in the table, but we were not be able to identify
exactly what the interviewee was thinking about when they made the remarks, nor if they intended to indicate that all ES in
that ecosystem would be affected. Interviewees also mentioned impacts that do not necessarily fit into the ES framework.
Under “fisheries, wildlife and plants,” for example, interviewees mentioned some impacts on species populations
(e.g., declining species health of amphibians) which do not necessarily have direct impacts on humans. Interviewees men-
tioned economic losses, psychological concerns (e.g., people's stress level and overall well being) or public health and safety
issues, none of which are necessarily ES in themselves. Interviewees also described impacts of drought related to changing
drought frequency and severity (e.g., shifts in wildlife ranges, decreased ability of fuels to recover from fire). These impacts
relate to characteristics of future droughts about which respondents are concerned, while the ES inventory primarily captures
losses of ES associated with current droughts. For all these reasons, we believe that our bolding of the ES inventory (Tables 1
and S1–S3) is generally conservative (i.e., more elements are likely to be impacted by drought than just what is highlighted).

5 | DISCUSSION

While there is evidence that the ecological impacts of drought are important to drought planning objectives, planners do not
always have good ways to obtain important information about those impacts. To address that gap, we present and compare
results from two different methods. We developed an ES inventory with a group of stakeholders, and then juxtaposed those
results with results from a set of interviews that explicitly asked about the impacts of drought in the same landscape. This
allowed us to assemble a fairly comprehensive list of services that matter to relevant groups in the area and identify which of
those ES are considered by regional stakeholders to be vulnerable to drought. This juxtaposition also allowed us to examine
how different methods might elicit different types of information, and ultimately provided insight into ways to better plan for
ecological drought.

The two methods incorporate ecological impacts into drought planning from different starting points. The ES inventory
started by identifying ecological values that exist and then asked which are vulnerable, while the interviews (like many

TABLE 2 Examples of impacts mentioned during interviews, whether the impact is associated with a loss of ecosystem services (ES), and
whether that ES was mentioned during the ES inventory workshop

Impact category: recreation and tourism

Sub-category Specific impact

Whether impact may be associated with
a loss of ES, and in which category
(assigned by author team)

Mentioned in ES
inventory workshop?

Communities Declining amenity quality or value of private
riparian properties

Cultural, regulating No*

Hydrological
transformation

Less snowpack for the ski industry Cultural, regulating Yes

National Park Visitor impacts, general Cultural Yes

Recreation Loss of access or benefits by fisherman, hunters,
boaters, skiers or other recreationalists

Cultural No*

Impact category: society and public health

Sub-category Specific impact

Whether impact may be associated with
a loss of ES, and in which category
(assigned by author team)

Mentioned in ES
inventory workshop?

Communities Health of rural economies and/or loss of agricultural
heritage

Cultural Yes

Psychological people's well-being or stress level X No

Psychological Perception of community or Montana X No

Public health General mention of impacts X No

Note: “X” means “deemed by authors to not be associated with a loss in ES.” This is for various reasons discussed in the text. A superscript asterisk means even though
this particular impact was not mentioned during the ES inventory workshop, it is close to a similar reported impact.
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vulnerability assessments) asked what is vulnerable to drought directly. In comparing the methods, we identified the following
strengths and weaknesses.

In conversations before the ES workshop, some participants expressed concern that the elicitation process would not reveal
anything new. In debrief discussions at the end of the in-person workshop, several participants indicated that they were sur-
prised by several services or appreciated having the time to think about less-obvious services, particularly in the cultural cate-
gory. This is due in part to the structural formality of the CICES framework, which allows for a detailed, checklist-type
(Gawande, 2009; Hales & Pronovost, 2006) investigation to push participants beyond an approach in which they might simply
rely on pre-existing conceptions they have about a given landscape (Kahneman, 2011).

The interviews, by contrast, were open-ended, allowing respondents to speak from their experience living and working in
the UMH landscape, highlighting what is important to each individual. One set of concerns raised in this open-ended approach
is the impacts of future droughts in a changing climate, emphasizing that drought and climate change are overlapping chal-
lenges in the UMH. The conversation about intertwined impacts of drought and climate change has been noted elsewhere in
the western US, with suggestions that multi-year droughts be more appropriately termed “aridification” to recognize the conse-
quences of what may be a new baseline condition (Colorado River Research Group, 2018). CICES as a framework does not
account for these intersections between drought and climate change. As a result, it did not capture interviewees' concerns
about the transformative effects of drought. Many impacts from the interviews that are not associated with a loss in ES
(i.e., those marked X in Tables 2 and S4) reflect stakeholder concerns about how drought can or will change the ecosystem.
An ES approach appears to yield a more static picture of what services exist.

The anthropocentricity of any ES framework requires a description of nature as comprised of components that are of value
to humans, as opposed to communities arranged by ecological relationships with intrinsic value (Luck et al., 2012). While the
ES inventory reflects elements of the environment at the intersection of nature and human well-being, the interviews identified
impacts of drought on both the natural (e.g., assemblages of macroinvertebrates) and the human world (e.g., people's stress
level and overall well being, perception of the community or Montana) that are not explicitly related to ways humans use
nature. ES frameworks attempt to account for some of these natural elements (e.g., species health) with the concept of exis-
tence value (i.e., the value that humans place on knowing that a species exists even if they never see it; Montana Drought
Demonstration Partners, 2015), but the emphasis that some interviewees placed on these elements suggests certain UMH pro-
fessionals view some species and ecological processes as important in a way that existence value may not fully capture.

Similarly, interviewees identified ways that drought affects not the service that is provided by the ecosystem, but the distri-
bution of that service between human users due to human institutions (e.g., distribution of scarce water due to seniority of
water rights under Montana's prior appropriation system; Fanning, Sime, Mudd, & Williams, 2017). With their focus on iden-
tifying aggregate services present in a landscape, ES frameworks like CICES are silent about the human institutions that allo-
cate services to various sectors or individuals (Wieland, Ravensbergen, Gregr, Satterfield, & Chan, 2016). Thus, the ES
workshop did not address distribution of services between users, just whether those services exist in the landscape.

Drought planners interested in integrating ecological impacts into their work could strategically combine aspects of both
methods and integrate the types of concerns brought up in the interviews. One framework that is used in the United States is
the Drivers, Pressures, State, Ecosystem Services, and Responses (DPSER) framework, used by NOAA to report the condi-
tions of its marine sanctuaries (Office of National Marine Sanctuaries, 2015). DPSER uses expert input to identify ES of con-
cern in the marine environment and then screens those ES for which ones are most important and amenable to management
practices. For their sanctuary reports, NOAA uses 11 relevant ES. The state of the ES is measured by a set of 17 questions to
assess a baseline and whether they are increasing, decreasing or staying the same. Planners in the UMH could use the ES
workshop to identify all ES and then identify which ones are likely to be impacted by drought. Once a subset is identified as
important to stakeholders and regional experts, planners could consult relevant individuals to determine the state of these ES,
and ascertain what adaptive or reactive management mechanisms would be appropriate. This could be followed with inter-
views to identify any missing components, such as the ones we identify above.

If planners use some combination of these approaches, or another means of combining ES elicitation with qualitative vul-
nerability analysis methods, they will have to make a number of decisions. One decision will be about how much time to
spend on the work. Many participants traveled several hours to attend the workshop, causing us to limit the in-person compo-
nent of the ES workshop to a single day. In contrast, a similar ES elicitation effort in New Mexico (Raheem et al., 2009)
assembled an inventory over a 3-day workshop. A longer workshop format would allow more discussion of how the inventory
works (e.g., what services belong in each category and subcategory). Having more time to understand and complete the
CICES framework could also benefit drought planners as they introduce ES concepts into discussions with local watershed
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stakeholders. Additionally, more time might allow better integration of methods, perhaps mixing what was learned in the inter-
views into the ES inventory, or using the inventory to better inform interview processes.

Another concern is the sheer length and usefulness of the lists generated by a joint approach. Our juxtaposition of these
methods resulted in a list consisting of an ES inventory with additional drought impacts not specifically associated with loss
of ES. It would be very difficult to monitor or respond to all of the impacts in such a list, and communities will have to priori-
tize the lists in order to effectively use them to identify adaptation strategies.

Several coauthors on this paper have experience with drought planning. One point they made consistently was that the
planning process itself is important; it can serve dual decision making and social learning functions (Cravens & Ardoin, 2016;
Cundill et al., 2010). Generating a long list of impacts might be valuable as part of the process of maintaining communication,
soliciting input, and educating stakeholders about the concerns of other community members. The full list of vulnerable ser-
vices could then be winnowed through ranking exercises or games, voting, and/or consultation with local or regional experts
from nonprofits and state, federal, or tribal agencies. Once a set of vulnerabilities has been identified, planners or managers
will be able to use that list to inform drought preparedness and proactive resilience strategies.

Finding the most effective way to integrate and use these methods will require additional work to identify best practices for
collecting ecosystem service information and using it to inform vulnerability assessments. But our experience in the UMH to
date suggests including information about ecosystem services in drought and related planning can help managers better pre-
pare for and mitigate future drought.
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