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Executive Summary

Climate change is contributing to unprecedented rates of ecological transformation worldwide.
Shifts in species composition and habitat have implications for ecosystem function and human
relationships. The 1964 Wilderness Act was passed to preserve undeveloped landscapes and to
sustain opportunities for people to experience and enjoy “natural” places. Nevertheless,
wilderness is still vulnerable to the direct and indirect impacts of climate change. Using active
management to respond to climate change in wilderness is complicated by the very protections
afforded to wilderness that limit human impacts. This dichotomy manifests as a wicked problem
for land stewards who are grappling with how to prepare for or respond to climate change-
driven ecological transformation.

To untangle this wicked problem, scientists at the Aldo Leopold Wilderness Research Institute
(ALWRI) worked with land stewards and their collaborators to apply the resist-accept-direct
(RAD) framework to illuminate a decision space surrounding ecological transformation of
whitebark pine ecosystems in wilderness. Whitebark pine (Pinus albicaulis) is a federally
threatened and geographically widespread upper subalpine tree species threatened by warming
temperatures, wildfire, forest pests, and disease. Further loss of whitebark pine may
ecologically destabilize upper subalpine communities and impact biocultural relationships
important to Native American heritage. Addressing the loss of whitebark pine and associated
ecosystems is particularly complex, as much of the estimated range of whitebark pine overlaps
with wilderness. The overarching goal of the RAD Decisions in Rad Landscapes: Climate
Adaptation for Whitebark Pine in Wilderness case study was to provide USDA Forest Service (FS)
staff and partners with knowledge and tools to support intentional and transparent decision-
making for whitebark pine ecosystems in wilderness. Scientists from ALWRI researched the
potential ecological consequences of climate change for whitebark pine as well as managers’
perceived ability to respond to ecological change. Additionally, scientists at ALWRI facilitated a
2-day workshop which engaged FS staff, National Park Service (NPS) staff, Tribal staff and
representatives, and non-profit partners in an adaptation planning process to clarify values and
desired conditions, generate decision alternatives under the RAD framework, and evaluate the
potential implications of various decision alternatives.

Workshop activities and discussions were informed by biological and social science research
completed prior to and presented during the workshop. Biological analyses included
assessment of recent and mid-215t century climatic suitability for whitebark pine within the
United States. Overall, the amount of climatically suitable area for whitebark pine is expected to
decline over time. By the mid-21°t century, models predict that wilderness areas will contain the
majority of remaining climatically suitable area (70% nationwide). Interview results indicated
that managers have been observing climate-induced changes to whitebark pine ecosystems
range-wide. Apart from less intrusive activities, such as cone collection, managers noted that
most actions taken to respond to observed change occurred outside wilderness. Nevertheless,



some managers acknowledged that actions within wilderness may need to be considered as
opportunities to act outside wilderness are limited and maybe become more limited over time.

During the workshop, attendees participated in a range of facilitated discussions and small-
group activities as part of an iterative process to generate and evaluate decision alternatives to
address climate change challenges for wilderness whitebark pine ecosystems. Participants used
the RAD framework to generate alternatives that explicitly addressed climate change-driven
ecological change. Alternatives that involved active management overwhelmingly resisted
change to whitebark pine ecosystems. Participants chose to further analyze the potential social-
ecological tradeoffs of the following four alternatives: planting and seeding of whitebark pine
(resist), cone collection for genetic research (accept), and assisted migration of whitebark pine
to new areas outside its existing range (direct). The perceived feasibility and efficacy of these
alternatives varied among participants based on professional, cultural, and regional affiliations.
Overall, workshop participants acknowledged and appreciated the complexity of stewarding
whitebark pine in wilderness and the importance of leveraging region-specific expertise to
advance shared nationwide recovery goals.

The process and tools introduced in the workshop were created to support forward-thinking
and intentional decision-making regarding climate change-driven ecological transformation of
whitebark pine ecosystems in wilderness. Specific recommendations were not provided as part
of this workshop with the intention that practitioners, land stewards, and partners can use this
process in a way that best fits their unique needs and limitations. Following a standardized
process that explicitly integrates the evaluation of RAD alternatives can foster collaboration and
increase transparency in decision-making for wilderness in an era of climate change.

Key take-aways

e Models indicate that climatically suitable area for whitebark pine will decline both inside
and outside of wilderness; however, an estimated 70% of remaining suitable area will
occur within wilderness by the mid-21%t century

e By-and-large, FS managers are currently engaging in restoration activities outside
wilderness though they recognize acting within wilderness may become necessary

e There is a common desire to minimize impacts to wilderness character while also
recognizing the contribution of whitebark pine to wilderness character

e Qutcomes of resist alternatives were more certain and therefore viewed more favorably,
however, participants felt that direct alternatives (e.g. assisted migration) perceived as
riskier may be necessary as climatic conditions change

e Accepting transformation was overall viewed unfavorably, but participants felt it could
be valuable in the short-term to gain knowledge before implementing riskier alternatives
in wilderness

e |t will be necessary to continue discussions on a national level to both achieve desired
conditions and minimize negative impacts on wilderness character



RAD Decisions in Rad Landscapes: Project Background

Ecological Transformation

Climate change has contributed to unprecedented shifts in ecological patterns and processes
(McElwee et al. 2023). These changes directly and indirectly impact ecosystem services as well
as relationships among people and natural communities. When compounded by existing
stressors and threats such as wildfire, pests, disease, invasive species, and human development,
ecological change may become irreversible. Ecological transformation, or the emergence of new
ecosystem states that differ from known historical conditions, makes it difficult for land
stewards and partners to delineate management goals and adhere to current management
strategies (Stein et al. 2013). Growing concern and recognition that traditional or familiar
stewardship strategies may no longer support resilient ecological communities has driven land
stewards and their partners to seek alternative solutions to address complex problems under
climate change (Magness et al. 2012; Schwartz et al. 2012; Schuurman et al. 2022).

Managing for Climate Change in Wilderness: A Wicked Problem

Climate change-driven ecological transformation is a diffuse and complex issue impacting
landscapes globally, regardless of jurisdiction and protection status. In the United States, the
National Wilderness Preservation System (NWPS) includes over 100 million acres of land
afforded the highest level of protection of all public lands in the United States. Guiding policy
under the 1964 Wilderness Act mandates that lands designated as part of the NWPS be
preserved in their natural state, wherein the character of the landscape is primarily influenced
by the forces of nature and absent of human development or trammeling (Public Law 88-577;
Wilderness Act 1964). In addition, the NWPS is managed to preserve opportunities for solitude
or primitive and unconfined recreational experiences and other features of value, such as
ecological processes and cultural features that existed upon designation (Table 1). Nevertheless,
despite these high levels of protection, the NWPS remains susceptible to climate change-driven
challenges such as increasing temperatures, altered precipitation events, and altered
disturbance regimes. Challenges related to climate change threaten several qualities of
wilderness character, including the natural condition of wilderness, or the quality of an
ecological system to be free from the impacts of modern civilization. These climate change-
driven threats were not anticipated when the 1964 Wilderness Act was signed into law. Lack of
guidance and sometimes competing priorities outlined under the Wilderness Act have created a
conundrum for land stewards, rightsholders, and partners attempting to address climate
change-related impacts within the NWPS. Furthermore, the same high levels of protection
afforded to wilderness to protect lands from direct human impacts are often dually perceived as
constraints on addressing climate change-driven threats, including ecological transformation.
Whether or not to pursue active management, which may involve trammeling, to address



transforming wilderness systems presents a “wicked problem”, or a problem that is seemingly
intractable due to the high degree of complexity and uncertainty associated with balancing
sometimes competing mandates, objectives, and values (Head 2019; Rittel & Webber 1973).

Table 1: Descriptions of wilderness character qualities and examples of ways in which they can be degraded

are selected from Keeping it wild 2: An updated interagency strategy to monitor trends in wilderness
character across the National Wilderness Preservation System (Landres et al. 2015).

Wilderness e Example Measures that Detract
] Definition .
Character Quality from Quality
Natural | Wilderness patterns and processes Presence of non-native species,

are largely free from the influence loss of native species, air
of modern civilization pollutants, water pollutants

Untrammeled | Wilderness is free from the Mechanical forest treatments,
impacts of human activity or wildfire suppression, fish
manipulation stocking

Undeveloped | Wilderness does not contain

Solitude or Primitive
and Unconfined
Recreation

Other Features of
Value

structures, installations, or other
evidence of human presence or
occupation

Wilderness provides opportunities

for solitude and primitive
recreational experiences
unhindered by the impacts of
modern civilization

Wilderness preserves ecological,
geological, or other features of
scientific, educational, scenic, or
historical value

Untangling the Wicked Problem: RAD

The resist-accept-direct framework (RAD) helps users explore the full range of available choices
for addressing expected or observed ecological transformation: 1) Resist the transformation by
maintaining historical conditions through efforts to prevent a transformation or engage in
restoration to reverse the process, 2) Accept the transformation by intentionally allowing
ecological structure and function to change autonomously, or, 3) Direct the transformation by

Dams, use of motorized or
mechanized equipment,
recreational kiosks

Light pollution, recreation
facilities, user-created campsites
and trails

Vandalism of existing cultural
features, loss of iconic plant or
animal species, deterioration of
iconic geological features



actively shaping ecological change toward a preferred new condition (Schuurman et al. 2022;
Figure 1). RAD has a unique advantage for wilderness managers because of its incorporation of
acceptance as a possible strategy, which supports wilderness as untrammeled. Interagency
guidance describes the untrammeled quality of wilderness character as the “first among equals”
(Landres et al. 2015, p. 80), which may lead some managers to prioritize the untrammeled
quality of wilderness over others such as naturalness. However, instead of accepting ecosystem
change implicitly to support the untrammeled quality, RAD provides a decision space wherein
the relative value of acceptance can be fully examined and compared to alternative resist or
direct strategies. Explicit and intentional planning fosters transparency in decision-making, a
quality which is particularly important in federally designated wilderness where active
management is highly scrutinized (Miller et al. 2025). By intentionally choosing to resist, accept,
or direct observed or anticipated ecological change, land stewards can begin to generate
defensible solutions for addressing climate change challenges in wilderness.

Figure 1: Decision points to guide the use and implementation of the resist-accept-direct (RAD) framework for
responding to observed or expected ecological transformation under climate change.

R FRAMEWORI =2

RESIST ACCEPT DIRECT

FOR WHAT
CONDITIONS ARE
YOU MANAGING?

ARE YOU SHAPING
THE ECOLOGICAL
TRATECTORY?

YES

HISTORICAL NEW PREFFERED
CONDITIONS CONDITION
[AccepT RESTST DIRECT




Project Objectives

To unravel the wicked problem of addressing climate change in federally designated wilderness,
scientists at the Aldo Leopold Wilderness Research Institute (ALWRI) led an effort that used the
RAD framework as a tool to illuminate a decision-space when addressing climate change-driven
ecological transformation for four case studies, one per wilderness-administering agency.
Whitebark pine was nominated by Forest Service (FS) staff as a case study that represented
common challenges they face when attempting to address climate change impacts in
wilderness. Through this project and workshop, a process was developed to demonstrate the
utility of the RAD framework for adaptive decision-making for whitebark pine ecosystems in
wilderness. Scientists at ALWRI worked with FS staff and their partners to identify values and
desired conditions, explore the RAD decision space to meet those desired conditions, and
evaluate social-ecological trade-offs inherent in pursuing RAD strategies.

The RAD Decisions in Rad Landscapes project had three primary goals:

1) Generate a widely applicable process of how to use the RAD framework in
designated wilderness.

2) Provide science and decision support for management challenges related to
climate change in wilderness.

3) Advance our understanding of the trade-offs, uncertainties, opportunities,
and limitations for addressing climate change impacts within designated
wilderness.

Project Stages

To accomplish overarching project goals, four project stages were completed for all four case
studies (Table 2): 1) gather information to identify case study partners and to better understand
current conditions within wilderness and challenges impacting wilderness management, 2)
investigate biological and social impacts of climate change-driven transformation in wilderness,
3) facilitate workshops to clarify values and desired conditions as well as evaluate a RAD
decision-space for current and future climate change challenges, 4) produce deliverables to
summarize results of science analyses and comprehensive summaries of workshop activities.
Each stage of the project was designed to inform and contribute to an adaptive management
process using RAD as a tool to support intentional decision-making around climate change-
driven transformation. This report summarizes the first three stages of the project specific to
the whitebark pine case study.



Table 2: Project stages and descriptions for the RAD Decisions in Rad Landscapes project, 2022-2025.

Information Investigate Apply RAD to Eitial Raposting

Gathering Transformation Planning Process

Social Implications of
Build Advisory Team and Perspectives Around \| Workshop to Apply and

Climate Change Evaluate RAD Decision
. . Alternatives Post-Workshop
Synthesize Current * Interviews with Reports
Mathodsland Processes managers, rightsholders, « Identify and evaluate
partners, and decision- values and desired
makers conditions General Technical
Establish Partners > Generat.e RAD Report
Biological Projections alternatives
Under Climate Change * llluminate socio-
Site Visits ecological
+ Climate change and consequences of Peer-Reviewed
landscape change aItcernatwes for Publications
Select Case Studies modeling wilderness
management

* Clarify ecological
transformation(s)




Information Gathering
Whitebark Pine Ecosystems

The Whitebark Pine Case Study

Whitebark pine, a geographically widespread upper subalpine tree species, exists largely within
federally designated wilderness areas that are afforded greater protection as compared to
surrounding public and privately owned lands (Box 1). Nevertheless, climate change, associated
disturbances, and white pine blister rust are causing an increase in tree mortality of this species
across most of its range. Because of the multitude of ongoing and emerging threats, the United
States Fish and Wildlife Service published a final rule (87 FR 76882) to list whitebark pine as a
federally threatened species in 2022. In many places, whitebark pine represents a climax
species and is the dominant tree species in upper subalpine zones. In other areas, whitebark
pine may be more of an early seral or pioneer species following disturbance and may facilitate
the establishment of late seral tree species. In either scenario, whitebark pine plays a key role in
the maintenance or establishment of forest communities in upper subalpine zones (Callaway
1998; Tomback & Kendall 2001). Deciding how and where to restore whitebark pine is
complicated by changing climate conditions and guiding policy under the 1964 Wilderness Act.
Nevertheless, further loss of whitebark pine or replacement of whitebark pine by other tree
species may ecologically destabilize upper subalpine communities by altering ecosystem
function and negatively impact culturally important subsistence and relationships for Native
American heritage.

Loss of whitebark pine without replacement

In climatically harsh upper subalpine areas, where whitebark pine represents a self-replacing
climax community, continued loss of whitebark pine without replacement by other tree species
could indicate complete loss or breakdown of the ecosystem that whitebark pine fosters. With
no tree canopy cover, these zones may experience reduced snowpack retention and increased
erosion from snowmelt and rainfall, subsequently impacting the ability for other plant species
to establish (Farnes 1990; Tomback & Kendall 2001). Furthermore, loss of shelter and food
sources provided by whitebark pine may impact animal species that use or could persist in
upper subalpine regions. For example, in the Northern and Rocky Mountain Regions, loss of
whitebark pine may negatively impact grizzly bear populations, which rely on whitebark pine
seeds as high nutrient food sources, particularly during hyperphagia (Tomback & Kendall 2001).
Similarly, in the Intermountain, Pacific Southwest, and Pacific Northwest Regions, black bears
may be negatively impacted by reduced food availability in upper subalpine zones. Other
animals that may be impacted include numerous species of birds, such as the Clark’s nutcracker,
and small granivorous mammals, such as squirrels and chipmunks (Tomback 1982).



Loss of whitebark pine ecosystems can also have negative implications for cultural heritage and
recreational experiences. Several tribal sovereign nations use whitebark pine as a food source,
for medicine, and in storytelling. Recreationists who venture into subalpine zones also may
associate whitebark pine with the experience of recreating in those areas. A loss of whitebark
pine and its associated ecosystem would dramatically change the relationships people have with
the land and potentially impact cultural and spiritual practices.

Replacement of whitebark pine

In some areas where climatic conditions become conducive for tree species currently at lower
elevations (e.g., lodgepole pine), it is possible that whitebark pine will be replaced (Airey &
Taylor 2024). Although whitebark pine will no longer be present, the expanding distribution of
tree species from lower elevations will maintain forest structure where whitebark pine is
disappearing. By maintaining forest structure, some services that whitebark pine provided may
persist, such as snowpack retention, erosion control, and habitat for animals. Nevertheless, the
characteristics and services unique to whitebark pine may be lost. In particular, loss of the large,
nutrient dense whitebark pine seeds may have cascading impacts to wildlife and for human
relationships with the land.
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Box 1: Current estimated range of whitebark pine (WBP) and location of wilderness areas within US
Forest Service administrative regions (a). Photos show a declining WBP forest northeast of
Yellowstone National Park (b) and Chester the llama posing on a rocky ridge with WBP trees in
northwestern Montana (c).
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Investigate Transformation
Whitebark Pine Ecosystems

Most adaptation planning processes include a crucial step to assess climate vulnerabilities,
including biological responses to climate change and social and institutional capacity to respond
to change. For the whitebark pine case study, we assessed vulnerability by, 1) modeling recent
and future areas of climatic suitability for whitebark pine, and 2) evaluating manager
perceptions of climate change and feasibility of response actions.

Climate Modeling of Recent and Future Whitebark Pine Distribution

To understand how conditions may change for whitebark pine under climate warming, scientists
from ALWRI modeled both recent and future climatic suitability. Modeling efforts encompassed
the range of whitebark pine within the United States and results were examined within and
beyond federally managed land. For a detailed description of the rationale, methods, results,
and caveats of this modeling effort, please see our peer-reviewed paper published in
Environmental Research Letters (Parks et al. 2025). Particular focus in this report was placed on
trends within federally designated wilderness and national park lands as well as among United
States Department of Agriculture Forest Service (USDA FS) administrative regions (Box 1). USDA
FS regions that were considered included the Northern Region (Region 1), the Rocky Mountain
Region (Region 2), the Intermountain Region (Region 4), the Pacific Southwest Region (Region
5), and the Pacific Northwest Region (Region 6).

Methods

Presence/absence data from Forest Inventory and Analysis (FIA) plots were used to inform
models of climatic suitability (Fig. 2). FIA data used in analyses included forest plots that were
sampled between 2000 and 2019. Presence data included all live and dead saplings and adult
trees as well as live seedlings identified in the field as whitebark pine. Absence data included
FIA plots where whitebark pine was not identified. In total, approximately 1800 plots with
identified whitebark pine were included in analyses.

11



» WBP absent
e \WBP present

Figure 2: Presence and absence of WBP at FIA plots. FIA plots outside of the core study area (white
area) are excluded. The FIA plot locations represent the public/fuzzed coordinates.

Climate Data

Climatic suitability was modeled for two time periods: reference (i.e., 1961-1990) and mid-21%
century (i.e., a 2°C increase above pre-industrial global mean temperatures). To model the
reference period, four climate variables known to influence the distribution of whitebark pine
throughout its range were extracted to the presence/absence dataset (Appendix A). Climate
variables included annual climatic water deficit (CWD), annual actual evapotranspiration (AET),
mean low temperature in January (Tmin), and mean high temperature in July (Tmax). All climate
variables were obtained from TopoTerra (Hoecker et al., 2025; resolution = ~220 m), a
downscaled characterization of TerraClimate (Abatzoglou et al., 2018), and represent annual
means (i.e., climate normals) spanning 1961-1990 (the reference period) and mid-215t century
conditions. TopoTerra products provide an improvement over many other gridded climate
datasets, because they account for the influence of slope and aspect (i.e., solar insolation), with
variables exhibiting warmer and drier conditions on slopes with southern aspects compared to
corresponding northern aspects.

12



Climate Suitability Modeling

Whitebark pine occupies a large latitudinal range within the United States and therefore it
might be expected that climatic thresholds for whitebark pine may vary over space. To account
for potential differences in climate tolerances across the range, a spatial moving window
approach using a binomial logistic regression was implemented to model climatic suitability. At
each 220-m focal cell, a set of the 500 nearest WBP presence points and a random selection of
500 absence points within 10 km of the focal cell were selected to create a binomial (presence
or absence) response variable. The four downscaled reference period climate variables
extracted to the presence/absence sample were used as predictors. Each model iteration was
used to predict the probability of climatically suitable conditions for whitebark pine under a
reference period and mid-21%t century climate conditions. Pixels that contained a probability
score 20.5 were considered ‘climatically suitable’. Additionally, to better understand how the
influence of each climate predictor may differ across space, the relative importance of each
climate variable for predicting climatic suitability was calculated using area-under-the-curve
(AUC) statistics for each focal cell.

Results

Model and Prediction Uncertainty

The following summaries are presented as plausible futures that are subject to further
discussion with continued advances in our understanding of climate change trends and
subsequent impacts to climatic suitability for whitebark pine. Model predictions were generated
with the best available data and knowledge, however, uncertainty in direct and indirect causal
relationships persist. A spatial moving window approach was used to try to capture variability in
climate tolerances across space, however, unanticipated interactions or events may alter future
outcomes for whitebark pine ecosystems. Furthermore, only climate variables were used to
predict potential recent and future distribution, and we recognize that several other abiotic and
biotic factors exist that may support or hinder whitebark pine presence. The predictions
summarized here are meant to be used as reference points for further refinement as new
knowledge and data sources become available. Gridded datasets depicting reference period
(1961-1990) and mid-21°t century WBP climate suitability can be accessed here:
https://doi.org/10.6084/m9.figshare.29485691.v1

Nationwide Trends

Model predictions suggest that there will be an 80% reduction in climatically suitable conditions
(i.e. probability scores of > 0.5) for whitebark pine by mid-21st century as compared to the
reference period (Fig. 3). Of all four climate variables used, Tmax was the most influential in
predicting climatic suitability (Fig. 4). Most commonly, Tmax Was negatively associated with

13



probability of climatically suitable conditions, indicating that as the mean highest temperature
in July increased, climatic suitability was expected to decrease (Fig. 5). Very cold Tmax settings,
likely associated with alpine, treeless areas, also exhibited lower WBP climatic suitability (Fig. 5).
This negative relationship was also commonly evident for the other climate metrics tested: Tmin,
CWD, and AET.

Reference period (1961-1990) Mid-21st century

Region 1

; o)
WBP climate 3 . ug‘
suitability D ' Region 4 , 5
(probability) 2 . N
m' ¥
0.5 &
- o

Climatically
suitable for WBP

Figure 3: Continuous and binary climatic suitability for whitebark pine (WBP) under a reference period (1961-
1990; a & c) and a mid-21° century period (b & d). Light gray lines indicate state boundaries in the United States
and dark gray lines indicate regional administrative boundaries of the USDA Forest Service.
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(b) AET relative importance
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R
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Mean: 16.1%; range (5 - 95t percentile): 0 — 49.5%

24

(d) T, relative importance
Mean: 76.5%; range (5t - 95t percentile): 45.1 - 96.6%

e "

Figure 4: Spatial variability in the relative importance of factors controlling the climatic suitability for
whitebark pine in the United States: climatic water deficit (CWD; a), actual evapotranspiration (AET; b),
mean low temperature in January (Tmin; c), mean high temperature in July (Tmax; d).
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In combined federally designated wilderness and national park lands managed by the National
Park Service (herein, NP lands), a 79% reduction in climatically suitable conditions is predicted,
and in federally designated wilderness alone, a 67% reduction is predicted (Table 3).
Nevertheless, the importance of designated wilderness and NP lands, as a proportion of total
area climatically suitable for WBP, increases for whitebark pine over time (Fig. 6). By the mid-
215 century, models predicted that the proportion of all remaining climatically suitable areas
within federally designated wilderness and NP lands will be 75%, up from 50% during the
reference period. Designated wilderness alone is expected to contain 69% of remaining
climatically suitable area by the mid-21%t century.

Table 3: Total area identified as climatically suitable for WBP for the core study area, designated
wilderness and/or national park (NP), and designated wilderness.

Climatically suitable for WBP

Area of interest Reference period Mid-21% Change between
(1961-1990; km?) century (km?) time periods
Core study area 142,690 28,048 80% reduction
Wilderness and/or NP” 70,967 21,113 79% reduction
Wilderness” 58,034 19,284 67% reduction

*Within the core study area
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Regional Trends

Results were assessed in greater detail for each Forest Service administrative region (Fig. 3 for
administrative boundaries). Five regions contain recent or future climatically suitable conditions
for whitebark pine: the Northern Region (Region 1), the Rocky Mountain Region (Region 2), the
Intermountain Region (Region 4), the Pacific Southwest Region (Region 5), and the Pacific
Northwest Region (Region 6). Among all regions, the amount of climatically suitable area for
whitebark pine is expected to decrease (Table 4; Figs. 6-11; Appendices B-F). The Northern,
Intermountain, and Pacific Northwest Regions are expected to lose the greatest amount of
climatically suitable areas by the mid-21°t century, with anticipated percent reductions
surpassing 80% per region. The Rocky Mountain and Pacific Southwest Regions are expected to
retain the greatest amount of climatically suitable area, with an approximate 50% anticipated
reduction from the reference period. Under the reference time period, the Northern Region was
expected to have the greatest amount of climatically suitable area (9,656,537 acres) followed by
the Intermountain Region (6,969,794 acres). However, by the mid-215t century, the Pacific
Southwest Region is expected to have the greatest amount of climatically suitable area
(1,207,889 acres) followed by the Northern Region (1,151,786 acres). The Pacific Northwest
Region is expected to have the least amount of climatically suitable area by the mid-215t century
(633,172 acres). In addition to differences in overarching trends in climatic suitability among
regions, there were also differences in the relative importance of climate variables for predicting
climatic suitability (Fig. 5) as well as differences in the importance of designated wilderness and
NP lands for providing climatically suitable area for whitebark pine (Fig. 6).

Table 4: Area climatically suitable for whitebark pine (WBP) during reference period (1961-1990) and
mid-21° century climate for each FS region and nationally.

Climatically suitable area for whitebark pine (acres)

Region Reference (1961-1990) Mid-21* century % Change

Northern Region 9,656,537 1,151,786 88% reduction
Intermountain Region 6,969,794 1,047,014 85% reduction
Pacific Northwest Region 3,807,621 633,172 83% reduction
Rocky Mountain Region 1,603,138 809,130 50% reduction
Pacific Southwest Region 2,303,295 1,207,889 48% reduction
Nationwide 24,272,363 4,813,279 80% reduction
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Relative importance of climate variables

Although mean high temperature in July (Tmax) remained the most important climate variable for predicting climatic suitability for
whitebark pine, the relative importance of this variable decreased across the Pacific Northwest Region and mean low temperature in
July (Tmin) became slightly more important (Fig. 4; Fig. 5). In the Northern Region, annual actual evapotranspiration (AET) became
slightly more important for predicting climatic suitability, however, Tmax still remained the most important variable. Among all
regions, Tmax Was predominantly negatively associated with predicted climatic suitability.
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Importance of wilderness for whitebark pine

Although area of climatic suitability for whitebark pine is declining among all regions, the
proportional representation of climatically suitable for whitebark pine located within designated
wilderness and NP lands is increasing (Fig. 6). Among all regions, federally designated
wilderness areas in the Pacific Southwest Region contain the highest proportion of climatically
suitable area under both the reference and mid-215 century time periods (Appendix A;
reference: 83%; mid-21° century: 94%). Proportion of total climatically suitable area predicted
for designated wilderness was lowest in the Northern Region for both time periods (reference:
29%; mid-21%t century: 49%). The Intermountain Region is expected to see the largest increase
(30%) in proportion of remaining climatically suitable area in designated wilderness (reference:
36%; mid-21%t century: 66%). In the Northern and Intermountain Regions, the proportional
representation of climatically suitable habitat noticeably increased when NP lands were
included with designated wilderness. Among all regions, designated wilderness and NP lands
are predicted to contain a high proportion of climatically suitable area by the mid-21%t century
(range: 70% in the Northern Region to 95% in the Pacific Southwest Region).

751

501
25- I
01

Intermountain Northern Pacific Northwest Pacific Southwest Rocky Mountain Nationwide
Region Region Region Region Region

Land designation and time period

. Wilderness only: Reference

. Wilderness only: Mid-21st century

. Wilderness + NP: Reference
Wilderness + NP: Mid-21st century

% of total climatically suitable area for whitebark pine

Figure 6: Percent of total predicted climatically suitable area available to whitebark pine located within
federally designated wilderness (blue bars) and national park (NP) lands (yellow bars) by each USDA FS region
and nationwide in the United States. Values are further subdivided by two time periods for each category:
reference (1961-1990) and mid-215t century.
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Conclusions

Throughout the current range of whitebark pine, climatic suitability is expected to decrease by
the mid-21st century. Proportionally, the Northern Region is predicted to lose the greatest
amount of climatically suitable area (88%) and the Pacific Southwest is expected to lose the
least (48%). Federally designated wilderness and NP lands will become increasingly important
for conserving and restoring whitebark pine. Nationwide, federally designated wilderness is
expected to contain 70% of the remaining climatically suitable area for whitebark pine by the
mid-21st century.

These analyses did not account for additional factors which may contribute to whitebark pine
persistence, such as soil conditions, competition, white pine blister rust, mountain pine beetle,
and wildfire. It may be expected that these and other factors will further exacerbate the decline
of whitebark pine throughout its range. Furthermore, predictions summarized in this report do
not directly anticipate gains or losses of whitebark pine, per se. Rather, models predicted where
climatic conditions are expected to be more or less favorable now and into the future.
Moreover, areas of expanding climatic suitability under mid-21st century conditions do not
necessarily indicate whitebark pine will be present in those areas in the future. Dispersal
limitations of seeds and lack of live, seed-bearing trees will likely prevent the natural
establishment of whitebark pine seedlings into areas projected to be climatically suitable by
mid-21st century. Additionally, models included both young (<2.5 cm diameter and breast
height) and adult live and dead trees. However, young and adult whitebark pine trees are
expected to be differentially affected by changing climatic conditions. These limitations should
be considered when referring to these results.

Despite model limitations, results may be used to inform future restoration strategies for
whitebark pine. For example, it will be important to consider climatic suitability when selecting
areas for seeding or planting activities. Whitebark pine seedlings and saplings are more
sensitive to warming and drying conditions and may not successfully establish in areas where
climatic suitability is currently low or expected to decrease by the mid-21st century (Hansen et
al. 2021). Furthermore, when collecting, growing, and planting rust-resistant seedlings, it will be
important to consider the seed zone from which seeds were obtained and which climate
tolerances those seed zones represent. For instance, the Pacific Northwest was predicted to be
slightly less limited by mean maximum temperature, likely because climatic conditions are
generally cooler and wetter compared to other regions. Consequentially, seeds adapted to
climatic conditions in the Pacific Northwest may not successfully establish in the Rocky
Mountain Region which is predicted to be drier and warmer (Hankin et al. 2023).

Finally, model results suggest that wilderness and national parks may be particularly important
for whitebark pine conservation. Although restoration activities will be highly scrutinized within
these areas, they may be necessary to meet recovery objectives for this federally threatened
species. Climate suitability models do not dictate exactly when, where, or how management
activities may be implemented, but they do suggest that wilderness and national parks will need
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to be considered in recovery plans. Anticipating and weighing the social-ecological trade-offs of
pursuing active management within or outside wilderness will be critical for building defensible
decisions.
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Understanding Manager Perceptions of Climate Change and Feasibility
of Response Actions

To learn how managers are experiencing climate change and ecological transformation, as well
as their perceptions of potential response options, we conducted 19 semi-structured
interviews. A semi-structured interview approach uses the same list of questions (or interview
guide) for all participants and allows room for exploration into unique topics for each
participant. This approach ensures comparable results across participants while also allowing
for unique insights and freedom of response (Kvale & Brinkmann 2009). Interviews were
conducted with Forest Service staff who work with whitebark pine and/or wilderness across the
U.S. Interviewees included staff from three administrative levels of the National Forest System:
one national (Washington Office) staff member, eight regional staff members, and ten forest
staff members. Two of the interviewees came from within the Northern Region, five from the
Rocky Mountain Region, three from the Intermountain Region, five from the Pacific Southwest
Region, and three from the Pacific Northwest Region. Interview participants represented a
range of different positions across the Forest Service including wilderness program managers,
biologists, ecologists, botanists, silviculturists, geneticists, recreation specialists, staff officers,
and district rangers.

All interviews were conducted virtually between March 4 and June 20, 2024, and lasted an
average of 54 minutes. Seventeen interviews were recorded and transcribed verbatim. One
interview was not recorded, but detailed notes were taken. Identities for all transcripts were
removed to ensure participant confidentiality. All deidentified transcripts were uploaded into
NVivo—a qualitative data analysis software, which helps researchers organize data.

Analysis was both guided by research questions including: (1) how do managers perceive
climate change and its potential impact to whitebark pine ecosystems; and (2) how do
managers perceive the feasibility of various actions to support whitebark pine ecosystem
conservation in Forest Service wilderness? Emergent themes (i.e., unrelated to our research
guestions) were also noted. Qualitative thematic analysis was conducted with open or inductive
coding in which the researcher identifies distinct concepts and themes for data categorization
(Williams & Moser 2019). These concepts and themes were then considered together as they
relate to larger trends across the data (Braun & Clark 2012). See Appendix B for interview
guotes that pertain to each theme. Member checking, or solicitation of participant feedback
about the interpretation of the data, was conducted to ensure accuracy and trustworthiness of
the interview findings (Birt et al. 2016; Motulsky 2021). Twelve of the 19 interview participants
responded to the member check.
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Perceived effects of climate change on whitebark pine ecosystems

Managers reflected that climate change poses direct threats to whitebark pine and compounds
other existing threats. Across the range of whitebark pine, managers perceived warmer winter
temperatures, hotter summer temperatures, and increasing drought conditions. Managers
attributed drought conditions to increased mortality, vulnerability to insects and disease, and
reduced recruitment. In addition to drought, warmer winter temperatures are allowing for
more mountain pine beetles to survive and breed throughout the year, resulting in increased
beetle populations and, subsequently, more stress and mortality of whitebark pine. As climate
becomes more favorable to lower elevation species, managers anticipated that climate change
could also cause elevational range shifts for other tree species (e.g. lodgepole pine) which may
compete with and replace whitebark pine. Additionally, managers attributed warming and
drought trends to increased risk of high-intensity wildfire in the sub-alpine and alpine zones,
which also threatens whitebark pine ecosystems. For example, managers have observed more
high-intensity fire in the alpine and sub-alpine which in areas of Wyoming, Nevada, and
California have killed whitebark pine. Further, one manager expressed worry that these high-
intensity wildfires could transform whitebark pine ecosystems because post-fire conditions may
not be able to support whitebark pine recruitment.

Climate change and what it means for wilderness management

All managers acknowledged that climate change is impacting the landscapes they work in, yet
there was a range of perspectives about whether and how to respond to current and future
changes. An emergent theme of the interviews was that the threat of climate change is
challenging perspectives on wilderness management, particularly as it relates to whitebark pine
and the future role of wilderness more broadly. Managers described this as a “philosophical
dilemma” which pits ‘naturalness’ against ‘untrammeled’ and a few expressed fear and
reticence about facing that challenge. Several of these managers described being trained or
brought up to manage wilderness for its untrammeled quality. However, some wrestled with
the fact that climate change is human-caused and therefore felt we may have an ethical
obligation to intervene in ecological transformation occurring in wilderness. Other managers
who prioritized the untrammeled quality were less perturbed by the potential for climate-
change-induced ecological transformation and held that intervention within wilderness was still
unwarranted.

Despite the philosophical challenge, a couple regional wilderness program managers
emphasized that wilderness areas are not “one-sized fits all” and context matters for decision-
making. In other words, actions that may be appropriate within one wilderness area may not be
appropriate in another. For example, in the Pacific Southwest region, managers shared that
95% of whitebark pine ecosystems are within wilderness, so actions in wilderness must be
considered. Whereas, in other regions such as the Northern Region, a large proportion of
whitebark pine currently occurs outside of designated wilderness. Therefore, it may be less
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urgent to actively manage whitebark pine within wilderness in this region. In any case, all
wilderness staff emphasized that if active management were to take place, it would be
important to carefully consider how that work would be done so that it best aligns with the
Wilderness Act and mandates to protect multiple qualities of wilderness character.

Feasibility of management actions to support conservation of whitebark pine
ecosystems in wilderness

Several management actions are currently underway to conserve and recover whitebark pine
across its range. Although management actions varied among Forest Service regions, limited, if
any, actions are being implemented in wilderness. Outside wilderness, managers identified that
maximizing genetic diversity particularly as it relates to blister rust resistance was the primary
strategy for whitebark pine conservation. This strategy includes identifying rust-resistant
individuals, collecting and propagating rust-resistant seeds, and planting rust-resistant
seedlings. Although most restoration and recovery work occurs outside wilderness, some
regions are preparing for recovery work in wilderness by modeling core recovery areas across
wilderness boundaries.

In wilderness, most activities have included research and monitoring of whitebark pine forest
health. Some participants felt more research on wilderness whitebark pine populations was
needed, because in some areas of the country young whitebark pine seem to be doing better in
wilderness as compared to areas outside of wilderness. In the Pacific Northwest and Pacific
Southwest regions, managers have collected or intend to collect whitebark pinecones to aid in
the identification of elite trees (i.e. trees that have confirmed genetic resistance to white pine
blister rust) and develop rust-resistant seedstock. One forest in the Northern Region and one
forest in the Pacific Southwest Region were planning for larger-scale and more intensive fire
and vegetation management projects with objectives for whitebark pine in wilderness. These
proposals included thinning, prescribed fire, and direct sowing of seed. However, the forest in
the Pacific Southwest chose to pause all restoration plans besides cone collection in wilderness
because they felt that the necessary Minimum Requirements Analysis and approvals would
overly delay project timelines. The forest in the Northern Region completed an environmental
analysis and recorded their decision, however progress on the project seems to have stalled.

Several managers felt that the FS should try to act outside of wilderness first to determine
project effectiveness and better justify the need for active management within wilderness.
Several managers emphasized that there were several actions they could take just outside of
wilderness that would support resilience of whitebark pine ecosystems within wilderness. For
example, one manager shared that performing fuels treatments at lower elevations may help
reduce risk of high-intensity wildfire and mountain pine beetle populations upslope in
wilderness.
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Limitations to climate adaptation in wilderness

Managers identified several limitations to carrying out conservation and recovery activities
within wilderness. Many managers reflected that whitebark pine ecosystems in wilderness are
often physically difficult to access, particularly when the wilderness is surrounded by
inventoried roadless areas. Access to wilderness whitebark pine ecosystems requires a lot of
agency capacity in terms of number of staff (particularly in areas occupied by grizzly bears),
staff hours, availability of pack stock, and funding to support the work. Several managers
shared that their forests and regions were already limited in capacity, and that work in
wilderness was, therefore, relatively infeasible. In addition to limited capacity, managers
reflected that whitebark pine conservation work in wilderness was not a priority for line officers
and they lacked support for this kind of work by supervisors, line officers, and in some cases,
Wilderness and Wild and Scenic Rivers staff.

In addition to physical and institutional-related constraints, many managers perceived
wilderness as a “hands-off” area where they were not allowed to engage in active management
in wilderness. For some, this perception came from their supervisors who interpreted the law
and supporting policy as not allowing active management within wilderness. Some interview
participants also interpreted the law and policy this way, while others felt there was more
flexibility in the Wilderness Act, however they were limited by what their supervisors would
approve.

Opportunities for climate adaptation in wilderness

Managers had a range of responses when asked what, if any, actions would be feasible within
wilderness. Most managers felt that cone collection and identification of plus (i.e., trees
suspected but not confirmed to have resistance to white pine blister rust) and elite trees would
be the most feasible actions within wilderness because they perceived these actions as less
detrimental to the untrammeled quality of wilderness. Some managers also felt that planting,
vegetation management (i.e., thinning and/or prescribed fire), protecting existing stands from
threats like fire and mountain pine beetles, and direct seeding could be viable future actions.
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Apply the RAD Framework to Climate-Informed

Adaptation Planning in Wilderness
Whitebark Pine Ecosystems

Learning Objectives

A 2-day, in-person workshop was implemented to support overarching project goals to inform
and evaluate a decision space using the RAD framework and to support climate-informed
adaption planning in wilderness. During the workshop, participants followed a generalized
adaptation planning process incorporating the RAD framework to generate and evaluate
decision alternatives for whitebark pine ecosystems under a changing climate. The workshop
was structured around four learning objectives:

1) Orient the whitebark pine case study in the broader challenge of wilderness management in
an era of climate change

2) Identify desired conditions surrounding the focal ecological transformation that reflects all
perspectives

3) Understand the utility of RAD as a tool in adaptation planning for responding to ecological
transformation in wilderness

4) Develop a feasible and repeatable workflow to evaluate RAD decision alternatives

Each learning objective was achieved through a combination of scientific inquiry (described
above), facilitated discussion, and small group activities. Both biological and social science
investigations were leveraged to better understand how ecological conditions may change for
whitebark pine and how land stewards and their partners perceive this change and their ability
to prepare for or respond to climate change-driven transformation. Preliminary and final results
of science investigations were shared with workshop participants during the workshop to
characterize potential ecological transformation for whitebark pine ecosystems and to
encourage further discussion concerning real and perceived constraints and opportunities to
conserve current ecosystem conditions. Facilitated small-group activities and discussion
encouraged co-production of ideas and decision alternatives that were examined further with
additional decision-support tools.

Workshop Participants

Workshop participants included staff from two federal agencies (FS, NPS), two federally
recognized Tribes (Confederated Salish and Kootenai Tribes and the Blackfeet Nation), and four
non-profits (Whitebark Pine Ecosystem Foundation, Society of Wilderness Stewardship,
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American Forests, The Nature Conservancy). Participants from the FS included wilderness
program managers from both the Washington Office and four regional offices (Pacific
Northwest, Pacific Southwest, Northern, and Intermountain Regions) as well as biologists,
ecologists, botanists, geneticists, recreation managers, and line officers from the forest-level and
regional offices. In total, 34 individuals attended the workshop.

Applying the RAD Framework

The RAD framework is a tool meant to be used during a planning process to support decision
making in an era of ecological transformation under climate change (Schuurman et al. 2025).
Using the RAD framework, land stewards can generate a broad range of decision alternatives to
deliberately address climate change threats (Crausbay et al. 2022; Schuurman et al. 2022).
During the workshop, a generalized adaptive management process was used to increase the
applicability of the RAD framework as tool for strategic planning and project management
(Figure 7). Adaptive management is an iterative, structured decision-making process used to
clarify and address uncertainty associated with implementing divergent management strategies,
particularly through climate change (Johnson 1999). Incorporating RAD into an adaptive
management process is consistent with previous efforts by Lynch et al. (2022) and Crausbay et
al. (2022).

In a rapidly changing landscape where information is limited and the future is uncertain,
adaptive management helps land stewards move forward by incorporating learning into
decision-making (McFadden et al. 2011). By critically evaluating RAD decision alternatives and
monitoring the successes and shortcomings of decisions to meet desired conditions, knowledge
is generated along each revolution of the adaptive management wheel. During the workshop,
we sought to complete five stages (out of seven) of an iterative adaptive management approach
(Figure 7): 1) Clarify observed climate change threats and persistent ecological stressors, 2)
Identify values and desired conditions, 3) Clarify potential ecological transformation(s) that
threaten values and desired conditions, 4) Generate a suite of decision alternatives to address
transformation using the RAD framework, and 5) Evaluate the potential socio-ecological
consequences of choosing to resist, accept, or direct perceived climate change-driven threats.
Subsequent stages of adaptive management, including implementing a decision alternative(s)
and monitoring action effectiveness, are next steps to be completed beyond the workshop.

27



Do our observations change
how we prioritize our values

or cause us to re-evaluate >
desired conditions?

\A ‘l

Identify values START

and evaluate

How effective was our
strategy at fulfilling Implement,
desired conditions? ' monitor, learn ~

'l

Clarify climate
change threats and

persistent
ecological stressors

Select feasible
alternative(s) to
minimize uncertainty
and maximize benefits

to desired conditions I te rat ive

Which alternative(s) . I How might ecological

[ J
may be feasible to Ad t t transformation threaten
) l ap a Ion I shared values?

implement based on

capacity? ‘ °
Evaluate socio - WI t h RA D

ecological trade -
offs and highlight

desired
conditions

Clarify ecological

transformation(s)
sources of

uncertainty

Will selectingan ¥V &

alternative allow us to ~~ Generate RAD ' What are ways we may

maintain commonly dlecusnon_ choose to respond to
alternatives J

held values and meet transformation?

desired conditions?

Figure 7: Iterative planning process incorporating the resist-accept-direct (RAD) framework as a tool for climate-informed
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Learning Objective 1: Orient Whitebark Pine in the Broader Challenge of
Wilderness Management in an Era of Climate Change

To orient workshop participants to the broader challenge of managing wilderness in an era of
climate change, ALWRI scientists discussed how specific challenges faced by whitebark pine
ecosystems represent a wicked problem. Facilitators identified existing and anticipated
ecological stressors that may contribute to ecological transformation and shared preliminary
results from the semi-structured interviews described above to summarize how managers
perceive the feasibility of implementing actions to respond to transformation. Since not all
workshop participants participated in an interview, sharing this information helped lay a
foundation of shared knowledge about conditions affecting whitebark pine ecosystems and how
they relate to national-level challenges.

The Wicked Problem Statement: Whitebark Pine

Whitebark pine, a geographically widespread upper subalpine tree species, exists largely within
designated wilderness areas that are afforded greater protection as compared to surrounding
public and privately owned lands. Nevertheless, climate change, associated disturbances, and
disease are causing an increase in tree mortality of this federally threatened foundation species
in parts of its range. The 1964 Wilderness Act mandates that wilderness areas are preserved in
their “natural” condition, however, the pervasive effects of human-induced climate change
challenges natural resource managers and stewards with new decisions regarding whitebark
pine restoration. Active management intervention, such as planting rust-resistant seedlings and
prescribed fire, that may slow observed ecological transformation of whitebark pine ecosystems
is considered a direct human manipulation of the landscape (i.e., trammeling) under the
Wilderness Act and is therefore highly scrutinized. Conversely, accepting ecological
transformation could lead to loss of whitebark pine and the degradation of ecosystem
conditions, thereby compromising the natural quality of wilderness. To conserve whitebark pine
and key biocultural relationships under climate change while also upholding the intent of the
Wilderness Act, land stewards are tasked with identifying and balancing multi-faceted trade-offs
involving impacts to wilderness character, social and ecological values, and real and perceived
institutional constraints.
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Learning Objective 2: Identify Desired Conditions Surrounding the Focal
Ecological Transformation that Reflects all Perspectives

How individuals perceive and understand ecological transformation and contribute to a decision
space is influenced by unique life experiences and values. Several internal and external factors
inform individual perspectives and values including personal worldviews, cultural norms and
traditions, and institutional demands or constraints (Clifford et al. 2022). Desired conditions in
place-based adaptation planning may differ substantially among participants involved in
planning efforts (Stern et al. 2023). Discussing solutions to climate change-driven ecological
transformation can therefore become contentious when someone’s values are impacted by
proposed management actions or inaction. By engaging with and illuminating the multi-faceted
values of impacted stakeholders and rightsholders, land stewards can build a decision space
that is inclusive of the diverse perspectives of affected groups and increase transparency in
decision-making. Additionally, new vulnerabilities and opportunities may emerge that may
strengthen strategic planning and generate new decision alternatives that were not previously
considered (O’Brien et al. 2024). Such co-production efforts can accelerate knowledge transfer
and promote sustained interest and support for continued planning as environmental
conditions change and new threats emerge (Stern et al. 2023). With climate change-driven
transformation, achieving or maintaining previously held desired conditions may no longer be
feasible or prioritization of values or desired conditions may shift. Appropriately communicating
future uncertainty and re-evaluating the dynamic feasibility to achieve desired conditions under
climate change remains a critical component of decision making.

Activity: Values and Desired Conditions

To establish a participatory decision space inclusive of the diverse perspectives of land stewards
as well as impacted stakeholders, workshop participants were asked to contribute their unique
values and desired conditions for whitebark pine ecosystems during a facilitated, small-group
discussion. Participants were divided into five groups according to their affiliation with a
geographically-define US Forest Service (USFS) region. USFS regions included: Region 1
(Northern Region), Region 2 (Rocky Mountain Region), Region 4 (Intermountain Region), Region
5 (Pacific Southwest Region), and Region 6 (Pacific Northwest Region). All regions occurred in
the western US and overlapped the current range of whitebark pine. Region-specific values and
desired conditions were recorded by workshop facilitators prior to presenting findings of the
biological science analyses described above. Following small group discussions, region-specific
lists were consolidated into a nationwide list of desired conditions during a large group
discussion. After results of the biological analyses were presented, workshop participants were
asked to revisit the nationwide list of desired conditions to evaluate whether they believed
these conditions were threatened by climate change and if new desired conditions emerged.

30



Values for whitebark pine ecosystems

There were many shared values among individual USFS regions, encompassing a wide range of
cultural, spiritual, and ecological perspectives (Table 5). Among all regions, participants valued
the tenacity of whitebark pine for growing in harsh environments, its importance as a keystone
(i.e., a species that plays a critical role in maintaining biodiversity) and foundation (i.e., a species
that physically modifies its habitat in a way that benefits other organisms) species, its beauty, its
mutualistic relationships, and its symbolism of wild places. However, there were also region-
specific values that emerged from the diverse characteristics and associations of whitebark pine
throughout its range. In the southern part of its range, whitebark pine more commonly exists as
a climax species as compared to other areas where whitebark pine is more strongly associated
with early successional species following disturbance. Additionally, wildlife and other plant
species that either co-exist with or benefit from whitebark pine vary throughout its range.
Collaborative partnerships also differed among regions, which influenced values represented
during group discussions.

In the Pacific Southwest Region, whitebark pine often grows in distinctive clumps rather than
single-stemmed trees. Whitebark pine also grows primarily in wilderness at high elevations in
the Sierra Nevada Mountains. Furthermore, most stands currently remain intact compared to
other regions. Participants who worked and recreated in this region valued whitebark pine
stands as a “vision of integrity and health” as compared to populations in other areas of its
range. Participants discussed the potential importance of the Pacific Southwest Region as
potential refugia for whitebark pine through climate change. Participants also considered
whitebark pine as important symbols of wilderness and wild places. One participant mentioned
that they value whitebark pine because “it characterizes the whole John Muir trail”, which
largely occurs within wilderness and at high elevations.

Unique to the Northern Region, Rocky Mountain Region, and Intermountain Region, whitebark
pine is an important food source for the federally threatened grizzly bear. Participants from
these regions highlighted the value of the ecosystem services and connections of whitebark
pine to wildlife and people. Participants from the Rocky Mountain Region specifically
emphasized the value of whitebark for snow retention and erosion control at treeline in the
particularly rugged Beartooth Mountains. In the Northern Region, staff and members of the
Blackfeet and Confederated Salish and Kootenai Tribal Nations emphasized the biocultural value
of whitebark pine. One former Tribal natural resources staff member also mentioned that they
valued the role of women as leaders in the restoration of whitebark pine: “there’s no better
species than to have women [restore whitebark pine] since we...bring life into this world; so it’s
good that we’re here to help restore it and rebirth...this cohort of whitebark”.
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Table 5: Social and ecological values for whitebark pine ecosystems in the United States shared by federal
agency staff, rightsholders, and collaborators during a workshop in Missoula, Montana, in January 2025.

Value Theme

Illustrative Quote

Symbol of tenacity
and perseverance
in harsh
environments

R1: “The trees really accomplish something because it’s so tenacious
that it can actually live there.”

R1: The physical challenge of accessing whitebark “makes you feel like
you really accomplished something when you’re in whitebark.”

R2: “Whitebark there is so tough...it reflects the landscape to me.”

Intrinsic beauty

R1: “Anytime I'm in whitebark, it’s a beautiful place.”
R2: “On the Shoshone...there are some absolutely drop dead gorgeous
old trees, particularly in the southern Winds.”

Icon of recreating
in wild places and

R1: “I've spent most of my life in the pacific northwest Montana
area...most of the wilderness areas are high elevation [and] do have

wilderness whitebark pine, so it’s an indicator of being in those wild places.”
R4: “Getting into the mountains...imprinted in my mind is the silhouette
of [whitebark pine].”
Spiritual R1: “When you’re in whitebark you know it’s going to be a really
connection to the wonderful and calming experience...and humans need to get into that
landscape more as we get separated with all the technology we have.”

R5: “Provides me this almost spiritual experience where | can connect
with myself and my landscape. Having a single pure whitebark
stand...it’s so spacious, you can see everything...it creates this bridge for
me.”

Nurturing qualities

R5: “I have this picture that | treasure...this heinous backpacking
adventure...finally found this magical ring of whitebark pine and found
a little sheltered nestled place, camped within the center of that ring.
They’re like this nurturing species in a very harsh environment.”

R5: “I run to whitebark pine to protect me [during harsh weather].”

Biocultural
significance

R1: “It’s also connecting back to our culture and how we’re actually
restoring our stories and the culture based around [whitebark pine] as
we’re restoring it.”

Keystone and
foundation species

R1: “l wasn’t aware of the connections to Clark’s nutcracker, grizzly
bear, etc., and knowing that, | definitely value that.”

R4: “[Whitebark is] a home to a lot of low-growing oftentimes endemic
understory plants; a lot of like, cool forbs.”

Ecosystem services

R2: “All older well-developed stands would be good for carbon storage
and sequestration.”

Opportunity for
discovery and
scientific
exploration

R2: “It keeps me really curious--what’s shifting.”

R4: “I really like seeing how they how they grow out...you can do a little
bit of Nancy Drew-ing...I can definitely tell that a Clark’s nutcracker put
seeds under that rock and now there’s a tree here.”

*Direct quotes were taken from small groups organized by geographically-defined United States Forest
Service Regions (R1: Northern Region, R2: Rocky Mountain Region, R4: Intermountain Region, R5: Pacific
Southwest Region, R6: Pacific Northwest Region).
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Desired conditions for whitebark pine ecosystems

Region-specific values translated to unique desired conditions during small group discussions. In
the Pacific Southwest Region where whitebark pine populations are still relatively intact,
participants expressed the desire to “recognize Sierra Nevada stands for their unique and
different qualities as compared to other stands throughout the range”. Importantly, participants
discussed the potential of Sierra Nevada stands for adding unique genetics to the rest of the
range where whitebark pine stands are currently declining. To ensure that populations in the
Sierra Nevada persist and continue to serve as a potential refugia for whitebark pine throughout
its range, participants in the Pacific Southwest Region discussed the desire to maintain a “self-
sustaining population that can handle disturbance and doesn’t need human assistance to
persist”.

In other regions where whitebark pine is in decline, desired conditions focused more on active
restoration to maintain species persistence. The biocultural values expressed in the Northern
Region were represented as the desire to maintain healthy whitebark pine populations to
benefit future generations. According to one participant, “We look 7 generations ahead, we
want to have whitebark pine for future generations to experience...| look forward to seeing
whitebark when I'm an elder...take my grandkids out to it.” Participants in the Intermountain
and Pacific Northwest Regions also discussed the desire to maintain cultural relationships with
whitebark pine into the future.

The desire to conserve whitebark pine populations was shared among all regions despite
current population conditions and threats (Box 2). Nevertheless, restoration of whitebark pine
will likely necessitate trammeling, or active human manipulation, in the Northern Region and
other regions heavily impacted by white pine blister rust and other threats. For wilderness
managers in these regions, considering active management to restore whitebark pine is a
complex matter. One wilderness manager described having “an uncomfortable feeling” when
contemplating desired conditions that might necessitate active management in wilderness. This
wilderness manager also stated: “balance is the word that comes to my mind” and to focus on
efforts that promote long-term resilience and sustainability of whitebark pine with the goal to
eventually “have a future where its more hands-off”. However, another workshop participant
from a Tribal Nation questioned if “we’re past the tipping point of self-sustaining ecosystems”
and “that we as human beings need to take our responsibility and...looking at all of the climate
information...[focus] more on our part of restoration or our part of reforestation”. Other
participants discussed the importance of whitebark pine as a component of the natural quality
of wilderness, stating that losing whitebark pine would inherently impact wilderness character.
These discussions led to a desired condition to recognize whitebark pine “as a valued aspect of
wilderness character”.

Although several participants discussed how the listing of whitebark pine as a threatened
species under the Endangered Species Act (ESA) could aid in restoration efforts, participants still
expressed several barriers that influenced desired conditions. In particular, participants felt that
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a lack of public support and advocacy could slow or hinder restoration progress. According to
one participant, “what | would like to see is a general public knowledge and acceptance—
everyone knows the redwoods, the giant sequoias, no one knows whitebark”. Another
participant added, “unless the general public appreciates it—our work is going to be a struggle”.
These comments spurred desired conditions that focused on education and outreach to gain
recognition and support for whitebark pine restoration and conservation activities.

Participants also discussed institutional and procedural challenges to whitebark pine restoration
in wilderness. One participant stated, “it’s hard for us to get recognition to do—to focus on any
wilderness project when you’re on a forest unit—there are so many other competing things. To
have whitebark pine be just one aspect of wilderness that is already not prioritized...it’s hard to
get attention for it”. To alleviate institutional barriers to restoration, one participant expressed
the desire to see a high-level “cultural shift” in agency responsibilities and priorities for special
status species conservation in wilderness. According to this participant, “we need to keep it
general and actually call it a cultural shift and those are going to have to entail conversations at
higher levels across resource values. That’s the only way we’re making progress in our
conversations with whitebark pine right now, is that we are talking across resource boundaries,
we’re talking across regions, we’re talking across agencies”.

Additional conversations that influenced desired conditions for whitebark pine included the role
of fire—natural and prescribed—for promoting healthy whitebark pine stands. Other
participants questioned whether beneficial historical fire was still possible for whitebark pine.
Some participants suggested that higher intensity fire may be beneficial for whitebark pine in
regions where it is a successional species and easily outcompeted. Others suggested that more
research is needed to understand the role of fire in mixed species stands, which occupy much of
the range of whitebark pine. Participants also noted that several ongoing research efforts,
publications, and reports could assist with decision-making around fire.

Ultimately, participants generated a wide range of desired conditions that were further
categorized under two themes: social and ecological. The final list of desired conditions
reflected nationwide goals, with input from each regional group (Box 2). Desired conditions
spanned a spectrum of perceived achievability, from certain conditions that felt attainable to
those that felt more aspirational. Some participants questioned whether aspirational desired
conditions should be included, however, one participant stated that although some desired
conditions may currently feel out-of-reach, we should continue to strive toward them. To
achieve several of the desired conditions, active management in wilderness may be necessary,
particularly in regions where there are currently few opportunities to act outside wilderness. To
recognize and be mindful of impacts to wilderness character, one wilderness manager stated,
“on each of these sentences in wilderness, | would add, ‘and manage the area for its
untrammeled character’”. In response, there was a general consensus to add “maintain
wilderness characteristics” as a stand-alone desired condition when considering any action in
wilderness or on National Park lands for whitebark pine restoration and conservation.
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Nationwide Desired Conditions for Whitebark Pine Ecosystems

Social Conditions
1) Maintain wilderness characteristics
2) Recognize the contribution of whitebark pine to wilderness characteristics

* Maintain whitebark pine to uphold wilderness characteristics (untrammeled, natural,

undeveloped, solitude or primitive/unconfined recreation)

3) Maintain opportunities for cultural relationships and practices (e.g., storytelling, cone
collection)

* People remain connected with their history and traditions
4) Maintain and promote research and monitoring efforts
5) Increase capacity (e.g., seed collectors), facilities (e.g., greenhouses and storage), and
expertise sufficient to meet restoration and conservation goals

* Interagency, international, federal-Tribal, and collaborator knowledge-sharing
6) Maintain the aesthetic, feelings of wonderment, and symbolic meanings associated
with whitebark pine ecosystem experiences
7) A shift in agency culture to focus on and dedicate resources specifically for the
conservation of at-risk species, ensuring their protection and long-term survival
8) “Better tell our story”

* Increased public, within-agency, and collaborator appreciation and awareness of whitebark

pine ecosystems and their intrinsic and extrinsic value
* Public awareness of wilderness management and advocacy in general

Ecological Conditions
1) Identify, maintain, and promote resilient whitebark pine communities where they are
now OR where populations may be most successful in the future

* Promote adaptive capacity through genetic diversity and demographic heterogeneity

* Enhance or maintain rust resistance, drought tolerance, resistance to beetles

 Strive toward self-sustaining or self-replacing whitebark pine populations
2) Enhance or maintain functioning whitebark pine ecosystems

* Maintain whitebark pine populations at a sufficient population size or density

* Support landscape-wide conservation
3) Promote healthy, connected whitebark pine populations

* Maintain demographic, geographic, and community structural and compositional diversity
4) Manage fire to benefit whitebark pine with special acknowledgement for vulnerable
trees or stands

* Increase opportunities for cultural burning

* Allow lightning-ignited wildfire to persist where it supports whitebark pine ecosystem

persistence and function

» Wildfire suppression used where impacts of wildfire may not be beneficial
5) Allocate greater protections for populations and trees of high conservation value

* Preserve refugia (e.g., climatic refugia and landscapes with unique characteristics)

* Protect plus and elite trees

Box 2: Desired conditions for whitebark pine ecosystems in federally designated wilderness and
National Parks the United States. Conditions were generated by federal agency staff, rightsholders,
and collaborators during a workshop in Missoula, Montana, in January 2025.
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Learning Objective 3: Understand the Utility of RAD as a Tool in
Adaptation Planning for Responding to Ecological Transformation in
Wilderness

Since European settlement, ecological systems within the United States have been managed
under the assumption of stationarity, or the tendency of environments to fluctuate within a
range of historically known conditions (Jackson & Hobbs 2009; Magness et al. 2022; Young &
Duchicela 2020). With this understanding, environmental properties may change in response to
disturbance events, such as wildfire, but also return to a known reference or stable state
following disturbance. Increasingly, however, land stewards are observing a shift in ecosystem
state beyond a historical natural range of variability (Schuurman et al. 2022). Once ecological
communities have crossed a threshold, it is often infeasible to restore historical ecosystem
structure, composition, or function (Milly et al. 2008; Suding and Hobbs 2009). Management
techniques that may have been previously employed to restore ecosystems following
perturbation or strategies to promote resiliency through disturbance may no longer be effective
at achieving desired conditions. Land stewards are therefore increasingly challenged to generate
novel solutions to meet management mandates and objectives as the character of the
landscapes they manage transform.

Decision alternatives for wilderness in an era of climate change

The RAD framework was developed in response to the need to expand the decision space
around ecological transformation under climate change. Rather than defaulting to familiar
actions or strategies, the RAD framework provides a space for land stewards to evaluate the
opportunities and costs of choosing to deliberately act to intervene (resist or direct) alongside
the deliberate decision to not intervene (accept) with observed climate change-driven
ecological transformation. This is particularly pertinent for federally designated wilderness,
where accepting ecological change may be a familiar strategy due to real and perceived barriers
to using active management (Cravens et al. 2024). Nevertheless, although active management is
highly scrutinized in wilderness, such activities are not strictly prohibited. In some instances,
resist strategies may be necessary to preserve or recover special status species, such as those
listed under the Endangered Species Act. Direct strategies are often less familiar and may be
viewed as high-risk strategies because few real-world examples exist outside manipulative
experimental trials such as common garden and greenhouse experiments (Cravens et al. 2024).
By carefully considering all potential alternatives and their implications for wilderness character
qualities, land stewards may justify the use of minimum allowable tools to meet desired
conditions in rapidly changing wilderness landscapes.
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Activity: Generating RAD Alternatives

Before introducing the RAD framework, workshop participants were divided into five smaller
regional groups and asked to generate potential management responses that could support the
identified nationwide desired conditions. Participants were encouraged to freely generate
decision alternatives, regardless of capacity limitations, constraints, or risks. There were several
similarities in potential response alternatives across regions. For example, several regions
identified the potential to engage in and share research, collect genetic material, plant rust
resistant seed stock both within and outside the current occupied range, and work with fire
management to ensure protection of important existing stands. However, some regions
identified unique, region-specific actions that could contribute to nationwide goals.

Managers in the Pacific Southwest region felt that they could share what they will learn from
two forest-wide prescribed fire projects being planned in the region. Both projects include
wilderness and whitebark pine ecosystems. Because they encompass the southernmost extent
of the range, managers within the Pacific Southwest region felt like they could collect and store
seed stock that could potentially be useful for planting further north as the climate warmed.
Finally, the Pacific Southwest region identified an opportunity to partner with ski resorts and
other local private businesses to fundraise for and increase public awareness about whitebark
pine conservation.

Managers felt the Northern region could serve as a case study for other regions since they have
the highest whitebark pine mortality in the range and have large wilderness areas with
whitebark pine habitat. Additionally, there are several ongoing collaborative whitebark pine
conservation efforts within the Northern region, which could serve as a model for collaborative
conservation for other regions. Relatedly, managers in the Rocky Mountain, Intermountain,
Pacific Northwest regions all felt that they could partner more with local Tribes to identify rust
resistant elite trees and conduct cone collections.

Altogether, eight themes of alternatives emerged from regional group exercises and ensuing
conversations: research and learning, protection from threats, collection of genetic material,
planting within current range, assisted migration, increased capacity and partnerships,
prescribed fire, and a cultural shift. Most of the alternatives participants initially identified fell
into resist or accept categories. Participants were encouraged by workshop facilitators to
consider direct strategies, which were then added to the initial list of alternatives. Once all
alternatives were identified, participants were asked to classify each alternative as resist,
accept, or direct based on their interpretations of the RAD framework. The alternatives shared
in Table 6 represent the way participants chose to classify them as resist, accept, and/or direct.
Alternatives were largely contextual, and many did not fit neatly within one category, therefore
several alternatives spanned multiple RAD categories. For example, participants felt that
collaborative efforts with Tribes, other agencies, and the private and non-profit sectors would
support resist, accept, and direct strategies. All individual alternatives represented a broad
range of resist, accept, and direct actions (Table 6).
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Table 6: Regionally-based decision alternatives generated by workshop participants and categorized
using the Resist-Accept-Direct framework in a workshop to assess climate adaptation strategies for
whitebark pine ecosystems within U.S. wilderness areas. Region-specific alternatives are highlighted
in blue and alternatives shared among multiple regions are in black.

Strategy Theme Decision Alternative

Resist Accept Direct

Research and

. Share what we do and what we learn
Learning

from forest-wide prescribed fire X X
projects that include wilderness (R5)

Serve as a laboratory for positive and
negative effects of natural processes

. N X
and management actions in wilderness
(R1)
Identify and learn about any refugia X
from climate, blister rust, and beetles
Identify vulnerable areas within
Yy vu withi X X X

wilderness

Develop lessons learned from high tree
mortality to serve as a bellwether for X
other regions (R1)

Provide examples of collaborative

efforts including Tribal, international,

state, BLM, Park Service, whitebark X X X
Pine Ecosystem Foundation, and

American Forests (R1)

Direct seeding research to advance
techniques and be shared across X X
agencies

*U.S. Forest Service administrative regions include: R1: Northern Region, R2: Rocky Mountain Region, R4:
Intermountain Region, R5: Pacific Southwest Region, R6: Pacific Northwest Region.
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Table 6 (continued): Regionally-based decision alternatives generated by workshop participants and
categorized using the Resist-Accept-Direct framework in a workshop to assess climate adaptation
strategies for whitebark pine ecosystems within U.S. wilderness areas. Region-specific alternatives
are highlighted in blue and alternatives shared among multiple regions are in black.

Strategy Theme Decision Alternative Resist Accept Direct

Protection from

Threats Protect stands of elite trees through

fuel reduction, maybe fire suppression, X X
and verbenone treatment

Get more resource advisors with
whitebark pine knowledge for REAF X X X
and READ!?

Add whitebark pine guidance to READ

X
handbooks
Provide locations of important areas
(e.g., elite trees, cone collections, X

plantings) to fire managers for
protection

Early detection and direct suppression
of beetle brood trees through bark X
stripping and pesticide use

Thinning within occupied range to

. X
protect elite trees
Planting within .
Increase grow-out and planting of rust
Current Range . . . . .
resistant seedlings in whitebark pine X
habitat
Native seed source direct seeding X

within current occupied range

*U.S. Forest Service administrative regions include: R1: Northern Region, R2: Rocky Mountain Region, R4:
Intermountain Region, R5: Pacific Southwest Region, R6: Pacific Northwest Region.

1Resource advisors are experts in natural and/or cultural resources who are certified to serve on the wildland
fire line and provide guidance about impacts of fire management and rehabilitation techniques on resources
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Table 6 (continued): Regionally-based decision alternatives generated by workshop participants and
categorized using the Resist-Accept-Direct framework in a workshop to assess climate adaptation
strategies for whitebark pine ecosystems within U.S. wilderness areas. Region-specific alternatives are
highlighted in blue and alternatives shared among multiple regions are in black.

Strategy Theme Decision Alternative Resist Accept Direct

Collection of I llect q d
. . ncr n ns an
genetic material crease cone collections and see X

storage of rust resistant elite trees

Collect and store inventory of genetic
stock from southern extent of the X X
range (R5)

Identify and map rust resistant trees
within wilderness and include these in X X X
cone collections

Increase selection and testing for

. . X X X
blister rust resistance
Assisted Migration ) . . .
Assisted population migration within X
range (e.g., up in elevation)
Assisted range expansion beyond
current range (e.g., next mountaintop X
over)
Direct seeding outside of current X
occupied range
Science-informed assisted range
migration to areas beyond 12km from X

whitebark pine stands within
climatically suitable habitat

*U.S. Forest Service administrative regions include: R1: Northern Region, R2: Rocky Mountain Region, R4:
Intermountain Region, R5: Pacific Southwest Region, R6: Pacific Northwest Region.
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Table 6 (continued): Regionally-based decision alternatives generated by workshop participants and
categorized using the Resist-Accept-Direct framework in a workshop to assess climate adaptation
strategies for whitebark pine ecosystems within U.S. wilderness areas. Region-specific alternatives
are highlighted in blue and alternatives shared among multiple regions are in black.

Strategy Theme Decision Alternative Resist Accept Direct

Increased Capacity

and Partnerships Build an appropriate workforce to

accomplish goals

Fund and organize a whitebark pine
strike team to implement management X X
activities

Partner with Tribes in Regions 2,4, & 6
to increase identification of rust
resistant elite trees and collect seed
from these individuals

Partner with the private sector to
fundraise and increase awareness for X X X
the species

Prescribed Fire
Prescribed fire where appropriate X X

Cultural Shift
Line officer cultural shift (i.e., the

assumption of risk to prioritize X
whitebark pine)

*U.S. Forest Service administrative regions include: R1: Northern Region, R2: Rocky Mountain Region, R4:
Intermountain Region, R5: Pacific Southwest Region, R6: Pacific Northwest Region.
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Learning Objective 4: Develop a Feasible and Repeatable Workflow to
Evaluate RAD Decision Alternatives

Selecting and applying decision alternatives generated using the RAD framework in adaptation
planning can be challenging if the ecological transformation is poorly understood or if
institutional constraints impact the ability of managers to feasibly pursue certain alternatives.
Ecological modeling and experimentation may help to characterize potential transformation,
however, uncertainty often persists. Despite constraints and sources of uncertainty, land
stewards are tasked with responding to ecological transformation to fulfill institutional
mandates and objectives.

Balancing social-ecological trade-offs

In addition to grappling with uncertainty, wilderness stewards must also balance social-
ecological trade-offs inherent in decision-making under climate change. These trade-offs are a
negotiation of the unique values each member of the planning or project team contributes
balanced with policy requirements under guiding strategic management plans and legal
documents, such as the National Environmental Policy Act (NEPA) and the Wilderness Act. In
federally designated wilderness, selecting and implementing a decision alternative should
minimize undesirable outcomes as well as impacts that may degrade wilderness character. For
example, preserving special status, iconic species may be considered a high priority for
managers to fulfill requirements pursuant to the Endangered Species Act (16 U.S.C. 1531-1544)
as well as to maintain or preserve the natural quality of wilderness (see Table 1 for definitions of
wilderness character qualities). Nevertheless, the type of management action pursued to
support species persistence may conflict with policy lor law under the Wilderness Act.
Management actions that seek to halt or reverse ecological change for single-species
preservation align most closely with a resist strategy. However, resist actions often require
trammeling of wilderness to meet necessary targets for viable populations. Furthermore, under
climate change, it is becoming less common that single actions will be sufficient to support
species persistence, thereby necessitating more intensive management efforts, and thus greater
trammeling (Evans et al. 2016). In the long-term, a resist strategy may reduce undesirable
outcomes associated with species loss, but this strategy may also degrade wilderness character
through multiple acts of trammeling. Under an accept strategy, where no active management
takes place, wilderness character may not be degraded by trammeling; however, the natural
quality of wilderness may be compromised if an iconic species is lost. Finally, under a direct
strategy, individuals or populations may be translocated to other areas of the landscape where
they may persist autonomously as habitat conditions shift under climate change. Trammeling
may be required to translocate the species to more suitable habitat within or outside
wilderness, however, unlike the resist strategy, it may be less likely that this strategy will entail
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repeated acts of trammeling to meet target population requirements if the species can be self-
sustaining within its introduced range. For management decisions to be defensible, it is critical
to explicitly account for all potential impacts of implementing a decision alternative.

The Futures Wheel: An exercise to illuminate trade-offs

To help clarify sources of uncertainty and socio-ecological trade-offs inherent in climate change-
informed decision-making, we used the Futures Wheel tool to evaluate the potential
implications and tradeoffs of a resist, accept, and direct strategy for whitebark pine ecosystems.
The Futures Wheel is a structured brainstorming tool used to describe multi-level consequences
(perceived as positive, negative, or neutral) of addressing social-ecological change (Bengston
2015; Bengston et al. 2022). The Futures Wheel has been applied in a diversity of sectors to
analyze consequences of many types of change, but it has rarely been used in climate
adaptation planning. Considering climate adaptation actions in wilderness demands a
transparent process to understand the potential consequences of decisions to act, or not to act.
There are many ways to design and apply the Futures Wheel; however, in its basic structure, it
requires users to define multiple arcs of consequences that stem from a central problem or
event. Individual arcs describe a hierarchy of connected consequences. First order
consequences occur as a direct result of the central decision point or event. Second order
consequences are triggered by first order consequences. Third order and all subsequent
consequences are directly informed by the preceding order. Arcs are extended as far as
necessary, such that all potential consequences have been identified for each arc. The purpose
of building arcs is to clarify all potential impacts, likely or unlikely, that stem from a central
problem or event. By following this process, users can reduce unforeseen impacts and identify
consequences that may be particularly beneficial or catastrophic (Bengston et al. 2022).
Furthermore, by explicitly describing and recording all potential implications of implementing a
decision, this process fosters transparency in decision-making. After all arcs have been
completed, users can score each consequence by the likelihood that it may occur and its
perceived desirability (Table 7). Final scores can then be summarized across the wheel to
generate a quantitative understanding of the drawbacks and opportunities of a central problem
or event.

Activity: Applying the Futures Wheel to RAD Decision Alternatives

To further evaluate decision alternatives generated during the workshop, individual Futures
Wheels were used to illuminate all potential consequences (positive, negative, or neutral) of
selecting either a resist, accept, or direct action to address ecological transformation for
wilderness whitebark pine ecosystems in the U.S. Workshop participants were divided into four
small groups which represented a range of positions, tenure, and affiliations. Each group
constructed one wheel focused on either a resist, accept, or direct alternative (Box 3). Decision
alternatives were placed at the center of each wheel such that subsequent arcs described direct

43



and indirect implications associated with implementing each alternative. Workshop participants
were encouraged to consider a range of potential consequences, including social, legal, and
ecological consequences. Participants then scored each unique consequence by its likelihood
and desirability (Table 7). Likelihood described the perceived possibility that each consequence
would come to pass and was scored on a scale from 1 (extremely unlikely) to 9 (extremely
likely). Desirability described perceived appeal of each potential consequence and was scored
along a weighted scale such that perceived catastrophic consequences received a score of -50
and triumphant consequences received a score of 50. Workshop participants used the scores to
gather a general sense of whether each alternative felt desirable and whether the cascading
consequences were certain.

Table 7: Scoring scales for a Future’s Wheel activity examining the implications of choosing to resist,
accept, or direct ecological transformation for whitebark pine ecosystems in wilderness in the United
States.

Likelihood Desirability

9 Extremely likely 50 Triumph

8 Very likely 5 Extremely desirable

7 Likely 4 Very desirable

6 Somewhat likely 3 Desirable

5 Uncertain 2 Somewhat desirable

4 Somewhat unlikely 1 Minimally desirable

3 Unlikely 0 Neutral

2 Very unlikely -1 Minimally undesirable

1 Extremely unlikely -2 Somewhat undesirable
-3 Undesirable
-4 Very undesirable
-5 Extremely undesirable
-50 Catastrophe
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RAD Alternatives: Whitebark Pine Ecosystems in Wilderness

To better envision social-ecological trade-offs inherent in choosing among competing RAD
alternatives, workshop participants were asked to further discuss cascading consequences of
the following. Participants were encouraged to think of the impacts of each alternative
relative to the Forest Service region they worked within.

RESIST #1: Planting

Planting of seedlings resistant to white pine blister rust in wilderness areas where whitebark
pine currently exists. Seeds will be sourced from appropriate local seed zones. Crews will hike
in with pack stock to transport plants, tools, and provisions. Crews will be used to deliver
seedlings to targeted planting areas. Crews will be camping at a sustainable site. To prepare
sites for planting, hand tools will be used to hand scalp and remove existing understory
vegetation. Planting will occur within appropriate microsites and at a density of 250
trees/acre for a total of 10 acres. Crews will permanently mark the planting area boundary
with wood dowels. Sites will be revisited for monitoring during the first, third, and every fifth
year following planting. Monitoring will involve crews hiking out into the field.

RESIST #2: Direct seeding

Direct seeding in wilderness where whitebark pine currently exists. Crews will use pack stock
to transport seeds, tools, and provisions into the wilderness. Fewer pack stock will be
required as compared to direct planting. Crews will camp on site. Crews will use hand tools to
plant seeds within appropriate microsites. There will be no hand scalping or manipulation of
vegetation. Seed will be planted at a density of 1000/acre planted at random. Crews will
install nail spikes to mark individual planting sites. Sites will be revisited for monitoring during
the first, third, and every fifth year following planting. Monitoring will involve crews hiking out
into the field.

ACCEPT: Cone collection

Identify distribution of rust resistant trees in wilderness and map areas of vulnerability to
white pine blister rust and beetles. Crews will access collection sites with pack stock. Research
will include cone collection within wilderness. Three trips will be required: scoping, setting up
cage cones (400 cages total), and collecting cones. Tree climbers will harvest cones from 40-
80 trees. Harvested trees will be marked with metal tags at the bottom of each tree.

DIRECT: Assisted range expansion

Assisted whitebark pine range expansion to wilderness areas beyond ~12 km from current
occupied range. Planting of seedlings will occur in areas expected to become more
climatically suitable for whitebark pine in the future. Planting process will mimic methods
described under the Resist #1 alternative.

Box 3: Alternative actions proposed to resist, accept, or direct anticipated ecological transformation for
whitebark pine ecosystems in wilderness in the United States. Workshop participants discussed the
cascading implications of each alternative both in terms of their desirability in achieving desired
conditions and likelihood of occurring if the alternative was implemented.
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Resist #1: Planting

This resist alternative focused on restoration of whitebark pine within its current range by
planting whitebark pine seedlings that have known resistance to white pine blister rust (WPBR).
Overall, participants viewed this alternative as desirable and felt that potential consequences,
positive or negative, were well known and therefore relatively certain (Figure 8). First order
consequences of planting included litigation, successful establishment of seedlings, monitoring,
site disturbance, marker installation, and temporary increased presence of humans at the
planting site.

Because WPBR is a leading cause of whitebark pine mortality, managers overwhelmingly felt
that successful establishment of WPBR-resistant seedlings would be beneficial to supporting
species recovery efforts. Nevertheless, there was hesitation among some participants to pursue
planting in wilderness. Even if climatic suitability is expected to shift into wilderness,
participants from regions where there are still opportunities to pursue management activities
outside wilderness felt they wouldn’t be able to get clearance to plant in wilderness. If regions
were allowed to proceed with planting, they felt that litigation may be unlikely, however, most
of the potential consequences of litigation were viewed as somewhat undesirable to
catastrophic.

Planting has been used numerous times in restoration efforts for whitebark pine outside
wilderness, therefore the ecological outcomes are well-studied. Participants felt that successful
establishment was very likely and would be extremely desirable for short-term recovery goals
and for enhancing the natural quality of wilderness. However, participants did feel that short-
term successes would not translate to long-term goals of resisting ecosystem change under
climate change. Participants also noted that, although unlikely, wildfires may burn through
planting sites, causing them to resort to other alternative strategies. However, even if
unsuccessful, participants felt the knowledge gained through planting and opportunities for
education and public engagement with this alternative would be likely and very desirable.

Overall, participants noted a number of short-term or temporary consequences that may
detract from wilderness character. Presence of crews in remote areas as well as visible tree tags
may detract from feelings of solitude for other wilderness visitors. Furthermore, hand scalping
vegetation, unintentional trampling of soil and vegetation, and potential for weed and pathogen
invasion from planting activities would detract from the untrammeled and natural qualities of
wilderness. Nevertheless, some participants felt that short-term impacts to wilderness
character could lead to long-term beneficial impacts for whitebark recovery and wilderness
character through maintenance of whitebark pine ecosystems.
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Figure 8: A Futures Wheel used to illuminate the potential cascading implications of choosing to resist anticipated ecological
transformation of whitebark pine ecosystems in the United States, by planting seedlings resistant to white pine blister rust within the
current occupied range of whitebark pine. Implications (green, blue, and gray circles) were scored by the likelihood that they may occur
because of the decision (first number in brackets) and by their perceived desirability (second number in brackets). Likelihood was scored on
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(dashes) because of time constraints.
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Resist #2: Direct seeding

This resist alternative focused on restoration of whitebark pine within its current range by
directly seeding whitebark pine. Overall, there was more uncertainty in the potential
consequences of this alternative and mixed responses for desirability (Figure 9). First order
implications included NEPA/MRA completion, inefficient use of seed, soil and ground
disturbance, impacts to opportunities for solitude from crews, permanent installations,
degraded untrammeled quality, potential to set precedent for wilderness, and seedling
establishment.

Although participants agreed that this alternative likely would incur fewer impacts to wilderness
character as compared to planting, there were still both short- and long-term consequences
associated with several aspects of seeding. In particular, ground disturbance and risk of
spreading nonnative plants may degrade the natural quality of wilderness. Furthermore, some
participants felt that public trust in managers and wilderness land stewardship may be lost if the
natural and untrammeled qualities were degraded. Participants also felt that temporary
presence of crews as well as permanent, physical tags at seeding sites would detract from
opportunities for solitude for other wilderness visitors. Overall, one wilderness manager
indicated that trammeling associated with this alternative was undesirable, whether or not
seeding was successful. Nevertheless, this same individual did indicate that this alternative
requires less trammeling than direct planting and could lead to long-term positive outcomes.
Some participants felt that seeding in wilderness could set a precedent for pursuing other active
management in wilderness, particularly for climate change-vulnerable species that exist within
wilderness.

Because seeding has not been practiced as frequently as planting, participants felt there was
more uncertainty in successful seedling establishment. Potential for low likelihood of success
influenced the desirability of this alternative. Participants envisioned three potential outcomes
of seeding: successful establishment as planned, establishment fails, or establishment leads to
overstocking and increases fire potential. Participants scored successful establishment as
unlikely to somewhat unlikely and failed establishment as likely. Several participants felt that the
low likelihood of success of seeding may not justify subsequent impacts to wilderness character.
Overall, participants wanted more data on the success of this alternative before implementing it
in wilderness.

Participants also generally discussed the complexity of wilderness policy and impacts to cultural
relationships. One participant expressed that people and wilderness are inherently intertwined
from a cultural perspective and that human activities in wilderness, including seed collection,
wouldn’t be considered a trammeling action. Furthermore, this participant felt that wilderness
areas are out-of-balance and that humans can help put systems back in balance. By seeding in
wilderness, some culturally important species may increase, but other culturally valuable
species may decrease. Another participant expressed that the untrammeled quality is one of
the most challenging wilderness qualities to understand and explain.
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Accept: Cone collection

The accept alternative focused on researching rust resistance in whitebark pine by collecting
whitebark cones from the field for genetic analysis and greenhouse experiments (Figure 10).
Participants in this group chose to specifically analyze impacts to wilderness and whitebark pine
ecosystems within the Bob Marshall Wilderness. Overall, participants felt that this alternative
could have desirable outcomes and that outcomes were relatively certain.

Participants noted several short-term impacts to wilderness character for this alternative.
Similar to resist strategies, crews and pack stock would be required to access the cone collection
site, which may impact feelings of solitude for other visitors. Furthermore, it would take several
individual trips to complete cone collection, increasing potential impacts to wilderness
character such as the natural quality. Tree climbing, which is required to access cones, comes
with the additional risk of damaging tree limbs. Cone cages, which are used to protect growing
cones before they are harvested, may also detract from feelings of solitude and could be
considered a temporary development in wilderness.

Cone collection has been implemented widely outside wilderness and therefore consequences
of collection are well-known. Concurrently, participants felt that chance of success (i.e.
successful cone collection) was high. Despite impacts to wilderness character, participants felt
that retrieving cones was beneficial for meeting desired conditions of building rust resistance
and that this knowledge could benefit recovery plan goals by informing more active
management (resist or direct alternatives) in the future. Participants did not consider impacts of
this alternative if implemented in isolation (i.e. without additional active management to resist
or direct transformation). If resist and direct alternative are not implemented alongside accept
alternatives across the range of whitebark pine, modeling results indicate that whitebark pine
ecosystems will continue to decline throughout much of the current range within the United
States.
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Figure 10: A Futures Wheel used to illuminate the potential cascading implications of choosing to accept ecological transformation of

whitebark pine ecosystems in the United States, by choosing to collect whitebark pine cones for further research on white pine blister rust
resistance. Implications (green, blue, and gray circles) were scored by the likelihood that they may occur because of the decision (first number
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Direct: Assisted range expansion

Using a direct alternative, managers would seek to conserve whitebark pine ecosystems by
moving whitebark pine into new wilderness areas projected to be climatically suitable in the
future (Figure 11). Overall, participants expressed hesitation in implementing this alternative in
the near-term. Participants noted that successful implementation of this alternative was
uncertain and noted a wide range of potential impacts to wilderness character qualities.

Participants felt that getting this alternative “off-the-ground” was a prominent barrier because
assisted range expansion has not been implemented widely even outside wilderness Therefore,
participants felt that gaining support and approval to implement this alternative would likely be
difficult. One participant also noted that this alternative would require a considerable amount
of prep-work (e.g., staff time, funding, growing out seedlings), which may go to waste if the
alternative is not approved for implementation in wilderness. Participants discussed
implementing this alternative just outside wilderness boundaries, however, they also felt that
doing so would defeat the purpose of the alternative to move whitebark pine into wilderness
where habitat is expected to be more climatically suitable in the future. In regions where
whitebark pine mortality and risk of regional extirpation has been linked to increasing
temperatures, such as the Greater Yellowstone Ecosystem, participants thought assisted
migration may be more pertinent. In other areas where whitebark pine is struggling but still
regenerating, assisted migration may not be a realistic approach.

In addition to spatial considerations, participants also discussed appropriate timing for
implementing this alternative. One participant noted that on-going whitebark pine monitoring
results do not currently indicate that assisted range expansion is warranted. Nevertheless, some
participants indicated that climatic changes are happening quickly and that time and effort
might be wasted on focusing on recovery actions outside wilderness. Concurrently, it takes a
considerable amount of time for whitebark pine to regenerate, mature, and produce cones so
the impact of assisted migration on overall whitebark pine recovery may not be known for
several years.

Overall, this group had reservations about implementing this alternative, however, many
admitted it may be necessary to meet desired conditions and recovery goals. One wilderness
manager specifically noted that the world is changing and that we’ll have to continuously re-
evaluate the best path forward for whitebark pine and that there is no right answer. Despite
numerous potential short- and long-term impacts to wilderness character (e.g., trammeling
associated with planting, displacement of native vegetation where planting will occur, short-
term impacts to solitude and unconfined recreation experiences), this participant felt that
assisted migration was still a legitimate alternative to consider given the threat of climate
change.
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Key take-aways and findings from the Futures Wheel exercise

Alternatives with a long history of implementation were more likely to be viewed as less
risky and, subsequently, more desirable

Although planting seedlings may be more intrusive than planting seeds, high certainty of
success of planting as compared to seeding made participants feel more comfortable in
the idea of implementing this alternative in wilderness

Among all alternatives, cone collection was perceived as having the fewest negative
consequences for wilderness character and could be beneficial for informing future
active restoration and recovery activities

Among all alternatives, assisted range expansion is expected to have the greatest
potential for negative consequences for wilderness character and the highest level of
outcome uncertainty

Regional affiliation of participants impacted their perspectives of feasibility and
desirability, with some regions anticipating the need to act in wilderness to achieve
desired conditions and recovery goals

Using the Futures Wheel alongside RAD as a tool in adaptation planning is an effective
way to evaluate and analyze highly scrutinized decisions, such as responding to
ecological transformation in wilderness
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Conclusions and Considerations for Future Work

Addressing climate change in congressionally designated wilderness is a wicked problem faced
by land stewards throughout the United States. The purpose of this case study was to begin to
untangle this wicked problem by examining the ecological and social impacts of climate change
and by demonstrating an iterative process that land stewards and their partners may use to
intentionally respond to climate change-driven ecological transformation. The case study
described in this report specifically addresses the wicked problem of managing for projected
ecological transformation of whitebark pine ecosystems in the U.S. Scientists at the Aldo
Leopold Wilderness Research Institute (ALWRI) researched both the potential ecological
consequences of projected climate change to whitebark pine ecosystems as well how those
consequences are observed by land stewards and their perceived capacity to respond. Following
this research, ALWRI scientists facilitated a 2-day workshop with U.S. Forest Service staff (FS),
Tribal natural resources staff, and partners from non-profits and other federal agencies to
introduce an adaptive management process incorporating the RAD framework to generate and
evaluate a decision space for addressing climate change-driven transformation.

According to our modeling, climatically suitable area for whitebark pine is expected to decline
by 80% in the U.S. by the mid-21% century. Because wilderness areas often encompass high-
elevation montane landscapes in the western U.S., they are expected to become more
important for whitebark pine as climate conditions change. Restoring or conserving a federally
threatened species in wilderness is a particularly complex endeavor and perspectives on when,
where, and how these activities should occur in wilderness differed among workshop
participants. Nevertheless, there was a unified acknowledgement that some action within
wilderness may be necessary to meet species recovery goals.

Workshop participants expressed both the social and ecological value of whitebark pine as a
foundation species, a symbol of recreating in wild places, and as a culturally important species
in Indigenous heritage. According to participants, losing whitebark pine would mean losing key
ecosystem services such as snowpack retention, altered visitor use experiences, and loss of
stories and traditions. These values informed several desired conditions that primarily centered
on conserving well-distributed and connected whitebark pine populations throughout the
western U.S. For some FS regions, the majority of whitebark pine occurs with wilderness,
therefore necessitating the consideration of active management in wilderness. Workshop
participants agreed that any action taken in wilderness should be done in a way to minimize
negative impacts to wilderness character and noted as such in their list of nationwide desired
conditions. Complementarily, participants also included the desire to have whitebark pine
recognized as an integral component of wilderness character.

Although whitebark pine faces numerous threats, participants largely remained optimistic that
desired conditions could still be met by engaging in active management and research.
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Alternatives generated by workshop participants that involved active management largely
focused on resisting change to whitebark pine ecosystems in wilderness. Alternatives that
involved directing potential transformation of whitebark pine ecosystems required further
prompting by facilitators and these included various assisted migration strategies. In lieu of
active management, participants generated several alternatives to research changing whitebark
pine ecosystems, strengthen collaborative partnerships, and increase outreach and education.
Participants felt that although these activities do not immediately address transformation
within whitebark pine ecosystems, they were critical for informing future actions that may
either resist change or direct change in a way that would help fulfill nationwide desired
conditions.

Well-practiced approaches that resisted change, such as direct planting, were viewed more
favorably as compared to emerging practices, such as seeding, because outcomes were more
certain. Nevertheless, these traditional restoration approaches may have greater immediate
impacts to wilderness character. Outcomes of direct actions, such as assisted range expansion,
were viewed as highly uncertain and risky. However, participants felt these activities may be
necessary to keep pace with changing climatic conditions, particularly in regions where
changing climatic conditions are already negatively impacting whitebark pine populations.

Despite competing priorities, all workshop participants had a shared desire to see whitebark
pine persist into the future. To successfully implement RAD alternatives and achieve shared
desired conditions, it will take continued cross-boundary conversations to build a successful and
long-term nationwide recovery strategy for the species. The research and conversations
initiated for this case study are just the first steps to establishing a successful nationwide effort
to conserve whitebark pine ecosystems. During the workshop, participants identified several
needs to advance collective desired conditions, including knowledge transfer among regions,
identifying appropriate ecological thresholds for implementing management activities,
designating timelines for meeting management objectives, and reducing the burden on staff for
implementing RAD and an adaptive management process.

A Model of Nationwide Co-Production and Knowledge Transfer

As compounding threats accelerate the transformation of whitebark pine ecosystems, managers
are increasingly challenged to act within wilderness to meet recovery goals and fulfill
nationwide desired conditions. During the workshop, participants shared their knowledge and
gained an understanding of the complexity of working within wilderness. Some participants felt
that recovery of a federally listed species should be prioritized within wilderness while others
felt that the preservation of wilderness character, particularly the untrammeled quality, should
be prioritized. By continuing cross-boundary collaboration, managers may be able to both meet
priorities for species recovery while also minimizing impacts to wilderness character.
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Although the extensive spatial scale encompassed by whitebark pine in the U.S. can pose
significant challenges for range-wide restoration efforts, it also provides a unique opportunity to
leverage the unique skillsets and expertise among diverse regions. A nationwide community-of-
practice that leverages the strengths of each region may accelerate knowledge transfer, help
managers overcome capacity limitations, and increase the effectiveness of restoration activities
within and outside wilderness. Each FS region faces unique challenges (e.g. white pine blister
rust in the Northern Region, limited access to forest stands in the Rocky Mountain Region, etc.),
and has therefore needed to develop specialized tools, collaborative partnerships, and skillsets
to confront these challenges. For example, advancements in whitebark pine restoration in the
Northern Region has largely been attributed to successful partnerships among federal agencies,
Tribal Nations, and academic institutions. In particular, the greenhouse operation and forestry
staff on the Confederated Salish and Kootenai Tribal Nation has been integral to better
understanding and implementing whitebark pine restoration in northwest Montana. Lessons
learned in relationship-building among managers, researchers, stakeholders, and rightsholders
could be transferred to other regions where low capacity may be limiting managers’ ability to
engage in restoration activities. Similarly, in the Pacific Northwest Region, investment in genetic
research of whitebark pine will be valuable in developing rust resistant trees for planting in
other regions or to help springboard the establishment of new experimental research facilities.
Additionally, the Pacific Southwest Region contains whitebark at the southernmost extent of its
range and may have unique genetics that could be beneficial either for propagation in a rust
resistant grow program or for assisted migration as climate conditions change. In regions where
there are still opportunities to engage in activities outside wilderness, such as in the Rocky
Mountain and Intermountain Regions, it may be beneficial to establish experimental programs
(e.g., common garden experiments) to gain knowledge and reduce the uncertainty surrounding
less practiced management alternatives such as assisted migration.

Identifying Ecological Thresholds or Trigger Points

When and where to apply RAD alternatives remains a complex topic that requires further
consideration. Ecological transformation has been described as a continuum of irreversible
change that may increase in magnitude over time (Hillebrand et al. 2020). In that respect, it may
be more appropriate for land stewards to identify specific features or ecological processes that,
if degraded or lost, might trigger management actions. Limits of acceptable change (LAC) is one
example of a tool wilderness managers may use to decide if or when to implement
management actions to either resist or direct observed ecological change (Stankey and McCool
1984). LAC was initially developed to inform the management of recreation in wilderness. More
recently, the LAC tool has been revisited to understand how it can be applied in a multi-use
framework (McCool and Cole 1997). Additionally, others have developed guidance to identify
ecological thresholds and trigger points to inform shifts in RAD pathways (Lynch et al. 2025).
Wilderness managers may use these tools and guidance or develop their own to decide how
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much ecological change may be acceptable and to justify when active management may be
necessary to minimize undesirable outcomes.

Timelines for Application

For any climate adaptation process to be successful in the long-term, it is important to establish
a timeline to revisit and re-evaluate key decisions and desired conditions on a recurring basis
(Stein et al. 2014). There are several obstacles that can make it difficult to adhere to re-
evaluation timelines, including insufficient resources or capacity, turnover in leadership and
staffing, and competing priorities. Some of these obstacles can be overcome by developing and
maintaining partnerships, planning ahead to secure appropriate resources and tools, keeping
detailed and accessible records, and designating appropriate timelines that may coincide with
existing planning revisions or amendments (Mansson et al. 2023). Throughout this case study,
land stewards highlighted the need for continued and growing partnerships, identified
knowledge gaps and uncertainties for further investigation, and evaluated desired conditions
and potential outcomes of divergent decision alternatives to meet desired conditions. To reduce
potential redundancy with existing efforts and streamline decision-making, the skills acquired
during the workshop can be used to support existing planning and projects.

Incorporating RAD into Existing Planning

The RAD framework design is intentionally simple so that it can be applied to existing planning
strategies and processes (Schuurman et al. 2022; 2025). While similar discussions and
conversations may already be a part of existing protocols, the process outlined in this report
allows land stewards to build a transparent, repeatable process that can be applied in a wide
variety of contexts to support defensible decision-making. For example, the RAD framework
may be used to structure decision alternatives as required under the National Environmental
Policy Act (NEPA). The accept option of RAD aligns well with the no-action alternative for NEPA,
whereas the resist and direct options may be considered alternative actions. For a Minimum
Requirements Analysis (MRA), RAD may similarly be used to generate divergent decision
alternatives for further evaluation. Importantly, including the Futures Wheel exercise as a tool
alongside RAD in adaptation planning can illuminate consequences of each alternative when
determining whether action may be necessary to achieve specific objectives or improve certain
wilderness character qualities. This step can be overlooked in adaptation planning processes,
but for the wilderness context, it is essential. In conclusion, the skills and tools explored for this
case study and introduced during the workshop are intended to support increasingly complex
decision-making in wilderness by integrating adaptation thinking into existing planning
processes.
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APPENDIX

Appendix A
Detailed results of the biological analysis of climatic suitability for whitebark pine in western
North America. Results are displayed by USDA Forest Service Region.

Appendix B

Key themes derived from a series of 19 semi-structured interviews with Forest Service staff
focused on perceptions of climate change and its impacts to whitebark pine ecosystems and
climate-adaptive conservation within wilderness.
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Appendix A

Climatic Suitability for Whitebark Pine

Reference period (1961-1990)

Change in WBP climatic suitability

Climatically
suitable for WBP
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No change
@ Contraction

Figure 1: Climatic suitability predicted for whitebark pine (WBP) in USDA FS Northern
Region (R1) for recent (a) and mid-21* century (b) time periods as well as overall
change in predicted climatic suitability expressed as areas of expansion or contraction
(c). Highlighted are areas of federally designhated wilderness. The R1 administrative zone
includes northern Idaho, Montana, and the northwest corner of Wyoming, USA.
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Figure 2: Climatic suitability predicted for whitebark pine (WBP) in USDA FS Rocky Mountain Region (R3) for recent (a) and mid-21* century (b)
time periods as well as overall change in predicted climatic suitability expressed as areas of expansion or contraction (c). Highlighted are areas
of federally designated wilderness. The R3 administrative zone includes western Wyoming, USA.
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Figure 3: Climatic suitability predicted for whitebark pine (WBP) in USDA FS
Intermountain Mountain Region (R4) for recent (a) and mid-21 century (b) time
periods as well as overall change in predicted climatic suitability expressed as areas of
expansion or contraction (c). Highlighted are areas of federally designated wilderness.
The R4 administrative zone includes southern Idaho, western Wyoming, Utah, and

Nevada, USA.
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Figure 4: Climatic suitability predicted for whitebark pine (WBP) in USDA FS Pacific Southwest Region (R5) for recent (a) and mid-21% century
(b) time periods as well as overall change in predicted climatic suitability expressed as areas of expansion or contraction (c). Highlighted are

areas of federally designated wilderness. The R5 administrative zone includes California, USA.
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Figure 5: Climatic suitability predicted for whitebark pine (WBP) in USDA FS Pacific Northwest Region (R6) for recent (a) and mid-21% century
(b) time periods as well as overall change in predicted climatic suitability expressed as areas of expansion or contraction (c). Highlighted are

areas of federally designated wilderness. The R6 administrative zone includes western Wyoming, USA.
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Appendix B

Table 1. Key themes of managers’ perceptions of climate change and its impacts to whitebark pine ecosystems.

Theme Code Representative Quotation
Managers perceive that the climate is Warming “Climate change is a threat on its own. The increased nighttime
getting warmer and drier across the range minimum temperature could rise to a place where whitebark can’t
of whitebark pine, which directly make it, or the daytime maximum temperature. Or, more precip
threatens whitebark pine and acts to falls as rain versus snow and you don’t get that whole runoff water
compound the effects of other existing at the right time thing and it just becomes a desert up there.”
threats. (FS19)

Drought “What | see is extended, extended drought conditions caused by

the warming conditions. In many cases in many areas, it’s not
necessarily that the annual rainfall has changed, it could be, it’s a
shift in precipitation patterns, you know, in a different season or
earlier snowmelt and that can really cause issues with germination
and recruitment. Extended drought conditions can really affect
reproduction output, and then just has this cyclical response, kind
of downward spiral for rare plants.” (FS18)

Mountain Pine
Beetles

“Then the interaction with the beetles, like just the warmer
temperatures allowing the beetles to have more complete
lifecycles and broods per year and so you just get more pressure. |
mean it’s a native insect, but the population is increasing because
of climate change.” (FS4)

Fire

“If you look at fires, we’ve had some pretty big, severe fires in
California over the past decade. And some of those fires are
beginning to creep into the upper elevations of the alpine zone.
Whereas previously that was pretty rare. And that includes
whitebark pine stands...and with climate change we’re seeing
pretty good evidence of increased densities of smaller stems of

71




things like lodgepole pine, but including probably whitebark pine
in those stands, and that means increased fuel loading and
increased biomass to burn.” (FS11)

More “I worry about the susceptibility of the trees to insects and disease

Susceptible and other forest health issues. And | think that their susceptibility
will be increased with climate change. You know, they’re going to
be more susceptible to those stressors in the future.” (FS2)

Change in “I think a lot about these high elevation, alpine species that just

Suitable Habitat

have nowhere else to go, and they’re very stressed and very
vulnerable to these effects in a really limited habitat.” (FS12)

72




Table 2. Managers’ perspectives on climate change and its implications for wilderness.

wilderness and how it should be
managed.

Theme Code Representative Quotation
Climate change is making many mangers | Role of “As a wilderness manager you feel the pressure to think about
reconsider or question the role of wilderness what role does wilderness play in this big picture topic. We start

there. I'm certainly rethinking how we manage wilderness and
what role it plays as a kind of overlaying discussion.” (FS17)

Paradigm shift

“The thing that is really happening for me is such as paradigm
shift. I'm trying to wrap my mind around—just we have such clear
and dramatic changes happening in wilderness that are really
human caused when we think about climate change. How do we
think about the requirements of the Wilderness Act and the desire
for people to do restoration efforts...trying to deal with these
extreme changes that we know are directly related to climate
change...How do we approach these types of proposals?...How do
we think about those in the context of wilderness?...I don’t have
the answers myself...I'm just really wrestling with a lot of this in my
professional life right now.” (FS12)

Some managers are becoming more
open-minded to active intervention in
response to climate change while others
don’t feel like intervention is warranted.

Intervention may
be warranted

“[I’'m] really trying to open my mind personally and professionally
to that paradigm shift of how do we think about this in the world
we live in today.” (FS12)

Intervention is
not warranted

“So | am from the original wilderness philosophy...my feeling is
that there should be minimal human interventions related to
climate change, unless those interventions are directly related to
human conditions that we imposed on wilderness such as
eradicating beaver and reintroducing beaver.” (FS9)
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Context matters when considering
conservation and recovery actions in
wilderness. Approaches that may be
appropriate in one wilderness area may
not be appropriate in another.

Context Matters

“I think the thing that worries me a little bit is it’s not always a one-
size-fits-all. And so you get these examples, these case studies of
an MRA, for example, that worked in one place because of certain
specific circumstances. My fear is always that that becomes sort of
the example that held up and broadly accepted without being
thoughtful of place-based consideration and analysis. That’s really
important.” (FS17)

Table 3. Themes related to ongoing whitebark pine conservations efforts and feasibility of future adaptive actions for whitebark pine in

wilderness.
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Theme

Code

Representative Quotation

The Forest Service is conducting
several different activities to
support whitebark pine
conservation, most of which are
occurring outside of wilderness.

Monitoring

“We’re working with our partners to start doing long term
monitoring. In one of the locations we have very little rust, but
conducting monitoring to establish the need for different
management actions such as thinning...[and] cone collection for
rust resistant screening.” (FS7)

Modeling Core Habitat

“There’s a whole team in [our] region...that’s developing a model
for whitebark pine [both inside and outside of wilderness
areas]...So that was kind of the basis of information that we
needed to be able to make some decisions about whitebark pine,
both for ongoing projects that occur on the forests, but also how
are we focused on our recovery efforts...we’re also working on
developing our core restoration areas [both inside and outside of
wilderness areas] to dovetail with the Whitebark Pine Ecosystem
Foundation plan.” (FS18)

Thinning

“I know in some areas, we’re going to be doing thinning of fir and
in some other areas we are going to be thinning the whitebark
pine seedlings to allow whitebark pine to grow so it’s not
competing with itself.” (FS9)

Prescribed Fire

“We have this one project that we’re planning. We're using
prescribed fire as part of the that for whitebark pine restoration.”
(FS15)
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Beetle Deterrent

“Dependent on detection of rust resistant trees, which we haven’t
found yet, we would take additional measures such as deployment
of verbenone to prevent impacts from mountain pine beetle at the
individual scale, not at a broad scale. So that’s kind of the
protection piece.” (FS7)

The Forest Service is conducting Restoration “We had a few small scale whitebark pine restoration units

several different activities to proposed as part of a much larger vegetation management project.
support whitebark pine We had an interdisciplinary team review those units and we did
conservation, most of which are have some discussion about climate change and what these stands
occurring outside of wilderness could look like in the future in light of that.” (FS3)

(continued).

Currently, the only active Monitoring “General monitoring and inventory, that is already happening in

management actions to support
whitebark pine conservation in
wilderness are related to
monitoring and identification of
rust resistant trees.

wilderness.” (FS4)

Identification of Rust
Resistant Trees

“I can’t tell you what percent of the elite trees are in wilderness,
but there’s definitely a good amount now. | think they’ve tried
hard to not have them be in wilderness because of some of the
tensions that have arisen around working in wilderness for
whitebark pine.” (FS5)

A handful of forests have planned
to do large-scale restoration
projects with objectives for
whitebark pine in wilderness,
however those plans have been

paused or have stalled in part due

to difficulty of working in
wilderness.

“Due to the desired timeframe on reaching a decision for this
project, we’ve decided to only move forward with cone collection
in the wilderness which is a forest supervisor level approval,
because it includes a prohibited activity, which is installation of
cages around cones, but isn’t as high of a level of approval as a fair
amount of deployment thinking or reforestation in the wilderness
area, which our regional office or Washington office level of
approval. So, it would extend the timeframe of our project
considerably.” (FS7)
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Theme

Code

Representative Quotation

Many participants felt that it would
be more appropriate to work
outside of wilderness first, which
can still benefit whitebark pine
ecosystems within wilderness.

Work Outside Wilderness
First

“Well, the first question is: is there something that requires some
sort of action? Then we [determine], okay, we need to do
something. Does it have to be done in wilderness? Maybe taking
action outside of wilderness, we can address the issue.” (FS6)

Many participants felt that it would
be more appropriate to work
outside of wilderness first, which
can still benefit whitebark pine
ecosystems within wilderness
(continued).

Actions Outside Impact
Wilderness

“So many of the things that might be getting whitebark pine in
trouble in the wilderness, we can sway from outside the
wilderness. I'll give you an example. We're really really good at
putting out fires in lodgepole pine forests downhill of the
wilderness. And when we put those out, that stops the natural fire
from going up and helping out with recruitment and all the things
that whitebark pine needs for fire. It’s not necessarily wilderness
impact. It’s sort of a slop-over from management outside of
wilderness that then does have an effect inside of it. You know, the
presence of bark beetles and all that can come from outside
wilderness.” (FS19)

There are numerous physical and
institutional factors that constrain
the ability to actively conserve
whitepark pine ecosystems within
wilderness.

Hard to Access

“Another issue is just the sheer difficulty in potentially doing that
kind of work [recovery work for whitebark pine], especially in our
wilderness areas. [Our forest] in particular, it’s rough country. A lot
of our whitebark pine in wilderness is really hard to get to. Even for
monitoring purposes, it’s just hard to get there much less do
anything to restore it once you do get there.” (FS3)

Low Staff Capacity

“There’s a lot of staff we don’t have and there’s no time in the near
future that we’re going to get staff. So, at this point monitoring and
collecting seeds and then doing off projects is about the capacity
of the forest, especially because we’re spending huge amounts of
time at this point doing whitebark pine consultations or NEPA
analysis.” (FS9)
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Theme

Code

Representative Quotation

Lack of Funding

“In terms of being the most effective with the resources and the
money that we have...investing in something like transporting
seedlings via helicopter is very costly...Even if an area wasn’t
wilderness, we might not be doing restoration efforts in a
particular location just because of how costly [it is].” (FS15)

There are numerous physical and
institutional factors that constrain
the ability to actively conserve
whitepark pine ecosystems within
wilderness (continued)

Lack of Support from
Leadership

“I think there are opportunities to do more [recovery work] if that
were the intent of the leadership at whatever level whether that
be regional or Washington office level.” (FS15)

Perception of Wilderness
as ‘Hands Off’

“I think there’s a perception out there with this idea that we sort
of can’t do anything in wilderness, whether that’s true or not. Our
ability to plant potentially climate resistant seed stock or rust
resistant seed stock in the wilderness is limited by that perception
of hands off in wilderness and | guess that’s a perception. | don’t
know that that’s a reality.” (FS19)

Despite the many limitations,
participants identified a range of
plausible future approaches to
whitebark pine ecosystem
conservation in wilderness.

Monitoring

“I wish there was a little more monitoring of some of the healthy
whitebark pine stands in wilderness.” (FS10)

Identifying Rust

“I think there is some opportunity to do some of the more passive

Resistance restoration stuff in wilderness like cone collection and things of
that nature.” (FS3)
Planting “Planting rust resistant blister rust resistant trees. | think that is

something that we could consider.” (FS6)
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Direct Seeding

“So, there’s some perception that direct seeding might be more
appropriate in wilderness than planting seedlings. Might be a lot
less offensive to those that object to anything being done in
wilderness...but not all the trials of direct seeding have gone well.
We need a little better analysis on that and probably a little more
technical work to really work out if one’s really going to count on
that as a big effort.” (FS14)

Despite the many limitations,
participants identified a range of
plausible future approaches to
whitebark pine ecosystem
conservation in wilderness
(continued)

Reintroduce Fire

“Well, | can’t bring more rain and snow, but again, what | can

control is lightning fires—the ones we choose to maybe keep...And
so I’'m proposing we manage fire up there and that could lightning
preferably. You could also do the surrogate prescribed fire.” (FS16)

Thinning and Mechanical
Treatment

“I can promote mechanical fuel reduction treatments in whitebark
pine knowing it’s going to be controversial.” (FS16)

Protect Existing Stands

“So preserving and protecting the existing stands that there are in
wilderness certainly should be something we think about.” (FS8)
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