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additional%approaches%for%future%adaptation%action;%however,%it%is%important%to%note%there%
are%limitations%in%this%approach.%Many%existing%approaches%to%addressing%%
non_climate%stressors%have%often%been%inadequate%in%the%absence%of%climate%change%
effects,%designed%for%stationarity%and,%therefore,%likely%not%adaptable%to%changing%
conditions%and%limited%by%legal%or%regulatory%hurdles.%
%
There%is%an%array%of%activities%already%underway%that%take%advantage%of%existing%
mechanisms,%as%well%as%some%new%innovations,%all%of%which%this%chapter%explores.%While%
these%examples%include%activities%from%the%local%to%the%national%level,%they%are%just%the%tip%
of%the%iceberg%in%terms%of%what%we%need%to%be%doing%in%the%United%States%to%address%the%
effects%of%climate%change%on%natural%resource%management%and%protection.%There%is%a%
large%opportunity%to%improve%how%this%issue%is%addressed%in%the%United%States.%%
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Lots of science & assessment
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•

Past and future climate changes

•

Snowpack

•

Water balance

•

Wetlands

•

Forest composition and health

•

Fisheries

•

Wildlife interactions

•

Non-forest vegetation changes

•

Wildfire

•

Pests, pathogens, diseases

•

Paleo-climate-ecology relationships

•

And much more…

Adaptation Planning
& Capacity Building
Rocky Mountain Partner Forum
Workshop on Climate Adaptation
for Cold Water Ecosystems
!

• Scientists, managers
• Agencies, tribes, NGOs
• Some presentations,
mostly interactive
planning and sharing
http://greatnorthernlcc.org/partner-forums/rocky-mountain

More Adaptation Planning
& Capacity Building
Northern Rockies Adaptation
Partnership (NRAP) –
Workshops across USFS R1

http://adaptationpartners.org/nrap/

Crown Adaptation Partnership Workshop on Adaptation for Native Salmonids

More Adaptation Planning
Menu of adaptation “options”

Continued on
multiple pages…

From Science, Assessment, Capacity
Building & Planning to Action
Capacity
Building
Science &
Assessment

Adaptation
Plans & Options

What to do?
Where to do it?
Towards what goal?

Towards Adaptation Action
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Using information on
climate vulnerabilities
to select goals and
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adaptation options
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Decision Support Framework
Developed with input from:
Managers on the Custer Gallatin National Forest:
• Scott Barndt (ecosystems leader)
• Andy Efta (hydrologist)
• Dale White (hydrologist)
• Clint Sestrich (fisheries)
• Julie Shea (fire specialist)
Linh Hoang, USFS Region 1 climate coordinator

Decision Support Framework
3-Step Decision Support Framework
Step 1

Step 2

Step 3

Available for download:
http://rmpf.weebly.com/cold-water-ecosystem-management-tool.html

Decision Support Framework

determine the relative vulnerability of the selected population or place to climate change. For native salmonids, the critical questions related
to each of the three key vulnerabilities were drawn from the literature review and discussions with experts. Qualitative levels of vulnerability
for each climate change factor are shown in Figure 3. The tool assumes that vulnerability increases as climate change pushes habitat to
become less suitable, and non-native fish and population isolation to become more of a problem.

Step 1: Assess vulnerability of selected native salmonid
population to climate change

Vulnerability Levels
Climate Change
Vulnerability
Factors
Habitat
Suitability
Threats from
non-native fish
Connectivity

Increasing Vulnerability to Climate Change

Habitat likely to remain or become suitable

Habitat likely to become marginal

Habitat likely to become unsuitable

Threats from non-native fish likely to be low

Threats from non-native fish likely to be high

Population likely to be connected to a larger network

Population likely to remain or become isolated

Figure 3. Vulnerability levels for three key climate change factors influencing native salmonids: impacts on habitat suitability, non-native
fish, and connectivity.

• Asks users “key questions” to assess climate vulnerabilities

Using the vulnerability levels, we created a ‘vulnerability matrix’ that aligns relative vulnerability with forward-looking goals and
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• 12 combinations of vulnerability factors and levels

Using the vulnerability levels, we created a ‘vulnerability matrix’ that aligns relative vulnerability with forward-looking goals and

Decision Support Framework
Step 2: Use vulnerability matrix to clarify management goals
and select climate adaptation strategies

Decision Support Framework
Step 2: Use vulnerability matrix to clarify management goals
and select climate adaptation strategies
Low

Higher

High

Climate change vulnerability

Value for long-term native trout conservation

Goal = Maintain/Restore
Coldwater
Strongholds & Refugia

Goal = Ameliorate
Climate Effects
on Streams

Lower

Goal = Facilitate
Transitions

Vulnerability Type + Goals à Specific Climate Adaptation Strategies

Decision Support Framework
Step
3:Actions
Select
actions
toAdaptation
implement
chosen climate adaptation
STEP 3: Select
to Implement
Chosen Climate
Strategies
Strategies are listed
in alphabetical order. (from list of example actions)
strategies
1

X
X

Strategy

Objective

Example Actions

Expand/refound
populations

Increase population size and number
of populations to recover large,
interconnected populations

• Expand populations at or below minimum viable population size

Facilitate transition to a
new state

Allow colonization by new species
that may be better suited to new
environments and still provide some
ecological function and value

• Remove barriers to invasion

Increase adaptive capacity
of native fish

Increase resilience of native fish
populations to warming stream
temperatures and flow changes

• Identify and restore “warm-adapted” populations of native trout

• Refound new populations in areas expected to be climatically suitable

• Introduce new species

• Consider limiting angler pressure on native fish in streams that are at or near temperature
thresholds
• Replicate and supplement native fish populations
• Remove non-native fish

Increase native fish health

• Increase public education to eliminate disease vectors
• Treat or remove infected/diseased fish
• Eliminate or control pollutants or contaminants

Conserve genotypic/phenotypic diversity

• Conserve or restore a diverse representation of habitats across river basins
• Maintain large population sizes to minimize loss of genetic variability and adaptive potential.

Minimize adverse impacts
in the event of potential
increased wildland fire
disturbance

Identify and minimize negative effects to
areas most vulnerable to fire impacts

• Develop a geospatial layer of debris flow potential for pre-fire planning

Restore areas adversely affected by fire

• Inventory disturbed areas for candidate sites for riparian and upland vegetation restoration

• Manage natural fuel conditions and unplanned wildfire effects through fuel management
actions and/or use of unplanned wildfire ignitions to minimize negative effects (severity and
extent) of fire.
• Restore and re-vegetate burned areas to store sediment and maintain channel geomorphology

Continued...

Decision Support Framework
3-Step Decision Support Framework
Step 1

Step 2

Step 3

What actions to take? Where to take those actions? Towards what goal?

salmonid conservation, the general process can be can be adapted to other conservation targets of concern. To tailor the decision support
framework for a given conservation target, users should review available data, analyses, and research on climate change impacts. We
also recommend including expert input from scientists, managers, and other local knowledge holders. To develop the decision support
framework for native salmonids, we reviewed the scientific literature listed in the Literature Cited and Additional References section and
consulted with fisheries researchers working in the northern U.S. Rockies, and hydrology, fisheries, fire and ecosystem specialists from the
Custer Gallatin National Forest.

Tailor the Decision Framework

Decision Support Framework Development Process

Specify conservation
target and unit of
analysis

Identify key
climate change
vulnerability
factors

Develop critical
questions for
assessing the relative
vulnerability of the
area or population to
climate change

Create a ‘vulnerability
matrix’ that aligns
relative vulnerability
with forward-looking
goals and strategies

Create a list of
example actions
to implement each
climate adaptation
strategy

Figure 2. Overview of the process used to develop the decision support framework for setting forward-looking conservation goals and
selecting climate adaptation strategies and actions.

We initiated the process (Figure 2) by specifying a conservation target and unit of analysis. For cold water-adapted salmonids native to the
northern U.S. Rockies, we chose to focus on populations as the unit of analysis for the decision support framework. Rieman and Isaak (2010)
recommend an emphasis on populations, rather than individual stream reaches or habitats, when setting conservation priorities since the
ultimate goal is to determine the nature and amount of conservation work that is needed to ensure that complete populations of native fish
can persist as climate changes.

Next, we identified the key climate change vulnerability factors influencing the selected conservation target. Climate change research,
data and analyses, alongside expert-based knowledge of local systems, are valuable resources for identifying the myriad ways that climate
change might directly or indirectly impact the conservation target of interest. While the factors that lead to climate change vulnerabilities
can be extensive, for the purposes of this tool, it is important to select the factors that represent the greatest threats to the conservation
target. According to Stein et al. (2014), key vulnerabilities represent those vulnerabilities that pose the greatest risk to achieving conservation
goals. Based on our review of the papers and reports in the Literature Cited and Additional Resources section and additional discussions with

Decision Support Framework
Ask us questions. Ask us to replicate this tool for your work. Tell us
how you’ve used it.
Lara Hansen, EcoAdapt
Lara@EcoAdapt.org
Molly Cross, Wildlife Conservation Society MCross@WCS.org
Learn more:
www.cakex.org/virtual-library/three-step-decision-supportframework-climate-adaptation-selecting-climate-informed

