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The sky is 
falling! 

Climate Adaptation = 
Proactively preparing for, 
responding to and coping with 
the effects of climate change
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Using Vulnerability Assessments

Exploratory
Thinking
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Making
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Exploratory Adaptation Planning

Multiple Approaches for 
Generating Adaptation Options

Ø General adaptation strategies

Ø Components of vulnerability

Ø Intervention points



General Adaptation Strategies

• Reduce Non-Climate Stresses

• Protect Key Ecosystem Features

• Restore Structure and Function

• Support Evolutionary Potential 

• Ensure Connectivity

• Protect Climate Refugia

• Relocate Organisms



Components of  Vulnerability

• Reduce sensitivity

• Reduce exposure

• Enhance adaptive capacity

− Plant shade trees along riparian 
areas to cool from warming

− Plant drought-tolerant species 
in area projected to get drier

− Remove barriers to tributaries that 
might provide climate refugia



Intervention Points

Are there actions we can take at conservation 
“intervention points” to achieve our goal as 

climate impacts unfold?

Intervention points = elements of a system that can be 
influenced through management/conservation actions.
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Exploratory Adaptation Planning

What makes a management action a 
“climate change adaptation action”?

Clearly “connect the dots” between climate 
change impacts, proposed actions, and

anticipated long-term adaptation outcomes 



Exploratory Adaptation Planning

Is climate change adaptation different 
from current management? 

Not necessarily…but need to ask 
critical questions about:

WHATWHY WHERE WHEN

URGENCY / PRIORITY



Continued on 
multiple pages…

Menus of adaptation “options”

Exploratory Adaptation Planning



What to do?
Where to do it?

Towards what goal?

Menu of climate 
adaptation options

Impact/Vulnerability 
Analyses

From Exploration to Action
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A THREE-STEP DECISION SUPPORT FRAMEWORK 
FOR CLIMATE ADAPTATION:  

Selecting Climate-Informed Conservation  
Goals and Strategies for Native Salmonids 

in the Northern U.S. Rockies

Using information on 
climate vulnerabilities 

to select goals and 
actions from a menu of 

adaptation options

Funding provided by:

From Exploration to Action



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)

Also input from Linh Hoang, USFS Region 1 
climate coordinator

Decision Support Framework



Decision Support Framework

3-Step Decision Support Framework 

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

Step 1 Step 2 Step 3



Decision Support Framework
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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.  

Using the vulnerability levels, we created a ‘vulnerability matrix’ that aligns relative vulnerability with forward-looking goals and 
strategies. An understanding of potential climate change impacts facing a conservation target is important for clarifying and refining 
appropriate – and achievable – management goals. For example, if climate change vulnerability is low, then existing conservation goals and 
strategies that aim to protect and maintain the current population or ecosystem might continue to be appropriate. On the other hand, if the 
level of vulnerability is high, managers may need to consider new or different strategies for achieving their current goal, or may choose to 
adjust conservation goals for a given population or area by focusing on different targets. After aligning relative vulnerability with forward-
looking goals, we matched those vulnerabilities and goals with climate adaptation strategies culled from the peer reviewed literature and 
summary reports from climate adaptation planning workshops held in the region. 

For native salmonids, the tool assumes that the value of the population being assessed for achieving evolutionary goals (i.e.., maintaining 
genetically pure populations and genetic diversity) and ecological goals (i.e., maintaining the capacity of a population to be resilient 
and adaptive to change) (Fausch et al. 2006 and Rieman et al. 2010) decreases as climate change vulnerability increases. This does not 
mean that vulnerable populations have no value for native salmonid conservation; even with some level of vulnerability, the population 
may be important to support meta-population recovery and genetic diversity. There are also uncertainties about how native salmonid 
populations will respond to climate change so there is no guarantee that vulnerable populations will be lost. That said, for populations that 
are considered relatively highly vulnerable to climate change, the tool encourages managers to consider whether they might adjust their 
management goals to focus on other targets (e.g., non-native sport fish, or non-fish targets), including allowing or even actively facilitating 
the transition of the population to a new state.

Lastly, we created a list of example actions to implement each climate adaptation strategy. This list is not meant to be exhaustive, 
but rather to provide example actions that managers can consider alongside other ideas they or others have developed. To tailor the tool 
for native salmonids, we collected example actions that were discussed by managers and scientists during climate adaptation planning 
workshops, in addition to ideas from the peer-reviewed literature. 

Using these components, we developed a three-step decision support framework that is built around native salmonid populations, and 
helps to distinguish relative vulnerability to climate change to clarify appropriate management goals and select among potential climate 
adaptation strategies and actions. 

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

Vulnerability Levels

Habitat likely to remain or become suitable Habitat likely to become marginal Habitat likely to become unsuitable

Threats from non-native fi sh likely to be low Threats from non-native fi sh likely to be high

Population likely to be connected to a larger network Population likely to remain or become isolated

Increasing Vulnerability to Climate Change

Habitat 
Suitability

Threats from 
non-native fi sh

Connectivity

Climate Change 
Vulnerability

Factors

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

• Asks users “key questions” to assess climate vulnerabilities



Decision Support Framework
Step 1: Assess vulnerability of selected native salmonid 

population to climate change
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Step 2: Use vulnerability information to clarify management 

goals and select climate adaptation strategies 

Climate change vulnerability

Value for long-term native trout conservation

Goal = Maintain/Restore 
Coldwater 
Strongholds & Refugia

Goal = Ameliorate 
Climate Effects 
on Streams

Goal = Facilitate 
Transitions

Vulnerability Type + Goals à Specific Climate Adaptation Strategies

HighLow

LowerHigher



Decision Support Framework
Step 2: Use vulnerability information to clarify management 

goals and select climate adaptation strategies 



Decision Support Framework
Step 3: Select actions to implement chosen climate adaptation 

strategies (from list of example actions)
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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

• Refound new populations in areas expected to be climatically suitable

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

• Introduce new species

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

• 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

• 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 areas adversely affected by fire • Inventory disturbed areas for candidate sites for riparian and upland vegetation restoration

• Restore and re-vegetate burned areas to store sediment and maintain channel geomorphology

Moderate base flow 
decreases

Restore or replicate stream flows • Remove or breach dams

• Increase storage of water in floodplains by encouraging natural flooding and groundwater 
infiltration

• On regulated streams, pulse flows during critical times, sourcing from lower in the thermocline

Reduce water withdrawals and/or water 
diversions

• Increase efficiency of irrigation techniques

• Explore potential to combine sprinkler and flood irrigation to capture increasing spring floods 
(and recharge groundwater supplies) and then switch to more efficient sprinkler irrigation 
when stream flows are lower

• Consider alternative water supplies for public land operations to retain in-stream flows

• Legally secure water rights/agreements for in-stream flows

• Reform water laws to enable increased acquisition of in-stream water rights

• Explore the use of water trusts/funds to increase investments in the protection of watershed 
health and function

• Use water pricing to encourage water conservation

• Where water diversions exist, ensure fish ladders avoid entrainment of native trout

Restore riparian vegetation • Establish native riparian vegetation

• Remove non-native riparian vegetation

Increase natural water storage in 
groundwater aquifers

• Reintroduce beaver and/or install artificial beaver-mimic dams where compatible with fish 
conservation goals

• Increase off-channel habitat and protect refugia in side channels

• Protect wetland-fed streams which maintain higher summer flows

• Maintain/restore forest and wetland vegetation cover

• Reduce road density

STEP 3: Select Actions to Implement Chosen Climate Adaptation Strategies1

Strategies are listed in alphabetical order.

Continued...

X

X



Decision Support Framework

3-Step Decision Support Framework 

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

Step 1 Step 2 Step 3



Moving From Science & Planning 
to Action

Stream temp. modeling by Jones, Muhlfeldt et al.

Portion of the Oldman Watershed, AB
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Tailoring the Decision Framework
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III.  Methodology for Developing the Decision Support Framework 

Below we provide an overview of the process we used to develop the decision support framework (Figure 2), and details on how we tailored 
it to support native salmonid conservation decisions in the northern U.S. Rockies. While the tool presented in Section IV is specific to native 
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.

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 
local fisheries biologists and managers, we identified three key climate change vulnerabilities of particular importance to native salmonid 
conservation: 

• Habitat suitability: Climate change can lead to the loss of thermally suitable habitat, altered and/or insufficient stream flows, and 
increases in the extent and severity of disturbances (Young et al. In Press, Rieman and Isaak 2010). Climate change may also alter the 
timing and amount of water used by humans (i.e., for irrigation, or residential or industrial use), in ways that can effect instream flows 
for fish. Management actions that improve degraded habitats, restore ecosystem processes, and reduce withdrawals for human use can 
potentially moderate these climate impacts on habitat suitability (Isaak et al. 2015; Rieman and Isaak 2010; Williams et al. 2009).

• Threats from non-native fish: Climate change can increase the competitive advantage for non-native fish species and facilitate 
increased hybridization with native salmonids (Al-Chokhachy et al. 2014; Muhlfeld et al. 2014). Under the right conditions, management 
actions can prevent, delay or eliminate threats from non-native species (Fausch et al. 2009).

• Connectivity: Genetic and demographic connectivity of populations is achieved through adequate habitat connectivity. Climate 
change can lead to loss of connectivity between thermally suitable areas, leading to increased isolation. Climate change-driven 
fragmentation can be exacerbated by man-made barriers that isolate or fragment populations (Peterson et al. 2013a; Williams et al. 
2009).  

Once critical climate change vulnerability factors were identified, we developed critical questions for assessing and ranking the relative 
vulnerability of the area or population to climate change. These critical questions are designed to help managers document their logic 
and understanding of the expected magnitude and likelihood of climate change effects on the conservation target of interest. They also help 

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.
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WCS Climate Adaptation Fund

$12+ million invested in 66 
adaptation projects since 2011

http://wcsclimateadaptationfund.org

Taking Climate-Informed Actions



• Less water, worse droughts

• Bigger floods

• Bigger and hotter fires

• Rising seas

• Direct effects on species

• Human responses

Cross et al. 2017

14 Solutions to Problems Climate 
Change Poses for Conservation
Examples from the WCS Climate Adaptation Fund

Taking Climate-Informed Actions



Less water, worse droughts à Restore the natural water 
storage capacity of watersheds/ecosystems

Restoring Beaver in Southern Utah: 
Keystone Engineer for Climate 
Change Adaptation

Methow Beaver 
Restoration: A Climate 

Adaptation Practice

Tensegrity productions/Koenigsberg



Less water, worse droughts à Restore the natural water 
storage capacity of watersheds/ecosystems

Using beaver mimicry to improve hydrology 
and riparian habitat in southwest Montana



Bigger Floods à Design road crossings so stream 
functions are unimpeded during flood events

E. Bailey

Restoring freshwater 
connectivity through 

infrastructure redesign



Bigger and hotter fires à Reduce the risk of post-fire 
erosion and flash flood events

E. Bailey

Enhancing resilience to 
catastrophic fire in the 

Sky Islands

Sky Island Alliance

Sky Island Alliance



Direct effects on species à Take actions to benefit 
species expected to thrive under future climate

©Richard Hamilton Smith©Stephen Handler

Adaptation Forestry in Minnesota’s Northwoods



Take Home Messages

• Vulnerability assessments are a useful input to 
informing decisions that are forward-looking

• There are many approaches to brainstorming 
adaptation responses, and linking to decisions

• Growing numbers of climate-informed 
conservation actions being implemented – take 
inspiration from those ideas, but tailor to meet 
local needs




