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What is vulnerability to climate 

change?



Why assess vulnerability?

Priority setting

Developing adaptation strategies

Fostering collaboration



Vulnerability = sensitivity + exposure - adaptability 



+Vulnerability = -



Climate Sensitivity Database

Physiological factors



Climate Sensitivity Database

Sensitive habitats



Climate Sensitivity Database

Dispersal abilities



Climate Sensitivity Database

Population growth rates



Climate Sensitivity Database

Interspecific dependencies



Climate Sensitivity Database

Relative location
Salix scouleriana



Climate Sensitivity Database

Sensitive disturbance regimes



Exposure components

Figure SPM.6

2020-2029 2090-2099

Figure SPM.7



Other exposure components



Adaptive capacity

“the potential, capability, or ability of a system to adjust to climate 

change, to moderate potential damages, to take advantage of 

opportunities, or to cope with the consequences” (IPCC 2007)



Population growth rates

Adaptive capacity



Genetic variability

Adaptive capacity



Phenotypic plasticity

Adaptive capacity



Behavioral plasticity

Adaptive capacity



Dispersal abilities

Adaptive capacity



Landscape permeability

Adaptive capacity



Questions



Vulnerability assessments

Pacific Northwest U.S.
University of Washington, TNC, WDFW, ODFW, IDFW, NPS

United States
Linda Joyce, Curtis Flather, and Marni Koopman 
USFS and National Center for Conservation Science and Policy

Massachusetts 
Hector Galbraith, Manomet Center for Conservation Sciences

Southwestern U.S.
Carolyn Enquist, The Nature Conservancy

Multi-region
Bruce Young, NatureServe



Climate Change Vulnerability 

Assessment for the Pacific Northwest

University of Washington, TNC, WDFW, ODFW, IDFW, NPS, NWF



Study Area

Assess inherent sensitivity to 

climate-change of species 

and systems

Project potential impacts 

Facilitate adaptation-

strategy development and 

modification of SWAPs

Study Objectives



• Build a database of climate 

change sensitivities

• Downscale and summarize 

climate projections

• Project vegetation and animal 

responses

• Assess impacts on protected 

areas 

• Modify SWAPS 

(WA, OR, and ID FWDs)

Methods



Part I:

Climate Sensitivity 

Database



http://courses.washington.edu/ccdb/drupal/



Climate Sensitivity Database



Sensitivity scores
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Part II:

Future Climate 

Projections



Exposure and impacts

Downscaled climate and 

bioclimate projections

Simulated changes in 

vegetation

Projected shifts in focal 

species distributions



General circulation model (GCM) simulations

At least 6 GCMs

2 emissions scenarios

(A2, A1B)

Climate Data



Part III:

Future Vegetation 

Projections



Environmental Change Research Group, Dept. of Geography, Univ. of Oregon. Climate data: CRU CL 

1.0 (New et al. 1999); CRU data interpolation: P. J. Bartlein (Univ. of Oregon); HadCM2 (Mitchell and 

Johns 1997).  Soil data: CONUS-SOIL (Miller and White 1998); Vegetation model: BIOME4 (Kaplan 2001), 

modified by S. Shafer (USGS). 



Part IV:

Animal Range Shift 

Projections



Modeling potential range shifts

USGS

Current ranges --

modeled as functions 

of current climate & 

vegetation

Future ranges –

modeled using 

projected future 

climate & vegetation



Douglas Squirrel (HADCM3 A1B)

stable

expansion

contraction



Products will include

•Searchable, spatially 

referenced climate 

change sensitivity 

database

Northern 

Goshawk
Accipiter gentilis

1 2

1. Reproductive rate is low.   The species has 

low (.33) juvenile survival and low fecundity(.55 

sub-adult, and1.15 adult).

2. Western Oregon contains portion of southern 

range boundary. Historic and current range 

maps at 

http://www.ccsensitivities.org/Accipiter_gentilis

Squires, J. R., and R. T. 

Reynolds. 1997. The 

Academy of Natural 

Sciences, Philadelphia, 

PA, and The American 

Ornithologists’ Union



Products will include

• Projected change maps

Climate

Vegetation

Birds and mammals

• Protected area analyses

• Modified SWAPS



Questions



U.S. terrestrial climate stress index
Linda Joyce, Curtis Flather, and Marni Koopman 



Massachusetts vulnerability assessment
Hector Galbraith and John O’Leary



Figure 1.Habitat Vulnerability to Climate Change
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Note: the leftmost bar in each pair represents a doubling of CO2, while the right bar is a tripling.

Massachusetts vulnerability assessment
Hector Galbraith and John O’Leary



Southwestern U.S.
Carolyn Enquist



Southwestern U.S.
Carolyn Enquist



Climate susceptibility index
NatureServe

Combines species 
sensitivity with projected 
temperature and 
precipitation change







Keith Lazelle

Which species, communities & systems are most sensitive?



Keith Lazelle

Which places will likely see the most change?



Keith Lazelle

Which species and systems will be able to “adapt”?



Keith Lazelle

Which species and systems will be most vulnerable?



Craig Bienz



• Uncertainty – different 

models produce 

different results

• Spatial resolution is too 

coarse

• Results not applicable 

to practitioners

Common challenges of using 

climate change studies

From Cubasch et al. 2001 



• Incorporate uncertainty 

into results

•High spatial resolution

• Temporal analyses (e.g., 

animations)

Proposed solutions



• Synthesize impacts on 

species and systems

Part V:  Application of Results

• Assess impacts on 

protected areas 

• Modify SWAPS 

(WDFW)

• Identify refugia


