
Appendix C: Vulnerability Assessment Technical Guidance  
Assessing vulnerability requires the synthesis and integration of existing scientific information, 

quantitative analyses, and expert opinion in order to determine the degree to which specific key 

resources are susceptible to the effects of climate change, including climate variability and extremes. 

Interactions of ecosystems, humans, and climate are not uniform, but vary greatly across the landscape. 

Climate projections and ecosystem and human response should be considered accordingly. The 

geographic scale and location needs to be chosen so that adequate detail is available in the vulnerability 

assessment for use in decisions on the Unit.  

While vulnerability assessments will vary in their approach, below is a list of components that must be 

included in all vulnerability assessments to qualify for a “yes answer.” It is recommended that 

assessment follows steps a-f below, beginning by identifying key resources and ending with the 

identification of monitoring options.   

a. Key resources: The assessment must identify the key resources within the area whose 

vulnerabilities will be assessed.  

There will be an enormous number of resources and ecosystem elements that can be identified 

even in a limited geographic area; assessing all of these will be beyond the capacity of most 

Units. However, Forest Plans will often identify key resources and ecosystem elements in the 

Unit, and the human communities that interact with them. Working with partners in the science 

community to identify others is recommended. Finally, the synthesis and development of 

information may bring still others to light. 

b. Synthesis of existing information: The assessment must include a synthesis of existing 

information on the sensitivity of key resources to climate change, emphasizing available 

scientific, social, and economic information about the area. 

The vulnerability assessment must include a synthesis of what is currently known about the 

sensitivity of key resources in the analysis area and their interaction with the social 

characteristics, status and trends of the surrounding landscape. This synthesis would draw from 

the existing literature to describe the degree to which the key resources are affected (adversely 

or beneficially) by the variability of current climate or the potential changes in climate. The 

effect may be direct (e.g., a change in regeneration in response to a change in the mean, range 

or variability of temperature) or indirect (e.g., damages caused by an increase in the frequency 

of wildfire or drought). The amount of information on climate change effects is constantly 

increasing so that this synthesis can be developed using a number of existing resources, 

including impact assessments (e.g., Kling et al. 2003, Ray et al. 2008, Karl et al. 2009, Littell, et al. 

2009), peer-reviewed research papers, and other reports and resources.  TACCIMO, the 

Template for Assessing Climate Change Impacts and Management Options, is a tool developed 

for Regions 8 and 9 that can provide a starting point for finding existing information on climate 

change impacts http://www.sgcp.ncsu.edu:8090/. 



c. Current stressors: The assessment should assess the influences and stressors on the existing 

landscape, and identify current stressors which may interact with climate change. 

Many of the current stressors on the existing landscape will be exacerbated by a changing 

climate, but some may be diminished. For example, a number of stressors that are not directly 

linked to climate can have substantial effects on the key resources that were identified, 

including demographic shifts, land use change, and fragmentation. Describing the interactions of 

current stressors with ecosystem dynamics and the associated human communities will help 

establish the context in which the changes may take place, although the exact nature and 

degree of the future impacts of many stressors may not be able to be predicted.  

d. Local climate change and impacts: The assessment must include an area-specific analysis of the 
potential exposure of key resources to climate change using the most up-to-date scientific 
information available.  

The assessment must focus on specific key resources that have been identified by the Forest or 

the Region for the geographic area of interest. The existing literature may describe what is 

generally known about their potential sensitivity, but may not describe the vulnerability of the 

specific area of focus. The assessment should include an area-specific analysis of vulnerability 

that includes quantitative approaches such as simulation models of climate change and 

associated impacts. Different quantitative and qualitative approaches may be taken for key 

resources, ecosystem elements, and human communities (economic or demographic analyses). 

The assessment must identify the sensitivity of resources of interest to changes in climate, the 

potential exposure (how much climate might change and the impact on the landscape), and the 

adaptive capacity of the systems to respond to those changes. When examining future climate 

change, the use of multiple scenarios and climate models can facilitate the exploration of a 

range of possible futures and help to determine the range of sensitivity and exposure of key 

resources. Consideration of changes in the mean of climate versus potential changes in the 

extremes (annual precipitation versus rainfall intensity or drought) may reveal critical 

vulnerabilities.  

Given the range of ecosystem considerations, it is unlikely that any single (or integrated) 

quantitative model will provide all of the required information at appropriate temporal and 

spatial scales. Hence, a suite of ecological and resource models will be crucial tools in simulating 

the response of ecosystems to changes in climate. Published and ongoing work on the larger 

geographic and temporal trends (such as the RPA Assessment) can help establish the context 

for more specific work at local scales. The biological, ecological, and landscape models used in 

the assessment should be based on the same climate change models and emissions scenarios 

whenever possible (e.g., Swanston et al. In press). As with the use of multiple climate models 

and emission scenarios, the use of multiple biological and ecological models will help to 

determine the range of sensitivity and exposure of key resources.  

On-going examples where managers and the science community are collaborating to quantify 

vulnerability to climate change include the Watershed Vulnerability Assessment pilot (contact 



Michael Furniss, PNW), the San Juan Public Lands and Mountain Studies Institute project 

(contact Marcie Bidwell, MSI, 970-382-6908), Shoshone National Forest case study (contact 

Linda Joyce), and the Climate Change Response Framework project at the Chequamegon-Nicolet 

National Forest (contact Chris Swanston, NRS).  

e. Expert judgment: The assessment must filter the output of the analyses and its uncertainties 
through the place-based experience and expert judgment of scientists, managers, tribes, and 
other stakeholders. 

There will be multiple types and sources of information used in vulnerability assessments. This 

information will need to be integrated across the resources and the landscape of interest. 

Output from various models must be integrated using expert judgment and place-based 

experience. Further, any model output is at best a very limited simulation of reality and should 

always be considered in the proper context. A ‘common sense’ approach could be developed 

using a panel of experts (scientists, managers, tribes, and other local experts) to synthesize the 

information and identify the vulnerabilities within the area of interest. A key component of this 

is the place-based knowledge and experience of the panel, which allows them to appropriately 

interpret and modify model output. Expert opinions are most valuable when explanations 

regarding the certainty, evidence, and underlying assumptions and reasoning of the opinion are 

also provided (Glick and Stein 2010).  

f. Monitoring options: The assessment should identify where monitoring might be valuable to 

assess the conditions of the most vulnerable resources or critical stressors. 

The assessment will indentify the vulnerabilities within the landscape of interest and will 

identify where monitoring might be valuable. As part of that evaluation, the current monitoring 

plan should be reviewed to determine if these vulnerabilities are currently addressed (see 

Scorecard Element 8).  

Glossary of Terms 
Adaptive capacity (in relation to climate change impacts) -- The ability of a system to adjust to climate 

change (including climate variability and extremes) to moderate potential damages, to take advantage 

of opportunities, or to cope with the consequences.  

Climate (change) scenario – A plausible and often simplified representation of the future climate, based 

on a consistent set of known principles about the climate system used as input to climate change impact 

models. A ‘climate change scenario’ is the difference between a climate scenario and the current 

climate. 

Exposure -- The nature and degree to which a system is exposed to significant climate variations (Glick 

and Stein 2010). 

Impact assessment -- The practice of identifying and evaluating, in monetary and/or non-monetary 

terms, the effects of climate change on natural and human systems. 



Scenario -- A plausible and often simplified description of how the future may develop based on a set of 

assumptions about driving forces and key relationships. Scenarios may be derived from projections, but 

are often based on additional information from other sources, sometimes combined with a ‘narrative 

storyline’. 

Sensitivity -- Sensitivity is the degree to which a system is affected, either adversely or beneficially, by 

climate variability or change. The effect may be direct (e.g., a change in crop yield in response to a 

change in the mean, range or variability of temperature) or indirect (e.g., damages caused by an 

increase in the frequency of coastal flooding due to sea-level rise). 

Stressors — any physical, chemical, or biological entity that can induce an adverse response. Stressors 

can arise from physical and biological alterations of natural disturbances, increased unmanaged demand 

for ecosystem services (such as recreation), alterations of the surrounding landscape, chemical 

alterations in regional air quality, or from a legacy of past management actions (Joyce et al. 2008). 

Uncertainty -- An expression of the degree to which a value (e.g., the future state of the climate system) 

is unknown. Uncertainty can result from lack of information or from disagreement about what is known 

or even knowable. It may have many types of sources, from quantifiable errors in the data to 

ambiguously defined concepts or terminology, or uncertain projections of human behavior. Uncertainty 

can therefore be represented by quantitative measures (e.g., a range of values calculated by various 

models) or by qualitative statements (e.g., reflecting the judgment of a team of experts). 

Vulnerability - Vulnerability is the degree to which a system is susceptible to, and unable to cope with, 

adverse effects of climate change, including climate variability and extremes. Vulnerability is a function 

of the character, magnitude, and rate of climate change and variation to which a system is exposed, its 

sensitivity, and its adaptive capacity. 

(Unless noted, all of the above definitions are from the Glossary from IPCC 2007) 
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