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Executive Summary 
State and federal natural resource management agencies, having been directed to integrate climate 
change into their plans and activities, are calling upon academic institutions and non-governmental 
conservation organizations to help them design and carry out climate vulnerability assessments. Such 
assessments have proliferated, and the science and methods used to generate them are evolving 
rapidly.  In order to effectively design and implement these vulnerability assessments, conservationists 
need guidance, practical and effective methods and tools. They need to know more about what 
pioneers in the field of climate adaptation have learned in practice, so that others might build on their 
successes and learn from their missteps.  
 
The Nature Conservancyʼs Global Climate Change Team, Southwest Climate Change Initiative and 
Colorado chapter organized a two-day workshop in April 2010 for internal and external climate 
adaptation experts engaged in assessing climate change vulnerability. Participants shared their 
methods, lessons learned and recommendations for climate change vulnerability assessments at 
regional, state and landscape scales. This document is a rapid summary of the methods and tools 
discussed at the workshop and is intended to provide a foundation for others embarking on 
development of adaptation planning and implementation. The following is a summary of practical 
recommendations provided in this report. A complete list of all the recommendations is in the text and 
Appendix. 
 
GOALS, SCOPE, SCALE 
• Frame the assessment by identifying key decisions that the assessment will inform. 
• Identify assessment goals that get you to strategies. 
• Set assessment goals that plan for the end user. 
• Consider articulating your goals in terms of resiliency, rather than vulnerability  
• Every scale is important – start where you are. But make sure that your vulnerability assessment 

produces information that can be understood and applied by your target users at the regional or 
local levels.    

• Connect to the finer and larger scales around you. 
 

EXPOSURE 
• Most important in designing an exposure assessment is to define vulnerability clearly and set clear 

goals and objectives for the vulnerability assessment. This will make selection of climate variables, 
global climate models and emissions scenarios more straightforward.  

• Use both historical records (to demonstrate that climate change has already occurred) and 
projections (to investigate alternative future scenarios) to assess exposure. 

• Selection of global climate models, emissions scenarios, and (if appropriate) downscaled GCMs 
should be driven by the goals of the vulnerability assessment.  Document clearly why you chose 
one or more particular GCMs from among the many available: How did the GCM output you chose 
contribute to your analysis of vulnerability?  How did it inform decisions about exposure, 
vulnerability and adaptation? 

• Use 2030 - 2050 as focal time period for the assessment, and focus on bracketing between-model 
variation. 

• Choose GCMs for the accuracy of their modeling results in your vulnerability assessment region 
rather than for their ability to produce extreme climate estimates that show how widely climate 
scenarios. Choose scenarios that will give the best input for management decisions rather than 
those that are chosen to make a point. 

• A biologically savvy vulnerability assessment requires that the assessment team define and 
measure exposure clearly and precisely, based on the assessmentʼs goals. Of the variables 
included in GCM output, identify those that are relevant to the species, habitats and/or ecosystems 
that at the heart of the assessment. These could be called “ecologically relevant climate 
parameters.”  
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• Use the A2 and A1B scenarios because (1) they are the most realistic and plausible scenarios and 
(2) richer data are available for these scenarios because the IPCC decided to invest more heavily 
in data development for them.  

 
SENSITIVITY 
Species:  
• Goals/objectives should drive what approach and methods/tools you use for assessing sensitivity. 
• Work to ensure linkage of vulnerability/sensitivity indices with adaptation strategies. 
Ecosystems: 
• Keep the end goal of identifying adaptation strategies in mind. 
• When assessing sensitivity of ecosystems/habitats, look at physiological, biological and climate 

change factors, as climate is a part of a whole picture of assessing vulnerability.  
• Incorporate anthropogenic stresses; consider a host of stressors, not just climate (however, note 

that it is hard to map some stresses, such as disturbance regimes). 
• Need to revisit conservation priorities, look at the sensitivity of ecosystem targets to see if we need 

to revise our strategies. 
 
ADAPTIVE CAPACITY 
• Conduct analysis of adaptive capacity separately from analysis of sensitivity 
• Make a distinction between things you can manipulate and things you canʼt:  this gives a clearer 

path to identifying strategies. 
 
SYNTHESIS 
• The choice of a synthesis approach should depend on the goals of the vulnerability assessment 

and its sponsors – whether information is “packed” or “unpacked,” and whether it is driven by 
experts or by numerical calculations.  

• Combine regional and local vulnerability assessment in order to develop robust, defensible and 
cost-effective adaptation strategies. 
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Introduction 
The climate adaptation challenge  
 
Conservationists around the world are struggling to understand the implications of climate change for 
biological diversity. In a rapidly changing world, we must revisit past decisions about conservation 
priorities, goals and strategies, and set a new course that integrates what we know, or can project, 
about how changing temperature, precipitation and climate-influenced disturbance regimes, and human 
responses to climate change will affect species, habitats and ecosystems.  
 
In fact, there has been a flurry of activity in the conservation community over the past few years as the 
reality of climate change has become ever more firmly established. Biologists, ecologists, 
climatologists, hydrologists, and land and water managers have come together in formal and informal 
groups to assess the known and likely effects of climate change on natural resources, and to devise 
ways to help vulnerable species, habitats and ecosystems remain viable.  
 
One such effort is the Climate Adaptation Working Group, coordinated by the National Wildlife 
Federation and including representatives of The Nature Conservancy and several other conservation 
organizations. This group has offered an overall framework to guide adaptation planning (Figure 1). 
 
 

 
 

Figure 1. Climate change adaptation conceptual framework proposed by the Climate  
Adaptation Working Group (Glick and Stein, eds., 2010). 

 
In the first wave of adaptation plans, produced over the past decade by US public agencies, non-profit 
organizations, and academic institutions, vulnerability assessments have been extensively used to 
identify at-risk species, habitats, ecosystems and landscapes and to identify management options for 
increasing resilience and resistance to climate change.  
 
The Nature Conservancy recognizes the need for flexible, practical, and cost-effective approaches to 
evaluating the impacts of climate change and developing adaptation strategies. The organization 
recently responded to this need by producing Climate Change and Conservation: A Primer for 
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Assessing Impacts and Advancing Ecosystem-based Adaptation in The Nature Conservancy (Groves 
et al. 2010). In TNCʼs proposed adaptation framework (Figure 2), impact and vulnerability assessment 
is included in the first step: “Consider Climate Change Implications.” See TNCʼs Knowledge Base for 
Climate Change Adaptation at http://conserveonline.org/workspaces/climateadaptation for more 
information.  
 

 
 

Figure 2. An adaptive management cycle for a conservation project or  
strategy that is taking adaptation actions. From Groves et al. (2010). 

 
 
Genesis and Purpose of the Vulnerability Assessment Workshop 
 
State and federal natural resource management agencies, having been directed by their leaders to 
integrate climate change into their plans and activities, are calling upon academic institutions and non-
governmental conservation organizations to help them design and carry out climate vulnerability 
assessments at multiple scales. Such assessments have proliferated, and the science and methods 
used to generate them are evolving rapidly.  
 
In order to effectively design and carry out these vulnerability assessments, conservationists need 
practical and effective methods and tools. In addition to formal documents that provide a conceptual 
framework for climate change adaptation, we also need to know more about what pioneers in the field 
of climate adaptation have learned in practice, so that others might build on their successes and learn 
from their missteps.  
 
The Nature Conservancyʼs Global Climate Change Team, Southwest Climate Change Initiative and 
Colorado chapter joined forces to organize a two-day workshop for internal and external climate 
adaptation experts. Each of the participants was invited because s/he played a key role in assessing 
climate change vulnerability in a state or region. We asked them to share their experiences and to work 
with us to document lessons learned for distribution to the conservation community.  
 
The objectives of the workshop, held in Boulder, Colorado, on April 29-30, 2010, were as follows:  

• Share and document methods, lessons learned, and recommendations for climate change 
vulnerability assessment at the regional, state and landscape scales.  

• Develop informal recommendations for the design of vulnerability assessments that provide a 
strong foundation for adaptation planning and implementation. 
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• Produce a rapid written evaluation of climate vulnerability assessment methods and tools for 
use by conservation practitioners (in The Nature Conservancy and other conservation 
organizations) who are involved in designing and implementing vulnerability assessments at 
the landscape, state and regional scales. 

 
 
Workshop Design and Products 
 
Thirteen people participated in the workshop, representing NatureServe; the University of Washington; 
the Massachusetts Division of Fisheries and Wildlife; and six TNC state chapters, two multi-state 
projects (Great Lakes Project and Southwest Climate Change Initiative), the Eastern Division, the North 
America Conservation Region, and the Global Climate Change Adaptation Team. 
 
Anne Wallach Thomas, knowledge manager for the Global Climate Change Adaptation Team, 
developed an innovative format designed for rapid documentation of the expertsʼ knowledge and 
opinions.  After audiovisual presentations of illustrative case studies from the US Pacific Northwest and 
the Commonwealth of Massachusetts, the workshop broke up into three concurrent sessions, each 
including three to five people. During six successive 30-minute sessions, each small group held a 
focused discussion about one of six different components of vulnerability assessment, as defined by 
the IPCC (2001) and Glick and Stein (2010): 

1. Goals 
2. Exposure 
3. Sensitivity 
4. Adaptive Capacity 
5. Synthesis 
6. Overarching Issues 

 
With the help of a facilitator/recorder and a list of “frequently asked questions,” these groups defined, 
evaluated and documented information, methods and tools relevant to each of the six components. We 
then reconvened in plenary to critique and refine the facilitatorsʼ written summaries of the small-group 
findings.  
 
We closed the workshop with a discussion of the desired content and format of the workshopʼs 
products. The experts recommended that the report be rapidly produced and distributed, informal in 
tone, and complementary in content to more formal guidance such as the Climate Adaptation Working 
Groupʼs Scanning the Conservation Horizon: a Guide to Climate Change Vulnerability Assessment 
(Glick and Stein, eds., 2010) and Climate Change and Conservation: A Primer for Assessing Impacts 
and Advancing Ecosystem-based Adaptation in The Nature Conservancy (Groves et al. 2010). 
 
The expertsʼ observations, recommendations, examples, and cautionary notes are documented in the 
six sections that follow this introduction. In each section we have highlighted (1) “frequently asked 
questions” (in brown italics), (2) recommendations, (3) approaches and methods, (4) outstanding 
questions and issues, and (5) insightful comments that were “overhead” and recorded verbatim.  The 
expertsʼ recommendations for all vulnerability assessment components are summarized for the 
readerʼs convenience on page 45.  
 
Separately, the organizers asked each expert to fill out a fifteen-question survey to gather information 
about the vulnerability assessments that they helped designed and implement. The expertsʼ responses 
are compiled in a document posted with this one.  We hope that this information will be useful to others 
who are considering, or engaged in, vulnerability assessments for climate adaptation planning. 

Overheard:  “There is more timeliness to this workshop than is apparent.  After another year or 
two or three, organizations will be invested in particular approaches and will no longer be open to 
alternative approaches.”  
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GOALS, SCOPE, SCALE 
 
Why conduct a vulnerability assessment?  
• To think broadly and collaboratively about new threats, new interactions, and potential surprises 
• To identify priorities and actions for climate change adaptation planning and implementation  
• To maximize the success of both current and future conservation investments and minimize risk 

that strategies fail 
 
The reason for doing this data collection and analysis is to improve decision-making and-on-the-ground 
implementation to maximize conservation success.   No one wants to waste money, time or effort either 
by investing in strategies that are low priority, or that have low likelihood of success as underlying 
conditions change.  
 
Vulnerability assessments can provide crucial information to help decision makers at all levels identify 
actions that will improve the odds that the species and landscapes they care about will remain viable 
and functional. However, more than once in our discussions we thought it worth mentioning that 
vulnerability assessments are not an end in themselves; they need to be linked to adaptation 
strategies. In at least a few cases, it was not clear how the information would be acted on in terms of 
on-the-ground conservation. Examples of vulnerability assessments that are being used to develop 
“climate-smart” conservation strategies and to set regional, statewide or local priorities include: 
 

• The Northeast Climate Impacts Assessment and other regional vulnerability assessments: 
These inform hands-on climate change initiatives of the Massachusetts Department of Fish and 
Game and the Manomet Center for Conservation Sciences (see 
http://www.mass.gov/dfwele/climatechange.htm and http://www.manomet.org/our-
initiatives/climate-change-energy/recent-projects).  

• Regional and local exposure and vulnerability assessments produced by the Southwest Climate 
Change Initiative: These have informed selection of priority landscapes and development of 
local climate adaptation projects at four demonstration sites in Arizona, Colorado, New Mexico 
and Utah.  

 
 
What recommendations do we have for figuring out the scope of the 
assessment, setting goals?   
What questions need to be addressed?   
How do you select focal species, habitats, ecological systems, and/or 
“conservation areas”? 
 
We are all very new in the process of understanding how to identify successful climate adapted 
strategies, and there are so many different groups involved and species and systems being 
considered; so it should come as no surprise that there are different approaches being used.   
 
Recommendation 
• Frame the assessment by identifying key decisions that the assessment will inform. 
• Identify assessment goals that get you to strategies. 
“Assessment goals need to connect to intended use – to outcomes and strategies.”  Many vulnerability 
assessments today are being used to inform already existing conservation planning processes, 
whether at the national level, the regional level, or the particular project level.  The decision makers 
involved in these planning efforts set-out to do a vulnerability assessment in order to inform these 
plans.  They understand that climate change may alter weather patterns that will affect their species 
and landscapes, so they gather around to do a vulnerability assessment – it seems often without 
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clearly articulating the goals for that assessment.  In these cases, the vulnerability assessment goals 
are actually determined by the goals of the planning process, but they are most often not clearly stated. 
 
Sometimes the thinking starts like this:  “We are expecting to receive climate change money, AND we 
need to revise our plans – so what are we going to do with this money?  -  Oh, we need to do a 
vulnerability assessment?  OK, letʼs do that with our money . . .”  And so review of the science begins 
without any explicit link to outcomes or objectives. 
 
In some cases where vulnerability assessments are done without any clear link to management actions 
and the need to prioritize what we choose to do, the results are actually climate change impact studies, 
going by the name of vulnerability assessments. 
 
Here is a warning borne of experience:  For some professionals data collection is very comfortable and 
lots and lots of detailed data are collected . . . every aspect of a life history, that could indicate some 
form of sensitivity to climatic factors, for every species.  But remember to consider:  is the time and 
effort involved in this process necessary to get to strategies that we can implement and learn from? 
 
Approaches and Methods 
We discussed a few methods to identify goals for vulnerability assessment that would facilitate the 
focus on strategies and informing management actions.  This list is not exhaustive, and there is 
overlap.  It comes from a collection of examples of different approaches used by our workshop 
participants.  We hope it will give some ideas of ways to address assessment goal setting that can lead 
quickly to strategy identification.   
 
o Consider what are the specific strategy choices that you have, and plan your vulnerability analysis 

such that it helps you decide which option is most likely to succeed given a range of possible future 
climate conditions. 

o Start the learning process by addressing the priorities you have already identified, checking to see 
how previously identified strategies will fare with climate change, and whether adjustments are 
needed.  Another way to think of this approach is “goal viability” – looking at a place where there 
are goals identified and resources allocated, and considering whether those goals can be achieved 
in the face of climate change impacts. 

o Similarly, others have started by looking to places that have already been identified as priorities:  
landscapes where people are investing a considerable amount of time and money and where there 
are interested parties available for collaboration. These already prioritized landscapes are 
important places to identify how climate change will impact species and systems and what actions 
can be taken to improve resilience and the success of conservation strategies. 

o As part of the assessment process, simplify the climate exposure into most likely scenarios that you 
can use to “test” your current strategies and actions.  For example, in Californiaʼs central coast two 
potential climate futures include: (1) hotter and drier or (2) hotter and wetter.  These impacts are 
then used when considering impacts on landscapes and ecosystems services, or in assessing 
species vulnerabilities, which speeds up the process of identifying needed adjustments to 
strategies. 

o Remember to consider other sectors (e.g., agriculture, housing, and energy development) and their 
potential future climate adaptation approaches –there are important ways to protect biodiversity by 
preventing need for new infrastructure and adding to the built environment, and future threats will 
also come from adaptation by people and these other sectors that leads to new land uses.   

o Identify decisions and goals that are small enough that they seem tractable, so that group members 
can overcome barriers related to getting started on adaptation.  For land managers in urban areas, 
you might revise a “preferred” species list for street trees.  “Help people to get started.”   

o Consider the four general areas of decision-making that might be affected:  
 Management  
 Acquisition  
 Regulatory Change  
 Monitoring 



 11 

Participants identified one way that vulnerability assessments were expected to be used and could be 
very meaningful – but in our collective experience we felt no one had accomplished this approach.  
That is – the use of a vulnerability assessment to re-assess organizational priorities about where we 
work.  In this approach vulnerability assessments could be used to re-define priorities regarding target 
species and ecosystems (“Are the places still right, are the species still right?”).  So far no one in this 
group had examples of where this had occurred, but it was agreed that this could (and in future would) 
be an important way for vulnerability assessments to lead to significant adjustments to strategies.   
For example:  in many places in the western U.S., vulnerability assessments could inform decisions 
such as where human development will occur and priorities for protected areas. 
Another example:  Some groups who had begun with the approach of using vulnerability assessments 
to consider how previously identified strategies will fare with climate change, felt that it was only a 
matter of time before they also revised the goals of their vulnerability assessments to help inform 
whether there were new targets to be added as priority, while others might fall out of the priority list. 
Another example:  Mark Anderson said he has been asked by a number of conservation leaders to 
develop his data and analysis so that it could be used to identify priorities for conservation (Anderson, 
2010). 
 
Recommendation 
• Clarify and articulate assessment goals and process with all stakeholders at the outset. Make 

the vulnerability assessment process transparent. If users and stakeholders are able to see 
how you've reached your conclusions and understand your confidence (or lack of confidence) 
in your results, you're more likely to have them as supporters rather than detractors.   

 
Be very, very clear up-front about your goals. This is another obvious point we all agreed should not be 
overlooked.  As we discussed recommendations for the other components of vulnerability 
assessments, we kept coming back to this first key recommendation.  Goals need to be articulated and 
agreed to, in the beginning of the process, by all parties.  
Why is this important?  We identified a number of different reasons.  Your goals will dictate the data 
you collect, and the analysis you do.  Being clear about goals helps you identify the right data streams 
and the methods you employ, which will then ensure that you have what you need to make decisions 
about adaptation strategies for your species or system.  A common approach is to not want to 
“prematurely” narrow the scope of the assessment – however, if you have an overly broad goal, you 
can end up assessing the vulnerability of every species in the landscape and never get to strategies.   
 
Given that one of the most challenging aspects of climate change is that we expect many of our “tried 
and true” conservation approaches to be less effective, or even potentially harmful under new 
conditions, we need to start learning now on how to adapt.  So, a more rapid assessment can get us 
started, and as we learn, we will gain a better sense of what systems are vulnerable, and what we can 
do to increase their adaptive capacity.  Further, by focusing first on potentially vulnerable systems or 
species for which we have some ideas on how we could improve adaptive capacity (rather than ones 
for which adaptation options are much harder to imagine, or may not exist), we have the opportunity to 
rapidly gain momentum in our work, and use these examples to communicate what “adaptation” looks 
like. 
 
With this discussion came an additional warning borne of experience: with an overly broad set of goals 
you get a broad collection of data, which facilitates the breakdown of effective collaborative effort as 
teams and individuals spend too much time arguing about data sets and information gaps, what this or 
that variation means, and any uncertainties in the data – thus getting sidetracked in discussions that do 
not have any real bearing on the goals for the process or on identifying adaptation strategies for the 
species or landscapes. 
 
Josh Lawler described the way that some vulnerability assessments can include so many partners that 
there are too many masters deciding how to do a vulnerability assessment.  Some care about particular 
species, how they are sensitive, and what to do about it.  Some care about entirely different species.  
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Some care about habitats and not species.  Some are thinking about species movement.  And more 
goals are brought in each time a partner is added.  The Pacific Northwest (PNW) vulnerability 
assessment became very large and complex and, as a result, requires very careful management.  
While the process and methods became very complex, it seems this was doable, because each group 
was asking about vulnerability of wildlife over a wide region, and the process allowed for different layers 
of data, allowing each group to identify and analyze the particular data for their interests.  
Thinking of this from another direction . . . It is true that trying to identify goals with a large set of 
partners that do not share the same decision-making needs will lead you to objectives that are so 
broad and messy almost anything can be incorporated.  And this could cause trouble in identifying 
strategies and getting to implementation.  However, at this early stage of understanding how to adapt to 
climate changes, an outcome of the assessment can include providing a learning process for groups 
and individuals.  People are looking for projections, impacts, maps, data and ways to understand how 
stresses will impact the things they care about.  So, yes, itʼs true - goals should be specific and clear – 
however, with some collaborative processes this has been impossible to achieve, since the groups 
could not come to agreement.  But these collaborative processes can achieve many objectives, and 
there may be benefits to continuing anyway.  Going through the process and collecting lessons learned 
will help improve outcomes for the next time. 
Conservationists are still figuring out what our goals and objectives are relative to climate change 
adaptation and how best to promote ecosystem-based adaptation to our partners that may be 
considering approaches that do not benefit biodiversity. In many cases, the perceived need for 
vulnerability assessments may provide the opportunity for collaborative processes, yet we may be in a 
position where the work is largely driven by what our partners say they need or want.  Kim Hall pointed 
out that, even when the “goal” is to do a vulnerability assessment, rather than a more targeted 
approach designed to inform decisions, we may gain traction by having participants answer how 
particular data “wants” might affect our assessment results.  Often, we might “want” more information, 
like better downscaling, or more thorough evaluations of life histories, when there is little possibility that 
the information we might get would change our decisions.  
Another discussion about this highlighted the importance of the transparency of the vulnerability 
assessment process used and its importance in the engagement of stakeholders.   The consensus was 
that if all the stakeholders (whether they may be internal staff or partners in the process) are able to 
see how conclusions are reached, and understand the level of confidence in results, you're more likely 
to have them as supporters rather than detractors.  And importantly, when it comes time to implement 
adaptation strategies, this will promote a willingness to act since they understand and contributed to the 
identification of the strategies being used.   
Another point, emphasized by Josh, has to do with the importance of relating adaptation and 
vulnerability assessment goals across sectors.  We recognize this as important, but have few examples 
of how this can best be done.  Josh says:  “One of the short-comings of the PNW assessment is that it 
isn't integrated with other vulnerability assessments.  Given the size of the effort this would be next to 
impossible, but still, to adequately assess vulnerability of aquatic systems and species, one needs to 
understand the vulnerability of human systems to changes in water availability (e.g., where the new 
dams may go in).”   

Approaches and Methods  
Ways to think about goal setting that will lead to clarity: 
o Identify:  scope / scale / targets  
o Understand the goals of each of the collaborative groups and look for areas of overlap 
o Articulate:  Here is our goal…, so we need this data …, and we will get that data in this way…, and 

here are the groups involved …, and here is the analysis we are going to do … 
o Consider:  What are the most specific question(s) you can ask of this process?   What really is the 

strategy choice that you have, and how does climate change affect that?  What decisions do you 
need to make? 

o Determine whether you are assessing vulnerability of particular species or an ecosystem   
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o Think about how your goals relate to adaptation goals of other sectors and how there may be 
conflicts, or mutual benefits to actions that benefit biodiversity  

 
Recommendation 
• Set assessment goals that plan for the end user 
When identifying goals, remember that the data you collect and analyze needs ultimately to inform 
implementation on the ground.  For example, John OʼLeary told a story about how one agency in the 
NE region had been collecting snow pack data for 80 years, which could have been very useful to 
inform understanding about hydrology for systems and species in the area.  However, there was no 
collection of the complementary snow density data, which was necessary to analyze hydrology 
implications.  Thus the 80 years of data was not very useful to informing decisions.    
 
Recommendation 
• Consider articulating your goals in terms of resiliency, rather than vulnerability  
One discussion we had on the second day was about how many individuals and groups are skeptical of 
vulnerability modeling.  This can impact the success of adaption planning efforts.  Collaboration, 
funding and other efforts are more likely to go forward if we talk about resilience rather than 
vulnerability. The language we use and the way we describe things can have an impact on the 
cooperation we get from others. 
 
It was suggested that in conservation planning in the face of climate change, we are analyzing systems 
that are perturbed, and we are looking for ways to increase the functional aspects of the systems.  
Mark comments, “Climate change undermines the idea of returning to a previous state.”  As we 
discussed this we began to think of resilience and vulnerability as being two ends of a spectrum, “the 
light side and the dark side”.  This is a matter of perspective and language.  Framing the research as 
resilience, changes the modeling and analysis in subtle ways as it leads to questions about the 
transformation of systems and the rearrangement of species distribution patterns, whereas the term 
vulnerability leads to questions of resistance and maintaining historic conditions.  TNCʼs Eastern North 
America Division, for example, is reexamining all of its portfolio sites with the perspective of 
connectivity and heterogeneity to determining which sites have a large capacity to adapt and are thus 
more resilient. 
 
Recommendation 
• This is not just about current endangered species; itʼs also about species that may be 

vulnerable to climate change exposure, even though they are not currently rare or imperiled. 
This may seem obvious, but we thought it was worth articulating here.  In the vulnerability assessment 
we want to look at all target species, since some may become threatened or endangered under climate 
change conditions, some may change their behavior, and some species might become much more 
common.  Thus, conducting a vulnerability assessment will identify threatened species as well as  
“winners” under climate change.  Winners are sometimes are generalist species or species that 
“invade” to occupy new niches left open by declining species, etc. 
 
John OʼLeary suggested that managing in the face of climate change might cause us to reexamine the 
whole notion of “endangered species”, since a changing climate was not considered when determining 
if a species was threatened with extinction.  If we start to consider changing climate impacts in the 
analysis of identifying endangered species, this will motivate a whole new thought process that will 
require conservationists to work together across a broader physical and institutional landscape.  These 
new ways of thinking are equally importantly as we learn how to manage for the survival of endangered 
species as the climate continues to change. 
 
 

Overheard:  “Keep the focus on strategies:  The best results 
happen because you are talking about strategies and not 
assessments.” 
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What geographic area should you cover and how do you choose it?  
What recommendations can you make to best match methods to the scale of 
assessment? 
 
Recommendations 
• Push for broader regional analysis and for regional adaptation planning and implementation. 
• Every scale is important – start where you are. But make sure that your vulnerability 

assessment produces information that can be understood and applied by your target users at 
the regional or local levels.    

• Connect to the finer and larger scales around you  
 
There are multiple scales of analysis – from continental to local.  Among workshop participants, there 
was easy agreement on the issue of scale and one major point to be made:  every scale is important.  
 
So how does this break down into recommendations that are meaningful?   
 
First, it was agreed that for identifying the scale of a particular vulnerability assessment – you will work 
at the scale of your conservation priorities. For the most part, the question of “what scale should I work 
at?” is not one answered from a scientific point of view, since these assessments are not the end goal, 
but a means to the end – they will be used to help inform decisions about already prioritized work.  
Another way to think about this is that often the decision of scale is politically driven, by who owns the 
land or which organization has jurisdiction and leverage, or by opportunities that exist for collaboration.  
So the scale of the assessment, in our collective experience, is pre-defined by already existing 
conservation priorities and political realities.  So yes, this first answer to scale is circular, but 
nonetheless it is how many of these assessments are currently being conducted – the answer to the 
question of “what scale?” is – first, start at the scale you have already prioritized. 
 
Second, whether you are conducting a vulnerability assessment on species or on a system – at 
whatever scale you begin operating, you will need to have some connection to the larger and finer 
scales.   There are different ways that this can happen, and the relative importance and time spent on 
each scale will vary, but there was clear agreement that information on multiple scales is quickly 
needed to inform decisions.  It was pointed out that if you are missing assessments at multiple scales, 
you will be facing a sequencing challenge following the assessment because you will find there is more 
data needed to answer key questions. The relative emphasis is going to vary tremendously, so the 
group encouraged others to pick a scale, and start somewhere. 
 
For example, if you are working at the scale of a local management unit (a refuge or protected area), 
you will need understanding at finer scales within your area, but will also quickly need to understand 
some things about neighboring landscapes and species movement and refugia at the regional or 
continental level.  This will give you an understanding about the relative contribution of refugia within 
your management unit, whether the importance is increasing or decreasing, which will inform your 
conservation priorities. 
 
Third, to the degree you can achieve it, you need a broader regional analysis.  There are many reasons 
for this.  One reason, as stated above is the need for regional scale analysis to gain an understanding 
of species distribution changes, movement, and refugia – thus clarifying the relative importance of the 
species and refugia in your management unit. 
 
Another recommendation for how to approach the scale issue was not to go too deep in one scale at 
first, until you understand the relative importance of the data to your decision making.  If you are not too 
fixed about it, you can move between scales until you determine which data is most valuable. 
 
Finally, consider the scale of planning and implementation at which the vulnerability assessment will be 
most useful. Rob Marshall noted that there is a tremendous push in the scientific community for down-
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scaled climate data. One reason is because land managers are used to managing at very small scales 
(e.g., the National Forest district, which can cover from thousands to tens of thousands of acres). Yet 
the changes upon us will likely be dramatic in some areas – whole new communities will displace 
current habitat and the areas across which particular habitats will be viable may change dramatically. 
This suggests, that may be we need to place as much emphasis on learning how to up-scale our 
planning as we do on trying to downscale the projection data. Up-scaling planning could simply mean, 
for example, that Bureau of Land Management and US Forest Service units that manage piñon-juniper 
in the Four Corners area, where considerable die-off has occurred, work together on planning for 
adaptation with units in the northern part of the distribution, where exposure has been lower. It could 
mean a lot more.  
 
We all recognize the future will be different than the past. Why should we think that the current scale 
we plan for will be adequate in the future? Every scale is important but it may not be important or 
feasible to plan for every scale. The natural resource management community may be better served by 
thinking more about how to adapt our planning rather than thinking we can come up with effective 
strategies with the current tools and through the current lens we rely on.  
 
Observations 
 

o We already recognize that integration of conservation goals and strategies across boundaries 
and planning and implementation at larger scales are important. But in the face of rapid climate 
change this needs even more emphasis. We may not get reliable down-scaled projection data 
for some time to come. And even when we do, it may simply enable managers to continue to 
work at the small scales they are familiar with, squandering opportunities to work more 
efficiently and effectively by taking a larger-scale view.  

o The need for this type of broader, cross-boundary analysis and understanding is going to force 
public land managers in the conservation management planning process to think more in an 
integrated fashion. We are already seeing progress on many collaborative, larger-scale 
initiatives, such as the US Fish and Wildlife Serviceʼs Landscape Conservation Cooperatives, 
and NOAAʼs RISAs. 

o Because of organizational structures and the requirement for states to develop Wildlife Action 
Plans, the geographical scale where these assessments are most often taking place is at the 
state level – but it was agreed that in many ways this is the scale that probably makes the least 
sense. 

o An open question we identified:  How will this affect ecoregional planning?  A number of 
participants are collecting data, analyzing, and identifying priorities at a much larger scale, 
working across multiple ecoregions. 

 
 
 
 
 

 
 

 

Overheard:   “If you really strip away all of this talk about how to do a 
vulnerability assessment, the fact is that goals matter more than anything 
else.  The design of the assessment depends completely on what you are 
trying to achieve.” 
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EXPOSURE 

 
What is climate change exposure? 
Exposure is the nature and degree to which a system is exposed to significant climate variations (IPCC 
2001). It can also be defined as the degree, duration, and/or extent to which a system is in contact with 
a climatic perturbation, often depicted by analysis of historic climate or climate projection data (such as 
changes in temperature and precipitation). Exposure differs from variability in that it represents 
directional change, or consistent trends in change in means and extremes. 
 
Exposure has several elements, including alteration in “basic climate” -- temperature, precipitation, 
wind, humidity, cloud cover, solar radiation, wind direction and speed. It represents not only changes in 
climate itself but also other physical changes, such as alterations in vegetation (habitat), hydrologic 
regime, drought frequency and severity, fire regime, sea level, carbon dioxide concentration, storm 
frequency and intensity, water quality (such as salinity and pH), and the depth, density and duration of 
snowpack. 
 
Why assess climate change exposure? 
Observations and estimates of exposure – past, present and future – serve as a physical science 
foundation for assessing the vulnerability of species, habitats, ecosystems and landscapes.  
 
Before we can understand or project the effects of climate change on plants, animals, ecological 
processes and ecosystem services, we must understand the magnitude, frequency, extent, seasonality 
and duration of exposure to changes in temperature, precipitation and other biologically meaningful 
climate variables.  
 
Exposure begins with past and current conditions, analysis of which helps us understand the expected 
range of variability in certain climate variables, and indicate if/where our targets have been subjected to 
climate-induced stress. This analysis provides a foundation for our interpretations of climate projections 
and the potential climate effects.  
 

What is an emissions scenario? 
Representation of the future development of emissions of greenhouse gases based on a set of 
assumptions about driving forces and their key relationships (Lenntech). These forces include 
technology improvement, demographic change and economic growth. Scenarios are essentially 
storylines that describe how human societies may change over time, driving changes in gas emissions. 
 
What is a climate projection? 
A projection of the response of the climate system to emission or concentration scenarios of 
greenhouse gases and aerosols, or radiative forcing scenarios.   These projections are typically based 
upon simulations by climate models. Climate projections are distinguished from climate predictions in 
order to emphasize that climate projections depend upon the emission/concentration/ radiative forcing 
scenario used, which are based on assumptions concerning factors described above (e.g., future 
socioeconomic and technological developments that may or may not be realized and are therefore 
subject to substantial uncertainty [IPCC 2007]).   
 
What is a climate change scenario? 
A plausible and often simplified representation of the future climate, based on an internally consistent 
set of climatological relationships and assumptions of radiative forcing, typically constructed for explicit 
use as input to climate change impact models (IPCC FAR, 2007 Glossary of Terms).  
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A coherent and internally-consistent description of the change in climate by a certain time in the future, 
using a specific modeling technique and under specific assumptions about the growth of greenhouse 
gas and other emissions and about other factors that may influence climate in the future. (UKCIP, 
2003) 
 
What is a global climate model (GCM)?  
Global climate models are complex three-dimensional models that incorporate the latest understanding 
of the physical processes at work in the atmosphere, oceans, and Earthʼs surface. They range from 
lower level General Circulation Models (GCMs) to coupled Atmosphere-Ocean General Circulation 
Models (AOGCMs) (IPCC 2007b). 
 
What is downscaling? What is the difference between statistical and dynamic 
downscaling? 
Downscaling is a method that derives local- to regional-scale (10 to 100 km) information from larger-
scale models or data analyses. In statistical downscaling, a statistical relationship is derived between 
observed local climate variables and predictors at the scale of global climate model output, and the final 
product is generated by using these statistical relationships to modify values of the observed variables. 
Dynamical downscaling, or regional climate modeling, explicitly simulates the process-based physical 
dynamics of the regional climate system using a high-resolution, limited-area climate model (IPCC 
2007), Typically these regional models use input from global models. 
 
How should we assess exposure? Which GCMs, emissions scenarios and 
downscaled data should we use, and how should we address the problem of 
uncertainty in climate change projections? 
 
Approaches and Methods 
 
Getting started: 
 
Recommendation 
• Most important in designing an exposure assessment is to define vulnerability clearly and set 

clear goals and objectives for the vulnerability assessment. This will make selection of climate 
variables, global climate models and emissions scenarios more straightforward.  

 
Also consider the following: 

• Whether to use historical climate data, projected climate data, or a combination. 
• How many, and which, of many possible global circulation models (GCMs) to use.  
• How many, and which, of many possible scenarios for future greenhouse gas emissions 

scenarios to use.  
• Which climate variables are most relevant to the species, ecosystems, habitats or places that 

are the focus of the vulnerability assessment?  
• Whether to include downscaled climate data and, if so, which downscaling models and data to 

use. 
• Whether (and how) to address changes in probabilities of extreme events (e.g., drought, 

flooding) that may increase or exacerbate speciesʼ or ecosystemsʼ exposure to climate change.  
• How to describe the uncertainties inherent in emissions scenarios and climate change 

projections.  
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Use of historical climate observations, climate change projections for the 
future, or both: 
 
Recommendations   
• Use both historical records (to demonstrate that climate change has already occurred) and 

projections (to investigate alternative future scenarios) to assess exposure. 
• Evaluate the climate conditions that have been supporting your conservation targets.  We have 

much greater certainty in the historical climate record (e.g., of the 20th century) than we ever 
will have for future projections.  

• Inductive modeling tools, such as Maximum Entropy, commonly deployed for species 
distribution modeling, can be used to ʻmineʼ the input variables to determine which best explain 
the given spatial distribution of the species.  Likewise, this approach helps us identify the key 
biophysical variables (including available climate variables) that strongly influence a given 
species, species assemblage, or ecological system type.   

• Recorded observations of climate change – empirical data from the vulnerability assessment 
area, such as PRISM and Climate Wizard data – build stakeholder understanding that the 
climate has already changed. These data can also demonstrate the current trajectory and pace 
of local climate change.  

• Empirical data showing ecological effects that can be traced to climate change – for example, 
piñon-juniper woodland dieback in the southwestern U.S. in response to “global-change type 
drought” (Breshears et al. 2005) – can build additional understanding and buy-in. 

• Projections of future climate based on credible emissions scenarios and GCMs help 
demonstrate the threat posed by climate change to nature and people, building a sense of 
urgency for adaptation and the investments it will require. 

• Historical climate data have been used to generate spatial models that offer higher spatial 
resolution than climate projections. Correlation of historical climate data with observed 
ecological changes can tell us about climate-driven ecological thresholds and can inform our 
selection of climate variables. Study of the ecological effects of past climate change helps us 
better understand the import of climate change projections for vegetation response to drought, 
climatic controls on invasive species, etc. 

• Use paleo-ecological research to better understand how changes in the climate have affected 
species and habitats in the past. Analysis of periods of rapid change in the past (e.g., the rapid 
rise in mean annual temperature that occurred in the southwestern U.S. about 11,700 years 
ago) can inform our understanding about how rapid warming will affect ecosystems in the 21st 
century.  
 

Selection of global circulation models (GCMs) for climate change projections: 
 
Recommendation   
• Selection of GCMs, emissions scenarios, and (if appropriate) downscaled GCMs should be 

driven by the goals of the vulnerability assessment.  Document clearly why you chose one or 
more particular GCMs from among the many available: How did the GCM output you chose 
contribute to your analysis of vulnerability?  How did it inform decisions about exposure, 
vulnerability and adaptation? 

 
As stated in the Goals section, the groupʼs climate adaptation goals should shape the design of the 
vulnerability assessment, and hence the selection of GCMs, emissions scenarios and the output 
variables that they will generate. For example, if your adaptation plan is to focus on building resilience 
of rare plants and animals over the next 20 years of climate change, select models that will yield 
climate variables that are relevant to the focal species within the appropriate time frame.  
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Recommendations  
• Develop criteria for selecting emissions scenarios and GCMs using a process that is 

transparent and collaborative. This will build practical climate literacy, generate buy-in from 
partners, and lay a foundation for consensus in assessing vulnerability and developing 
adaptation strategies. 

 
• There is confusion in the conservation community regarding emissions, GCMs, downscaling 

and uncertainty. Use the selection process as an opportunity to build climate literacy, 
particularly regarding the strengths, weaknesses and utility of different GCMs for your region of 
interest (e.g., Massachusetts, Pacific Northwest). Address the difference between climate and 
weather, and climate variability and climate change. Clarify how weather patterns, including 
extreme events like droughts and floods, are affected under different climate scenarios. 

• Work hard on how to communicate uncertainties in whatever data set you choose.  
• More important than “getting it right” is that the vulnerability assessment “get the information 

out” regarding the trajectory and pace of climate change so that people can begin using and 
understanding it. Dive in to the projections and scenarios to get people over the first big hurdle: 
understanding the scientific foundation and the character of climate change projections.  

 
Recommendation  
• Choose to use multiple GCMs or a single GCM based on availability of modeling resources 

and on the nature of the questions youʼre asking.  
 

• If the assessment is asking spatial questions, the assessment group will want to see areas of 
GCM agreement. If they're looking at ecological processes, they will want to see the most 
extreme numbers produced by the models. In investigating areas of model agreement, you get 
an impression of certainty so that you can model relative risk.  

• Different GCMs yield different sets of climate variables (e.g., daily vs. monthly mean or max 
values) that may be more or less relevant to the ecological, economic, or other effects that you 
wish to investigate. 

• If you have plenty of funding, use multiple GCMs (and/or downscaled GCMs) to investigate 
alternative climate scenarios. 

 
Recommendation  
• Use multiple GCMs to illustrate the range of potential future climates (bracketing) under 

different emissions scenarios and different model assumptions about climate processes.  
Bracketing is most effective when it establishes the extremes of potential change. For example, the 
California statewide vulnerability assessment used a “hot dry model” and a “warm wet model” -- two 
outliers produced using GCMs whose performance matches up well with the stateʼs actual climate. 
 
Recommendation 
• When possible, partner closely with climate scientists who are engaged in producing and 

communicating downscaled climate data. A good example of this kind of partnership is the 
Wisconsin Initiative on Climate Change Impacts, which involves climate scientists at the 
University of Wisconsin-Madisonʼs Nelson Institute and a wide range of partners interested in 
natural resource issues. The Nelson Institute produces graphs of various variables (e.g., 
monthly mean temperatures) that show the mean, range, and 95% confidence interval across 
seasons for different endpoints and emissions scenarios for 14 GCMs. For examples, see 
below and visit http://www.aos.wisc.edu/~dvimont/Presentations.html (slides 25, 27 and 30). 

 
Recommendation 
• Use 2030 - 2050 as focal time period for the assessment, and focus on bracketing between-

model variation. 
The different emissions scenarios show similar trajectories for 2030 - 2050, but diverge much more as 
projections are extended through the 2100s. For most applications where you want to capture near-
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term variation in what may happen as the climate changes, you can pick a single emissions scenario, 
and examine variations across models. This will typically capture a wider range of variation than 
looking across emissions scenarios 
 
Different emissions scenarios diverge not very much for 2030 or 2050, but a great deal for 2100, as do 
climate change projections based on different emissions scenarios and GCMs. In fact, the difference in 
climate change projections may be much more sensitive to which GCM is used than to which 
emissions scenario is selected.  
 
Recommendation 
• Choose GCMs for the accuracy of their modeling results in your vulnerability assessment 

region rather than for their ability to produce extreme climate estimates that show how widely 
climate scenarios. Choose scenarios that will give the best input for management decisions 
rather than those that are chosen to make a point. 

 
Recommendation 
• Use information about the accuracy of different GCMs for your region, based on retrospective 

modeling results, to choose among GCMs. Draw upon local and regional climate experts for 
assistance in finding such information. Rather than picking one or two “best models”, consider 
simply ruling out those that perform poorly in describing your regionʼs climate. This will leave 
you with several models with which to produce scenarios and evaluate variability.   

Academics will often choose GCMs and scenarios that show impacts that align with their research 
interests, rather than GCMs that have a track record of accurately predicting climate for your region. 
(Itʼs possible to choose a GCM that shows the ecological impact that you want to demonstrate, and 
some may do this to make a point.)  

Recommendation 
• Request from climate scientists tables that indicate which GCMs produce the best projections 

for which regions and which variables. This could take the form of a frequently updated web 
document that includes lists of regional experts and other information sources. 

Academics will often choose the scenario that shows the greatest impact. Itʼs possible to choose a 
GCM that shows the ecological impact that you want to demonstrate.  
 
Recommendation  
• Choose to use multiple GCMs or a single GCM based on availability of modeling resources 

and on the nature of the questions youʼre asking.  
• If the assessment is asking spatial questions, the assessment group will want to see areas of 

GCM agreement. If they're looking at ecological processes, they will want to see the most 
extreme numbers produced by the models. In investigating areas of model agreement, you get 
an impression of certainty so that you can model relative risk.  

• Different GCMs yield different sets of climate variables that may or may not be relevant to the 
ecological, economic, or other effects that you wish to investigate. 

• If you have plenty of funding, use multiple GCMs (and/or downscaled GCMs) to investigate 
alternative climate scenarios. 

 
 

Overheard:   “Avoid over-reliance on multiple GCM projections because their output may not be relevant for 
your region or your goals, and because the differences among them may not be biologically relevant. (For 
example, the difference between 4 and 5 degrees F may be ecologically important for certain species but not 
for others.) Also be aware that using multiple GCMs can be very expensive, and there are diminishing returns 
from using more than a small number. “ 
 
“In developing climate projections, we may not even need to project the absolute amount of change; we may 
only need to come up with basic inferences about trajectory to understand how species and systems will be 
affected by climate change.” 
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Recommended criteria for selection of GCMs 

• Performance of alternative GCMs in your region, based on comparison with empirical historical 
data. 

• Relevance of the climate variables produced by the GCM to your vulnerability assessmentʼs 
goals, objectives and to target species, habitats and ecosystems. 

• Simplicity and cost. Consider using only one to three GCMs. The more GCMs used, the more 
expensive the process of generating projections, and the more difficult it may be to explain 
them to users. 
 

Recommended resource 
• We need guidance on which GCMs perform best for which regions. Several climate scientists, 

including Dr. Adam Fenech (University of Toronto/Environment Canada), and Dr., Katharine 
Hayhoe (Texas Tech University & ATMOS Consulting) have developed tools for identifying the 
best and worst performers among models.  

• TNC project managers can request guidance on selection of GCMs and emissions scenarios 
from the Global Climate Change Program. Senior scientist Evan Girvetz will be able to identify 
the most appropriate use of GCMs for analysis and helpful expert climate scientists in your 
region.   

 
Case study:  The most recent California statewide vulnerability assessment chose GCMs that yielded 
biologically-relevant variables but also those that the human health sector could use. They needed to 
maximize utility of variables for multiple sectors. The ecosystem and biodiversity group used an 
ensemble approach (combining output from multiple GCMs), but not all of the sectoral groups (e.g., 
infrastructure, energy, human heath) used ensembles; rather, they used individual GCM so they could 
investigate probabilities of extreme events and other variables relevant to human health. Overall, the 
assessment used six GCMs, including some not typically used for ecosystem assessments. 
 
Selection of climate variables (GCM output) for analysis: 
 
Recommendation   
• A biologically savvy vulnerability assessment requires that the assessment team define and 

measure exposure clearly and precisely, based on the assessmentʼs goals. Of the variables 
included in GCM output, identify those that are relevant to the species, habitats and/or 
ecosystems that at the heart of the assessment. These could be called “ecologically relevant 
climate parameters.”  

 
This can be an iterative process whereby climate variables are selected and analyzed, ecologists 
identify climate-related biological thresholds (e.g., a dramatic increase in the frequency and extent of 
bark beetle-induced forest dieback if mean monthly summer temperatures exceed a certain figure), and 
the process is repeated. 
 
Make sure to explain how the climate variables you choose for analysis are relevant to target species, 
habitats and ecosystems. If possible, identify the speciesʼ or habitatʼs viability thresholds – a “climate 
envelope” – relative to temperature, precipitation and other climate variables. (For example, a native 
cutthroat may not be able to survive in stream reaches whose temperature exceeds a certain threshold 
for a certain length of time.) Clearly connect exposure to the particular attributes of target species. 
 

• Some exposure vulnerability assessments consider trend more than absolute amount of 
change. Focus on the ecological thresholds that you have highest confidence are important 
(e.g., for understanding responses of an invasive insect that may increase its range to include 
your focal area, you may want to focus on increases in winter temperature, with less emphasis 
on precipitation). 
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• We need estimates of exposure to help determine whether ecological thresholds will be 
crossed, and this in turn will tell us more about what kind of climate information we need -- an 
iterative process that helps us come up with an exposure assessment that means  

• It is just as important to ask ecologists to identify climate-related ecological thresholds as it is to 
ask climatologists which GCMs to use.  

• Characterize the “climate envelope” of species or systems by identifying climatic thresholds for 
survival and reproduction. These can be used to develop predictions of where and how 
systems will change, and to identify vulnerability zones. Pat Comer of NatureServe is working 
with Grant Harris of the US Fish and Wildlife Service on a pilot project that is developing 
methods to do this for a National Wildlife Refuge.  

• Resource: Wisconsin WICCI group (DNR, UW, others) has a productive iterative process 
involving climatologists and ecologists and conservationists. UW group does statistical 
downscaling tailored to needs expressed by conservationists.  

 
 

 
 
 
Selection of emissions scenarios: 
 
Recommendation:  
• Illustrate the range of potential GHG concentrations in the vulnerability assessmentʼs target 

time frames (e.g., 2050 or 2100) by selecting a small number (2-3) of the IPCC global 
emissions scenarios. Select emissions scenarios that are plausible and realistic based on 
current and projected emissions. 

 
Recommendation:  
• Use the A2 and A1B scenarios because (1) they are the most realistic and plausible scenarios 

and (2) richer data are available for these scenarios because the IPCC decided to invest more 
heavily in data development for them.  
 

• Recent vulnerability assessments have used a range scenarios ranging from B1 (very low) to A2 
(moderately high). But current and plausible projections make the B1 scenario and other low 
emissions scenarios very unlikely.  

• Recent data showing current emissions trajectory suggests why the A2 scenario is reasonable 
(though it is below current emission rate) and why the window has already closed for achieving the 
B2 scenario, rendering it moot for assessing exposure and vulnerability.  

• The current emissions trajectory is greater than the A1FI, the scenario developed by the IPCC that 
has the highest rate of GHG emissions. An ambitious (but admittedly unlikely) binding global 
emissions treaty would allow for the world to achieve the A2 emissions trajectory, at best.  

• Emissions scenarios A1B and A2 are quite close, especially in for nearer-term projections. But the 
GCM output associated with these two scenarios will differ more (proportionally) than the projected 
emissions do, and increases over time.  

 
 
 

Overheard:  “The goal of a vulnerability assessment should be to help determine what 
conservation we should be doing now to protect biodiversity in the face of climate change. The 
most important question for me is not when a bioclimatic threshold will be reached but, rather, 
the probability that the threshold will be crossed given some time frame.” 
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Selection of climate model downscaling methods and output: 
 
Recommendation 
• Contact Evan Girvetz or Chris Zganjar of the Global Climate Change Program for guidance as 

to (1) whether your vulnerability assessment requires downscaled GCM data and, if so, (2) 
which of the many sources of such downscaled data to use.  

 
The resolution of exposure data required to assess vulnerability should be driven by the geographic 
scope of the assessment, the projectʼs goals, and the geographic distribution of species, habitats and 
ecosystems of concern.  
 
 
Projecting change in extreme weather events:1  
 
There are not yet any standard, tested approaches to projecting how the frequency, timing and 
magnitude of extreme events, such as floods, droughts and storms, will change. But climate modelers 
are finding ways to use GCMs and downscaled GCMs to estimate change in the probabilities of such 
extreme events occurring over some time period.  
 
The group offered several observations, musings and pieces of advice: 
 

• GCMs can't be used to model extreme weather events, but they can be used to model the 
probability of extreme events, including those whose magnitude or severity lie outside the 
historical range of variation. 

• The general rule thatʼs emerging from the science is that GCMs are predicting greater extremes 
and greater frequencies of events that are currently rare.  

• Set up adaptation strategies so that you are on a path that takes into account changes in 
means (e.g., temperature, precipitation or other climatic variable), monitor for extremes, and 
develop linkages between extremes and responses of species or systems so that you are 
better prepared for them once they occur. 

• A consideration for managers: How robust are your climate adaptation strategies in the face of 
changes in disturbance regimes, including greater frequency of large magnitude events? What 
would you really have to change to manage extreme events, based on how you've managed 
surprise and extreme events in the past? What kinds of extremes are we already having trouble 
managing? (For example, conflicts over water for farms, cities, fish and riparian areas during 
recent warm droughts.) 

• The likelihood of ecosystem transformation – the crossing of ecological thresholds, leading to 
dramatic change in community composition, structure or process – is critical to managing risk. 
Projecting likely change in probability of extreme weather events (using GCMs) can help 
planners assess risk and identify adaptation strategies.  

 
 
 
 
 

                                                
1 A manifestation of weather, which is rare within its statistical distribution on a particular location. By rare one 
usually means rarer than the 90th percentile. The characteristics of extreme weather vary according to the 
location. 

Overheard:  Because we need to figure out how resilient or vulnerable species are, “intellectual 
downscaling" -- ecological interpretation of the data -- is just as important as GCM downscaling.  
 



 24 

• We cannot assume uniform response among species. The way that climate change plays out 
across the landscape is highly variable at a small scale. Identification, conservation and 
monitoring of micro-site refugia could be critical to survival of some elements of biodiversity.  

• One of the most practical things we can get out of vulnerability assessments is to identify ways 
to build resilience locally, at the micro-site scale – for example, by improving the quality of the 
pine-oak foraging microhabitat for Mexican spotted owls in a matrix of ponderosa pine forest. 
Managers should assess – and then build the resilience of – landscape features that might 
serve as small-scale refugia over time. Promote patchiness, connectedness and heterogeneity 
to increase the probability that, as climate change reduces the areal extent of certain habitat 
types, species dependent on these habitats will remain viable.  

 
 
Describing and managing uncertainty in estimating exposure from climate change observations 
and projections: 
 
Research and Development Needs 
 
In the course of discussions about how to best assess exposure, the group identified several gaps in 
knowledge and tools. (However, several participants emphasized that these gaps shouldnʼt stop 
anyone from moving ahead with vulnerability assessment and climate adaptation.) 
 

• Brief descriptions of the many GCMs and emissions scenarios available would be very useful in 
selecting which ones to use for vulnerability assessments. Surely someone has done this 
already! 

• In assessing exposure from GCM output, we need shorter time-steps for means in precipitation, 
temperature and other climatic variables. (Annual and monthly means may not be ecologically 
meaningful in that species and habitats may not respond at this temporal scale. Plants, animals 
and habitats may be more responsive to daily, weekly means, or to daily, weekly or seasonal 
minima or maxima.)  

• To assess exposure accurately, we need better precipitation projections: more precision, less 
uncertainty. Precipitation (as opposed to temperature) is often the weak link in exposure 
assessment.  

• We need more information about the linkage between GCM-generated climate scenarios and 
hydrologic, fire regime, vegetation dynamics and other ecological dynamics.  

Overheard:  It isnʼt as important to get the climate change projections exactly right as to get 
the information out so that people can begin to understand and use it. The biggest hurdle for 
adaptation is not lack of data, itʼs getting beyond confusion about climate information to what 
it means for conservation. 
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SENSITIVITY 
   
How do you define sensitivity? 
 
Sensitivity is the degree to which a species or 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). This definition is from the IPCC 
Fourth Assessment Report (2007). Sensitivity includes intrinsic factors, such as natural and life history 
traits that promote resilience to change. Other factors include speciesʼ inherent physiology, habitat 
requirements, phenology, and/or interactions with other species. Sensitivity can also result from or be 
exacerbated by human-related factors, e.g., habitat fragmentation can limit a speciesʼ ability to move in 
response to climate change (SWCCI in prep. 2010). 
 
Sensitivity is an indication of how much of a change in climate a species or system can take. In 
contrast, adaptive capacity is the ability of a species or ecosystem to respond successfully to climate 
change (the latter also includes the role of managers to do something to benefit the species or system). 
Generally these components should be considered separately in vulnerability assessments (see 
adaptive capacity section), but this depends on your goals and objectives. Some efforts 
(Massachusetts) have combined sensitivity and adaptive capacity by design while others have treated 
them separately (Pacific Northwest). The Pacific Northwest defines sensitivity as the degree to which a 
species is susceptible climate change (inherent sensitivity).  
 
Why assess sensitivity of species and ecosystems? 
 
To determine the degree to which a species and/or system is susceptible to adverse effects of climate 
change, their most likely responses to climate-induced stress, and to help prioritize conservation efforts 
across landscape, state, or regional scales. 
 
How should we assess the sensitivity of species?   
 
Recommendations 
• Goals/objectives should drive what approach and methods/tools you use for assessing 

sensitivity. 
• Work to ensure linkage of vulnerability/sensitivity indices with adaptation strategies. 
• Acknowledge and document uncertainties, e.g., that we donʼt know if our choice of attributes 

has an impact or not, as we donʼt know the sensitivity of attributes, but donʼt let uncertainties 
paralyze the process. 

 
Approaches and Methods 
1. Vulnerability indices catalogue factors contributing to sensitivity of species. Examples of factors 

used to assess sensitivity include: dispersal ability, predicted sensitivity to temperature and 
precipitation changes, physical habitat specificity, reliance on inter-specific interactions, migrations 
and movements, genetic factors, and phenology response. Some indices address sensitivity alone; 
others address both sensitivity and exposure together.  

2. Expert workshops/expert opinion (e.g., Massachusetts). 
3. Models: projecting range shifts or loss of range help to address overall vulnerability rather than 

sensitivity per se; biological envelope models, biological response models, sensitivity to phenology 
change (Inouye 2008). Relative differences in the output from range shift models can help you think 
about the level of stress a species would be in if it doesnʼt move – if the future climate is farther 
away based on set of inputs than another, it suggests that set of inputs would lead to more stress. 
Participants suggest using caution with range shift models, as lots of factors besides climate can 
lead to range shifts. Also, we need to think about how models lead to strategies. 
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4. Surrogates: use conservation status such as NatureServe global rank (e.g., the Southwest Climate 
Change Initiativeʼs regional assessment assumed that species ranked G1-G3 were inherently 
sensitive). Use caution when interpreting because not all globally imperiled species are more 
sensitive to climate change, 

5. Relative abundance of C3 vs. C4 plants: the relative mix of plant species, based on their 
photosynthetic pathways that respond differently to climate change and increased levels of carbon 
dioxide. Scientists anticipate that C4 plant species (sedges, grasses, and shrubs) may adapt better 
to warming conditions when precipitation declines than C3 plants (trees, most shrubs, and most 
grasses; Rao et al. 2010). 

 
Species Vulnerability Indices  
1. The NatureServe Climate Change Vulnerability Index (CCVI) is a rapid assessment tool that is 

designed to highlight species that are most at risk due to the effects of climate change and human 
responses to change. It is specifically designed to be applied to a particular area of interest, like a 
state or National Forest (i.e., not to assess a species range).  The Index uses a scoring system to 
assess species vulnerability based on both sensitivity and exposure to local climate change, using 
downscaled climate predictions from Climate Wizard (www.climatewizard.org). It allows scoring of a 
species against six major factors related to its anticipated climate change sensitivity, including 
dispersal ability, predicted sensitivity to temperature and moisture change, restriction to uncommon 
geologic features, reliance on inter-specific interactions, genetic factors, phonological response to 
changing seasonal temperature and precipitation.  The results include one of six possible 
categories: three degrees of “Vulnerable” (Extremely, Highly, Moderately), two degrees of “Not 
Vulnerable” (Presumed Stable, Increase Likely), and “Insufficient Evidence”.  As noted above, the 
tool is location-specific, and for highly mobile species for which the southern range boundary is 
within or near the assessment area, output will suggest that the species may be lost from the 
assessment area.  Nevada is using the Index to assess plant and animal species in the state as 
part of an update to their State Wildlife Action Plan (Young 2009, Young et al. 2010), and many 
other states are currently testing it for use in updating State Wildlife Action plans (e.g., Colorado). 

2. The University of Washington Pacific Northwest Sensitivity Index is similar to the NatureServe 
Index except that it keeps exposure separate from the index. The Pacific Northwest project team 
also prefers to keep land use and threats separate from the sensitivity index for assessing species. 
They define sensitivity as the degree to which a species or system is susceptible to climate change 
(inherent sensitivity). It is an indication of how much of a change in climate the species or systems 
can take. They assessed sensitivity based on seven different components: physiological factors, 
sensitive habitats, dispersal abilities, population growth rates, inter-specific dependencies, relative 
location and sensitive disturbance regime (Svancara et al. 2010). 

3. Massachusetts assessed vulnerability using a combination of 11 sensitivity and adaptive capacity 
factors, including current rate of loss, elevation, latitude, vulnerability to increasing temperature, 
vulnerability to increased attack by biological stressors (grazers and browsers, pests, invasive 
species, pathogens), habitat intrinsic dispersive rate, vulnerability to increased frequency or 
intensity of extreme events (fire, drought, windstorms, floods), vulnerability to phenological change, 
vulnerability to human maladaptive responses, vulnerability due to obstacles to range shifts, and 
likely future impacts of non-climate stressors (Manomet Center for Conservation Sciences and 
Massachusetts Division of Fisheries and Wildlife 2010). 

4. Other vulnerability indices worth checking out include the US Forest Service-Rocky Mountain 
Research Station index by Deborah Finch (Bagne and Finch 2008) and the EPA index (US EPA 
2009). See Synthesis section for more information. 

 
Issues 
• There are several opinions regarding whether to include other stressors or factors such as 

conservation status in the species vulnerability indices. Some believe that sensitivity should include 
all components including those associated with species imperilment if relevant to climate sensitivity 
(the NatureServe Index does not include factors that are already captured in other NatureServe 
ranking systems, i.e., Element Occurrence ranks and Global ranks). If using the NatureServe tool, 
Kim Hall suggests reviewing information that led to these rankings as well to help broaden your 
understanding of how vulnerable a species may be, as this information will also help you evaluate 
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likelihood of persistence, and the odds that investments in efforts to benefit this species will pay off 
over time. 

• NatureServeʼs element occurrence rank (EO rank) is worth consideration in assessing sensitivity, in 
addition to global rank (G rank). The element occurrence rank is extrinsic, but sensitivity of the 
species is intrinsic (based on natural history). However, we need to pay attention to more than G 
rank and need to look at drivers, for example, small population size. 

• Josh Lawler argues for keeping factors such as population size and threats out of climate 
vulnerability assessments unless those threats interact synergistically with climate change. Lawler 
suggests keeping small population size separate because you canʼt assume that everything that is 
rare is more sensitive to climate change (e.g., bald eagle occurs over a broad range but is 
considered sensitive). In other words, global rank is not a sensitivity factor by itself. Lawler 
recommends a separate step to combine information on climate change sensitivity and vulnerability 
in general, e.g., NatureServe global rank. One can then bring different parts of the assessment 
back together during the synthesis step after disentangling them while assessing sensitivity. 

• Kim Hall is assisting the Michigan Natural Features Inventory on a case study applying the 
NatureServe CCVI to coastal species in Michigan.  As part of this work, the group will be linking 
CCVI scores with information from EO rank and G rank development, and will be grouping species 
by key drivers of sensitivity, and potential for mutually-beneficial adaptation strategies. 

 
How should we assess the sensitivity of ecosystems?   
 
Ecosystems/habitats are going to change in structure and composition under a changing climate. The 
question is how can we minimize losses as ecosystems adapt to the changes. For example, how do we 
abate current stressors, limit/prevent ongoing degradation, and ensure that they either retain the most 
of current attributes, or transform into novel systems that continue to provide critical ecosystem 
services. In some areas, for example, it will be very difficult to control species invasions by non-natives 
or even by unwanted natives where current climate constraints are relaxed. 

Recommendations 
• Keep the end goal of identifying adaptation strategies in mind. 
• When assessing sensitivity of ecosystems/habitats, look at physiological, biological and 

climate change factors, as climate is a part of a whole picture of assessing vulnerability.  
• Incorporate anthropogenic stresses; consider a host of stressors, not just climate (however, 

note that it is hard to map some stresses, such as disturbance regimes). 
• Need to revisit conservation priorities, look at the sensitivity of ecosystem targets to see if we 

need to revise our current strategies for conservation priorities. 
• For ecosystems/habitats, build sensitivity index off of ecological integrity guidelines developed 

by NatureServe and Natural Heritage Programs (i.e., size, condition, and landscape context) 
for ecoregional assessments. 

• See Lawler et al. (2009) paper for discussion of an approach that addresses uncertainty in 
ecosystem management approaches and climate change. The most important tool for 
managing ecological systems in the face of climate change is active adaptive management, in 
which systems are monitored and strategies are altered to address changes over time. 

• Rigorously consider time frames:  Successful actions today increase the probability of coping 
with stressors that will manifest themselves over the coming decades.  Success over those 
decades will maximize the probability of success as ecosystems transform in subsequent 
decades. 

• Consider the geophysical context of the ecosystem (e.g., is it a limestone valley or a shale 
slope?). Because most ecosystems are tied to the physical properties of the land, we expect 
that they will transform in situ (Anderson and Ferree 2010). What activities can we perform to 
keep the system functional even as it changes in composition? 

• Consider the context of the site. Is it well connected to other natural lands or is it highly isolated 
by fragmentation? Are there ample microclimates created by topographic diversity and 
elevation gradients that will allow for rearrangement of the system (Weiss 2009) or is flat and 
homogeneous.  
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Approaches and Methods 
1. Models used for assessing ecosystems/habitats:  

a. Dynamic global vegetation models can help assess potential impacts of climate change on 
ecosystem structure and function at a wide range of spatial scales, from landscape to global 
(Nielson MC-1 model, Bachelet et al. 2001). 

b. Other vegetation range shift models, such as climate-envelope models. First you need to 
understand what components of an ecosystem are vulnerable to change, and then run other 
models. Using historical information, understand the full biophysical range using high resolution 
data (e.g., for piñon-juniper to active sand dunes types), clarify high resolution past climate and 
non-climate factors that explain distribution to help think more clearly about broader exposure, 
then help identify what to care about; identify real constraints.  

2. Conceptual models as described in TNC (2009) and the Southwest Climate Change Initiative 
adaptation workshops (SWCCI 2010). The climate change clinic approach entails building a 
conceptual model for habitat types under plausible climate scenarios, drawing system diagrams 
and linking with arrows, and developing a hypothesis of change. This approach doesnʼt rank or 
compare systems/habitats, but could tell you that the species will not be viable in a changing 
climate. Use NatureServe EIA/element occurrence rank criteria. 

3. Expert workshops: biologists assess sensitivity of ecosystems and then invite experts to review and 
revise results (e.g., Massachusetts) 

4. Approach idea from Pat Comer: Evaluate/assess key ecological attributes influenced by climate 
change (e.g., flow) for systems. Identify key drivers, ecological function, disturbance regimes, patch 
dynamics, and/or extremes. Understand how different systems work on the broader landscape. 
Determine the nature of stresses and predict what your ecosystem will change to. Recognize that 
ecosystems may disassemble over multi-decadal timeframes. 

5. Consider Joyce et al. (2008) climate stress index to identify stressed landscapes—this is actually 
exposure or impact (not sensitivity). Treat vegetation projection as exposure, and feed results into 
vulnerability assessment for species. 

6. Some approaches, such as Saxon et al. (2005), compare future systems in terms of changes in 
temperature and precipitation regime with reference to static edaphic (soil) factors.   Maps in this 
paper show that some of these static units will now be exposed to novel temperature and 
precipitation regimes (at the scale of the US), such that these are where we would expect to see 
novel systems emerge. Other areas change less (refugia), or are moving towards combinations of 
factors that may be novel at a given location, but have been found somewhere else in the past.  
These give us some ideas on the range of possible futures, and how we might want to stratify 
protection and monitoring efforts. 

7. Conserving the stage to promote resilience: Andersonʼs approach (Anderson and Ferree 2010) of 
promoting resilience fulfills the need for a method to implement a land protection/land restoration 
adaptation strategy. Consider testing this approach outside of northeastern US. This approach was 
incorporated to an extent into western TNC ecoregional assessments through the use of ecological 
land units (ELUs); i.e., the portfolio reflects representation goals that factored in biophysical 
variability across ecological system distributions. Today, biophysical models exist or can be more 
easily constructed, for continental-scaled analysis.  These models would be overlain with current 
portfolios to quickly evaluate the relative biophysical representativeness (a ʻgap analysisʼ) of each 
portfolio. Gap filling, and connectivity analysis, would form one rapid mechanism for refinement to 
existing ecoregional portfolios. Could devise a sensitivity test for portfolios based on biophysical 
variability. 

 
 

Outstanding Questions/Issues 
• Do we need to expand the definition of sensitivity for ecosystems vs. species to consider 

ecological drivers, disturbance regimes, resistance, and resiliency (Pat Comer suggestion)? 
Yes. Ecosystem sensitivity encompasses all factors included in species sensitivity, but also 
includes additional interacting factors that determine the type and rate of ecosystem 
transformation over time. Our goal for species conservation is to support the evolutionary 
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process. Our analogous goal for ecosystem conservation is facilitate its transformation while 
retaining critical ecosystem services (including the evolutionary environment for species).  

• Do we need a consistent set of recommended factors to use when assessing sensitivity? Yes. 
• Do we need to address the role of global and state element occurrence rank in assessing 

sensitivity? Yes. Mainly, itʼs the underlying factors and indicators that lead to clarity ecological 
drivers. These form the focus for integrity assessment and evaluation in climate-effects 
modeling. 

• We need to consider how best to incorporate extreme events into sensitivity analyses. 
• The missing piece of vulnerability indices is current condition: Yes, gauging current condition 

(be it through remotely-sensed level 1 metrics, or more in-depth field measurements 
[NatureServe approach levels 2-3], or LANDFIRE data on “departure”), forms a strong basis for 
land use scenario planning, where climate-effects models (distributions of targets, changes to 
stressors) are better understood and coping strategies are articulated. 

 

Overheard:  “Goals/objectives should drive what approach and methods/tools you use for 
assessing sensitivity. Keep the end goal of identifying adaptation strategies in mind when 
designing/implementing vulnerability assessments.” 
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ADAPTIVE CAPACITY 
 
 
How do you define adaptive capacity? 
 
Participants at the workshop were very interested in discussing this topic, but found definitions elusive 
at first.  We agreed to look to the IPCC for a basic definition of adaptive capacity.  Beyond that, it 
seems that in the field and in practical application there is, understandably, a wide range of approaches 
and lack of clarity about how to think about and address this topic.  
 
IPCC definitions: 
 

The ability or potential of a system to respond successfully to climate variability and change, and 
includes adjustments in both behavior and in resources and technologies. (IPCC 2007, pg 727).  
 
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 (IPCC FAR 2007, Glossary of Terms).  

 
 
 
 
  
 
  
 
 
 
 
 
 
 
 
What methods do you use to estimate adaptive capacity of focal: 1) species, 2) 
habitats, and 3) ecosystems and/or ecological systems?   
 
Recommendations 
• Conduct analysis of adaptive capacity separately from analysis on sensitivity 
• Make a distinction between things you can manipulate and things you canʼt:  this gives a 

clearer path to identifying strategies 
 
Participants at the workshop were very interested in learning how best to understand and predict 
adaptive capacity. We had lots of interesting discussion, most of which was not at all linear.  We 
unfortunately cannot comprehensively capture all the points made, but we will note some of the major 
points of discussion. 
 
At first, a number of participants thought they were not addressing adaptive capacity in their 
vulnerability assessments.  We found it helpful to go back to previous definitions of exposure and 
sensitivity, to see how adaptive capacity was unique.  As we discussed these definitions, some 
participants realized they had been addressing adaptive capacity, but within other components of their 
vulnerability assessments – i.e. within their analyses of exposure or sensitivity. 
 

Exposure relates to the degree of climate stress upon a particular unit of analysis; it 
may be represented as either long-term change in climate conditions, or by changes 
in climate variability, including the magnitude and frequency of extreme events.  
 
Sensitivity refers to the degree to which a system will respond to a change in climate, 
either positively or negatively.   
 
Adaptive capacity describes the ability of a system to adjust to actual or expected 
climate stresses, or to cope with the consequences   

Source: IPCC, 2001  
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We developed consensus around the idea that adaptive capacity should be addressed clearly and 
analyzed distinctly from exposure and sensitivity.   The primary reason for this is that for a species or a 
system, there is nothing that can be done about sensitivity, per se.  It is adaptive capacity that can be 
improved through conservation strategies.  For example, a species may be capable of long distance 
dispersal, but kept from moving by habitat fragmentation or movement barriers.  Knowing both of these 
things will enable managers to determine the best actions to take. 
 
One issue identified is that when vulnerability assessments conflate sensitivity and adaptive capacity, 
practitioners lose the ability to understand sensitivity and adaptive capacity as separate things as they 
design strategies.  You will want to do your data analysis in a way that each is treated explicitly and 
distinctly, so that relevant information on each are available to decision makers. 
 
Methods and Approaches 
 
Rebecca Shaw described a method for addressing adaptive capacity that she has used in California.  
This was first described in brief in a paper she wrote with Kirk Klausmeyer, Climate Change, Habitat 
Loss, Protected Areas and the Climate Adaptation Potential of Species in Mediterranean Ecosystems 
Worldwide.   For species or systems there are three types of adaptive capacity to be considered: 

• Intrinsic adaptation potential – These are “species-specific characteristics such as dispersal 
ability or genetic diversity.”    This is the biological and evolutionary capacity of species or 
systems:  how fast, far, and often a species moves, whether it can keep up with a changing 
climate, and whether it has the evolutionary capacity to adapt to new climates.   This is a very 
important characteristic, but it is hard to predict.  When it happens, however, it can make a big 
difference.  Species or systems could be quite sensitive and still be adaptive, so itʼs important 
to articulate these separately whenever possible. 

• Extrinsic adaptation potential – This “illuminates characteristics of the landscape that 
facilitate species adaptation and ecosystem transformation.”  This is how the species interacts 
with a particular landscape context.  Example: landscape connectivity – A species can/does 
move, but are there obstacles to movement in the landscape?  TNCʼs East Division resilience 
analysis is based on this concept, it partitions the adaptive capacity of systems into four 
landscape characteristics:  1) local connectivity, 2) correspondence with regional movement 
pathways, 3) topographic diversity and 4) elevation range. 

• Management system adaptation potential – This refers to adaptive capacity of management 
agencies or organizations.  They all have different goals and regulatory constraints, each of 
which can be ranked in terms of adaptive capacity.  Identifying effective strategies relies on a 
clear understanding of management system adaptation potential, how it impacts our system, 
how it relates to our goals, and our ability to influence it. 

 
Pat Comer suggested that there may be a fourth potential for adaptive capacity that should be 
considered when identifying strategies; one that is bigger than single institutions.  We talked about it 
and gave it the name “social” adaptation potential.  This describes the potential for adaptation 
determined by how societies make decisions, by economics, politics and broader social forces that 
affect our ability to implement strategies.  For example, he described a place he was working 
internationally where there is a societal inability to make decisions: “even though you know what to do, 
you canʼt get it done”.  It might be helpful to think about this when defining things you can act on, or 
things you canʼt.  In this sense, there will be different sets of strategies appropriate for species, 
agencies, and societies.  Understanding adaptive potential in each of these spheres will help you make 
decisions to support needs for biodiversity, facilitating actions today that will preserve options for the 
future. 
 
We also listed well-known species management strategies geared toward maintaining population 
variability and species diversity, which should help to maximize adaptive capacity of species and 
systems:  

• Maintain large population sizes 
• Preserve connectivity between natural areas 
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• Ensure representation of different geophysical settings, e.g. soils, bedrock geology, elevation 
(Anderson, 2010) 

• Focus on connecting areas with similar geophysical settings, so species can move among 
suitable areas regardless of what climate change does  (Beier and Brost 2010) 

• Move species – assisted migration 
 

Recommendation 
• Our conservation strategies should reflect the assumption that nature moves and changes.  We 

should do our analyses and planning in a way that recognizes that landscapes, species 
distributions, and ecological interactions will be dynamic. 

 
In our discussion we noted that the way conservationists identify adaptive capacity for a species or a 
system is typically based on data collected over short periods in the past, when climates were relatively 
stable.  These data lead us to think in static ways:  these places - XX, in these temperature ranges - 
XX.  However, we realize there is plasticity in speciesʼ behavior, and new behavioral patterns are 
developing in some species in response to climate change.   
 
Mark Anderson gave an example:  They expected the ranges of a suite of montane forest birds in the 
White Mountains to shrink and move up slope.  But monitoring has shown that all but one of the 
species is responding in ways not expected – the range is actually expanding (Deluca 2010).  The 
phenomenon seems to be climate driven, but this is a surprise.  The species seems to have more, or 
different, adaptive capacity than was predicted. 
 
Another point made in our conversation was that, when addressing how systems respond to 
perturbations, ecologists frequently think in terms of resilience and resistance.  What we should be 
discussing is how to build the adaptive capacity of a system.  We need to find ways to build the ability 
to transition into something new that will be useful to society and to the rest of biodiversity.   We need 
to build a picture for conservation that is dynamic and changing rather than static: a future without 
analogs. 
 
Observations 
 

• Rebecca pointed out that the way we are conceptualizing and framing adaptive capacity comes 
from thinking in other fields and sectors - all from thinking about human systems.  Therefore, 
adaptive capacity as a component of a vulnerability assessment was not originally framed for 
thinking about biological systems (which becomes very obvious when you look at the IPCC 
narrative descriptions of the subject).  So there may be some time in the near future when 
conservationists want to rethink the framing of this, so that we can do a better job of managing 
for change in biological systems.  For example:  when adapting, human systems can move 
relatively easily across a landscape or design new technology.  Species, however, have 
thresholds of ability to thrive under specific temperatures or groundwater patterns, and we can 
have ideas about what those thresholds are, but most often we cannot be certain.  Therefore, 
with biological systems we are not certain how one will transition into another (will there be 
wasteland for twenty years?), as we can be with human systems.  

• Pat Comer pointed out that the way we were beginning to talk about species or systems with 
high adaptive capacity is much like the way conservationists have been describing high 
ecological integrity for some time now. 

• We discussed a paper by Botkin et al. (2009) that describes a period of climate change during 
pre-human times that was as intense as what we are predicted to go through.  Apparently few 
extinctions occurred, suggesting that species may have surprisingly high adaptive capacity in 
the absence of human-caused fragmentation or other stressors.  

• Mark pointed out that evolutionary adaptive capacity is rarely considered in discussions of 
climate change.  And it has been suggested that conservationists are underestimating its 
potential.  People tell stories: “hereʼs how the species exists now, what it does now.”  Adaptive 
capacity ask: “how fixed is that?  Is there some capacity of a thing to adapt to a new situation?”   
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But the real question is how can we build this into our analysis and planning.  More genetic 
variability doesnʼt necessarily mean more evolutionary adaptability.   

• So we need some criteria, something to hang our hats on.  We have not quite developed that 
yet.  We need to come up with a new story. 

• As we discussed the difficulty in predicting adaptive capacity for species, a general comment 
made was:  “In a way we donʼt really know.  It could be just waiting for its biome to come back.” 

 
 
 

Overheard:  “We keep agreeing that we donʼt know how to measure adaptive 
capacity.  And yet it seems fundamental to our mission. – Monitoring is really 
important, with long time scales.” 
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SYNTHESIS 
 

What are the products of a vulnerability assessment?  
 
The specific uses of assessment results are determined by factors such as the selection of 
conservation targets, management scale, tolerance for risk, and management approaches. Three 
common outputs from vulnerability assessments are a ranking of the relative vulnerability of target 
species or habitats, maps showing relative vulnerability across an area of interest, and a narrative 
assessment of the specific factors that pose threats to species or habitats (adapted from Glick et al. 
2010). These final outputs represent a synthesis of intermediate products – assessments of exposure, 
sensitivity, and adaptive capacity.  
 
The group noted that several climate adaptation plans have been completed without vulnerability 
assessments, begging the question of whether vulnerability assessments are needed to develop 
effective plans. The resounding consensus was that vulnerability assessment is necessary to inform 
adaptation. Without understanding which resources are at risk, where, how, and why, adaptation 
planning and action may be unfocused, inefficient and ultimately ineffective. However, both the 
vulnerability assessment and the adaptive planning should be iterative, and first cuts at vulnerability 
assessments can always be improved as we learn, and have a better understanding of where to devote 
more time and resources. The group also agreed that adaptation planning does not need to wait for a 
thorough analysis of the vulnerabilities of all conservation targets. Do enough assessment to set your 
goals and inform your decisions. And save enough resources to measure results of your adaptation 
actions so that you can learn and improve the entire process of assessment, planning and 
implementation. 
 
 
What approaches and methods are available to combine exposure, sensitivity 
and adaptive capacity to estimate vulnerability?  
 
There are as yet no standard methods for synthesis of vulnerability assessment results, and this is 
probably as it should be given the diversity of organizations and goals producing such assessments. 
Contemporary approaches to synthesizing and presenting assessment results can be placed into three 
categories. 
 

1. Indexing or scoring: Assignment of single or multi-variable numerical vulnerability scores to 
species, habitats, ecosystems, places or other conservation targets. 

2. Narrative interpretation: Written characterization of the potential response of the species, 
habitat, place or other conservation target given certain exposure projections and estimates of 
sensitivity and adaptive capacity. These narratives may go even further by suggesting 
management objectives and adaptation strategies.  

3. Layering, or no synthesis: Projections of exposure and estimates of sensitivity and adaptive 
capacity are allowed to stand alone, or are “layered” on maps or in narrative explanations. This 
“undigested” but data-rich information is then interpreted by conservation planners and 
managers to develop adaptation strategies.  

 
Vulnerability assessments may use any of these approaches, to meet the needs of adaptation 
planners. Vulnerability scoring, mapping and narrative description may involve numerical calculation; 
expert knowledge, opinion and judgment gathered through workshops or surveys; or a combination.  
 
 
 
 
 
 

Overheard:  “Combining exposure and sensitivity is a reasonable thing to do when it ʻcorrectlyʼ changes 
the way we think – that is, when it forces us to identify species and landscapes that we werenʼt thinking 
were at risk before.” 
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Our practitionersʼ group debated the merits of “packing” vs. “unpacking” vulnerability, addressing the 
benefits and pitfalls of synthesizing or not synthesizing the components of vulnerability.  
 
Pros of “packing”:  

• Combining exposure, sensitivity and adaptive capacity in maps, indices or narratives can help 
us identify species, habitats or places that may be vulnerable because of interactive effects. 
Synthesis helps identify species that are “on the cusp” – not currently rare or otherwise 
threatened, and therefore not the focus of conservation attention, but that may become 
imperiled due to a heretofore unexpected convergence of exposure and sensitivity.  

• Synthesis can be technically straightforward with respect to species – but may be difficult for 
systems.  

 
Cons: 

• Pulling sensitivity together with exposure and adaptive capacity can lead to information being 
"packed" into a single vulnerability factor. The data and expert judgments that support the 
vulnerability factor can be lost, making the information opaque – and much less useful – to the 
users of the assessment. 

• The exposure and sensitivity pieces are interesting and important in themselves, separately. 
Integrating the two is challenging, and may not adequately inform setting of priorities or 
allocation of resources.  

 
 
 
 
 

 
 
 
 
 

Recommendation   
• The choice of a synthesis approach should depend on the goals of the vulnerability 

assessment and its sponsors – whether information is “packed” or “unpacked,” and whether it 
is driven by experts or by numerical calculations.  

 
The more specific and precise the assessmentʼs goals, the more straightforward it will be to use 
exposure, sensitivity and adaptive capacity to generate information about vulnerability and resilience of 
plants, animals, habitats, ecological processes, and other elements of biodiversity that are of interest to 
vulnerability assessment sponsors.  
 
Approaches and Methods 
 
Following are examples of approaches and methods for identifying vulnerability through synthesis of 
exposure, sensitivity, and adaptive capacity, drawn from the experiences of the group. (This is by no 
means a comprehensive list; rather, it is a representative selection.) These approaches range from a 
data-intensive, multi-layered, spatially-explicit (mapped) assessment to an expert-driven and highly 
synthetic assessment in which the vulnerability of habitats is characterized for planners and managers 
in lengthy narratives. 
 

• The University of Washington (and partnersʼ) approach in the Pacific Northwest involves two 
different methods: (1) allowing exposure and sensitivity information to stand alone; (2) stacking 
exposure and sensitivity spatial data layers, per the below description. 

  
 
 

Overheard:  “We did a lot of work based on the IPCC vulnerability assessment framework [that involves 
explicitly measuring and combining exposure, sensitivity and adaptive capacity], but it fell short in some 
ways in informing adaptation strategies. There may, in fact, be a different approach that doesnʼt involve 
“packing” the information weʼve gathered in the vulnerability box. We need to assess the usefulness of 
this framework and, if necessary, develop a new one that works better for our purposes.”  
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Assessment spatial data layers, in order of the level of certainty and confidence in the data 
(highest to lowest): 
 
o Sensitivity (independent of climate change exposure). 
o Observed historical changes in climate. 
o Projected future climate change. 
o Projected vegetation change. 
o Projected species distribution change.  

  
The way the UW team will combine these elements of vulnerability is not by computing anything 
but, rather, simply mapping distribution of sensitive species across the region and overlaying 
climate exposure (turned into a single dimension using cluster analysis, Euclidean distance 
from current climate to future climate, or select climate variables according to species 
sensitivity). These superimposed layers will help conservation biologists identify areas where 
exposure will be higher or lower, and areas that could serve as refugia.  
 
The Pacific Northwest climate change vulnerability assessment was originally designed to 
assess the vulnerability of places (not systems or species per se). To do that, they are 
assessing the sensitivity of species and systems, together with exposure.  By mapping the 
distribution of the most sensitive species and then overlaying these (all at once) with the 
exposure elements (projected climate change and vegetation change) they will assess the 
vulnerability of pixels, watersheds, protected areas, counties, etc.  
 

• The NatureServe Climate Change Vulnerability Index (CCVI) uses a combination of data and 
expert knowledge and judgment to integrate exposure and sensitivity across an assessment 
area (e.g., state) with similar exposure.  If multiple species are being assessed by the index for 
a particular area, the CCVI produces a summary matrix, so that species can then be compared 
and grouped by their scores on each of the sensitivity factors. The final single vulnerability 
score doesn't provide very much information on its own. Rather, itʼs the process of getting there 
thatʼs important, as well as the documentation of data, assumptions and judgments. A strength 
of the index is that it explicitly links temperature and sensitivity, making the assumptions and 
decision process transparent with respect to effects of exposure on species.  This also allows 
teams in different states or assessment areas to enter different climate information, and 
potentially get different results for a give species.  Hopefully this will help coordinate adaptation 
efforts across state lines and other jurisdictional boundaries. 

 
• USFS Rocky Mountain Research Stationʼs Species Vulnerability Index expresses vulnerability 

in terms of physiology, temperature tolerance, habitat (changes in area, and dispersal ability), 
phenology, and interactions with other species. Planners and managers can compare species 
vulnerability scores to the scores of other species in an area of interest (landscape, state or 
region), using this comparison to establish conservation priorities. As with the NatureServe 
CCVI, the data, knowledge and assumptions that support the vulnerability score can be more 
informative than the vulnerability score itself. 

 
Other Considerations 
 
Scale-dependency: 
 
One important issue that arose several times in the groupʼs discussions was the scale-dependency of 
synthesis results. 
 

• Adaptation strategies produced by species-focused landscape-scale assessments (e.g., Mt. 
Hamilton, see box below) may be very different from those produced by regional assessments.  

• Site-level and regional syntheses are mutually informative: each strengthens the other. 
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• We must do regional assessments in order to understand the big picture. But before investing 
time and money in adaptation strategies, we have to look at vulnerability at the local scale. 
That's the scale of adaptation implementation. 

 
 
 
 
 
 
 

 
 
 
Recommendation  
• Combine regional and local vulnerability assessment in order to develop robust, defensible and 

cost-effective adaptation strategies. 
 
 
How much information is enough to produce robust adaptation strategies?  
 

• We don't need the most precise temperature change projections in order to inform adaptation 
strategies. We may only need to know direction and rate to inform adaptation.  

• How much is enough? Is all the work that goes into identifying sensitivity parameters leading to 
better decisions about adaptation strategies? 

 
Outstanding Questions/Issues 
 
Practical applications 
 

• Syntheses that provide narrative guidance to managers for management of particular species 
or systems for which they have responsibility – as in the Massachusetts example – seem to be 
welcomed.  

• For now, the formula for synthesis is less important than going through a collaborative process 
of assessing exposure and vulnerability, bringing people up to speed on climate change and on 
how to manage natural resources in the face of climate change.  

• We do not have a common currency for adaptive capacity or sensitivity, much less vulnerability. 
Working through the vulnerability equation is less important than identifying the range of 
possible change when trying to influence agencies and other land managers. 

• We are experimenting with the design and implementation of vulnerability assessments and 
other aspects of climate change adaptation, learning as we go. Our challenge is to produce 
information that leads to action. We need to improve our vulnerability assessment methods and 
results so that they can be more readily integrated into natural resources management plans 
and programs, such as TNC conservation action plans and US Forest Service land and 
resource management plans. We also need to promote public policy reforms that facilitate 
implementation of adaptation strategies that emerge from vulnerability assessments. 

• Vulnerability assessments may not directly inform allocation of resources; rather, they should 
be used to reset objectives for habitats, species and conservation areas.  

• How can the synthesis be used to set priorities? The questions that public agencies have about 
climate adaptation are often different than the ones TNC and other NGOs have.  

• Institutional context matters. TNC is focused on priority-setting. Agencies have trust 
responsibilities to manage all habitats, all species and all places. Therefore they may be more 
interested in getting guidance for helping particular habitats, species and places adapt than 
they are in information that helps set priorities among these.  

 

An illustrative example from California:  A MARXAN-based analysis suggested that, if 
ecoregional goals were to be met, TNC and partners should dramatically expand the 
geographic reach of their conservation strategies around the Mount Hamilton landscape – a 
very expensive proposition. But local species-focused analysis suggested that smaller-scale, 
less-expensive strategies would achieve the same species viability objectives. 
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Policy reform to improve the effectiveness and efficiency of vulnerability 
assessment and adaptation planning:  
 
TNC- California is helping craft legislation that includes guidelines for climate change vulnerability 
assessment (including the determination of how much information is enough). This new policy will 
require government-sponsored state vulnerability assessments to address the needs of the state 
agencies. This policy addresses a problematic history of vulnerability assessments being designed and 
implemented by academic community in a way that was neither practical nor cost-effective. This is an 
example of a conservation organization using its experiences with vulnerability assessment to shape 
policy.  
  
 
 

Overheard:  “We will never have more resources for conservation than we do now. We need 
to produce just enough information to guide adaptation, and no more. Don’t spend money 
to answer a question that you can’t act on.” 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OVERARCHING ISSUES AND OTHER QUESTIONS 
 
 
Should the assessment be driven by expert opinion, data analysis, or some 
combination? 

• It depends on your goals and partners, but a combination is recommended, using best available 
information. You might use expert opinion to narrow in on a key set of questions or 
species/systems to evaluate, and then pursue additional research or modeling. 

• If there are a large number of factors involved, consider a data driven approach. 
• The assessment should build upon existing planning efforts and be geared towards the 

audience/stakeholders. 
• The assessment should be driven by understanding the scale and context of the study area. 

 
What kind of peer review should we use for reviewing the methods and 
products? 

• The level of peer review depends on the complexity of the vulnerability assessment, e.g., if the 
assessment is quantitative and complex, formal review is recommended. An expert-driven 
assessment may not need formal review as it is built in, but it never hurts to get input from other 
teams in different landscapes.   

• With expert knowledge, consider the number of experts, as well as their type and level of 
expertise. 

• Consider having informal roundtable peer review for feedback/learning for practitioners (similar 
to the former ecoregional assessment peer review process). 

 
How many partners and who should you include? 

• Think carefully about who should be engaged. Bring in stakeholders and others who encourage 
a broader based approach and help develop/implement strategies 

• Depends on goals and scale of the vulnerability assessment and the project funders, but a 
broad- based set of partners, e.g., decision-makers, skeptics, implementers, is recommended. 

• Note that the more partners you include, the higher the likelihood that the vulnerability 
assessment will take longer to complete, but you will likely to have better buy-in over the long 
run. This facilitates collaboration across borders and agencies. 

• Think creatively: are there opportunities to introduce new partners/stakeholders to ecosystem-
based adaptation or are there other planning efforts to build on (e.g., EPA, NRCS)? 

 
How much will it cost and what are potential funding sources? 

• Budget depends on goals, scale, partners, and what you are trying to get out of it. 
• Potential funding sources: USFWS, State Wildlife Action grants NRCS-Farm Bill, EPA, USGS 

climate change centers, foundations, (Duke phasing out of funding State Wildlife Action Plans). 
• Participantʼs budgets ranged from $150,000 to over $1.1 million. The Pacific Northwest is 

building a broad scientific platform that represents an investment that will benefit many partners 
and can be modified overtime.   

• Keep track of energy/climate legislation for potential funding sources. 
• Look for opportunities with non-traditional partners, e.g., businesses. 
 

How can you ensure the products will be effectively used to develop, fund and 
implement adaptation strategies? 

• It is very import to use a vulnerability assessment process that gets the buy-in of your 
organization.  So when it comes time to implement your adaptation strategies, you've got folks 
who will be willing to actually do some work since they helped to create the strategy.   
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• Develop products to fit into existing management and decision-making processes, e.g., state 
and federal agencies planning/projects. Start with agency/partner strategies and address in a 
climate change context. 

• Ask stakeholders what they really want and need; start by addressing their needs (e.g., help 
inform NEPA process). 

• Develop thresholds and monitor targets over time to determine if thresholds have been met to 
inform decision-making. 

• Get the information out there in a language that partners can understand. 
• Make it an iterative process, include stakeholders, and get feedback and modify the process 

along the way. 
 

 
How should you choose the appropriate process and approach to ensure you 
meet your objectives? How much is enough? 

• Your process and approach depends on your goals and objectives, available time and 
resources, what is at stake, levels of uncertainty, and the cost of being wrong.  

• Promote efficiency of data collection and analysis. 
• Increase collaboration and communication among partners and stakeholders. 
• Caution: try to match the analysis with project goals, e.g., people think they need downscaled 

models at 30 meters, range change models for next 30 years, etc, but this may not actually be 
what they need to develop strategies. 

• Encourage partners/stakeholders to think about the regional context of their lands, across 
jurisdictional boundaries, and at broader scales. 

 
How do you measure the success of your vulnerability assessment? 

• Your measure of success should be the degree that the vulnerability assessment informs your 
decisions, builds confidence and ability to build strategies, leads to adaptation strategies, and 
identifies areas of uncertainty. 

• The biggest measure of success is if TNC and our partners are using the information and if it 
jolts people into action. 

 
How do you document vulnerability across the range of a target? 

• Vulnerability may vary across the range of a species or habitat; if this is a concern, you need to 
design an approach that captures this variability.   

• Conduct vulnerability assessment at the regional level, but scale down to different areas. 
• This can be addressed with the NatureServe CCVI by comparing different assessment areas 

(you would enter different climate data and extrinsic barriers for each assessment). 
 
What recommendations do you have for others conducting vulnerability 
assessments?  
 
Getting started 

• We need to be more proactive, not reactive, and strategically provide leadership in vulnerability 
assessments. It is important to do something, build on existing planning, and adjust over time 
as needed.  

• Clearly define goals and donʼt do lots more than needed to meet goals, as many people are 
waiting for products/action. Be clear about why you are doing a vulnerability assessment and 
what it answers and how results are going to be used. What do we need to know that a 
vulnerability assessment would inform, e.g., helps to set priorities and conserve biodiversity? 

• Develop the vulnerability assessment at the scale it will be used, but no matter what the scale 
quickly push it to adaptation—we need to get at on-the-ground implementation. Even if we 
make mistakes, we need examples to learn from and hopefully there will be other benefits to 
action. 
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• Ask what decisions need to make over the next 10 years. What do we need to know to make 
those decisions in a rapidly changing climate? 

• Look at questions from the agencyʼs perspective. Can we help translate vulnerability 
assessments to help them meet their goals? This could force relevance. 

• Need a questionnaire to help inform what partner goals are to help make sure the vulnerability 
is effectively used. Prepare climate “cheat sheets” to help get participants up to speed.  
 

Vulnerability assessment components 
• The three fundamental building blocks of vulnerability assessment (sensitivity, exposure, 

adaptive capacity) are important and useful for answering questions for addressing climate 
change and developing adaptation strategies. 
 

Approaches 
• Try to frame the variation in approaches on some geographic/contextual factors, such as: 1) 

level of fragmentation/extent of conversion (i.e., we focus a lot on mediating impacts of other 
stressors as enhanced by climate change); 2) topographic factors/range of variation in impacts, 
number of rare and small range species (role of ESA); and 3) role/mandate of key partners, i.e., 
big public lands, many small private landowners (Hall). 

• There are lots of different approaches to conducting a vulnerability assessment. It is important 
to document what factors led you to take one approach or another, why you chose your 
approach, and describe the approach. 
 

Leading to adaptation strategies 
• Whatever you do or however you do it, the vulnerability assessment should drive an adaptation 

plan and strategies quickly. 
• We likely wonʼt get it perfect the first time. Donʼt belabor the process or get hung up on 

acquiring the right data. 
 
Communication 

• Share and communicate best practices and lessons learned from case studies for others who 
are embarking on vulnerability assessments in other areas. 
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Information, Research and Development Needs 
 

1. Exposure 
a. Need one-page tables describing strengths and weaknesses and appropriate and 

inappropriate uses of alternative GCMs and emissions scenarios. Has anyone done this 
already? 

b. Need to develop shorter time-steps for means in climate parameters.  
c. Key data gap: Better precipitation projections, less uncertainty. 

 
2. Sensitivity: 

a. Need to better define methods/tools for sensitivity analyses, how they are used and 
how link to goals. Need a consistent set of factors/variables for assessing species using 
vulnerability indices (e.g., CCVI, Pacific Northwest). What factors do we have 
agreement on and which ones donʼt we agree on? 

b. Need to provide a table with examples of sensitivity and adaptive capacity, e.g., highly 
sensitive ecosystems with low adaptive capacity and vice versa. 

c. Need to test several indices to see if results are similar for same targets. Would you get 
different ranks for the same species using different indices? Would you come up with 
different results across the range of a species (vulnerability rank might be high in one 
place and low in another place)? Consider organizing a small workshop to compare 
several different speciesʼ vulnerability indices and document similarities and 
differences. Need consistency in expert opinion across an entire range of a species. 

d. Need to give guidance on how we can use impact models, species distribution models 
for decision-making, and need to link to goals (e.g., if you have a certain goal, consider 
these tools). 

e. Need to develop methods that enable relative ranking of targets/sites vs. narrative. 
f. Need to explore the potential for developing a sensitivity index for ecological systems 

building off of integrity guidelines for habitats developed for ecoregional assessments. 
g. Need to consider how best to incorporate extreme events into sensitivity analyses. 

 
3. Overarching Issues: 

a. Need to synthesize and describe case studies using a single template, with key fields. 
b. Need to provide a set of references and sources of information 
c. With so much information, we need to improve syntheses and access to data and 

decision support systems. 
d. Need to consider having informal roundtable peer review for feedback/learning for 

practitioners (similar to the former ecoregional assessment peer review process). 
 

4. Synthesis 
a. Need to learn and analyze linkage between GCMs and hydrologic, fire regime, 

vegetation dynamics and other key ecological processes.  
b. We need a national conference on adaptive capacity so that we can reach shared 

understanding of, and act on, this concept that is so clearly important to building 
resilience of ecosystems. 
 

5. General: 
a. Need to improve the link between vulnerability assessments and adaptation strategies. 
b. Need good examples of successful implementation of adaptation strategies. 
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Summary of Recommendations  
 
GOALS, SCOPE, SCALE 
• Frame the assessment by identifying key decisions that the assessment will inform. 
• Identify assessment goals that get you to strategies. 
• Clarify and articulate assessment goals and process with all stakeholders at the outset. Make the 

vulnerability assessment process transparent. If users and stakeholders are able to see how you've 
reached your conclusions and understand your confidence (or lack of confidence) in your results, 
you're more likely to have them as supporters rather than detractors.   

• Set assessment goals that plan for the end user 
• Consider articulating your goals in terms of resiliency, rather than vulnerability  
• This is not just about current endangered species; itʼs also about species that may be vulnerable to 

climate change exposure, even though they are not currently rare or imperiled. 
• Push for broader regional analysis and for regional adaptation planning and implementation. 
• Every scale is important – start where you are. But make sure that your vulnerability assessment 

produces information that can be understood and applied by your target users at the regional or 
local levels.    

• Connect to the finer and larger scales around you  
 

EXPOSURE 
• Most important in designing an exposure assessment is to define vulnerability clearly and set clear 

goals and objectives for the vulnerability assessment. This will make selection of climate variables, 
global climate models and emissions scenarios more straightforward.  

• Use both historical records (to demonstrate that climate change has already occurred) and 
projections (to investigate alternative future scenarios) to assess exposure. 

• Selection of GCMs, emissions scenarios, and (if appropriate) downscaled GCMs should be driven 
by the goals of the vulnerability assessment.  Document clearly why you chose one or more 
particular GCMs from among the many available: How did the GCM output you chose contribute to 
your analysis of vulnerability?  How did it inform decisions about exposure, vulnerability and 
adaptation? 

• Develop criteria for selecting emissions scenarios and GCMs using a process that is transparent 
and collaborative. This will build practical climate literacy, generate buy-in from partners, and lay a 
foundation for consensus in assessing vulnerability and developing adaptation strategies. 

• Choose to use multiple GCMs or a single GCM based on availability of modeling resources and on 
the nature of the questions youʼre asking.  

• When possible, partner closely with climate scientists who are engaged in producing and 
communicating downscaled climate data. A good example of this kind of partnership is the 
Wisconsin Initiative on Climate Change Impacts, which involves climate scientists at the University 
of Wisconsin-Madisonʼs Nelson Institute and a wide range of partners interested in natural resource 
issues. The Nelson Institute produces graphs of various variables (e.g., monthly mean 
temperatures) that show the mean, range, and 95% confidence interval across seasons for 
different endpoints and emissions scenarios for 14 GCMs. For examples, see below and visit 
http://www.aos.wisc.edu/~dvimont/Presentations.html (slides 25, 27 and 30). 

• Use 2030 - 2050 as focal time period for the assessment, and focus on bracketing between-model 
variation. 

• Choose GCMs for the accuracy of their modeling results in your vulnerability assessment region 
rather than for their ability to produce extreme climate estimates that show how widely climate 
scenarios. Choose scenarios that will give the best input for management decisions rather than 
those that are chosen to make a point. 

• Use information about the accuracy of different GCMs for your region, based on retrospective 
modeling results, to choose among GCMs. Draw upon local and regional climate experts for 
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assistance in finding such information. Rather than picking one or two “best models”, consider 
simply ruling out those that perform poorly in describing your regionʼs climate. This will leave you 
with several models with which to produce scenarios and evaluate variability.   

• Request from climate scientists tables that indicate which GCMs produce the best projections for 
which regions and which variables. This could take the form of a frequently updated web document 
that includes lists of regional experts and other information sources. 

• Choose to use multiple GCMs or a single GCM based on availability of modeling resources and on 
the nature of the questions youʼre asking.  

• A biologically savvy vulnerability assessment requires that the assessment team define and 
measure exposure clearly and precisely, based on the assessmentʼs goals. Of the variables 
included in GCM output, identify those that are relevant to the species, habitats and/or ecosystems 
that at the heart of the assessment. These could be called “ecologically relevant climate 
parameters.”  

• Illustrate the range of potential GHG concentrations in the vulnerability assessmentʼs target time 
frames (e.g., 2050 or 2100) by selecting a small number (2-3) of the IPCC global emissions 
scenarios. Select emissions scenarios that are plausible and realistic based on current and 
projected emissions. 

• Use the A2 and A1B scenarios because (1) they are the most realistic and plausible scenarios and 
(2) richer data are available for these scenarios because the IPCC decided to invest more heavily 
in data development for them.  

• TNC and partners should contact Evan Girvetz or Chris Zganjar of the Global Climate Change 
Program for guidance as to (1) whether your vulnerability assessment requires downscaled GCM 
data and, if so, (2) which of the many sources of such downscaled data to use.  

 
SENSITIVITY 
Species:  
• Goals/objectives should drive what approach and methods/tools you use for assessing sensitivity. 
• Work to ensure linkage of vulnerability/sensitivity indices with adaptation strategies. 
• Acknowledge and document uncertainties, e.g., that we donʼt know if our choice of attributes has an 

impact or not, as we donʼt know the sensitivity of attributes, but donʼt let uncertainties paralyze the 
process. 

Ecosystems: 
• Keep the end goal of identifying adaptation strategies in mind. 
• When assessing sensitivity of ecosystems/habitats, look at physiological, biological and climate 

change factors, as climate is a part of a whole picture of assessing vulnerability.  
• Incorporate anthropogenic stresses; consider a host of stressors, not just climate (however, note 

that it is hard to map some stresses, such as disturbance regimes). 
• Need to revisit conservation priorities, look at the sensitivity of ecosystem targets to see if we need 

to revise our strategies. 
• For ecosystems/habitats, build sensitivity index off of ecological integrity guidelines developed by 

NatureServe and Natural Heritage Programs (i.e., size, condition, and landscape context). 
• See Lawler et al. (2009) paper for discussion of an approach that addresses uncertainty in 

ecosystem management approaches and climate change. The most important tool for managing 
ecological systems in the face of climate change is active adaptive management, in which systems 
are monitored and strategies are altered to address changes over time. 

• Rigorously consider time frames:  Successful actions today increase the probability of coping with 
stressors that will manifest themselves over the coming decades.  Success over those decades will 
maximize probability of success as ecosystems transform in subsequent decades. 

• Consider the geophysical context of the ecosystem (e.g., is it a limestone valley or a shale slope?). 
Because most ecosystems are tied to the physical properties of the land, we expect that they will 
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transform in situ (Anderson and Ferree 2010). What activities can we perform to keep the system 
functional even as it changes in composition? 

• Consider the context of the site. Is it well connected to other natural lands or is it highly isolated by 
fragmentation? Are there ample microclimates created by topographic diversity and elevation 
gradients that will allow for rearrangement of the system (Weiss et al. 1988) or is flat and 
homogeneous.  

 
ADAPTIVE CAPACITY 
• Conduct analysis of adaptive capacity separately from analysis on sensitivity 
• Make a distinction between things you can manipulate and things you canʼt:  this gives a clearer 

path to identifying strategies 
• Our conservation strategies should reflect the assumption that nature moves and changes.  We 

should do our analyses and planning in a way that recognizes that landscapes, species 
distributions, and ecological interactions will be dynamic. 

 
SYNTHESIS 
• The choice of a synthesis approach should depend on the goals of the vulnerability assessment 

and its sponsors – whether information is “packed” or “unpacked,” and whether it is driven by 
experts or by numerical calculations.  

• Combine regional and local vulnerability assessment in order to develop robust, defensible and 
cost-effective adaptation strategies. 
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Climate Change Terms and Definitions 
Updated June 27, 2010 (from R. Shaw April 2010) 
  
Adaptation – Adjustment in natural or human systems in response to actual or expected climatic stimuli or 
their effects, which moderates harm or exploit beneficial opportunities. Various types of adaptation can be 
distinguished, including anticipatory, autonomous and planned adaptation: (IPCC FAR, 2007) 
 

Anticipatory adaptation – Adaptation that takes place before impacts of climate change are 
observed. Also referred to as proactive adaptation. (IPCC FAR, 2007) 
 
Autonomous adaptation – Adaptation that does not constitute a conscious response to climatic 
stimuli but is triggered by ecological changes in natural systems and by market or welfare changes 
in human systems. Also referred to as spontaneous adaptation. (IPCC FAR, 2007) 

 
Adaptation potential/capacity – The potential ability of a species to adapt given its intrinsic and 
extrinsic adaptation (Klausmeyer & Shaw 2009).  
 

Intrinsic adaptation potential/capacity – Species-specific characteristics such as 
dispersal ability or genetic diversity that facilitate an adaptation response of a species.  
Intrinsic and extrinsic adaptation potential together defines the adaptation potential of a 
species. (Klausmeyer & Shaw, 2009) 
 
Extrinsic adaptation potential/capacity – The potential for facilitation of species 
adaptation within a region via the climatic stability of protected areas or via the migration 
pathways to optimal climatic conditions, based on current distribution of areas managed for 
biodiversity conservation, current patterns of land conversion, and magnitude of future 
impacts of climate change. Extrinsic adaptation potential illuminates characteristics of the 
landscape that facilitate species adaptation. Extrinsic adaptation potential can be enhanced 
by establishing new protected areas within areas projected to remain stable, improving land 
management, and restoring native habitat (Klausmeyer & Shaw, 2009). 
 
Management adaptation potential/capacity – The ability of a management system to 
facilitate adaptation, given institutional, jurisdictional and regulatory constraints (Klausmeyer 
& Shaw, 2009). 

 
Planned adaptation – Adaptation that is the result of a deliberate policy decision, based on an 
awareness that conditions have changed or are about to change and that action is required to return 
to, maintain, or achieve a desired state. (IPCC FAR, 2007) 
 
Adaptation assessment – The practice of identifying options to adapt to climate change and 
evaluating them in terms of criteria such as availability, benefits. (IPCC FAR, 2007) 
 
Adaptation Practices – Actual adjustments, or changes in decision environments, which might 
ultimately enhance resilience or reduce vulnerability to observed or expected changes in climate. 
(IPCC FAR 2007, pg 721): 
 

Adaptive Capacity – The ability or potential of a system to respond successfully to climate variability and 
change, and includes adjustments in both behavior and in resources and technologies. (IPCC 2007, pg 727). 
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 (IPCC FAR 2007, 
Glossary of Terms).  
 

Adaptive Capacity, Society – Ability to adapt to changing climatic conditions, whether by reducing 
harm, exploiting beneficial new opportunities, or both (Pew Adaptation Report, 2004) 
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Climate projection – The calculated response of the climate system to emissions or concentration 
scenarios of greenhouse gases and aerosols, or radiative forcing scenarios, often based on simulations by 
climate models. Climate projections are distinguished from climate predictions, in that the former critically 
depend on the emissions/ concentration/radiative forcing scenario used, and therefore on highly uncertain 
assumptions of future socio-economic and technological development (IPCC FAR 2007, Glossary of Terms). 
 
Climate Change Scenario – A plausible and often simplified representation of the future climate, based on 
an internally consistent set of climatological relationships and assumptions of radiative forcing, typically 
constructed for explicit use as input to climate change impact models (IPCC FAR, 2007 Glossary of Terms). 
A coherent and internally-consistent description of the change in climate by a certain time in the future, using 
a specific modeling technique and under specific assumptions about the growth of greenhouse gas and 
other emissions and about other factors that may influence climate in the future. (UKCIP, 2003) 
 
Exposure – An exposure unit is an activity, group, region or resource exposed to significant climatic 
variations (IPCC Data Distribution Centre, 2009).  
 

Exposure, Societal – Exposure has two principal elements: the climatic conditions themselves, and 
the extent and character of the population, wealth, and development exposed to them both (Pew 
Adaptation Report, 2004). 
 

Projection: Any description of the future and the pathway leading to it. However, a more specific 
interpretation has been attached to the term "climate projection" by the IPCC when referring to model-
derived estimates of future climate. 
 
Resilience – The ability of a social or ecological system to absorb disturbances while retaining the same 
basic structure and ways of functioning, the capacity for self-organization, and the capacity to adapt to stress 
and change (IPCC FAR, 2007). Ability to recover from change (Noss, 2001). 
 
Resistance – Ability to withstand change (Noss, 2001). 
 
Response Capacity  – Ability of humans to manage both the generation of greenhouse gases and the 
associated consequences (IPCC 2007, pg 763). 
 
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). (IPCC FAR, 2007) 
 
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. (IPCC FAR, 2007; IPCC TAR, 2001).  
 

Vulnerability, Socio-economic – The degree to which the exposure unit is susceptible to harm due 
to exposure to a perturbation or stress, and the ability (or lack thereof) of the exposure unit to cope, 
recover, or fundamentally adapt (become a new system or become extinct) (Kasperson et al., 2000). 
The underlying exposure to damaging shocks, perturbation or stress, rather than the probability or 
projected incidence of those shocks themselves. (UNDP, 2005) 
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