CHAPTER 3. DEVELOPMENT AND STRUCTURE OF THE NEAFWA HABITAT VULNERABILITY ASSESSMENT MODEL
The Model Development Process
It was recognized early in the process of planning the construction and application of the NEAFWA model that the active participation of representatives from the state fish and wildlife agencies was essential. Not only are the state agencies the sources of much of our knowledge about the ecologies, management, and threats to northeastern habitats and species, they also comprise the professionals who will use the model beyond the life of this project. Consequently, the model was built utilizing an expert panel-based approach. Beginning in 2010, the director of the fish and wildlife agency in each of the northeastern states was asked to identify potential panel members (where possible, we attempted to recruit experts in upland, freshwater aquatic and coastal habitats and their species). Manomet then contacted directly all of the proposed panel members and invited them to participate in the panel. The result of this process was an expert panel of 27 members from 12 of the 13 northeastern states. While the panel members comprised mainly representatives from state fish and wildlife agencies, biologists from NGOs (Table 1) also participated.

Once the expert panel had been formed, Galbraith of Manomet then led the process of building a draft model, based on his work building vulnerability models for other assessments (Particularly, Galbraith and Price, 2010), and his knowledge of other models. Having built a draft model, Galbraith then ran test runs of it on several habitat types. He provided the results to a subgroup of members of the expert panel for review and comment. Based on these comments the model was revised and ran once more on the test habitats. The results were then submitted to the entire expert panel for review and comment. Armed with verbal and written comments, Galbraith then modified the model to arrive at the final working version
. 
Informing the Expert Panel
Most of the expert panel members were not climate change experts and it was necessary to provide them with background information that would help them to participate in the evaluation of habitat vulnerabilities. Manomet supplied the expert panel members with information packages to inform them about how the climate is likely to alter in the Northeast, and the implications for ecosystem change and adaptation:

1. An analysis of the current thinking about how the climate has already changed in the Northeast and how it is likely to change further over the remainder of this century (similar to Attachment 1 to this report).
2. An analysis of how the projected climatic changes have already impacted ecological resources in North America and how it might affect ecological resources in the Northeast.

3. A statement of main objectives of the NEAFWA Project.

The Role of the Expert Panel in Applying the Model

Once the model had been developed, the expert panel had two further roles. The first was to help select habitat types for analyses, and the second to help guide, review, and evaluate the results of the modeling runs. These are described in detail in Chapters 4 and 5, respectively. 

Table 1. Expert Panel Participants.





Participant


Affiliation




Maine



Steve Walker


Inland Fisheries and Wildlife




Phillip deMaynadier

Inland Fisheries and Wildlife




Andrew Cutko


Natural Areas Program 

New Hampshire

Pam Hunt


NH Audubon






Matt Carpenter

NH Fish and Game



Vermont


John Austin


VT Fish and Wildlife





Eric Sorenson


VT Fish and Wildlife


 
Massachusetts

Caleb Slater


MA Fisheries and Wildlife





John Scanlon


MA Fisheries and Wildlife


Connecticut


Neal Hagstrom

CT DEP







Ann Kilpatrick

CT DEP






Mark Johnson


CT DEP






Min Huang


CT DEP




New York


Zoe Smith


Wild. Conservation Society




Tracey Tomajer

NY DEC




New Jersey


Kris Schantz


NJ DFW




Pennsylvania


David Day


Fish and Boat Commission
Virginia


David Norris


DGIF







Paul Bugas


DGIF







Chris Burkett


DGIF





West Virginia


Elizabeth Byers

WV DNR






Kerry Bledsoe


WV DNR






Paul Johansen


WV DNR




Maryland


Dana Limpert


MD DNR







Delaware


Robert Hossler

DE DFW







Karen Bennett


DE DFW






Desmond Kahn

DE DFW





Model structure 

The NEAFWA model, based on an Excel spreadsheet platform, comprises four connected modules (Figure 1 and Attachment 2):  Module 1 comprises 11 variables and scores the likely vulnerabilities of non-tidal habitats to future climate change (and the potential interaction between climate and non-climate stressors). Module 1 can be used alone if the objective is limited to only categorizing climate change vulnerabilities, rather than overall future vulnerabilities. Module 2 has 5 variables and scores the comparative vulnerabilities of habitats to existing, non-climate change stressors. Module 3 combines the results of Modules 1 and 2 to produce an overall evaluation and a score of the habitat’s future vulnerability to climate change and to non-climate stressors.  Module 3 also groups these scores into five categories: critically vulnerable, highly vulnerable, vulnerable, less vulnerable, and least vulnerable. These translate into habitat response categories varying from habitats that are likely to be eradicated from or greatly reduced in the study area (critically and highly vulnerable, respectively) to habitats that may be relatively unaffected (vulnerable), to habitats that may extend or greatly extend their range within the area (less and least vulnerable, respectively). 


[image: image1]
Additionally, each of the variable scores in Modules 1 and 2 are assigned one of three confidence scores – High, Medium or Low, so that the degree of confidence that the assessors had in their scoring of each variable is explicit. Module 3 also includes a confidence evaluation that categorizes the overall confidence that can be assigned to the Module 3 scores. By comparing these scores it is possible to identify just how confident we can be about our model predictions, where the greatest uncertainties lie, and where future studies might best reduce important uncertainties.

Most categorizations in Modules 1 through 3 are based largely on expert judgment. The primary aim of the narrative (Module 4) that accompanies each habitat assessment is to make transparent the rationales and assumptions underlying the scores that were assigned to each variable.

Detailed advice on how to score each of the variables is included in the spreadsheets as “drop-down” text boxes

Model Variables

This section lists the variables that make up the Excel-based model. In the actual model itself, these variable descriptions, together with advice on assigning scores, are included as drop-down text boxes so that the model is as “stand-alone” as possible.

Module 1 – location in geographical range of habitat. Habitats close to the southern extremes of their distributions and that may be close to the southern edges of their ranges of climatic tolerances, may be more vulnerable to a warming climate than habitats that are further north of these bioclimatic edge zones. However, it is also important to recognize that the current distributions of habitats are also affected by non-climatic factors, especially anthropogenic influences. Any such confounding factors should be taken into account when evaluating how close habitats currently are to their southern climate-limited distributions. Habitats closer to the northern edge of their current limit (e.g., oak-hickory, warmer-water aquatic habitats) may benefit by being able to extend northward. 

Module 1 – degree of cold adaptation. Some plant and animal communities are cold-adapted (e.g., hemlock stands, coldwater streams, high elevation forests, habitats limited to "frost pockets"). These are likely to be more vulnerable to increasing temperatures.

Module 1 – sensitivity to extreme climatic events. Some habitats may be more vulnerable than others to extreme climatic events or climate-induced events (fire, drought, floods, ice storms, windstorms). Such events are projected to become more frequent and/or intense under climate change.

Module 1 – vulnerability to maladaptive human responses. Some habitats are likely to be more vulnerable to human responses to climate change, than to climate change itself. For example, the construction of sea walls in response to rising sea levels will have major impacts on the ability of the coastline to migrate inland, thereby jeopardizing coastal habitats. Also, reservoir drawdowns to eliminate increased algal blooms (caused by rising temperatures) could result in the elimination of hypolimnia and associated fish species.
Module 1 – location relative to highest elevation. The highest elevations in the Northeast extend up to about 6,000 feet above sea level.  Montane habitats that exist at high elevations (within 1,000 feet of the summits) are likely to be highly vulnerable to climate change (since they may not be able to respond by simply migrating upslope). Middle elevation habitats may also be adversely impacted, but less so, and low elevation habitats may be least affected, as they have the potential to extend their ranges upslope. 

Module 1 – intrinsic adaptive capacity. While all habitat types are likely to have characteristics that may enable them to withstand the effects of a changing climate, their adaptive capacities (their ability to resist or recover from stress) will vary among and within habitat types, depending on their intrinsic and extrinsic characteristics and their condition:

1. The physical diversity within which a habitat exists may affect its resilience and adaptive capacity: habitats with diverse physical and topographical characteristics (variety in aspects, slopes, geologies and soil types, elevations) may be more able to survive climate change than habitats that are less varied, since the former, by existing across widely differing conditions, may be at lower risk to being eliminated by any future climatic conditions.

2. Some habitats may be intrinsically more resistant to stressors because (for example) they have more rapid regeneration times and/or are dominated by species closer to the r end of the life-history continuum. Habitats in which the recovery period from the impacts of stressors is shorter (<20 years) may have greater intrinsic adaptive capacities than slower developing habitats (recovery times of >20 years). For example, high elevation spruce-fir forest may take 2-3 hundred years to recover from fire or pest impacts. This may render them intrinsically more vulnerable to the potential intervening effects of climate change than are habitats that have shorter recovery periods (e.g., grasslands or shrub habitats).

3. The current conditions of habitats will also affect their adaptive capacities. Habitats that support their full complement of species (or close to that), have high biodiversity, and that are relatively free from non-climate stressors such as fragmentation, invasive species, etc., are likely to be both more resistant and resilient to the effects of a changing climate. In contrast, habitats that are in "poorer" condition with comparatively impoverished species representation and biodiversity, or that are being impacted by other stressors, may be less resilient and have lower adaptive capacity.

Module 1 – dependence on specific hydrologic conditions. Some habitats are confined to areas with specific and relatively narrow hydrologic conditions. For example, vernal pools may be confined to areas with abundant winter snow cover and poor soil drainage characteristics. This produces isolated ephemeral pools when snow melts in spring. Boreal bogs, peatlands, high Alleghany wetlands, and coastal plain ponds may be other examples. Changes in precipitation amount, type (snow vs. rain) and phenology are projected under all climate change models (though the directions and degree of change vary across models) potentially threatening these ecohydrologic habitat types.

Module 1 – vulnerability of foundation/keystone species to climate change. Foundation species are those that have substantial influences on community structure as a consequence of their high biomass. Examples are abundant tree species in a forest, such as red spruce in high elevation conifer forest, or oak species in a mixed oak-hickory forest. Keystone species are those that exert strong effects on the structures of their communities, despite a low biomass. In the Northeast, white-tailed deer may be a keystone species in areas where densities are high due to their selective browsing on tree saplings. Beaver are certainly a keystone species, creating and maintaining wetland habitat. If either foundation or keystone species in a habitat are particularly vulnerable to climate change the whole habitat type may be in jeopardy.

Module 1 – constraints on latitudinal range shifts. Habitats that are comparatively free to shift latitudinally across landscapes are likely to be less vulnerable to the changing climate than habitats that are otherwise constrained. Examples of the latter might be habitats that are fragmented and separated by extensive urban areas, large water bodies or mountain ranges.
Module 1 – likelihood of managing or alleviating climate impacts. How we are able to manage habitats is likely to become an important factor in conserving resources under climate change. However, some habitats may be less easy to manage than others. For example, managing the impacts of climate change on early seral or riverine habitats may be easier (through using fire, plantings, water level control, etc.) than managing habitats that are more intrinsically vulnerable to climate change (e.g., intertidal or high elevation habitats). Also, for some habitat types, we have developed effective management tools (forests, for example), and these could be applied and/or modified for management under climate change. 

Module 1 - potential for climate change to exacerbate impacts of non-climate stressors. For some habitats and species it is likely that significant impacts of climate change will be expressed through their exacerbating or mitigating effects on current or future non-climate stressors. The effects of drawing down reservoir levels to eliminate algal blooms (caused by increasing water temperatures) on hypoliminia and their inhabitants is an example. Another is the potential exacerbatory effects of warming temperatures on cold-limited pest species or invasives (e.g., hemlock wooly adelgid). This variable captures the potential effects of this interaction between climate change and non-climate change stressors. 

Module 2 – current extent of habitat type.  Habitats that are currently widespread in their extents and relatively unfragmented are more likely to be able to withstand and persist into the future despite non-climate stressors, than are habitats that are rarer, more fragmented, or less widespread.

Module 2 – current extent trend. Habitats that have low current rates of loss or fragmentation to non-climate stressors may be less vulnerable to both climate and non-climate stressors in the future than habitats that are currently undergoing major losses due to these factors. 

Module 2 – likely future extent trend. Habitats that are likely to experience a stabilization or decrease in future rates of loss are likely to be able to persist better than habitats where rates of loss are likely to increase.
Module 2 – Current impacts of non-climate change stressors. Many habitat types are already being affected by non-climate change stressors. The impacts on wetlands of reclamation or drought are examples, as are the impacts on forests of invasives, fires, or the cyclic outbreaks of pest species. Habitats that are already being adversely affected by these or other existing stressors may be intrinsically more vulnerable to a changing climate than are habitats that are not so affected.
Module 2 – likely future stressor trends. Habitats that are likely to experience a stabilization or decrease in non-climate stressor intensities in the future are likely to be able to persist better than habitats where such stressor trends are likely to remain stable or to increase.
Confidence Evaluation

As described above, each of the model variable scores was assigned a confidence score: High, Medium, or Low. These approximate confidence levels of >70%, 30-70%, and <30%. These confidence scores used are based on the 5-category scale developed by Moss and Schneider (2000) for the Intergovernmental Panel on Climate Change Third Assessment Report. It was believed by the NEAFWA model developers, however, that using a 5-category scoring system would imply a greater level of confidence precision than was defensible, and it was, therefore, collapsed into a 3-category scale. The NEAFWA model not only assesses the confidence associated with the individual variable scores, at the conclusion of each habitat evaluation it also uses these scores to estimate the overall level of confidence.   
Wider Application of the NEAFWA Habitat Vulnerability Assessment Model
Since the finalization and application of the NEAFWA model in the Northeast Region, it has been adopted and used further afield and by individual states. It has been successfully used to evaluate habitat vulnerabilities in the Badlands of South Dakota, and is currently being used to evaluate habitat ilities in a number of states including New York, New Jersey, Maryland, and Vermont. This confirms that the basic framework and approach of the model are flexible enough to be applied in widely differing landscapes.
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Figure 1. Structure of the NEAFWA Habitat Vulnerability Model.








� The resulting model addresses non-tidal habitats only. Tidal habitats (i.e., currently below the high tide mark) are currently being addressed in a parallel effort.








