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Introduction 

Rapidly changing climate, and the potential impacts it has on the effectiveness of contemporary 

wildlife conservation, is at the forefront of most managers minds. The Virginia Department of 

Game and Inland Fisheries (VDGIF) has identified climate change as a critical factor affecting 

how species of greatest conservation need (SGCN)are managed for long-term success. 

In Virginia’s Strategy for Safeguarding Species of Greatest Conservation Need from Climate 

Change (2010), the Virginia Department of Game and Inland Fisheries (VDGIF) outlined the 

importance of considering changing climate to developing and implementing successful 

strategies for wildlife conservation; particularly for those species already experiencing stressors 

that threaten their long-term viability and persistence in Virginia. This document took the initial 

steps of outlining how climate change stressors could be included in wildlife management plans, 

and identified some actions that would improve our understanding of how the climate in Virginia 

will change and how that might result in changes in species distribution across the 

Commonwealth. One constraint that was identified was the general lack of downscaled climate 

change information that could be used to guide decisions specifically for Virginia. This resulted 

in a strategy to “Address Data and Modeling Needs Related to Climate Change” that included an 

assessment of climate models and wildlife vulnerability.  

This project was designed with the intent to create spatially explicit climate forecasts so that they 

could be used to update the State Wildlife Action Plan by determining the magnitude and 

occurrence of future climate changes within the Commonwealth, and the impacts that those 

climate changes may have on the distributions of SGCN. 

Methods 

Predicting future conditions is, by definition, a modeling exercise. We use modeling techniques 

to assemble available historical and contemporary information in a manner that will allow us to 

predict a future condition. Models are, to put it succinctly, a means to provide a “best-guess” 

about a future condition while allowing for external critique, review, refinement, and 

improvement. George E. P. Box, a statistician and professor, is credited with coining the phrase 

“Essentially, all models are wrong, but some are useful…” (1979); a phrase we have found both 

illustrative and applicable in guiding this effort. 

Climate Modeling 

Our first tasks for this project were aimed at producing regionally explicit climate forecasts for 

the Commonwealth. Available climate change models are completed at a scale deemed too 

coarse to provide detailed information at the landscape level and greater required by wildlife 

managers to be useful. 
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Producing regionally explicit forecasts, or “downscaling,” can be completed using either of two 

general methods; statistical downscaling or dynamic downscaling. Both approaches have 

positive and negative characteristics to consider before applying them in any situation. Statistical 

downscaling involves applying existing climate measurements to a landscape, then modifying 

those values through various methods to incorporate the effects that local factors such as 

elevation, land cover, etc. will have on these climate measures. For example, we could apply a 

simple adiabatic cooling rate to measured temperature at a known location to estimate the 

temperature for another area located at a higher elevation. 

The other approach, dynamic downscaling, requires the use of mathematical equations that 

reflect how global patterns affect local weather conditions. The models used in dynamic 

downscaling are known as regional climate models and are based on both larger, global-scale 

models and smaller, weather forecasting models.  Regional climate models, therefore, occupy an 

intermediate niche and are typically run over a large landscape scales. The resulting climate 

estimates are the product of simulation and can provide a broader array of metrics for use in 

species distribution models than can be obtained from statistical downscaling.  

We elected to use a dynamic downscaling approach for this project. Dynamic downscaling 

allowed us the ability to capture specific weather events during the simulations that would be 

unavailable from statistically downscaled forecasts and that we felt would be useful in 

understanding observed species patterns on the landscape. For example, with dynamically 

downscaled climate forecast models we captured statistics, such as the frequency of 

unseasonably cold weather in January that may be the ultimate cause of range limitations for 

species at their northern limit. 

Spatial Resolution 

We elected to develop future climate scenarios at a spatial resolution of 10 km (Figure 1). We 

selected this level of resolution through discussions on the minimum useful scale for 

conservation planning as well as the computational requirements for data storage and processing 

within the context of available resources. At this resolution, our project area was comprised of 

3,198 blocks, represented by center points, covering all of Virginia, Maryland, and Delaware, 

and most of West Virginia. 

Climate Model Scenarios 

We decided to complete three climate simulations which included one control and two future 

scenarios representing medium and high estimates of potential climate change. The historic 

simulation represented results from the late 20
th

 century (1990-1999). The two future scenarios 

used were created by the Intergovernmental Panel on Climate Change (IPCC) and have the 

following assumptions: 
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 SRES
1
 B1 (a moderate climate change scenario with 550 ppm

2
 CO2 concentration 

stabilization @ 2100) – selected to provide a moderate estimate of climate changes for 

this project. 

 

 SRES A1FI (aggressive fossil fuel use in the next century with CO2 emissions stabilizing 

@2080 but with concentrations exceeding 1000 ppm in 2100) – selected as a high-end 

estimate of changes for this project. 

 

Each scenario assumes a different input of CO2 emissions and, thus, different resulting impacts 

on climate. These same scenarios have been used in climate assessment at smaller scales. More 

information on these greenhouse gas scenarios can be obtained from the International Panel on 

Climate Change (IPCC; http://www.ipcc.ch/pdf/special-reports/spm/sres-en.pdf and http://www-

pcmdi.llnl.gov/ipcc/GCMRunsLetterNew_final.pdf). 

Simulation Time Periods 

All simulations were conducted for 15 model years.  The first 5 years of simulation were 

discarded and the final decade was utilized for assessment purposes.  In other words, the 

resulting climate data was harvested as output for a 10 year period and these data were 

summarized for the final change estimates. These output time periods simulated were: 

 The late 20
th

 century (1990-1999) used for the 20
th

 century control run only 

 The mid-21
st
 century (2055 – 2064)  

 The late-21
st
 century (2090 – 2099) 

Ensemble Forecasts 

We ran multiple iterations for the forecasts in order to account for the variability from using 

dynamically downscaled models. Our ability to run multiple ensembles was limited by available 

time and funding, but we were able to include three-member ensemble forecasts for the mid-21
st
 

century (2055 – 2064) time period for the SRES B1 and SRES A1FI climate scenarios. 

Source of Global Driving Simulations 

All global driver simulations were completed by the National Center for Atmospheric Research 

Community Climate Model v. 3 (NCAR, CCSM3) and are archived on the Earth System Grid 

(http://www.earthsystemgrid.org).  The simulations used as global drivers in this project were: 

 20
th

 Century Control: b30.030e 

 SRES B1: b30.041e 

 SRES A1FI: b30.099a 

 

                                                 
1 Special Report Emission Scenarios often referred to as the acronym “SRES”. 
2 Parts per million (ppm) 

http://www.ipcc.ch/pdf/special-reports/spm/sres-en.pdf
http://www.earthsystemgrid.org/
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Regional Model and Modeling Methods 

The regional model used for these simulations was the ICTP Regional Climate Model v. 3 

(RegCM3).  Details of RegCM3 are available at: http://users.ictp.it/~pubregcm/. All global 

driver simulations were completed at a horizontal spatial resolution of spectral T85 (~1.4° 

latitude x 1.4° longitude).  To transfer from this coarse resolution to the fine, 10 km, resolution 

desired for the forecasts, all forecasts were first run at a horizontal spatial resolution of 50 km.  

Virginia forecasts at 50 km were then used as driving conditions to complete Virginia forecasts 

at the desired 10 km resolution. 

Processing of Climate Forecasts 

Climate forecasts were generated from model simulation output for 15 years corresponding to 

the target period. The initial 5 years of simulation were discarded and only the last decade was 

used for analyses. Where ensembles were run, the results were averaged to produce output values 

for the selected climate variables. Forecast data were processed to extract the selected variables 

at specific time frequencies using the National Center for Atmospheric Research Command 

Language (ncl; http://www.ncl.ucar.edu/). 

We identified a suite of output variables and time frequencies through discussions with DGIF 

(Table 1). Desired output variables and time frequencies were selected to preserve information 

we thought would be useful in predicting species distributions. These data were preserved in 

NetCDF format for use in species distribution modeling. 

Creating Spatial Information 

The NetCDF files were imported to the GIS using ArcGIS 9.3 import tools. Some files could be 

imported directly, while others required pre-processing. Some files had to be divided into subsets 

before importing due to large size (e.g., precipitation). Whenever variables were limited to 

specific time periods such as seasons or months, we had to first filter the input information 

before calculating the statistic, then placing that value into a spatial file in the GIS. 

One advantage to this approach was our ability to create specific climate-based variables we 

thought would provide better predictive ability when completing the species models. This is 

based on the premise that organisms at the edges of their range are impacted by specific climate 

events rather than long term means. For example, a period of unusually cold temperatures during 

the spring could eliminate local populations of birds migrating back to summer breeding range. 

If these episodic events occur too frequently the species would be unlikely to sustain populations 

there, and their range would reflect this. By working directly from “raw” climate information we 

were able to calculate variables – such as “number of cold snap days” that would be otherwise 

unavailable to us. 

The resulting output tables were attached to a point file representing the center of the 10km by 

10km block. We also used kriging algorithms (available in ArcGIS) to create raster 

representations of the climate variables to facilitate visual interpretation (e.g. Figure 5). This 

http://users.ictp.it/~pubregcm/
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process was repeated for each of the climate change scenarios, time period, and variable until a 

full suite of climate variables was available to incorporate into the species distribution models. 

Species Modeling 

We initiated the project with the understanding that modeling a full suite of SGCNs in Virginia 

was beyond the scope of our ability. We chose to focus on approximately 20 species as the 

maximum number that could be effectively handled given the time and resources constraints. 

We identified several criteria that could be used in selecting species as candidates for modeling. 

These included availability of current distribution data, how representative the species was for a 

group/habitat/condition, population status, and expected change in distribution due to climate. 

We wanted to ensure that our suite of species would be suitable to illustrate the various likely 

changes in distribution that climate change was likely to produce and guide more informed 

decision making with respect to those changes. 

We solicited input from terrestrial and aquatic biologists from state and federal agencies on 

which species should be included in our analysis. We received numerous candidates for 

consideration and, from these, selected an initial set of species. This set contained representatives 

from a number of categories – SGCNs, important habitat components, species expected to either 

increase or decrease distribution in Virginia, etc.  

With this information, we began the process of seeking out available information useful for 

informing our models of species distribution. Ideally, we were looking for spatial data that could 

be matched to our climate change data set and used to build predictive models using our 

preferred method of modeling, namely categorical regression tree analysis (CART). CART 

permits the prediction of values for a continuous variable (such as probability of occurrence) 

from one or more continuous and/or categorical predictor variables, and is an excellent tool for 

our application. We used the partition modeling modules in JMP
3
 to build the models. 

In general, our approach was to develop a species distribution file (see specific descriptions of 

species models below) and associate it with the climate change points on the landscape. We used 

the late 20
th

 century (1990-1999) climate variables along with the species model value (usually 

presence/absence data; see below) to generate regression tree models. We did not include any 

variables other than climate information with the exception of latitude and longitude. Therefore, 

the model output was based solely on climate variables and did not include any additional site 

specific information such as topography, soil type, etc. 

We chose models based on their R
2
 value, number of branches, and AIC values. In each case, the 

data were split and the resulting AIC value was noted. We continued to split the information 

until we reached 12 branches (in an attempt to keep models from getting too complex), or the 

                                                 
3 JMP is a statistical software package from SAS Institute (www.jmp.com) 
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AIC value began to increase (indicating that the model is over-fit). Our target minimum R
2
 value 

for each model was 0.4. 

Once the best species distribution model had been identified, we created predicted distributions 

for future climate scenarios by inserting the analogous climate variables from the future 

scenarios into the model and calculating the result for each. These data could then be associated 

with the climate data points on the landscape, and the species distribution information could be 

interpolated using kriging. The resulting distributions were used to illustrate and quantify the 

change to species across the landscape according to each of the climate change scenarios (Figure 

5a&b). We also chose to classify the probability of occurrence results into 4 classes: Absent 

(0%), Low (1 – 40%), Medium (40 – 70%), and High (> 70%). 

Final Species Models 

We attempted to identify and obtain quality distribution information for each of the 20 species 

identified. Once we commenced with the process, we did encounter situations that caused us to 

abandon some species and add others to the analysis. Often, this was related to a lack of 

observations that we could use to adequately illustrate the species distribution. While we were 

ultimately able to produce models for 20 species, the composition of that species set was quite 

different than the original list. 

Trees - We created models for 10 tree species (Table 2). These were: bald cypress, black 

oak, eastern hemlock, flowering dogwood, northern red oak, red spruce, shortleaf pine, 

southern red oak, white pine, and yellow birch. We found that these tree species were 

convenient to model because we could use field data from the US Forest Service Forest 

Inventory and Analysis (FIA) dataset. The FIA is comprised of field plots arrayed across 

our study area over long periods of time and permitted us to determine the presence or 

absence of each species at each plot. We used a single year survey for each state from 

1985, 1989, and 1986 for Virginia, West Virginia, and both Maryland and Delaware 

respectively. 

This suite of trees was selected because it included important mast producers, high 

elevation, low elevation, and some species found in the Piedmont. 

Terrestrial Species - The terrestrial species we included were northern bobwhite, blue-

winged warbler, Cope’s gray treefrog, gypsy moth, oak toad, timber rattlesnake, and 

wood frog (Table 2). We used location records from the DGIF Virginia Fish and Wildlife 

Information Service (VAFWIS) for all the species supplemented with the USGS Bird 

Survey
4
 and North American Amphibian Monitoring Program

5
 data as appropriate. These 

species were modeled for probability of presence. 

                                                 
4 More information available on the Breeding Bird Survey can be found at 

https://www.pwrc.usgs.gov/bbs/index.cfm 
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Gypsy month data were provided by the “Slow the Spread”
6
 program. The information 

available came from the total number of gypsy moths captured in monitoring traps in 

Virginia and West Virginia for the period between 1990 and 1999. The data were 

represented as present or absent for the block. 

Aquatic Species - The aquatic species modeled included brook trout, James River spiny 

mussel, and Roanoke logperch (Table 2). All distribution information was obtained from 

the VAFWIS.  

Species Model Output 

The total output for the modeling process included 100 individual representations; 5 distributions 

per species. The resulting models represented the probability of a species presence within each of 

the 10 km x 10 km blocks in the study area (as represented by center points). Where possible, we 

used the kriging tool in the GIS to create interpolated raster output for ease of interpretation (see 

Appendix A for model results). We reclassified each species model and climate scenario to a 

class of low, moderate, high, or zero probability of occurrence (PO; thresholds were 0 < PO <.4, 

0.4 < PO <.7, PO >0.7, and PO =0 respectively). When PO was zero for the entire area we assumed 

that the species was extirpated. 

Results & Discussion 

Climate Variables 

The climate variables created for this project differ from those commonly presented in climate 

change studies. The total time required to synthesize monthly, or seasonal, variables for 

temperature, precipitation, etc. was beyond our ability. We chose to focus on novel variables 

(e.g., growing degree days) that we felt would provide us with useful information without 

requiring excessive time to create them (Figure 2). 

This poses a problem when attempting to synthesize these variables into an assessment useful for 

evaluating the climate changes themselves. Typically, studies would report the changes observed 

between monthly means, or extremes (i.e., minimums and maximums) to illustrate changes 

between modeling scenarios and time periods. This is an effective step both for understanding 

how the climate of Virginia is likely to change, and for allowing users to determine whether the 

results of the model are reliable or not. 

Most people who consider climate changes (as modeled here) expect there to be a general 

increase in overall temperature through time. This assumption is generally true; however, our 

analysis shows that, even with temperature, the changes are not necessarily that straightforward. 

The SRES B1 scenario resulted in some “recovery” from maximum levels of atmospheric carbon 

                                                                                                                                                             
5 More information on the North American Amphibian Monitoring Program can be found at 

http://www.pwrc.usgs.gov/naamp/ 
6 More information on the Slow the Spread program can be found at http://www.gmsts.org/ 
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concentration, and that resulted in decreases to overall temperatures by the late 21
st
 century 

period. The A1Fi scenarios tended to show sustained increases in temperature related variables 

through the late 21
st
 century, although it should be noted that these estimates were the product of 

a single ensemble run (Error! Reference source not found. and Error! Reference source not 

found.).  

Our analysis suggests that climate changes will not be uniform across the study area (Table 3). 

Some locations may exhibit changes opposite of the prevailing change, or may not change at all. 

We analyzed the difference between the future climate condition for each variable against the 

current model for each of the blocks in the study area. We then calculated the total proportion of 

blocks where the difference was positive or negative. In relatively few instances did we observe 

all the 3,198 points changing unidirectionally. For example, one might hypothesize that topsoil 

moisture (Topsoil) would likely decrease under climate change scenarios due to increased 

temperature and increasingly episodic precipitation events. Our observations indicate that while 

this is generally true, there are still areas that will likely experience little change or some that 

might even see increased topsoil moisture (about 13% of the study area in aggregate). 

The important point is that this variability in climate variable responses across the landscape will 

tend to complicate our ability to generalize the responses of organisms to them. Species will 

likely not simply “move upstream or uphill” uniformly throughout their ranges. Further, climate 

is the combination and interaction of factors, so these changing variables could be expected to 

result in new combinations that may result in species expanding, or contracting, their ranges. We 

must also consider the importance of factors such as vegetation structure, landscape 

characteristics, topography, soil and others that are not expected to change as rapidly as climate. 

This will further dictate the success or failure of species in specific localities on the landscape. 

For example, while climate factors may increase the probability of occurrence for bobwhite quail 

in an area, expansion and increased population is more likely to respond to habitat conditions on 

the ground. Without suitable nesting, brood-rearing, and escape cover in the landscape, the 

increased favorability of climate range and/or population increase is unlikely. 

Species Models 

The species models generated (Appendix A) can be used to further discussion and decision 

making on how climate changes may impact species distributions in Virginia. Users must be 

judicious in their application and consider the quality of the models and level of uncertainty they 

contain before incorporating them into the decision making process. We have provided 

information that will allow users to make these evaluations, and we caution all users to 

understand these limitations before applying these data for making decisions. 

Model quality 

Our efforts to produce predictive models that met minimum quality criteria of greater than 0.4 R
2
 

and fewer than 12 terminal leaves were partially achieved. The R
2
 values for our species 

distribution models ranged from 0.3 – 0.88 (Table 4) with 14 models exceeding the 0.4 threshold 
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(70%; Table 5). The observed patterns for the selected species provide a range of responses to 

climate change. With these we can make some general observations that may be useful to 

consumers of this information. More specific applications for a locality or species should be 

made carefully and with a clear understanding of the user’s tolerance for uncertainty. 

In all models, changing climate factors resulted in changes in species distribution models. Some 

species, such as red spruce and brook trout, had decreases in probability of occurrence for 

climate scenarios SRES B1 and A1Fi that lead to extirpation from Virginia (or even the entire 

study area). At minimum, these species will have low probability of occurrence on the landscape. 

This pattern was somewhat expected, and concurs with numerous other investigations that 

predict the widespread loss of habitat in the southern portions of “northern” species; particularly 

those extending south through the Appalachian Mountains. The seven species fitting this 

description included in our models (red spruce, brook trout, yellow birch, northern red oak, 

eastern hemlock, white pine, and wood frog) all exhibited similar decreases under SRES B1 and 

A1Fi scenarios. Only the northern red oak was predicted to retain any high-probability habitat in 

Virginia. The others presumably would be likely to become a rarity on the landscape, or 

disappear altogether. 

Conversely, species with distributions in Virginia that are considered to be at the northern limits 

of their ranges were expected to exhibit increases in their distribution in Virginia. This pattern 

was observed for 3 (of the 5) species including oak toad, Cope’s gray treefrog, and bald cypress, 

although none of these models were of particularly high quality. The shortleaf pine and southern 

red oak distributions actually decreased in the proportion of their range with high probability of 

occurrence on the landscape. In examining their distributions (Appendix A) the geographic range 

of the shortleaf pine actually expands northward and westward, but the probability of occurrence 

is low in these areas. Similarly, the southern red oak range expands, and the “band” of high 

probability occurrence moves further north and west but exists with a low probability of 

occurrence throughout Virginia. 

The remaining nine species modeled could be considered to be within the heart of their 

geographic range in Virginia and perhaps not be expected to exhibit significant gains or losses in 

overall distribution as a result of climate change. Our results for these species are a “mixed bag” 

of expected and unexpected results, but they clearly show how complex climate changes will 

likely be for species in Virginia. For example, our model for timber rattlesnake seems to indicate 

that while some changes in distribution will occur, the overall proportion of the landscape 

categorized as high probability will remain the same through all climate scenarios and time 

periods. Even when areas within the highest probability classes drop due to climate factors (e.g., 

the Shenandoah Valley), it is likely that other stressors such as land use and proximity to human 

development will have a greater impact on timber rattlesnakes than the climate changes will (if 

they have not already done so). Another example would be the Roanoke logperch, a species that 

may actually expand its range in Virginia under these climate change scenarios. This species 

requires specific substrate characteristics to succeed and could only expand within waterways 
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that are unobstructed by dams or other structures. Management of this species may require some 

specific (and herculean) efforts to change site conditions if the species is to truly expand into 

new habitats made favorable by climate changes.  

Our models for gypsy moth illustrate an important indirect impact of climate change that 

managers should be aware of. Invasive species continue to constitute a threat to native 

biodiversity and climate changes in several ways. Climate changes can lead directly to range 

increase such as those observed in this study for gypsy moths. This species is known to severely 

impact oak forests with cascading impacts to the faunal communities that utilize those mature 

forests. Under future climate change, the impacts of this species will likely extend throughout 

Virginia. Further, when compared to oak species models, these infestations could further stress 

forests with northern red oak, black oak, and white oak as significant overstory components. In 

general, invasive species seem to be particularly effective at outcompeting native species after 

disturbance events. Climate change can reasonably be considered as a disturbance event over 

large spatial and temporal scales that will likely result in new configurations of climate and local 

characteristics. Therefore, managers should be aware of the threat invasive species pose for 

outcompeting native species in those spaces. 

Conclusion 

Climate changes will likely result in a change in species compositions on the landscape. 

Understanding how climate factors are likely to change at the landscape scale is important to 

natural resource manages and allows them to make better-informed decisions on how to protect 

species and habitats. 

This project has yielded both climate and species distribution models based on different climate 

change scenarios and have illustrated how these scenarios could result in very different 

conditions and distributions in the future. 
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Table 1. Summary of the climate variables used in the species distribution modeling. This is a partial list of climate information available from the climate models 

produced. 

Abbreviation Variable Name Description 

Topsoil  Topsoil Moisture Monthly mean depth (inches) of moisture in the topsoil layer over the 

10 year sampling window. 

Soil  Soil Moisture Monthly mean depth (inches) of moisture in the total soil over the 10 

year sampling window. 

RootSoil Root soil moisture Monthly mean depth (inches) of moisture in the root layer of the soil 

over the 10 year sampling window. 

Day6snow Days with >= 6 " of snow Mean number of days per month in the 10 year sampling window that 

a minimum of 6 inches of snow cover on the ground. 

Day05rain Days with > 0.5" of rain Mean number of days per month in the 10 year sampling window with 

a minimum of 0.5 inches of rainfall. 

Day1snow Days with > 1" of snow Mean number of days per month in the 10 year sampling window that 

a minimum of 1 inch of snow cover on the ground. 

Day1runoff Days with > 1" runoff Mean number of days per month in the 10 year sampling window with 

a minimum of 1 inch of runoff occurred. 

Day8runoff Days with > 8" runoff Mean number of days per month in the 10 year sampling window with 

a minimum of 8 inches of runoff occurred. 

HDD Heating degree days Calculated by subtracting the mean daily temperature from the 

threshold temperature (60 degrees F here). If negative or zero, the 

HDD for the day is 0. Otherwise, the HDD for the day is equal to the 

difference. 

CDD Cooling degree days Calculated by subtracting the mean daily temperature from the 

threshold temperature (60 degrees F here). If negative or zero, the 

HDD for the day is 0. Otherwise, the HDD for the day is equal to the 

difference. 

DayFolDam Foliage Damage Days  Calculated as the number of consecutive days at which the foliage 
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temperature (as calculated by the model) exceeded 50 C. 

ColdSnap Cold snap days  Mean number of days per month where temperatures are below 20 

degrees F. 

Day1snowM Days in March with > 1" snow Mean number of days in March with a minimum of 1 inch of snow 

cover on the ground. 

MeanGDD Mean spring growing degree days Calculated by subtracting the mean daily temperature from the 

threshold temperature (32 degrees F). If negative or zero, the GDD for 

the day is 0. Otherwise, the GDD for the day is equal to the difference. 

These are taken from the months of March, April, and May only. 

MinGDD Mean minimum number of growing 

degree days in the spring 

Similar to MeanGDD except that only the minimum values over the 

10 year period are used to calculate the mean. 

MaxGDD Mean maximum number of growing 

degree days in the spring 

Similar to MeanGDD except that only the maximum values over the 

10 year period are used to calculate the mean. 

MeanHWD Mean number of heatwave days Mean number of days per month where temperatures are above 100 

degrees F. 

MinHWD Minimum number of heatwave days Mean of the minimum observed number of days per month where 

temperatures are above 100 degrees F. 

MaxHWD Maximum number of heatwave days Mean of the maximum observed number of days per month where 

temperatures are above 100 degrees F. 

MeanSoilJ Mean soil moisture in July Mean soil moisture (inches) over the 10 year sampling window for 

July only. 

MinSoilJ Mean minimum  soil moisture in 

July 

Mean minimum soil moisture (inches) over the 10 year sampling 

window for July only. 

MaxSoilJ Mean maximum  soil moisture in 

July 

Mean maximum soil moisture (inches) over the 10 year sampling 

window for July only. 
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Table 2. Species modeled for this project along with the name of the dataset used to provide the information used to build 

current distribution models. 

Species Name Scientific Name Distribution Dataset Used 

Bald Cypress Taxodium distichum USFS Forest Inventory and Analysis 

Black Oak Quercus velutina USFS Forest Inventory and Analysis 

Bobwhite Colinus virginianus USGS Breeding Bird Survey 

Brook Trout Salvelinus fontinalis Virginia Fish and Wildlife Information Service 

Cope's Gray Tree Frog Hyla chrysoscelis North American Amphibian Monitoring Program 

Eastern Hemlock Tsuga canadensis USFS Forest Inventory and Analysis 

Flowering Dogwood Cornus florida USFS Forest Inventory and Analysis 

Gypsy Moth Lymantria dispar  USDA Forest Service, National Gypsy Moth Slow 

the Spread Program  

James River Spiny 

Mussel 

Pleurobema collina Virginia Fish and Wildlife Information Service 

Northern Red Oak Quercus rubra USFS Forest Inventory and Analysis 

Oak Toad Anaxyrus quercicus Virginia Fish and Wildlife Information Service 

Red Spruce Picea rubens USFS Forest Inventory and Analysis 

Roanoke Logperch Percina rex Virginia Fish and Wildlife Information Service 

Shortleaf Pine Pinus echinata USFS Forest Inventory and Analysis 

Southern Red Oak Quercus falcata USFS Forest Inventory and Analysis 

Timber Rattlesnake Crotalus horridus Virginia Fish and Wildlife Information Service 

White Oak Quercus alba USFS Forest Inventory and Analysis 

White Pine Pinus strobus USFS Forest Inventory and Analysis 

Wood Frog Lithobates sylvaticus North American Amphibian Monitoring Program 

Yellow Birch Betula alleghaniensis USFS Forest Inventory and Analysis 
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Table 3. Summary of the proportion of climate blocks changing for each climate variable and scenario (N=3198). Instances where blocks do not change are not included 

but can be determined by subtracting the sum of the variable within each time period and subtracting from 100%.  

Climate 

Variable
7
 

SRES B1 SRES A1Fi 

Mid 21
st
 Late 21st Mid 21st Late 21st 

Increase Decrease Increase Decrease Increase Decrease Increase Decrease 

Topsoil 0.0% 87.2% 21.6% 65.6% 0.1% 87.2% 0.0% 87.2% 

Soil 18.5% 67.7% 21.0% 65.2% 14.2% 71.9% 0.0% 86.1% 

RootSoil 1.5% 85.8% 50.3% 37.0% 0.1% 87.2% 0.0% 87.2% 

Day6snow 0.0% 4.4% 0.0% 4.4% 0.0% 4.4% 3.9% 1.6% 

Day05rain 73.3% 26.7% 85.6% 14.0% 74.1% 25.9% 66.9% 32.3% 

Day1snow 11.5% 75.0% 0.7% 85.5% 0.0% 86.5% 3.0% 83.5% 

Day1runoff 23.8% 51.0% 47.0% 27.5% 14.3% 58.3% 24.0% 50.0% 

Day8runoff 0.0% 0.0% 0.8% 0.0% 0.0% 0.0% 0.0% 0.0% 

HDD 0.0% 98.5% 0.0% 98.5% 0.0% 98.5% 0.0% 98.5% 

CDD 100.0% 0.0% 100.0% 0.0% 100.0% 0.0% 100.0% 0.0% 

DayFolDam 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 16.9% 0.0% 

ColdSnap 0.0% 99.6% 0.0% 99.6% 0.0% 99.6% 0.0% 99.6% 

Day1snowM 1.5% 43.2% 0.0% 43.4% 0.0% 43.4% 1.8% 42.7% 

MeanGDD 100.0% 0.0% 100.0% 0.0% 100.0% 0.0% 100.0% 0.0% 

MinGDD 28.7% 0.1% 61.6% 0.0% 70.5% 0.0% 12.9% 0.4% 

MaxGDD 100.0% 0.0% 100.0% 0.0% 100.0% 0.0% 100.0% 0.0% 

MeanHWD 100.0% 0.0% 89.8% 10.2% 98.7% 1.3% 100.0% 0.0% 

MinHWD 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

MaxHWD 99.3% 0.7% 32.0% 66.3% 35.6% 62.0% 100.0% 0.0% 

MeanSoilJ 9.3% 76.8% 23.5% 62.7% 7.9% 78.3% 0.0% 86.1% 

MinSoilJ 65.4% 20.7% 20.5% 65.7% 39.9% 46.2% 8.9% 77.2% 

MaxSoilJ 2.7% 83.5% 12.6% 73.5% 0.2% 86.0% 1.2% 84.9% 

                                                 
7 Full variable names are provided in Table 1. 
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Table 4. Model quality criteria for the species distribution models presented. 

Species R
2
 AIC RMSE 

Timber Rattlesnake 0.88 -1004.51 0.05 

Brook Trout 0.67 -92.69 0.22 

Red Spruce 0.67 -4672.6 0.07 

Gypsy Moth 0.66 408.1 0.26 

Southern Red Oak 0.62 585.32 0.28 

Yellow Birch 0.56 -1507.98 0.16 

Northern Bobwhite 0.55 1978.16 0.33 

White Oak 0.49 2502.04 0.36 

Shortleaf Pine 0.47 576.85 0.28 

Roanoke Logperch 0.45 -632.48 0.17 

Northern Red Oak 0.44 2685.05 0.37 

Oak Toad 0.41 -2516.45 0.068 

Bald Cypress 0.41 -4597.17 0.072 

Black Oak 0.41 2816.65 0.37 

Eastern Hemlock 0.35 -385.16 0.22 

White Pine 0.34 675.17 0.29 

Cope's Gray Tree Frog 0.33 1373.7 0.31 

Flowering Dogwood 0.31 2084.92 0.41 

James River Spiny 

Mussel 0.30 -1705.21 0.15 

Wood Frog 0.30 5002.63 0.19 
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Table 5. Summary of modeled species distributions in Virginia (N=1004) for each model and period. Species are grouped 

as "Northern" (blue), "Southern" (red), and middle (black). Species in italics have R
2
 values below 0.4. 

Species R
2
 

SRES B1 SRES A1Fi 

Mid 

21st 

Late 

21st Mid 21st 

Late 

21st 

Timber rattlesnake 0.88 38.5% 40.4% 39.1% 34.5% 

Red spruce 0.67 0.0% 0.0% 0.0% 0.0% 

Brook trout 0.67 0.2% 0.0% 0.0% 0.0% 

Gypsy moth 0.66 98.9% 92.7% 57.0% 100.0% 

Southern Red Oak 0.62 37.2% 20.9% 30.9% 7.9% 

Yellow Birch 0.56 0.0% 0.0% 0.0% 0.0% 

Northern bobwhite 0.55 12.3% 83.1% 15.9% 8.9% 

White Oak 0.49 93.1% 9.2% 0.0% 87.7% 

Shortleaf pine 0.47 0.0% 1.3% 0.0% 0.0% 

Roanoke logperch 0.45 0.8% 4.6% 31.6% 10.4% 

Northern red oak 0.44 54.1% 2.4% 0.0% 5.9% 

Bald cypress 0.41 69.5% 78.9% 76.4% 97.1% 

Black oak 0.41 90.8% 7.7% 0.0% 79.9% 

Oak toad 0.41 16.0% 32.5% 3.5% 61.9% 

Eastern hemlock 0.35 0.0% 2.2% 0.0% 0.0% 

White pine 0.34 1.6% 0.0% 0.0% 0.0% 

Cope's gray treefrog 0.33 9.0% 78.8% 78.3% 65.9% 

Flowering dogwood 0.31 63.2% 0.1% 0.0% 6.9% 

Wood frog 0.3 5.5% 14.9% 14.6% 24.7% 

James River spiny 

mussel 0.3 11.6% 19.1% 18.7% 24.2% 
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Figure 1. The study area encompassed all of Virginia, Maryland, and Delaware and included most of West Virginia. A 

total of 3,198 points (red) representing 10km x 10km blocks were included. 
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Figure 2. Example of a modeled climate variable from this study. This shows the mean number of growing degree days 

for the spring season for the late 20
th

 century reference period. 
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Figure 3.Graph showing the modeled change in the mean number of cooling degree days per year under 3 change 

scenarios through time. Cooling degree days are derived from air temperature values. 

 

 

Figure 4. Graph depicting the change in the mean number of days per month with greater than 1 inch of runoff. This 

information is derived directly from the climate model output. 
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Figure 5a and b. An example of the species model output for the Southern Red Oak. (a) This model depicts the current 

distribution and probability of occurrence based on available data. (b) this model results from using the same climate 

variables in the distribution model but for the SRES B1 mid 21
st
 century scenario and time period. Note that probability 

of occurrence and geospatial patterns change. 
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Appendix A. Species Distribution Model Results 

Predictors Table 

The predictors table summarizes the climate variables that are found the CART model (with 

abbreviations). Note that climate variables can appear in multiple locations within the regression 

tree. 

Statistics Table 

The statistics table provides information on the quality of the model as provided by the statistical 

software. Our goal was to produce models with a minimum R
2
 value of 0.4 and a CART model 

with 12 branches or fewer. This was not always acheiveable, so the best model produced is 

presented. Users can refer to this table to guide them in assessing model quality and whether the 

results are appropriate for their particular application. 

Tree Diagram 

The tree diagram is a visual output from the CART modeling process. It allows the user to 

understand which variables are most useful in categorizing response. Variables appearing at the 

top of the tree are generally the most significant and form the first group split. Each branch 

represents a split of the exisiting samples into two groups based on the variable listed. Each 

branch contains information on the climate variable and the threshold value upon which the split 

was made, statitics on the sample values included in each group, and the count of samples (of the 

original set) that reside in that branch. The output model value is the mean, which is calculated 

by summing the total number of sample values (either 1 or 0) and dividing by the total number of 

samples. This value was classified into zero, low, moderate, and high probability of occurrence. 

Change Summary Table 

The bottom table is a summary of the probability of occurrence for the species for Virginia. The 

proportion of points falling into each category is an indicator of the magnitude and direction of 

the potential species distribution changes under each climate change scenario and time period. 

Each column sums to 100%. 

Distribution Maps 

Each of the maps depicted uses the same legend for probability of occurrence. The darkest color 

indicates the areas with high probability of occurrence and the white areas indicate no 

occurrence. In each case the spatial model was created by interpolating the probability of 

occurrence modeled for each 10km x 10km block center to a raster in the GIS. Model values for 

the future climate change scenarios were obtained by inserting the appropriate suite of climate 

variables into the CART model from each scenario and time period. 

 



Bald Cypress (Taxodium distichum) 

_______________________________________________________________________________

Heating Degree Days HDD 

Cooling Degree Days CDD 

Average Elevation Avg_elevat 

Days Getting 1” Snow OneInchSno 

Average Soil Moisture Soil 

Days Below 20o F ColdSnap 

Max Days above 100o F Avg_MAX_he 

R-Square  0.41 

RMSE  0.072 

AIC  -4597.17 

N 1910 

Tree Diagram 

Predictors Statistics 
Variables appearing in the model tree below. Output statistics for evaluating model fit. 

Table indicates the proportion of points within Virginia falling into each occurrence category 

(N=1004) for each climate scenario. 

Prob. Of Occurrence 

Current SRES B1 SRES A1Fi 

Late 20th Mid-21st Late 21st Mid-21st Late 21st 

Zero 96.3% 27.3% 14.4% 14.0% 2.4% 

Low 1.0% 3.2% 6.7% 9.6% 0.5% 

Moderate 2.7% 69.5% 78.9% 76.4% 97.1% 

High 0.0% 0.0% 0.0% 0.0% 0.0% 



Bald Cypress (Taxodium distichum) 

_______________________________________________________________________________



Black Oak (Quercus velutina) 

_______________________________________________________________________________

Days with 1” of Snow OneInchSno 

Average Topsoil Moisture Topsoil 

Latitude lat 

Max Days Above 100o F Avg_MAX_he 

Mean Days Above 100o F Avg_MEAN_h 

Days Below 200 F ColdSnap 

Longitude lon 

Average Elevation Avg_elevat 

R-Square  0.41 

RMSE  0.37 

AIC  2816.65 

N 3198 

Tree Diagram 

Predictors Statistics 
Variables appearing in the model tree below. Output statistics for evaluating model fit. 

Table indicates the proportion of points within Virginia falling into each occurrence category 

(N=1004) for each climate scenario. 

Prob. Of Occurrence 

Current SRES B1 SRES A1Fi 

Late 20th Mid-21st Late 21st Mid-21st Late 21st 

Zero 1.0% 6.5% 91.4% 7.7% 18.9% 

Low 7.4% 2.7% 0.9% 92.3% 1.2% 

Moderate 88.6% 75.4% 0.2% 0.0% 12.4% 

High 3.0% 15.4% 7.5% 0.0% 67.5% 



Black Oak (Quercus velutina) 

_______________________________________________________________________________



Brook Trout (Salvelinus fontinalis) 

_______________________________________________________________________________

Days with 1” of Snow OneInchSno 

Cooling Degree Days CDD 

Average Mean Growing Degree Days Avg_MEAN_g 

Average Topsoil Moisture Topsoil 

Maximum Soil Moisture Avg_MAX_so 

Days get 0.5” Rain Day_gt_hal 

R-Square  0.67 

RMSE  0.22 

AIC  -92.69 

N 1004 

Tree Diagram 

Predictors Statistics 
Variables appearing in the model tree below. Output statistics for evaluating model fit. 

Table indicates the proportion of points within Virginia falling into each occurrence category 

(N=1004) for each climate scenario. 

Prob. Of Occurrence 

Current SRES B1 SRES A1Fi 

Late 20th Mid-21st Late 21st Mid-21st Late 21st 

 Zero 68.4% 99.8% 100.0% 100.0% 100.0% 

 Low 9.3% 0.0% 0.0% 0.0% 0.0% 

 Moderate 5.3% 0.2% 0.0% 0.0% 0.0%  

 High 17.0% 0.0% 0.0% 0.0% 0.0% 



Brook Trout (Salvelinus fontinalis) 

_______________________________________________________________________________



Copes Gray Tree Frog (Hyla chrysocelis) 

_______________________________________________________________________________

Days with 1” of Snow OneInchSno 

Cooling Degree Days CDD 

Average Mean Growing Degree Days Avg_MEAN_g 

Average Topsoil Moisture Topsoil 

Maximum Soil Moisture Avg_MAX_so 

Days get 0.5” Rain Day_gt_hal 

R-Square  0.33 

RMSE  0.31 

AIC  1373.7 

N 1004 

Tree Diagram 

Predictors Statistics 
Variables appearing in the model tree below. Output statistics for evaluating model fit. 

Table indicates the proportion of points within Virginia falling into each occurrence category 

(N=1004) for each climate scenario. 

Prob. Of Occurrence 

Current SRES B1 SRES A1Fi 

Late 20th Mid-21st Late 21st Mid-21st Late 21st 

 Zero 0.0% 0.0% 0.0% 0.0% 0.0% 

 Low 97.1% 91.0% 21.2% 21.7% 34.1% 

 Moderate 2.2% 8.7% 78.5% 78.0% 65.6% 

 High 0.7% 0.3% 0.3% 0.3% 0.3% 



Copes Gray Tree Frog (Hyla chrysocelis) 

_______________________________________________________________________________



Flowering Dogwood (Cornus florida) 

_______________________________________________________________________________

Latitude Lat 

Mean Days Greater Than 100o F Avg_MEAN_h 

Max Growing Degree Days (Spring) Avg_Max_gr 

Max Days Greater Than 100o F Avg_MAX_he 

Cooling Degree Days CDD 

Days Getting 1” Snow (March) Avg_day_Gt 

Longitude lon 

Root Soil Moisture rootSoil 

Days Getting 1” Snow OneInchSno 

Max Soil Moisture (July) Avg_MAX_so 

R-Square  0.31 

RMSE  0.41 

AIC  2084.92 

N 1910 

Tree Diagram 

Predictors Statistics 
Variables appearing in the model tree below. Output statistics for evaluating model fit. 

Table indicates the proportion of points within Virginia falling into each occurrence category 

(N=1004) for each climate scenario. 

Prob. Of Occurrence 

Current SRES B1 SRES A1Fi 

Late 20th Mid-21st Late 21st Mid-21st Late 21st 

Zero 0.3% 1.7% 0.0% 0.0% 0.0% 

Low 12.5% 35.1% 99.9% 100.0% 93.1% 

Moderate 33.4% 31.6% 0.1% 0.0% 2.4% 

High 53.8% 31.7% 0.0% 0.0% 4.5% 



Flowering Dogwood (Cornus florida) 

_______________________________________________________________________________



Eastern Hemlock (Tsuga canadensis) 

_______________________________________________________________________________

Root Soil Moisture RootSoil 

Days Get 1” Snow in March Avg_Day_gt 

Max Days Over 100o F Avg_MAX_he 

Average Elevation Avg_elevat 

Mean Soil Moisture Avg_MEAN_s 

Heating Degree Days HDD 

Days Getting 0.5” Rain Day_gt_hal 

Days Below 20o F ColdSnap 

Latitude Lat 

R-Square  0.35 

RMSE  0.22 

AIC  -385.16 

N 1910 

Tree Diagram 

Predictors Statistics 
Variables appearing in the model tree below. Output statistics for evaluating model fit. 

Table indicates the proportion of points within Virginia falling into each occurrence category 

(N=1004) for each climate scenario. 

Prob. Of Occurrence 

Current SRES B1 SRES A1Fi 

Late 20th Mid-21st Late 21st Mid-21st Late 21st 

 Zero 68.4% 99.8% 100.0% 100.0% 100.0% 

 Low 9.3% 0.0% 0.0% 0.0% 0.0% 

 Moderate 5.3% 0.2% 0.0% 0.0% 0.0%  

 High 17.0% 0.0% 0.0% 0.0% 0.0% 



Eastern Hemlock (Tsuga canadensis) 

_______________________________________________________________________________



Gypsy Moth (Lymantria dispar dispar) 

_______________________________________________________________________________

Average Minimum Soil Moisture Avg_MIN_so 

Cooling Degree Days CDD 

Average Max Heating Degree Days Avg_MAX_he 

Days Get 1” Snow OneInchSno 

Days Below 20o F ColdSnap 

Average Max Growing Degree Days Avg_MAX_gr 

R-Square  0.66 

RMSE  0.26 

AIC  408.1 

N 1910 

Tree Diagram 

Predictors Statistics 
Variables appearing in the model tree below. Output statistics for evaluating model fit. 

Table indicates the proportion of points within Virginia falling into each occurrence category 

(N=1004) for each climate scenario. 

Prob. Of Occurrence 

Current SRES B1 SRES A1Fi 

Late 20th Mid-21st Late 21st Mid-21st Late 21st 

 Zero 0.0% 0.0% 0.0% 0.0% 0.0% 

 Low 25.0% 1.1% 7.3% 43.0% 0.0% 

 Moderate 1.9% 0.0% 0.0% 0.0% 0.0% 

 High 73.1% 98.9% 92.7% 57.0% 100.0% 



Gypsy Moth (Lymantria dispar dispar) 

_______________________________________________________________________________



Roanoke Logperch (Percina rex) 

_______________________________________________________________________________

Max Soil Moisture (July) Avg_MAX_so 

Days Getting 1” Snow OneInchSno 

Average Days over 100o F Avg_MEAN_h 

Maximum Days Over 100o F Avg_MAX_he 

Maximum Soil Moisture Avg_MAX_so 

Minimum Soil Moisture Avg_MIN_so 

Days Getting 0.5” Rain Day_gt_hal 

Average Elevation Avg_elevat 

Topsoil Moisture Topsoil 

R-Square  0.45 
RMSE  0.17 

AIC  -632.48 

N 1004 

Tree Diagram 

Predictors Statistics 
Variables appearing in the model tree below. Output statistics for evaluating model fit. 

Table indicates the proportion of points within Virginia falling into each occurrence category 

(N=1004) for each climate scenario. 

Prob. Of Occurrence 

Current SRES B1 SRES A1Fi 

Late 20th Mid-21st Late 21st Mid-21st Late 21st 

Zero 70.4% 0.0% 1.0% 10.8% 0.0% 

Low 24.9% 99.2% 94.4% 57.7% 89.6% 

Moderate 3.6% 0.8% 4.5% 30.0% 9.9% 

High 1.1% 0.0% 0.1% 1.6% 0.5% 



Roanoke Logperch (Percina rex) 

_______________________________________________________________________________



Northern Bobwhite (Colinus virginianus) 

_______________________________________________________________________________

Topsoil Moisture Topsoil 

Average minimum soil moisture Avg_MIN_so 

Latitude lat 

Heating Degree Days HDD 

Longitude lon 

Days below 20o F ColdSnap 

Mean heating degree days in July Avg_MEAN_h 

Max heating degree days in July Avg_MAX_he 

Max growing degree days Avg_MAX_gr 

R-Square  0.55 

RMSE  0.33 

AIC  1978.16 

N 3198 

Tree Diagram 

Predictors Statistics 
Variables appearing in the model tree below. Output statistics for evaluating model fit. 

Table indicates the proportion of points within Virginia falling into each occurrence category 

(N=1004) for each climate scenario. 

Prob. Of Occurrence 

Current SRES B1 SRES A1Fi 

Late 20th Mid-21st Late 21st Mid-21st Late 21st 

Zero 1.2% 81.8% 15.9% 78.3% 91.1% 

Low 5.3% 6.0% 1.0% 5.8% 0.0% 

Moderate 3.1% 0.0% 0.0% 0.1% 0.0% 

High 90.4% 12.3% 83.1% 15.8% 8.9% 



Northern Bobwhite (Colinus virginianus) 

_______________________________________________________________________________



Northern Red Oak (Quercus rubra) 

_______________________________________________________________________________

Days with 1” of Snow OneInchSno 

Root Soil Moisture rootSoil 

Latitude lat 

Maximum Soil Moisture Avg_MAX_so 

Days Below 20o F ColdSnap 

R-Square  0.44 

RMSE  0.37 

AIC  2685.05 

N 3198 

Tree Diagram 

Predictors Statistics 
Variables appearing in the model tree below. Output statistics for evaluating model fit. 

Table indicates the proportion of points within Virginia falling into each occurrence category 

(N=1004) for each climate scenario. 

Prob. Of Occurrence 

Current SRES B1 SRES A1Fi 

Late 20th Mid-21st Late 21st Mid-21st Late 21st 

Zero 0.0% 0.0% 0.0% 0.0% 0.0% 

Low 12.4% 45.9% 97.6% 100.0% 94.1% 

Moderate 23.6% 42.8% 0.0% 0.0% 4.8% 

High 64.0% 11.3% 2.4% 0.0% 1.1% 



Northern Red Oak (Quercus rubra) 

_______________________________________________________________________________



Oak Toad (Anaxyrus quercicus) 

_______________________________________________________________________________

Mean Growing Degree Days (Spring) Avg_MEAN_g 

Max Days Over 100o F Avg_MAX_he 

Max Soil Moisture (July) Avg_MAX_so 

Minimum Soil Moisture (July) Avg_MIN_so 

Days Getting 1” Snow OneInchSno 

Cooling Degree Days CDD 

R-Square  0.41 

RMSE  0.068 

AIC  -2516.45 

N 1004 

Tree Diagram 

Predictors Statistics 
Variables appearing in the model tree below. Output statistics for evaluating model fit. 

Table indicates the proportion of points within Virginia falling into each occurrence category 

(N=1004) for each climate scenario. 

Prob. Of Occurrence 

Current SRES B1 SRES A1Fi 

Late 20th Mid-21st Late 21st Mid-21st Late 21st 

Zero 97.6% 80.2% 5.4% 95.8% 37.9% 

Low 1.9% 3.8% 62.2% 0.7% 0.2% 

Moderate 0.5% 16.0% 32.5% 3.5% 61.9% 

High 0.0% 0.0% 0.0% 0.0% 0.0% 



Oak Toad (Anaxyrus quercicus) 

_______________________________________________________________________________



Timber Rattlesnake (Crotalus horridus) 

_______________________________________________________________________________

Heating Degree Days HDD 

Days get half inch of rain Day_gt_hal 

Longitude lon 

Days below 20o F ColdSnap 

Days with 1” of runoff OneInchRun 

Topsoil Moisture Topsoil 

R-Square  0.88 

RMSE  0.05 

AIC  -1004.51 

N  409 

Tree Diagram 

Predictors Statistics 

Prob. Of Occurrence 

Current SRES B1 SRES A1Fi 

Late 20th Mid-21st Late 21st Mid-21st Late 21st 

Zero 8.8% 2.4% 0.5% 1.8% 11.2% 

Low 54.1% 59.1% 59.1% 59.1% 54.4% 

Moderate 0.0% 0.0% 0.0% 0.0% 0.0% 

High 37.2% 38.5% 40.4% 39.1% 34.5% 

Table indicates the proportion of points within Virginia falling into each occurrence category 

(N=1004) for each climate scenario. 

Variables appearing in the model tree below. Output statistics for evaluating model fit. 



Timber Rattlesnake (Crotalus horridus) 

_______________________________________________________________________________



Red Spruce (Picea rubens) 

_______________________________________________________________________________

Heating Degree Days HDD 

Cooling Degree Days CDD 

Average Max Growing Degree Days Avg_Max_gr 

Average Mean Growing Degree Days Avg_MEAN_g 

Days below 20o F ColdSnap 

Days with 1” of Snow OneInchSno 

Days get 0.5” Rain Day_gt_hal 

R-Square  0.67 

RMSE  0.07 

AIC  -4672.6 

N  1910 

Tree Diagram 

Predictors Statistics 
Variables appearing in the model tree below. Output statistics for evaluating model fit. 

Prob. Of Occurrence 

Current SRES B1 SRES A1Fi 

Late 20th Mid-21st Late 21st Mid-21st Late 21st 

Zero 99.8% 100.0% 100.0% 100.0% 100.0% 

Low 0.0% 0.0% 0.0% 0.0% 0.0% 

Moderate 0.2% 0.0% 0.0% 0.0% 0.0% 

High 0.0% 0.0% 0.0% 0.0% 0.0% 

Table indicates the proportion of points within Virginia falling into each occurrence category 

(N=1004) for each climate scenario. 



Red Spruce (Picea rubens) 

_______________________________________________________________________________



Shortleaf Pine (Pinus echinata) 

_______________________________________________________________________________

Cooling Degree Days CDD 

Average Root Soil Moisture rootSoil 

Average Elevation Avg_elevat 

Average Topsoil Moisture Topsoil 

Average Spring Growing Degree Days  Avg_MEAN_g 

Max Spring Growing Degree Days Avg_MAX_gr 

Number of Days above 100o F Avg_MEAN_h 

R-Square  0.47 

RMSE  0.28 

AIC  576.85 

N 1910 

Tree Diagram 

Predictors Statistics 
Variables appearing in the model tree below. Output statistics for evaluating model fit. 

Table indicates the proportion of points within Virginia falling into each occurrence category 

(N=1004) for each climate scenario. 

Prob. Of Occurrence 

Current SRES B1 SRES A1Fi 

Late 20th Mid-21st Late 21st Mid-21st Late 21st 

Zero 0.3% 0.0% 0.0% 0.0% 0.0% 

Low 68.1% 100.0% 98.7% 100.0% 100.0% 

Moderate 1.5% 0.0% 0.0% 0.0% 0.0% 

High 30.1% 0.0% 1.3% 0.0% 0.0% 



Shortleaf Pine (Pinus echinata) 

_______________________________________________________________________________



James River Spinymussel (Plurobema collina) 

_______________________________________________________________________________

Root Soil Moisture rootSoil 

Average Topsoil Moisture Topsoil 

Latitude Lat 

Longitude lon 

Days Getting 1” of Snow (March) Avg_day_gt 

Days Below 20o F ColdSnap 

Days Getting 1” Snow OneInchSno 

Mean Days Above 100o F Avg_MEAN_h 

Minimum Soil Moisture Avg_MIN_so 

R-Square  0.30 

RMSE  0.15 

AIC  -1705.21 

N 1910 

Tree Diagram 

Predictors Statistics 
Variables appearing in the model tree below. Output statistics for evaluating model fit. 

Table indicates the proportion of points within Virginia falling into each occurrence category 

(N=1004) for each climate scenario. 

Prob. Of Occurrence 

Current SRES B1 SRES A1Fi 

Late 20th Mid-21st Late 21st Mid-21st Late 21st 

Zero 42.7% 19.7% 15.3% 8.8% 9.2% 

Low 52.2% 55.1% 44.6% 45.4% 40.8% 

Moderate 5.1% 25.2% 40.0% 45.8% 50.0% 

High 0.0% 0.0% 0.0% 0.0% 0.0% 



James River Spinymussel (Plurobema collina) 

_______________________________________________________________________________



Southern Red Oak (Quercus falcata) 

_______________________________________________________________________________

Heating Degree Days HDD 

Average Max Growing Degree Days Avg_MAX_gr 

Days get 0.5” Rain Day_gt_hal 

Average Elevation Avg_elevat 

Mean HDD in July Avg_MEAN_h 

R-Square  0.62 

RMSE  0.28 

AIC  585.32 

N 1910 

Tree Diagram 

Predictors Statistics 
Variables appearing in the model tree below. Output statistics for evaluating model fit. 

Table indicates the proportion of points within Virginia falling into each occurrence category 

(N=1004) for each climate scenario. 

Prob. Of Occurrence 

Current SRES B1 SRES A1Fi 

Late 20th Mid-21st Late 21st Mid-21st Late 21st 

 Zero 0.0% 0.0% 0.0% 0.0% 0.0% 

 Low 49.2% 62.8% 79.1% 69.1% 92.1% 

 Moderate 10.5% 0.0% 0.3% 0.0% 0.0% 

 High 40.3% 37.2% 20.6% 30.9% 7.9% 



Southern Red Oak (Quercus falcata) 

_______________________________________________________________________________



White Oak (Quercus alba) 

_______________________________________________________________________________

Days with 1” of Snow OneInchSno 

Average Topsoil Moisture Topsoil 

Latitude lat 

Average max heat wave days Avg_MAX_he 

Cooling degree days CDD 

Days below 20o F ColdSnap 

Average maximum soil moisture Avg_MAX_so 

Average root soil moisture rootSoil 

R-Square  0.49 

RMSE  0.36 

AIC  2502.04 

N 3198 

Tree Diagram 

Predictors Statistics 
Variables appearing in the model tree below. Output statistics for evaluating model fit. 

Table indicates the proportion of points within Virginia falling into each occurrence category 

(N=1004) for each climate scenario. 

Prob. Of Occurrence 

Current SRES B1 SRES A1Fi 

Late 20th Mid-21st Late 21st Mid-21st Late 21st 

Zero 0.0% 0.0% 0.0% 0.0% 0.0% 

Low 3.4% 6.9% 90.8% 100.0% 12.3% 

Moderate 52.4% 19.0% 4.4% 0.0% 75.4% 

High 44.2% 74.1% 4.8% 0.0% 12.4% 



White Oak (Quercus alba) 

_______________________________________________________________________________



White Pine (Pinus strobus) 

_______________________________________________________________________________

Days with 1” of Snow OneInchSno 

Average Elevation Avg_elevat 

Mean Soil Moisture (July) Avg_MEAN_s 

Growing Degree Days (Spring) Avg_MEAN_g 

Root Soil Moisture RootSoil 

Cooling Degree Days CDD 

Latitude lat 

R-Square  0.34 

RMSE  0.29 

AIC  675.17 

N 1910 

Tree Diagram 

Predictors Statistics 
Variables appearing in the model tree below. Output statistics for evaluating model fit. 

Table indicates the proportion of points within Virginia falling into each occurrence category 

(N=1004) for each climate scenario. 

Prob. Of Occurrence 

Current SRES B1 SRES A1Fi 

Late 20th Mid-21st Late 21st Mid-21st Late 21st 

Zero 4.8% 0.0% 0.0% 0.0% 0.0% 

Low 70.1% 98.4% 0.0% 100.0% 0.0% 

Moderate 18.0% 1.6% 0.0% 0.0% 0.0% 

High 7.1% 0.0% 0.0% 0.0% 0.0% 



White Pine (Pinus strobus) 

_______________________________________________________________________________



Wood Frog (Rana sylvatica) 

_______________________________________________________________________________

Latitude lat 

Root Soil Moisture rootSoil 

Average Topsoil Moisture TopSoil 

Max Soil Moisture (July) Avg_MAX_so 

Days Get 0.5” Rain Day_gt_hal 

Days Below 20o F ColdSnap 

Total Soil Moisture Soil 

Days Getting 1” Runoff OneInchRun 

R-Square  0.30 

RMSE  0.19 

AIC  5002.63 

N 1910 

Tree Diagram 

Predictors Statistics 
Variables appearing in the model tree below. Output statistics for evaluating model fit. 

Table indicates the proportion of points within Virginia falling into each occurrence category 

(N=1004) for each climate scenario. 

Prob. Of Occurrence 

Current SRES B1 SRES A1Fi 

Late 20th Mid-21st Late 21st Mid-21st Late 21st 

Zero 0.0% 0.0% 0.0% 0.0% 0.0% 

Low 92.8% 94.5% 85.1% 85.4% 75.3% 

Moderate 1.1% 0.0% 1.0% 0.0% 0.0% 

High 6.1% 5.5% 13.9% 14.6% 24.7% 



Wood Frog (Rana sylvatica) 

_______________________________________________________________________________



Yellow Birch (Betula alleghaniensis) 

_______________________________________________________________________________

Average days that get 0.5” rain Avg_day_gt 

Days with 1” of Snow OneInchSno 

Days Below 20o F ColdSnap 

Cooling Degree Days CDD 

Root Soil Moisture rootSoil 

Average Mean Growing Degree Days Avg_MEAN_g 

Mean Heating Degree Days in July Avg_MEAN_h 

Max Heating Degree Days in July Avg_MAX_he 

Maximum Soil Moisture Avg_MAX_so 

R-Square  0.56 

RMSE  0.16 

AIC  -1507.98 

N 1910 

Tree Diagram 

Predictors Statistics 
Variables appearing in the model tree below. Output statistics for evaluating model fit. 

Table indicates the proportion of points within Virginia falling into each occurrence category 

(N=1004) for each climate scenario. 

Prob. Of Occurrence 

Current SRES B1 SRES A1Fi 

Late 20th Mid-21st Late 21st Mid-21st Late 21st 

Zero 1.6% 0.3% 6.3% 0.0% 0.0% 

Low 98.0% 99.7% 93.7% 100.0% 100.0% 

Moderate 0.4% 0.0% 0.0% 0.0% 0.0% 

High 0.0% 0.0% 0.0% 0.0% 0.0% 



Yellow Birch (Betula alleghaniensis) 

_______________________________________________________________________________
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