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!! Increase drought 
!! More extreme weather 
!! Disrupted disturbance 

regime (increased fire) 
!! Shifts in ecosystems 

Percent change in runoff by 2060 

Extinction risk for riparian 
species by 2060 

Western aquatic systems 
face increasing pressures 
under climate change: 



Substantial declines projected in snowpack 
levels for western watersheds  

(from USGS 2010) 

Photograph courtesy Greg Pederson, Science/
AAAS 



Data available: http://forest.moscowfsl.wsu.edu/climate/ 

Processed based models of future biomes based on 16 
climate variables (Rehfeldt et al. 2006, 2012) 
 



Increasing challenges for 
wildlife management 

§  Multiple interacting climate 
effects 

§  Changes are uncertain  

§  Adaptation plans are needed but 
information and tools are 
lacking 

 
We developed a framework for 
integrating multiple data inputs to 
produce a series of vulnerability 
assessment products. 

We apply this system to 12 species 
inhabiting the Rio Grande Bosque. 



Climate 
envelope 
modeling 
 

From Glick et al., 2011 

Vulnerability 
assessments 

Based on the concept of climate change 
vulnerability 

 



Products 

Impact models Impact + Adaptive Capacity 

1. Ecological 
niche models 

2. Fire simulation 
models 

3. Vulnerability 
assessment scoring 
system 

Risk analysis matrix 

+ 

Habitat change 
maps 

Framework for assessing species’ vulnerability 

Predicted Fire 
Regime 

Species vulnerability scores 
to non-modeled predictors 

Fire Risk Maps 



Cgcm3.1 (intermediate)  

Scenario Based Assessment 
Gfdl cm2.1 (harsh) Had cm3 (mild) 



Common Name Species 

1 SW flycatcher Empidonax traillii extimus 

2 W.  yellow billed cuckoo Coccyzus americanus 

3 Lucy's warbler Oreothlypis luciae 

4 Northern leopard frog Rana pipiens 

5 American bullfrog Rana catesbeianus 

6 Black-necked garter snake Thamnophis cyrtopsis 

7 Western painted turtle Chrysemys picta bellii 

8 NM meadow jumping mouse Zapus hudsonius luteus 

9 Hispid cotton rat Sigmodon hispidus 

10 Occult bat or Arizona bat Myotis occultus 

11 Yuma myotis Myotis yumanensis 

12 Long-legged bat Myotis volans 

Step 1. Ecological Niche Models 

MaNIS/HerpNet/ORNIS Data Portals 

Finch et al., 1997;  
Malaney et al., 2012 

Records gathered from 
museum and published 
records 

Species selected based 
on conservation interest, 
habitat use, and 
availability of data 

MaxEnt (3.3) used to 
model suitable habitat 



MaxEnt creates probability surface for species 
presence based on relationship between species 
observations and environmental variable 

!! Unique models created 
for each species or 
species group +

!! Well suited for presence 
only analyses 

Environmental data: 
19 bioclimate (e.g. tmax, tmin) 
5 hydrological (e.g. runoff, pet) 
4 biophysical (e.g. elevation,    
    distance to water)  
1 biome data layers Logistic output 

for current 
distribution 



Logistic output for 
each climate scenario 

Convert to a binomial layer  
(suitable vs. nonsuitable) Consensus  layer 

Predicted 
suitable 
habitat 

1 model 
2 models 
3 models 

Output presented for individual scenarios and 
in consensus maps 

X 
Correlates from 
modeled current 
habitat 

Cgcm 3.1 
Gdfl 2.1 
Had cm3 

X 
3 time periods 
(2030, 2060, and 
2090) 



Southwestern Willow Flycatcher: Suitable habitat 

Current 2060 2090 2090 



Western painted turtle 
(Chrysemys picta bellii) 



Hispid cotton rat  
(Sigmodon hispidus) 



Geographical distribution of 
(Warner & Czapleski, 1984) 

Long-legged Myotis (Myotis volans) 

Current 2060 2090 Current 

Geographical distribution of 



Step 2. Creating fire risk layer for species 

Geospatial concept of wildfire risk assessment framework 
(Scott et al. 2013) 



Large Fire Simulation (FSim) system  
(Finney et al. 2011)  

!! Simulates large fires on an 
annual basis 

!! Incorporates the effects of fire 
suppression  

!! Inputs from LANDFIRE project 

!! Outputs Overall burn 
probability, Relative burn 
probabilities at six flame 
lengths, and Mean fireline 
intensity 

Lisa Holsinger Rachel Loehman 



2090 2030 2060 

Mean Annual Burn Probability 
 



Creating Fire Type Layer   

Canopy Base 
Height (CBH)* 

Torching 
(cfl>cbh) 

Non-torching  
(cfl<chb) 

Conditional Flame Length (CFL) layers for each time period were classified into four categories (taking after Calkin 
et al. 2010): 1. Low = 0-0.61 -> 0.62; 2. Mod=0.61-1.83 -> 1.83; 3. High=1.83-3.66 -> 3.66; 4. Very High=3.66-7.62 -> 
7.62  

Conditional 
Flame Length 

(CFL) 

X 

Vegetation type* 

Fire type 

Forest 
Shrub 
Grass 
Non-veg  

* Derived from Landfire Biophysical Settings (BpS) data 



Classified species risk to each fire 
type 

-2 -1 0 1 2 

benefit risk 

Species
shrub 
with 
torching

shrub 
without 
torching

 forest 
with 
torching

forest 
without 
torching

grass or 
non-
veg

Empidonax t. extimus -2 -1 -2 -1 0
Oriothlypis luciae -2 -2 -2 -1 0
Coccyzus a. occidentalis -2 -1 -2 -1 0
Myotis yumanensis  - 0 0 -2 0 0
M. yumanensis  -foraging 1 1 1 1 0
Myotis occultus - roosting 0 0 -2 0 0
M. occultus - foraging 1 1 1 1 0
M. volans - roosting 0 0 -2 0 0
M. volans - foraging 1 1 1 1 0
Sigmodon hispidus -2 -1 -2 -1 -1
Zapus h. luteus -2 -1 -2 -1 -2
Chrysemys picta belli -2 -1 -2 -1 -1
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Fire risk map 

1 0 

2 0 

3 -2 

4 0 

5 0 

+ + 
= 

+ + 

Response 
scores 



Myotis volans: Consensus predictions for 
 suitable habitat X Fire risk 

2030 2060 2090 



Zapus luteus: Consensus predictions for 
 suitable habitat X Fire risk 

2030 2060 2090 



Impact models 

Useful for 
•  Estimating magnitude impact 
•  Provide information on refugia 
•  Identifying need for intervention 
•  Scenario based exercises 

Not useful for: 
•  Predicting future distributions of species  
•  Predicting species adaptive capacity 
•  Predicting indirect exposure and sensitivity 



Step 3. Vulnerability scoring for non-modeled 
climate impacts 

Scores 

Sensitivity 
traits 

Exposure Adaptive 
Capacity 

!! 22 Species traits predictive 
of species response to 
climate impacts 

!! Includes traits relating to 
habitat, physiology, 
phenology and biotic 
interactions 

!! System for Assessing 
Vulnerability (SAVS) to 
Climate Change (Bagne et 
al., 2011) 



Modified SAVS vulnerability scoring system 
Questions Characteristic 

1. Changes to non-modeled habitat components Exposure 

2. Change in habitat quality Exposure 

3. Dispersal ability (Site fidelity or other limitations) Adaptive Capacity 

4. Reliance on migratory or transitional habitats Sensitivity 

5. Increase or decrease in physiological range limitation Adaptive Capacity/Sensitivity 

6. Sex ratios determined by temperature or food changes Sensitivity 

7. Response to predicted extreme weather events/disturbances Sensitivity 

8. Changes to daily activity period Sensitivity 

9. Variable life history traits or coping strategies  Adaptive Capacity 

10. Ability to outlive limiting conditions Sensitivity 

11. Migrates/hibernates in response to weather cues Sensitivity 

12. Reliance on weather mediated resource (e.g. insect emergence) Sensitivity 

13. Spatial or temporal separation between critical resources and life history stages Sensitivity 

14. Can adjust timing of critical activities Adaptive Capacity 

15. Likelihood for decreased food resource Sensitivity 

16. Likelihood of increase predation Sensitivity 

17. Loss of important symbiotic species Sensitivity 

18. Increase in high mortality/morbidity disease Sensitivity 

19. Increased competitive pressures Sensitivity 



Vulnerability scores for RG species 

Magnitude of 
impact 

Li
ke

lih
oo

d 
of

 
co

ns
eq

ue
nc

e 
Li

ke
lih

oo
d 

of
 

co
ns

eq
ue

nc
e 



Using risk matrix for climate change 
studies 

Modified from Yohe and Leichenko, 
2010 
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!! Risk analysis is helpful for 
identifying or distinguishing 
between management 
strategies 

!! Indicated for situations where 
there is not enough time or 
resources to address all risks 

!! First applied by Iverson et al., 
2011 (trees), Mathews and 
Friggens, 2013 (birds) 

  



Risk Matrix for 12 species inhabiting riparian 
areas along the Rio Grande 

rapi= Lithobates (Rana) pipiens (Northern Leopard frog), raca= L. (Rana) catesbeiana (American bullfrog), myoc=Myotis 
occultus (Occult bat), myvo= M. volans (long-legged bat), myyu= M. yumanensis (Yuma bat), sihi=Sigmodon hispidus 
(Hispid cotton rat), zalu=Zapus luteus (New Mexico Meadow jumping mouse), luwa= Lucy’s warbler (Oreothlypis luciae), 
swfl=Southwestern willow flycatcher (Empidonax traillii extimus), ybcu= Yellow-billed cuckoo (Coccyzus a. occidentalis), 
thcy= Thamnophis cyrtopsis (black-necked gartersnake), and chpi= Chrysemys picta belli (Western painted turtle). 



Products 

Impact models Impact + Adaptive Capacity 

1. Ecological 
niche models 

2. Fire simulation 
models 

3. Vulnerability 
assessment scoring 
system 

Risk analysis matrix 

+ 

Habitat change 
maps 

Framework for assessing species’ vulnerability 

Predicted Fire 
Regime 

Species’ vulnerability 
scores to non-modeled 
predictors 

Fire Risk Maps 



RMRS Project Page: http://
www.fs.fed.us/rm/grassland-
shrubland-desert/research/
projects/vulnerable-obligate-
species/ 

The Southern Rockies 
Conservation Planning Atlas: 
http://srlcc.databasin.org/ 

To find data and more information: 

Skip to slide demonstration 



Thank you!! 

meganfriggens@fs.fed.us 













End 


