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VEGETATION RESPONSE TO CLIMATE  

 
 Evidence of 

vegetation die off 
related to climate 
induced 
physiological 
stress. (Allen et al. 2010) 

 



TEMPERATURE CHANGE IN THE GYA 

Difference in annual temperature from the 1900-2010 mean 



CLIMATE AND WHITEBARK PINE 

 Climate limits WBP at 
each life history stage 
through availability of 
resources. 
 

 Indirect impacts 



QUESTION (SCIENCE) 

 How will the bioclimatic habitat envelope for 
Whitebark pine respond to shifts in the GYA 
climate? 



QUESTION (APPLIED) 
 What locations in GYA will likely have suitable 

climates for WBP and may be candidates for 
restoration strategies for GYCC? 

Western US 
• NPS I&M Greater Yellowstone 

Network, Kristen Legg 
 

• NPS I&M Rocky Mountain Network, 
Mike Britten 
 

• Greater Yellowstone Coordinating 
Committee Whitebark Pine 
Subcommittee, Karl Buermeyer and 
Virginia Kelly 
 

• Grand Teton National Park, Kelly 
McClosky  
 

• Yellowstone National Park, Ann 
Rodmann 
 

• Rocky Mountain National Park, Ben 
Bobowski 
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METHODS (RESPONSE DATA SOURCES) 
 Current model on “Adult” class tress (DBH≥8”) 
 2,569 data points (936 presence, 1,633 absence) 

 
 

Data Source Adults Seedling 
Saplings 

Growth 
Rates 

Mortality 
(Adults) 

Reproduction 

GYCC Stand type 
Canopy cover 

Maturity Presence 
Dominance 

    Perimeters of burned 
WBP Canopy damage 

  

WLIS 
  

Density Regen    BR presence 
BR % infection 

% WBP mortality 

  

FIA Presence 
Density by size class 

Seedling  
Sapling 
density 

DBH remeasure Remeasurement of 
marked trees 

  

GYRN I&M Density by size class 
  

Density by size class   Mortality rate 
BR presence 

Presence by size class 

USDA FS       Pest detection  
Damage type 

Severity 
Dead trees/ac 

  



METHODS (PREDICTOR DATA) 
 Historic Climate Data 

 PRISM 800m climate  
 (Daly et al. 2011) 

 (1900-2010) monthly 
 

 
 

 Projected Future Climate 
 (NASA TOPS) 

 CMIP5 Downscaled GCMs 
 (2010-2100) monthly 



WATER BALANCE MODELING 
 Derived monthly 

water balance 
variables using 
Thornthwaite 
equation. 
 

 Provides 10 
additional climate 
metrics 

 
 

 
 



PREDICTOR VARIABLE SELECTION 
 Climate summarized 

using 1950-1980 
means 
 

 122 predictor 
covariates 
 

 Suite considering 
ecologically 
meaningful 
predictors 



RESULTS 

Leading predictors:  
Tmax8, VPD8, PET7, SWE5, Tmin1 



DIAGNOSTIC: MULTI-METHOD MODEL 
FITTING 



DIAGNOSTICS 



FUTURE PROJECTIONS 



GEOGRAPHIC PROPERTIES OF AREAS OF 
SUITABLE CLIMATE 

Prob. Presence > 50% Current 2040 2070 2100 
Area 28,732 km2 10,227 km2 

(65% reduction) 
6,160 km2 
(79% reduction) 
 

3,949 km2 
(86% reduction) 
 

Mean elevation 2,974 m  
(9,754 ft) 

3,214 m  
(10,541 ft) 

3,288 m 
(10,784 ft) 
 

3,363 m 
(11,030 ft) 
 

Elevation Range 2,226 – 4,101 m 
(7,301 – 11,030 ft) 

2,478-4101 m 
(8,127 – 11,030 ft) 
 

2,545-4,101 m 
(8,347 – 11,030 ft) 
 

2,643-4,101 m 
(8,669 – 11,030 ft) 
 



IMPLICATIONS FOR GYCC WBP STRATEGY 
 Analysis identifies loss of historic bioclimatic habitat 

by the year 2100 
 

 Areas and locations of climate suitable habitat for 
restoration of adult WBP 
 
 
 
 
 

 Ignorant of other disturbances to species 

Realized niche 



NEXT STEPS… 
 Envelope 

analysis to 
reveal climatic 
suitable areas 
for other life 
history stages 
 

 Expansion of 
model to more 
GCMs and 
scenarios 
 



GCM VARIABILITY 
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