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Introduction
Study area

TheGreater
YellowstoneEcosystem
encompasses
YellowstoneNational
Park, Grand Teton
National Park, and 10
wilderness area.
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Introduction
Climate change in theGreater YellowstoneEcosystem

Playmoviehere

1. Themean temperatureof theGYE has seen a 0.6oC increase
in the last 30 years

2. Warming is effecting alpine regions (> 2250m,7500ft)
elevations, thehabitat of Whitebark Pine (akaWBP)

3. Projected warming in thenext century to exceed 3oC across
the region
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Methods

1. SummarizePRISM climatedataset for theGYE spatial
domain at 30 arc-second resolution (Daly et al 2002)

2. Construct water balancemodel for predictor variabledataset

3. CalibrateRandomForest model given Forest Inventory
Analysis (FIA) and Whitebark Limber Pine Information System
(WLIS) presenceand absencedataset

4. Generateprediction probability across all cells within GYE
spatial domain (Breiman 2001)
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Water balancemodel

Thornthwaitemethod for calculating AET and deficit (Thornthwaite
1948, Dingman 2002)
Wecalculate themelt factor Fm

Ta ≤ 0oC : Fm = 0

0oC < Ta < 6oC : Fm = 0.167Ta
Ta ≤ 6oC : Fm = 1

(1)

whereTa is themeanmonthly temperature, we then estimate the
amount of rain and snow fromtheknown Pm precipitation values:

RAINm = FmPm
SNOWm= (1−Fm)Pm

(2)
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Water balancemodel

We then determine themonthly total accumulated snow pack
PACKm and snow melt MELTm

PACKm = (1−Fm)2Pm+ = (1−Fm)PACKm−1

MELTm = Fm(SNOWm +PACKm−1)
(3)

Themonthly water input Wm to thesystem(or individual cell) is:

Wm = RAINm +MELTm (4)
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Water balance model

The point is that we want to find out the soil moisture. & ET

SOILm = minimum[SOILmax, [(Wm − PETm) + SOILm−1]] (5)

But soil moisture evaporates so we need that rate PETm:

PETm = 29.8∗nDays ∗Daylength∗
ea(Ta)

Ta + 273.2
(6)

ea is the saturation vapour pressure at Ta:

ea = 0.611exp( 17.3Ta
Ta+237.3)
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             Results
Random Forest model of WBP distribution
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Results
Projection scenario 1: RCP 4.5 650 ppmCO2
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Results
Projection scenario 2: RCP 8.5 1464 ppmCO2
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Conclusion

1. 80% mortality of WBP already in GYE (MacFarlaneet al 2013)

2. Whitebark pineclimateenvelopeprojected to reduce
significantly over thenext century

3. Activemanagement should beconsidered for conservation of
species


