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How Might Marmot Creek Change? 

Ʒ Forest disturbance 

ÁPine Beetle 

ÁSalvage Logging 

ÁClear-cutting 

ÁBurning 

 

Ʒ Climate Warming 

ÁWarming in forest 

ÁWarming in alpine 

 



CRHM Modules 
Ʒ Prairie Blowing Snow Model (PBSM; Pomeroy & Li, 2000) 
ÁBlowing snow transport 

Ʒ Saltation + suspension 

ÁBlowing snow sublimation 
Ʒ f(particle size, radiation, turbulent & latent heat exchange, vapour 

density) 

ÁVegetation partitions wind shear stress on snow surface 
Ʒ f(stalk characteristics, drag coefficients) 

Ʒ Snobal (Marks et al., 1998, 1999) 
ÁSnowpack melt and sublimation/condensation 
ÁTwo layers 

Ʒ Canopy module (Ellis et al., 2010) 
ÁCanopy radiation adjustment (Pomeroy et al., 2009)  
ÁSnow interception, unloading, throughfall  (Hedstrom & Pomeroy, 

1998) 
Á Intercepted snow sublimation (Pomeroy et al., 1998)  
ÁEnhanced longwave irradiance to surface from the canopy 



Snow Interception Studies 



Effect of Forest Removal on Snow 
Accumulation 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 1 2 3 4 5

Leaf Area Index

S
n

o
w

 i
n

 F
o

re
s
t 

/ 
S

n
o

w
 i

n
 C

le
a
ri

n
g

Measured

Parametric Model

Sparsely Wooded 

Medium Density, Young 

Dense Mature Canopy 

Deforestation Effect 



Net Radiation to Forests:  
Slope Effects 
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Forest Disturbance Scenarios 

Ʒ 40 scenarios tested, various areal removals of canopy due to: 
Á Pine Beetle,  
Á Fire,  
Á Logging 

 
Ʒ Pine beetle only affects lodgepole pine  
Ʒ Trunk retention versus salvage logging for beetle and fire  
Ʒ Stump retention versus complete tree removal for logging  
Ʒ Selective logging on north versus south facing slopes 
Ʒ Forest removal results in  

Á reduced interception loss,  
Á reduced ET,  
Á changes to rooting zone,  
Á changes to sub-canopy radiation,  
Á changes to wind speed near the ground,  
Á changes to blowing snow 

 



Pine Beetle Impact on Snow Regime 



Fire Impact on Snow Regime 



Clear-cutting Impact on Snow Regime 



Forest Cover Disturbance Impact on 
Snowmelt Quantity 
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Forest Snow Regime on Slopes 
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Pine Beetle Impact on Streamflow 



Fire Impact on Streamflow 



Clear-cutting Impact on Streamflow  



Forest Cover Disturbance Impact 
on Seasonal Streamflow 



Forest Cover Disturbance Impact 
on Peak Streamflow 



Blowing Snow: Fisera Ridge 

ƷFlow over ridgetop and into 
forest 
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Blowing snow sublimation 



Alpine Hydrological Model 
derived from Cold Regions Hydrological Model 

ƷModel components 
ÁSnow wind redistribution, interception and melt 
ÁActual evapotranspiration,  
Áfrozen soil infiltration,  
Áunfrozen infiltration,  
Ásoil moisture balance,  
Árouting 

ƷAbility to perturb the model via temperature 
changes 
ÁAffects precipitation phase 
ÁAffects hydrological processes 



Winter Warming Impact on  
Alpine Ridge Snow Accumulation 
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Impact of Winter Warming on Date 
of Snowpack Depletion 
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Change in Actual Evapotranspiration 
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Hydrology Change with 
Temperature 
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Change in Alpine Basin Discharge 
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Next Steps: Integrated Observing 
& Predicting Systems 

 Current high altitude 
observation network 
in Canada is 
inadequate, need a 
network of stations, 
remote sensing, 
modelling, data 
assimilation in order 
to predict our cold 
regions water 
resources 
adequately. 



Initially the Upper Bow River Basin. 
Á 10 high altitude hydrometeorological stations ï research basins 
Á 5 high altitude stream gauge stations ï research basins 
Á Portable detailed measurement system 
Á Data management, information assimilation and water modelling system 
Á Glacier hydrology, treeline ecology, climate modelling, snow physics 

Canadian Rockies Hydrological Observatory  



Primitive Snow Observations 

Sami in Lapland Pomeroy & Guan in Alberta Scottish Snow Surveyor 



Acoustic Snow Measurement 



Acoustic Gauge Testing 

Acoustic gauge 



Acoustic Results and Testing 


