
@CryoCaro
@cryo.caro
caroline.aubrywake@gmail.com

Vulnerability to climate change in glacierized 
headwater mountain basins in the Canadian Rockies 
and the Austrian Alps is controlled by summer snow 

dynamics

www.usask.ca/hydrology

Caroline Aubry-Wake: Centre for Hydrology, University of Saskatchewan (now at Utrecht)
John Pomeroy:  Centre for Hydrology, University of Saskatchewan

Lindsey Nicholson & Rainier Prinz: University of Innsbruck

http://www.usask.ca/hydrology


Motivation
Mountains are changing…

With different datasets and modelling 
approaches, comparisons of predicted 
changes across mountains ranges is difficult.  



• Canadian Rockies, Western Canada

• 19 km2

• ~50% glacierized in 2000

• 1907-3152 m a.s.l.

• Above vegetation line

• Ötztal Alps, Austria

• 99 km2

• ~30% glacierized in 2008

• 1891–3772 m a.s.l.

• Vegetation in lower slopes

Peyto Rofental

• 11.4 km2

• ~71% glacierized in 
2006

• 2635 - 3635m a.s.l.

Vernagtbach

Vernagtferner image: https://geo.badw.de/vernagtferner-digital/webcam.html



Vernagtbach subbasin

Vent outflow

Peyto outflow AWS

Available mass balance data

RofentalPeyto



• Modular with explicit, physically-based process representation for 
snow and ice melt, blowing snow transport and sublimation, 
avalanching, evaporation, surface and subsurface storage and routing

• Spatial discretization based on elevation, aspect and land cover type
• Parameters from fieldwork, past studies and literature - uncalibrated
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1990-2020 with AWS data 
(Pradhananga et al., 2021)

1999-2021 with AWS data 
(Strasser et al., 2018)

Simulations:
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“Current weather in an end of century climate”



Model performance: Streamflow

Peyto

Rofental @ Vent

Vernagtbach

NSE = 0.52 NSE = 0.58 NSE = 0.70



Peyto: 5˚C warmer Rofental: 5˚C warmer

End-of-century weather 



Peyto: 5˚C warmer Rofental: 5˚C warmer

16% more precipitation 7% less precipitation

End-of-century weather 



Basin configuration in PGW

Peyto: 3% glacierized (Clarke et al. 2015),
Ponds + proglacial lake

Rofental @ Vent : <1% glacierized (Zekkolari et al., 2019)

Vernagtbach: 0% glacier



End-of-century streamflow

Peyto: +7%

Rofental @ Vent : -33%

Vernagtbach: -67%



Peyto WRF-PGW 
simulation shows:
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Peyto WRF-PGW 
simulation shows:
• A doubling of rainfall 
• Suppression of 

blowing snow 
transport and 
sublimation

• An increase in 
evaporation and 
avalanche activity

• A large reduction in 
ice melt combined 
with an earlier 
snowmelt component

• A increase in winter 
soil moisture, and an 
earlier recharge to 
groundwater storage.



Rofental WRF-PGW simulation shows:



Rofental WRF-PGW simulation shows:

• 40% increase in rainfall with 
36% decrease in snowfall



Rofental WRF-PGW simulation shows:

• Snowmelt occurring 
slightly earlier, but 
with a 33% decrease



Rofental WRF-PGW simulation shows:

• A small decrease in blowing snow 
sublimation and transport

• A shift in timing of evaporation
• A decrease in avalanche activity



Peyto

Rofental @ Vent

Precipitation partitioning

Rainfall Snowfall



Melt partitioning

Icemelt Snowmelt 

Peyto

Rofental @ Vent



Conclusion
• Applied a similar process-oriented, modular modelling framework with 

high resolution atmospheric forcings to similar glacierized basins in the 
Canadian Rockies and the Alps to gain insights into end-of-century flows

• Substantial deglaciation, similar warming (+5C), but different precipitation 
responses between Peyto and Vent, lead to similar icemelt losses, but 
vastly different streamflow changes (-7% in Peyto, -33% in Vent, -67% 
Vernagtbach)

• Process diagnosis with CRHM suggests the different responses stem from 
differences in summer snowfall and snowmelt.  

• The decrease in snowfall and snowmelt in the Alps leads to substantially 
greater vulnerability to climate change than in the Canadian Rockies.
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