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Snow modelling in alpine terrain

ü Challenge: Multi -scalevariability of snowaccumulation 

Mountain range scale

Spatial variability of snowfall

Ridgeand slopescale

Gravitationaland wind-inducedredistribution

ü Can snowdrift-permittingmodelscapture thismulti-scalespatial variability? 

Mott, Vionnet &

Grunewald (2018)

ü Context: developmentof high-resolutionsnowforecastingsystems(Switzerland, USA, Canada, France, é)
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Canadian Hydrological Model (CHM)

ỏ Unstructured triangular mesh 

depending on topography and 

vegetation complexity

ỏ Snowpackscheme: Snobal

ỏ Accounts for:
ỏ slopeand aspect; terrain shading

ỏ gravitational redistribution

ỏ blowing snow (redistribution + 

sublimation)

ỏ snow/canopy interactions

Marsh et al. (2020)



Study area - Kananaskis, Canadian Rockies

ỏ Airborne LiDAR (UNBC 

Riegl Q 780 ): 

5-m snow depthmap

27 April 2018

ỏ Sentinel-2 images

processed by the Theia 

platform (Gascoinet al., 

2019) 

20-m snow cover 

images



ỏ Simulation domain: 1014 km2 - Water year 2017/2018

ỏ Atmospheric forcing:

ỏ HRDPSshort-term NWP forecasts at 2.5-km grid spacing

ỏ Downscalingto the CHM mesh

CHM over the Kananaskisregion



Wind field downscaling(1)

3. Adjustment for leeside recirculation 

1km

See Barcons et al. (2017), Vionnet et al (2021) and Marsh et al. (in prep) for more details on the method

Å Use of the Sx parameter (Winstral et 

al.. 2002) to identify areas susceptible 

to flow separation (Sx > 20ƺ)

Å Wind speed reduction in these areas

NWP

NWP

NWP NWP



Wind field downscaling(2)

üMain limitation: stability effects are not included. 



ỏ Simulation domain: 1014 km2 - Water year 2017/2018

ỏ Atmospheric forcing:

ỏ HRDPSshort-term NWP forecasts at 2.5-km grid spacing

ỏ Downscalingto the CHM mesh

ỏ Wind downscalingusing Windmapper(with and without 

including recirculation effect on leeward slopes)

ỏ 4 CHM experiments

CHM over the Kananaskisregion

Simulation Avalanching Blowing snow Recirculation

WndTr Av Rc Yes Yes Yes

WndTr Av NoRc Yes Yes No

NoWndTr Av Yes No Yes

NoWndTrNoAv No No Yes



Evolution of snow depth

CHM with snow 

redistribution (exp. 

WndTr Av Rc) 

captures many 

features of snow 

accumulation. 



Observed and predicted snow depth
a) Airborne LiDAR  27 April 2018      

b) CHM with wind and avalanche transport of snow and 

wind speed reduction over lee slopes

c) CHM with wind transport disabled

d) CHM with wind and avalanche transport disabled



Influence of elevation

Observed snow depth: 

ü increase in mean SD up to 2400 m and decrease 

above this elevation

Without snow redistribution: 

ü Variability of SD per elevation band is 

underestimated

ü No decrease of SD at high elevation

With snowredistribution:

ü IncreasedSD variability due to snowdriftsand 

avalanche deposits

ü Snow transport from high-elevation


