
Snow and glacier change modelling

in the French Alps

M. Dumont, M. Lafaysse, S. Morin, V. Vionnet (CNRM-GAME)

I. Zin (LTHE)

International Network for Alpine Research Catchment Hydrology 

Inaugural Workshop

Barrier Lake Field Station, Kananaskis Country, Alberta, Canada

22-24 October 2015



General framework for global changes in the Alps

Á Warming is expected to accelerate throughout the 21st century

Á Seasonal shifts in precipitation and relative humidity are expected

Á Precipitation and temperature extremes are expected to intensify

Á Snow cover is expected to drastically decrease below 1500ï2000m

Á Changes related to droughts and natural hazards are expected



Some addressed modelling issues

Á Model complexity vs. accuracy

Á Dealing with uncertainties

Á Remote sensing and local data assimilation 

Ą Examples on the proposed INARCH & surrounding sites



The SURFEX/ISBA-CROCUS 

soil-snow model

Brun et al., 1989,1992;  Vionnet et al., 2012

Á 1D model

Á Multi-layers 
max 50 couches

Á Dynamical 

discretization of 

the layers

Á Métamorphosis 
of snow grains
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At local scale ïCol de Porte



Model complexity vs accuracy ïlocal scale

Masson et al. 2013

Same land surface model with:

Á Same multi-layer 

ground scheme

Á 3-layers vs multi-layers

snowpack scheme

Ą Small differences between

the various models for 

bulk snow properties

Ą Strong impact of the input 

meteorological data



Essery et al. 2013

Á Same multi-layer 

ground scheme

Á 1701 combinations of 

multilayer

parameterizations for 

albedo, fresh snow

density, compaction, 

turbulent exchanges, 

snow cover fraction, 

thermal conductivity

JULES Investigation Model, 4 years performance assessment

Ą Best models vary from

year to year

Ą Same kind of results on SWE and snow depth for experiments

with different DDF schemes

Model complexity vs accuracy ïlocal scale



At catchment scale ïArve headwater
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SAFRAN meteorological analysis

Conceptual 2-buckets module 

for groundwater storage


