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Introduction

Á In most Europe and Northern America countries, 
avalanche forecasting  is done at regional scale

Á Information needed is real-time observations of snow state 
and surface meteorological  parameters 

Á Based on observation networks (collected by forest 
services, ski resorts, guids, automatic stations,é)

Á Main limitations :

ï Terrain variability => strong variability of meteo and snow 
(elevation, aspect, é)

ï Observation difficulties in alpine environment (low 
temperature, stong winds,é)

ï Observation systems : automatic (meteo, snow surface), 
manual (snow internal properties) or always in research field 
(snowdrift).

Ý Density of observed data very heterogeneous with 
regions, elevations, periods



Introduction

How to improve the information available for 
regional forecaster ?

Á To renforce the observation networks : costs 
limitation.

Á In alpine environment, snowpack evolution 
is mainly controlled by meteorological 
parameters

Á The French Meteorological Service has 
developed a tool based on meteorological 
input in order to estimate the snowpack 
characteristics

ïComplete geographical coverage (at model 
resolution)

ï Present state and evolution



Overview

Á The Safran-Crocus-MEPRA (SCM) suite

Á Operational use

Á Research applications

Á Remote sensing outlook

Á Conclusions



The Safran-Crocus-Mepra Tool 



Analyse and forecast of the 

snow pack evolution by 

massif, elevation, aspect and 

slope

Meteorological Data : 

Observations,meteo modelé 

SAFRAN

Meteorological analysis

CROCUS

Snow model

MEPRA
Expert system model 

Regional avalanche forecasting tool

Durand et al., 1999



Á Homogeneous massifs (~400 km2) with different elevations (~10), 

aspects (7) and slopes (3)

Á No realistic orography but « idealized » slopes

Á Hourly simulation of complete snow profiles (T, dZ, r, LWC, 

stratigraphy, stability) under the assumption that, for this scale, the 

snowpack evolution is completely controlled by the atmospheric 

forcing

Á Analysis : input data limited to atmospheric data (no direct 

snowpack observations)

Á Forecasting : based on Numerical Weather Prevision models 

ARPEGE / ALADIN (no local small scale features forcing)

Á Rough simulation of snowdrift effects (change of fresh snow type)

Main Characteristics/Limits of the SCM suite



SAFRAN

Á Meteorological analysis 

for mountain regions

Á notions of massif, 

altitude, aspect

Á 2 days forecast version 

by adaptation of NWP 

models

Á OI and variationnal 

methods used

Meteorological

NWP model

Fresh snow and 

weather Obs.

Classical meteo Observations 

and atmospheric sounding

Analysis /6H

24H Analysis for précipitation

Hourly Interpolation for all the 

parameters

Hourly meteorological parameters affecting snowpack evolution

Radar (in dev.)Satellite

Åtemperature and humidity

Åwind velocity/ direction

Åradiative fluxes

Åsnow and rain precipitation

Åcloudiness

Classical meteo Observations 

and atmospheric sounding

Analysis /6H

24H Analysis for précipitation

Hourly Interpolation for all the 

parameters

Hourly meteorological parameters affecting snowpack evolution

Radar (in dev.)Satellite

Durand et al., 1993



CROCUS

Á 1D numerical snow model

Á Accurate snow stratigraphy (1 to 50 layers)

Á Simulates snowpack main features, including albedo, snow grain size, liquid 
water content,...

Hourly meteorological 

parameters

Snowpack internal 

profile

CROCUS

Brun et al., 1989, 1992



1D mechanical analysis

ÁAdditional mechanical characteristics : ram resistance 
profile, shear strength profile (C), estimation of the applied  shear stress 
(tn for snow, ts for skier)

ÁStabilty indexes
ïNatural

ïAccidental

ÁMEPRA results :
ïNatural avalanche risk on a  6 level scale (very low, low, moderate increasing, 

moderate decreasing, high, very high)

ïAccidental avalanche risk on a 4 level scale (very low, low, moderate,high) 

ïAvalanche types (fresh dry, fresh wet, fresh mixed, surface slab, surface wet, bottom wet)
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Operationnal use and validation 



Analyzed daily   

precipitation

for French Alps

(23 massifs)

SAFRAN results



Crocus results : snowpack state

Mont-Blanc   North 40° 4th April 2010 6h

1200 m 1500 m 1800 m 2100 m 2400 m

2700 m 3000 m 3300 m 3600 m



Mepra results

Natural avalanche hazard

Accidental avalanche hazard

Avalanche Type
Very Low

Low

Moderate asc.

Moderate dec.

High

Very high

Very Low

Low

Moderate

High

Recent dry

Recent wet

Slabsurf.

Recent mix.

Melt surf

Melt deep

Belledonne 40° 06/04/2010 6h



Validation

Á Systematic validation of 

snow simulation by 

observed data 

(independent)

Snow profils comparison

Á Local validation of 

meteorological results

Á Stability indexes validated 

by avalanche forecasters 

and ponctual comparison



Research applications



Snow climatology

Number of days with snow cover >= 20 cm

in massif Grandes Rousses - 1800 m flat
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Á Based on ERA 40 

reanalysis

Á Continuous  met and snow 

series from 1958 to 

present

Snow depth deviation from 

long-term mean (1800 m asl)

Durand et al.., 2009



Snow duration (1500 m)

Present climate Scenarion +1.8°C

Snow and climate change

Á Impact on climate evolution 

on snowpack features (max 

snow depth, snow duration, 

snow extend,...) and 

hydrologic effects 

Á Based on climatic scenarios 

produced by GCM

Á Research projets (FP7-

ACQWA, national 

programs)

Martin et al.., 2001



Á Distributed glacier mass and energy budgets modelling with Safran/Crocus : 
example of Saint-Sorlin glacier (resolution 1 day/30 m)

Á Hydrological applications : see for instance poster  ñAdaptations of a Physical-
Based Hydrological Model for Alpine Catchments. Application to the Upper 
Durance Catchmentñ presented by M. Lafaysse

Hydrological and glacier modelling

bilan moyen 1981-2004Mass budget 1981-2004

Gerabaux et al.., 2005, Lejeune, 2009



Outlook and future developments



Downscaling

Massif scale : ~ 500 km 2

Time step : 1 hour

Symbolic topography

Avalanche path scale : ~ 100 m 2

Time step : ~ 5 min

Local scale : ~ 1 km 2

Time step : 30 min

Fine scale orography

Increasing resolution 


