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Snow and the mountain environment
Snow is an iconic component of the mountain
landscape especially in winter
Snow on the ground is sensitive to atmospheric
conditions, hence climate, in two additive ways:
rain/snow partitioning and snowmelt rate
Snow plays a pivotal role for several concerns:
- Natural hazard (avalanches)
- Water resources (input to mountain ecosystems,
hydropower, industry, agriculture, drinking supply)
- Natural heritage (cultural/aesthetics services,
glaciers)
- (Ski) tourism

Observations/trends at
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Atmospheric and
snow reanalysis
tools to assess
fluctuations and
changes in French
mountain areas
SAFRAN-Crocus
Mean winter snow depth,
deviation from 1959-2016 mean
at 1800 m altitude
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21st century
climate projections
- Global warming, what are
the local impacts ?
- Need to account for
various greenhouse
emission/concentrations
pathways (RCPs)
- Absolute need to use an
ensemble framework, to
properly address
uncertainty components.

IPCC AR5
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• Development and use of a chain of models
making it possible to adjust and exploit
climate projections from the global to
regional to local/mountain scale.
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• Use 13 GCM/RCM pairs covering RCP4.5 and RCP8.5 (4 feature RCP2.6)
• HIST : generally 1950 – 2005, RCP: generally 2005-2100. 3000+ simulation
years used.

• Use of ISBA-Crocus energy balance multi-layer snowpack model to
compute snow conditions
• Definition of annual scale indicators characterizing atmospheric and snow
conditions (mean, days above threshold etc.)
• Statistical framework to handle multi-scenario multi-annual multiGCM/RCM pairs (+ multiphysics Crocus version, not shown here)
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Verfaillie et al., soumis – Chartreuse 1500 m

Climate projections
for natural snow on
the ground

RCP 4.5
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Verfaillie et al., soumis – Chartreuse 1500 m

Climate projections
for natural snow on
the ground

RCP 8.5
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Verfaillie et al., soumis – Chartreuse 1500 m

Climate projections
for natural snow on
the ground

What is the impact of a 1.5°C,
2°C etc. global warming ?

IPCC AR5
- 30-years average of global air temperature:
1850-1880 (pre-industrial), 2010-2040, 2040-2070, 2070-2100
- Rate of change of local indicators on the basis of the same time periods, using
1986-2005 as a reference.
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- Use of all available climate projections
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Change with altitude
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1500 m : -22% per °C
2700 m : -9% per °C

Impacts are less pronounced at higher altitude (temperature change has a less
frequent influence on rain/snow partitioning at higher altitude)

Verfaillie et al., in prep
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-32% ± 7

14

Impact of global
warming level
1.5°C

Reference
1986-2005

Mean winter snowdepth
Change with altitude
2°C
3°C
4°C

1500 m

156 cm

-22% ± 12 -29% ± 13 -49% ± 9

-73% ± 9

-85% ± 5

2100 m

1500 m
2100 m

Change
77 cm
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1.5°C vs 2°C impact is
altitude and indicator-dependent
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Alps

Impact of global
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1.5°C
1500 m

Change

2700 m

2100 m

Reference
1986-2005

Mean winter snowdepth
Change with geography and altitude
2°C
3°C
4°C
5°C

16

Verfaillie et al., in prep

Mont-Blanc, 1500 m

Other variables: e.g. mean season length
Change with altitude
Mont-Blanc, 2700 m

1500 m : 24 days per °C
2700 m : 12 days per °C
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Conclusions
Explicit ensemble-based model
chain from global to regional to
local impacts of climate change in
mountain areas (atmospheric and
snow conditions) in French
mountain areas.
Quantitative analysis based on
explicit computation of continuous
scenarios 1950-2100 but also
assessment of global
temperature relationships.

1.5°C global warming (since
pre-industrial defined here as
1850-1880) has a significant
impact on natural snow
conditions (from 1986-2005),
impacts increase at 2°C and
beyond, in a linear manner for
most variables and indicators
(BUT the slope depends on the
indicator, altitude and location)
Data available for further impact
studies: managed snow, glacier
mass balance, hydrology,
ecosystems response etc. 19
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