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Why do we care?

Photo at Finse, Norway

Snow distribution matters for:
- Hydrology
- Ecological processes
- Climate
- Society (power, tourism, transport)

In tundra snowpack it is ~40% of SWE 
locked in drifts (Parr et al. 2020)

In Norway:
● 95% power production from hydropower 

○ 131 TWh in 2019 
○ French nuclear: 362 TWh (2024)
○ French hydro: 75 TWh (2024)
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How to measure and predict 
snow depth distribution?

> Measuring snow distribution at high resolution
- Catchment scale: probe transect, drone 

photogrammetry/lidar, GPR, dGPS
- Regional scale: airborne lidar, satellite 

photogrammetry, radar
- Global: yet to be solved

> Modelling snow distribution
- Approach 1: resolve as many redistribution 

physical processes (e.g. Vionnet et al. 2014)
- Approach 2: terrain based parameterization (e.g. 

Tabler’s drift profile, Winstral Sx index)

> Data assimilation (merging model and observation)
       - > Nicola’s presentation :)

> Downscaling



ICESat-2

- Launched in 2018
- Laser altimeter - 6 laser beams (10 kHz)
- 500 km in space, with accuracy of 4 mm
- Footprint ~15m
- 92 revisiting period

Source: nsidc.org

Source: nasa.gov

Previous work on retrieving snow depth at catchment scale:
- Deschamp-Berger et al (2023) (ATL06): a precision of 

∼ 1 m and a bias of ∼ 0.2 m 
- Enderlin et al. (2022) (ATL03): mean absolute 

deviation 0.2 m
- Besso et al. 2024 (ATL08): MAD of 0.2 m

=> promising but need more work (e.g. correct for slope, 
etc.)



ICESat-2



ECMWF ERA5 Land

- 1950 to present reanalysis 
- ~9 km spatial resolution
- Hourly atmospheric variables and 

land surface (i.e. snow depth)
- Global product

Source: cds.climate.copernicus.eu

Input DEMs

- National DTM 1 m - lidar  (Kartverket)
- National DTM 10 m - lidar
- Copernicus GLO-30 (DSM)
- FABDEM (DTM from GLO-30)



Validation data

- Airborne lidar data (Melvold and Skaugen (2013)
- 2 m gridded snow depth
- April 2008 and 2009

- SeNorge data
- 1*1km snow depth interpolation from 

weather station network

Source: www.senorge.no
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ERA5-Land downscaled (1km)

Results

ERA5-Land interpolated ERA5-Land downscaled (10m)

SeNorge (oper. Product, 1km)



Results - mesoscale (100 m): 



Results - microscale (10 m): 



Conclusion

● A new method to retrieve peak snow 
depth variability, trained on ICESat-2 
data, and applied to ERA5-Land

● R2 of ~0.8 at mesoscale (100m)
● New relevant index: the cumulative wind 

factor
●
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Mesoscale statistics







Cumulative wind factor

Leeward - deposition

Windward - erosion

Bennett et al (2022)


