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AVALANCHES 

A large amount of ice, snow and rock falling quickly down the side of a mountain

 
Illustration of a snow avalanche in Queyras valley, Haute Alpes in 2015



SAR IMAGES AND AVALANCHES : BASIC CONCEPTS



Pre-processing of Sentinel-1 SAR images

Pre-processing of Sentinel-1 images using S1-Tiling chain developed by the CNES radar service

             Thanks : Adrien Mauss (CMS, Lannion, Meteo France)

● Orbit correction

● Thermal noise removal

● Terrain correction

● Radiometric calibration 
(sigma0)



 

Dynamical systems (DyN) framework for avalanche 
segmentation 



 

TEST SITE AND PERIOD



 

VALIDATION DATASETS 

Source : Hafner et, al, 2021

Dataset link: E. Hafner, S. Leinss, F. Techel, and Y. Bühler, “Satellite avalanche mapping validation 
data,” 2021. https://www.envidat.ch/dataset/satellite-avalanche-mapping-validation

Reference paper link : E. D. Hafner, F. Techel, S. Leinss, and Y. Bühler, “Mapping avalanches with 
satellites – evaluation of performance and completeness,” The Cryosphere, vol. 15, no. 2, pp. 983–1004, 
2021. [Online]. Available: https://tc.copernicus.org/articles/15/983/2021/

Avalanche outlines from SPOT-6 and Sentinel-1 for both 
years (2018 and 2019) are published online in Hafner et 
al, 2021.

- Avalanche oulines mapped over high-resolution 
SPOT-6 optical images

- Manually mapped outlines using Sentinel-1 images 
and using colour composite images

https://www.envidat.ch/dataset/satellite-avalanche-mapping-validation


 

RESULTS : Comparison of mapped avalanche zones (in black) with SPOT-6 
and reference Sentinel-1 outlines



 

SENSITIVITY ANALYSIS

Simple threshold : 
2.5 dB diff.

Avalanche segmentation 
at n = 1 : Seeding 

dominates 

Avalanche segmentation 
at n = 5 : Diffusion 

influences 

Based on 2500 random parameter 
combination runs



 

DyN mapping performance with Avalanche sizes 



 

Histogram of SAR backscatter differences for DyN 
avalanche pixels



 

CONCLUSIONS 

■ Avalanche detection formulated as a nonlinear excitation–diffusion process

■ Tested in Swiss Alps (for two seasons 2018–2019) using Sentinel-1 SAR images

■ Validated against SPOT and reference Sentinel-1 avalanche inventories with comparable performance

■  Two dynamical regimes identified:
– Reaction-dominated early iterations

– Diffusion-driven spatial propagation with increasing iterations

■ Medium–large avalanches reliably detected; small events often missed

■ Captures low and moderate backscatter changes, improving detection beyond fixed-threshold SAR 
methods.
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