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The integration of optical and radar data proves particularly valuable in overcoming
the limitations inherent to each individual data source. The method can effectively
detect and map debris accumulation with up to 90% accuracy in optimal conditions,
though performance varies depending on seasonal conditions and local topography.

Future developments: enhance the method's performance under winter conditions
and reduce false positives caused by seasonal changes in snow and ice → detailed
analysis of backscatter differences between rocky debris and snow or ice across
various scenarios.
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I) New debris detection with Sentinel-2 II) New debris detection with Sentinel-1
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• Clusters: adjoining pixels with modal ∆𝛾0 exceeding
Q3+1.5×IQR in each image and with time series
little correlated to each other.

• Pixel filtering: to exclude recurrent 𝛾0 values on the
previous hydrological year

• Pros: detection of debris also under clouds.
• Cons: tricky signal interpretation, influence of snow 

and ice conditions 

I) Sentinel-2 multispectral images:
Optical images from Sentinel-2 Surface Reflectance collection and S2 cloud probability
dataset → filtering of clouds and clouds shadows with S2-Cloudless algorithm over
each AOI; multispectral analysis.

II) Sentinel-1 GRD images (preprocessing and filtering as in Mulissa et al., 2021):
Change detection on backscatter coefficient (𝛾0) → identification of surface changes
linked, for example, to a roughness increase.

Debris deposits mapping on glacial
surfaces is important but
challenging, as debris accumulation
can alter a glacier's energy balance
and interfere with alpine routes.
Optical satellite imagery facilitates
their detection, but its effectiveness
is often limited by cloud cover.

Area ID Event Date of the event Time interval (t)

AOI-1 Scerscen landslide- Tscherva Glacier (CH) 15/04/2024 15/02/2024-15/06/2024

AOI-2 Zebrù rockfall- Vedretta della Miniera (IT) 10/09/2021 01/08/2021-30/10/2021

AOI-3 Mount Cook landslide – Gran Plateau Glacier (NZ) ~ 02/02/2022 01/01/2022-31/03/2022

AOI-4 Mont Miné and Ferpècle glaciers (CH) No event recorded
28/07/2021-08/09/2021; 
01/01/2021- 15/03/2021

AOI-5 Grivola Landslide -Trajo Glacier (IT) between 05/07/2017 & 14/07/2017 2017/05/01- 2017/07/13

Our workflow: integrates spaceborne radar and
multispectral data and it is applicable across
user defined temporal and geographic contexts.

• Sentinel-2 analyses:

• Sentinel-1 analyses:

Detection negatively affected by:
• Snow conditions: dry snow → weaker scattering variations (low dielectric

constant and reduced surface roughness effects) → little backscatter contrast
with debris deposits

• Rough surface: e.g. crevassed area increases the diffuse scattering→ difficulties
in distinguishing between debris signal and high backscatter from ice-related
changes.
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Comparison between manual mapping and automated debris patches delineation.

The methodology has been tested and validated across five glaciated regions,
spanning different seasons and snow conditions.
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• Pros: straightforward recognition of debris Vs ice and snow
• Cons: snow and cloud cover mask the debris that cannot be detected from the satellite

correlated uncorrelated 

b)

S2 imagery
available on the
date of the
landslide event
or the nearest
available date.

Best S2 image 
following the 
landslide in the 
considered time 
interval.
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