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2. Satellite and modelled snow cover for the flood warning 
 
 
 

1. SATSKRED - Snow avalanche detection  

An automatic snow avalanche detection algorithm was developed over sever-
al years. Overall, the newest deep learning model detected 472,741 avalan-
ches during the period with two Sentinel-1 satellites from 2016 to 2020 (See 
Andreassen et al.,2025 for complete references). The algorithm detects 
avalanches with a minimum area of 4,000 m² (10 pixels).  

 
 
 
 
 
 
 
 
 
 
 

3. Glacier lake outburst floods (GLOFs)  

 
 

 
 
 
 
 
 
 

Figure 2: Varsom-app and Regobs are 
crowdsourcing tools for in situ observations 
from the public and experts.  
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Conclusion 
NVE's Copernicus Services is managed in-house at NVE and co-funded by the 
Norwegian Space Agency. The project establish production lines that streamli-
ne the process from satellite image download and algorithm application to 
the distribution of resulting products directly into users' familiar working envi-
ronments and applications. Main challenges are sufficient temporal resolu-
tion, clouds and shadows, polar night, reduced revisit time (Sentinel-1B), trai-
ning of interpreters and uncertainty measures. 
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Figure 1: NVE observe various themes related to geo-hazards using Sentinel-1, -2 and –3.  

The European Union's Earth Obser-
vation Program, Copernicus, has 
become essential for mapping and 
monitoring activities conducted by 
the Norwegian Water Resources 
and Energy Directorate (NVE). The 
applications based on the data are 
increasingly important for warning 
services, risk assessment, natural 
hazard management, and emer-
gency preparedness (Figure 1).  

Products from NVE’s Copernicus Services, 
support decision-making for Varsom 
(varsom.no), NVE’s warning services for 
snow avalanches, landslides, lake ice, and 
floods. In addition, Copernicus satellite 
data and products enhance process un-
derstanding, improve NVE's basemaps, 
and facilitate analyses of climate change 
impacts. At NVE, satellite products are 
combined with other data sources like 
modelled and in situ data (Figure 2).  
Snow avalanches and floods pose risks to 
Norway’s environment and infrastruc-
ture, and through its warning services, 
NVE helps prevent accidents and mitigate 
potential impacts. We showcase three 
NVE Copernicus products.  

Avalanches are a frequent natural 
hazard in Norway, with several 
thousand occurring each winter 
(Figure 3). Satellite data give us 
the opportunity to measure and 
monitor avalanche activity over 
large parts of the country with 
high spatial resolution.  

Figure 3. Avalanche in Lavangsdalen, Troms. Top: The deposition after an avalanche is shown as bright 
pixels in the radar image. Bottom: Field photo where the outer edge of the avalanche is marked with a 
green dotted line. Source: NORCE. 

Satskred analyses contribute to a better 
understanding of the situation and to the 
validation of the avalanche warning given 
prior to the event. The number and size of 
the observed avalanches indicate that the 
warning described the expected avalan-
che conditions very well (Figure 4, Kos-
berg et al.,2023, Andreassen et al.,2025). 
Satskred is also used to evaluate the snow 
avalanche run out zones product NVE 
publish at regobs.no (Hobber,2024).  
 
Snow avalanche detections are available 
at satskred.nve.no. 

Figure 4. Manually identified (orange) and automatically 
identified (yellow) avalanches marked as points. A total 
of 375 avalanches were identified manually and 231 au-
tomatically in radar images from the Sentinel-1A satellite 
in march 2023. The blue rectangles show the processing 
areas for the satellite images. The red polygons mark the 
boundaries of the regions used in the avalanche warning. 
Source: Kosberg et al.,2023.  

During spring flood, NVE's flood and landslide warning service has long desi-
red a product that can be used to assess the snow storage simulation in our 
forecasting models. In 2024 NVE implemented a snow cover fraction product 
for Sentinel-3 SLSTR using deep learning algorthm (Trier et al.,2024, Andreas-
sen et al.,2025). This product is currently aggregated spatially to catchments 
and their elevation zones, and compared to the HBV model simulations 
(Figure 5 and 6).  

Figure 5 (above): One of the products that compi-
les data for single catchments modeled in the flood 
warning system. A web application plots modeled 
and satellite-based snow cover extent over time, 
enabling forecasters to track the model's state 
description across different elevation intervals.  

Figure 6 (right): Information from all catchments 
on a given day provides a concise summary for war-
ning situations. Each dot is one catchment. It high-
lights areas where the model overestimates or un-
derestimates snow cover, where there is good 
agreement, and where snow cover is minimal,  

making comparisons insignificant.  
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NVE routinely monitors the development and changes of glacier lakes across 
the country (Figure 7). With semi-automatic utilization of Sentinel-1 and -2 
images, NVE monitor changes in glacier lakes. In addition, datasets of glacial la-
kes are available at NVEs Glacier Inventory (temakart.nve.no/tema/breatlas). 
Figure 7: a) Map of the glacier lakes NVE monitor. b) Geometries are made for the glacier lake on every 
cloud-free day with images, and the graph represents the change in the glacier lake's area over time 
(Andreassen et al., 2025). Here exemplified with Messingmalmvatnet/Blåmannsisen (ID 444). c, d, e, f) 
Copernicus Sentinel Data 2024. g) Time series of Sentinel-1 VV backscatter (db) showing an increase in 
backscatter when the glacier lake drained between 8-20 August 2024. 

Time series of area change on Messingmalmvatnet 
at Blåmannsisen glacier 


