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2. Fractional snow cover (FSC) using Sentinel-3 

Different fractional snow cover algorithms and cloud masks for 

Sentinel-3 satellite data (SLSTR, 500 m) have been developed 

and validated using Sentinel-2 MSI data, by Norwegian Com-

puting Center (NR) Trier et al. 2024 (Fig. 2). Based on this vali-

dation work NVE has implemented FSC and cloud mask based 

on deep learning approach (DNN).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Visual comparison of four different algorithms for estimation of FSC 

from Sentinel-3A SLSTR from 21. April 2020. These have been tested in NVE Co-

pernicus services. Modified version of: S&A (Salomonson-Appel), S4S 

(Sentinel4Snow), SCAmod (Finnish SCAmod) and DNN (based on U-Net machine 

4. Comparison between Modeled and Satellite-Derived 

FSC for all Catchments  

To provide a more robust satellite-based FSC product with re-

duced sensitivity to cloud cover, the daily FSC data has been 

aggregated into a 3-day composite.  Additionally, for each ele-

vation zone to be included in the comparison, at least 50% of 

its pixels must be cloud-free (Fig. 3).  

 

 

Figure 3.  In 28 catch-

ments (orange), the 

HBV model underesti-

mated FSC compared to 

satellite observations. 

For 30 catchments 

(green) , there was a 

good agreement be-

tween the model and 

Sentinel-3 FSC. In 25 

catchments (gray), 

snow cover was mini-

mal, making compari-

sons insignificant. The 

remaining 37 catch-

ments were excluded 

due to excessive cloud 

cover, which prevented 

reliable satellite obser-

vations.  

2. The hydrological/snow model is a key component of 

NVE’s flood warning service 

Our hydrological model, HBV, operates across 122 individual 

catchments in Norway (see Fig. 1). The model calculates the 

hydrological state including snow conditions on 24- and 3-

hourly time step for 10 elevation zones. Snow distribution is 

represented using a lognormal distribution, which allows for 

the calculation of frac-

tional snow cover. As a 

result, model outputs 

can be evaluated 

against fractional snow 

cover (FSC) obser-

vations obtained from 

satellite data, airborne 

surveys, or terrestrial 

cameras. 

 

 

Figure 1. Map of Norway and 

the individual catchments 

where the HBV model is run  

(purple outline). The inset 

shows the Målselvfossen catch-

ment where the colour repre-

sent the ten elevation zones 

used by the HBV.  

3. Analysis for individual catchments 

A web application visualizes both modelled and satellite-

based fractional snow cover for individual catchments over 

time, enabling forecasters to monitor the model’s represen-

tation of snow conditions across different elevation zones 

and the time evolution (Fig. 4). The forecaster can also com-

pare the results visually using SeNorge.no website (Fig. 5) 

Figure 4. The modelled (solid line) and satellite (dots) based FSC for the 

Målelvfossen catchment from February to June 2025.  

Figure 5. To left Sentinel-3 SLSTR false color composite (RGB channels 5, 3, 
and 1) and right Sentinel-3 SLSTR fractional snow cover for Målselvfossen 
catchment from 6. June 2025 (SeNorge.no).   
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Conclusion: 

The use of the Sentinel-3 FSC product has significantly enhanced our ability to 

validate the flood forecasting model—an effort that was previously both diffi-

cult and demanding. As a result, it has contributed to improving NVE’s flood 

warning services (varsom.no).  
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196.35 Målselvfossen: Development of FSC for each elevation zone  model (lines) vs satellite (dot) 

1. Background  

In Norwegian mountain areas, as much as 50–60% of the an-
nual precipitation falls as snow, while in Norway as a whole, it 
is about 30%. Therefore, it is critical to have knowledge of 
snow amounts and their spatial distribution, particularly in re-
lation to spring melt floods, water resources management etc.    
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