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Satellite-based Snow Cover Area (SCA) time-series, derived from optical sensors, 
are essential for tracking snow presence over large areas to support hydrological 
modeling. To accurately monitor SCA, it is essential to merge high-resolution (HR) 
sensors with daily low-resolution (LR) sensors.
However, the following issues might arise:
• Classification errors, particularly in shadowed regions and forested areas where 

snow beneath the canopy is not visible (HR) or due to large view angles (LR);

• Cloud obstruction, which affects optical sensors and necessitates gap-filling 
algorithms may introduce uncertainties;

• The need to integrate multi-source data to overcome the trade-off between 
spatial and temporal resolution, requiring downscaling techniques that may 
further propagate errors.

These issues introduce inconsistencies when assimilating SCA into snow models. 
For instance, errors during the melting period, especially near the end of the 
snow season, can cause intermittent and inaccurate representations of snow 
cover due to misclassification of snow patches. Such challenges complicate the 
use of SCA in simplified modeling frameworks like backward Snow Water 
Equivalent (SWE) reconstruction, where precise timing of snow disappearance is 
crucial.

By providing coherent, harmonized SCA time-series, this approach improves the 
integration of satellite-derived snow cover data into snow models, eliminating the 
need for further pre-processing.

Our SCA time-series is derived from MODIS and Sentinel-2 data using a data 
fusion approach described in [1].

In the resulting product, we identified two main sources of error:
• Underestimation of snow under canopy by high-resolution (HR) sensors;
• Errors in SCF detection by low-resolution (LR) sensors due to large view angles.

These issues lead to spurious and unrealistic pixel class oscillations (i.e., back-
and-forth changes between snow and no-snow), which can severely affect the 
coupling of SCA products with snow models.

To address this, we developed a harmonization approach that ensures consistency 
between SCA dynamics and the meteorological forcing (temperature and 
precipitation).

In a previous work [2], the harmonization was based on a common snow state for 
the entire basin, based on in-situ snow depth data. The method corrected 
inconsistencies such as:
• Increases in snow cover without corresponding snowfall (accumulation);
• Decreases in snow cover during periods without expected melting.
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Results

However, this 
approach assumes 
uniform snow 
dynamics across the 
basin, limiting its 
applicability in 
larger or 
heterogeneous 
regions. 

The current 
approach is based 
on meteorological 
fields or 
atmospheric 
models (e.g., ERA-5) 
that are assumed to 
be reliable in timing 
and space.

Implementation 
through logical 
masks and xarray. 

Example 1: transition snow (t-1) to snow-free (t) is not allowed. 
A pixel at time t has been erroneously classified as snow-free when its state is 
accumulation. 

time

• Recent snowfall
• Most frequent label t±5 days: SNOW
• Possible error: snow under canopy or 

snow in shadow

Example 2: transition snow (t-1) to snow-free (t) is not allowed.

time

• Recent snowfall
• Most frequent label t±5 days: SNOW 

FREE
• Possible error: cloud classified as snow

Example 3: transition snow (t-1) to snow-free (t) is not allowed.

time

• Recent snowfall
• Most frequent label t±5 days: SNOW 

FREE
• Replacement backward in time up to 

the date of the last ablation!!

Example 4: typical error in the ablation phase.

time

• t=7 
• Recent snowfall
• Most frequent label t±5 days: SNOW

• t=11 
• Old snowfall
• We consider only HR up to the last 

accumulation: SNOW
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Application to the Alpenrhein basin (Europe). Precipitation and temperature 
fields from the EMO-1 dataset, used as forcing in the European Flood Awareness 
System (EFAS) [3]. 

Application to the El Yeso basin (Chile). Precipitation and temperature fields from 
the CR2MET dataset [4]. 
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