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• Challenges using spectral 
information:

• Variability within surface classes

• Vegetation

• Rock

• Snow

• Spectral signature depends on 
illumination conditions

• Adaptive method required that 
incorporates multiple spectral bands

Estimating SCF in Mountainous Terrain [1/2]

25 November 2020, Alps (32TLR)
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Estimating SCF in Mountainous Terrain [2/2]

25 November 2020 in the Alps (32TLR) with the RGB 
colors scaled from 0 to 0.25, 0 to 0.15 and 0 to 0.15 3



• Multispectral Unmixing
• Constrained linear least-squares problem

Observation vector, design matrix, parameter vector

Subject to sum-to-one and non-negativity constraint

Methodology [1/3]
MultiSpectral Unmixing for mixed pixels
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• Error propagation

• Uncorrelated noise 
in observations

• Degrees of freedom



• Multispectral Unmixing
• Endmembers extracted from the image 

(separately for illuminated and shaded 
areas)

• Use of nearby endmembers

• Use of multiple combinations

• Ensemble SCF

• Characteristics
• Locally adaptive to:

• Intra-class variability

• Illumination conditions

• Robustness

• Uncertainty estimate
• Error propagation

Methodology [2/3]
LAMSU: Locally Adaptive MultiSpectral Unmixing
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Methodology [3/3]
LAMSU: Locally Adaptive MultiSpectral Unmixing
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SCF Example: S2B T32TLR - 25 Nov 20
LAMSU: Locally Adaptive MultiSpectral Unmixing
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Validation [1/3]: Strategy
LAMSU: Locally Adaptive MultiSpectral Unmixing

• Preparation of reference snow maps
• Very-High-Resolution WV-2/3 data (<2 m) over Alpine regions

• Binary snow classification using a supervised machine learning 
method

• Aggregation of snow maps to S2 resolution

• S2 SCF evaluation
• Pixel-wise comparison (Monte Carlo: 50% / 50% sampling)

• Calculation of statistical metrics (Bias, RMSE)

• Validation is independent of snow-free/snow distribution
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Validation [2/3]: Reference Data Preparation
LAMSU: Locally Adaptive MultiSpectral Unmixing

Aosta Valley (23 June 2020)

Binary snow map (0.30 m)

Isere Valley (22 November 2020)

Binary snow map (1.20 m) 9



Validation [3/3]: Results
LAMSU: Locally Adaptive MultiSpectral Unmixing

Isere Valley, 22 November 2020 : Bias*: +2.88 RMSE: 15.08%
Aosta Valley, 23 June 2020 : Bias*: -0.13 RMSE: 8.78%

SCF map from S2 (LAMSU approach) (20 m)WV-3 based aggregated reference snow map (20 m)

*Bias is WV-3 SCF minus S2 SCF 10



• Demonstrator
• Mountainous terrain

• Updates 4 times a day

• 18 UTM tiles

• Proof of concept

• Best-effort basis

• Currently 800+ tiles
• Quicklook

• S2 LAMSU SCF

• S2 LAMSU SCF RMSE

• SCF method      : LAMSU

• Cloud detection: S2Cloudless

• Water mask: Global Surface Water Dataset

LAMSU: NRT Demonstration [1/3]
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NRT Processor Demonstration [2/3]

S2B – 03 February 2023 (32TMS) SCF SCF RMSE
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• https://projects.enveo.at/service/hiressnow

LAMSU: NRT Processor Demonstration [3/3]
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https://projects.enveo.at/service/hiressnow


S3 SLSTR 500 m 2 April 2020 

Multi-sensor and Multi-resolution Snow Map

Concept for combining S3 SLSTR & OLCI

S3 SLSTR 500 m 2 April 2020 S3 OLCI+SLSTR 250 m 2 April 2020 S2 MSI 20m    1 Apr 2020

Walensee

Feldkirch



• The developed algorithm (LAMSU) exploits the spectral capabilities of a 
multispectral sensor and accounts for varying illumination conditions 
(shaded, illuminated areas) and surface classes.

• The performance of the algorithm has been estimated by 
intercomparison with a limited data set of snow extent products from 
very high resolution WorldView-3 data revealing RMSE < 16% and 
Bias < 3%.

• The method has the potential for global snow monitoring using medium 
range satellite data such as Sentinel-3. First products show promising 
results but further development, testing and validation in different 
environments needed.

• Further R&D on consistency between current sensors and expansion 
towards hyperspectral sensors (ENMAP, PRISMA, Copernicus CHIME) is 
ongoing.  

Conclusions
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