
A Novel Perspective on Mapping Snow Cover Under Forest 
Canopy With Sentinel-2 Multispectral Optical Satellite 

Sensor Over Black Forest Germany

Arnab Muhuri
Professurfür Hydrogeographieund Klimatologie

Geographisches Institut, Universität Heidelberg, INF 348, 69120 Heidelberg
arnab.muhuri@alumni.uni-heidelberg.de



Mapping Snow Cover With Normalized Difference Snow Index (NDSI)

References: 
Valovcin, AirforceGeophysical Laboratory (Meteorology Division, Project 6698), 1976.
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Sentinel-2 Green Band: 560 nm Sentinel 2 SWIR Band: 1610 nm

NDSI = (            - )  /  (            +           )

NDSI > 0.4 indicates snow covered areas



Understanding Normalized Difference Vegetation Index (NDVI)
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Plant Cell Structure: Mesophyll

NDVI Over Australia 

References: 
http://www.bom.gov.au/
https://earthobservatory.nasa.gov/features/MeasuringVegetation/measuring_vegetation_2.php
https://www.researchgate.net/publication/228781235_A_review_of_hyperspectral_remote_sensing_and_its_application_in_vegetation_and_water_resource_studies



Normalized Difference Forest Snow Index (NDFSI) Over the Black Forest
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NDFSI



Problem Statement: Mapping Snow Under Forest Canopy
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Hundseck Test Site, Black Forest Germany As On 24th February 2019

Town Lichtental Near 
Baden-Baden, Germany

Hundseck Test Site

River Murg



What Areas Are We Looking At? NDSI Over the Black Forest
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Snow?



How Does the NDVI Decreases Over Evergreen Forests in Winter?
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1. Seasonal Drop in Chlorophyll Activity in the Black Forest 2. Under Canopy Snow Covers Moss on the Forest Floor in the Black Forest

3. Seasonal Change in the Solar Zenith Angle



NDSI-NDVI Temporal Statistics: Open Areas
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Open Areas = Minimum LAI
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Classical Approach



NDSI-NDVI Temporal Statistics: Moderately Forested Areas
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Moderately Forested = LAI Increases
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Novel Approach
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NDSI-NDVI Temporal Statistics: Densely Forested Areas

EGU 2020: A Novel Perspective on Mapping Snow Cover Under Forest Canopy With Sentinel-2 Multispectral Optical Satellite Sensor Over Black Forest Germany 9

Densely Forested = LAI Increases Further
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Mathematical Morphological (MM) Operation

Multispectral Optical Summer Scene

Proposed Algorithm
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Multispectral Optical Winter Scene

Yes Is Mean(NDSI) > 0.4?Snow Cover in Open Patches
No

Under Canopy Snow Cover

Total Winter Snow Cover Extent

Classical Approach

Novel Approach

Higher the Value of AĄ More Reliable are the Seed
Samples for NeighbourhoodGrowing via Mathematical
Morphology

-A isDirectlyProportionalto the Areaof the Bounding
EllipseEnclosingthe WinterSamples
-As Mean(NDSI)or Mean(NDVI)Tendsto UnityĄ A
Decreases



Mathematical Morphology (MM): A Neighborhood Growing Approach
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Structural Element

Original Image Image Post Morphological Operation
Image After Morphological OperationImage Before Morphological Operation



Performance & Conclusion
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Elevation Distribution Over NW Black Forest

1100 m

350 m

170 m

ProposedAlgorithm



Further Investigations: Relationship Between A & LAI?
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