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Introduction：Wet Snow Mapping using SAR Imagery

Solution: 

• SAR + Topographic Data
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Sentinel-1, RcSentinel-2, RGB

• Wet snow appears much darker in radar 

images than dry snow or no snow. 
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• We can map wet snow using the change of 

backscatter between seasons.
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Challenges in Karakoram

• Rugged terrain significantly distorts the 

backscatter ratios.



Method
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Step 1: Convert 𝑅𝑐 to Wet Snow Score

Step 2: Calculate Topographic Score

Step 3: Generate Wet Snow Map



Step 1: Convert 𝑅𝑐 to Wet Snow Score 𝑝 𝑅𝑐

𝑅𝑐 of summer acquisitions

Randomly 

Sample Pixels 

𝑝 𝑋 =

𝑘

𝐾

𝜋𝑘𝒩 𝑋 𝜇𝑘 , 𝜎𝑘 , (𝐾 = 2)

Gaussian Mixture Model (GMM) 

𝑅𝑐 4

Wet Snow 
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Dry/No Snow 
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Step 1: Convert 𝑅𝑐 to Wet Snow Score 𝑝 𝑅𝑐

𝑝 𝑅𝑐 =
10

1 + 𝑒𝑘 𝑅𝑐−𝑥0
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Step 2: Calculate Topographic Score 

Elevation

Slope Angle & Aspect

𝐼𝑥,𝑦(ℎ, 𝑑, 𝛼)

(1) Classify pixels into topographic bins:

𝐼𝑥,𝑦 ℎ, 𝑑, 𝛼 ∈ 𝑇𝑖(ℎ𝑖 , 𝑑𝑖 , 𝛼𝑖)

(2) Calculate the median of 𝑝 𝑅𝑐 for each 

topographic bin:

𝑝 𝑇𝑖 = 𝑀𝑒𝑑(𝑝𝑥,𝑦 𝑅𝑐 )

Steps:

(3) Generate topographic score map:

𝐼𝑥,𝑦(ℎ, 𝑑, 𝛼) 𝑝𝑥,𝑦(ℎ, 𝑑, 𝛼)

Given an image of 𝑝(𝑅𝑐) of a specific day:
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Step 2: Calculate Topographic Score 
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Flat Terrain: Slope aspect ratio has little influence 

on the vertical distribution of snow

Steep Terrain: South facing slopes have relatively 

higher snowline than north facing slopes.
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Step 3: Generate Wet Snow Map
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𝑃𝑤𝑠 = 𝑝 𝑅𝑐 ∗ 𝑝(ℎ, 𝑑, 𝛼)Joint Wet Snow Score:  

Fitted Logistic 

Curve

Threshold



2. Sentinel-2 Snow Map (including dry snow)

S2 L2A

DEM

Cloud Class

NDSI 

Snow Mask-1 Snow Mask-2
Ice Removal

𝑉𝑁𝐼𝑅(𝐵08) > 0.4

Validation

S. Gascoin, M. Grizonnet, et al. 2018. doi: 10.5194/essd-2018-144.

S2 Snow Mask
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1. Backscatter Ratio Thresholding Method

• Filter pixels using R𝑐 < −2 𝑑𝐵

https://doi.org/10.5194/essd-2018-144


Study Site and Data

Sentinel-1 

VV & VH, Descending

Duration: 2017.03 ~ 2020.03

Acquisitions: 72

Test Site

S1 Date: 2019-07-14

S2 Date: 2019-07-17
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DEM: TanDEM-X 30m 
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Test Site – Sentinel-2 RGB



Results – Joint Wet Snow Score
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Results – Wet Snow Map [ 𝑝 𝑊𝑆 ≥ 6 ]
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Comparison
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S2 Snow Map Joint Score 𝑅𝑐 < −2 𝑑𝐵

False Positive

False Negative

(Missed detection)

True Positive

Note:  Missing detection 

is also possibly caused 

by dry snow.



Validation
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* Only regions with elevation between 4000m~5500m

Confusion Matrix:

Dry Snow

Snow Fraction along Elevation:



Conclusion & Outlook

• The proposed method can effectively 
incorporate SAR and topographic data to map 
the wet snow in Karakoram. 

• The method is robust to complex terrain, and 
can be easily implemented for regional 
application. 
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Further improvement:

• Incorporate more types of data

• Combine Ascending & Descending images

• Use advanced machine learning algorithm.

• Try more feature engineering technique.



Backup
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Backup
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