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Adjacency effect
Scattering

Diffuse
Conventional masks fail to account for:

Optically complex watersTurbid, mixed, variable Rrs
Mixed land-water pixelsRiverbanks, bridges, buildings, Ships
Shadow contaminationDark surfaces classified as water signal
No confidence measureBinary masks hide uncertainty
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Optically complex pixels look ambiguous to any single spectral index



To substitute binary classification with probabilistic water mask
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A value between 0 and 1. Prob = 0.87 means "water in 87 of 100 simulations"

High P → confident water;  Low P  → confident non-water;  P ≈ 0.5 → genuinely ambiguous pixel
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Estimate Probability P(water) per pixel
Instead of deterministic decision of water / non-water from single index

Capture uncertainty explicitly

MC threshold = 0.70

In urban river like theSeine, boundary is not assimple as it looks.

(Amin et al, 2026)



Method
Input: Rrs (B,G,R,NIR,SWIR1,SWIR2)

NDWI, MNDWI, AWEI, and MBWI werecomputed independently per iteration. Atleast 2 of 4 must vote 'water’ to reducesfalse positives from any single index.
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AccuracyShp: openwater/Bridges
(Feyisa et al. 2014; Wang et al. 2018) 
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• Seine River, Paris
• Urban, narrow, turbid, optically complex
• Sentinel-2 ACOLITE L2W Rrs(atmospherically corrected)
• The Seine hosts Olympic-standard open-water swimming since 2024, requiring reliable real-time water quality monitoring at spatial scale. 
• Water masking is the critical first step in the WQ retrieval chain.
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P(Water Mask)

NDWI
Results 1/4
Spatial Probability Patterns
Main river channel: High-confidence water dominates (mean P ≥ 0.9; >97% pixels high confidence)
Riverbanks & bridges: Intermediate probabilities concentrated here
Narrow tributaries: Mixed probabilities reflecting optical complexity
Shadows & dark surfaces: Suppressed by NIR/SWIR physical gates
Transition zones: P 0.3–<0.7 spatially confined to water-land edges

MC result: P ≥ 0.70 extracts only confirmed open water. Problem
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Δμ = 0.665highest class separationBridge identified as non-water: 86%

River pixels identified as water: 80.7%

Cumulative distribution
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Higher Δμ = better separation of water pixels from bridges.
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MC Prob MNDWI NDWI AWEI MBWI

Δμ = 0.665 Δμ = 0.532 Δμ = 0.403 Δμ = 0.033 Δμ = 0.039 
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Correlation between MC P(water) vs Spectral indices 
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MNDWI NDWI AWEI MBWI

MC prob vs Spectral indices 
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Conclusion
• MC correctly identifies 86% of bridge pixels as non-water (P < 0.70), outperforming all four spectral indices on intra-river structure discrimination.
• MC achieves the highest class separation (Δμ = 0.665) between open water and bridge surfaces.
• MC probability is physically consistent with all spectral indices (Spearman r ≈ 0.70), confirming uncertainty propagation respects the spectral physics.

The MC probabilistic framework 
does not totally replace spectral 
indices BUT it integrates them into 
a calibrated uncertainty estimate 
that makes the right tradeoff for 
water quality monitoring: 
maximum confidence in what we 
call water, with transparent 
quantification of where we are 
uncertain.
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NDWI - Normalised Difference 

Water Index (Green - NIR) / (Green 

+ NIR) 

MNDWI - Modified Normalised 

Difference Water Index (Green - 

SWIR1) / (Green + SWIR1) 

AWEI - Automated Water Extraction 

Index, shadow-corrected variant 

AWEIsh (Feyisa et al. 2014) 

MBWI - Multi-Band Water Index 

(Wang et al. 2018)
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