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1- Background

➢ Coastal waters (Case-II) are optically complex

➢ Multiple constituents affect surface reflectance:

❖ Chlorophyll-a (Chla) 

❖ Total Suspended Matter (TSM) 

❖ Colored Dissolved Organic Matter (CDOM)

➢ Existing approaches:

❖ Empirical   → site-dependent 

❖ Analytical   → complex & sensitive 

❖ Machine Learning → black-box

➢ Key Challenge:

Separating mixed spectral signals into physically 

meaningful components

2- Objective

Develop a physically interpretable and scalable 

framework to:

✓ Decompose reflectance spectra using Gaussian 

Spectral Decomposition (GSD)

✓ Extract constituent-related features

✓ Retrieve Chla & TSM accurately

✓ Work for both in-situ & satellite data

3- Study Area & Data

 Dutch Wadden Sea (Highly turbid coastal system)

Datasets:

➢ In-situ hyperspectral Rrs()

➢ In-situ Chla, TSM, and CDOM 

➢ Long-term water quality measurements 

Satellite: 

➢ Sentinel-2 MSI 

➢ Sentinel-3 OLCI

4- Methodology

5- Results

Spectral decomposition of MEMs into Gaussian components.

The modeled end-

members (MEMs) 

generated from the 

combinations of Water 

constituents 

Concentrations (WCCs) 

Correlation between measured and predicted WCCs Abundance maps of the five MEMs fractions derived from S2-MSI Rrs() spectra using GSD Application of the GSD model to S2-MSI and S3-OLCI imageries 

6- Key Results & Conclusion

Parameter R² RMSE

TSM ~0.73–0.74 ~6.3 g/m³

Chla ~0.79–0.81 ~4.0 mg/m³

• In-situ Retrieval Performance

➢ Stable across MEMs & EEMs

Sensor
Paramet

er
R² 

(MEMs)
R² 

(EEMs)

S2-MSI TSM 0.64 0.57

S3-OLCI TSM 0.69 0.59

S2-MSI Chla 0.78 0.63

S3-OLCI Chla 0.73 0.65

▪ Satellite Retrieval (Key Insight)

 MEMs outperform EEMs

➢ More robust to:

✓ Noise 

✓ Atmospheric correction 

✓ Spectral Band limitations 

Conclusion

➢ GSD enables accurate + interpretable WCC retrieval 

➢ MEMs are: 

✓ More stable 

✓ More transferable 

✓ Less sensitive to noise 

 GSD is Suitable for operational coastal monitoring

The MATLAB code for Gaussian Spectral Decomposition can be accesses at

https://github.com/arminaMMX/GSD_for_Water_Quality

a) Geoinformatics - Spatial Big Data Research Group, Faculty of Biology, Chemistry & Earth Sciences, University of Bayreuth, Universitätsstraße 30, 95440 Bayreuth, Germany, Corresponding author: behnaz.arabi@uni-bayreuth.de

b) Bayreuth Center of Ecology and Environmental Research (BayCEER), University of Bayreuth, Bayreuth, Germany, meng.lu@uni-bayreuth.de

c) Iranian National Institute of Oceanography and Atmospheric Science (INIOAS), Etemadzadeh St, No. 3, 14118 13389 Tehran, Iran, moradi_msd@yahoo.com
Vienna, Austria & Online | 3–8 May 2026


	Slide 1

