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Integrating Remote Sensing Techniques and Statistical Modeling to
Estimate Oxidation—Reduction Potential (ORP): A Case Study
of the Al-Kabir Al-Shamali Estuary

Dr. Eng Assem Khatib* Dr. Mouhannad Hassan**
Abstract

Oxidation—reduction potential (ORP) is a key indicator for assessing the water
quality in coastal estuarine environments; however, intensive field-based
measurements of ORP remain limited in both spatial and temporal coverage.
This study aims to evaluate the potential of Sentinel-2 satellite data, integrated
with empirical statistical modeling, to estimate the spatial distribution of ORP
values in the estuarine zone of the Al-Kabir Al-Shamali River during the dry
season. A field-based marine survey was conducted to collect in situ ORP
measurements, which were subsequently linked to spectral reflectance values
and spectral ratios derived from Sentinel-2 imagery. A series of statistical
analyses was then performed to identify the spectral variables most strongly
correlated with ORP, followed by the development and performance
evaluation of a set of univariate and multivariate statistical models using both
linear and non-linear formulations.

The results demonstrate that spectral ratios, particularly G/B and R/B, exhibit
higher explanatory power for ORP variability compared to individual spectral
bands. The multivariate linear model combining the G/B and NIR/B ratios
achieved the best performance, yielding a coefficient of determination of 0.57
with acceptable estimation errors (RMSE=6.7mV and MAE=6.0mV). The
application of this optimal model enabled the generation of a spatial
distribution map of ORP values, revealing a clear gradient from reducing
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conditions in riverine waters near the estuary to more oxidizing conditions in
the open marine environment.

The findings of this study indicate that integrating multispectral remote sensing
data with empirical statistical modeling represents an effective approach for
supporting ORP monitoring in coastal estuarine environments, particularly in
regions with limited regular field measurements, and contributes to a more
comprehensive understanding of coastal water biogeochemical dynamics.

Keywords: Remote sensing, Sentinel-2, Oxidation-reduction potential, Water
Quality, Environmental statistics, Statistical modeling.
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