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Evaluation of Water Contaminants in Lakes Using Remote
Sensing Techniques (Case Study: Lake Zarivar)

Abstract

The increasing global population and unchecked wastewater discharges have significantly degraded surface water
resources, resulting in accelerated algal blooms, diminished dissolved oxygen levels, and overall water quality
deterioration. Traditional field-based monitoring approaches, while accurate, are time-consuming and resource-
intensive. Consequently, remote sensing technologies, particularly satellite imagery, have emerged as viable
alternatives for efficient and large-scale aquatic ecosystem monitoring. This study investigates the application of
Sentinel-2 satellite imagery for assessing the spatial distribution of water pollution in Lake Zaribar, located in
Kurdistan Province, Iran. The Normalized Difference Water Index (NDWI) was first used to extract the water
body from satellite data. Subsequently, the Normalized Difference Chlorophyll Index (NDCI) was applied to
estimate chlorophyll-a concentrations, a reliable proxy for eutrophication and biological productivity. The NDCI-
derived chlorophyll-a values exhibited high correspondence with field data (R2=0.90; RMSE=0.07), indicating
robust model performance. Land use classification was performed using the Random Forest machine learning
algorithm, identifying five dominant land use types: forest, water body, urban, agriculture, and mixed forest-
pasture. The classification yielded an overall accuracy of 92.04% and a Kappa coefficient of 88.78%, reflecting
high reliability. Results revealed that pollution levels were highest in the lake’s eastern region, driven by
agricultural runoff, untreated urban wastewater, and tourism-related activities. Conversely, central areas showed
lower chlorophyll-a levels, likely due to dilution by groundwater-fed springs at the lakebed. Four major surface
waterways were identified as pollution conduits, intensifying nutrient loading and subsequent eutrophication near
the shoreline. The findings emphasize the significant role of land use in shaping water quality dynamics.
Agricultural expansion and urban sprawl around the lake increased nutrient influx, whereas forested zones helped
buffer pollution. The integrated use of Sentinel-2 data and machine learning techniques demonstrated effectiveness
in both identifying pollution hotspots and guiding water resource management. In conclusion, the study validates
remote sensing as a reliable and cost-effective approach for continuous lake monitoring. It provides decision-
makers with a scientific basis for implementing targeted pollution mitigation strategies and reinforces the
importance of preserving forested catchments to protect aquatic ecosystems such as Lake Zaribar.

Key words: Zaribar Lake, Sentinel-2, Chlorophyll-A concentration, Water quality, Pollution
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