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Water Quality Prediction in the Pearl River Basin Using an SVM-RF-ANN
Ensemble Model
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Abstract : Water scarcity presents a critical bottleneck to regional sustainable development. The highly urbanized
Pearl River Basin suffers from acute water quality—induced scarcity, making accurate prediction
essential for aquatic ecological security. Traditional methods, largely reliant on expert experience, are
often inefficient and prone to error accumulation.This study develops a machine learning framework
for water quality classification using monitoring data from 2015 to 2023 in the Pearl River Basin.
Three algorithms—Support Vector Machine (SVM), Random Forest (RF), and Artificial Neural Network
(ANN)—were applied, with hyperparameters optimized via grid search and cross—validation. Feature
importance analysis was conducted to identify key water quality indicators.A weighted soft-voting
ensemble was implemented, with weights dynamically optimized using Particle Swarm Optimization
(PSO), effectively integrating the advantages of each base model. The proposed approach
demonstrates enhanced overall accuracy and robustness, offering a reliable tool for refined water
quality management and supporting the sustainable utilization and conservation of water resources in
the basin.
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