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Abstract

The Water Quality Index (WQI) is an effective tool for assessing water resources, enabling comparison and
decision-making by combining multiple parameters into a single simple numerical value. However, the use of
standard weighting schemes without considering local conditions may lead to inaccurate results. This study aims
to optimize WQI calculation by adopting an integrated approach involving Principal Component Analysis
(PCA), Multi-Criteria Decision Making (MEREC), and artificial intelligence models. Twenty years of data
(2001-2021) from the Siahrood River in Mazandaran Province, encompassing 11 water quality parameters, were
analyzed. Dimensionality reduction was performed using PCA, and WQI was calculated through the MEREC
method. Additionally, WQI prediction was conducted using two algorithms (Linear Regression and Random
Forest) under both full and reduced datasets, and evaluated through indicators such as EVS, MAPE, and R2. The
findings revealed that turbidity, as the key factor in physical pollution, exhibited strong correlations with TSS,
BOD, and COD. Other principal components indicated microbial, chemical, and thermal pollution stemming
from sources such as wastewater discharge and agricultural activities. The mean WQI values indicated poor
water quality in most sampling stations. The Linear Regression model showed superior performance compared
to the Random Forest model, although dimensionality reduction slightly reduced predictive accuracy. According
to the MEREC method, total coliform (weight: 0.19) and turbidity (weight: 0.15) were identified as the most
influential parameters, highlighting the significance of microbial contamination and suspended solids. The
results underscore the necessity for continuous monitoring and effective management of pollution sources to
improve regional water quality.
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