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Introduction

With the increase in population and the decrease in water resources, the pollution of water resources,
especially surface water resources, has received more and more attention. The most widely used water quality
index is NSFWQI, which has been used and studied in numerous studies (Mahrouyan et al. 2021, Zamani-
Ahmadmahmoodi et al. 2021, Aghaee et al. 2020, Khalife and Khoshnazar 2018). Since several quality
parameters affect this index, the estimation and calculation of this index have always faced challenges. With
the advancement of metadata science and artificial intelligence, the use of machine learning models can be
useful in accurately estimating the water quality index, especially when limited data is available. In research,
various machine learning methods have been used to provide an optimal model for estimating the water quality
index, including Khoi et al. (2022), Rahaman et al. (2024), Lin et al. (2024), and Palabiyik and Akkan (2024)
noted. Considering that the Zayandeh Rood River is vital in the central plateau of Iran, it is important to detect
and estimate its water quality index. Also, given the unavailability of some data at some stations, the present
study can be a solution to this problem by examining the ability of two algorithms, Gradient Boosting and
Extreme Gradient Boosting, in estimating the water quality index (WQI).

Method

This research was conducted on 8 stations of the Zayandeh Rood River. The dataset used in this study
included water quality data from 8 stations: Shahrokh Castle, Zayandeh Rood Dam, Zamankhan Bridge, Cham-
Aseman Dam, Kaleh Bridge, Diziche, Lanej, and Musian, measured monthly over 31 years (1991 to 2022).
These data included (EC), (TDS), (pH), (TH), (CI), (Mg?), (Na*), (Ca?*), (S0+%), and (HCOg3) as target
features for estimating the water quality index (WQI). To calculate the water quality index in this study, the
NSFWQI index was used, which is one of the first and most widely used indices for the overall assessment of
water quality status (Alexakis et al. 2016, Sutadian et al. 2016) and is classified into five classes: very bad,
bad, moderate, good, and excellent. In this study, Machine learning models (GB and XGBoost) were used to
predict the water quality index (WQI) based on selected features, and coding was done in Google Colab using
the Python programming language. The evaluation criteria for presenting the best model were R2, MAE, ME,
MSE, RMSE, and NRMSE. Uncertainty analysis and cross-validation analysis were also performed.

Results

Since different water quality variables do not contribute equally to forming WQI values, it is
possible to identify several determinant variables that reflect the water quality status without losing
key information. In this study, the importance of the variables was identified by the SHAP method.
Based on this analysis, the importance of the variables was obtained as follows: EC, TDS, TH, pH,
HCOs, Mg?*, SO4%, CI', Na*, and Ca?*. Based on this arrangement, six series were defined, and the
aforementioned models were used for these series to estimate the water quality index. The results of
this study showed that in 7 stations, the GB model, and in only one station, the XGB model, is
recommended for estimating the water quality index. Also, among the defined series, series number
3 has the highest frequency in different stations as the optimal series, and this series can be introduced
as the recommended series. In this series, three parameters have been used to estimate the water
quality index. Comparison with previous research showed that Ejaz et al. (2024) and Sidek et al.
(2024) also introduced the GB model as the best model for estimating water quality index in their
research. The commonality of the mentioned research with the present research was the use of anions
such as CI-, cations such as K*, and features such as TDS and pH.

Conclusions

In this study, two augmented machine learning models were used to estimate the NSFWQI water quality
index. The findings of this study showed that the GB algorithm performed best at seven stations. The
coefficient of determination was in the range of 0.999-0.802, and the RMSE index was in the range of 0.112-
0.201. The results of the feature importance analysis showed that the features EC, TDS, TH, and HCO3 were
the most important, respectively. The study of different series introduced three key features, EC, TDS, and
TH, in predicting the water quality index. Therefore, since the goal of artificial intelligence is to reduce time
and cost in studies, by replacing 3 features instead of 10 features, a proper prediction of the Water Quality
Index (WQI) can be achieved. The findings of this study will help water managers and policymakers in
efficiently calculating water quality indices for rivers and streams. This is achieved by reducing
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computational time, lowering costs, and monitoring polluted stations. However, it is important to
acknowledge several limitations of this study, primarily related to the selection of physicochemical
variables and limited sampling locations. The research can be expanded with a larger number of
sampling locations and a wider range of physicochemical variables to predict the water quality index
of the Zayandeh Rood River.
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