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Extended Abstract

Introduction

Water quality assessment and prediction play crucial roles in ensuring the sustainability and safety of freshwater resources. That with
the rapid urbanization, industrialization and agricultural activities, large amount of river pollution from point or non-point sources have
posed increasingly challenges over the world. The ongoing deterioration of water quality has put safe water supplies at risk, causing water
pollution incidents and damaging aquatic ecosystems, especially in coastal cities with more prosperous economic development and intensive
anthropogenic activities. Throughout human history, access to clean water has been a fundamental necessity. The water supply is essential to
human well-being and is seen as a basic prerequisite for human activity and economical utility. Rivers, considered to be the most productive
ecosystems and is essential for eliminating and neutralizing different types of contaminants. Thus, it is most frequently mentioned as the surface
water sources that are exploited because of its accessibility and quantity, which have accelerated human development and population increase
close to water channels. One of the key indicators used to assess water quality is the Water Quality Index (WQI). Various models and methods
exist for calculating and estimating this index, with artificial intelligence emerging as a modern and effective approach in recent years. This

study aims to model the WQI in the Kashkan watershed using three models: SVR, SVR-GWO, and SVR-PSO.

Materials and Methods

To campare the result of the proposed models’ performance, the Cham Anjir, Kaka Reza and Sarab Syed Ali hydrometry stations in
Khorramabad, Biranshahr and Alashtar sub-watersheds (a part of Kashkan watershed) in western of Iran, is used as a case study area. The
geographic coordinates of the Cham Anjir, Bahram Jo, Kaka Reza and Sarab Syed Ali are 48° 15 ‘34” E 33° 26’ 55” N, 48° 17° 45”E 33° 34’
87N, 48° 13’ 51” E 33°43”39” N and 48° 12’ 14” E 33° 44’ 55” N, respectively. The studied area has a semiarid climate with a mean annual
rainfall Less than 500 mm. The studied area has a maximum elevation of 3578 m in Alashtar watershed and the minimum elevation of 1158 m
in khorramAbad watershed. Water quality parameters were collected over a ten-year period (2014-2023) at hydrometric stations located at the
outlet of sub-watersheds within the Kashkan basin. The input data for the modeling process included TDS, EC, pH, COs, HCOs, Cl, SO4, Ca,

Mg, Na, and K, which were used to calculate the WQI. For model development, 70% of the data was used for training and the remaining 30%
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for validation. The performance of the models was evaluated using error metrics such as MAE, RMSE, correlation coefticient (CC), and visual

tools including Taylor and violin box plots.

Results and Discussion

The results showen that the SVR-GWO model outperformed the SVR and SVR-PSO models. In the training phase, it achieved MAE =
0.986, CC =0.966, and RMSE = 0.792, while in the testing phase, the values were MAE = 0.936, CC =0.871, and RMSE = 3.727, respectively.
These findings indicate that SVR-GWO was the most accurate and reliable model for estimating the Water Quality Index (WQI). Moreover,
Thus, the Taylor diagram also concluded that SVR-GWO model was the most reliable soft computing technique for the prediction of WQI.
Thus, the violin cum box plot also supported the conclusion that SVR-GWO model had an edge on SVR and SVR-PSO in the prediction of
WQI. Conversely, the basic SVR model showed comparatively weaker performance. In general, the SVR-GWO model, is the powerful model
for the prediction of Water Quality Index (WQI). Therefore, according to the obtained results from this research, these optimal models can
be used to costly and time-consuming tasks of the estimation of Water Quality Index (WQI) from river. Also, these models can be used to
estimate the Water Quality Index (WQI) of nearby rivers by/without hydrometry station for the management of the quantity and quality of

surface water. In such a case, soft computing techniques (SVR-GWO model) can be used to assess water quality.

Conclusion

The present study focused on the development of a SVR, SVR-GWO, and SVR-PSO models to estimate the water quality
index(WQI). For this purpose, the quality parameters data of the Cham Anjir, Sarab Syed Ali and Kaka Reza stations in
Khorramabad, Alashtar and Biranshahr sub-watersheds composed of Water Quality Index (WQI), were used. In general, the
major conclusions of the study are as follows: among those models with the highest performance, the SVR-GWO has the highest performance
in both testing and training phases. The SVR-GWO predicted data are closer to observational data compared with the other model’s output data.
Besides, the SVR-GWO is the nearest predicted model with observational data. The SVR model is one of the most extensively used data driven
models in the natural literature, while the usages of other data-driven models are comparatively lesser. Also, the structure of the SVR-GWO is
very simple and very less time consumable. Thus, the SVR-GWO model can be useful in the Water Quality Index (WQI) modeling not only
for accuracy but also for its time-saving nature and simple structure compared with other models. Overall, the findings suggest that artificial
intelligence techniques, due to their cost-effectiveness and speed, offer strong capabilities for assessing and predicting surface water quality.
The WQI can also serve as a practical tool for the optimal management of surface and groundwater resources in watershed areas.
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Table 1. Characteristics of water quality parameters of the studied stations

e Lo Lokl 2l o S AL
SaraSeydAli KakaReza ChamAnjir Standard  Parameter
Sladl Gk S Gt Sl Sk S it Sl (ke S e
Sd,lxe Mean Min Max Sd,lx» Mean Min Max Sd,lx« Mean Min Max
241 9.38 4.68 19.78 1.33 8.58 5.31 15.12 2.38 3.50 7.71 18.06 500 TDS (mg/1)
0.50 1.95 1 4.05 0.27 1.78 1.14 3.10 0.49 2.82 1.60 4.070 500 EC (uS/cm)
0.61 11.34  9.51 12.29 0.48 1.54 10.14  12.33 0.73 11.13 9.58 12.54 6.5-8.5 PH
0.56 1.80 0.57 2.80 0.46 1.69 0.57 2.40 0.66 2.40 0.57 3.77 500 HCO3-
(mg/)
0.51 1.06 0.17 3.54 0.61 0.96 0.30 4.60 0.86 2.56 0.88 5.84 250 CL-(mg/l)
2.03 1.67 0.12 7.92 1.58 1.53 0.21 7.20 2.52 2.11 0 10.56 250 SO42-(mg/l)
0.45 1.62 0.75 2.81 0.34 1.59 0.81 2.37 0.58 2.01 0.62 3.44 75 Ca2-+(mg/1)
2.57 5.67 1.13 15.19 1.98 4.90 0.75 9.49 3.19 8.30 341 21.65 50 Mg2-+(mg/1)
0.24 0.26 0.02 1.58 0.17 0.20 0.02 1.43 0.42 0.70 0.10 2.01 200 Na+(mg/l)
0.05 0.03 0 0.36 0.02 0.01 0 0.12 0.09 0.07  0.008 0.46 10 K+(mg/l)
7.04 3498 23.65 57.18 4.60 3297 2541 49.56 7.37 4572 3299 64.24 - WQI
addllae 3550 (slaol&al ShalesT 5 2590l slaesls (5Ll Slo g —Y gk
Table 2. Statistical characteristics of the training and testing data of the studied stations
S]] il
ALk
S Sl Gk Sl s Db Gl 0SS S0 95 parameter
Sd Mean Max Min Sd Mean Max Min
53.60 269.24 484 170 96.898 334.95 573 150 TDS (mg/l)
82.12 420.17 745 275 155.502 525.29 977 241 EC (uS/cm)
0.30 7.90 8.39 5.07 0.527 7.64 8.53 6.47 PH
12.28 100.68 128.14 73.22 29.397 121.32 201.37 56.44 HCO3- (mg/l)
15.03 17.38 92.17 7.80 21.361 31.04 116.99 3.55 CL-(mg/l)
11.80 19.01 55.71 7.20 18.150 18.88 83.57 0 S0O42-(mg/l)
10.75 55.52 74.15 26.05 16.434 61.38 110.22 24.05 Ca2+(mg/l)
6.16 13.95 26.74 2.43 10.412 20.65 69.28 3.65 Mg2+(mg/l)
8.03 6.02 45.98 0.69 11.098 10.45 64.37 0.69 Na+(mg/l)
0.83 0.97 3.91 0 4.795 3.48 44.18 0 K+(mg/1)
10.99 38.07 64.24 25.22 6.658 35.56 51.15 23.65 WQI
A0 Ol ool (owsias 9 ool
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Table 5. Performance of the applied models

SVR SVR PSO SVR GWO =%
Models
o)
Train
0915 0.983 0.986 CcC
0.782 0.956 0.966 NSE
2.008 0.896 0.792 RMSE
J';il.aﬂ
Test
0.751 0.942 0.936 CcC
0.569 0.867 0.871 NSE
6.823 3.780 3.727 RMSE
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Table 3. Details of the weight and relative weight of the

parameters
WHO sylmbal  (Wi) o 05 @)o5s ek
WHO Standard Relative Weight (Wi) Weight (z)) Parameter
500 0.15 5 TDS
500 0.62 2 EC
6.5-8.5 0.12 4 PH
500 0.93 3 HCO*
250 0.12 4 CL-
250 12 4 SO 42'
75 0.93 3 Ca*
50 0.93 3 Mg?*
200 0.62 2 Na*
10 0.62 2 K"
- 1 32 Eans
Total

WQI jeosls &S o s -1 Jgia
Table 4. Qualitative classification of the Water Quality

Index (WQI)
WQI UAP-LL ‘.“ C"':’“:5
Index (WQI) WaterQuality
50> S
Excellent
50-100> <~
Good
100-200> -
Poor
200-300> A b
Very Poor

Unsuitéble for Use
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Fig 2. Scatter plot of observed data and model predictions during training and testing phases
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Fig 4. Plot of observed data and model predictions during the testing phase
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