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Over the past century, water scarcity has become a significant global issue
Accepted: due to climate change, population growth, urbanization, and agriculture. In
01 December 2024 response to this problem, groundwater resources have been used extensively

for various purposes, including agriculture, industry, and drinking. However,
the increasing global demand for water has led to the overexploitation of
groundwater and a decline in quality. Groundwater pollution has adversely
affected the accessibility and suitability of groundwater and is detrimental to
human health. Furthermore, cleaning up polluted groundwater is costly and
Groundwater, time-consuming due to the complex nature of groundwater systems and the
Khorramabad, _ invisible threat of groundwater contamination. Therefore, assessing and
S,\’/Lljpport Vector Regression, monitoring groundwater quality is crucial, considering the potential risk of
etaheuristic. L . -
groundwater contamination and its effects on human usability. In recent
years, models based on artificial intelligence approaches have been
employed due to the non-linear and complex nature of geohydrological
issues. Khorramabad is one of the important regions of Lorestan province,
where the drinking water of the city is supplied from groundwater resources.
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In recent years, the quality of drinking water in this region has faced problems. The
quality of groundwater in this area has decreased annually from the past to the
present, posing a serious threat to the health of living organisms. Therefore, it is
essential to analyze and investigate the quality of groundwater in this region using
a hybrid model of support vector regression with metaheuristic algorithms to
estimate the hardness of groundwater.

Methodology

To model the hardness of groundwater in the Khorramabad plain, a support vector
regression (SVR) model was used in conjunction with wavelet, grey wolf, and
firefly algorithms. In the SVR model, activation functions known as kernels were
also utilized. These kernels included radial basis, polynomial, and linear functions,
which were examined in this research. For this purpose, the values of the
qualitative parameters of the Nasirvand piezometric well were normalized and then
fed into the SVR model. In recent years, because the parameter values of the kernel
functions in the SVR model are chosen randomly, optimization algorithms have
been used to increase the model’s accuracy and reduce errors. In this study,
wavelet, grey wolf, and firefly algorithms were also used to optimize the tuning
parameters to improve the model’s performance. Therefore, in this research, after
entering the input parameter data into the model and optimizing the tuning
parameters, a hybrid model structure is formed, leading to the computational
response of the model. Since the stopping criterion in training artificial intelligence
models is the error rate, the model stops at the lowest error rate, and the output is
generated.

Results and Discussion

The results showed that hybrid models in the combined scenario, which included
all input parameters, had less error compared to other scenarios. Therefore,
increasing the number of effective parameters in hybrid models based on support
vector regression leads to an increase in the model’s performance. Also, all models
show better accuracy with the radial basis kernel function. The results of the
studied models, according to the evaluation criteria, showed that the support vector
regression-wavelet model with the highest correlation coefficient of 0.917, the
lowest root mean square error (ppm) of 0.190, the lowest mean absolute error
(ppm) of 0.115, and the highest Nash-Sutcliffe coefficient of 0.920, showed better
performance in the validation stage.

Conclusions

The results of the study, based on the evaluation of scenarios consisting of input
parameters, showed that in all the models examined, increasing the number of
effective parameters in different modeling methods leads to better performance in
estimating the hardness of groundwater. Furthermore, the results from the
evaluation criteria indicated that the support vector regression-wavelet model has
high accuracy and negligible error. Additionally, according to the examined
graphs, the support vector regression-wavelet model estimated the groundwater
hardness values close to their actual amounts.

Overall, the results of this study indicate that the use of artificial intelligence
models based on the support vector regression approach can be beneficial for
estimating the quality of groundwater over a 20-year statistical period for other
regions of the country and is a step towards making appropriate management
decisions. It is also suggested that to improve the quality of results, precise
statistics and long-term datasets should be used, and to evaluate the model, the
results should be compared with other regions.
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Figure 1- Study area
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Table 1 - Geographical location of the studied stations
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Table 1 - Statistical characteristics of the qualitative parameters

under study

CeSobes Re)
Mean Unit

S los EIRES
Maximum  Minimum

al>
Phase

b
Parameters




22 0.400 3.024 ppm Cl
10 0.300 2.360 ppm S04
6.900 1.200 3.250 ppm Mg gl
9.300 1.600 4.640 ppm Ca
805 160 395.560  ppm Th
10.500 3 6.650 ppm HCos
24.700 0.400 3.040 ppm Cl P SURRE
5.900 0.400 2.220 ppm S04
9.300 1.800 3.660 ppm Mg
9.200 1.200 5.150 ppm Ca
925 240 434.460  ppm Th
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Table 2 - Input combinations of the models under study

<z $3959 o)l
Output Input Number
TH (t) HCO3(t) 1
TH (t) HCO3(t), CI (1) 2
TH (t) HCO3(t), CI (t), SOA(t) 3
TH (t) HCO3(t), CI (1), SO4(t), Ca (1) 4
TH (b) HCO3(t), CI (1), SO4(t), Ca (t), Mg (1) 5
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Table 3 - Error rate of the models under study under different scenarios

e e el g2 lews Joe

Testing Training Senario Model
RMSE (ppm) RMSE (ppm)

0.248 0.278 1

0.234 0.256 2

0.220 0.245 3 GWO-SVR

0.210 0.238 4

0.205 0.231 5

0.236 0.258 1

0.221 0.247 2

0.212 0.238 3 FA-SVR

0.205 0.231 4

0.198 0.225 5

0.244 0.261 1

0.228 0.248 2

0.221 0.242 3 WSVR

0.210 0.236 4

0.205 0.231 5
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Table 4 - Results of the models studied

T S sl N Jse
Testing Training Kernel Model
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NS MAE RMSE R NS MAE RMSE R
(ppm) (ppm) (ppm) (ppm)
0.905 0.131 0.205 0.900 0.895 0.146 0.231 0.890 RBF GWO-
0.895 0.144 0.217 0.890 0.885 0.154 0.240 0.880 Poly SVR
0.890 0.155 0.224 0.885 0.880 0.162 0.248 0.870 Line
0.910 0.122 0.198 0.910 0.905 0.139 0.225 0.901 RBF
0.905 0.129 0.208 0.900 0.900 0.148 0.238 0.895 Poly FA-SVR
0.900 0.148 0.216 0.897 0.895 0.155 0.242 0.880 Line
0.920 0.115 0.190 0.917 0.915 0.132 0.220 0.910 RBF
0.910 0.123 0.202 0.905 0.908 0.141 0.227 0.900 Poly WSVR
0.905 0.142 0.224 0.895 0.900 0.148 0.236 0.890 Line
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Figure 4- Time series diagram of the models under study
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Figure 5 - Error rate diagram of the models under study
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