Hydrogeomorphology Vol. 12, No. 44, 2025

Research Paper

. Evaluation of the Accuracy of Metaheuristic Models in
<< . Simulating the Discharge of the Karkheh River

199
Yabriz University

Reza Dehghani "', Reza Chamanpira "', Taher Farhadinejad 3'*', Elham Davoudi *

1. PhD in Water Sciences and Engineering, Department of Soil Conservation and Watershed Management, Lorestan Province
Agriculture and Natural Resources Research and Education Center, Areeo, Khorramabad, Iran. r.kh72777@gmail.com
2. Research Assistant Professor, Department of Soil Conservation and Watershed Management, Lorestan Province Agriculture
and Natural Resources Research and Education Center, Areeo, Khorramabad, Iran. chamanpirareza45@gmail.com

3. Research Assistant Professor, Department of Soil Protection and Watershed Management, Lorestan Province Agriculture and
Natural Resources Research and Education Center, Areeo, Khorramabad, Iran. farhadinejad@yahoo.com

4. PhD in Watershed Science and Engineering, Soil Conservation and Watershed Management Research Department, Agricultural
and Natural Resources Research and Education Center of Lorestan Province, Areeo, Khorramabad, Iran.
elhamdavoodi90@yahoo.com

Keywords ABSTRACT

Hydrometric Station, Introduction

support Vector Water resource management is a highly complex process consisting of various
Regression, River components, each with specific characteristics. Rivers are a major part of water resource
Discharge, Wavelet, systems, and monitoring their quantitative and qualitative parameters is of paramount
Karkheh watershed. importance. Water flow is one of the most important indicators in river management,

as its changes over time can have significant impacts on natural ecosystems. For
example, excessive reduction in river flow can lead to the destruction of aquatic life,
while excessive increases in river discharge can cause devastating floods. Therefore,
accurate methods should be used in modeling river flow and predicting it in the short
and long term. In the past, physical models were mainly used to simulate river flow.
These models are generally time-consuming and lack sufficient accuracy. In recent
years, artificial intelligence-based methods have emerged, their development requiring
less time and cost compared to physical models, and requiring less data compared to
numerical models. Artificial intelligence methods are inspired by the nature of living
organisms and can be used to model various linear and nonlinear systems. In this
research, hybrid models of Support Vector Regression-Wavelet, Support Vector
Regression-Innovative gunner, and Support Vector Regression-Black Widow Spider
were used to simulate the river discharge at the Cham Anjir, Kashkan, Pol-e Zal, and
Jologir hydrometric stations. These rivers are among the most important rivers in
western Iran, significantly impacting agricultural growth, aquaculture production,
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Methodology

In this research, Support Vector Regression (SVR) models along with wavelet, innovative gunner, and black widow
spider algorithms were used to simulate the discharge of rivers in the Karkheh River Basin, including the Cham Anjir
and Kashkan rivers located in Lorestan Province and the Jologir and Pol-e Zal rivers in Khuzestan Province. Discharge
parameters with time lags Q(t), Q(t-1), Q(t-2), and Q(t-3) were considered as the model’s inputs, with Q(t) as the output
over the years from 1993 to 2023.To simulate river discharge, hydrometric stations in the Karkheh River Basin
employed the Support Vector Regression model, utilizing wavelet, innovative gunner, and black widow spider
algorithms. In recent years, due to the random selection of kernel function parameter values in Support Vector
Regression, optimization algorithms have been used to enhance accuracy and reduce model error. This research also
utilized wavelet, innovative gunner, and black widow spider algorithms to optimize the tuning parameter values to
improve model performance. Therefore, in this study, after inputting the input parameter data into the model and
optimizing the tuning parameters, a hybrid model structure was formed, leading to computational results. Since the
stopping criterion in training artificial intelligence models is based on error levels, the model stops at the lowest error
value, resulting in the final output.

Results and Discussion

The results of the models examined in scenario number 4 are presented in Table 4. As indicated in the table, the Support
Vector Regression-Wavelet model at the Cham Anjir station achieved a correlation coefficient of 0.970, the lowest root
mean square error (RMSE) of 0.022 m?/s, the lowest mean absolute error (MAE) of 0.011 m?/s, and the highest Nash-
Sutcliffe efficiency coefficient (NSE) of 0.986. At the Kashkan station, the correlation coefficient was 0.968, with the
lowest RMSE of 0.025 m?/s, the lowest MAE of 0.014 m?/s, and the highest NSE of 0.977. For the Pol-e Zal station,
the correlation coefficient was 0.941, with the lowest RMSE of 0.054 m3/s, the lowest MAE of 0.028 m?3/s, and the
highest NSE of 0.962. At the Jologir station, the correlation coefficient was 0.948, with the lowest RMSE of 0.048 m?/s,
the lowest MAE of 0.025 m?/s, and the highest NSE of 0.967. All these metrics indicate better performance during the
validation phase.

Conclusions

The results of the research, based on the evaluation of scenarios consisting of input parameters, indicated that in all
examined models, increasing the number of effective parameters in various modeling approaches leads to better
performance in estimating river discharge. Furthermore, the results yielded from the evaluation criteria demonstrated
that the Support Vector Regression-Wavelet model has high accuracy and negligible error. Additionally, according to
the analyzed graphs, the Support Vector Regression-Wavelet model closely estimates the actual flow discharge values,
which is evident in the relative error and Taylor diagrams. Overall, the findings of this research suggest that the use of
artificial intelligence models based on the Support Vector Regression approach can be effective in simulating river flow
for other regions of the country.
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Table (2): Cross-correlation between input and output parameters of the Karkheh watershed
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Table (3): Selected combinations of input parameters to the model
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Table (4): Performance of the models under study
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Figure (5): Scatter plot of observed and calculated values of the wavelet-support vector regression model
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Figure (6): Scatter plot of observed and calculated values of the support vector regression model - Innovative gunner
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Figure (7): Scatter plot of observed and calculated values of the support vector regression model - black widow spider
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Figure (8): Relative error chart of the models under study
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Figure (9): Taylor diagram of the models under study
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