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Figure 1: Geographical location of east Azerbaijan in northwestern Iran
and the city of Tabriz in its middle part
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Figure 2: Range of urban areas by population (per thousand)
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Table 1-Key factors and possible situations related to resilience in Tabriz metropolis
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Table 2- Possible situations of awareness and knowledge in the resilience of Tabriz metropolis
in the face of flood turmoil
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Table 3- Possible situations of access to medical and relief centers in the resilience of Tabriz metropolis
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Table 5- Resistance values of key factors
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Table 6- Status of key factors by scenarios
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Table 7- Coefficients, number and percentage of each situation separately for each scenario based on the triple spectrum
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Table 8- Characteristics of the first group scenarios
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Table 9- Characteristics of the second group scenarios
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Table 10- SWOT matrix Strong resilience scenarios of Tabriz metropolis
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Table 11- Prioritization model of resilience improvement strategies in Tabriz metropolis
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Figure 3: Mehranrud riverbed and other channels passing through the city of Tabriz and the ten districts of Tabriz
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Figure 5: Mehran river and other routes passing through the city of Tabriz are prohibited areas
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Figure 7: Damage assessment map of Tabriz
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Table 12-The main strategies to improve the resilience of Tabriz metropolis in order of rank
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Table 13- Integration strategies to improve the resilience of Tabriz metropolis in order of rank
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Abstract

Introduction

Rainfall-runoff simulation is an effective step in the management of water resources, watersheds, and floodwater
control deficiency crises. The inherent complexity of the rainfall-runoff process, temporal and spatial variations,
and influential factors make it difficult to perform simulations using physical or hydrologic models. Thus, it is
necessary to select a model to predict the runoff of rainfall at an acceptable accuracy by using influential factors.
To obtain the overall rainfall-runoff pattern, it is crucial to incorporate the influential watershed data. In recent
years, metaheuristic algorithms, e.g., support vector machines (SVMs), gene expression programming (GEP),
and artificial neural networks (ANNS) have been increasingly employed in hydrologic studies, particularly in the
investigation of phenomena with no certain relationships. Such models are adopted in a wide range of hydrologic
applications. The present study evaluates the SVM, GEP, and ANN approaches in the simulation of the rainfall-
runoff process for Aharchay Watershed, Iran, at the hydrometric stations of Tazekand, Ravasjan, Oushdiliaqg,
Bermis, Owrang, and Kasin.

Materials and methods

Aharchay Watershed lies in Northwest Iran and covers a significant portion of Aras Basin. It plays a key role in
the development of the region as it supplies drinking, agricultural, and industrial water demands. Aharchay
Watershed is a major sub-basin of the Aras Basin, and its main river is the Aharchay River. The Aharchay River
joins the Gharesou River in the outlet of the watershed to form the Darrehrood River. This study develops
rainfall-runoff simulation models for Aharchay Watershed at the hydrometric stations of Tazekand, Ravasjan,
Oushdilag, Bermis, Owrang, and Kasin.by using the SVM, GEP, and ANN approaches, estimating runoff data.
These three approaches are evaluated in terms of performance. To determine a combination of inputs for the
models, a list of runoff-related independent variables of each station was created. Then, suitable inputs were
selected from the listed variables by using the Pearson correlation (PC) and partial mutual information (PMI).
The input combinations obtained from these two criteria were evaluated for rainfall-runoff simulation at each
hydrometric station. Also, modeling was performed using the related independent variables (total efficiency).
Therefore, three input combinations were employed for each station. To evaluate model performance, the
coefficient of determination (R?), root-mean-square error (RMSE), and the Nash—Sutcliffe coefficient (E) were
utilized.

Discussion and conclusion

This study employed the SVM, GEP, and ANN models to simulate the rainfall-runoff process of Aharchay
Watershed, Iran, at the hydrometric stations of Tazekand, Ravasjan, Oushdilagq, Bermis, Owrang, and Kasin.
Furthermore, the PCI, PMI, and total criteria were employed to identify suitable combinations of inputs. The
accuracy of the models was examined using the coefficient of determination (R?), root-mean-square-error
(RMSE), and the Nash—Sutcliffe coefficient (E) to identify the best model. The results revealed that the proposed
models were acceptable accurate in watershed runoff simulation. The ANN model outperformed the two other
models at the Tazekand, Oushdilag, and Kasin Station. Also, the GEP model had better performance at the
Ravasjan and Barmis Stations, while the SVM model yielded better results at the Owrang Station. Overall, it is
concluded that the ANN approach is either the best model or almost the best one in simulating the runoff of
Aharchay Watershed. Thus, it can be employed for the runoff simulation of Aharchay Watershed at acceptable
accuracy.

Keywords: Artificial neural network, Gene expression programming, Hydrometric station, Support
vector machine
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