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Flooding is one of the most significant natural hazards, causing extensive human and 

economic losses every year. In this study, flood susceptibility mapping of Izeh 

County was carried out using nine influential factors, including distance to 

waterways, rainfall intensity, digital elevation model (DEM), land use/land cover, 

slope, vegetation cover, soil texture, erosion, and soil moisture. The weighting of 

these criteria was performed using the Analytic Hierarchy Process (AHP). The 

results indicated that distance to waterways plays the most critical role in flood 

occurrence, followed by factors such as rainfall intensity, elevation, and land use. 

For a more detailed assessment, two artificial intelligence methods, Random Forest 

(RF) and Artificial Neural Network (ANN), were employed for flood hazard zoning. 

A comparison of the results demonstrated that the Random Forest model exhibited a 

higher capability in identifying high-risk areas and overall provided more accurate 

performance than the Artificial Neural Network model. The generated maps revealed 

that the western and central parts of Izeh, particularly areas adjacent to rivers, have 

the highest flood susceptibility, whereas regions such as Pian and Dehdaz fall within 

the low-risk category. Furthermore, multi-criteria decision-making analysis using the 

TOPSIS method indicated that the Eastern Susan and Morgha areas show higher 

vulnerability to flooding due to the high density of waterways and specific 

environmental conditions. Finally, by integrating the results obtained from the AHP, 

Random Forest, and Artificial Neural Network methods, a final flood susceptibility 

map of the region was produced. The integration of this map with the vulnerability 

map derived from the TOPSIS method resulted in a comprehensive flood hazard and 

vulnerability map. By utilizing remote sensing data and integrating multiple 

modeling approaches, this study enhanced the accuracy of flood hazard assessment 

and emphasized the importance of spatial planning, construction of flood control 

structures, dredging of waterways, implementation of early warning systems, and 

regulation of construction activities in high-risk areas. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
Floods, as one of the most frequent and destructive natural hazards, cause extensive damage 
worldwide each year (Negahban et al., 2025). In Iran, the mountainous regions of the Zagros range, 
particularly Izeh County, are highly prone to severe and flash floods due to their complex topography, 
Mediterranean precipitation regime, and relatively high average rainfall (Abdollahzadeh et al., 2023; 
Jankman, 2024). In recent years, the expansion of unauthorized construction within river corridors and 
extensive land-use changes have further intensified flood risk in the region (Jensi et al., 2023). Despite 
the significance of this issue, comprehensive studies that simultaneously assess both flood 
susceptibility and infrastructure vulnerability in this area remain limited. Previous research has 
demonstrated that integrating multi-criteria decision-making methods such as the Analytic Hierarchy 
Process (AHP) and TOPSIS with machine learning techniques within a Geographic Information 
System (GIS) framework is an effective approach for flood hazard mapping (Hejazi et al., 2015). 
Accordingly, to address the existing research gap, the present study employs nine hydrological and 
topographic factors, including distance to waterways, rainfall intensity, digital elevation model 
(DEM), and slope, and integrates AHP, machine learning models, and the TOPSIS method to identify 
flood-prone areas. Given empirical evidence indicating higher vulnerability in areas with dense 
drainage networks and limited road accessibility, this research aims to provide a scientific basis for 
flood risk management and the protection of critical infrastructure in Izeh County. 
 

DATA AND METHODOLOGY  

The present study was conducted with the aim of flood hazard zoning in Izeh County. For this 
purpose, nine flood-influencing criteria listed in the study were utilized. These criteria included 
distance from waterways, rainfall intensity, digital elevation model, slope, land use, vegetation cover, 
soil texture, erosion, and soil moisture index. The Analytical Hierarchy Process (AHP) was employed 
to assign weights to these criteria, and the weighting results are presented in Table 1. Subsequently, to 
delineate flood susceptibility zones, two machine learning models, Random Forest (RF) and Artificial 
Neural Network (ANN), were applied. In the vulnerability assessment section, the Technique for 
Order of Preference by Similarity to Ideal Solution (TOPSIS) multi-criteria decision-making method 
was used, incorporating three criteria: river density, road density, and main road density, to rank the 
sub-basins. Finally, the performance of the machine learning models was validated using the Receiver 
Operating Characteristic (ROC) curve. 
 

Table 1. Pairwise comparison matrix of exploratory layers and weights calculated using the Analytic 
Hierarchy Process (AHP) 

Weights    (%) Layers 

15.6 Digital Elevation Model (DEM)  
11.8  Slope  
17.8  Rainfall  
19.2  Distance to river  
2.2  Soil moisture  
13.3  Land use/land cover  
6.8  Soil texture 

8.9  Vegetation differential index (NDVI) 

4.5  Soil erosion 
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RESULTS AND DISCUSSION 

The results of the Analytical Hierarchy Process (Table 1) indicated that three factors distance from 
waterways, rainfall intensity, and the digital elevation model received the highest weights in flood 
occurrence within the region. This highlights the significant role of hydrological and topographical 
factors in flood formation in Izeh County. In the evaluation of machine learning models, the Random 
Forest model demonstrated higher accuracy compared to the Artificial Neural Network model, 
suggesting its greater efficiency as a tool for hazard zoning in the area. Vulnerability analysis further 
revealed that the Eastern Sosen and Morgha sub-basins, due to high river density and poor road 
accessibility, exhibited the highest vulnerability. The final integrated hazard map (Figure 1), resulting 
from the combination of all analyses, clearly identified the western and central parts of Izeh County as 
areas of very high risk. This map serves as an effective management tool, as it highlights areas with 
both high flood susceptibility and vulnerability, enabling managers to prioritize preventive measures 
such as levee construction and infrastructure improvement. 

 
Figure 1: Integrated Flood Hazard and Vulnerability 

 

CONCLUSION  

The results of this study indicated that the western and central areas of Izeh County exhibit the highest 
flood susceptibility. Among the models applied for zoning, the Random Forest model outperformed 
the Artificial Neural Network model in accurately identifying these high-risk areas. The main 
contribution of this research lies in providing an integrated methodological framework that 
successfully synergizes the strengths of different analytical paradigms. This approach simultaneously 
employs expert knowledge-based weighting through the Analytical Hierarchy Process for evaluating 
input criteria and leverages the predictive capabilities of machine learning models (Random Forest and 
Artificial Neural Network) to model nonlinear spatial patterns of flood potential. The process is further 
complemented by the TOPSIS method, enabling a structured ranking of socio-economic vulnerability. 
This multifaceted integration overcomes the limitations of single-model assessments and demonstrates 
that such a combined methodology leads to a more comprehensive, robust, and reliable evaluation of 
flood hazard, accounting simultaneously for both the physical susceptibility of the region and the 
varying vulnerability of its sub-basins. 
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 A��#2��Z �#�� ����E� [��&�� :� '���� � �H�/L � ��0 K�$ 6)
& *�� ��)�3AHP.  

Weighs                         Layers  

%15.60                DEM  

%11.80                Slope  

%17.80                Rainfall  

%19.20                Distance from the river  

%2.20                TWI  

%13.30                LULC  

%6.80                Soil 

%8.90                NDVI 

%4.50                Erosion 

  

A��# 3	;��� : �0 ���J2��X �E��� )LMN( .��&��� �,�,) �%,3& T�)� ��  

district Vulnerability Area (LMN) 

Donbaleh Rud Very Low 547 

Western Susan  Low 1008 

Pian, eastern Susan Moderate 831 

Dehdez High 734 

Morgha, Halaijan, suburbs Very High 668 
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A��# 4 : [��&�� ����E� �#�� ��Z��0 �H�/L � � '���� ��)�3� *�� 6)
& .[%�2�& K�$  

I
� ���X!�$ o ��&  *!�# o ��& �,i� ��0 *!�# o ��& �0 

'�%2  0.059  0.029 0.38 

�p�� 0.055  0.039 0.203 

'�.�F0 0.098  0.044 0.019 

���p ��
; 0.118  0.048 0.019 

���� ��
; 0.098  0.032 0.0139 

���p �)
) 0.075  0.031 0.165 

���� �)
) 0.047  0.021 0.19 

!�$ �����! 0.079  0.027 0.127 

��0! 0.118  0.048 0.203 

	�q� A> *��� 0.098  0.044 0380 

���� A> *��� 0.055  0.029 0.019 

 

 [��&��*��� �� �,i�H 	�q� A>  

 ��C�	 S�
6�	 ���k�
P�� �	 ���� �� R�D2	 A�8M� 
� !>1 
�  
#��1 �<��C� 
����1 �
#7  
���0	 �� �� -  ���
 -DE�% ���0	 ��
#7  ?$  �1 ���/ !>1 .A�� -��.1 Z��
� -10419/0 �� ����� ��
I �7�� T*��	 A$�@ ��E ��

-@�=�� !>1 -  �@�� ���� -1 A=$� �� �
#��1 ���$1 4E��% �I
� -	�� � ���  A=y	 J��	 ����  G3�� ��� .����



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

-1 A3��
�
 ����� T*��	 ���	 (��H6 �1�3  ��<�� ��
P1 A�
��	 ��
1 �� 
23 �
8	 �� ������ � ?���	 ���
�	  J��') �
��5(. 

A��# 5 : [��&�� .	�q� A> *��� �� �,i�H  

I
� ���X!�$ o ��& *!�# o ��& �,i� ��0 *!�# o ��& �0 N+#  $J#  

'�%2 0.00154 0.00021 0 0.00176 0.041901 

�p�� 0.00187  0.0002 0.03141 0.0333 0.182479 

'�.�F0 0.0002  0.0002 0.03605 0.03609 0.189875 

 ���p ��
; 0.00039  0.00002 0.03605 0.03646 0.190951 

���� ��
; 0  0.00013 0.05784 0.05797 0.240774 

���p �)
) 0.00056  0.00017 0.04631 0.04703 0.216865 

���� �)
) 0.0261  0.00051 0.03605 0.03917 0.197923 

!�$ �����! 0.00039  0.00002 0.03141 0.6474 0.254441 

��0! 0.00039  0.00002 0.03141 0.03182 0.178369 
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A��# 6: [��&�� .���� A> *��� �� �,i�H  

I
� ���X!�$ o ��& *!�# o ��& �,i� ��0 *!�# o ��& �0 N+# $J# 

'�%2  0.00002 0.00001 0.3605 0.036068 0.189916 

�p�� 0.00001  0.00009 0.00016 0.000254 0.015936 

'�.�F0 0.00187  0.00021 0.00001 
0.00208 0.045608 

���p ��
; 0.00395  0.00037 0.00001 
0.00433 0.065799 

���� ��
; 0.00187  0.00001 0.00256 
0.004443 0.066658 

���p �)
) 0.00039  0.00000 0.00064 
0.00103 0.03209 

���� �)
) 0.00006  0.00007 0.00000 
0.000127 0.011264 

!�$ �����! 0.00056  0.00000 0.00401 
0.004565 0.067562 

��0! 0.00395  0.00037 0.00016 
0.00449 0.067006 
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 J��') ��#$� �#�
��	 � �#i�H� (�	��I�7(.  

A��# 7[��&�� : ) ���� �G�!_� sX��CI(. 

��� '��  ��&$  

'�%2  0.819251411  1 

��0! 0.273075017  2 

���p ��
; 0.256276998  3 

���� ��
; 0.216823239  4 

�����! !�$ 0.209817197  5 

'�.�F0 0.193677064  6 

���p �)
) 0.128897148  7 

�p�� 0.080315969  8 

���� �)
) 0.053845616  9 

 

  
 �G�8���2  :  �%) ��X �� ���� 4�$��X ����.�7���� !$
� �E���  

A��# 8 : 	;��� ���J2 `%)> �0 �E���  �%,3& T�)���  [%�2�&) LMN (.  

District vulnerability Area (LMN) 

Pian And Dehdez Very Low 657 

Suburbs Low 563 

Halaijan, Western Sosan and Donbaleh Rud Moderate 1762 

Morgha High 209 

Eastern Sosan Very High 597 
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