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Floods, as one of the most destructive natural hazards, cause extensive damage 

worldwide, particularly in mountainous regions of Iran such as the Keshkanrud 

Basin. This study aimed to map flood hazard zones in the Keshkanrud Basin using a 

combination of Fuzzy Analytical Hierarchy Process (Fuzzy AHP), Technique for 

Order of Preference by Similarity to Ideal Solution (TOPSIS), and Weighted Overlay 

methods within a Geographic Information System (GIS) framework. Multiple 

criteria, including elevation, slope, rainfall, distance from rivers, Topographic 

Wetness Index (TWI), land use/land cover (LULC), soil type, Normalized 

Difference Vegetation Index (NDVI), and erosion rate, were evaluated. The results 

revealed that areas such as Pol-e Dokhtar, Khorramabad, Shiravand, and parts of 

Kuhdasht are at the highest risk of flooding due to their topographic, hydrologic, and 

land cover characteristics, while northern regions like Alashtar were identified as 

low-risk zones. These findings align with historical flood data from 2019, which 

reported a peak discharge of 7,000 m³/s and economic losses of 26 million USD in 

Pol-e Dokhtar. The Fuzzy AHP method, with a correlation coefficient of 0.92, 

proved to be the most accurate model, classifying 8.2% of the basin as very high-risk 

and 28.1% as high-risk. The TOPSIS and Weighted Overlay methods also yielded 

comparable results, with correlation coefficients of 0.89 and 0.87, respectively. This 

study provides a scientific basis for flood risk management in the Keshkanrud Basin 

by presenting flood hazard maps and recommending measures such as designing 

drainage systems, restoring vegetation cover, and implementing urban development 

management strategies. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
Floods, as one of the most common natural hazards, annually cause significant financial and human 
losses worldwide. In Iran, mountainous regions like the Kashkanrud Basin are prone to destructive 
floods due to topographic characteristics, intense rainfall, and land use changes. Located in Lorestan 
Province, the Kashkanrud Basin, due to its position along high-flow rivers and a history of devastating 
floods (such as the 2019 flood with a discharge of 7,000 m³/s and damages of 26 million USD), 
requires a thorough flood risk assessment. Previous studies have shown that combining multi-criteria 
decision-making methods, such as Analytical Hierarchy Process, Fuzzy logic, and TOPSIS, with 
Geographic Information Systems provides a powerful tool for flood hazard zoning. This research aims 
to provide a comprehensive approach to identify flood-prone areas in the Kashkanrud Basin and 
propose management strategies.  

 

RESULTS AND DISCUSSION 

In this study, flood risk in the Kashkanrud Basin was assessed using topographic, hydrological, and 
environmental data through raster layers of elevation, slope, rainfall, distance from rivers, topographic 
wetness index, land use, soil type, normalized difference vegetation index, and soil erosion rate in a 
Geographic Information System environment. The results indicated that areas with elevations below 
500 meters, equivalent to 42.3% of the basin’s total area, particularly Pol-e Dokhtar and Khorramabad, 
are high-risk due to runoff accumulation in low-lying zones, while areas above 1,500 meters (15.7% of 
the area; Alashtar) were identified as low-risk. Additionally, slopes less than 5 degrees, covering 
38.5% of the area, showed a strong correlation of 0.87 with historical floods, providing a robust 
indicator of high flood risk; these zones were primarily located near rivers and flat plains. Annual 
rainfall exceeding 800 mm, covering 45.2% of the area in the southern and central parts, showed a 
significant correlation of 0.85 with flood occurrences. Moreover, areas within 500 meters of riverbeds 
(33.6% of the area), mainly in Pol-e Dokhtar, were identified as high-risk with a correlation of 0.83. A 
high topographic wetness index (above 12), covering 29.4% of the area, indicated a risk of runoff 
accumulation due to water pooling in topographic depressions, with a correlation of 0.81. The analysis 
of land use revealed that urban areas and bare plains (15.8% of the area) exhibited the highest 
vulnerability with a correlation of 0.79, while forests and pastures (42.3%) played a mitigating role in 
flood flow. Regarding soil type, badlands with low permeability (28.4% of the area) were considered 
high-risk, while entisols (19.6%) were deemed low-risk. Additionally, areas with a normalized 
difference vegetation index below 0.11 (35.7% of the area) were high-risk with a correlation of 0.80, 
while areas with vegetation cover above 0.4 (18.9%) were low-risk. Finally, high erosion rates, 
calculated based on the Universal Soil Loss Equation in Kuhdasht and Pol-e Dokhtar, increased runoff 
and exacerbated flood risk.  

The three multi-criteria decision-making methods—Fuzzy Analytical Hierarchy Process, TOPSIS, and 
Weighted Overlay—consistently identified Pol-e Dokhtar, Khorramabad, and Kuhdasht as high-risk 
zones and Alashtar as low-risk. The most accurate results were obtained with the Fuzzy AHP method, 
which reported 8.2% of the area as very high-risk and 28.1% as high-risk, with a correlation 
coefficient of 0.92 with the spring 2019 flood (discharge of 7,000 m³/s, damages of 26 million USD). 
The TOPSIS method, with a correlation of 0.89, and the Weighted Overlay method, with a correlation 
of 0.87, also showed high agreement with historical data.  

 

CONCLUSION 
This study demonstrated that the Kashkanrud Basin, particularly Pol-e Dokhtar, Khorramabad, and 
Kuhdasht, is at high flood risk due to its topographic, hydrological, and land cover characteristics. The 
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Fuzzy Analytical Hierarchy Process, with a high accuracy (correlation coefficient of 0.92), performed 
best in identifying high-risk zones (8.2% very high-risk, 28.1% high-risk). TOPSIS and Weighted 
Overlay, with acceptable accuracies (0.89 and 0.87, respectively), provided similar results. 
Incorporating erosion rate as an independent criterion improved the model’s accuracy, particularly in 
erosion-prone areas like Kuhdasht. This study provides a scientific basis for flood risk management in 
the Kashkanrud Basin and suggests measures such as drainage system design, vegetation restoration, 
and urban development management to mitigate flood damage. 
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� �
� 2$��e	 ��
5
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� ����
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1980 ��5 2  (1  �;9 �� 2=��:	 L�� 
�&#	   I��')1!��� q��?; ����) 25 b�� ��� .( �	 2#7��� ��:	  � ���
L�� q��?; ��� ���
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	  (Mitra et al., 2022).  
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1  ��$?� L�Y��  ����� ���$?� L�Y�� ���B	 ��  

3  K��#	 L�Y��   q�L�� 
��� ���B	 
� 
#Y3	 �Y  ���B	  

5  ���
 L�Y��  L�� 
��� ���B	 
� 
; "3	 �3'�; <5�T ��* 25 ���B	 q�  

7  ���
 ���$5 L�Y��  "3	 �9�7 ���B	 q�L�� 
��� ���B	 
� 
;  

9  ~�% L�Y�����
 ���BV�  "3	 E96	 ��* 25 ���B	 q�L�� 
��� ���B	 
� 
;  

2�4�6�8  ����	 
���e	  �	 ���J#�� ���	
.���5 �9Q� ���e	 �� ��5 �:6� 25 
��� 2  ���  

                                                      
1 Pairwise Comparison Matrices 



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

$�& '����( .	)� *$�+� �  

 

(���T ����
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�m4 � ����Y*� L�95�T ���l; ��
5 �� 
L�� "3	 ���$5 ��*
�  )Mitra et al., 2022 .(����
�� L=$� 
� ���J#�� �5 ����
�� ���1 (CR) �5��
���	���   2 

�%��s; P7�� 252 (RI)  I��') L�� 2#$5��2P7�� ��� .(2$��e	 LT� �5��
�� ��
5 L5�_ ����B	 ����) 25 �� ��
�	 ���J#�� ����(Saaty, 1980) .  

 B��#2 �I!�V& �$�W��) XR�� :(Saaty, 1988).  

 

 ����
�� L=$�(CR) ) 2V��B	 
� ���J#�� �51:L�� ��� 2=��:	 (  

)1 (  �� � ����  

������ ��  CR  �����
�� L=$�  CI  � ����
�� P7��  RI  �%��s; P7�� L5�_ L�� ���   I��')2(���e	 .  CI   �5
J#�� 
� �� 2V��B	)6�	 2=��:	 ( ���:  

)2(  �� � �	
��

��     

) I��' �� 2BV�6	 ��� ��
5 ����
�� (�5�$:	 U��#�3��� 25 2'�; �5 .L�� ��� 2f��� (2? CR=0.05  
� 
#Y 1/0 
 L�� I�=T ���	 ����
�� 
g� 
� I�	 �L��(Mitra et al., 2021) .  

 B��#3 �I!�V& �$�W��) XR�� : (Saaty, 1988).  
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	� �B5
	 >�
;�	 q� � A= (aij) �� �� 2  �� ����� n  ���
#	���4 ��
5 ���B	

 25 
��� 8��� �B#$	2$��e	  2V��B	 .��#��� )32=��:	 ��
5 ( aij �� I�Y)� >�
;�	 
Q��) 
�:  

)3 (  ��� � ����  

>�
;�	 ���	 ���'�
 2$��e	 ���  (PCM) �aij  ���$; 
���� � �����	 ��
�4 � .��  (�$��e	 >�
;�	 <�?�; 
� >4

�=$� r��e	 ��'�
3   �	 2=��:	 >�
;�	 ��� 
� �
� �; ���  �� ��2=;� 2��G� �� �����B	 25 ��  .���� ���� ��s#7� ��
L�� 
�
 <��
	 <	�� ����
% ���  (Mikhailov, 2003) .  

29�
	 1 : ��#� 
Q��) M�Y; �  
� >�
;�	  A  2V��B	 
� ���J#�� �5 ��  )4 uY' (�	.����  

)4 (  ���� � ⋯ � ���� � ⋯ � ���� � ∑ ��������  

 29�
	2 : 
���e	I�	
� 2V��B	 
� ���J#�� �5 ���  )5���� 2=��:	 (  I��')4.(  

)5 (  
����∑ ��������

� ���� � ��∑ ������ � ��∑ ������  

                                                      
1 Consistency Ratio 
2 Random Index 
3 Relative Ratio Scale 
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� >�
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6� 
Q��) ������	 2=��:	 �5 ���  
�	 ���B; ���  I��')5( ��B	) 2V6.(  

)6 (   � � ! ��∑ ������ � ⋯ � ��∑ ������ " � �
  

 L��3� ���3� �
��� B	����� 	 r��� 
5������ ) I��' �� ��
6�5 (�
� 2f������ .L��  

B��#4*�� B���� 4����F� [��&�� :  

 
DEM Rainfall 

Distance 
from 
River 

LULC TWI Slope Soil Type NDVI erosion rate 

DEM 0.32732 0.3999 0.28571 0.29847 0.38997 0.23622 0.24138 0.20253 0.2 

Rainfall 0.16366 0.19995 0.28571 0.29847 0.11142 0.23622 0.17241 0.17722 0.17778 

Distance 
from River 0.16366 0.09998 0.14286 0.19898 0.11142 0.09449 0.2069 0.1519 0.13333 

LULC 0.10911 0.06665 0.07143 0.09949 0.27855 0.18898 0.10345 0.17722+ 0.17778 

TWI 0.04676 0.09998 0.07143 0.0199 0.05571 0.14173 0.13793 0.12658 0.13333 

Slope 0.06546 0.03999 0.07143 0.02487 0.01857 0.04724 0.06897 0.07595 0.06667 

Soil Type 0.04676 0.03999 0.02381 0.03316 0.01393 0.02362 0.03448 0.05063 0.04444 

NDVI 0.04091 0.02856 0.02381 0.01421 0.01114 0.01575 0.01724 0.02532 0.04444 

erosion rate 0.03637 0.02499 0.02381 0.01244 0.00929 0.01575 0.01724 0.01266 0.02222 

  

 B��#5 :!�$� �N��$�2 �0 '�� $��F�� O�I �� *!��N)� �� � ��� ,3&%� �&��� �,�,)�  7&%%� .	)� *�� 

DEM Rainfall Distance from 
River 

LULC TWI Slope Soil Type NDVI erosion rate 

�0$�%7� '�� 0.287  0.203 0.145 0.141 0.093 0.053 0.035 0.025 0.019 
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� ���J#�� �5  ��*
 <?� �� 2 )3(  r��� 
5 �� ���� 2)�Y�	 
� ����� 
���e	 ��67 �
�% L���) u5�; q� �L�� ��� ���� ����

2V��B	  )7 �
�5 25 (0  �;1 �	 <��=; �� (Parsian et al., 2021) 
JQ ���e	 �<��=; ��� �� . ���� O�;
; 25 q� �  �����
<$?�4 ����� 
#	���4 �� ��
5 �r��� ��� 
5 .��#$� 8��� 
67 ��
5 ���
 ���$5 � "  ���$5 <�$��#4 �5 ����  ��B�

�%�
��4�; L5�*� P7�� � b��5   ���J#�� L=�	 O�� �5 �67 u5�; q� 
�L�� ���.  
��� ��
5 2  �V�� ��
��
#	���4 	�T� N�J;�� I�	 ��B�� � P7�� �R�7 N�� ���	
 !��4 � �F��� �
5��  ��9Q� 2��7��� 
� 29Q�% �O��

I�	
� ����� !��4 ��� �� 2#%
� 
g� �� �J�	 O�� �5 �67 u5�; q� �!���
% S
� �L�� �(Parsian et al., 2021)  . 

)7 (  #$%& � ' 1 or 0  x > Max0 or 1  x < Min3�456473�456 Min < x < Max    
������ ��  Max  �  Min ���� O�;
; 25  � 
� ��� 
���e	 ������ ���#$� 
#	���4 
� <T���x  25 {�5
	 <$?�4 ���e	

L�� 
#	���4 
�.  
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�H&%> ��&$ ���� *�$ B�� �� 	0��� S�)� �� � �;�*� BO [%�2�& 

>�$4�; b��1  ��5 ��V�� 2 ����� K��;2 ���� �3 ) I�� ��1981 (2=;� �
?��� q� ��� w
6	  r��� 
5 ���5
��� M�3J	 ���� <� L=�	 I�4   ��J�	  52��G� �=$� �?��G� �5��
�� ��
5 ����9T� 29Q�% 
� 2  L��  {�e� ��� 25 ��
 ���J#��1981) (Hwang., Yoon &. 2��G� �b�� ��� �� q��G� 2  L�� 2��35 �� 25 �� 29Q�% ��
; ��� ���� <�  I�


� �� 29Q�% ��
#��5 � L=�	 ��� ���� <�  I��J�	 b�� H�7
5 .���5 2#���  O� 
;�
� �67 ���6 2   E96	 
���e	
P7�� �	 2=��:	 �� �� P7�� ��� (�
��&; >�$4�; ���  L��V�� �� G�� �� �� �	 t�:V ���5  <�9:; ��
5 � �� 

���� ����%�
&' (�)�*� "#$�� �� q$�� �5��
�� � �
#�� ��� L�� O���	(Rao, 2007)  .  

�
5� $4�; I�	 
� ���J#���>�5 ��� 
 <��
	�
 *� :����  

 �,;��1 :�&�� 	R�)�[ +V&%a B���� ��� *���    

 "�Ys; >�
;�	I�	
�  ��
� ���D ) 2V��B	 
�8�	 L��5 
�
 ( .���  

)8 (  8 � $9��&:�
  � $;��<��&:�
, > � 1, … @; � � 1, … , B 

 �� �� 2 <��  2��G� ���������#�� ��D�� 
���e	- > �
� � L�� M� ���B	 �� M�I�	
� ���B	 ���  j - 
� ���5 2  L�� M�
b�� 
��� ��� �
� ��� "�Ys; K��; �� ��� ��
A#�� ��
� ���B; �����
��. � 
#35 R�� L3'�� �Y� �29�
	�! 

%�
��?� �e	�2$ � 
�% ��) ��� �9�	�  <?� ��)4( L�� ��� 2f��� (Rao, 2007)  .  

 �,;��2 :*�$ 	R�) *��� �; 	�]� BO  �����  

��� <� ��� ���� I� J�	 � L=�	� 25 
 (��Q�
 	 2=��:	� ����:  

)9(  D�E � FG1H, … , GBHI, G>H � FmaxKG��L , � ∈ �; minKG��L , � ∈ NOI  

)10(   P�E � FG1�, … , GB�I, G>� � FmaxKG��L , � ∈ �; minKG��L , � ∈ NOI  

�� �� 2  J � JO 2)�Y�	
�
 ������B	 
� ��  ���� (L=�	)   2��G���#$� (�J�	).  

                                                      
1 TOPSIS (Technique for Order of Preference by Similarity to Ideal Solution) 
2 Hwang 
3 Yoon  
4 PIS (Positive Ideal Solution) 
5 NIS (Negative Ideal Solution) 
6 Weighted Linear Combination (WLC) 
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 �,;��3 :PW �0 �,b�I ��)�3���� *�$ *��� �; 	�]� BO   �:	)� ����  

2��G� 29Q�% ��� 
� �� ���� <� 25 ����9T� 29Q�% E�
* 
� �J�	 � L=�	 I� �	 2=��:	 
�
 (��Q ����: 

)11 (  R>H � S∑  
�T� $G�� U G�H&V , > � 1, … , @    

)12 (  R>� � S∑  
�T� $G�� U G��&V , > � 1, … , @ 

 �,;��4 :���PW ���� �H�!P� ��)�3�- W  *�$ �� c� *��� �; BO  XW  

G���?� =$�� G� 
��2� �� ��� 25 � <���� I� 
 265�� �5 �L=�	�
 B;��� 	� ���:  

)13 (  �� � Y�Z
Y�[HY�Z  , 0 \ �� \  1, > � 1, … , @  

  

2��G� �L��3� �� ���e	 r��� 
5 ���� 2=;� �	 ���5 
�� .������ � 1 �5 2��G� ����5 ��� ���� <� L=�	 I�  .L�� 
5�
5
 2j
� ����
5��5�� y�G5 ����5 
;  2��G� ��25 ��� ���� <� L=�	 I� q��G� 25 � ���5 
;  2#%
� 
g� �� 
#35 2��G� ����)

�	 ��� .;�Y� ����Y��q 9Q�� $4�; b���> �5 2� � �� ��<?� �� �B)5( 2f��� L�� ��� ���� (Sun et al., 2024).  

 
        �H�4: ����F� �H%I��W J��+� �H�           �],]� ���I !�- �! �5: �L�$ �,b� >%&�+� $�!
+ �2�&%[ �7� �) � �! $!  
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5 ���� b�� q� K�:	 �� 
67 ���5 ��"#$ %�
&' (�)�*�����  2  L��
2�C �
� �5 �� z9#A	 ��� �	 O� 
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1 Topographic Wetness Index (TWI) 
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1 Normalized Difference Vegetation Index (NDVI) 
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1 Revised Universal Soil Loss Equation (RUSLE) 
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