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Extended Abstract 
Introduction  

Although a flood is an extreme and exceptional flow, every exceptional flow will not turn into a destructive flood, 

different factors must be changed in nature to cause destruction, damage, and casualties. In general, floods can be 

divided into four groups flash floods, river floods, urban floods, and coastal floods. Urban floods usually cause 

fewer casualties and mainly create damage caused by flooding, disruption of traffic, interruption in socio-economic 

activities, and problems of this kind. The damage caused by non-urban floods is often heavy and sometimes 

accompanied by high and catastrophic casualties. According to the Mediterranean climate, Iran is the seventh 

country in the world in terms of flooding. The flood-prone areas of the country are estimated to be around 91 MHA. 

In other words, 55% of the country's surface has contributed to the production of surface runoff, of which about 

42 MHA have moderate to very high flood intensity. The review of sources shows the development of knowledge-

based methods, statistical methods, and artificial intelligence algorithms in predicting flood-prone areas in urban 

and non-urban watersheds in different regions worldwide. However, a hybrid method of the Fuzzy, Delphi, and 

Analytic Hierarchy Processes (FDAHP) in urban flood susceptibility has not been used. Regarding the questions, 

what are the most important factors in urban flood occurrence? Is it possible to determine flood-prone areas in 

urban areas using the FDAHP hybrid model?, this study aims to identify the factors influencing the occurrence of 

floods and predict flood-prone areas in Sanandaj City. 
 

Materials and Methods   
In this study, which has a descriptive-analytical-comparative approach, to predict floods in Sanandaj City, the 

FDAHP was used. First, each of the conditioning factors (14 factors) was scored by flood experts and completed 

using the scores obtained from other stages of the FDAHP model. After collecting the opinions, the relative weights 

of the indicators were determined using the hybrid model, and finally, the flood susceptibility map of Sanandaj 

City was prepared using ArcGIS 10.5 software. The different stages of modeling with the FDAHP method are as 

follows: 1) experts' opinions, First, with the help of experts (technical and executive experts of the Kurdistan 

Province and Sanandaj Municipality's Natural Resources and Watershed Administration) the decision-making 

parameters according to their importance qualitatively or, if possible, quantitatively they rate. Opinion scales are: 

very important with a nine score, importance with a seven score, average importance with a five score, low 

importance with a three score, and no importance with a one score. 2) Calculation of fuzzy numbers. After the 

preliminary stage, which includes a survey of experts in the form of a qualitative or quantitative questionnaire, 

fuzzy numbers were calculated based on the results of this survey. 3) Forming the matrix of fuzzy pairwise 

comparisons. 4) Calculating the fuzzy weight of the parameters. 5) De-fuzzification of model parameters. 6) 

Evaluation of the accuracy of the output of the spatial flood prediction model. 
 

Results and Discussion  

The findings showed that slopes of less than 10% (flat), areas with an elevation of fewer than 1400 m above sea 

level, slope aspect and curvature (flat), urban land use with high building density, rainfall of more than 369 mm 

and rock type Qt2 (Quaternary alluvium) have the highest susceptibility to floods compared to other types in 

Sanandaj City. Also, the results show that, on the one hand, increasing the distance from the residential areas, the 



  
distance from the roads, and the distance from the waterways decreases the susceptibility to urban flooding. On 

the other hand, with the increase in building density, the density of roads and the density of waterways in Sanandaj 

increases the susceptibility to flooding. These results are consistent with the other studies that concluded the 

residential areas with the largest area have the highest risk of vulnerability. Our findings indicated that the density 

of the waterway, the slope, and the distance from the waterway have the most influence on the occurrence of floods 

in Sanandaj City. Rainfall, road density, building density, distance from residential areas, distance from roads, 

flow accumulation, elevation, land use, lithology, and slope curvature are the next priorities in terms of importance 

in the occurrence of floods in Sanandaj City. 

 

Conclusion  

The flood prediction map showed that a large part of Sanandaj City including the City's northern, western, southern, 

and center, which is crowded, has more potential for urban flooding. For example, the old and dilapidated buildings 

of the City center are highly susceptible to floods, but the border areas around the City have less exposure to this 

phenomenon. Therefore, as the distance from the City center and the residential regions increases, the potential for 

flooding decreases. Based on the value of 80.56% of the area under the curve, the validation results indicated that 

80.56% of the areas where urban flooding is visible have been correctly predicted. The FDAHP hybrid model had a 

high ability to estimate the areas prone to urban flooding and, therefore it can be tested and evaluated as a management 

tool to identify urban floods in other similar areas. Since our aim concerning the occurrence of floods is more on 

flood mitigation, according to the mentioned theoretical bases and the existing views in the field of flood prediction 

maps, it can be stated that the ruined canals and the network of waterways, unauthorized constructions, high density, 

and elevation of buildings, old and dilapidated buildings and the irregularity of the canals have aggravated the urban 

flooding. Overall, it can be said that obtaining an accurate and reasonable urban flood prediction map can help City 

managers and planners identify flood-prone areas to manage the urban flood crisis. 
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Figure 1- Location of the study area in Iran and Kurdistan Province 
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Figure 2- Examples of the floods in Sanandaj City (https://tn.ai/1979671) 
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Table 1- Influencing factors on floods in Sanandaj City and their classification (Source: Authors)  
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��+�� !� y�1�ggJ+���	/�1) =0=� ����5� � ��� /���7 ���� Q1 B
(>���0 �/���
	 � =�+0��1 =�+0� �/��6�J�. � �?�@A +���'��4 

�K�\] �K� gIKb��  �/�K� !5-I !� 6��=� ���'KS =.�' �K!�K-r/ 

W�1K�  ��K� /� �KK-r/ �8�KK�= �KK!�KK-r/ �1KK� 
��+�KK����' ����1� .��G�d�'� �<�0��� Q��	 ����/ �� �S��' 

                                                                      
1 Profile curvature 

!�� ����� ��� �S��' SW' ������ �S��' 0-+�K Pk�: ����� �1Kb 

���'K S!0 ����� � �K�=� � S��'y� ����� S0�.  
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EH�� �� e:* I���G�� <0��� Q��	 !1� ��  ^"�� /� =�0��	/�1

!���90�:�� 1�W� ��  ��1� @0��� �S0�* ��� ���$�� �0� ��d 

�+�k� �&� <�0����  r/-�S��3� /� .&� ��� ���$� S"�H� �LEL� 
!�/ r/-���� P��� �?I{� ���	:  

)1(  a� �� = ( a�� +  δ�� +  y�� ) 
)2(  a�� =  Min�β����. k = 1. … . n 

)3(  δ�� = � � =�
�  1β����

�� . k = 1. … . n 

)4(  y�� = Max�β����. k = 1. … . n 
/� �F-� P���/ ijkβ =�9���'�7 �'�S� @��� i  ��j � ��2�3�� 

 d��	/�1kb' .S0� 
��O�&� yij � aij !�I�I^�  �H � j�� �H

�:&�� � =�0��	/�1 r���� ijδ �&�;��� @��� �'����  �/ =��.

� =�9����'�.  

2 Flow accumulation  



 
�������	
 ���
                                                                                                         ... ���� ���� �����                 151  

2-4-3- '2�M� ���"`� �1"0	���, W*�� ����  

e: �� Q�89I ���$� ���� �F-� e��I�� ���G�* �5�� ���� �&� 
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��� =��� @��� � �'�+��/�:6� #��/ �� ��* ���  !@0����	:  

)7(  z�� = .a� �� ⊗ … ⊗ a� ��0 12 
)8(  w ̃_i = z ̃_i ⊘ (z ̃_i ⊕ … ⊕ z ̃_n ) 

 =. /� a8 9⨂a�; = �a9 × a;. δ9 × δ;. y9 × y;� �

a�9 ⊘ a�; = �a9/a;. δ9/δ;. y9/y;�   � 2�-�w8 �   /���� y�

 �+��/�: ���� =�� !1 S0� ��#0i�� =�9� �/ 
�.�'�  
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�/����� 1�I c�� ��8E�$�@� :)����� ��8�� 0MN� I P0-

?���'/�� 0��H �S��S���W	 �S� 0/�� S�� �� �	 )Chapi 

et al., 2017.( � ��&� "�� /� �d�0�� ��G� !1�� ?���'/��  2/�	�

!� 2�	  S�0y� ��IQ� @0��� c�� ���	�� !+	��� !+,��	 ���-	 
)Bui et al., 2015( .+�<�* ?�/���'� c�����0  /-�H �� �A��� /�

�� 
�$0 /-�H MN�!���3�� r/-�* W�� � S@L�� ��+�'.   

)10(  Sensitivity =  TP
TP + FN 

)11(  SpecifiLity =  TN
TN + FP 

)12(  Accuracy =  TP + TN
TP + TN + FP + FN 

�&� !G@A���� � !� �<����<�  S"�H /�
OTP �TN �FP  �FN 

���-	 !1 !�^�I�I 0 ��G� ���?IMN����' !� !1+0/�� !� =�-�$

0MN� !G@A���� 2�	���0 ��G� ���?I �MN����' 	� !� !1 2�@+

!�i =�-�$��0��N� !G@A���� i ��G� ���?I ���-	��0���N  !1

!�+0/�� !�i �A��� =�-�$��0��N� !G@A���� 2�	��� �FP  ���?I

i ��G���N�0�� !� 2�@+	� !� !10 �A��� =�-�$��N� A!G@���� 

2�	���� ���	�� )Tsangaratos and Benardos, 2014 .( /�

�
�S�� �+
�&� +�!<� � ��&� ���� S"�H /�
O�  /��G� !1 S0�TP 

����  /��G� �FP �	�� b1 )Umar et al., 2014.(  
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a�0 e�5 �;���'  /� >���0 �
	S0�  c��5)2(b' .�O&�� 

�+�k� � =�9����'�  ��y� �6�� �� R�A)�  �A��� �� !E���
�-8���� �?� �� !E����� !'���. �� !E��� ��' �� S�0��H !� [-��

0MN� �
	� � !+0�1��-	� R�A �� .�;� �6�� ��)� I /��G� b1��

���+,�0�� !'���. b1��I � ���?� b1�I�' /� �
	 >���0 !���=�6 

0��HS� !�0 [-��MN�  2��6�����-	.  k��+� �� k��+� &��

Rahmani et al., (2014)  �� ��-8�� �A��� ����1 =��� !1
)��)�� �SH��� &��I^�0. �#, &��IG��#� ��/�� �/ ���U: S
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� !'���. �� !E���)�&��I \pI�/�U3�� 0 [-�� /� �/MN� 	 �


!+	�� >���0��� .��3��/�� ���+,�0 b1��I ����?� b1��I�� !E���  ��
�-8�� �A����� � !E���� ?�<I ����?�� �5�=�� ��/�1 �[�WI/�� 

`/�� �a�0�0��	 ����� �� 	^� �'� ��� ��S� 0 [-�� /��MN 
>���0 �
	  /�-"��S���' �?��  /�����/��. �&� �+�k� �+� ���k 

Azadtalab et al. (2020) � !1=�� ���+,�0 b1��I ����1� �G )

�
�� 0 [-�� /�MN� �'�  .�/�� SG��#� ��/�� >���0 �
	
b'�O&�� �+� ��*?"�#� k� Ahmadi et al. (2023)  ����� =�9� !1

b
� !'���. b1��I � !'���. �� !E����I&� � Q��-$] [-�� �� �\

0MN� �
	� '��+� b'�� -0�	�� .  
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  *!W2- 8�* ������a ��,$!��� ��� ���� -.N* �
 �TU" M"�.V  
Table 2- Non-fuzzy weights of influencing factors on the occurrence of floods in Sanandaj City  

 �� !E���
!'���. 

 b1��I
!'���. 

a�0�0��	  �3��/�� 
 b1��I
���?� 

 !E���
���?� �� 

 b1��I

 �A���

��-8�� 

 �� !E���

 �A���

��-8�� 

 ���/�1
�`/� 

 �?�<I
=���5 

 ������
^�	 

[�WI/� 
 S
5
^�	  

����* 
^�	 

 r�G@A

 Q��-$

�\]� 

0.292 0.081 0.348 0.086 0.096 0.302 0.122 0.279 0.365 0.106 0.466 0.291 0.342  0.318 1 

0.23 0.117 0.272 0.134 0.138 0.233 0.157 0.228 0.303 0.131 0.274 0.237 0.281  0.236 2 

0.199 0.202 0.221 0.174 0.208 0.216 0.203 0.204 0.199 0.183 0.260 0.202 0.208  0.203 3 

0.156 0.279 0.159 0.257 0.262 0.139 0.236 0.166 0.133 0.262 - 0.160 0.169  0.147 4 

0.123 0.320 - 0.348 0.293 0.109 0.282 0.123 - 0.316 - 0.110 -  0.095 5 

0.101 0.097 0.046 0.095 0.081 0.075 0.083 0.076 0.061 0.052 0.041 0.044 0.07  0.077 =�� 
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Figure 3- Prioritization of factors affecting the occurrence of floods in Sanandaj City with the Fuzzy-Delphi-AHP hybrid model  
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��W	S� =�9���'�7 &��  !1 S0� [-`-�7/75 GA��� �� ��/�� 
=. /� !10 �5��N� � F�WI�2��+��� !� S0�+0/�� !��$ �A��� =�-

i��0��N� !G@A���� 2�	��� .&�� "�H /�� 1 S�� !1 S0�E� 
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  *!W3-  ������  !" �AB �
���%� ��,%��I"FDAHP 

Table 3- Criteria for evaluating the accuracy of the combined 

FDAHP model 

�'�+��/�:   �@�1�I c��FDAHP 

True positive (TP) 37 

True negative (TN) 28 
False positive (FP) 9 

False negative (FN) 0 

Sensitivity 1 
Specificity 0.757 

Accuracy 0.878 
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I!� ) b1 �E�, S�0��H dN1 k�: !� �189/0-144/0 �(
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210/00��H j�� S�0��H �(S� )246/0-228/0 S�0��H � (

) j�� �E�,297/0-247/0!G@A (���� � !�
I �	 .Q8	 4 9G�* 

)�:���� ��8�� ���+: �� �A���Q���' 0 {E+J�N�M �
	� 

� =�9� �/ >���0 �
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�: �A��� !1��'-1 GA��� �� � =��+,�0 b1��I !1��� S0�� 

!�"�Q� �6��)� /� ��/�`� i�����+: z-W� Q���Q� ���Ij� ���� 

0 [-��Q�  Q8	 /� 6��� a�/) ��/��4� .(&� +�!<� �+� ��k� 

*?"�#� Allahveisi et al. (2012)  SG��#��/��� .&� "�H /�� 

 S0�!1 0��H �� �A���S� ,�E� 2-1 u-� /� b1 � b1�' � 

�GA��� ��� )	-: S�I !1� �
	 6@0� ��} ��S� ��j� 

U:z-W���� 	�� M����/ )'�1 �� 3��/�� �����' /�@3/� 

!���� � /�
� Qg� /� h-g,Q� �'/�@3/) =�+���I� 0�� ��I��9�( 
2�	 B��� ���/�� /������.  
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Figure 4- Urban flood prediction of Snandaj City by FDAHP hybrid model  
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�/����� ��_� �=��3� �&� ��G� !1 S0���  2�	 �/�.���I /��G� !O 

0 ��MN���' :)����� �/�� SG��#� �2�	� )Shirzadi et al., 

2017(. b' �&��O�+�k� � =�9���'� 1�I c�� /� !1�@� ����-
W"��- Q�E�I@I��� !E�E0��  SH��� ��/��������� )AUC( 

 /��G�56/80 !���. S0�  Q8	)5(!� . &�� �?�� !1 �&�  c��

                                                                      
1 Prediction Rate Curve (PRC)  

1�I�@� 56/80 ���-I ��/��� :)�����  [-�� !� d��H �A���

0��
	 MN� 2�N$ .S0� !+	�� �/ �,�	 ��PRC ���� 
�/����� 0 b1��I �,�	 �� !9G� S��MN� dN1 /���' 

0��H {E+J�S� �6�  2��W+0��	  Q8	)5-j��� �� .(&�  �d�0�

�6��)� 0 b1��I �,�	MN� 0��H �� dN1 S�0 ��S� ,�E� 
!� b1 0��H �� dN1 S�0S� ,�E� ����� !� !9G� S�� S0�

� =�9� �/ 2��.��'�b' .�O�&� �&� /� Q8	�� :Q�8���' 
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k��+� �-IB� 0 �'�	 �A�����N� dN1 /���' 0��HS�  =�9�
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Figure 5- Prediction rate curve of urban flooding (top) and flood density (bottom) 
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