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Floods are among the hazards that affect millions of people around the world 

every year. The northern region of Iran has also faced numerous floods in recent 

decades and has caused a lot of damage to urban and rural areas. The northern 

regions of Iran have also experienced numerous floods in recent decades and have 

caused extensive damage to urban and rural areas. This study aimed to prepare a 

map of flood-prone areas by fuzzy method and to validate various maps 

downstream of the Neka River catchment in eastern Mazandaran. After the flood 

of 2019, the location of the areas that were affected by the flood was recorded in 

points. Data were randomly divided into two parts: training and validation 70% 

and 30%. Based on 70% of the observational data, fuzzy relationships of different 

information layers were determined, including elevation, slope, distance from the 

river, precipitation, lithology, and land use. After fuzzification of layers, using 9 

different fuzzy operators, the layers overlapped and flood hazard maps were 

obtained. The validity of the resulting maps was performed using 30% of flooded 

points and the same number of non-flooded points by ROC method and Cohen's 

Kappa index. The results showed that operators of fuzzy Gamma 0.9, 0.8, and 

0.7, had the highest accuracy of respectively. According to the map of the fuzzy 

Gamma 0.9, 15.7% of the area is in the very high and high class and 30% of rural 

and urban areas of the catchment are in these danger zones. 
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1  - Receiver operating characteristic 
2 - Cohen's kappa index 
3- True Positive  
4 - True negative 
5 - False Negative 
6 - False positive 
7 - Area Under the Curve 
8 - sensitivity 
9 - Specificity 



  

  

  

  

151  ----------------------------  ��	!"�� # 
$% &���� '��(��)* ��+ ,
-. �"/� ��0� 1�2�$�/ :...  

 

)5(  � �
	� � 	 

1 � 	 
 

)6(  	� �
�	 + ��

�
 

)7(  
	 �

��	 + �����	 + �	� + ��	 + ������ + ���

�"
 

�"9�6�
* :
��
   

" b�I��: H=&A� :���_ %L) �&�L) � 
� .�
���R !.�/0 B�% �.- ?�_N@�) # 	b�H?
��	c  	;
�L 	��
 �� %=T��
+�*�+�&-  �
L
�$- Z�
�) �� !#�0 ��R  :<#) ��&�
� 
�
I ���H&"��
��3� .(��/) ��R �&���.
  %19�� 
�

��� �L e�]?
� 
� � %O+�9��
��-��"- B�% �. 
�� %���� 
��"

L) � 
�
I) ���
 .  

2�H5��  : _�H?
� �
&��) �
�� %Z�Q%O+�9�  ��27- =Q�" a' 
� 
&�)  �?1291 %���� 
� 
&� �.- +�>#) �&� �
]+��
 
 :<#) ���L3%��>� %L %��?�L � ( �.- C]D" ��#�:	 �k�� �L�! " e�1� ���O? b�H?
��: ��
  !.�$�%&��  .C"� R��
L��L

��� tL�?- 9') �
L `�<O�- ��R &"��
�� 
&��
�0���H C�
� 
�
I  :<#)4  .(  

��I : � KG� :��_�
� " 
��: ��
-	 #�c �� ~9"�R # �L J@��� .C"��c 10-0 ��T
 L�
&��R " %�G0�LN)  �

%&#�� %19�� 
� ��.��� e�1� `�"� 
L .���" CF? J@��� !.�$ 	��#�: �k�� �L�! #�c �� ~9"�R � 
L � ���L�R 
9' tL�? `�"�) �
L `�<O�- ���- ��"- B�% #�c 
I ���H&"��
��
� .C�
�  

  
 A/�3J :6� �
* 5��.��� & �� �KL��A M�� * �
 ���6G�CD �'3E 8&�6F �/4  



  
  
  
  

152  -------------------  �� �	
��
��� ������  ����11 ����� �34 ������ �1401  

 
��N�9 : �4�O��� $�  ��R �&��
  tL�?*�+��
��- � %L 
u� .C"� %��'��
 �
��%<� " e�1��LN) ��.��� :T��� 
� ��#

�k��r %�=� J@��� 
� ����L %&�
� 
�
I ��
 %L �-  %L5 �1? %1]@�K ��L- ��� tL��? � ���#-  %=T�� ��0  �?1000 

&�- %L9' P
�T) L %=T�� 
� � ���L `�<O��! �� 1000 "
 
HT %L 
&���� ��G0 .C"�-  J@��� 
� �
�

��&�.�$ )L 
��
&��R  �� 
&>$ 	C+�Q300 C"� ���L 
&�R��
L��L . ��=� CG� � �
� �
_ %L %��?�L�
- >A? ���R 
��� 
|$��Q %=T�� �? ��
 �� %=T�� 	C"
300 
&�- %L9' P
�T)  !.�$ `�<O��%&�� L %=T�� 
� ��!  %L �( ��

"
 
HT���  .C"�  

C: <��  %O+�9��
�� %19�� 
�
��1� 
1? �� ;
�L�o�] 700 ��=�
&> %�=� %19�� 
� �-  �?880 ��=�
&>  C>�I 
�
��&�.�$) �&��
 " %��>� e�1� `�"� 
L � C"� ���L�	MN ��� tL�?- 9') �
L `�<O�- ��R B�%  .�# ��>_�  

,�=3,3"* :  
�
?��$ P�L�"
- %�=� J@��� 
� �- %L" e�1� ��.��� � ��
 �L P
��U� C=_�LN) L�
&��R &����� ���- 
%&�
� �
  x�" �( �� W0 � �.- �
��) %"�� �  x�" � x�"r.( %L?
?�c ��
� 
��.- �OL- ��&�
� 
�
I  :<#)4.(  

:�3
 �$�G �C��> �* '���� : B�% ��#��� %1]@ `N$ CH. %L %O+�9��
�� %Z�Q 
� ��L-      `��"� 
�L %�$ ����#
���/)�.)� " 
� %$�: %&#�� ��� ���-��"- �L .���#�R ?
?�c �� � M(�R �.- L M�@
�� 
&���R &�� ����   :���� �


&>$�R &����� ���- C"� ���>� c�$ �
  :<#)4.(  

  
 A/�4�6J : *$�9 �5��.�� *�
��,�@���3� �-@?� �� �)�  

-��� �� W0 %�B -��" �.  -���� -��� -�.
�?�
0� �� ���H&"� �L 	5/0 	7/0 	8/0 	9/0 	)��� -��� 	AND 	OR ،SUM 

 �Product %�B )��#�d>. %�1� � �# X�U�� �.  
� V=&A� -�.5 
�
I ���� 
���L � ���� 	a"�&� 	K$ 	K$
���L %1]@ 



  

  

  

  

153  ----------------------------  ��	!"�� # 
$% &���� '��(��)* ��+ ,
-. �"/� ��0� 1�2�$�/ :...  

 

 :<#) ��&�
�5%�B ��� 	)��� -��� 
� .(  ;�
 
� )��� %���1� �L V=&A� -�.AHP %L :�# %]"�F� 
�� P
�T
 b�H?
�352/0  ��
 �� %=T�� 	252/0 c�# 	2/0 ;
�L 	 	1/0
L
�$ 	 )Z�
� -06/0 -*�+�&�+ 	033/0 .  

  
� A/5 & �@O �	-4 :�A <�� �C�
* ���M Q�"��* $�9* $�9 �* 4$�� �
 ���6G�CD �'3E 8&�6F �/4   

  



  
  
  
  

154  -------------------  �� �	
��
��� ������  ����11 ����� �34 ������ �1401  

 
 
. CQ����r " 
9' P�1]@ ���:  :<# 
�6 �L P�1]@ .C"� ��# ���� �����
� ���� ���� 
�- ���- 5/0 	7/0 	

8/0 	9/0 ��� �) %L?
?�c 2/3 	9/5 	6 	4/10  �7 ��# :��# �
 %Z�Q CQ��� :$ �� �T
� � %$ ����R �
L 
��1�- 
� %1]@��� %L?
?�c 1/3 	7/4 	8/4 	3/5  �3/30 � ���L �T
�C"���� ;�
 k� %L .- ���	) 1L�% ;�
 P�1]@ 
� �.

���� �L ��
� ����	 
1? CQ����o�] �k��r %&#�� K. %L %�1� `�"� 
L .��� �.- ?��.��� e�1� � %=T�Q)	  �L J@���
�L 
9'�
�  B�L � B�L 
&��L%�=� %19�� 
� �-  �� 
&>$ b�H?
� �L200 # � 
&��c  �� 
&>$20  %=T�� 
� � �T
�

>$
&  ��1000 
&�- �
@ ���R %&�
� 
�
I ��
 �
� 
� .��� �.- ��&�.�$) ��R " �
_�: ��
-  �
� :<# t]? %L
� !.�$) ��L�%>. 
� . %�1� B�L CI� �L �.)� " e�1��: %&�
� � %1]@ 
���� �L ��
� ���� %&�
� 
�
I  ;�
 a1� .���

���- ���)	 L CQ����
&�- � 
� �
�R 0 %1]@�! L��) �>��� .C"�  

J@��� �L � K$ 
9' �L�K$
� ���� �L- 5/0 	7/0  �8/0 ��&�.�$ J@��� 
�) L b�H?
� �L�!  ��200 # 	
&��c L�! 
 ��20 �
�� J@��� � �T
�- =��� !#�0) �0 J@��� 
� ���RL %=T�� 
� C"��!  ��1000  
�
I ��
 %��
$ �� 
&�

%&�
� ��� ;�
 
� .���- ���) ;�
 SN'
L�.- ����- ���- �J@�� �L � K$ 
9' �L�K$
� � � a"�&� 
9' �L �
��� 
>A?�R .C"� ���  

  

  
 A/�6 & �@O ��-�� $� S6 �
 8E�#� :��,�@� ��3� �-@?� �� �4$� *$�9 � ���M *�
�35��
� �C A�  

  

T�C � U6�"4  

��>. ;�
 �� ��� )U�"
�]&_� -�
L �# �
�#� %$ 
�@ROC  )�F�� K�"
? �L .�# ���H&"� �0�$ f'�# �ROC  
�
X
� 
�k��XlSTAT ) )�F��
�� CQ���AUC;�
 ( ����) �# %]"�F� V=&A� -�.1 %>. `�"� R�� 
L .(;�
-

 -���� -�.5/0 	7/0 	8/0 	9 � )��� -��� 	/AND  
��1�1 %L���� %$ ��( C"� R�� M�'
���L CFT ���.�



  

  

  

  

155   ----------------------------  ��	!"�� # 
$% &���� '��(��)* ��+ ,
-. �"/� ��0� 1�2�$�/ :...  

 

%�1� %�G0 
� �.  �
 )L�' CFT )�F�� R�� 
u��� K. �.
�=>_ 
��" .C"� %O+�9��
�� %19�� 
� :�" 
9' -��L
)� ����  ����) ��.�1  :<# �7 .(  

�L%L %��? 
��1� %<���AUC ;�
 %>. 
� ��_ �.r��k�  �� 
&��L C��+�� �L ��� R��O? -�
L 	C"� ���L K. %L
 -���� f'�# R�� `�"� 
L .�# ���H&"� R.�$ -�0�$ f'�#9/0  
��1� �L1  %L C]�� � %&#�� �
 J���? R�
&��L

;�
 
��" -���� -�OL %]?
� 
� .�
�� )]�� -
?
L �.8/0  �7/0  � )��� -��� Wd" �AND 
I%&�
� 
�  ����) ���
1;�
 .( -�.OR  �Product ���� %$ %&#�� )����0 -�0�$ f'�# 
��1�;�
 R�� K$ J���? C]�� ���.�.C"� �.  

  

 V�)W1  �6��-� :AUC ��,�@� ��3� �-@?� �� *$�9 Q�"�� *�
�X��� *��C �
�> YO�� �  

*$�9 *�
�35��
�  AUC  �
�> I6�'  ��5�  

 ���M5/0  1  87/0  4  

 ���M7/0  1  97/0  2  

 ���M8/0  1  97/0  2  

 ���M9/0  1  1  1  

�4$� *$�9  1  93/0  3  
OR 987/0  196/0  5  

AND 1  93/0  3  
SUM 724/0  88/0  7  

Product 967/0  35/0  6  

  


��_ M
_- )��
�<>. �1396$
? ;�
 �L 	(�]) AHP 
��? �L- L�k�R %�G0 %�1� ��L- "�:  RU? � �<� %Z�Q 
� �

�
��
���L�) � CI� %$ ����� 
�
I�R $
? ����]) 76/0 ��� ;�
 CI� .�# %]"�F�- %L
� %&�
 
�$ R�� !.�/0  �L
 
��1�AUC=1 $
? ��� %L C]�� 	�]) ����L CI� ��#�
� �L
?B- � ���� �
) �.�+ .) )��
�<>. �2015 �L (

�.
�=>_- ��� V=&A�	- "��Q %�1��C y0�
- L��� �
$ ���" 
� �
) ��� ��"- ;�
 %$ ���
$�.- ����- ���- 
L CI��!  ��88/0 � ������R  �
 �.
�?�
0� %>.875/0 �
��L�) � .����>������R �.
�=>_ -��� -96/0 �0 
���R C"�

"�F� �<� %Z�Q%] ��&"
]? .C"� ��#) =��� �) 
G� )2021$
? �L (�c ]^_ %<]# ;�
) _��^�)  �AHP  CI�
������ ��
- "�:  ��
����� ��&"� 
� �
86 ����>� %]"�F� �T
�. � J]@ %\
���R %�=� %19�� X�>? %�1� �- 

' 
9' ��
� 
� %O+�9��
�� %19�� � ��
������=) ����  Y�
q� %$ C"� %&�
� 
�
I�(�k %L� 
u�) �"
 .  

  

"4��� M��*  

G?�% " 
9' %�1��: ��$ CI� �L) �<)  ��?�_�Z��) @ %$ C�.) %.� ��  '��
  �LR� �.- ��O&�-  %O+�9��
��
 
. .C"� %&�
� 
�
IR� k��C ]��) ^A�� CI� �) � %,�
� �
) ��$� 
� .�R !.�/0 ��� ;
��- �
L- %�G0 ��L- 

"�: ���� �� ���H&"� �L �.- OI��) �� ���R  %O+�9��
��
�
I �.
�?�
0� � C�
�- ��� V=&A�-  .�# ��>_� �G�( 
L



  
  
  
  

156  -------------------  �� �	
��
��� ������  ����11 ����� �34 ������ �1401  

 
�.
�?�
0�- ����- ���- 
&GL�R %�G0 
� �
 �
<=>_ ��L- " 
9'�: %&#�� %19�� 
� �G� %�1� `�"� 
L .���)�  :T�Q

��#�d>. ��) ����- 9/0 
1? 	%O+�9��
�� ����F� 
��o�] 30 � 
9' ����F� 
� �<� 
G# � �.�&"�
 �T
����  ��L�
� 
���� %&�
� 
�
I @ 
� � ���) "( �� �����c #��) " ���: ���]� ���� 
� .���  

  

  
 A/�7  �?�?� :ROC  (Q,� �Q�"�� *$�9 *�
�35��
� �C A�& �@O �	-4 *��COR (_ �SUM (` �Product *���M (� �9/0  �-@?� ��

��,�@���3� �?�?� F��B a4� �C �O �ROC b�4 G�0 �O � 8&� $�& »d4�� �O «.���� g�4  

CFTU�") �1� � %�1��%� R� �.- �" a"�? ���H&"��
�� V=&A��
 ��
��.�/0 � ����) �.� X�U�� P�O+�9� %$-

1� 
� ��#�`� " �.��# �L � %Z�Q�MN�.- 
�?�A)  CI�
&GL- 1� %L C]�� �
�`� %19�� �- � K.�
�) �>��� .
"�:  ��"1397 L C����L �
�� %O+�9��
�� ����F� 
��!  ��100 �# ;
�L � C"� %&#�� ��"��  ����F� 
�
�0��R � � �" C"��%Z�Q
 ��
��R �0��R =T� :��_) C"� ���L P
��'. ��R G? X�k+ %+E���%  �L 
9' %�1�


��"��.�- 1� 
� � V=&A��`��.- =F�) $E?�
�� �
�� � 
�
I) �.�� %&<� .�
� " %�G0 !.�$�: ��
 �
� 
� �.- 
��&�.�$) �&� �L %$ C"��
 =T��% C"� a]?
� oN��$ ��
 ��v  
� ���!.�/0-�. L ��O&��R ��&�.�$ J@���)  C�0 �

Q,� _ 

` � 



  

  

  

  

157   ----------------------------  ��	!"�� # 
$% &���� '��(��)* ��+ ,
-. �"/� ��0� 1�2�$�/ :...  

 

����< � %&�
� 
u�
�) ��# � ��R �L b�Z��*�+��
�� %L %��?- � � �
���/)�.- *�+��
���,*�<) � %19��) ����? 
>A? c����R L�!���"��# 
� �Q)� %�G0 �.- "�: ��
 .��#  

  

 hC�?�  
_�>"��=)	 �Z
v ��.
" 
�$��)	 _��)v R#�
 �
0 	�<��R. )1395(. O?��R ���&0�: "�: '�k- �0�? ;�
 �� ���H&"� �L�	W  %O+�9�
�
��- 
L( %Z�Q 	��
����� ��&"��k ��
��=�	 ��
����- ]@�O)	 9)31( 	77-87. Doi:20.1001.1.20085656. 1395.9.31.5.7  


�u&��	- ���/�v =��=���	 �
.�@v �
���) ��?�'	) ����) .1398.( %�G0��L- "��Q %�1��C "�:��
- �
� �� ���H&"� �L�L�) L�R  ;�

����
� C]��) ������
$ ��&"� 
� �.��# ��� �	 =F?�: ���)� F� P�
@�A��9 	)6)4(	143 -162. http://jsaeh.khu.ac.ir/article-1-

2707-en.html  
,�&"�
	) X�
G#v �"��	- ����
v =_����k �
�	) Nq�Z
�. )1397(. G?�% %�G0 %�1���L- "�MN AL( %Z�Q�k  ��� �� ���H&"� �L ��
�<�

SCS-CN  �GIS/RS !.�/0�.- *�+��
���,*- �>$)	 6)1 	(108 -118. http://www. geomorphologyjournal.ir/article_78078.html  

C$
# %19�� M( �- ��
����� ��&"� )1398 	(" ;
�k��MN  ��H"�1397 �
�
� ��R 1398 %��'��
 
� �.- 
�� 	��
����� ��&"��% 
726.  

#�H) 0�	��� �>F�v %>@�� 	���
0 .)1397�
� .(�L�) =F? ��: ���)� "�: ��
- �
I %��'��
 ��� J9�� �� ���H&"� �L �"- F� 
��a 

GIS	  F� P�
@�A��a ]@�O)	 7)15	(17 -30 .Doi:10.22111/JNEH.2017.3203  
��]O#) ����L�R	 ���
(v ��>_	- =_��Z
v +�� :��	) ��
�R) .1395.( "

L) ���&0�: "�:'�k- ���Q�.- AL(�k O? ���R  �+�� J@���

"�: �
�� %O+�9�)-AL( ���Q :�k (�<�	 0  k�AL( ���Q C�
��� %����.�/	 7)14	(20-28. http://jwmr.sanru.ac.ir/article-1-754-fa.html  
M
_ 
��_-	 =_��Z
v >"�I
�0)	 >Q��Z
�v #���
)	 ;
�$. )1396(. %�G0 ��L- "��Q�C "�: ��
- $
? ;�
 �� ���H&"� �L�]) ���	R 

��?- L�k�R �  
��(�� =F?�: %=�=" ]?�
�) O+�9�)% �
��-Z�Q :% AL(�k .�$� .(��
����� ��&"� � �<��*�+�
�-	 4)2	(447-462 . 

doi:10.22059/IJE.2017.61481  
=I) ����	 ��Nv ?���I	) %+� Pk_v !��
����	 >Q���v ���� 
�0 %+�	 CUQ) .1396.( �
�$)� ��� ���- ���&0 
��: "�:'�k- 
�>��� %Z�Q	 

���- ��
����	)� 17)60 	(227-245. http://geographical-space.iau-ahar.ac.ir/article-1-654-fa.html  
?���I)	 Pk_ %+�v ,�L�L) 
� 	X�I�����v &>.)	 
.�@v Q
�>)	 ��O��. )1394(. %�G0 ��L- ���&0�: "�: ��
- ����� ���H&"� �L   J9��

���- F� 
��aGIS  )�
�� %O+�9�- ' %��'��
 %Z�Q��\��- <���R (
G#	 .�*�+��
���,*�
�-	 2)3 	(121-135. 

https://hyd.tabrizu.ac.ir/ article_4264.html?lang=en  

$�>) ��,����
	) �>F�v G+��]_) ��
$�$	- %+� �9_v ��'�=�) ��$
�	) �Z
�>F�. )1396? .(G�% " 
9' %�1��: �&]�) *
�� 
L- 
���� 

" �� ���H&"� �L�K&� ��
�� P�_N@���)� �
�� %O+�9�-�<� %��'��
 :	 !.�/0�.- *�+��
���,*- �>$ 	)5)4 	(159-175. 

http://www.geomorphologyjournal.ir/article_78069.html?lang=en  

$�>) ������
	)� �>F�v �����) ����"	) %>U�. )1397(. %�G0 ��L- 
�r�y0�
- "�: >^? ;�
 �� ���H&"� �L�K��
- O���\�
�� 

�&]�) ��G# �B�&"� 
L- 
&�d��- O+�9�) 
��#% �
��-Z�Q :% AL(�k !.�/0 .(��
�<��.- ��
����- ]@�O 	)50)1	( 177-194 .
Doi:10.22059/JPHGR.2018.229904.1007026  

	R�=� �>F�v =O>"�) 
�_-	 
}�L�v �
�'-	 %' P�L. )1397(. �
��L�) "��Q�C " %L�: AL( %Z�Q�k  C]�� ��� �� ���H&"� �L 
B�?
����
�) ?B�>&Q�	) F� P�
@�A��a ]@�O)	 7)15	( 1 -16 .Doi: 10.22111/JNEH.2017.3120  

��Q��)	 .�
L��Kv L�
��)	 
���]v ��
O�) ��	� 
���Wv �
�'-	 %' P�L .)1395(. �
��L�) 0�
&�( ���) G? 
� ����#�% "��Q %�1��C  �
" b�I� %L ��>&Q��: AL( ���Q 
��k ��
.	 F� P�
@�A��a ]@�O)	 5)10 	(99-116 .Doi: 10.22111/ JNEH.2017.2958  

��O�����	 R�F�v <"
���	) ����!v �+k� �
I	 �>F�) .1393.( " P
��' !.�$�MN 
G#- �� �� ���H&"� �L�
�C q����"
 �- 
�
�� %O+�9�)-" :�MN  	�<�1378(	 0  k�AL( ���Q C�
��� %����.�/	 5)10	(1 -14. http://jwmr.sanru.ac.ir/article-1-754-fa.html   



  
  
  
  

158   -------------------  �� �	
��
��� ������  ����11 ����� �34 ������ �1401  

 
�"��-	 "��>F��v ,�&"�
)	 X�
G#v K&"
 K#�. 	����. )1397(. �
��L�) %19�� �- 
@�A�� "�: 1� 
��`� ��%Z�Q
  �� ���H&"� �L

!U�"��� J9�� ��� � 
����- O+�9�)% �
��-Z�Q :% AL(�k (��
�	 .�$��*�+�
�-	 5)3	( 829-841. Doi: 829-841. 

10.22059/IJE.2018.245661.775  
Arabameri, A., Rezaei, K., Cerdà, A., Conoscenti, C., Kalantari, Z., (2019), A comparison of statistical methods and multi-
criteria decision making to map flood hazard susceptibility in Northern Iran. Science of the Total Environment, 660, pp. 443-
458. https://doi.org/10.1016/j.scitotenv.2019.01.021 
Das, S., (2020), Flood susceptibility mapping of the Western Ghat coastal belt using multi-source geospatial data and 
analytical hierarchy process (AHP). Remote Sensing Applications: Society and Environment, 20, 100379. 
https://doi.org/10.1016/j.rsase.2020.100379 
Hong, H., Tsangaratos, P., Ilia, I., Liu, J., Zhu, A. X., Chen, W., (2018), Application of fuzzy weight of evidence and data 
mining techniques in construction of flood susceptibility map of Poyang County, China. Science of the total environment, 
625, pp. 575-588. https://doi.org/10.1016/j.scitotenv.2017.12.256 
Khosravi, K., Pourghasemi, H. R., Chapi, K., Bahri, M., (2016), Flash flood susceptibility analysis and its mapping using 
different bivariate models in Iran: a comparison between Shannon’s entropy, statistical index, and weighting factor models. 
Environmental monitoring and assessment, 188(12), pp. 1-21. https://doi.org/10.1007/s10661-016-5665-9 
Kim, T. H., Kim, B., Han, K. Y., (2019), Application of fuzzy TOPSIS to flood hazard mapping for levee failure. Water, 
11(3), 592. https://doi.org/10.3390/w11030592 
Lee, M. J., Kang, J. E., Kim, G., (2015), Application of fuzzy combination operators to flood vulnerability assessments in 
Seoul, Korea. Geocarto International, 30(9), pp. 1052-1075. https://doi.org/10.1080/10106049.2015.1027290 
Nandalal, H. K., Ratnayake, U. R., (2011), Flood risk analysis using fuzzy models. Journal of Flood risk management, 4(2), 
pp. 128-139. https://doi.org/10.1111/j.1753-318X.2011.01097.x 
Rahmati, O., Haghizadeh, A., Stefanidis, S., (2016), Assessing the accuracy of GIS-based analytical hierarchy process for 
watershed prioritization; Gorganrood River Basin, Iran. Water resources management, 30(3), pp. 1131-1150. 
https://doi.org/10.1007/s11269-015-1215-4 
Razavi Termeh, S. V., Sadeghi-Niaraki, A., (2019), Preparation of flood susceptibility mapping using an ensemble of 
frequency ratio and adaptive neuro-fuzzy inference system models. Earth Observation and Geomatics Engineering, 3(1), pp. 
64-77. Doi:10.22059/EOGE.2019.269239.1035 
Saha, A. K., Agrawal, S., (2020), Mapping and assessment of flood risk in Prayagraj district, India: a GIS and remote sensing 
study. Nanotechnology for Environmental Engineering, 5, pp.1-18. https://doi.org/10.1007/s41204-020-00073-1 
Sahana, M., Patel, P. P., (2019), A comparison of frequency ratio and fuzzy logic models for flood susceptibility assessment 
of the lower Kosi River Basin in India. Environmental Earth Sciences, 78(10), pp.1-27. https://doi.org/10.1007/s12665-019-
8285-1 
Shafapour Tehrany, M., Kumar, L., Neamah Jebur, M., Shabani, F., (2019), Evaluating the application of the statistical index 
method in flood susceptibility mapping and its comparison with frequency ratio and logistic regression methods. Geomatics, 
Natural Hazards, and Risk, 10(1), pp.79-101. https://doi.org/10.1080/19475705.2018.1506509  
Swain, K. C., Singha, C., Nayak, L., (2020), Flood susceptibility mapping through the GIS-AHP technique using the cloud. 
ISPRS International Journal of Geo-Information, 9(12), 720. https://doi.org/10.3390/ijgi9120720 
Tabarestani, E. S., Afzalimehr, H., (2021), Artificial neural network and multi-criteria decision-making models for flood 
simulation in GIS: Mazandaran Province, Iran. Stochastic Environmental Research and Risk Assessment, pp.1-19. 
https://doi.org/10.1007/s00477-021-01997-z 
Vakhshoori, V., Zare, M., (2018), Is the ROC curve a reliable tool to compare the validity of landslide susceptibility maps? 
Geomatics, Natural Hazards, and Risk, 9(1), pp. 249-266. https://doi.org/10.1080/19475705.2018.1424043.  



 

References  
References (in Persian) 
Arab Ameri, A., Pourghasemi, H., Shirani, K., (2017), Flood susceptibility zonation using new ensemble Bayesian-AHP 
methods (Case study: Neka Watershed, Mazandaran Province). Iranian Journal of Ecohydrology, 4(2), 447-462. 
Doi:10.22059/IJE.2017.61481 [In Persian] 
Entezari, M., Jalilian, T., Darvishi Khatooni, J., (2020), Classification map of the sensitivity of flooding using the method of 
assessment frequency and weight of evidence in the Kermanshah Province. Journal of Spatial Analysis Environmental 
hazards, 6(4), pp.143-162. http://jsaeh.khu.ac.ir/article-1-2707-en.html [In Persian] 
Esmaili, R., Jokar Sarhangi, E., Roshan Neko, P., (2016), Determining the potential of flooding using TOPSIS method, case 
study Mazandaran province, Galandrud catchment. Physical Geography Quarterly, 9(31), pp.77-87. 20.1001.1.20085656. 
1395.9.31.5.7 [In Persian] 
Ghanavati, E., Babaee Agdam, F., Hemmati, T., Rahimi, M., (2015), Potential Flooding Zonation Using Fuzzy Model in GIS, 
Case Study: Khiav Chai Basin (Meshkin Shahr). Hydro geomorphology, 2(3), pp.121-135. https://hyd.tabrizu.ac.ir/ 
article_4264.html?lang=en [In Persian] 
Gholizadeh, A., Ghanavati, E., Afsharmanesh, H., Amanullahpour, H., (2018), Fuzzy Model Efficiency on Flooding Potential 
in the Basin of Zangmar. Geographic Space, 17(60), pp. 227-245. http://geographical-space.iau-ahar.ac.ir/article-1-654-
fa.html [In Persian]  
Golshan, M., Esmali Ouri, A., Khosravi, K., (2018), Flood Susceptibility Assessments Using Frequency Ratio model in Talar 
Watershed. Journal of Natural Environmental Hazards, 7(15), pp.1-16. Doi: 10.22111/JNEH.2017.3120 [In Persian] 
Karimi Firoozjaei, M., Abdullah Kakroodi, A., Jolodar Niyaraki, M., (2018), Preparing a flood risk map based on the flow 
energy by using geographical information system Case study: Nekaroud River. Quantitative Geomorphological Research, 
5(4), pp. 159-175. http://www.geomorphologyjournal.ir/article_78069.html?lang=en [In Persian] 
Karimi Firozjaei, M., Neysani Samany, N., (2018), Flood Risk Assessment Using Multi-Criteria Decision Making Based on 
Dempster-Shafer Intuitive Reasoning (Case Study: Nekarood Basin). Physical Geography Research Quarterly, 50(1), pp. 
177-194. Doi:10.22059/JPHGR.2018.229904.1007026 [In Persian] 
Masoudian, M., Fendereski, N., Gharahgezlou, M., (2014), Urban Flood Damage reduction using Non-Structural 
Management (Case Study: The Nekarood River flood, 1999), 5(10), pp. 1-14. http://jwmr.sanru.ac.ir/article-1-754-fa.html [In 

Persian]  
Mousavi, S., Roostaei, S., Rostamzadeh, H., (2018), Regional Flood Hazard assessment at the Sub-Basin Scale Using 
Remote Sensing & Fuzzy logic. Iranian Journal of Ecohydrology, 5(3), pp. Doi: 829-841. 10.22059/IJE.2018.245661.775 [In 
Persian] 
Nohani, E., Darabi, F., Maroofinia, E., Khosravi, K., (2017), Evaluation of Shannon entropy to flood probability and 
susceptibility mapping at Haraz catchment. Journal of Natural Environmental Hazards, 5(10), pp.99-116. Doi: 10.22111/ 
JNEH.2017.2958 [In Persian]  
Regional Water Company of Mazandaran, (2019), Report of floods in March and April 2019 in the rivers of Mazandaran 
province, Journal 726. [In Persian] 
Roostaie, S., Mosavi, R., Alizadehgorgi, G., (2017), Watershed flood zoning map preparation using CN and GIS/RS 
methods: A Case Study on Nekarood, Quantitative Geomorphological Research, 6(1), pp. 108-118. http://www. 
geomorphologyjournal.ir/article_78078.html [In Persian] 
Shaabani, B. A., Emadi, A., Fazloula, R., (2017), Investigation the flooding potential of basins and determination flood 
producing areas (case study: Neka basin), Journal of Watershed Management Research, 7(14), pp. 20-28. 
http://jwmr.sanru.ac.ir/article-1-754-fa.html [In Persian] 
Sharifi Paichoon, M., Parnoon, F., (2018), Article Evaluation and spatial analysis of Floods in a river using Fuzzy Logic in 
geographic information system environment (Case Study: Qarasou River). Journal of Natural Environmental Hazards, 7(15), 
pp.17-30. Doi:10.22111/JNEH.2017.3203 [In Persian] 
 
References (in English) 

Arabameri, A., Rezaei, K., Cerdà, A., Conoscenti, C., Kalantari, Z., (2019), A comparison of statistical methods and multi-
criteria decision making to map flood hazard susceptibility in Northern Iran. Science of the Total Environment, 660, pp. 443-
458. https://doi.org/10.1016/j.scitotenv.2019.01.021 
Das, S., (2020), Flood susceptibility mapping of the Western Ghat coastal belt using multi-source geospatial data and 
analytical hierarchy process (AHP). Remote Sensing Applications: Society and Environment, 20, 100379. 
https://doi.org/10.1016/j.rsase.2020.100379 
Hong, H., Tsangaratos, P., Ilia, I., Liu, J., Zhu, A. X., Chen, W., (2018), Application of fuzzy weight of evidence and data 
mining techniques in construction of flood susceptibility map of Poyang County, China. Science of the total environment, 
625, pp. 575-588. https://doi.org/10.1016/j.scitotenv.2017.12.256 
Khosravi, K., Pourghasemi, H. R., Chapi, K., Bahri, M., (2016), Flash flood susceptibility analysis and its mapping using 
different bivariate models in Iran: a comparison between Shannon’s entropy, statistical index, and weighting factor models. 
Environmental monitoring and assessment, 188(12), pp. 1-21. https://doi.org/10.1007/s10661-016-5665-9 



 
 
 

2  ------------ ---------------------- - - -------------------  Journal of Natural Environmental Hazards, Vol.11, Issue 34, December 2022 

 
Kim, T. H., Kim, B., Han, K. Y., (2019), Application of fuzzy TOPSIS to flood hazard mapping for levee failure. Water, 
11(3), 592. https://doi.org/10.3390/w11030592 
Lee, M. J., Kang, J. E., Kim, G., (2015), Application of fuzzy combination operators to flood vulnerability assessments in 
Seoul, Korea. Geocarto International, 30(9), pp. 1052-1075. https://doi.org/10.1080/10106049.2015.1027290 
Nandalal, H. K., Ratnayake, U. R., (2011), Flood risk analysis using fuzzy models. Journal of Flood risk management, 4(2), 
pp. 128-139. https://doi.org/10.1111/j.1753-318X.2011.01097.x 
Rahmati, O., Haghizadeh, A., Stefanidis, S., (2016), Assessing the accuracy of GIS-based analytical hierarchy process for 
watershed prioritization; Gorganrood River Basin, Iran. Water resources management, 30(3), pp. 1131-1150. 
https://doi.org/10.1007/s11269-015-1215-4 
Razavi Termeh, S. V., Sadeghi-Niaraki, A., (2019), Preparation of flood susceptibility mapping using an ensemble of 
frequency ratio and adaptive neuro-fuzzy inference system models. Earth Observation and Geomatics Engineering, 3(1), pp. 
64-77. Doi:10.22059/EOGE.2019.269239.1035 
Saha, A. K., Agrawal, S., (2020), Mapping and assessment of flood risk in Prayagraj district, India: a GIS and remote sensing 
study. Nanotechnology for Environmental Engineering, 5, pp.1-18. https://doi.org/10.1007/s41204-020-00073-1 
Sahana, M., Patel, P. P., (2019), A comparison of frequency ratio and fuzzy logic models for flood susceptibility assessment 
of the lower Kosi River Basin in India. Environmental Earth Sciences, 78(10), pp.1-27. https://doi.org/10.1007/s12665-019-
8285-1 
Shafapour Tehrany, M., Kumar, L., Neamah Jebur, M., Shabani, F., (2019), Evaluating the application of the statistical index 
method in flood susceptibility mapping and its comparison with frequency ratio and logistic regression methods. Geomatics, 
Natural Hazards, and Risk, 10(1), pp.79-101. https://doi.org/10.1080/19475705.2018.1506509  
Swain, K. C., Singha, C., Nayak, L., (2020), Flood susceptibility mapping through the GIS-AHP technique using the cloud. 
ISPRS International Journal of Geo-Information, 9(12), 720. https://doi.org/10.3390/ijgi9120720 
Tabarestani, E. S., Afzalimehr, H., (2021), Artificial neural network and multi-criteria decision-making models for flood 
simulation in GIS: Mazandaran Province, Iran. Stochastic Environmental Research and Risk Assessment, pp.1-19. 
https://doi.org/10.1007/s00477-021-01997-z 
Vakhshoori, V., Zare, M., (2018), Is the ROC curve a reliable tool to compare the validity of landslide susceptibility maps? 
Geomatics, Natural Hazards, and Risk, 9(1), pp. 249-266. https://doi.org/10.1080/19475705.2018.1424043. 




