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Due to the increase in the occurrence of floods, especially in the cities, and the 

emergence of human, financial, and environmental risks due to its increase, the 

flood zoning areas are of great importance. Therefore, in this study, it was tried 

zoning the areas of floods with the help of determining effective criteria. The 

criteria used in this research include Modified Fournier Index, Topographic 

Position Index, Curve Number, Flow Accumulation, Slope, Digital elevation 

model, Topographic Wetness Index, Vertical Overland Flow Distance, Horizontal 

Overland Flow Distance, and Normalized difference vegetation index. The 

novelty of this study is to present a new combination approach to determine the 

effective criteria in flood hazard zoning (Maneh and Samalqan County). In this 

regard, the combination of geographically weighted regression (Gaussian and tri-

cube kernels) and binary particle swarm optimization algorithm was used. The 

recommended combination method is suitable for spatial regression problems 

because it is compatible with two unique properties of spatial data, i.e. spatial 

autocorrelation and spatial non-stationarity. The best value of the fitness function 

(1-R2) for Gaussian and tri-cube kernels were obtained 0.0745 and 0.0022, 

respectively, which indicates higher compatibility of the tri-cube kernel than the 

Gaussian kernel. It was also found that the criteria used have a significant effect 

on the rate of flooding in the study area. 
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�+� 	R � ?�	G *�� ��/5�;�+Y @�* ! Y�����  ?��-
�+/� 

���� ��
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� ���Z1� ! ���� �����
)� 5�1) �����< ������  �* �
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��F #�1) ?���>�B ! ?�
 �����
) ���  ?�

�����
) �� =$�B ?� ����&Z> ����� �� =�q �-� ��> �!�K� �
$�X� �� ��) ?� ! ���> ! ]�B�B	�� � .Q��	G 

�
�� �����
)� 8 *+���$Z � ���&�1*�� 
$�* �� s���� ?��� ?� .�)��x�K5 /F$�+Q @��AB+��	 �	G � �����
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1 Shafapour 
2 Weight of Evidence 
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�
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�+� 
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� ��
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	Q<�$�� ��$> �� �Q�� �� \
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) ���Z1� ! �M@� �
	N .Q�� ���� ,-  G+�fY+) �$B!  ���� ��-
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����� <��� &� ?� ���� ! G) ���/�+P �-  ! Q<
� ! �-�+> N)$4 �$B! ]�� ���&- ���	� �
�$� �Z1B?�

 �*�$B! �� YB$�=�+� ���J �+<� #�� ��f 
�  Q�� ��) ��;�� G	� 
��
�&< ���+5�� ! ���B ! �5�� ��-

 .Q�� ��)�t> ��B �� �
 ���!��@- ��D)+@��>!
�� ���<�!
 P��) ���Z1� ! ���� �����
) I;� 
� �-� Z`@�  !

1[��� ��J �u$^ vMB �* ��$�	M Q�� s���. G	� ���<�!
 �- ?� ����U�
� �
�< ?� �1�f�� �����
) ��@�> ! �+&� 

�$< �
 y��� �� Y+) �$1�� �� �  ) P�) .��*1�� ���� �
 ���Z1� ! ���� �����
) ��!�K� ( .�-� 
 

E5  1 :���.�� �4D+� 9��0�D�� 

?�� ���� A�
 F2�3 �$ �GH� �'�5� A�
����� � �(��  

�?! �$+��>
 �=�+� �� �ST� ����� ��-
�+/� Ng� G	� 
� ) �	�+@��AB 
��GWR1��+
� ,�	
$�5� ! (  �$D�� �?��

 ��
C��&&> )BPSO2(  .Q�� ��) ��
��) P�) 
�2 ���
��+4 \!
 �
�f$Z@ (N-!34 .Q�� ��) ���� ����  

  

                                                      
1 Geographically weighted regression 
2 Binary Swarm Particle Optimization 
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 E5 2 :���6(�< ?�� 
���#+	A =
��
 

I0� - F2�3 �$ �GH� �'�5� A�
����� 

��
4 �� lZ�g� ��-
�+/� �� ��&��! =�+� ����  G	� 
� �* �)��N-!34 :Q�� ��) ���U��� �	? ��-
�+/� ?�  

:F�'��� �9 �4<� ��K�< *  

���B �=���!
 �� ��@� �Z0�@ ��)�� ,* ��	�B ?� ��@� �Z0�@ �f�- .Q�� ��	� #$Z� �� #$Z� R	 ?� =J �/F�! �	�B

 ���
��1- ! ����� ���/�*) �$� �-�$< ���+� =�+� ��X	� P+&���42019 ���
��1- ! �1��F
$4 _2020.(  

:�
��L = (
 MN�  *  

.Q�� �-�+> N)$4 
�+/� ����*�
!J�� V<�) G	�  �� �
 =�+� ���+� ��	t4�;< ��)�� ��1* \
���� �f �-

) �;��
 ?� �* �
�� ���1-1�� (�� Q�� �!�&<) �	J1  ���
��1- !2016:(  

)1( ���� = ��� − ���� + � 

 �*NIR  ! R	�M� M��F �!��� ����R  M��F �����
�$-�� �	!�`� .Q�� ��  

�'��� �9 �O�P ��K�< *F: 

�D��K� E�U�
� ! #$Z� �- E�U�
� G+� ,[�F �Z0�@ ����+� �=���!
 �� ,[�F �Z0�@�� ��	�B ��D) ���� ��) �f�- .�)��

 ���
��1- ! ����� ���/�*) �$� �-�$< ���+� =�+� ��X	� P+&���4 ��)�� ,* ��	�B ?� ,[�F �Z0�@2019 _ �1��F
$4

 ���
��1- !2020.(  

�<��L(
(9 ;$(�� MN�  *: 

�� �u$^ y�+�� 
� ���$ 
 L	��) l+0$� ���� |	�
 ! �+U� �
�M�� �@��>$4$� Q�$ 
 V<�)  �- 
�+/� G	� .�)��

�� �
 =�+� ���+� ��	t4�;< ��)�� ��1* \
���� �f) �;��
 OD  �* �
�� ���1-2�� (�� Q�� M*$+&��B) �	J2  !

1- ���
��2019:(  

                                                      
1 Khosravi 
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)2(  	
� = ln � �������  

�* As  ! Q��H�� �?$^ Q^�&�β .Q�� Y+) �	!�?  

:���Q9�� ��(P� R.� * 

�� G+�? I;� E�U�
� n�/� �	���� ����+>��
� E�U�
� ��$F
 #�� ��)�� ��1* \
���� �f �- 
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 ���
��1- ! $��$	�4�4) �
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:S�  *  

Y+) �$B!�� ���� ��	? ��-�� ��� G	� �* Q�� 
��
$<�� ���1* I;&� �u�
� ?� �o��
$� ��;�� �* �-�  
� ���$�

��
�� E$F! �
$0=�+� ?!�� YD� ��	�) ��- ) �;��
 OD  �* ���> =�g� ��-3 P�) ! ()3�� (�� Q��  �	J

 ���
��1- ! $��$	�4�4)2015:(  

)3(  ����� = atan ������ �! + ����"�!� 

 [dz/dx] = ((c + 2f + i) - (a + 2d + g)) / 8 

 [dz/dy] = ((g + 2h + i) - (a + 2b + c)) / 8 
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���� �f �- (  P+&���4 ��)�� ���+�
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�+/� G	�
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�$+��>
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��) ��* ���U��� �	�4 ��-6  ���
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 ���
$0 {	������- �?! ��@�> �o�
� 
�� ����$) ! ����$�1-�� P+5� L+K� ! �$B! Y	��u ������ �	��&	��� 

�$+��>
 ���
$0 �ZK� ��Q�� ��!!) ��	J7 �2020 \!
 �5��/� .(GWR ) �;��
 ?�7�� �D��K� ( ���> 

]���	
��@)8 ��)!� !9 �2016:( 

                                                                                                                                                                      
1 Vojtek 
2 Vojteková 
3 Eini 
4 Alam 
5 Saa-Requejo 
6 Murray 
7 Wu 
8 Fotheringham 
9 Oshan 
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 �*"( P+� ��M+�) ��&��! �+A��  �(�M+< 6  �(=�+� E$F! �� �ST� ��-
�+/�) P��&� ��-�+A��+  ��-�+A�� ���/�
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)9( 
�7(  ̡9(� = =�1 − ��(6< �?�?              @�(6@ < <
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 �*�(6 �Z0�@ G+� ���+ZF�  �;�� !�J ! H  �φ  ! �
������� #���� b	?$� b��� < \!
 
� .Q�� ���� ���
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 ! �ZK� ��-�++A�) �;��
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tB ��;< ����
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����1+F���� #�� ��-�� 
�*�� �* ��!
) L��!
 OD  �Y+���11) ! (12�� �D��K� ( ) ��$)
��@	]��� �)!� ! ��
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)11( �! = 1 − ∑ �"( − "L(�!�()*∑ �"( − "�!�()*  

)12( �1�M = �1+ 4 �"( − "L(�!�
()*  

 �*n ���-��� ���/� �"( �-��� �i  �]�"L( N+4 
���� ��+���-��� ��) i  ! ]� "Q�� ���-��� G+���+� . 

 

] -  �C��(10�#$��+ ��3) �C,,L ���^ �(�'� ABPSO:(  

 ,�	
$�5���+
� ) ��
C ]�^�?� �?��PSO���� ���1�B� 
��@
 �!
 ?� �* Q�� �/1B �$X�&B ,�	
$�5� R	 (  ��-

�-�� ! ��>���4  ��) #�� �- $Z)�DFJ) Q��2  ���
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�� r��� �* Q�� Q+/1B �� ���D� �$) 
��@�> �ZK� ,1+�+� 
� ��1* �$) ����)1 �1^� !2 �2020 G	� 
� .(

 �$X�&B ��z@ 
� �;�� �- ?� E!�) �� ! Q&+� ��&��! �+5!� Q+/1B �� ���
��+4 �+&� =�$B Q+U+* ,�	
$�5�

�� ���1- ��+
� =�$B �� �Z%&� =�$B ����) �$)   ��1^� !2020 ,�	
$�5� G	� ��Z%&� ��z@ �� �B$��� G	������ .(

�� �$+4 Q5�^ !� 
� ���$��� .�$) l	�/� ��&&> ! �� G	� n�- �� �B$�N-!34 ��+
� ,�	
$�5� ?�  ��
C ]�^�?� �?��

) ��&&>BPSO �!�K� R	 ! �U0 ��-�+A�� G�)�� �� ��
C ,�	
$�5� G	� ��&&> Q5�^ 
� .Q�� ��) ���U��� (

�� ) L��!
 O	�  ?� ��
C Q+/F$� ! Q��� 
���� �* ��$)13) ! (14 (�� ���
?!
 ��� ���
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)13( �(�D + 1� = G�(�D� + O*F*PPbest − U(�D�V + O!F!PGbest − U(�D�V 

)14( U(�D + 1� = =1  HX Y ≤ 11 + �[\-�]^*�0                 CDℎ�FGHI�  

) L��!
 
�23) ! (24 (�(�D�  �
C Q���i  �]�U(�D�  �
C Q+/F$�i  �]��(�D + 1�  �
C Q���i  ���/� Q+/F$� 
� ]�

U(�D + 1�  �
C Q+/F$�i  ���/� Q+/F$� 
� ]�$<�ID ���X� Q+/F$� G	��
� �
C ���� ��)i  �]�_<�ID  G	��
�

���X� Q+/F$� ���
C P* 
� ��)O*  ��`g) ��+>��	 Y	�uO!  ��/1B ��+>��	 Y	�uG  ! �Z<�� �?!F* �F!  !
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 ���� Y5�F 
� �-
�+/� ?� ]��* �- ��?��30  �* �) �+5$� ��� ����
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 �	!�`�SRTM4  ,- .�) ���U���  ���� ?� G+�f4  !5  Q���5 �	!�`�8  �	H �+5$� Q
BNDVI �� .�	��> ���U���-

                                                      
1 Abed  
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3 Beheshti 
4 Shuttle Radar Topography Mission 

Archive of SID.ir

Archive of SID.ir



  

  

  

  

183  ----------------------------  �
  !"� #$	�	��� %�&� #'�( )�* �'�� "'�+ , 
-.�/0...  

 

 
���� �D��K� 
$o��MFI ����&	� N) ��� R+�4$�+� �	H .���) ���� 
�*CN M+�  ?����?�� P��B! �-  b����

�	H �	�� .�) �+
� 
$�* P+ZK� R1* �� �- ]�� 
� Y���� ��-  
�M@�Arc Map   !SAGA GIS .���) ��X	�  

 

 

(I0�) (F) 
  

(]) (�) 

    
(�) (�) 

Archive of SID.ir

Archive of SID.ir



  

  

  

  

184  -------------------  �� �	
��
��� ������  ����11�  �����31 ���� �1401  
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(a) (A) 

E5  5  :N�$� �� ����
��A �$���$��B�.  �� �4D+� ��0�D���(� +�+� (I0�)� 4<� ��K�< (F) F�'���� '�(< MN�  (]) F�'��� �9�� 
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 ���Q9 �. �
�� <��L(
(9 ;$(�� MN�  (�)�  (�)R.� �(P�� 

��Q9���  ([) �S  (a)MN�  �P(��; <��L(
(9� )A (�X�U� ���9�  

  

���+4 Q
B\!
 �?�����
��+4 ��-� �?� .Q�� �o��
$� ��;�� 
� ���*��4 ���� �+5$� �� ?�+�	G !
�  P+ZK� y��� ��

Multiple ring buffer��!�K� �  P�)) =�+� bB�� ���� n�� � �	�-6 )l5�) #!�B �(1( =�+� .�) l	�/� (

 #�� ����< �� �$��� bB�� ���� ?� P0�^1396 �� P��B ���?�� ?� �* �)�� <� 
$�* b���� ! �- .Q�� ��) t

) P�) OD  {}�6 - �(=2000 �� �;�� G+� ?� .�) �+5$� �/5�;��
$� ��;�� 
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� �;����!�K� ! =�+� bB l	�/� ��- �J n�� � ��)

�� ��) �D��K� ���� G	� ���� (��&��! ! P��&� ��-�+A��) �$B$� ����� � ��-
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                                                   (I0�)                                              (F) 
E5  63 cX�� �	4' (I0�) :�F2 <��d9 a�4' (F)� ����� �.  
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� ��)
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��$��� !2 �2020.( 
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<��d9� ������.  

���.�� 

�	4' cX�� 

100 �C� 200 �C� 300 �C� 400 �C� ]��N ���.�� 

��.4� C����� f��0-

�.  

1 8/0 6/0 4/0 2/0 0 

,�	
$�5� ���B� ?� N+4  ���&D1- ����� ��-���� G+�) P�) .�	��> ��
�� �-7 ���&D1-) ���&D1- {	���� (

�� ���� �
 =�+� E$F! ����� ��-
�+/� (�$��+4 G+[�-��$-) �-�3 �2019 �-
�+/� G+� ���&D1- Y	�u �	���� .(

 ����� G+�0  !3/0 ���� ���U����
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1 Binary particle swarm optimization 
2 Fotheringham 
3 Oshan 
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E5  133 8(P� �DN �	4' :�F2 B�9 �$�S  ?��GWR �$ 3(L �C,
�j �(10� ���C BPSO 

  
E5  143 8(P� �DN �	4' :�F2 B�9 �$�S  ?��GWR �$ ��5� �C,
� �3 �(10� � �'�L��C BPSO 

 �	���� R2 ! RMSE P0�^ \!
 Y+*�� ?� ��)GWR �� �D/�� ! G+�$> ��&- !�  ,�	
$�5� ! ���>BPSO  ��

���� ?� ���U��� ��) �D��K� N	��?J ��-) #!�B 
� �* ���3.Q�� ��) ���� ���� ( 

R�.X 3��4�  :�� R2  �RMSE EK�- B�9 ���S  ?��GWR �$ �C,
 3(L�j � ��5�� �3 �'�L �(10� ���C BPSO 

�C,
 R2 RMSE 

3(L�j  9255/0 3625/0 

��5�� �3 �'�L  9978/0 2142/0 
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R�.X 5�4� :��, �3��3 MN� A ��$ U��(�A B�9�S ?�� GWR �$ �� �C,
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P-Value 

3(L�j 109/0 000812/0 421/16 000/0 
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