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	���

��� 	A;� � -� �>��3�_ ���!3��5 �7��$3�� � D��5� ��&Y� �
��� 45	*�G� �" .="�B� 
5	" S�X�� ^� ���35 � 	" 
���  .&

���� � �" #�7X- ��)3� ." :�5	"��" 7�5 	�/�� 45	*�G� �" .="�B� 
�, .��@/ ." ^9& �  -� 
5	" ����� 
�,

" .="�B�7�(
6 V�\ �) 7�5 45	��j� � �,Berkes, 2007.(  

��� .2�� �� 
��� �� 
� )$" 	" @&	9� ��H�5 :7�5 .��	/�5	6 1��;��5�� � �=& 	�X� �� �� 
q H &5 �� #� .�H�5 
�,

 #��" #� 
�5���� 7��	C � �+��5 k 6� 4�% �83 80 	" @&	9� 
	8�� � �+��5 ^� ��)3� ." #��� 72/��"

 45	��j�7�5 
�	&��& )Miller et al., 2010(.  

 ����(� 	" 7���\ �" �� 1�%	&].
"5� ��� V $;� �" ��� 1q5� ���8�, :�5	"��" �
��� �� �5	6 .- � �� � 
��� .& �	�/

#���% .�%�" .�%5� � -� .(H�
� �� � S�X�� 	"5	" �� 
���$� �� 1	*�G� #� �5 F)6  �� �H�T 	A;� :�5 .& 7�5 	&]

�	A��� ��� V $;� ����  �#5��A9, � ��H�U) 7�5 
���13904��	� 	<�� �5 S�X�� ^� .(H�
� V�8�, 5�H .( 
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��� ��!�5 S$� #� 
��� �=U5 � :�	� ���� V $;� �	�/ �5	6 .<[+� �� � ���" .& �� $;� :�	�  .7�5 
	���

." 
� * ���� S�,�;� .& ��� � 
	��� �T r"5�� :�X35� a�	;� �" 
��� �;�* ^� �H�6 �� V $;� �� :�5 :�" �
�	

���� .& ^� �� 
	��� ��� � �5�	" 
 � �� �5	6 #� F"�B� 7$- �� 
����	�/ )Wilson, 2012.(  

��� 7��	C ��B0	, ���� r�5	% �5 �1�5�35 #�9, ." �%�" 	�Z�" �9�X�� �� .(��- �� 
���  � 1�3�� #��5 �� 
	���

	�" r�5	% �� 
��/��� 7�="�6 k 6� V�8�, � �351	*�G� ) 7%5� �,5 � 5�Béné et al., 2014��� :�5	"��" �(  
���

 	�<3 �-��� r�5	% 	��j� ." 
��/��� �� ������� .B
�� ^� 7��	C #� �� .& 7�5 �
�5	% 1�3�5�	"�� �������

"����" 
5	" ����	C F��% #� :��W9, .��& ~;[ 5� �/�3� �5 7���� ��5�3���5 
5	" �,5� � 7�	��� l � �5 �

 7�5 ��� A[ 4�,�)�%5(Heijman, Hagelaar, & Heide, 2007).  

',�E����� ������� .��	/ 4� U 
�, ��� � 
	��� ." 
��� 1� [ � �,�	A��� �5 �(��� ��* V�\ � * �=�G� 
�,

��	" �� 5� �9=\��� �" r)�	� 4�(H�
� ���	" .�	�/ �� #�23 �(�)* 
��+" 	"5	" �� 
���  4��	� .& �,�

��� ��3�� ���[+
U5 ���� � 
��� ��" �5 �A� 
	����3 .7�5 ��5 � :�	�@�835	" 

��� #�A�.A)% ��� S�X�� �5 �5���� 
5  
�,
�)H�& S�X�� .7�5 �3�X35 J�5 - � .;H�� 
�)H�& 
�, .���� 
�,  1�%

1�8�3 A� �(�)* � 1��- F��% .& 7�5 �3�X35 
�, #�9���� ��, 7���	�� ��, :��Y� 4�X��Y� � 4�*�)��5 ��,  �
q	35

S�X�� � ���5	j- ���5	/ � � �}�� ��� 
�,	�X� S�X�� �x�5 [ V�8�, �� .7�5 �(�)* 
�,  ���" 
�)H�& 
�,

7���	�� .(� � �5 �,� 2& �5 ��	" .���� :�5 �� .��,� .�5�5 � � �	A=9\ ." @�3 7G� r�5	% �� � ��3�9" �6�"  �,

��� � )$" 
5	" 
�5@"5 'B3 �� �G� 	"5	" �� 
���1�	& 1��;��5 45	* 7���� �.3 93 
5	" .�35  7�	��� �=(� 
�,

�� �:�5� .3����� ������� F�� �5 
	�/ =- 
5	" .& 7�5 1 �% :�5 ." ��=, �� �+�� ^X��  
�,�� �� �,��"

) 7�5 ��� ��� �9�X�� � 
E�5	��5 7���� :�5 �� .& 7�5 .��	/ 	<3 �� �&��Vis et al, 2003#�A� .(  
�,

S�X�� #��" S, �����5	j- ��� 
�)H�& 
�,���� ���X" x�5 [ 	"5	" �� ��� .� " �,5 � 	���  

���� S�,�;� ��� � 
	��� � 0��0 �
��� � �,���
�,  J�5 - .="�B� �83 80 7���% 
5	" 5� 
��9%��5 �� $;�

S�X�� �7X�� 45	��j� 	"5	" �� �3�X35 
�,  �3���� S,5	� �\�9�-5 � �
���(Adger, 2006)��+�/ .1 )2007 ." (

��� #5@�� �	
� 7�,�� �(" ��$0 �5 1��;��5 �" �(�)* 
��+" �" .-5 � �� ���� J�5 - .& ���� .!��3 :�5  �
���

7���� � �8�,	� ������  #5	��� 
�,�� #5��A9, � 	��& .��,� #�23 7���B� ��+" �" .$-5 � �� ���X35 �2  ��� ��

2010 � �� #�A� ��� #5 �\ �" 5� �2,�E�3 ��� }�� 
5	"  .�3�5� V�!35 �(�)* 
��+" 	"5	" �� �=�� J�5 - 
���

��� 1�8��- �5 
���- � 0��$0 .(H�
� :�5  l�B��5 
5	" 
���R�� ��� �"����5 � �� 
��� � �=�� n
� �� ��+" F"�B

.B
�� �� .d5�5 
5 .\ 9!� � �,� .��	/ 	<3�� �I�, �B�� �� V�/ :�H�5 
5	" .(H�
� :�5 �� �,	�j�� �5 
5  ��3�& .�35

                                                      
1-Gaillard 
2- Cutter 
3- Disaster Resilience of Place Model (DROP) 
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.=;&1  ��� �� 5� �2,�E�2011 1�5�35 #5 �\ �" ��� 
	�/  :��&�� :�" �(�)* 
��+" 	"5	" �� 4�\�9�-5 
���

35 
@3��35 � 2& F[5 ���� �=U5 	U��\ ',�E� :�5 �� .7�5 1�5� V�!  :7�5 	�� ��5 � F��% .=;& 1�/��� �5 
���

1�	/ � #�&� & �#�3� #�5� 7H��� ���� 
�,  ����	� �� 	���.�$� .��3	" .��3	" V�T�5 D�2,�& 
�,  .��3	" � J��- 
�,

1���� �� 1���&���$� 
�,	
� � 
�- 
�,	
� �� � �� .(��- �,�/� D�=�� )Kafle, 2011.(  

." ��� '!�� 1� [ �� 1E�� � * ���� � 
���  
�5���� 	<�� �5 V $;� �� :�5 i�)��5 � ������� J�5 - 
	���

S�X��." 
�, S, �(�)* .�� ��-���� .7�5 .��	/ 4� U 
��9%��5 4�(H�
� �3�X35 ��� � 
	���  J�5 - 
���

." �3�$- 45	��j� 	"5	" �� ������� (H�
� 4� U r� � # �Z�� 	�5@- �� �"	!� .(Schwarz et al., 2011)  V�!35

��� �"����5 .7�	/ �� �" r)�	� 
��+" 	"5	" �� J�5 - 
��� :�� - r� � ��, � 2& �� 5 ,�2 ) #5��A9, �2012( �

��� ^� ��B�� �� ��H5	��5 � 2& �� ������� J�5 - 
��� w 3��3 ) #5��A9, �2012	" @&	9� �" (  �� 
����2& 'B3

���� i�)��5 �"����5 ��=�� ��`�65 ��� � �\�9�-5 
	��� ." �
��� 45	*�G� 	"5	" �� J�5 - 
���  �� 1E�� � *

�35	�X/	" r� � .��	/ 4� U ',�E�4 ) #5��A9, �2015 .=�X� ." 4��;�� �,�83 �5 .7�	/ �5	6 .- � �� � (

��� �� ������� J�5 - 
��� U ',�E� ." #5 �5�	" r� � .��	/ 4� -
��A�� � @8����5 )2014 'B3 	" #� �� .& (

��� �� ������� #��(� ��� ��!�5 ." :��W9, � 7�5 1�% ��&Y� 
�Z�� � 2& �� ������� .(��- 
���  �5	)�H 
���

�!35 ��B�� �� ���� ������� �[5 3 �� �5��" �" #� i�)��5 � ������� �[5 3 
��`�65 �%� �" .
"5� ��V  r� � 1�%

#��5 � {��6 )2015.�	& 1��%5 (  

�=������7 ) #5��A9, �2014��� ���	" #5 �\ �" � � ',�E� �� ( 
��+" �5 	_Y�� �=�� 4�\�9�-5 
��`�65 
���


������ �%� ��� �5 1��;��5 �"  AX�X35	� #�� ��=� .B
�� 
�� � .(H�
� :�(�)*8 )SGM .& �3�5� #�23 (


5	" F��\ :�	�9$� ��� 
�B��5 
��`�65 
���.���	�
�5�/  =T�� .7�5 .B
�� �� 
�	� J���U 
��9  #5��A9, �

)2016 ��� .H@H� #�/�3����" .3 80 #5 �\ �" �2,�E� �� (2011 ��� .�&	� #5� ��1�	& }�� 5� �\�9�-5 
��� z�35

��� .& �3�5� #�23 ��;�& ��B�� R�� �";`�� J�� � .d5�5 #5 �\ ." 
��� �� � ��5�	9A[ � J6 � ." 4���� .3�

�� �35�5	� ^9& .H@H� �5 F)6 �\�9�-5 �8�X)9, � �/���� ��,�/� ." :��W9, ��H�� J"���.��& 

',�E� #��� ��) #5��A9, � #��(��� � 2& F�5� �� .��	/ 4� U 
�,1390.(H�
� �� ( :��)� #5 �\ 7�� 
5

��� �� $;����% � 
����	��� �� #� 
��� n35 � 7k�9�-5 � ��10 )CBDM���% D(  '�5@��5 �� 	_��� 
�,

�����
��� � 
��$3 �
��`�65 ��\�9�-5 �(" ��$0 �� 5� n35 � 	"5	" �� 
��� - .B)* 
�)H�&1� 93 
��" .��35 
��"

                                                      
1- Shesh Kanta Kafle 
2- Joerin 
3- McManus 
4- Bergstrand 
5- Borda-Rodriguez & Vicari 
6- Rigg & Oven 
7- Martinelli 
8- Structural Growth Model 
9- Dogulu 
10- Community Based Disaster Management 
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) #5��A9, �1392'B3 ���	" �" �( 7�	��� �=�� �� 
�B��5 ��� 
��� �3�A� �� 	"5	" 
��+" �� �+�� [.�  
 

.920 .=�&
 #���	$% :"�A�� � ��	"��	� .(��- .& 1���� .!��3 :�5 ." �7%��+& 
  �� .(H�
� �� �3  FU5

#����� �,� � 7�	��� ��8�,�9, � 7<���� �5 :�35 6 � �,��"	�� 7��� ���� � 
	"��& ����� :��� �  ��7 FU5 

�6�" 1�3�� � =
��3 	" .7�5 :�5 ��)� V�Z 7�5 �� .��3	" 
@�� �, ." � )$" #� �, .- � � ��&Y�  .� % �:�5 	" 1�+\

) 
�5��6 ���!� �  =6��U13937X�� .
"5� (1�8�3 A� 
	��� ��� � ������� 
�,  45	*�G� 	"5	" �� 5� #� 
���

 ��3�5��5	6 ���	" �� � ������� �[5 3 �(�)*7X�� '�5@�5 �" .& �3���� .!��3 :�5 ." A� #� " 	���1�8�3 
�,

��� #5@�� ��������� l�B��5 @�3 4�\�9�-5 
��� .�"�� #�e�� 	8�� �B�B�� �� � ) #5��A9, � �d )XH 1�5�1393 (

��� F�� .� [ �� 
	8%�	/ .3 93 �*��� 
��� R�� �	A��� �5 1��;��5 �" @��S�9`� 
�,  5� .`��% ��0 
	�/

�3�5��5	6 .(H�
� �� �، #�23 ����3 1��,� 
 #� 7�5 .& 
����� }��H �� .)��
 ��5 ."#5 �\ 7�(�� ���
��� �5	6 

 :��H5 :&� .7�	/ ) #5��A9, � 
��G��51393��� �� ��2�(� k �� 'B3 ���	" �� ( �� ������� 
�,�5 3�� 
���

��� ." 	!�� ��2�(� k �� �	A��� ]�G�5 .& ������ 7�� .!��3 :�5 ." #�$;U5 #���5 �H�XA2� r�5	%�� 	�2�" 
�

 k �� :�5 ����%5� �5	6 
	����% �H�XA2� a	(� �� .& ���,����� �� .7�5 1�% �H�XA2� r�5	% �� �,�5 3��

�� S20 ." 	�2�" ��2�(�) #5��A9, � �3�9=� .�� �1394��� �	A��� �"����5 �� ( 45	*�G� 	"5	" �� .(��- 
���

��� �	A��� .& �������� �3���� #���	$% �� �(�)*7�5 	82�& ��5 1�	/ �� .B
�� :�5 
��� ��� V�� 1�	/ �� � -

��� V � 1�	/ �� ��	A=9\ #5 �\ ." 
������ �	A��� V��$0 1�	/ �� � �2G" 
��� .B
�� 	" �3�$- ���(� � 
���

) ��5 B� � 1�5�� .7�5 S&�[1396���� ���e� F�=�� �" (1�8�3 A� 
	����G� 	"5	" �� ������� � 
	$% 
�, 1	*

 k 9!� �5 .& ������ 7�� .!��3 :�5 ." (#+�/ #���5 :
�� � .(H�
�) .H@H�2925  �������� 1�8�3 A�1350 

 �)X3 7�(9- �" �����24�9 ) #5��A9, � � � #���� .���X, :&�� .H@H� 
Z�" ���X" 	
� �" .�$� �� �U��1396 (

��� �"����5 �� .B
�� 
���12  	"5	" �� #5	$� 	$23+&��� 7�" =
� .& �3���� .!��3 :�5 ." �(�)* 45	*�G�

 .B
�� �� 
	$% 
���12 .;H�� � ��("5 .�=& ." .- � �" �(�)* 45	*�G� 	"5	" �� #5	$� 	$23+& ��(� �=�� �,

��� �(�)* 45	*�G� 	"5	" �� .B
�� :�5 :�5	"��" � 7�5 1� ".7X�3 �5���� � ���  

� �5E3�%��+�� )1396�2,�E� �(  #5 �\ �"5���! ������
 �������� ���	�� �� .(� � ����5� ),�83� (�� 	"�7 

[5 3� ������� �"�]� #���5�#�! 6	% �� � 5� (����	" 1�5� �5	6 � �35.�$� ����	" ."�,
 �������	 � ��� V5�65 ���

1�	&�35��3 .�� �5 FU�[ 5�: ',�E���"	9& �
 .�$� �5�,
 �������	 6	% � �- �5 5� �#���5 "	T ��9% 79� ."� 

�"�]� #���5�#�!6	%� �-�� �� .& 5��"5 �$�35 �
 .�5�5 �� .�5� #�23 ��3�5� �5	6 V�	�� �*��� � �� 5	����  '!��

��� 'G" �����
 	�Z�" 1��,� #�23�: �	C�7 �� 6	% .35	& .B
��� ���.0� ���5�. ��5� �5	6.  

 V�!35 4�(H�
� ��	� �"�� .���� :�5 �� 1�%��� #5@�� 4�(H�
� ��9\ .& �	& #��" #5 �I�
(35 � 
��� J�5 - 
	���

1�	& ���	" �=�G� 45	*�G� 	"5	" �� 5� � �35@��9�  5��"5 .& 7�5 :�5 �� 1�% V�!35 4�(H�
� 	��� �" ',�E� :�5

���� #5@����� #5@�� ���	" �" � �G2� 45	*�G� 	"5	" �� 
	��� 
��� ���	/ �G2� @�3 J�5 - �����	��

��� #5@������ �" �[5 3 
����� ��
� .0 �� Z�" 
	������% ." .- � �" .(H�
� :�5 �� .�%�"  ��	� �� .& ���,
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.\ 9!� ���� 7�� ." 4�B�B�� .��2�� ���% �5 
5 ." �, ���% #5 �\ ���� 	" �5�/	�_Y� 
�, ��� � 
	���  
���

���� J�5 - �����	��.7�5 .��	/�5	6 ���e� F�=�� � ���	" �� � � :��(� �(�)* 45	*�G� 	"5	" �� ���  

  

���� �� /�� ���  

 �;�U � �7�,�� w��5 	" � 
�	"��& k 3 �5 I�, w��5 	" ���% 3 :�5 �� ��B�� R��-  �3�)� .7�5 �=�=��

.3�G"��& �
����5 4�(H�
� w��5 	" #� ^�� �� #����� ." .(-5	� � 
5  �,#�/�5 � V�!35 .* "	� 
�,  .7�5 .��	/


����	/ 4�\+*5 7�U �35��� R�� ." 	<3�� � F�� ." .(-5	� �" 7��$3��  .7�	/ �5	6 �"����5 �� � 1�% 

���� '!�� 
5	" R�� .� �=& 7H�[ �� :��5� � -� �
���1- S, R�� ���% �3�% � - ��)�2 -  �������� ���

���5	� - ��)�3 -  ���� F�=��) �*�)���5Sahoo et al., 2016���� ���% �	��[ ',�E� �� .(  � �
��� 
	���

���  
���J�5 - 	&] ��5 �	A��� 	<�� �5 ������� �� � 1�% .7�5 .��	/�5	6 1��;��5  ��!�5 
5	" 5��"5 � <�� :��"

1�5� �5 FA2�� .& �����5	j- 4�\+*5 S�X�� 1�5� 1�8��� 1�5� � ���e� 
�, �;�U � 
�, ."  D7�5 �� 6� 4� U


�)H�& � �
���) ���e� 4�\+*5-�����	��.2B3 
�� �5 ( V	3 ^9& ." � .* "	� 
�, �5@�5 ArcGIS J-	� :��� �

 7�="�6 �� ���	/ F`�� ���e� 4�\+*5 ." � 1���	/ S�X�� ��5� ��;�U � 4�\+*5 �y� � ���	/ 1	��] � �� 6� �

.�@!� ��	/ S,5	� F�=���. 

 5�H." ��� < 1�5� ��;=� .�Z 5��"5 �V5�&	, 
�5�/	�_Y� #5@�� �5 1��;��5 �" 	<3�� � 
�, .2B3 
�,  	<3�� � 
�,

#�XA� � ��H ���" 
���1 ." �y� � 1�% ���% ��G�35 �� 7�6� '�5@�5 � <�� ���� �� 	_�� 
�,  7��	C � 
	���

��� � ������� J�5 - �����	�� 
��� .X��B� V�!35 � ��-�� 
�,.=X=� ��H   ���5	� w��5 	" #5��5 .)���� � ��5	�
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1�8235� �����5 � #����%��& r� � ) �,20 .���	/ 1��;��5 ��% V�!35 (	;3 

.��5 � #�/	)� �5 ����5� :�5 �� �� .& 7�5 1�%���% 7�9,5 .- ���% 	�� � �,���� ." i "	� 
�,  
	���

��� � �
���  
��������	��  ��* w��5 	" 5� ������� J�5 -1  �� (@�0�3 ���X" 7�9,5)9  (����[ ���X" 7�9,5)

S, .����93 �G2�  
�e\5 ." .���2�	� #�	& 	� 1 �3 �.���2�	� F�9A� 
5	" F9(H5� ��� ?	" ^� .d5�5 �" :��0

�-.���2�	� #�	& 	� V�8�, ." � �% 1�5� R� �� 
���� .(�  �H�9�[5 V�$"5 .3 /	, J�� 7$- � � �B�� ��,

 �5 F& �� .7�5 .�%5�� e[20 �� � 4�\+*5 (1�8235� �����5) w��%��& 	;3  .& �% .�$� 	<392  
�e\5 �5 �U��

 �#5�	� 5� .3 93 :�583  �:� ��� �� 
Z�" �U��92  
5�5� �U��S, � 	�Z�" � �3�X�H 4+�`��  :��059  �U��

."	!� 
5�5��� ��� 1� �5 '�" 
��& ) 
��� �)�5	� .=X=� F�=�� ���5	� .�5�5 �� .��%�"FAHP.�@!� �� .& (  � 

1�5� F�=��1��;��5 	��[ ',�E� 
�, 5� 7�5 1�%  .�5� S�,5 � n�� � 1��;��5�� � �)�5	� .=X=� ������ 7��$3��

                                                      
1- Reclassify 
2- FUZZY Analytical Hierarchy Process 
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." � <�� 7� H�5 � �"����5 V�!35 ���% 
��" ���� 7���% �� 1��;��5�� � 
�, ��� � �
��� 
	���  
���

.7�5 ������� J�5 - �����	�� 

 �(" .=[	� ��#�� ." 
�, 7��  �5 1���FAHP  r��� ��ARC GIS  �5 1��;��5 �"Raster calculator .�Z ��  
�,

.�Z ��;=� � 7�5 1�% �	� 1�% 
��� !35 �,.2B3 � V� ���� 
�, ��� � �
��� 
	���  .�% .�$� �����	�� 
���

 �(" .=[	� �� 7$-�"����� 1�5� ���$3 F�=�� � ',�E� I�, .".�Z 5��"5 ��,
��� J"5 � �5 1��;��5 �" ... 
�,1  ��

V	3 r���  �5@�5Arc GIS  
��� 
���/ 	8=9\ �5 1��;��5 �" �y� � 1�% 
��� 
���2 3���� �[ �� .7/0 �8/0  �9/0 

S, .�Z �3�% � ��� �-�	� � .��	/ 4� U �, .7�	/ 4� U ���$3 F�=�� � .X��B� S,�" �,  

  

m&� :
�&�R� ��B� ���7�� �)���  

." �� �!" #���	$% .(H�
� :�5 ��  �����5	j- 4�`�G� �� #���	$% :�5 .���	/ ��G�35 .(H�
��� � 1����� #5 �\

57  �� .-��57  � .-��45  � �6	% � * .B�6�37  � .-��15  �� .B�6�37  � .-��55  �H�9% a	\ .B�6�

J65�  #���	$% ." �	% �5 � #�B=9� � .3�� #���	$% ." �	T �5 �#+/	-� �5� ." �	T ��9% 7$- �5 .7�5 1�%

�� �$��� :�5	;�5 #���	$% ." � �- �5 � #5�	�%.� %  ��� �� #���	$% :�51390 <3 �5 
� 2& 4�9�XB� 	

� (#�G�	/ � 
@&	�) 'G" �� 
5�5� 5 �� #��X,� 
5�5� #���	$% :�5 .�%�"2  ��`[ � �� �!" V�3 ." 
	$% .
B3

 � #�G�	/146 �� 7�(9- 
5�5� ������� .
B3  ��� �� #���	$% F& 7�(9- .�%�"1390  �" 	"5	"365895  	;3

 �5�B� :�5 �5 .& 7�5 1� "64/56 i�B3 �� �U��  � 
	$%36/43 .�%5� 73 A� ������� i�B3 �� �U��.�35 

                                                      
1- Fuzzy Function 
2- Fuzzy Gama 
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�'� �� ��B;�� ���?�W  (
�iB� � �?�
? ���
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>- )���� _T�  �� � ��
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7�="�6 7���% ��U�� .& 	��[ .(H�
� �=U5 I�, ." .- � �"." ������� �[5 3 
�, ��� l�B��5 � <��  ." � 
���

S20 .d5�5 ����)\  �5 
�5�35i�B3 ���� � ������� �[5 3 �(� :�5�5 .7�5 #� 
	���  ���R��  F��% ',�E� ����%

���� '!�� :7�5 5@!� 'G" �� ��� � �
��� 
	���  �=& ���% �� �5 1��;��5 �" :�5	"��" D������� J�5 - 
���

���� ��
��� 
	��1 ��� � ������� J�5 - 
���2  .��5�	� �� �!" #���	$% n
� �� �� :�5 :�" .
"5� F�=�� �"

��.� % 

���� 'G" �� �,���(� ��G�35 �/E�� � ������� �[5 3 �� �
��� 45	*�G� F�X3��� 
��)� 	" 
	��� �
��� 
�,

��� 'G" 
�,���(� ��5 D7�5 .��	/ 4� U �� �!" #���	$% ���7���	�� 7�="�6 	83��" ������� J�5 - 
  � �,

#5	�" �" .="�B� �� ������� �[5 3 �=& r�5	%.7�5 �
��� 
�,  

  

                                                      
1- Environmental Vulnerability Index 
2- Rural Community Resilience Index 
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 ��%5�$" 4����- �3����  

�3��� k 3  

FX/ �5 .=U��   
��!� @&5	�- ������  

}�� ��-  
�5�5 @&5	�- ���<�35  

F�� 
@��  

F�X� �5 .=U��  �8�,	� @&5	�- �%� ��  

�,��/ '% �  '�� �3�23  

�/�3��" #5@��  4�\+*5 
����� � 45	"�G�  

.H@H� 
@��  

FX/ �5 .=U��  .��"5 7�;�&  

}�� ��-  	$% �5 .=U��  

�3��� k 3  
5�	
� 45@�$!� �5 .=U��  

��%  

��5	/ � � 7�(��  
k�;��5  

��/ � �	" � �� 4�3�A�5 � -�  
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S
?I _T�  <����
�� �*��?�� U��BD �R
�� <�*01 

 �5 .=U�� F��% �,���(� :�5FX/:��� �3��� k 3 �(��5�5 ���) }�� ��- �:��� ��% �  .=U�� �(
q H ��H) ����%

.3����� �5 �� k�;��5 � �/�3��" #5@�� ��,��/ '% � ���$35 	��� � �, :�%�"F�=��.�Z .�H�5 
�, '!�� 
�,

����  FA% �� 
	���2 �G2� 7�5 1�%.  

�� � .B
�� �� FX/ 
5	" 5�H ��5�3 � -� �=U5 FX/ .(H�
�  r��� �� �.B
�� �� � - � �\	� 
�,GIS �

S�	[  w��5 	" ���,
�,��5�3���5  ��	(� �� - � .�$� .& 7�5 1�%  �5 	�2�" .=U���" 
�,3000  
5�5� �FX/ �5 	��

���� .7�5 
	�9& 
	���5	" �5	� i 
� 4�\+*5 ���% .2B3 .�$� 
50  �5	6 1��;��5�� � ��5	/ � � .2B3 
	��

V	3 �� ��% �5�B� � D7�	/  �5@�5GIS Arc  
�,�5@"5�5 3 �Spatial Analyze  �3D Analyze .���	/ �5	G��5 

.B)* .2B3 .B)* R�� w��5 	" �� �!" #���	$% ��5�5 
��" }�� 
��" �3���5 ." .- � �" ��, 
�9�,5� � ��5

.B)* V�!35 #5	�5 ��5�5 
��"  #5@�� �7��" �] ;3 7�="�6 F�)6 �5 �=�5 \ #� .�$� 
5	" .& .2B3 :�5 �)* .7�5 1�%

{�� F�� � '���	� ���5	/ � � � ��% �#� " ����=6 � 
� % #5@�� �}�� 	_�� F�5 \ �1@�� 7�(�� � 
	�/

.��	/ 	<3 �� :��� �2A,� �5 k5 35 �7�5 1�% �� .B
�� �� � - � ��54 S�XB� �.B)*  �3��� .2B3 .7�5 1�% 
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:��� .2B3 ���	" �" @�3 #���	$% ����% :���  �� .B
�� ����%4 .��� �k 3 
��"  .2B3 .�$� 
5	" .7�5 1�%

.3����� �5 .=U��.3����� 
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S�	[ ��	(� ���,  �5�(� ��% �G2� .& D7�5 1�%15 .3����� S�	[ �� 
�����  �,��/ '% � .�Z .�3�5� �5	6 �,

.2B3 �5 1��;��5 �" 5� .B
��  ��5�5 
	"��& 
�,.X� � �� 4�B�B�� .�% .�$� �H�9% #��5	� }���  

  

  
 C8 2
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?I H�;? 
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���D <�*01  

 

 �5 �A�.��%	�� F�� �� S$� ���X" 
�, :��� � 
@��  �5 �.B
�� R��" .�Z .�$� 
5	" 5�H D7�5 �/�3��" #5@�� R@jH

1�5� S�=65 1�A2,�E� � �H�9% #��5	� #���5 �(�)* J"��� 1�5�5 R��" .2B3 
�,  
 �� #��5	� #���5 ����%

1��;��5 �� � .B
�� n
� �� �/�3��" #5@�� .2B3 � D1�%  �.(H�
��� �"��3��� 
�,�5@"5 1��;��5 �" Interpolation   ��

V	3  �5@�5ARCGIS .�% .�$� .2B3 �5 .B
�� �\�;��5 v 
� .2B3 .�$� 
5	"  .B
�� .2B3 .�% 1��;��5 ��5	/ � � 
�,

.B)* w+& ��$0 �� k�;��5 �X[	" .7�5 1���	/ 
��"  

  

>�� _T�  <����
�� �*��?�� U��BD ��T�?�*M <��I 

#�9,  1��9% ���- �� .& � *1 �� 1�,�2�#��" 	�2�" 'G" :�5 
�,���(� ���	/ 7���	�� 1���&  7��	C � �,

���� �" .="�B� 7$- ������� �[5 3 �� � - � 
�,�
���  ����3 �5 �,���(� :�5 �5 ��	" �w��5 :�9, 	" .7�5


��"� .������%  ��� �� :AX� w ;3 � �� 9\ 
��9%	� � �,1390 � R�� w��5 	" � �5	G��5 ������� i�B3 �

 �5 F�=�� �[5� 
��)� F��)� 
5	" .& D���	/ .)���� �.3 93 ������� �[5 3 
5	" �	&��& 	, �����5 k 9!� 
�	&��&

#��� � ��� �5 1��;��5 �" ��� �!" #���	$% .�$� ." ������� i�B3 ) �"��Interpolation �� (GIS.2B3 �  
	��� 
�,

% n
� ��1��- �5 .=U�� � 5�	
� 45@�$!� �5 .=U�� �
	$% �[5 3 �5 .=U�� ���(� �� .�% .�$� �� �!" #���	$ 
�,

 J"�� ��	* �5 ��=U5Euclidean Distance .���	/ S��	� @�3 
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��� �
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��� �
�� 
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q H���� 
��� �
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�� ��$�2�� 5� ���X, ����X[) ��&1381.(  
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���  �(
6	�T 
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 S,5	� 5� �(65� 
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.\ 9!� 
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1- Fuzzy Logic Model 
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  δδµ -1Product) AlgebraicFuzzy (Sum) AlgebraicFuzzy ()( ×=xncombinatio 

 	8=9\ ��Gama #��" �
"5� �� � 
��� 	" 1�% �5�B� �#� 
5δ  ��G�35 ^� �5�B� 	/5 .7X, 	�j�� ^� �� 	;U :�"

 	8=9\ ." F��)� �� %Sum �� 
��� 	8=9\ ." � % ��G�35 	;U 	/5 � � %Product �� F��)�) � %Bonham-

                                                      
1- Fuzzy Algebraic product 
2- Fuzzy Algebraic Sum 
3- Intersection 
4- Union 
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Carter, 1991�5�B� n��U ��G�35 .& � % .�- � ���" �:�5	"��" D(δ�� � 7%5�/ �,5 � 	�_Y� �-�	� �� � �� �35 �

'�5	/ 
��/���  	8=9\ �� .& �2,�& 
�,Product '�5	/ �" ���5� �5	6  	8=9\ �� .& �2�5@�5 
�,Sum  ���5� � -�

:��(� ���X" ) �%�" 1���&Lee, 2007 :�5 �5 1��;��5 7�=\ .(	8=9\ ." �	��[ �(H�
� �� '�5	/ 
	�/��& � �2,�& 
�,

5 �3���� ��[ �5�B� '����� � :��(� � �2�5@�δ ',�E� �HYX� � .(H�
��� � ������ � - � r�5	% �" ������ �

.7�5  

  


�)�*��< ]
'��  

_T�  �
Gp� S*�O 
�?��� S
?I �� �Gq� <�� >�� � �R
�� <�*01 �*��?�� �P�BA ��T�?�*M <��I 

 � ���2�&5 4�(H�
� ." .- � �"�/E�� � ������� �[5 3 �� �
��� 45	*�G� F�X3��� 
��)� 	" �
��� 
�,

�� �!" #���	$% F�5 \ �5 .=U�� �}	�� :��� ���% ��$0 ��  �R@jH.H@H� 
@��F�� �  ��5	/ � � 7�(�� � 
@��

���� #5@�� ��  � ������� �[5 3 
	���12 ��� �� ���% � �� � .B
�� ������� �[5 3 �����	�� 
��� .(H�


���% :�5 7�9,5 ��	� :��(� 
5	" .& D7�5 �5�/	�_Y�.�% V�!35 	�� F[5	� #����%��& 45��$C5 ." .- � �" � �, 

 ��+& 
�,	<3��$C5 5��"5 ��#�� 8G��� ���% �� � �� 
���� .3 93.��%	�� � �,  .3 ��* w��5 	" .& ��B�� 
�,

.��@/ J9- ��\�� 
5  
��� 1�%  1��;��5 �" �35 � J�9!� #�/	)� 1�/��� ����, :�83��� �5 �u=u� 
��� �5�\5 ."

F��)� .7�5 1�% w��B� 1����� 
�, ." 
5 ���% #�� :��(� � <�� ) ���- �" �"�
� 	C��� :�5 
�,2D7�5 (  

 a�7D2_T�  �� ��J��T ���KA U
��� ^*���� : ]
'�� ��5� <��.���� :J)��  �',�E� 
�,1396  

_T�  ��5� <��  
&:&M <:
T  N
�M /:\& C
? <:
T �)��JB1B� �7  a���A �M� 


&:&M <:
T 1�1�1 5 ,4 ,3  7 ,6 ,5 9 ,9 ,9  0,580  

N
�M /:\& 0,33 ,0,25 ,0,2 1�1�1  7 ,6 ,5  9 ,8 ,7  0,286 

C
? <:
T  0,2 ,0,17 ,0,14 0,2 ,0,17 ,0,14  1�1�1  8 ,7 ,6  0,102  

�)��JB1B�  0,11 ,0,11 ,0,11 0,14 ,0,13 ,0,11  0,17 ,0,14 ,0,13  1�1�1  0,032  

  

 ����3 ." .- � �"." 7�� 1���  ���-)2���% .& �% �G2� �(.H@H� 
�,  #�� �" 
@��580/0:��� �  #�� �" R@jH

286/0 ���� �� 5� #�� :�	�2�" ���% F"�B� �� � .�%5� �� �!" ������� i�B3 �
��� 
	���  #�� �" ��5	/ � �

032/0 ���� �� 5� 	�_Y� ��	� :�	�9& .��5� �� �!" ������� �
��� 
	��� 

." ���% 	�� 7� H�5 :��(� � <��  
�,	, ���% :�5 �5 ^� �� F9\ � � F[5	� ."�2� �,  7=\ ." :�5	"��" DS��&

.���� � ����3 rB� 4�)���� #� " S�![ .��%	�� :�5 �5 ^� 	, ���$3 #5��5 �5 FU�[ 
�,  
�,4 �� .d5�5 .3�/ .� %  

���% �)X3 #�� #�% �G2� �" �$�35 ��  	�� � �,���% �,���% 	�� J��- �� ���$3 #�� � )X3 �, S, ." 7

�� .)���� ���% #�� � <�� :�5 
5	" .& � % ���% 	�� �)X3 #�� �� �=U5 
�, ���% #� ." i "	� 
�,

�� �	� ���% 	�� J��- #�� .��	/ .2B3 .�$� 
��)� �,.7�5 .* "	� 
�,  
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.2B3 .�$� �5 �� .�$� #� 93 �G2� 7$- 
	��� �	� 
5	" ���3�� � 
�,���� 
�,� 93 V�T�5 � 	���.2B3 #  ��,

�� .�Z 7X��" .�Z ��(� DS��& ��5�3���5 5� ���% 	, �� (�,���(�) 	_�� 
�, S�9`� �\5 6 �5 1��;��5 �" 5� �,  
	�/

#� #5 �" .& �3 % F��)� ����B� ."  �" 5� �,	8��A�  ��"�$%) �	& V�T�51388 .s �9 F�=�� R�� �5 � <�� :��" .(

1��;��5 
��� �)�5	� .=X=� 5 1�% �5 5� �)�5	� .=X=� ���5	� ^� �� (.B)*) .��@/	, ���$3 #�� �(" .=[	� �� .7�

FU�[ .\ 9!� .��@/ #�� �� �,���(� 7�9,5 �	� �� 7�� ." �,  ���-) ���3 w��5 	" �,���(� ��;=� 
5	" .& D(

." #�� 7�� .2B3 �1���#�� .* "	� 
�, #�� � <�� :�5 
5	" .7�5 1�% �5� ." 
�, 7�� �� �5 1�FAHP  r��� ��

ARC GIS  �5 1��;��5 �"Raster calculator .�Z �� �� �	� 1�% 
��� 
�, .� %  

  

 a�7D3_T�  �*�WA �M� :S
?I <�� >�� � �R
�� <�*01 ��b�AB8? ��T�?�*M <��I <�;�� �� �*��?�� <��FAHP  

_
T�

 
 

�����	�  
 �M�

���A  

*o ���cF�� <��  

���A �M� 


*o  
�*�WA �M�  

_
T�

 
  


*o ���cF�� <��  
*o �M�  

S

?

I
 

�
R


�
� <

�*
01

  

:��� R@jH  0,286  

��%  0,4820  0,1378  

>
��

 
�

�T
�?

�*
M 

<
��

I
  

15� k 3  0,3037 

�/�3��" #5@��  0,2478  0,0709  
4����  ��%5�$"- �3���� 0,1935  

�,��/ '% �  0,1350  0,0386  

:��� �3��� k 3 ����%  0,0698  0,0200   �%� �� 4����- �8�,	�  0,0483  

FX/ �5 .=U��  0,0435  0,0124   
��!� @&5	�- ������  0,0607  

}�� ��-  0,0220  0,0063  4�*�)��5 � 45	"�G�  0,0357 

F�� 
@��  0,102  

F�X� �5 .=U��  0,7197  0,0734  .��"5 7�;�&  0,0277 

�,��/ '% �  0,2291  0,0234   �����	�� 4�3�A�5 � �� ��	")

(��/  
0,0149 

�/�3��" #5@��  0,0511  0,0052  

.H@H� 
@��  0,580  

FX/ �5 .=U��  0,5449  0,3160  4���� ." ��	��� 
�5�5- 

���<�35 
0,0789  

}�� ��-  0,2785  0,1615  

:��� �3��� k 3 ����%  0,1331  0,0772  �� 9\ ��	���  0,1354 

��%  0,0435  0,0252  '�� ��	��� �3�23  0,0521 

��5	/ � �  0,032  
k�;��5  0,1686  0,0054  	$% �5 .=U��  0,0197 

��%  0,8314  0,0266  5�	
� 45@�$!� �5 .=U��  0,0294 

  

#�9, ���� .2B3 .�$� 
5	" S��5� n�� � >+)6 .& � * .H@H� .2B3 ��$0 ��
��� 
	��� :��� �
@��  �R@jH

F�� ���5	/ � � � 
@�� ���% #�� ." .- � �"  ���-) �,3��;=� �( ���% � 1�%  .2B3 .�$� 
5	" �=U5 
�,

���� 1���� �
��� 
	���  FA%) 7�5 1�%4.(  
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 C8 4
�'A : �M� <�� 
*o ��� S
?I H�;? <��  a7� �� �*��?�� 
���D <�*01FAHP  

  

.2B3 	�� FA% #�� 
�, .�Z �5� ��� 
�, �� ������� �����	�� 
��� �� #�23 5� �� �!" #���	$% .�,�  

  

  
 C8 5
�'A : �M� <�� 
*o ��� >�� H�;? <��  a7� �� �*��?�� ��T�?�*M <��IFAHP  
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2- 
;W1 7;�< ?I
S 01*�< ��
R� >�� � ��I< M*�T�?��  a7� ��FAHP ��B;�� ���?�W  ��  

5 ���: Z #�� .)���� �5 �(" .=[	��. ��, �"�� .2B3 �,�� .B)* .& ��"
 5	" � 1�% ��!�
 ����
 1���� ���  1�%  ��35

#�� � 1�% ��� ��5� �,
 ." 7�� 3 5� 1����@ ;=� �" 	�� .=[	� �� � �	& ��5��� Z�. �, �� ���r V	3  �5@�5GIS  �" �

 �5 1��;��5Extention =���F 3�A�� )Spatial Analysts � ��� � (Raster calculator k 9!� .2B3 ���5��� (���,��
 

� 7�� ." �=�G�� ��� .B)* �" .& ��"
 )ReclassZ (�.  ."4 -�	� �.B)*� �� .2B3 �� � ��� �5 FU�[�� ���	
 

���
� ��� .2B3 � ���
 ������	� ������� .7�5 �� �!" #���	$% ��  

  

  
 C8 6 - 
;W1 S
?I <7;� >�� � <�*01 a7� �� ��B;�� ���?�W  �*��?�� U��BD <��I FAHP  

  

." ����3 7�� ���� 'G" �� 1��� .�$� :�	�2�" .& 7�5 :�5 �5 �&�[ 
	������� 
�,  � � �- .B
�� �� 	���

.�$� .7�5 .��	/�5	6 #���	$% ��9% �G2� @�	6 {3� �" .2B3 �� .& ���, #��X,� w��5 :�5	" .7�5 1�%  
�,

���� #5@�� :�	�2�" �� #�G�	/ �	% � #�;�/ ��5�Z� 
	��� ." ����3 .7�5 .��	/�5	6 �
��� 7��  �5 1���

��� 'G" .& 7�5 :�5 �5 �&�[ @�3 
��� ��� #5@�� :�	�2�" #���	$% @&	� � �	% � �- ��	T � �- 
�,  
���

�G2� @)� {3� �" .2B3 �� .& 7�5 .�%5� 5� �� F& �� .7�5 1�%  #���	$% 
@&	� �[5 3 .& 7;/ #5 �

:�\�� ��� �5 .& ��[ 3 
������� �5 ���X, �5�� �	" ��Z�" >��)X  S&5	� �7�5 1� " �5�� �	" S, 
	�9& 
	���

.�$� :�5 �� ������� i�B3 	�2�" �� .�A3 :�5 ��d�� �5 #�23 �, .�%�" �35 �  
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 a�7D4
;W1 : S
?I ��:
� <7;� >�� � <�*01 ��B;�� ���?�W  <����?�� ��T�?�*M <��I  

S
?I <�*01  
7[�X�   
������ - �  

>�� <��I  
7[�X�  � - � 
�����  

J"	�	�� =�&  �U��  �5�(�  �U��  J"	�	�� =�&  �U�� �5�(�  �U��  

�@ �RT  523 16,32  44 30,14  ��*M ��
T 500  15,60  30 20,55  

�?B�� �RT 865 26,99  55  37,67  ��*M  920  28,71  39  26,71  

��*M �RT  1300 40,56  37  25,34  �?B��  1020  31,83  40  27,40  

��*M ��
T  517 16,13  10  6,85  �@  765  23,87  37  25,34  

U�D  3205 100  146  100  U�D  3205  100  146  100  

  

1�5� ." .- � �"  1��9% ���- 
�,6�� � >�)�	B� .& 7;/ #5 �16,13  �5 #���	$% 7[�X� �5 �U������  
	���

 �5�(� .& 7�5 1� " �5�� �	" ���� �=�� �
���10  F83� ��=;� '�=�6 �Z�" #��@�5 �:�d� ��3��) #���	$% 
�����

 ���[ .7�5 .��	/�5	6 .�$� :�5 �� (... �68 .�$� �� #���	$% 
�,����� �U��  .��	/�5	6 r� �� � S& 	
� 
�,

��� ���% 	<3�5 :��W9, .7�5  ���[ 
���47 ��� �5 #���	$% 
�,����� �U��  �5�� �	" ���� �=�� � ���� 
���

.7�5 1� "  

3- ��W�  �� <M�) ]R;� M� <�
JGIS >�� (
)�Y N

�� <��� S
?I � <��I �*��?�� <�*01 

���� �� 	_�� 
�,���(� ." �,� #�� �5 �� ��� � �
��� 
	���  �" .=[	� :�5 �� �������� �[5 3 �����	�� 
���

;��5 1���5 .2B3 .�$� ." 
��� �
�� ^��A� ���� 
�, ��� � 
	���  �� �!" #���	$% �� ������� �[5 3 
���

�� .S��5�	�  

�/E�� ." .- � �" � �,
�,	8=9\ #� ." i "	� #5��5 � .=�X� 
�,	��5��� ��U � �
��� �
��  �" ��� :�5 w��5 	" �,

7H�[ :�5 �� .7%5� �,5 � 
���X" �"�
� 7�(65� #� #�� 	���B� � F�5 \ :�5 �5 ^�	, �" ." �, .\ 9!� 4� U 
�,

�� �� �	" 
���#� 7� e\ J"�� .& � % R�� ." �,�� :��(� �;=�G� 
�, �� 
��� ��� 
�,�	"��& �� .�)H5 .� %

#�A� 1�5� ��;=� 
5	" 
��� 
�,	8=9\ �5 �=T5 �"�� �� 1��;��5 � - � �3�A� 
�,�H�[�� �� % 
5	" .&  7�����

.2B3 .& � % �[5	* 
��� �9�X�� ���" ��� :�5 �5 ��6� �-�	�." � �&�� 
�,  F��)� S�X�� :�5 
���� #5 �\

.\ 9!� .".2B3 �y� .�3 % 
��� 
�,:��(� F)6 �5 :�35 6 w��5 	" �, .2B3 ��;=� F9\ �1�% �	�/ 4� U �,

 �#5��A9, � 
	8X� 
�(�)1385.(  

 

���
1 CP��� a7� <M�?  �� <M�) ]R;�GIS  

1- �5@"5 �5 1��;��5 �" �,���(� ����=65 .=U�� 5��"5 :�,���(� ����=65 .=U�� .)����Distance F�=�� ��  �3�A� 	/

)Spatial Analyst.)���� ( ." ���(� 	, .=U�� �� 6� .�Z .��� 7�� ." 7�5 1�%  FXA�� 1�5�35 �" .3�/5�- 4� U

100  	, �y� � 1���	/ �5	G��5.�Z �5 ^�." #�� �� �, 7��   �5 1���FAHP .�Z � 1�% �	�#�� �, ." �5�  7��

  FA%) 7�5 1���4  �5.(  
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2- �� S$� F[5	� �5 �A� :�,���(� 
��� 7� e\ �5�B� ��	(��
��  	, 
5	" 
��� 7� e\ �5�B� #�	& ��	(� �
���

 7� e\) ^� 1��" �� 
�5�B� �" �.\ 9!� ^� �� 	`�\ ^� 7� e\ #5@�� ���� :�5 �� .7�5 1� " �,���(� �5 ^�

�� ��	(� (F��& 7� e\ V�\) 	;U �� (F��& �#5��A9, � �_�5�) � %1394 :76 -55.(  

 ����=9\ � ��� �5 � <�� :��"Membership Fuzzy  �5@"5 ��Arc Toolbox  �F�=�� ) �3�A� 	/Spatial Analyst (

 �
��� 7� e\ #5@�� ��	(� J65��� .7�5 1���	/ 1��;��5#�9,  S$� F[5	� �5 �A� .& 1� " �,���(� 
�����5�3���5

R�� S�9`� 
�, ) 1���(���0 
	�/MCDM.7�5 (  

 4�-�� �� 7� e\ J"5 �
��� 4��)\ �5 �35 :Large �Small �Ms Large �Ms Small �Near �Gaussian  �Linear.  


��� 
5	" J"�� ��G�35�� ��G�35 I�, �" �,���(� �5 V5�&	, .
"5� � 7�9,5 �7�,�� ." .- � �" 
���  # 0 .� %

.�$� �� 
��� �
�� ��� �5 1��;��5 :��� 
��" F�=�� 
��)� 	" R@jH.A)%) 
	��� 
�, FXA�� 	, ���" �7�5 (
5

�� 1��5 J"�� ." .- � �" ���(� 	,.�Z 7�,�� ." .- � �" :�5	"��" D�	�8" � � ." 5� ^� �� 	;U �5 ��� e\ R��5 ���  �,

.3 93 .7�5 1���	/ 1��;��5 1��9% ���- v	% ." ����� 7� e\ J"5 � .�Z �5 ���, �5 FU�[ �� 6� 
�,Fuzzy 

Membership  FA%) 7�5 1��� 	�� ��7.(  

 a�7D58  :
*o aB��) � C 
�'A <M�?���7A��?� (WD �� <M�) ]R;� �� �� � :J)��Eastman, 2012  

(
*o) ��
��  U��� rBA  U��� C8   <M�) U��� aB��)  

F�X� �5 .=U��  

.�$� �5 .=U�� .H@H� 
�,  � @��

F�� @�� :��� � R@jH  

S  FA%

�2�5@�5  

  
1,int

2/))intint/()int(1(

cos2

=>

×−−−=
=

µ

µ

bpoxwhen

piapobpoapoxa

a
 

 �15� k 3 � �� 9\ ��	��� ��	���

 4�*�)��5 �
��!� ��%� �� 4�3�A�5 ."

 �.��"5 7�;�& �4�\+*5 
����� �

 ������	�� 4�3�A�5
�5�5 - ���<�35  

S  FA%

�2,�&  

 

1,int

2/))intint/()int(

cos2

=>
×−−=

=

µ

µ

cpoxwhen

picpodpocpoxa

a

 

�,	$% �5 .=U��  

'�� �5 .=U�� �3�23  

 k 3 � }�� ��- ��,��/ '% �

:��� �3��� ����%  

S  FA%

#��B��  

  1,intint

2/))intint/()int(

2/))intint/()int(1(

cos2

=<<

×−−=
×−−−=

=

µ

µ

cpoxbpowhen

picpodpocpoxa

piapobpoapoxa

a

 

k�;��5 � ��% ��/�3��" #5@��  

 ��%5�$" ." ��	��� - �3����  

 �
�

�2,�&  

  
0,int

1,int

)))intint/(1()int(1(

=>
=<

−×−−=

µ
µ

µ

dpoxwhen

cpoxwhen

cpodpocpox
 

5�	
� 45@�$!� �5 .=U��  

FX/ �5 .=U��  

  

 �
�

�2�5@�5  

  
1,int

0,int

))intint/(1()int(

=>
=<

−×−=

µ
µ

µ

bpoxwhen

apoxwhen

apobpoapox
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 C8 7 ��7'� 
�'A :(*Bsc 
*o<M�) ]R;� a7� �� ��  

  

3- ) 
��� �3�% y9, 4��=9\Fuzzy Overlay 7)X3 ��� �5 1��;��5 �" 	_�� 
�,���(� 
��� 
��� .=[	� �5 �(" :(

V	3 �� (
��� 7� e\) �35�5	�  �5@�5Arc GIS 
�� ��	* �5 .�Z 
�5�/ S,���� �� 	_�� 4�B)* 
�,  � 
	���

���  � ��� �" 
���Fuzzy Overlay.2B3 �.�$� 
�, ���� 
��" ��� � 
	��� 	8=9\ ��	* �5 
���  �" ���/ 
���

 
�,5�3Z7/0  �8/0  �9/0 .�3�% .�$�  

  
 C8 8 
�'A :<���J  <M�)7/0 �8/0  �9/0 S
?I ��B;�� ���?�W  <�*01 
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 C8 9 
�'A :<���J  <M�)7/0 �8/0  �9/0 >�� ��B;�� ���?�W  �*��?�� <��I  

  

 4��=9\ �5 FU�[ �� 6� .�Z�3�% y9,��� #5@�� � ���� � 
���  
	��� FA% �� �� �!" #���	$% ������� �[5 3

)8  �91�5� #�23 ( FXA�� 1�5�35	, �.2B3 :�5 �� .A�� 
" .7�5 1�%^��@3 @�	6 {3� ." �, ���� 1�% 	�  
	���

��� � 1�% 	�2�" �� .���& �,�e� �����	�� 7��	C � 
���FXA�� �A\	" � � % 1� " @)� {3� 
5�5� .& ���,

S& ��	C �" � :�	�	
�7#�A� :�	�." ����3 .���X, ������� 
�, 7�� .3���� ��[ '����� �5 1��� 
�,7/0 �8/0  �

9/0 �� #�23  #���	$% ������� �[5 3 �� ',�E� �G��� 4�3�A�5 �5	B��5 �� - � r�5	% :��	/ 	<3 �� �" .& �,�

��� ���% 
5	" ��� �!"  .3���� �[ 
���9/0 ���� ���% 
5	" � ��� �[ 
	��� .3�7/0  ^� 7�5 .�X35 � 	�$"

F"�6 
��/��� '�5	/ :�" I�
(35S, � �5	B��5 ." 7)X3 �����	�� 4�3�A�5 �2,�& � �2�5@�5 
�,  
�,�e� �" 
�5 -

.�$� � �������  	8�� �3���� ��[ �� �� 
	�9& 7���X[ �" .=�X� :�5 .& 7�5 �H�[ �� :�5 .��& �5	6	" 	
� 
�,

�� 1�,�2� �� 5	�� � %.�$� 	_5 � �����	�� 4�3�A�5 �5 ��	" 45	_5 �4��;�� �(� � 4�% �" .3���� ��[ �� :�5  
�,

." .=�X� :�5 .7�5 1�23 ���H 	
�  �3���� ��[ �� s `�7/0 �� 1�,�2� 	�2�" ���$3 F�=�� 
5	" :�5	"��" D� %

���% ���� 
�,  �� 
��� �
�� ��� ����3 .X��B� � 
	���GIS  ��� �FAHP �� GIS .�Z J9-) #�� 
�,  �" �5�

 � ���Raster Calculator 
���/ �-�	� �5 �(7/0 ��� ���% 
5	" �  
���/ �-�	� �5 �����	�� 
���9/0 

 1��;��5 .7�5 1�% 

4 -  � <M�) ]R;� a7� �� d*��A 
�*�'�FAHP >�� (
)�Y 
�'A 

W� � ��B;�� �*��?�� �P�BA <��I 

��� 7��	C #5 �" .A��5 
5	"  ���% �� F��;� #5@�� 7���% 5� �� �!" #���	$% n
� �� ������� J�5 - 
���

���� ��� � �
��� 
	���  J"�� ��	* �5 ������� J�5 - 
���Raster Calculator V	3 r��� ��  �5@�5GIS  .)����

 FA% .���	/10 #�23  1��,�7��	C ���  R�� w��5 	" .& 7�5 ',�E� �=U5 ���% �� F��;� � �(65� 
���

Natural Breaks (Jenks) ��� .B)* ��$0 �� .�$� Z�" �=�� � Z�" �r� �� �:���� 
��� .7�5 1�%  
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 C8 10>�� (
)�Y :  �� �*��?�� U��BD <��I���?�W   � <M�) ]R;� a7� `�?� �� ��B;��FAHP  ��GIS  

  


"5� F�=������ :�" . ��� � �
��� 
	��� #��X,� n
� �� ������� J�5 - 
��� �5 �&�[ �� �!" #���	$% 
�,

 �#�;�/ #��X,� �H�9% .9�3 � �5�Z� #��X,� �6	% � �- �#�G�	/ #��X,� � �- � �	% �� .& 7�5 :�5

��� .B)* .�$� J�� � :�	�2�" 7�5 .��	/�5	6 :���� 
��� ) FA%10 .(� ." �,�83 �" .2B3 .X��B���� 
	���  �" i�B3

#���	$% ������� � .!��3 :�5 ."� ���S  �5 
�5�(� .& �,�����1����� �� 
�,���� 
	��� J65�  1�%  .A�� 
" ��35

�� .�$�  �� 
�,� �- ��9% � .�$� .& .B
�� 5
 ���� �" Z�" 
	��� :���0 �7�5  ��3��) ������=;� '�=�6 �

��=\ '�=�6 �F83� ��=;� �	"��$0 �#5��;�5 �Z�" #��@�5 (... � �5	6 .��	/ #�23 7�(�� :�5 .& �35 #�A� 1��,� �"�� 

 � =
��3 #���	$% 
�,����� �5 
�5�(�.7�5 ���� �*��� :�5 .& 7�5 �H�[ �� :�5 .�$� �" 	�	���  �" 
�,��� ��� 


��� � 4�3�A�5 '�5@�5 4��	� 5�H .7�5 1� " �)
�� 	�9& :�5 
��� �� w�X[5 	�2�" i�B3 .� %  

 ��� w ;3 � �� 9\ 
��9%	� �"�
�1390 �� �!" #���	$% �� ������� �[5 3 �� :&�� 7�(9-  �" 	"5	"

93258  #��� �5 .& 7�5 1� " 	;346273  � �	� 	;346985 1� " #� 	;3 ���- .�356 #�23��� #5@�� 1��,�  
���

.�$�  7�(9- � ����� �5�(� � �=�G� 
�,.�$� �� � - �  �,7�5.  
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 a�7D6: 
;W1 7;�>�� (
)�Y < ��B;�� ���?�W  <����?�� ��T�?�*M <��I  

a7� 
'�� 
(P���  �BDB� <��?��  (
��D  

J"	�	�� =�&  �U��  �5�(�  �U��  �5�(� �U��  

FAHP  

���� �=�� 498  54/15 45 82/30 51645  38/55 

���� 1015 67/31  44  14/30  22676  32/24  

r� ��  1112 70/34  39  71/26  14551  60/15  

S&  580 10/18  18  33/12  4386  70/4  

J9-  3205 100  146  100  93258  100  

 �
��


���  

���� �=�� 945  49/29  77 74/52  49884  49/53  

����  1036  32/32  36  66/24  28465  52/30  

r� ��  888  71/27  21  38/14  8436  05/9  

S&  336  48/10  12  22/8  6473  94/6  

J9-  3205  100  146  100  93258  100  

  

  
 C8 11 a7� �� �D��T 
�*�'� :FAHP >�� (
)�Y <��� <M�) ]R;� � ��T�?�*M <��I  

 

 w��5 	"����3  ���-6  FA% �11 �� 1�,�2�  �-�	� w��5 	" .& � %FAHP��� .B)* �  �$�� ���� �=�� 
���

15  5� #���	$% 7[�X� �U��.��	/	" ��  �31  � #���	$% ������� i�B3 �U��55  ������� 7�(9- �U��

7�5 .��	/�5	6 .B)* :�5 �� #���	$% ��� .B)* �
��� �
�� �-�	� w��5 	" .& � �=�� 
��� ���[ ���30 

 ���[ � .��	/	" �� 5� #���	$% 7[�X� �U��53  ���[ � ������� i�B3 �U��53  ������� 7�(9- �U��

 
��� �
�� w��5 	" F"�B� �� .7�5 .��	/�5	6 ��5 .B)* �� #���	$%12  ���[ � �����7  ������� 7�(9- �U��

��� 7��	C .B)* �� � w��5 	" .& 7�5 .��	/�5	6 :���� 
��� ��FAHP  ���[5  .B)* �� ������� 7�(9- �U��

��� 7�5 .��	/�5	6 :���� 
��� ) FA%11.(  
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.B)* 7�U 
5	" �$�35 ��  ��� �� 
��"',�E� :, & 
���& ��	� �51 1��;��5 1�%  .7�5��	� :�5  ���	"

�		 �"����5 #5@�� � 1 �3 
 i�)��5 :�" �� 1�5�35 /�	
 �� ��5�	� .4��;� �5 �" V $;� :i�)��5 S�,�;� 	��� 

(Correlation) 1�5�35 .3�/5�- '!�� �
����  �� :�5 
�,	�j�� �	� �� r� �  � �� ����� S�9`� 7�5 
	�/. 

 1�5�35 �"����5 S��X, #� ��)3� ." :, & 
���& ��	� �� .W3� 7��$3���"�
�  :�"�� ��� �� S�9`� J)��  
	�/

." ^� 	, .& 7�5  .3�/5�- 4� U�� 5 7�9&1�5�35�� � 5� �� �=U /�	
 1�5� �5	6 �35.  
���� F�=�� � ���& ��	�

1�5�35 #� 	" ���)�  :�" 
��\ 
51 -  ��1 + ." .0 	, .& 7�51 +�@3� ̂	�  � ������ ��5 � � -� 	83��" �%�"

7�5 S�B�X� .1�5�35  ." ^��@3 
�,1 - #�23 1�5�35 � �A\ � #��5� ��5 � � -� 1��,�  ." ^��@3 
�, ��5 � V�\ 	;U

�� #�23 5� �,� )Carletta, 1996: 249-254.B)* �� #���	$% 
�,����� 7�(�� # ��� :�5 
5	" .(  
��"V�!35 1�% 

V	3 �5 1��;��5 �" �y� � �% �G2� .(H�
��� � ��� �� ��  �5@�5SPSS  .(H�
��� � ��� �� �-�	� ��5 � #5@��

 :�5 ����3 .& �% ���	"# ��� .7�5 1��� 	�� ��5�- ��  

  

 a�7D7
'�� U��'�� 
�*�'� :  a7� �� <7;�FAHP  �b��c) <M�) ]R;� �Gamma(  


���� ���% 
 �-�	�FAHP  

F& J9-  
S&  r� ��  ����  ���� �=��  

 	
8=

9\
) 


��
� �


�
� 

�
-�

	�

G
a

m
m

a
(  

S&  
�5�(�  4  5  2  1  12  

��<�35 �� � �5�(�  5/1  2/3  6/3  7/3  0/12  

r� ��  
�5�(�  6  9  5  1  21  

��<�35 �� � �5�(�  6/2  6/5  3/6  5/6  0/21  

����  
�5�(�  6  9  12  9  36  

��<�35 �� � �5�(�  4/4  6/9  8/10  1/11  0/36  

 �=��

����  

�5�(� 2  16  25  34  77  

��<�35 �� � �5�(�  5/9  6/20  2/23  7/23  0/77  

F& J9-  
�5�(� 18  39  44  45  146  

��<�35 �� � �5�(�  0/18  0/39  0/44  0/45  0/146  

 

 1��9% ���- ����3 ." .- � �"7 .& 7�5 �G2� �34  .B)* �� ��� �� 	, �-�	� �� .& ��5� � -� �����

��� ��� ��� �� 	, ����3 � �3�5� �5	6 ���� �=�� 
���  5� �,����� :�5 
���d����  @�3 F"�B� �� .7�5 1�	&4  
�����

F83�� #��%5 .�+& ) �+&#��%5 �((�=�&��) F�&��  �1�� :�X���� 
5�5� ��� �� 	, �-�	� �� �  1� " S& 
���

.7�5  

  

                                                      
1- Cohen’s kappa coefficient 
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 a�7D8 a7� �� d*��A ]��R� N�B@ <�1�@ S*�O :FAHP  � �b��c) <M�) ]R;�Gamma(  

 
kappa Value Asymp. Std. Errora  Approx. Tb  Approx. Sig.  

Measure of 
Agreement Kappa 

166/0  052/0  453/3  001/0  

  

�"  .& 1��9% ���- ����3 ." .- �#�23 1��,�  
���& ��	� �5�B�166/0 �� #5 �  ��� �� �5 FU�[ ����3 .& 7;/

FAHP  r��� �� 
��� �
�� �Arc GIS  �5���(� ." .- � �" .& 7�5 S�B�X� �H� ��(� >��)X3 �"�
� .-�� 
5�5�

 �") # ��� #�%sig=0.001 �( �5 1��;��5 �"�� �	��& i�B3�� R�� �" .& .3 93 
�,����� �(65� 4�3�A�5 �����5) �

Fuller Triangle .)���� 1�% (7�5 .B)* 76� ��� .& �% �G2� .(H�
��� � ��� �� �5 FU�[ 
��"  �
��

 �" 
���	��� 
���& 772/0  ��� ." 7)X3FAHP  
���& ��	� �"550/0 .7�5 
	�2�" 7�6� 
5�5�  

  

 a�7D9@ S*�O : a7� �� �1�FAHP  � �b��c) <M�) ]R;�Gamma(  

 R��.�$� ��"��� 
 
���  ���& ��	�  (%) �=& 7�U  

 ���FAHP �� GIS 772/0  19/82 (%)  


��� �
�� �� GIS  	8=9\)Gamma(  550/0  47/62 (%)  

  


�
�A<�
J  

���� ���	
 %�3� � �� �	" �5�S�X �,
 3�X35�� ���r .���� �� �" 1�%�r )*�(� 5�5��� .7�5�S �� .(� ���5�  �"

&Y��� 	" �� � #�X35 r"5���r )*�(� � �H�6 ���S�X �,
 ." S, ��.��  )*�(� - 3�X35� (�� �� .d5�5 ����,�	A
 

 3�: 5	"
 �" .="�B� 45	*�G� ���
� �$� ��45� %�3� 5 �� .7�5 #� �5�: ���#� .H B� ���� ���	
 ��� � ���
 

3�X35 J�5 -� �� ." .�X"5��r )*�(� "�	�2 �� � �- �� �5	6 .� /��	5 .���! ��� ���
 l�B��5 � #� 3 J�5 - �������� 

�5@"5
 3�����	 .��3	" ��3�9, ��@
 .7�5 ." ���)\� .��3	" �" ��@
 5 �H�6 �����! ��� ���
 4��	� �, 
.(� �  J�5 -

." � 9\ � *� .(� � J�5 - � 3�.���  ��� V�	�� ." ��1E [5 3 ��� ������� �Y��: �� ��	/.  

5 �" �	��[ ',�E��: ����	A 5 .&���! ��� ���
 �� .(� � R	83 l �	� �����5� �� �). 3 5] ی�.��5	��1 ���� 

�������  #� �5 FU�[ 45	_5 ',�& �." �� .=�X��� ���	
 ���
� ��� l�B��5 � ���
 ����� .(��-��  #���	$% ��

��3 ." .- � �" .7�5 .��5�	� �� �!"�� ." 7�� � 1����  #5 � 	B� .& 7;/�>�) 69/56  �5 #���	$% 7[�X� �5 �U��

���� ���	
 ���
� ���� � ��=� ����  �5�(� .& 7�5 1� " �5�� �	"47 �����
 5 �� #���	$%�: .�$�  .��	/�5	6 �,

��3 .7�5�� ." 7�� 5 �� 1����: �G2� ',�E� B�X� � �5���(� .
"5� � -� 1���&�S "�: (���7 ��� ���
 ����: 

5 3[� ������� �� ��� ���	
 ���
� .�$� ��  
�, 6	%�� .7�5 �� �!" #���	$% �	% ��9% � � �-  

1�+\ 5	"�: -�	� w��5 	"� FAHP��� .B)* � ���
 ��=� ����  �$��15  .��	/	" �� 5� #���	$% 7[�X� �U�� �

31 ����� i�B3 �U����  � #���	$%55 (9- �U���7 ������� #���	$% 5 ���:  	" .& 7�5 .��	/�5	6 .B)*
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-�	� w��5� ��� �
��
� 3�@  ���[53 ����� i�B3 �U����  �53 9- �U��(�7 �������  .B)* �� #���	$%

���) ��5 ���
 ��=� ���� ���[ � D7�5 .��	/�5	6 (7 (9- �U���7 ������� �	C �" .�$� �� #���	$%�7 ��� ���
 

����: 5 .7�5 .��	/�5	6�: H�[ ��� 5 .& 7�5�: �� �*����� ���	�	 .�$� �" �,
 ��� �" ���
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Abstract  
Natural disasters as recurrent phenomena in the absence of degrading systems can turn to catastrophes and result 
in destructive effects and consequences. To reduce the impact of natural disasters, the resilience approach has 
been considered as a basis for reducing the negative impacts. The main purpose of the present study is to assess 
the relationship between environmental vulnerability and infrastructure resilience of rural communities (in 
Bojnourd County) so that one can improve the resilience capacity in rural areas. The research was conducted in a 
descriptive-analytical method and in nature, it is applicable in local planning and rural development systems. 
Research variables have been selected after reviewing theoretical foundations and literature on vulnerability and 
resilience assessment in Iran and other countries. Accordingly, two general indicators of vulnerability assessment 
and infrastructure resilience of rural communities were developed using 26 criteria in FAHP and fuzzy logic 
(Gamma operator with the thresholds of 0.7, 0.8 and 0.9) in the GIS environment. The results indicate that 
approximately 56.69% of the County’s area has a high and very high environmental vulnerability, and 47 
villages were situated in this area. The survey of the resilience index indicates that there is a significant and 
direct relationship between low resilience in rural areas and environmental vulnerabilities in the eastern, southern 
and northeastern parts of Bojnourd County. In addition, based on the FAHP output, about 31 percent of the rural 
areas of the county, and based on the output of fuzzy logic, about 53 percent of the rural areas of the county is in 
a very high resilience level). The analysis of the output results of FAHP and fuzzy logic in GIS with a Kappa 
coefficient of 0.166 showed that the results of the two models have comparatively weak but direct correlation, 
which was determined by measuring the accuracy of the models using ground control points. Fuzzy logic model 
with a Kappa coefficient of 0.772 is more accurate than the FAHP model with a Kappa coefficient of 0.550. 
Therefore, the need for environmental balance and developmental problems in the local planning system in 
promoting and promoting safe and sustainable places is the key to success in developing the sustainability 
capacity.  
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