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$����� 7�)�� -���, ���� 2�� -*� �� .�$� ���� 2�� -*� �� .�*��? ���A��� �)�� 0*�h
 i���, )� 8�]� ���� ��

 ���	/ D�� ) �)�� 0*�h
 i���, )� 8�$����� �)�� �)��1 i���, -*� )� !����$ D�	
� � ���A��� .0�� ��/ ���A��� (

� �, ������� �FE� ������> �� �� �1 @=> ������> �2 �)�� ���� i��, <�=��� .0��? %��: 80�$�� �� �� �, �� �)��

�F��� � 0��	$��� <�=��� j�$ �� �$����� )� !����$ ��#
> �� �)�� ^F#� D�� )� ���A��� 7�t .��/ -��) ��#�

;�9G, ��#C� �� 234��'C/) ����� ��$��*� i��, �� �� �, �� ����� �$ �� ;1'�> �$ �*�� 80�� (�� 2)�� 8D�

�� �� S* �, �A: )� ��*�h
 .���"� ���  

  
I?�2: 
)RQ� ��YC( ]��Q�
�(�R� ��B� 3 

                                                      
1- midpoint 
2- spread 
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J�>D1��Y*� ��5 �� 3"�* �+B^L O �B- _�B5� : ARCGIS10  
O �- _B5  O �- j+��-  

Gaussian  
R)5 h+ k�E� �  � �EB[ �+ J���5 O+"B- k�E� �  �� �+B^L O �- �O �- H+��� j+��- �5�
� 3 
R)5 3"�* �+B^L) >QP �5�
� 3 .(�E�  

small  �� ���;�E� ��A� O �- H+�  
  h+�Y5 �+B^L �
�)5 �� h@BP �+��)� 
P�B�1 .>Q��  
����  �5�
� 3 
R)5 h+ k�E��  Y
5 O �- H+�

�� j+��-� ��P �EB- �>� j+��-  �5�
� 3 
R)5 �+B^L)�B�5/0 �� .(>��  
Large  �� ���;�E� ��A� O �- H+� �+B^L �
�)5 �� m�Y  �+��)� 
P�B�  
  h+�Y51 
����  �5�
� 3 
R)5 h+ k�E��  Y
5 O �- H+� .>Q�� 

�� j+��-� ��P �EB- �>� j+��- .�B� 
R)5 �+B^L)  �5�
�5/0 �� .(>��   

near  �� n	��� ��P �EB- �>� j+��- �5�
� 3 
R)5 h+ �EB- o�X ��>)� h+ k�E��  �� �+B^L O �- �O �- H+�  �5�
� 3 
R)5)>QP

�� h+ �+B^L [.(��
  

MSSmall  �� j+��-��
�� p���5� � 
5�
� k�E��  �� 3"�* �+B^L O �- H+�  
  h+�Y5 ��+B^L �- h@BP �+��)� .>QP1 �� .>5�
[  

MSlarge  �� j+��-��
�� p���5� � 
5�
� k�E��  �� 3"�* �+B^L O �- H+� .>QP  
  h+�Y5 ��+B^L ��[�Y  �+��)�1 �� .>5�
[ 

liner   �O �- H+� 3"�* �+B^L �  �qP�>F h+ k�E��  �� 3"�* �+B^L1 � �� j+��- �;< 3"�* �+B^L �  IA�>F h+ .>QP 

3"�* 3���4��L  

 �����#� A 8B  �C �
�	g� ���
�	g� )� �)�� � i �� �X  �#��� 7�	�� S* ���� .�#/��xϵ x ��$�"9	
 8

�
�	g��� ���? �)�� � �)�� i	  8�)�� <�W 8�)�� 5�	� � 8�)�� m���/� ;��/ ��������� ��  �#/��) Fallah-

Ghalhary et al.2009(.  

  

1 �4��L �+ 3"�* r����� �4��L .AND  

) ���/�y	$ �� Y	�#�� i��, )� �"9	
 -*�Overlay�� ���A��� ( ) m���/� D���� � �#�Intersect %��: �� � 0�� (

�F��� �1 H*��, �� ����?  

)1(  

  

 0*�h
 �*��E� �"�����)�� ;1'�> ��� �� {=(� 0��6�� S* �� �� �� ��$   �F��� -*� ��

�(E��� H9�=� ������ ��$.�#/�� 

 

2 �4��L �+ 3"�* _���D� �4��L .OR  

�� ���A��� B���, �� �����+ i��, )� �"9	
 -*� ) 5�	� � D���� � �#�UNION� 0� � ( �F��� %��: �� �2  H*��,

�� ����?  

)2( 
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3�+ 3"�* 3��D d�M�4��L . �4��LProduct (3"�E IA�>F)  

�F��� %��: �� �)�� <�W �"9	
 �3 �� H*��,���/  

  

)3(  

  

�($�� �[� ;���
 B���, �F��� -*� ��1 �� H��h, �� �"*�	$ ;���
 �,��C
 �� .0/�� �$���.�##�  

  

4 �4��L �+ 3"�* 3��D O�D �4��L .SUM (3"�E �qP�>F)  

�F��� )� ���A��� �� �"9	
 -*� �4 �� H*��,���/  

)4(  

�(*�3�� �[� ;���
 B���, �F��� -*� ��2 �$��� ;��� �� �}� � 0/��  �� S1*� �����+ 8�)�� ��C  i	  �(*�3�� �[�

�� 0*�E, �� �"*�	$ ;���
 �"*� %��C
 �� .Y*���#�.�#  

  

5���[ 3"�* �4��L .)GAMMA(  

�� �)�� i	  � <�W ��$�"9	
 <�W ;:�+ )� �"9	
 -*� %��: �F��� �5 H*��, �����/  

  

)5(  

  

�F��� �� �5  ���E�� �� S* �, �A: -�� ���
��6� .�/���  � �)�� ��C  i	  7�	$ 8B���, �/�� S* �����

 �� ����)� ���$�?L � K�G: <�=��� .0�� �)�� ��C  <�W ����� 8B���, �/�� �A: ����� ��  8S* � �A: -��

�� �� � �� � ��� �� �� ��*��E���#$� 7�(� �� ���L �)�� <�W �($�� %�(*��? 7��� j�F��� ;��6 ���?)�� �

�� �)�� i	  �(*�3�� %�(*��? �) �/��Bonham-Carter, G. F. 1991.(  

  

��5e+  

3"�*
QV9 � 3"�E3>Q   

                                                      
1- Decreasive 
2- Increasiv 
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�)�� ���� i��, <�=����F��� � 0��	$� 80�$�� �� �� �, �� �)���� <�=��� j�$ �� �$����� )� !����$ � 7�t .��/

�#
> �� �)�� ^F#� D�� )� ���A���;�9G, ��#C� �� 234� -��) ��#��'C/) ����� ��$ ;1'�> �$ �*�� 80�� (��

 �� �, �� ����� �$ ����*� i��, �� ���A��� �� �$������> )� S* �$ ����� .���"� ��� �� �� S* �, �A: )� ��*�h
 2)�� 8D�

D��  �� r��#� i���,) �)�� 0*�h
 i���, )�1 ��3�� !�� �� (ARCGIS .���/ �)�� �)��  

� �, �� �*��? ���A��� �$����� )� S* �$ 7��� �)�� ���� �� �)�� 0*�h
 i���, 5�� �� ����A��� ���� ������> 0�$�� 

���	/ D��  ��/ ��2 �� .�/��  

  

J�>D2��Y*� ��5 �� 7YC( H
�" I��BL 
  �>� ���;�E� O �B- _B5 :ARCGIS10  

������9  b
�  3� ��P  7��    �VD

b
�  

 H
�"

�E�Q�  

_�;-��   
�<�*


��� \"�  

 
�<�*

I�["�  

 
�<�*

���D"�  

 ��B� O �-

���;�E�  

Gaussian  Gaussian  Large  Large  Large  Large  Small  Small  Small  

  

�)�� �� �)�����A���  j�$ �� �� �, �� �*�� ��]#� -*� �� i��, S* <�=��� �� ��� 7�(� ����� �$ ���� �)�� i���, )�

�#
>)�F��� � ����F� ���� �EF#� �� ����� 0�$�� 8(234� -��) ��#� �� .���? %��: �]����� j�$ �� ����� �

�)�� ���� @$�l> -*� �� D��� 7��#
 8�9:�� -*��	� � ���� 0��	$� 3U�+ ;1? )� �9:�� 7�t 8;1? ����� �)��

 i��, )� 0/�� �� )����� -*��(��Small  ���	/ D��  ^CJ .�/ ���A���1 -*� �� ���A��� ����) i��, �*��E� �� ��/

�� �� �)�� 0*�h
 -*�,_�� 8����� St���� �}� ����? �#
> �� @$�l> j�$ �� �� �, 234� -��) �F� ��#�

�F��� 80���� �� ;1? ����� � � ��(�� ����*�>�� 8�/�� ��	� ;1? )� �9:�� �t�$ �� ���� H*��, -�#t -*� 7��,

�� ��(�� 234� -��) �F� �g��� ��.0�� ����? %��: �#C� -�	$ �� 3�� �$����� �*�� �)�� �)�� .��/  

 ;'/3  p*��� 7�(� �� �)�� 0*�h
 i���, )� ���A��� �� 234� -��) 5�6� �F� �� �[\� ;���
 )� S* �$ �)�� �)��

�� .�$�  
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 I?�33"�* �+B^L O �B- "� ���;�E� �  7YC( H
�" _BA� �RX �  �`a� I��BL "� h+ �� 3"�E 3"�* e+��5 :  
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�)57YC( H
�" �RX 3  

 �)�� !�g�� )� x>�*_ �)��7)� ���#/��� @��� )� ���A��� �� ���}� ��$ �(E� 8�$     ��� u���� -�*� �� .���/ �$�

� �� �� �� �,7)� �� �
�L �:�#
 )� !��� �$ ��[�, ���E� � 0��	$� �7)� -*� Y*��	� �$�    :������ ��*) ������ ;��/ �$

 ��� )271/0 B�/ 8239/0 �$���L 8157/0  ����#/ -���) 8127/0 8  �������072/0  ;�1? 8034/0  2���� 8035/0 8

 B�/ 0
 030/0 5�A,�� 8030/0xy� .( �)�� ��$�"9	
 )� ���A��� ��1  ��$���_ �� �)�� ����? �2/0 85/0 88/0  �

9/0 �*_ -*��g��� �� � ���*��? ^�A9, �$ �(E��#
> � �*��? ��
, ���}� i���, )� ���A��� �� 234� -��) �F� ��#�

 ;'/)4.(  

  

    

                                                      
1- Fuzzy operators 
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I?�4: 
+Z �5��Bs�� e+��53"�* 3���4��L "� ���;�E� �  ��  

  

�(E� xy��(E� �� ���}� ��$�(E� � 234� -��) 5�6� ^J�#� � 0w6� �, �/ ���� iF6 234� -��) �6�� ^J�#� �

�(E� .���? -���, ���A��� ���� ��$�"9	
 5�����#
> ��$�� 234� -��) �F� ��#� �(E� �� )� ���A��� �" ^J�#�

�/34�"  �"234� �6�� ^J�#�" ;1'�> ����, �, �/ ���� iF6 � ��*) 8V���� 8Y� 8Y� �9��) �ECJ �$ �� i6�� ��$

 ;'/) �/34� ^J�#� ;��� �� �� (��*) �9��5a-����G� )� 7���� � ( ;'/) 234� �5-b ����? ���6 ( ���

�> ������� 0C1� xy� .���? {=(�;1'����G� �� i6�� ��$;1'�> ������� 0C1� �� 234� -��) � 7���� ��$

����G� )� (��*) �9�� � ��*) 8V���� 8Y� 8Y� ���1� �F�) �ECJ �$ �� � �$�"9	
 )� S* �$ ���� 234� -��) �

D���  ��/ �� p*��� �� �*��? �C��G�2  �,4 �� .�/��  
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a  

  

b  
I?�5 >A�* � ��YC( ]��Q� :
)RQ� ��YC( 

  
J�>D3: ><�� I�?
9���>�� �� ��7YC( H
�" �RX ��A�� 3  

�4��L _B5 �P ��
�  �RX  �P �RX  �EB��  ��+"  ��+" ��
�   

 �4��LOR  63/0 99/4  13/17  41/10  84/66  

 �4��LAND  84/99  16/0  0  0  0  

 �4��LProduct  100 0  0  0  0  

 �4��LSUM  047/4 3/8  54/27  40  08/20  

GAMMA0.2  6/99 04/0  0  0  0  

GAMMA0.5  5/98 26/1  24/0  0  0  

GAMMA0.8  98/82  3/14  85/1  86/0  0  

GAMMA0.9  9/29  97/43  1/21  58/3  41/1  

  
J�>D4I�?
9 ><�� :7YC( H
�" �RX >A�* 3 ���>�� �� ��  

�4��L _B5  �P ��
�  �RX  �P �RX  �EB��  ��+"  ��+" ��
�   

 �4��LOR  24/1 42/11  47/40  7/15  17/31  

 �4��LAND  9/98 46/0  100  100  100  

 �4��LProduct  74/99 100  100  100  100  

 �4��LSUM  4/8  73/20  6/36  77/24  5/9  

GAMMA0.2  5/99  37/0  100  100  100  

GAMMA0.5  66/98  98/0  28/0  100  100  

GAMMA0.8  18/86  8/10  24/2  72/0  100  

GAMMA0.9  16/49  9/32  8/12  8/3  38/1  
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J�>D5 :I�?
9 �5����* ���5I�?
9 
  ��YC( 3��7YC( >A�* 3��  

�4��L _B5  �P ��
�  �RX  �P �RX  ��EB-  ��+"  ��+" ��
�   

 �4��LOR  508/0 44/0  42/0  66/0  14/2  

 �4��LAND  009/1 35/0  0  0  0  

 �4��LProduct  003/1  0  0  0  0  

 �4��LSUM  48/0 4/0  75/0  62/1  11/2  

GAMMA0.2  001/1  1/0  0  0  0  

GAMMA0.5  99/0  29/1  86/0  0  0  

GAMMA0.8  96/0  32/1  83/0  19/1  0  

GAMMA0.9  6/0  34/1  65/1  94/0  02/1  

  

t�   

�#
> p*��� ;'/) H9�=� ��$���_ �� ���? �)�� � �)�� ��$�"9	
 )� ���A��� �� 234� -��) �F� ��#�4�U��� (  .�*��?

�(E� �� 0w6��� 7�(� ��/ �U��� ��$  �� �$��(E��#
> � �)�� ��,��>� )� ���A��� �� ��/ ���
, 234� -��) �F� ��#�

And �EF#� KF� !�	, b�C*�E, �)�� ��,��>� )� ���A��� ��� .0�� ���� ���6 Y� ���1� �F� u&� �� �� ����F� ���� �Or 

 ��k ;��6 .���? ���6 ��*) �9�� � ��*) �F� u&� �� �EF#� Y]
� 0	16 �� ��/ �g#���$��,��>� �� 0�� And  �Or 

) ���#���� b&��� %��: �� 7L p*��� �� ���� -���� ^F#� ��$��,��>� 7�	$0) ���#�� 2�� b&��� � (1��*��? �$�� (.��� 

�(E� � ����#
> � ��,��>� �� 234� -��) �F� ��#�Sum ;1'�> 2)�� ��,��>� -*� �� �� �g�L )� .�*��? �U���  0	� �� �$

� S*�� ;� �#� �� ���6 _�� �9�� � _�� �F� u&� �� ���(�� ;1'�> ����, �g��� ��  -*� ;��� -�	$ �� � ����?

�#
> �� �	� �9�� 0���1+��,��>�.���� ��#� �g����(E� ��#
> � �)�� ��,��>� �� 234� -��) �F� ��#�Product 

*_ ���	, ��,��>� -*� �� �� �*�g�L )� .�/ ���� 7�(�� �� <�W Y$ �� �,�
&J� ��$  �� �, ��/ X
�� ��,��>� -*� �}� 8���/

 �� 0���1+ u&� �� ���	� ;1'�> ����, �g��� �� � �#� ;�� �A: 0	� �� � ��/ ��'t�� ���
� 8� ��� ;'/

w6� � �)�� <�W ��,��>� �_�� �9�� 0���1+ ;*��, ��]#� �� .���"� ���6 234� �� ��*) �9�� � ��*) �F� Y� �9�� 0

.0��? ���6 ���A��� ���� ���? �)�� !�� �� ��"*� ��,��>� 8i	  �)�� ��,��>�  ���? �)�� ��,��>� )� �A9�=� �*��E�)2/0 85/0 8

8/0  �9/0 �/ ����? ��� �� ()Lee,2007.( �(E��#
> � �U��� H9�=� �*��E� �� ���? �)�� ��,��>� �� 234� -��) �F� ��#�

� 0w6� .�*��?;'/ � �� 7�(� ��/ �U��� ��$  )� ���=��� ����? ���E� �t �$ �� �$�2/0  0	� ��9/0 �� ���> ;*�	,  �#�

�(E� u&� ����� �9:�+ ��$ u&� -�� ���
� @*��  8��/ H9�=� ��$ �(E� 0w6� � ��*��? ;:�+ ��/ �U��� ��$  ��$

�� ��(�� ��/ ��
,  %��]� p*��� �� �� ���?Chi )7���'	$ �2002�( Tangestani(2003)؛ )Champati-ray(2007  �

)Lee(2007 .0�� ��/�� 0E��F�  D��  �� �)�� 0*�h
 i��, �� �)�� ��$��,��>� ����L H�:�, p*��� -�#Z	$5  �U���

�� 7�(� D��  �� 0w6� .�*��?  �)�� ��,��>� )� �t �$ �� �$�And  ���E� �� ���? �)�� ��,��>� 0	� ��9/0 �� Y*��  �� ��

�� 87L �g*��, @$�� � %����4, B*�W -���? �]�  ����? ��,��>� 3�� ����L ~�G� )� �� ��� 7��� 7��,9/0  ���(�� 0w6�
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Abstract  
Geographically, the studied region in Ilam dam watershed is between 46°16'36'' to 46°38'32'' eastern longitude 
and 33°23'27'' to 33°38'54'' northern latitude. The area of case study is476.5 km2 with the highest and lowest 
height as 2400 m and 640 m above sea level. In this study, in order to map the landslide hazard zonation of Ilam 
Cham Gordalan dam basin by weighting the main criteria and using fuzzy membership functions in Arc GIS and 
establishing the best relationship functions between the presence and absence of landslides, a set of parameters is 
used. Then, each of the factors affecting landslides in the under-study area such as slope, slope direction, 
elevation, geology, land use, distance from roads, distance from drainage network, distance from the fault, and 
rainfall map has been digitized in the software environment of ArcGIS and are used in the fuzzy analysis. 
Landslide hazard in the under-study area has been zoned using fuzzy operators (Gamma, Product, Sum, Or, 
And). After the fuzzy fiction phase, the effective measures in the landslide occurrences in the area have been 
prepared using the above-mentioned method through Gamma fuzzy operators with Lambda 0.2،0.5 ، 0.8and 0.9 
and by comparing final maps, the ideal model for the landslide hazard zonation in the area has been selected. The 
results show that among the above-mentioned operators, the Gamma operator with Lambda 0.9 is considered to 
be the most appropriate method for zoning the landslides in this area due to its fine fuzzy fiction of each criterion 
based on the distribution maps of occurred landslides and the way of separating risk classes. 

 
Keywords: fuzzy logic, fuzzy operators, membership function, Geographic Information Systems, Ilam Cham 
Gordalan dam. 
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