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��0 	��� 6
� �1 3�#�B� �� ]T/]^ >&H�� 	��� ���1 

?�<  �� �� ��%5�1 �'�1�����&-7#� 31 U��� 
 &�(�� _��'� �#���': 
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�����! "
� �#
#! $  �� %&� #'�� )Ahmadi, 1999(. 

$"
� %&�  *��' ����  +�,� #&� �
 �	�-/�	   01 ���

�2�34� �
 �#' %&� 
� ��  
� �#' �#5 �6� ���

����
� 7�'�! �8&� �����  #'�� �� �39���: ��; �� 

�������
< =�>�  �
�� �#&�  =�>� �
 �,?/ 0:�&� � ��

�� @� �,?/ #��.(Chau et al., 2004a)  ��&�� 

 �� ��� �#' A6�� �����B��CD E�-5 ��935 
� #F�� 

 � �	��?��� ����	 ��GH IE�-5 �J��� 
� #F�� 

 �	��?����� �#&'� �K IE�-5 ��935 L
�"M� *�1� �� 

��1�9M�� �	�?	� ��� N���� 
� ��� �	��?��� ����	 �

 ��83�O L
�"M� "�	��M�
 ��� (Chau et al., 

2004b).  ��CD ;�� �
��M CPPHI"
�  $  3�Q2 �8&�� 

 ���3' ���/�"� �� �,	�� ��RRP IS!�T �� �#
���� RD �U	 

�� ��� . � *V�?� �:�� S�3� ������'�����"
�  $  

%&�  �,,31� S�� W�-5�� ���X
������  ��3	 7,5 ��� �� 

(Chau et al., 2004a, 2004b) . ���� �Y>&������ 

"
� �� �1�� �3� $  %&�  ;�: �� �
��CC ���5 
� ����,�� 

W��,F �	��/ �� Z[��  �� �� \#&&� E����-' ]�' �� ���B

 ���� #'�� �! �� �	�5 W�U,� E�&��� �	��6^'�� �� 

��� ��'�#	_ �� ��� �
�!��� ����� $��"/  E����-' ������� 

 \#&&��-&�� ;�� ;�� ���� �� ��CG`aI�&
"�   �� ��

 ��#�RbCGbRRD��	��� �� ;�
�  S��
 �� ���  I�8&� ���

��	��� 
� �,F�� ���� *3� � ���/��� I$"
� �'����  ���

 ZM� � ��� c>� E��K d�! I$"
� �E#' ��?� 
� �'�	 ��� 

 $"
� ��� ��M�
 e�f���) *g'C( .  
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 $"
� 
� ���/�,5 ���� h�#[� S��?6	�9>[ ��� �8&� 

�&��� 
�  ;�� �� �i
� j��� ��CPHG�1�O �U� ��   �� ��

�M�/ h�4	� �&��� �&'�! (Ritchie, 1963) . ��#9�

$�� ' ���� �U,�6� ��� � �>� �� N�?� 0:�&� �
���&

�&-! �#&� ���^2 �� �M�
 \��� 0:�&� S
�#&  A��' 
�

�	�'�k3�(Akgu  Bulut, 2007)�	����M �^?	 I 

(Lee, 2004; Lee  Sambath, 2006; Lee  
Talib, 2005; Lee  Pradhan, 2007; Jadda et 

al., 2009) �,?,� *�,l�  �^����(Barredo et al., 

2000) I �
"4� �f�6��(Carrara et al., 1991)I 

 �^f2 ��^' �2�&f�(Pradhan  Lee, 2009b; 

2009c) I 0>&�  �
�M(Pradhan  Lee, 2009c)�  

E����/�  ���?41(Can et al., 2005; Chau  

Chan, 2005; Chau et al., 2004a; Greco et 
al., 2007; Lee, 2004; Lee  Sambath, 2006; 
Lee, 2005; Lee  Pradhan, 2007; Pradhan 

 Lee, 2009a; 2009b; 2009c) .����� $��  ���

���'� ���� ���� ����� S��
 $"m1 �� �� E�-5 c>� �� 

�#' ��M�/��� #	� ."
� E��
� �� $  %&�  �� ������� ��� 

 *�1� �� #
�' �� ��� �#	�� ����&'�	 �9�^: Z��&���^3� 

Archive of SID

www.SID.ir

www.SID.ir
www.SID.ir


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

 

���� ��� EB ����'� � ��6� I��   �^?	 EB E��� ��3��

 ���8
����� ���	�  ���� ���  �� $"m1 S��
 �,35 
� ��

 ��9�� ������?/  �� ]�U�� �� #'�� I#�M� .����� �
�� �� �� 

S��
 ���� $"m1  ��;#� �� ����B ��� � ���?41 E����/� 

$����<�3��� ��� �#' h�4	� �	����M �^?	 
� #&���^2 I 

(Akgu  Bulut, 2007; 2008; Gorum et al., 
2008; Lamelas et al., 2008; Lee  Talib, 
2005; Lee  Dan, 2005;  Lee  Sambath, 
2006; Lee  Pradhan,  2006; 2007; Lee at 
al., 2002a; 2002b; Lee, 2005;   Can et al., 
2005; Chau  Chan, 2005; Chau et al., 
2004a; Greco et al., 2007; Lee, 2004; Lee, 
2005; Pradhan  Youssef, 2009; Pradhan  
Lee, 2009a; 2009b; 2009c; Pardhan et al., 

2008; Tunusluoglu et al., 2008). n#�
�  S
� 

L��X!I ���
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�  $  %&�  ������#�� W��,F �	��/ ���B 

\#&&� 
� �����Y	 ��-�  �&-! ���  $�� �� �� �>� �#&�

 ����B� ���?41 E����/���<�3��� $��  �	����M �^?	 

EB �
���� �?
�Y� �  �� ���
���#5 0:�&� �
���&' � 

"
� �� N�?� � #9�?� $  �� %&� #'�� .  
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 �����  ���� ����� ��������  

W��,F �	��/  E���� �� \#&&� E����-' ]�' �� ���B

�
��M��m5 W�f�6� S�� �� � E������ ً48q  َb ˚rb�� s ab  

8q ˚rb' ;�: �[�s � CHq Ca˚Ga��  s rDq  CP˚Ga t�2 

'1�3 ��� �#' Z[�� �)*�'R .(���?/ ���� �Y>&� 

 �91�>�bC/C` ����,�� �� Z��� #'�� . 0�Yl� S
� �� ��#�

CC ����,��  
����5  �W��,F  ���B ���������1�3'  v ���&5 

 ��#��� �� �/#��� �� � ;�: ���[ ����� ���� �Y>&�

�	��/ 
� �� ��� ��M�/���B W��,F  
�wB �� �  ��#��� ��#�

W��,F ������ ���B�� ���  ��' . �� �8&� ���#���

 ���� ���#l��������  ���� � ��V�
�"� E���� �� x��

�� S�?! ������ '��& #��� 
� #&���^2 �
#[ �� #
#5 
� � #

 �8&�K1
v,13

 %&� *��'   � �1�
�� I�

#	B I��	��1� ���

 #��� I�
�
�� j�l� �� �1�
�� ��,�k��K1
11

  *��'

%&�  #��� ����� S�O ���B ���K1
S

 ����  %&�  ���

E��� ��  �
< *�' 
� �
�� �  �� ����,8&� ��� �9>[ %&� 

� � ��	��1� I��B���� y�, . ��U���S�8	���  �Y>&�

 ��#�RDDD ��	 
� �Y>&� ��,[� � ���� �
�� c>� 
� ��� 

�	���
#� �� �� #'�� . �Y>&� �/#	��� S�8	���rbD 

�,��  7�' � ���S�8	��� RG ��� �5�� . �Q2� �3?[

 �J����Y>&� � �61 IE�#���z�U� L'�!  �� E�3&�� 

��� �8&� .S�&i3� ��#&� I{#l� �M��/�!�� *�' 

 ���� �Y>&� �� 7�' 71�w�������  #'��.  

  


  � ������   �� �!���"�  #�� $%��      ���&� ����� ���

�����  

  ��-�  "
� L&���! ��Y	  $   %&�   � *���2 ���&' �� ��| �}

 ����#~~��EB   �~~����~~��~~&-!  �~~�� ����~~J �~~>� �#~~&� .

  "
� 0:�&� �
���&' $     y�2 ��� 
� %&�      � �
��~� ��~�

 ���� �
��f����   S��
 n���� ��      �/���?~/ *�1� �� I$"m1

           x�~Y	 �� 0:�~&� S~
� L&���! � ��    � N��~�� 
� ���  �� 

��8��!        �~� *��� ���#� �� 7�'�! ���  #~'��.     S�~3� �~� 

*�1�   EB �
���&' ����    ��       #~&	�� ���~2�:� �,�6� Z��&� 
�

$��"/   ��� �~&M    ��� �����         
� \#&&~� E��~��-' ��~���� �

*l�   �����#�� "
�   $     I%&~�     �~� �^��f~�    S��~� h��~�

�~~Y>&�IL
�~~3�!  #���~~� � �
��l~~F ��~~�� ��~~� �3�~~O 

  ���U���    �9�[�� � #
��/Gr         �~� #9�?~� � N�?~� �&��� 

"
�  $        ��8��� �� ��?��� ��m�� E��&2 �� %&� ��9[��     {�~


 �	�-5(GPS) �	 �� ;�Y�	� 
� y! � �'���� ��"~M� h Arc 

view 3.2    �~� $
���~! ���~�B � ���[� I �	���~� ����  ��~� 

#' �
��M��m5)  *�'R.(  
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 �+�,�$�%&' ���- 
	�.���/- 0.12%3  �!� 
)�!���� (45� � ��6���7 ��6�� � ���	� 
� ��"# ��	
 �# 8�9  

  

 ����� ��     �^��f~� � �	�#�� ���         S�~&i3� � �~,l� ��~�

� ���~~�   S~~
� �� �~~�M�/ h�~~4	� W�~~91�>�~~&��
 �� E���

(Gholami, 2004) � E��~~�����~~� 
� )  Ritchie, 

1963; Bilifard et al., 2003; Chau et al., 
2004; Lee, 2004; Ayalew et al., 2005; Chau 
et al., 2005; Lee et al., 2006; Pradhan et al., 

2009; Oh Hyunjoo, 2009)  ~� *~��2 ��� I| ~� �} �

"
�  $    W��^2 �� %&�   �         7�~' �~5�� _
� #~	)A(   �~-5 I

  7�')B(      �
�� c>� 
� ��U��� I)C(      �~J��� �����~� I)D( I

   ���&' %&�)E(     ���5 
� �,F�M I)F(  I  *?/ 
� �,F�M) G (

    7�' *�' �)H) (   ;�#~5R (   �
�~��&' #~' .    ��~Y	 �� 
�

   �9>[ �M��/�!��C        N��Y� �� ���B "�,� � \#&&� RaDDD/C 

 -� ����     ��U��� ���[� ;#� ��)DEM(      x�~>� *F��M  �� I

CD    *?��! �
�#	� � ����    ���RD×RD    #~' ���U��� ����  .

��Y	      %&~� � *?~/ ���     ��~Y	 
� �~��&'   S�~�
    �~��&'

     N�~�Y� �� \#&&�C:CDDDDD      #~	#�B �~�� �~�  .   �~�  �~
�!

�Y^:     f~� �#�	 W��Q	 �#&��  ������~� �
�      �#~' c�lf~� ��

 �~~�#&1+ETM 
��� �
��~~� �~~�  ��~~-^CG`D #~~
�
�� � 

   ;��&�� �
��lF E��� ����      �~Y>&� �J��� ������ ��Y	 I

 #' ��-� . E��� ���� �3�  � *���2 |  $"
� �� �}     �� %&~�

   ���� �Y>&������   �� �
�!      ���[ ����� ���� �	�#�� #
�
�� 

�M�/.  


 '�&&� �(�&&� $%&&�� �&&�"      ���&&�) '�&&� �&&� #�&&�

�*+,- .������/  

    ���?41 E����/� ������   ;�3��� S��9���#��   
� �
�� 

        �~� ��1�� �� �U�� ��m�� =�>� �~
�!     *Y�?~� ��~���m�� 

��        �	�/ �� EB 
� ���U��� j
��' � #'��        �~�m�� �~� ��� ��

  ��?���   ��� ��         �~�� �~�1�� �� �~U�� �~�m�� �
.  ��~��� 

       �~� �^?~	 ���?41 E����/� �~8
�  E��~��/�      �~� �
�~�

     �� �� ;#� 7
��J�&����    ~�� �� W�9���   �~� �     S~
� _#~	��B

          *Y�?� ��m�� E��� �>� �>��� ��5� ���� ���"1 �� ���

              ;�~��	 Z~

�� ��~5� �~� #~&�
��	 S�&i3� I���#	 ��?��� �

      �~3	 t�M � ���^	 ����m�� E���        ����� I�~���m�� �~� #~&�

y	�
���            �~J�M �~� *~� �� � #&~'�� ����� ����B ����  ��~� 

��� #&�
��	 ���3� (Chau et al, 2005; Ayalew, 

2005; Iswar et al., 2010) .    � ���~� ��?~��� �~�m��

E�#�        �
< 
� h�#� �� �� %&� $"
� ����   �   ���~2�:� ��

��m��                ��~&l	� � �~-5 I7�~' �~5�� *��~' *Y�?~� ���

           �� �� ���� ���w � �
�� c>� 
� ��U��� I7�'�
�!   �� 7
��J 

       � ���~�B $
���~! 
� �#�B ��� � �   �~>��)C(   � )R(  �~1��9�  

 ;�~3���  ��#~�� Lee  Sambath, 2006; Lee, 

2005; Pradhan  Youssef, 2009; Pradhan  
Lee, 2009a)"
� ����  $  %&�  ���� �Y>&� �������� 
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     �&-! �
�-	 ��Y	 � �#' �1���M   $"
� �>� �#&�     �~� %&�

�
�!#' ����� EB (Shirzadi, 2006a, b) .   

  

C(                           

)1(
1

)(
ze

eventP 
 

     

R(                  nn XBXBXBBz  ...22110 

  

 �-	B �� �KP (event)�   ;�3�����#��"
� �#
#!  $  

%&� _e_�9�^: ��
��81 �
�! IZ I�f6��;#� �>� _ B0I 

�#^� 
� t�2�  _X1 X 2… X nI �� x���� 7
��J 

 *Y�?� �����m��B1, B2…, Bn �� #&'��  

  


 '�� �(��    %&�� �&�"   $           �01�&2*3� '�&� �&� #�&�

�4����5 67+4  

  I;#� S
� ��         �~
< E��~� �~�-� 
� y~!        � ���~2�:� ��~�

N��   EB E��� �#&�   I����3' *?��!         �~� �~� x�~��� ���

        �����"M� h�	 
� ���U��� �� �� N����
�#'     #~F�� � S��9� 

*?~~��!  A6�~~� N�~~� �~~� ��~~�#~~' .���M yk~~�� �~~	

%&~~� ��-~~'"
� ���#~~��  
� ���U�~~�� �~~� �� N�~~� �~~� ��

   "
� L&���! ��Y	 �	�'�k3�  $   %&~�           
� h�#~� �~� �~� �~�

�
<        EB 
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�� Receiver Operating Characteristic (ROC) 

  -�@� ��"� B"C)PCPT((Chau, 2004; Chau and 
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   GA,� ���     GA,� �� ��� ���     ��@7 -���@��    �@L��
 �� 

�T<��
 ��6
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Abstract 

Climatic factors and human activities can cause mass movements. Due to the risk of these movements 
to human communities, one has to control them. In order to control mass movements, different aspects 
of the movements should be studied in detail. The aim of this research is to evaluate the efficiency of a 
statistical model - logistic regression - and a probabilistic model - frequency ratio - in rockfall hazard 
mapping in the Salavatabad saddle in eastern Sanandaj, Iran. The study of 34 sensitive slopes and 34 
stable slopes in the study area using field works, local interviews and the literature review showed that 
8 factors including slope gradient, slope aspect, slope curvature, elevation above the sea, and distance 
from road, distance from faults, lithology and landuse are the most effective factors for occurring 
rockfalls. The relationships of rockfall and these 8 factors were studied by the logistic regression 
model and the probabilistic frequency ratio model and the generated rockfall susceptibility maps were 
compared. The results showed that both models work reasonably well for rockfall hazard studies; 
however, the logistic regression model has an accuracy of 85.09 percent of the Area under ROC Curve 
(AUC) in prediction of sensitive areas compared to the accuracy of 76.74 percent by the probabilistic 
frequency ratio model. Therefore, the logistic regression model can be used for rockfall hazard studies 
in the study area. 
 

Keywords: Rockfall, Hazard mapping, Logistic regression, Frequency ratio, The Salavatabad saddle, 
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