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1- Landslide hazard zonation 
2- Landslide Nominal Risk Factor 
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1- Stream Transport Index (STI) 
2- Topographic Wetness Index (TWI) 
3- Digital Elevation Model (DEM) 
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-� "��,�  

�G7<��D 
W'<  %3�3 ���� %�/:#-� .���� .�� "��,���� .��  .�2
� G�:�� "��,���� G�����  

h>H 
W'< �H�>�  &!�4 L��6� ���� �7
�+� 3��� �E+,� �3 "/,� .��  ���� G����� G�
-� "��,�  


���DE M;H� @�: 
W'<  %3�3 ����  4 Q�� .���#0�� 
� �3 d��:� 9��] �� 1�� .&,�  G��&6��/6  

�)��G;4;, (D;�� 
W'<  �#0�� 
� �3 d��:� 9��] �� Y�� L�8�� �� �]�! ��6�4� G���� ����  G��&6��/6  

L
�! J>K��4 
W'< 2BC&  ���� ���� ��	
 %3�:�� F�5�� .��  .�2
� G�:�� "7�8� z��,� G�����  

  

Q&x�  %
x�	:�43 .��x�� .�x�jx� 
x� "x,:8� ���� j2�
� 4 ��
:����� "6�x��� 
�	� &,:x#� %3�:�� F�5�� .��.  �-� �3
Q&� pH2 �� �� �� ��x�� j2�
x� �8x��@� �� %3�5:�� �� 
:����� 
� .�� Q��
� �� %3�5:x�� �x� G� �3 ��x	
  .��

"x� 9��x] ����
� pH2 G�4 G3�4� �x�3 �x� �x� .3
x��  
:����� 
� .�� 4 R��
� �-` .4� 
� G� Q� <� 4
jN-4� �x,N� �x;E6 ��x-` .��r� &x�� &x���� ��&� ��	
 ����#! .&x,�. ���� �4� �x-� �3  G��x,< �� ��	


"x� �:�
� 
_6 �3 �E:#� 
:����� G��,< �x� �x�
:����� 4 �:x#��4 
x�	:� &6�x�  �G���0 � 4 ",-&��<)1394( .
�4� �
� .3&7:� .���� .������ �8x��@� .  .��x�� �4� �� �xe,-� �3 �xx2 3��3 3�xx=4 "x6�4 .�x�LNRF 

��� %&� %3�5:�� �� .�� � %3�3 %�/-�� ��0;� �� t� ��_,� ��� �-` ":#-�� ��	
 *+� �� �� �=�� �� ��  .��
���� �3 
Af� 
-3�E� 
_6 �� �/ � .��&!�4 �� (- 
� �3 %3�&�� � *+� 
� G� j�#E� 4 ��	
 L�?4 ��/6��

���� �E8� ��&!�4 �2 �3 ��	
  �+���) 33
� .&,�1 .(  

)1(   LNRF= 
�

�
  

 ��+��� �-� �3 �2:A %3�� 9�2
! *+� 4 &!�4 (- �3 %3�&�� .�E %3�� 9�2
! ��/6��� : ��&!�4 �2 �3 %3�&�� .� 

"�  9�
��	� �,��3 p���
� 9�E8� &-�� G� �� t� .&���LNRF j2) �E8� �� ��=  (43 =3�-� 4 (- =d��:� �
5]
G�4  "�3  Q4&=) 3��2�;E6 .
8= z = �� �-�N6 �3 .( �,��3 .��&-���6 �;E6 �"6�4 .��  G���� p���
� ���
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�,N� 4 ��N� j2 .��&-���6 4 d��:� .��&-���6 �3�-� .��&-���6 �=�3 �� �a�! .
-r�
+�  �0� .&-3
� .&,�2 �!�
� �
"� G�;6 �� ��2 C�e6�  &�3 �"6�N��4� 4 "��&I-�)1393.(  

 
 \�7P2: L
�! (�H� d�H��D �<!� �*��'� L

�, 2BC& \7� d�H��D ��LNRF   

p*��   ���

C, 
>���LNRF ��'�� �!�  ?��7*�4�< ��B
�  

1  67/0 < LNRF  0  j2  

2  3/1< LNRF ≤67/0  1  d��:�  

3  LNRF ≤ 3/1  2  3�-�  

  

 
 @8�2
>A4 ?��P� @:��� : L
�! �I= ?7>D  \7� d�H��D 2BC&LNRF 

  


�)�* r
'�, ?��  

 X�4i� �-� �3�� ���� �3 
Af� ����< "��
�  :�� &,���8< 
Af� ����< �-� .��� %&� �:��3
� �E+,� �3 ��	

m,� �"a��� .
���2 �� ����
�� �� �I]�� ��#� �� �I]�� �1�� �N= �1�� �"�&6��� �"��,� ���� � ! ��

���� �3 G� XE6 4 �E+,� �3 ����< �-� �� (- 
� "��
� �� 
-� �3 ."��
����� ����� ���� 4 ���
��  ��	

 .��� %&� �:��3
�  
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N
�  

�,��3 "/:K�#� 3�&7:�� X-���� "I]� ����< �� 1�� �� ��,' � 4 �� (-
@� ��:2�� G��,<  �:�
� 
_6 �3 %&,,2
"�  .3�� 1�� ��&E� X-����M<�� �,��3 � G���� X-����f�,��3 1�� .�:��� �3 G�4 .4
�6 �5
 "� .3�� %��
�  �-�

�� X-���� �fG�4 .4
�6 .3� < �5
 �� 
:;���3  �� ��	
"�  &�3(Price, 2009) ����� �� %3�5:�� �� ��_,� �� � �� .
Raster Surface C
6 d�@� �3  �����ArcGIS  �;E6Slope  �3 4 o�
K:�� L�5��� "��?� Q&� �;E6 �� &]�3 1#!
�

�E8� pH2 X� 1
�? G� � .&-3
� .&,�  Q4&= �3 �2 �6��3  �0� 43 "� �_!H�  �33
�70  9�2
! �� &]�3
����  1�� 9�E8� �3 ��	
5  ��20 � .��� %3�:�� F�5�� &]�3�3 �2 &��� G� ��
3 �� &-�� �I�#� �-  9�E8� �-�

 �1���� �
3�#� "@+� X��� 4 Y�� 3�=4 � �r= ��,' � 4  ��  �"@+� .��3�� G�4 .��&-���6 � Y��

:;�� "�  .3����,' � 1�� �3 ��	
 G���� �-
: 2  .`�� .��30 .��� %3�3 �� &]�3 1�� �3  �� 
�`�� .��30 

 &]�3 "-��2�� &,-�
� J�7�� ��
3 ��D`� 7� ��� Y�� G4&� 4 "/,� G� ,�� *+� �2 �� 1="� 3�� �-� �3 �� 
%3�� ���� &]�3 ��	
 "/,� %3�� "/:���� ��
3 �� %3�&�� .�� ���� L�?4 .�
� &7:#� 3��� 3�=4 C&< 4 ��	
 �

&��� 
: 2 . 

  

 \�7P3L
�! (:� � : 2BC& 7:�� �� �!� 
�H��� � N
� ��'�� ?��7:�� �� ���7=� ?��  

(75��) N
� ��'��  
��'�� (:� �  2BC& (:� � ��  

LNRF �!�  ?��7*�4�< ��B
�  
aD�� ���;�
K  75��  ���8�  75��  

5-0  6/2270  1/30  3/80  6/8  51/0  0 j2  

10-5  4/2500  2/33  7/402  3/43  6/2  2  3�-�  

20 -10  5/1360  1/18  5/254 3/27  64/1  2  3�-�  

30-20  5/620  2/8  5/102  1/11  67/0  1  d��:�  

40-30  1/361  8/4  6/45  9/4  29/0  0  j2  

 !� J
D40  9/420  6/5  7/44  8/4  28/0  0  j2  

a�P  7540  100  3/930  100  -  -  -  
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 @8�3����U 
Q;: N
� �<!� 
W'< :- !��;V
&�  

N
� (AP  

 ���7� ����< �� "0- �,��3 �N= �2
! �3 %&,,2 %3�� .�� "� �� � �� .� �,��3 �3 .34�  ��
3 �� "�
w 4 "
� � .��
���� ��&E� �
:;�� ����� �� .��3��
� �,��3 �3 4 %3�� 
:;�� ��	
  �r= 
s2�&! ��
3 �� "��,= 4 "?
� .��

.n
6� %3�� �2
! �-
: 2 �Y�� �3 %&6� �?�� �� �?�&! 4 "� %&��;� .� ��� 4 .& !�) 3��  ���61385 �-� �3 .(
 .�,8�
� 4 o�
K:�� L�5��� "��?� Q&� �;E6 �� 1�� �N= �;E6 X�4i�5  �
w 4 ��,= �F
� �Q� � ���� � *+�

�E8� G� � .&-3
� .&,�  Q4&= �3 �2 �6��4  �0� 44 "� �_!H� �33
� �,��3  34&! �� "
� � .��30  �� &]�3
%3�� 9�2
!  �3 .�17 �,��3 4 ��� �:��3 "��	
 9�2
! �3 
�AB� �-
:;�� ��E+,� �!�#� �� &]�3  4 "��,= .��

 34&! �� "�
w24  419 %3�� 9�2
! �� &]�3  34&! �3 .�17  419  �3 "+��:� 
�AB� ��E+,� �!�#� �� &]�3
�:��3 ��	
 3�&�� 
� .&6� �:8��_:6� bH�
� ��,��3 �E+,� "��,= .��  &6��3 "��	
 9�2
! L�?4 �3 "+��:� 
�AB�
"� �� �
B#� �-� �2 ���
�� z-��� 4 "��
����� 1�� ��E+,� .��&6��� L�6 �� d8�
� G��� .�#6�3 �� 

  

 \�7P4(K�: (:� � : 7:�� �� �!� 
�H��� � N
� (AP ?��7:�� �� ��BC& ?��  

N
� (AP ��'��  
��'�� (:� �  2BC& (:� � ��  

LNRF �!�  ?��7*�4�< ��B
�  
aD�� ���;�
K  75��  ���8�  75��  

(��  1/2269 1/30  3/80 6/8  43/0  0  j2  

\���  2/1262  8/16  6/281 3/30  51/1  2  3�-�  

v��  9/1289  1/17  4/162  5/17  87/0  1  d��:�  

M;>P  3/1303  3/17  2/224  1/24  2/1  1  d��:�  

M�w  5/1415 7/18  8/181 5/19  97/0  1  d��:� 

a�P  7540  100  35/930  100  -  -  -  
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 @8�4����U 
Q;: N
� (AP �<!� 
W'< : - !��;V
&�  

  

@ G !� 
�5�)  

�2
! ���� .�� ���� L�?4 �3 %&,,2 &-&;� XE6 "0�6�:0� 4 ":���  �4
� �3 �� "5I:K� ��A� �2 &6��3 ��	

��	
 �,��3 �3 �� "� ��  G� .�
� G��� O��,� �-� �� �� Z�56 �"I#� �E+,� �3 G&� "�
� 4 "�&�3
� .&� ��>:�

�,��3 ���3 �� �#� b�
�� �3 "/:�����6 �4
� ��� �,��3 �3 X-��
� bH:�� 4 �� "� �2 ��� .��A� �I = �� ��  G���
 �G��8I! 4 .
��< �
<) 3
2 %���� G� ��1394�#� "+� �;E6 �&:�� �X�4i� �-� �3 .( E6 �� ������ �;  "��,�

����� �� %3�5:�� �� t�� 4 o�
K:��Distance  C
6 �3  �����ArcGIS� �E8� �-�N6 �3 4 ��N� �#� �� �I]�� �;E6  .&,�
�#� .&-3
�  �3 3�=�� .���E+,� �#� L�6 �� "� Q�7�
�w 4 .
6
���2 .��  Q� � 4 Q� � XK� �3 
:;�� �2 &,���

 �0�) ��� %&��;� ���? �E+,� "?
�5 Q4&= q-�:6 p���
� .(5 �59 ��	
 �� &]�3  �� X�� �I]�� �3 ��3000 
 .��� %3�3 �� �#� �� .
:��� �#� "I2 ��� �

 9&� 4 ���  �N6� .���,��3 .��&-���6 3�&7:�� X-���� �3 ��  
Af�

"� &,����-� �� �]�! q-�:6 ��� l �#� �2 ��� G� 
/6��� �7
�+� ��	
 3�&�� �3 �� .�� ,� �-��#�6 
Af� �E+. 

  

 \�7P5L
�! (:� � : 2BC& 7:�� �� �!� 
�H��� � @ G ��'�� ?��7:�� �� ���7=� ?��  

(���) @ G ��'��  
��'�� (:� �  2BC& (:� � ��  

LNRF �!�  ?��7*�4�< ��B
�  
aD�� ���;�
K  75��  ���8�  75��  

1000 -0  2/1137  1/15  13/131  1/14  56/0  0  j2  

2000-1000  5/919  2/12  91/115  4/12  49/0  0  j2  

3000 -2000  1/786  4/10  32/133  4/14  57/0  0  j2  

 !� J
D3000  2/4697  3/62  99/549  1/59  36/2  2  3�-�  

a�P  7540  100  35/930  100  -  -  -  
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 @8�5����U 
Q;: @ G �<!� 
W'< :- !��;V
&�  

  

(D;�� X=�� �)��G;4;, ?�*34   

�2 %3�� .&,I� 4 ":#� 1�2
� ���� 1�� ��� �8#6 "� X-� 6 �E+,� �3 �� ��  ��6 "#�� ���� �� �2 3��r�
����� ���� .��� b4
7� ����� "6�0� z-��� �� ">��� �"��
����� .
-r�  j;^ Q�� �3 Y��  ��� ���� ��&6�

 4 C&E� "-�a�)G���0 � �1394Q&� �-� .( "� �8��@� �� Y�� L�8�� �� �]�! .&�
�� ��6�4� � ;� 4 &-� 6 9�&��
%3
2 ���A ��6 "-�
@]  %34&@� �2 ���  �� �2
! �� �-� :� �� �� "@+� L�8�� �- 4 Y�� �3 3�-� ����� �� "-��

����� z?�4 �3 .&,:#� �,��3 ��-�� 
7E� "-�
/ � ��!�6 � �  B;,� �2 &6��3 &�2B� �:06 �-� 
� " I< .��
���� ��	
 �,��3 .�
/ � %34&@� �3 D�
s2� �� 
 ��) �� ("��
����� ��@(Dietrich et al., 1992)  �-� .��� %&� z?�4

 �+��� �I��4 �� ����2  ��� �8��@� ���?:(Moore and Grayson, 1991)  

)2 (  TWI = ln (
��

����
)  

 ��+��� �-� �3 �2As 4 Q�I� 
� %i-4 �!�#� :σ%i-4 �!�#� �;E6 ��N� .�
� .��� �=�3 1#!
� 1�� G�-�3
� : 

�� ��:�3 Flow Direction  4Flow Accumulation  � #? �3Spatial Analysis  1#! 
� 1�� �;E6 ��N� .�
� 4
 ��:�3 �� �=�3Slope C
6 �3  �����ArcGIS G� � .&-3
� %3�5:��  Q4&= �3 �2 ���6  �0� 46 ��� %&��� 63 

��	
 �� &]�3  �E8� �3 ��5/7  ��5/10 ��4� �-�� �;E6 �� �;E6 �-� G3�3 z+? �� �2 ��� %3�3 ��1  ��	
 j2�
� 4
 G���� �-
:;�� &-3
� �K;� 1�� Q�� 4Y�� �� ��&E� 4 L�8�� �E+,� "6�0� z-��� 1�� �3  ��� .��5  ��10 

%�2 �,��3 .�N:6� �3 4 &]�3 .��� %3�:�� F�5�� ��  

                                                      
1- Hillshade 
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�7P \6L
�! (:� � : 2BC& (D;�� X=�� ��'�� ?��7:�� �� ���7=� ?�� �)��G;4;, 7:�� �� �!� 
�H��� �  
(D;�� X=�� ��'��  ?�*34

�)��G;4;,  

��'�� (:� �  2BC& (:� � ��  
LNRF �!�  ?��7*�4�< ��B
�  

aD�� ���;�
K  75��  ���8�  75��  

5/4-1  5/537  1/7  8/64  7/6  28/0  0  j2  

5/7 -5/4  2/1826  2/24  1/276  7/29  18/1  1  d��:�  

5/10-5/7  1/4512  8/59  2/586 1/63  52/2  2  3�-�  

!� J
D5/10 2/671  9/8  3/61  5/6  27/0  0  j2  

a�P  7540  100  35/930  100  -  -  -  

  

  
 @8�6(D;�� �<!� 
W'< : ����U 
Q;: �)��G;4;, ?�*34- !��;V
&�  

  


���DE M;H� @�: X=��  

 ���� �-� 
/6������
�� � ! G��� 1�� .&,� 4 Q�� 
:����� 43 �� �2 ���1  ��:2�� G� � �- 4LS  �3 �x
3�7�
Y�x� 9�x5I� "6�xN=2 "� %&�e,� Q�� .3�� 1�� ��� 9��8< �� �I]�� "E�� �� �&8� G�-
= ��3`�� �,��3 �� "-�= 

�2 .&,� 1�� �� ��&E� ���? �_!H� .� 
��	� �:��-  ���(USDA, 1972)' � .���< ��, .&,� �2 1�� "7��� �� 

�=�3 ��� 1�� 4 t07,� %&,,2 
A� �]�! .��� ��	
 4 X-��
� G���� 
� 1�� �=�3 43 �
a ���< 3�- �%&� �� 

G��,< ���< "� �:��,� "��
����� "� X-���� ��6 ��	
 4 X-��
� �N6� G���� X-���� �� �2 3�� .�
� .&��- ��N� �;E6 

                                                      
1- Slope Length and Steepness factor (LS) 

2- Revised Universal Soil Loss Equation (RUSLE) 
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&]�3 4 Q�� 1�� �� �;E6 Q&� L�5��� "��?� �E+,� �� %��&6� �#0�� 30 
:� %3�5:�� �
�^ br! �N= 4 &�  .��
 �;E6 (-n�
4�&��Dem  ��:�3 ��Fill  L�5��� �� (-n�
4�&�� �
�^ �#0�� L�5��� ��:�3 �-� �3 �2 &-3
� %3�5:��

��-�� "� �E��� G� �4�e� �#0�� �-
�  &��-(Jenson & Domingue, 1988)t�� . �.�
 ��N� 1�� Q�� �� ��:�3 

Flow Direction   4Flow Accumulation  � #? �3Spatial Analysis C
6  �����ArcGIS  �3 .&-3
� %3�5:��Flow 

Direction 
�#� G�-
= �� �� 8 Q�I� �-�# � Q�I� �� .�2
� �� 9��] Q�I� �� Q�I� p���
�  L�5��� bH:��
"� ���7� t�� .3�� �;E6 "7 e� G�-
=  ��(Flow Accumulation) �� Q�>�� 
�#� 
� �� Q�I� Q�I� �
/-3 �� 

.4�  �;E6Flow Direction "� �]�!  �G���0 � 4 X�4i�) 33
�1390 ��:2�� �;E6 �-�N6 �3 .(STI  �� %3�5:�� ��
 �+���3  d��� %&� �)���Moore  4 Burch Q�� �31996 .&-3
� o�
K:�� 4 �8��@�  

)3 (  STI �	�Flow	Accumulation	grid �
� !!	"#$ 

%%.'(
)*.+�

,#��,!-. 	/0#1)�*.*'2+3

*.*456
)'.(  

 G� �3 �2Flow Accumulation �Q�I� 
� .�
� 1�� .`�� � � �� G�-
= z e� �Cell size Q�I� %��&6�  .��
 �7
�+� �-� �3) �08�30  4 (
:�Slope �;E6  3&< �� ��,' � .��� �=�3 �� 1��01745/0 
� �� &!�4 �-&8� .�

 j:#�� �3 G�-3��GIS "� %3�5:��  �G���0 � 4 X�4i�) 33
�1390 Q4&= �3 �2 ��+6� � .(7  �0� 47 ��� %&��� 
50 ��	
 �� &]�3  �� X�� �E8� �3 ��12  .��� %3�3 ��  

 \�7P7L
�! (:� � : 2BC&  X=�� ��'�� ?��7:�� �� ���7=� ?��(STI) 7:�� �� �!� 
�H��� �  
�'�� @�: X=�� �


���DE M;H�  

��'�� (:� �  2BC& (:� � ��  
LNRF �!�  ?��7*�4�< ��B
�  

aD�� ���;�
K  75��  ���8�  75��  

4-0  7/4087 2/54  6/98 6/10  42/0  0  j2  

8 -4  1/1357  18  9/194  9/20  83/0  1  d��:�  

12-8  3/658  7/8  9/167  1/18  72/0  1  d��:�  

 !� J
D12  9/1436 1/19  9/468 4/50  1/2  2  3�-�  

a�P  7540  100  35/930  100  -  -  -  
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2��D  

 �� 4 Y�� X0� X��2 �.r5,� ��;� ��&E� �:�� `�� 18� ��,��3 �3 "�&x6��� �� �x]�! ��� Z�56 �"I2 ���
 X-��x��G�4 "x� Y�x� &x!�4  Y�� "�
� ��4�E� �� �x-�N6 �3 4 3�x��:��2 "x� ��x	
 &7:#x� �� �,��3 4 &x,2 

(Giannecchini, 2006)"�i-4 �� �:#� ���r� ���< 
�AB� �6�:�� . "� L�,:� O��,� .��  �&:�� X�4i� �-� �3 .&���
���� p���
�  �� %3�5:�� �� "�&6��� .
:�� �-` .�2
� G�:�� "��,���� G����� .�� .���� �4�Kriging  9��] ��

",@,� j� .�� G4�3 ���� j� �;E6 4 "��- ���� X,2�
� �;E6 �� �-�N6 �3 4 &-3
� ��N� �6`�� G���� ��	
  z+? ��
 Q4&= �3 �2 ��+6� � .&� %3�38  �0� 48 ��� %&�� �55  "���� *+� �3 "��	
 9�2
! �� &]�3266  ��300 

"I�� .��� %3�3 �� 
:�  

  
 \�7P8: L
�! (:� � 2BC& 7:�� �� �!� 
�H��� � 2��D ��'�� ?��7:�� �� ���7=� ?��  

��
�) 2��D ��'�� (���  
��'�� (:� �  2BC& (:� � ��  

LNRF �!�  ?��7*�4�< ��B
�  
aD�� ���;�
K  75��  ���8�  75��  

233-200  1/1886  1/25  11/291  3/31  25/1  1  d��:�  

266-233  5/2659  3/35  45/56  1/6  24/0  0  j2  

300-266  8/2582  2/34  75/511  1/55  20/2  2  3�-�  

333-300  6/411  4/5  04/71  5/7  30/0  0  j2  

a�P  7540  100  35/930  100  -  -  -  
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���DE !� 
�5�)  

�B 3
0I < 4 ��
�7� 
�A���
�� �� �<� e� 9��] �� 3
0I < �� .�  .��"0���,-3 ��
�7� 4 "64
��  
�_6 "0�6�0� .��
%3�� "0�6�0� ��4�E� X��2 �" e! C
= X-���� �3��� L�8�� 4 "2�� .�� �� *+� X-���� �"/,�  ",���
-� .��

"� %&��;� "0���,-3 4 "0���:�� .����� X-���� 4 3�� )(�6  X-&6� �1378 .(�<� e� �-�
��,�  O-
� �� ����< �� .�
���
�� �� "� ��	
 &7:#� �� �,��3 4 %&� (-
@� 3���G� � .  Q4&= �3 �2 �6��9  �0� 49 "� �_!H�  �33
�

%3�� 9�2
! �-` �� �6��34� �� �I]�� �-` "6���� �  Q&� �3 .�LNRF "� G���  �2 &,2 �I]�� "�3
:#� �-
:;��
 ����
�� ��u�>:��  %3� ��0  ��600  �!�#� �� �
:�5/229 z�
� 
:��I�2 )30 (&]�3  �2 �3��369 &]�3  G����

��	
 3�� �� �� �� ��� %3�3 u�>:����0� ���3
� �� ���< �-� . %��  
��	� 4 X-��
� 
A� 
� �6��34� "86�= .��
Q�6�2 
�#� �,��3 1�� �-4�� 4 �N= �G�#6� d��� "�� .�� "� 
��	� �� ��  %4H< 4 &�3  �� �� 
:;�� Z�56 �-� 
�
Q�6�2 O-
�  ���-` �� "� G� G�4 ",�/,� 1=�� p�#! .�� .3��  

  

 \�7P9L
�! (:� � : 2BC& 7:�� �� �!� 
�H��� � 
���DE ��'�� ?��7:�� �� ���7=� ?��  

(���) 
���DE ��'��  
��'�� (:� �  2BC& (:� � ��  

LNRF �!�  ?��7*�4�< ��B
�  
aD�� ���;�
K  75��  ���8�  75��  

 !� ���K300  3/1234  35/16  7/327  22/35  41/1  2  3�-�  

600-300  3/1061  05/14  2/314  77/33  35/1  2  3�-�  

900-600  4/924  24/12  2/166  86/17  71/0  1  d��:�  

 !� J
D900 8/4328  34/57  25/122  14/13 52/0  0  j2  

a�P  7540  100  35/930  100  -  -  -  
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�Q��� ?�D��K  

X��� �,��3 .��&-�� �3 "5,� 4 �8s� "0�6�0�4�&�� 9�
A� .���3 "���� "� ��  o�� 4 j2�
� .���3 �2 "6����� .&���
 .
:;�� �8s� 9�
A� �&,��� .
�`���,��3 .��&-�� �3 ���3 &,���� �� �� "E��,� �3 ��	
 L�?4 G�0�� ��,' � .

 X���  �&6��3 ��6 .3�-� 1�� �2 J�7a "����� :@�  �G���0 � 4 "<
;:�) ��� 
�1391G� � .(  �3 �2 �6��
 Q4&=10  �0� 410 "� �_!H�  �33
�52/46  491/37 ���� �� &]�3 ��	
  "<��� "a��� 4 d��:� z��
� �3 ��

%
N� ��
3 �� �I�#� �-� �2 ��� %3�:�� F�5�� .��3
� "� "� 4 �-4� G�#6� �+��a �3 ��"a��� 3�6 �-
-&� 4 "7�
� ���
��
�7�  %3�3 �� 
-�� O��,� 4 "6�0#� O��,� �3 ��	
 G���� �-
: 2 ��,' � .��� �:�
-r� 9��] .��4�;2 .��

 �� 
: 2 1�� �3 O��,� �-� &-3
� �K;� 1�� �;E6 �� "a��� .
���2 �;E6 G3�3 z+? �� �2 ���5  z?�4 &]�3
%&� .&6�  

  

 \�7P10L
�! (:� � : 2BC& ?��7:�� �� ���7=� ?�� 7:�� �� �!� 
�H��� � �Q��� ?�D��K  

�Q��� ?�D��K ��'��  
��'�� (:� �  2BC& (:� � ��  

LNRF �!�  ?��7*�4�< ��B
�  
aD�� ���;�
K  75��  ���8�  75��  

�Y��! �Q���  3/1493  8/19  75/352  91/37  27/2  2  3�-�  

�*�D r��>�  4/1639  7/21  78/1  19/0  011/0  0  j2  

M;= a,��  2/561  5/7  97/81  81/8  52/0  0  j2  

�H;�� a,��  1/2125  2/28  86/432  52/46  79/2  2  3�-�  

p
�Q a,��  2/1684  3/22  99/60  55/6  39/0  0 j2  

�<;8 � r��>�  8/36  5/0  0  0  0  0  j2  

a�P  7540  100  35/930  100  -  -  -  
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h>H �H�>�  

 4 ���� t,=m,� L�6 ���� %&-&� �3 ��r�
�AB� 4 jN� ����< �� �� m,� .��� ��	
  t,= �3 94�5� �+��4 �� ��
��0;� 9����� �0� G��43 4 d-�
� 4 %&,�3 ��4�E� �.
��  G�;6 3�� �� "=��� .��4
�6 ���E� �3 �� "5I:K� .��

"�  �.��K:�� �� 7� 4 
8e6�) &,�31391G� � .(  Q4&= �3 �2 �6��11 � 4 �011 "� �_!H�  �33
�78  &]�3
��	
 �� ���� G��� �"'� G��� .��&!�4 �3 �-` G��� �� ���,�
2 ��� �.� m,� �� "-�� (��(OMg)  4 "��� ��� �

b�� �8� .��(EK) � m,� ���I��  ��I8:� (��(Jph) �6��3�� 4 &-&= ":�
�� .�� (Qft2)  Z�56 �� �
-� .��� %3�3 ��
o
� 4 �I� �3 ��� -�m,� �  G�4 .4
�6 X-���� �� �2 %&�� �3 GH�� 4 .
� � �
�! �� L�8�� 4 R�#86� �� t� ��

�,��3 .4� 
� 1�� �N= �3 "� �2
! ��  .&,,2  

 \�7P11L
�! (:� � : 2BC& h>H ?��7:�� �� ���7=� ?�� 7:�� �� �!� 
�H��� � �H�>�  

h>H ��'�� �H�>�  
 (�xY

?��m�=�  

��'�� (:� �   (:� �2BC& ��  

LNRF �!�  
 ��B
�

?��7*�4�<   ���;�
K

aD��  
75��  ���8�  75��  


<�G��4 7*7P ��)�DE ?��  Qft2 7/2688  6/35  9/129  9/13  25/1  1  d��:�  

i;, ��*!7<E � (&�!�D �<�W�W,E ?��  MPa  4/183  4/2  3/19  1/2  18/0  0  j2  


H�� � ?�� K�= @
� h>H  TRJs  1/611  1/8  1/87  4/9  84/0  1  d��:�  


H�� � B��U ���;�V>K h>H  E1c  3/425  6/5  0  0  0  0  j2  

h>H �(
�
) �;���� ]��  Jph  1/1091  7/14  7/143  4/15  4/1  2  3�-�  

i;, � �);, @
� B�H ?��  Ek  8/289  8/3  9/196  2/21  9/1  2  3�-�  


H�� � ���;�V>K �@
� ����� h>H  Plms  5/795  5/10  9/73  9/7  71/0  1  d��:�  

]�E h>H L
&;�
D��� ���  Klsol  3/1086  4/14  9/22  5/2 22/0 0  j2  


H�� ���� ��gG ����  @
� �?�


*^ ��
� �D 
,�>D�K h>H !� �*�� ]�E  
OMg 8/368  9/4  6/256  6/27  5/2  2  3�-�  

a�P   -  7540  100  3/930  100  -  -  -  
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���� L�?4 �3 
Af� ����< "-���,� �� t� ��	
 �E8� 4 �� ���� �;E6 �� �N6� G3�3 z+? 4 .&,�  �� (- 
� �� ���	

�-` 9�E8�  ��� "6�4 "��<H�� .��0  ��2  �+��� p���
�1 ",7- G�4 �-
:;�� �2 9��] �-&� ��
� OI7�2  ��

�E8� "� %3�3 .� ���� G���� �-
:;�� �2 3�� �3 �� ��	
j2 4 ��� %3�� 
:;�� G� �3 ��	
 L�?4 G�0�� 4 �:�  �-
�
�E8� �� 
5] ",7- ���:��  .��%3�3 "� j2 �2 3�� ���� G���� �-
� �:��3 �� ��	
 
�	:� q-�:6 z = �� t�� .&6� ���  

G�;6 &��� 
:;�� �#0�� 
� �3 %&� �]�! 1-
a �^ 
� .&-3
� �]�! ��	
 
+� ��#6�:� �;E6  
+� 
� %&,�3
���� L�?4 G3�� G�;6 &��� 
:0-3�6 
5] � � �� 1-
a �-� �^ 
� 4 ��� ��	
 "� D�:-�N6 �- 4 
+� j2 %&,�3  
+�

�,N� �N= ��,' � .��� G� L�?4 G3�� �-` �-� .&,�� �4� "7�8� �#0� �I = �� "5I:K� .��1� 
��
� �I]��2� 
�5] 
-3�E�3� 3��&6�:�� b�
@6�4 (-
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�E8� �4� �-�N6 �3 4 ��	
 R�E6 �� G� 
:;�� O��+� ��
3 �� "7�8� �#0� .&,�  4 ��� %&-3
� ��K:6� 
-r�
 �� �4� �-� �� %&�� ��3 �� "/:#0� R�E6 �� �=�� �� 
+� ��#6�:� �;E63 4 d��:� �j2 .��&-���6 �,N� 3�-� 

 j�#E� Q4&= �3 q-�:6 �2 &-3
� �8��@� �,N� 
� �!�#� G� �� t� 4 &-3
�12  �0� 412 .��� %&� %3�3 G�;6  
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>A4 
W'< : >DL
�! �I= ?7 ����U 
Q;: 2BC&- !��;V
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1- Natural Breaks 
2- Equal Interval 
3- Quantile 
4- Standard Deviation 
5- Geometric Interval 
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 \�7P12����U 
Q;: �� ?��7*�4�< ��'�� (:� � :- !��;V
&� 

p*��  (aD�� ���;�
K) (:� �  75��  ?��7*�4�<  

1  2/4018  3/53  j2  

2  1/2959  3/39  d��:�  

3  3/563  6/7  3�-�  

  

 Q4&= O��+�12  �3�-� 
+� �,N�6/7 "� ���� �� %34&@� �!�#� �� &]�3  "-����
	= z-��� �� �,N� �-� �2 33
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�,N� t�� .��� %&-3
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71 %3�� 9�2
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� � .��30 %3�� 9�2
! �� &]�3 �:��3 "��	
 9�2
! �3 �� 
�AB� �-
:;�� .� ���  4

�,��3  34&! �� "�
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Abstract  
Determination and zoning of landslide hazard areas is a primary activity in environmental hazard management 
and reduce the landslide costs because this phenomenon is caused to financial and felon, soil and land 
degradation and increasing sedimentation in the watershed outlet. Therefore, identification of susceptible zones 
to landslide using experimental models is one of the basic steps in hazard management in basins. In this study, to 
effective factors in a landslide and also landslide hazard zonation in Ghomroud- Aligudarz basin was used LNRF 
model and GIS techniques. For this purpose, effective layers in landslide such as land use, lithology, rainfall, 
slope, aspect, distance to fault, distance from the river, Stream Transport Index and Topographic Wetness Index 
were prepared and digitized. The intersection of independent and dependent variables of mass movements and 
the weighting factor classes in each class have been executed based on LNRF model. The result of this 
investigation indicates that most of the landslide occurred in Gypsiferous and Sandy Marl, Shale with 
intercalations of limestone, Tuffaceous Shale and green Tuff units, slope class 5- 20 percent, and a north aspect. 
On the other hand, most of the instability occurred in rangeland and agricultural classes, a distance of 0-600 m 
from drainage network, and rain class 266-300 mm. Also, the class of 7.5- 10 for Topographic Wetness Index 
and class of more than 12 for stream transport index had shown the most susceptible to landslide. Also in the 
area, a landslide had a direct relationship to the distance of the fault and reflects the ineffectiveness of the faults 
in the landslide in the region. It is expected that based on these results, the best plan is done for the Ghomroud- 
Aligudarz basin, in particular, the construction of structures such as roads, building construction, and facilities to 
reduce the environmental and economic costs.  
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