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Landslide is one of the environmental hazards that every year cause loss of life 

and financial losses in large parts of the mountainous regions of Iran. Therefore, 

identifying important and effective factors for the occurrence of this phenomenon 

can be used as a practical tool in reducing possible losses.  Modeling the 

susceptible area into landside hazards can be a useful tool for the police makers 

for protecting the prone areas. The Kameh watershed in the south of Isfahan 

province has been selected as one of the areas prone to landslides due to its 

special topography, geology, lithology, climate, and social-economic situation. 

This research aims to identify the effective factors in creating the phenomenon of 

landslides and to determine the areas with a high risk of landslides by applying 

the CART and TreeNet models with using of SPM and ArcGIS 10.8 software in 

the studied area. We have used 11 factors that affect the occurrence of landslides 

including geology, amount of precipitation, slope, distance from the river, TWI, 

land use, NDVI, elevation, aspect, distance from the faults, and distance from 

roads, as the independent variables and 311 landslides (as a polygon) collected 

from the study area were used as dependent variables. For running our models, 

70% of the landslides were used as training and the remaining 30% of the 

landslide points were used for validation. The results of this study, according to 

the various statistical indicators that have been applied, show a higher accuracy of 

the CART model than the TreeNet model. The output of the model is a landslide 

peril map with 5 classes: very high, high, medium, low, and very low. It would be 

worth the managers and policymakers to use these results for protecting the 

susceptible areas. 
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1. Index of entropy(IOE) 
2. Receiver Operating Characteristic Curve (ROC) 

3  . Habumugisha 

4. The convolutional neural network  
5. Deep neural network   
6. long short-term memory 
7. Networks, and recurrent neural network 
22. Maoxian 
23. Minjiang 
10. Classification and Regression of Tree  
11. Salford Predictive Modeler 



  

  

  

  

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

 

 3�  B�C E	� ���'R
� H����R1783  3� 4�" �R  B�C X�e +�D1 �C��� 
� ��!4000  �"�e X�.� T��.! 
� ��!

 Q�1) �.1�" �! %A1 .(  

  
 B0�1 (D�"EF� D�?@� G4>H �� ��% I��JK �'4L) ��,�A� ��4� �-A>� :  

��% N��)� <�� :  

 ����! ��6  	` � H��c�� $�����! ��6�	�3�" $�	� �
�6�! �	��VR $�	��6 ��6 o�� 3� 46�78 E	� ��5�� 
�].!  "

 � �6 ��
�" 3� E�.uD6 �H��9�I!  Q���R  �9�� �O�! Q!��� �"�	3
� E�.uD6 �  "��! ~�:� 
� ��1 ��5�� ���.��

  46�78 E	� 
� ���'��� �
�! �R��c��  	` ��3�	 .L�� ��1 ���'��� ^	��� Q��GR � ��"
�2 
�].!  " F#9 E�!3

N�'R
� �!�M
 +�! $Q!�1 1 $K�1 L&� $K�1 $������8�R L"��
 _J�12F
�" 
��:! $ $_J�1  QB�'R +�!��

                                                      
1. Digital Elevation Model (DEM) 
2. Topography Wetness Index (TWI) 



  

  

  

  

22  -------------------  �� ��	
���� �
���  ����12 ����� �37 	�� �1402  

 
�6��� 41�81 ��"
�2 $E�!3 �")  �(�� Q-� 3�  �(�� $(��! K-C �") ���� 3�  �(�� $(��3�� N��) ���.1 E�!3 $

 �  	#5R 
�].!  " � 3��� �
�! ��(� 
�#"� %��.�  " H��c�� E	� .�	��� ���'��� (��! K-C �")  6��"A 3� (��! K-C

 !���" %�"3 3� �6 ���� Q��GR �-	��R-Studio  ��6
�#�� ��� $SPM8.3.2 �ArcMap10.8  QC��! .L�� ��1 ���'���

 �
�D1 Q�1 ��1  " 46�78 E	� ��5��2 �1�" �!.  

 
 B0�2��% N��)� BL��� :  

 ����! |��'R H
�M �" N�'R
� �!�M
 +�! 3� K�1 L&� � K�1 $N�'R
�  �:�  �&R 
�].!  "5/12 ��.5.� ��!

ALOS  
�#�� ��� \�G! 
�ArcGIS10.8  ��6�IJ �6 _J�1 E	�  �&R 3� Q�M L-6 �2d %�	�1 .�	��� ���'���

 
�#"� �" N�'R
� �!�M
 +�! |	3�9�
��6Fill-sink  +��1�) .�	��� r�
3 $4�5.(  

                                                      
1. Normalized Difference Vegetation Index (NDVI)  
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1
 System for Automated Geoscientific Analysis 
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 �:�  

(r"�! ��!���2) LC�-!  Q2  " L�-� LC�-! �(
�  

 Bakhtyari FM (�
���@" ��3��) Plbk 550 33/07% 

 Gurpi FM(�8
�2 ��3��) Kgu 153 9/20% 

 Shemshak FM(|�D1 ��3��) TRJs 148 8/90% 

 Amiran FM (%���!� ��3��) KPeam 491 29/52% 

Jahrum FM (��&� ��3��) Eja 85 5/11% 

 Fahlian- Darian FM %���&� ��3��) -..%�	
��( Kda-fa 8 0/48% 

�6  .��� ~��@! � ��R
��2 H�"��
 Qft2 59 3/55% 

 Tarbur FM (
�"
�R ��3��) Ktb 50 3/01% 

 Sachun FM(%�k�� ��3��) PeEsa 16 0/96% 

 Khameh Kat and Neyriz FM (#	��� ��3��) TRkk-nz  96 5/77% 

 Kazhdumi, Sarvak (m���)  Kbgp 2 0/12% 

 Surmeh,Hith Anhydrite, Fahlian, Gadvan and Dariyan JKkgp  5 0/30% 
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1. Friedman 
2. Meulman 
3 L. Breiman  
4 Binary 
5. Gini-Index 
6. Loh 
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�2 � ( ��3  �	
 
� �6

 L&� � ���.1 E�!3 $Q-� 3�  �(�� $ 6��"A 3�  �(�� $���� 3�  �(�� ��6 _J�1 � ��� ��1 X�@��� P�DVR LJ
�

 ��
�� T��.! �	���.1 L&� �
 LJ
� �	�&��� ��6 ��� $K�1 �
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� ��6F�
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�  ��1.L��  E�!3 L���-C �" 
�s� ��O�R P&! _J�1 
�&k $���� �! ��6��! 
�2s! +���� 
�  2 
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 CART :3� �.R
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�" 
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�" 
��:! ��6 _J�1 .�1�" �! QB�'R
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� ��"
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 B0�15 :.(�6�") � ���� (�
 ��R) \��]5 8Z��  

  

 X�/H2  X/� �� �
��_?� ��W) 8��
� :CART  

��-� L�D6�  ���! ���  a	�
  

100 �6��� 41�8 QB�'R _J��1 )NDVI (  1  

94,52 F
�" 
��:! _J�1  2  

50,04  6��"A 3�  �(�� _J�1 3  

44,36 N�'R
� _J�1  4  

38,51 (��3�� N�� ) ���.1 E�!3 _J�1 5  

30,53 ) �B�
� ��"
�2 _J�1LU( 6  

29,35  Q-� 3�  �(�� _J�1 7  

23,98  K�1 _J�1 8  

21,02  ���� 3�  �(�� _J�1 9  

10,87  ������8�R L"��
 _J�1 10  

8,37  K�1 L&� _J�1 11  
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 X�/H3 `Z�� : X/� ��>@���?�� (���K (�
CART  
_J�1 
��:!  

_J�1 ���  
������	 ��6 ����  %�!3A ��6 ����  

0,302 0,329 H��"�! E�)���! 
s� ��IJ RMSE 

0,092 0,108 H��"�! E�)���! ��IJ MSE 

0,182 0,203 T�I! ��IJ E�)���! MAD  

0,361 0,398 T�I! ��IJ E�)���! 
�s5! MRAD 

176,368 60,0798 [�6 ���! H��"�! N�D5! SSY 

85,077 40,962 r"�! ��6�IJ N�D5! SSE 

0,517 0,318 �)�-�D6 K	�B R^2 

0,517 0,335 +�!�� �)�-�D6 K	�B R^2 Norm 

2215,168 -  814,726 -   ��y�2A K	�B AIC 

2215,5-  814,01-  ��1 t�GVR  ��y�2A K	�B AICc 

2162,551 -  771,472-  [��G�� BIC 

0,482 0,681 ��-� ��IJ Relative Error 
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� ��6
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� Q:�-!TreeNet  ��6 +��� 
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 X�/H4:  �� �
��_?� ��W) 8��
� X/�TreeNet  

��-� L�D6�   ������!  a	�
  

100 F
�" 
��:! _J�1 1  

84,96 �6��� 41�8 QB�'R _J��1 )NDVI( 2  

68,27 (��3�� N�� ) ���.1 E�!3 _J�1 3  

58,69 ) �B�
� ��"
�2 _J�1LU( 4  

56,42  K�1  L&� _J�1 5  

55,91  6��"A 3�  �(�� 6  

44,82 N�'R
� _J�1  7  

44,81 K�1 _J�1 8  

35,25 Q-� 3�  �(�� _J�1 9  

31,78 ���� 3�  �(�� _J�1 10  

25,81 ) ������8�R L"��
 _J�1TWI( 11  

 X�/H5 X/� ��>@���?�� (���K (�
 `Z�� :TreeNet  
`Z�� ��/-�  

`Z�� N�)  
(��R��6 (�
 ����  D4�TK (�
 ����  

0,432 0,337 H��"�! E�)���! 
s� ��IJ RMSE 

0,116 0,113 H��"�! E�)���! ��IJ MSE 

0,199 0,198 T�I! ��IJ E�)���! MAD 

0,569 0,644 �IJ T�I! E�)���! �(
� MAPE 

147,353 61,913 [�6 ���! H��"�! N�D5! SSY 

107,129 44,554 r"�! ��6�IJ N�D5! SSE 

0,385 0,280 �)�-�D6 K	�B R^2 

0,449 0,305 +�!�� �)�-�D6 K	�B R^2 Norm 

1950,007-  833,598-   ��y�2A K	�B AIC 

1919,716 -  833,905-  ��1 t�GVR  ��y�2A K	�B AICc 

1896,964-  789,886 -  [��G�� BIC 

0,80299 0,71486  �.G.! �	3 tI� ROC (Area Under Curve) 
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 ��617  �18.(  
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�!  B�C �"�e X�.� �R �"�e +�D1 �C���
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 B0�18 �	-) :�>" ( U��T 8�@�WL (/>J ��"5 <I_,  �/��J �X/ TreeNet  
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�( ��6
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�D1 +��� T��  2 ��  ���  "  L�� ���2 �.�"6 Sc2 �" �6  .&8 LC�-! $��	3 ���J ��6 ���" \���! � ��	3

 +�!CART +�!  " L�-� �
 �����" ����� TreeNet  E�!3 L���-C ��."  .&8 ^	��� S��� �" .�6� �! %���

 +�! �"  F#9CART$  

 5  �6  ^	���  2 �9�C 
� ���  ���� 
��M (`�" L���-C � `�" ���J L���-C Sc2 � ����G! 
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�
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�2s! ��6 Sc2 
� �(
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� �(
�

�! L���  5��� %��R �!  2 $���  .���� 
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�6� �! 4	�D� ��	3 ���J L���-C �" ��6 Sc2 
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X�/H6 (YJ�� �?�4��%) <I_, U��T e�?�� 8�@�WL �J �
 �>" 8L�W� :  
 8�@�WL +.%

\% ���Z  

 +.%

\% 8�@�WL 

 8�@�WL +.%

�@4?� 

 +.%

��6T  8�@�WL 

 8�@�WL +.%

��6T  ���Z 

 X/�  

1114,07 148,78 238,95 101,45 79,33 8L�W� 

CART 
66% 9% 14% 6% 5% 

 �J 8�W) /F��

B% 8L�W� 

1127,57 326,32 142,64 55,13 30,92 8L�W� 

TreeN
et 67% 20% 8% 3% 2% 

 �J 8�W) /F��

B% 8L�W� 
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