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Iran has vast mountainous regions and due to its geological, climatic, and seismic 
characteristics, is prone to numerous landslides. Given the diversity of 
topography and climatic conditions, this hazard occurs in many mountainous 
areas across the country. This research aims to identify zones with landslide 
potential and to mitigate the risks and damages caused by this hazard in the 
Damavand basin. The Damavand basin, with an area of 757.8 square kilometres, 
is located in the northeastern end of the Salt Lake basin. The methodology 
employed includes a combination of library studies, field surveys, and the use of 
radar images. After conducting field investigations and interpreting aerial photos, 
over 500 landslides were identified. Subsequently, 13 possible factors affecting 
the landslide occurrence were extracted and mapped. To prepare a landslide 
susceptibility zoning map, the Frequency Ratio (FR) method was utilized, 
resulting in a map with an accuracy of 81.7%. In this method, three factors of 
Normalized Differential Vegetation Index (NDVI), slope and Topographic 
Wetness Index (TWI), which indicates the amount of water accumulated in 
different areas, have the greatest impact on the occurrence of landslides. 
Additionally, the Differential Interferometric Synthetic Aperture Radar (DInSAR) 
method was used to estimate the amount of ground displacement and identify the 
active slopes of the area, and the necessary processing was done on Sentinel-1 
images in two years. The results showed that the most significant mass 
movements are observed in the northern regions of the basin. Due to the very high 
accuracy of the ground displacement maps and landslide susceptibility zoning, as 
well as the concern about identifying hazardous zones, the study area was divided 
into three zones. The final map can be used as a framework for monitoring, 
planning and adopting a suitable strategy for sustainable development in 
susceptible areas. 
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1 -Normalized Differential Vegetation Index (NDVI) 
2 -Topographic Wetness Index (TWI) 
3 -Density Ratio (Dr) 
4 -Quality Index (Qs) 
5 -Receiver Operating Characteristics (ROC) 
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1 -Gee 
2 -Area Under the Curve (AUC) 
3 -Co-registration 
4 -Deburst 
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1 -Topographic Phase Removal 
2 -Goldstein Phase Filtering 
3 -Phase Unwrapping 
4 -Https://scihub.copernicus.eu 
5 -Descending 
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.
"� ��
��� ?>�H <.�>E 4A&D �4���� �� 4�6� 
H� !���� � $>�.��� 
�K  !��� ����2"� ��
 � ;<=5 >�K4�$.�K  ��

30 ) �_��150 ���� (;<=5 4> 43 $�.���E $#<=5 ��
 �.��) ���B2"� ����&> ��# M�N2�� $���X� C�&_ ? #)6(. 

!��� ����2"� 4�6� $>�.��� g.�2� 4�6� 43 
"� �E ��.&) ;<=5  4���  ���>4���;�� �� ���B2"� �> ��#  FR  tW" �>

 $�h�� �.�7/81 $� $V"��� � M&'W� 
H� ����� ��_��  �!��dI
 .�#�>>�K 4�6�4$.�K  $�h�� �.� tW" �> !���

2/74  $.e�> 
H� ��_��$� ���� �� �
�. 
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(�)  (L)  (Q)  

      
(\)  (%)  (])  

 M4�3�	38 : (��L >CB��
 (Y0� :%�
  �@KG0^CE (Z  ��E�C�<", (� �_�� (� �7�+9�� ([  (� �_��NDVI� ��'�= (Q ��`18��H (L   L�

 (] ��8�W��� L� ��'�= (% ����, L� ��'�= (\ �M)`TWI�   (&  �a�C�8� (Ob�8 a�C�8� (c  �dNE a�C�8�e�  

      
(O)  (&)  (c)  

M4� 3: ����� 

 O�1,3: ��3�:� 8����= <�)8� ��E�����H �1�% L:���� �
% �R-� M��-� 

M���  ���   M)4�
 1'�� @KG0  ��� �
 M)4�
 1'��   ��13�FR  

J�B���  

(�2�)  

1500<  2,56  4,53  0,565  

1500-2000  19,60  43,18  0,454  

2500-2000  53,69  31,31  1,715  

3000-2500  22,16  15,66  1,415  

<3000  1,99  5,33  0,373  

b�#  5-0  2,84  10,57  0,269  
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M���  ���   M)4�
 1'�� @KG0  ��� �
 M)4�
 1'��   ��13�FR  

(4K��)  10 -5  5,40  19,81  0,273  

20 -10  20,45  33,06  0,619  

30 -20  38,07  24,23  1,571  

<30  33,24  12,33  2,696  

b�# 
�K  

��&I
  0,00  0,02  0,000  

+�I#  19,89  11,37  1,749  

+�I# ��#  9,66  9,29  1,040  

��#  8,81  8,01  1,099  

M&�K ��#  9,66  11,47  0,842  

M&�K  15,91  17,86  0,891  

M&�K M�i  13,07  17,45  0,749  

M�i  11,36  12,30  0,924  

+�I# M�i  11,65  12,23  0,952  

r�" $"��#  


'�" ?�# � r�"  1,42  0,57  2,503  

4"�� r�"  1,70  0,64  2,679  

4"�� ���� � ?�# �r�"  0,28  0,22  1,263  

4"�� �?�# 
'�" � r�" r�"  8,24  7,28  1,131  


'�" ���� 4"�� � ��� r�"  3,13  2,97  1,052  

4"�� � ���&'��3 r�"  13,92  19,08  0,730  

���&')E � P&�  37,22  34,44  1,081  

r�" Q
E  17,61  11,16  1,579  

r�"  Q
E$����  3,41  1,71  1,988  


��&5��  0,00  0,21  0,000  

 O�1,3: ����� 

M���  ���   M)4�
 1'�� @KG0  ��� �
 M)4�
 1'��   ��13�FR  

r�" $"��#  
�<.��� C�>&"� � 
��>E ��  11,36  20,06  0,566  

r�" !.�jE ��
  1,70  1,65  1,030  

$
��) 	#&� `3��� a@�#  

0<  0,00  0,11  0,000  

0 -0,2  88,92  88,23  1,008  

0,2 -0,4  9,09  10,56  0,861  

<0,4  1,99  1,10  1,810  

$)����>  

$'��)(�2�  

275<  1,99  6,04  0,329  

275 -350  21,02  20,96  1,003  

350 -450  31,25  41,85  0,747  

450 -550  29,83  22,02  1,355  

<550  15,91  9,13  1,743  

?-) �� 4'_��  

(�2�)  

100<  14,49  10,40  1,393  

100 -300  22,73  17,13  1,326  

300 -600  23,58  16,75  1,408  
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600-1000  16,19  15,39  1,052  

<1000  23,01  40,33  0,571  

���K �� 4'_��  

(�2�)  

250<  16,48  13,83  1,191  

250 -750  13,92  20,08  0,693  

750 -1500  11,65  21,84  0,533  

1500 -3000  25,57  24,33  1,051  

<3000  32,39  19,92  1,626  

4��@��� �� 4'_��  

(�2�)  

100<  19,89  12,64  1,573  

100 -300  31,25  22,03  1,419  

300 -600  21,88  26,61  0,822  

600-1000  18,75  24,51  0,765  

<1000  8,24  14,21  0,580  

$���)&�&� ��� a@�#  

4<  4,26  2,11  2,023  

4 -5,5  46,59  38,04  1,225  

5,5 -7  38,92  39,34  0,989  

7 -8,5  7,39  12,09  0,611  

<8,5  2,84  8,43  0,337  

u��h��  

) M�h�-(  45,45  47,83  0,950  

) ��&I
0(  5,97  5,79  1,031  

(+) ��6�  48,58  46,38  1,047  

tW" u��h��  

) M�h�-(  46,59  47,60  0,979  

) ��&I
0(  1,99  3,43  0,579  

(+) ��6�  51,42  48,97  1,050  

 u��h��`��O�  

) M�h�-(  47,44  47,09  1,008  

) ��&I
0(  2,56  2,66  0,963  

(+) ��6�  50,00  50,26  0,995  
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M4� 4: �	38  �C"
 1CH% �L ��1�DE��( @KG0 8����= <�)8 @�� �H� )FR(   

 O�1,4: ��3�:� fW�� �
% B 7-��� � bB��9 <�)8�+�< ��E�����H �1�% ��� �
% �L ��1�DE��( @KG0  @�� �HFR 

��� �NW  �
 M)4�
 ��1�9 ���   M)4�
 ��1�9 @KG0  Si/Ai  Dr  (Dr-1)2 × s  Qs  

`3 $'�@  31028  1800  0,058  1,343  0,036  

0,789  

`3  307078  40500  0,132  3,054  0,345  

L"&2�  280166  117900  0,421  9,745  0,273  

��.�  163411  135900  0,832  19,258  0,127  

��.� $'�@  54138  155700  2,876  66,599  0,007  
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M4� 5: H�, e�8 �	38��,�: -P9 @L���
 L� M'�*:� DCE�MC-1  @�� �HDInSAR 

  
 M4�6 :C�C�� ��	9f �)8 ��4���� �	38 %�
  �L ��1�DE��( @KG0  �H @��FR �H�, �(��L �:�,  

 

�D8:h i�H � 

C�&_ C��5�W� FVG �� 42��)v&X@ �� J&H��! �;<=5 (& ?��	#&� `3��� a@�# a@�# �b�# �$
��)  ���

4> $)����> � J�B��� �$���)&�&� �> b����41/16 �92/14 �84/10 �90/9  �11/9  �� �� ���~)��[�� !.�2��> ��_��

4��� ��>� !��� ����2"� $� ���� $������ 
V-� ;�� 4> ;<=5 ��#�> ? #)7.(  4�5�W� k�"� �> ?��&( !.� !����

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

T
ru

e 
P

os
iti

ve
 R

at
e

False Positive Rate

FR (AUC=0.817)

Displacement (AUC=0.742)

Random Guess



  

  

  

  

67   ----------------------------  ������  !��� �"# $��%&�� �'
( )*+$ ���� '� ���,%�� �- �"# DInSAR �....  

 

!��� ����E <=5; 
V[ C�(nG� �!���� ��
Y ( ��-B� �� ��#  C��
��� +�I(� � $.�&
 ��
 $�������# %�1�� 

 .
"� !.�������.� 	6� � �[&� ?��&( �� Q. �
 ���~)��[�� ?.e� $"��> 4> 4���� �� ���  ��G�N� !.� ���> �� �E ��


$� 42@����  .�&#	#&� `3��� a@�# ��� !.�2��>  ��� �� $
��)<4/0  ���> !.� .
"� ���� v�X2@� �&@ 4>

	#&� $���5�W� 46W�� �� 43 
-�� 
"����  $
��)$� ����.���� q�h� ;<=5 .�#�>  �� $�I
 ���� !.� ��


���D� $�& -� FG���4���� �� ��#  .
"� 42"&�� J&H� 4> �
?�5� !�I
 4> $"��> �> C�&_ ��
 ?��&( 	6� �42��)

 ��>��3 ���=� �&dI
 ���.�;<=5 ���> �� ���K �� 4'_�� � 4��@��� �� 4'_�� �$���)&�&� ��� a@�# �$A���  �


 .�.��) ��h� �$��G �� ���2/0 -0 	#&� �>  .���� ���H ���~)��[�� !.�2��> ���> 4V�� �� c��A $
��)89  �� �_��

;<=5 O� ��� !.� �� 46W�� ��
 .
"� ���� %�1�� C��5�W� FVG �> ��� ���# <30  !.�2��> b�# �&23�� ��

 .���� ;<=5 J&H� +�I2D� �� �� ���~)��[��4> $'3�&G� b�# tW" Q. ��� �> 
3�D ?��(  .
"� 	���) ����� ���

4���� b�#4���� ����.�� �> k& �� 4W>�� �
����� �
y 4>��&G  	
�3 b�# ����.�� b.�A �2����� !.� 	.�<�� �> 43

$� !.� �� 4W>�� !.� .�>�.$� ���_ <�� 	
��� �#�>y 4>��&G4> $������ 
V-� ��<�� b�# 	.�<�� �> 43 C�&_

) !���� b.�A �> $.�I�R2 (9877/0 42��. 	.�<��  $���)&�&� ��� a@�# ?��( �> 4W>�� �� .
"��  ���4<  !.�2��>

$� ���� �� ���  	.�<�� �> �C�V"�h� F>�W� .�#�>TWI4> $������ 
V-� ��<�� � C�&_ $� 	
�3 $I2.���5  
'( .�>�.

4��@��� � tW-� FG��� �� ME 
#�V�� ����� 4> <�� ��� !.�  $���h> �D TH�� �� .
"� LV��� 46W�� �� ���K ��


b�# �� a@�# !.� $� ���U �� �2I3 �
 �#�>y 4>��&G !.� 43;<=5 ���> �> $������� w�V��� �
>&G� ��<��  ��


`3 !��dI
 .���� FI(� [��$� �2��> $���� ?��( !.� ��  ��1.� ?�-��2� ����" J&� � q�@ 
��> ?�� $'��&( 43 ���)

;<=5 4���� ��.� J�B��� .�.�I� `
��� �� �
4���� C�3�D ���> �� L.��# 43 
-
 $I�� ?��&( 4'IK�� �
 � ��

!��� $� `
��� ;<=5$"��> k�"� �> .���3 C�&_ ��
 ��� �� 42��)2000 -2500 �2� J�B��� ?��( ���  J&H� +�I2D�

!��� $�� � `3 q�@ �&K� �� �.�> �� ?��( !.� 
'( .���� $5�<� ��" 4���� �� � ��&> 4����> ;<=5  FG��� � FI(

��&� C�3�D �.�" J&H� 42V5� .��3 &12-K e�> C�(�B��� �� ���.�� $��" 
"� ?I2h� FG��� !.� �� ;<.� ��^� ��. 

��.� �&" ��� ��� !.���I
 ����� g.�2� �� 43�&G��# ����� !��� J&H� �� $)����> 	6� ����.�I� $� ;<=5 �#�>y 

;<=5 J&H� 
�"�-D � ��# �2��> ;��> ��<�� J�B��� 	.�<�� �> ��.� $� �2��> <�� �
 �&#.  C�(�B��� �� ���� !.� ���

4> e�>3 �(�> +�" �� ���.� 	N> �� ����VN. ��.�� � P�> ;��> 
'(q�@ ��.�� ��� %�( !��dI
 � ��# $.��


5�@� 	
�3 � �
����" J�V#� ���> $��3 ME �&K�!��� 	
�3 ?.e� �� e�> C�(�B��� �� $��-�� ��
  ;<=5

$� C�(�B��� !��� .�#�>  �� 4> ����> ��[�� .���� 46W�� �� �E %��� ���� � $)����> ���6� �> $ .�<� w�V��� ;<=5

 ��� 	.�<�� C�&_$� $#�> 
���6� 	
�3 � ��&�  ��� �� $)����> �&23�� ��� !.�2��> �2"�� !�I
 �� .�#�>

<550 $'������ v�X2@� �&@ 4> �2�  4> .
"� $)����> ��.�� ��&> b5�i � $���5�W� 46W�� ��&> $��2-
&3 ?�5�

 �(�> 43��� 	.�<�� � q�@ �� $���o&� ����� 	
�3 41�2� �� � 4���� ��# J�V#� t5�X� �� �~B�� ME �

?� ���E 4I
 41�2� 43) 4���� ���
�$� (
"� t5�X� $#�> 
���6� 	
�3 �
  �� $.e�> 
�I
� �� �&23�� !.� ��&#

!��� ���@� +�I2D� ����&@�> ;<=5 .
"�   

+�I# � +�I# C��K ��[&� ?��&( �.�" ��  !.�2��> �> ��#
V-�  ?��( .����� �� ���e�> ;<=5 J&H� +�I2D� �$������

> �2��> �b�# 
�K4$� 42@��# ?I � �&23�� ��&�( r�" ?��( �� .�&# 
'�" ��� 4" �$"��#  �?�# � r�"
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4"�� r�" � r�" $� ���� �� 
�"�-D !.�2��> $���� Q
E ��� !.� 
.��3� .��
�  �&dI
 $.�
����" ?��# �


5e ��&)�� �C���>$� ��d�5� � � �5� �!-� ��& r�" ?��# e&I�� $���� Q
E � $���� �$'�# ��
����" .�#�> ��


����&
 � c��A4> 43 ��2-
 ��4���� �� ��.�	.�"�� .������&@�> $3��� ����.�� �� �b�#�� ��
  ���.� ��.~�

%��� � %� h2"����-> ��.~� �q���  s�2V-� 
�"�-D ME 4> ��.� � %�&� ~�
�_&X@ 4'IK�� e�> ��.��
  !.� ���>

r�"$� �
4> .�#�>r�" 4�&��.� $'3�&G ����&@�> $>&'W� s�2V-� $#�> 
���6� �� �$��VG � Q�@ 
5�D �� �


ME �> C���1� � 
>&G� M~K �� Y� ��� .��2-
4> �$�����.� � $hW" ��
$� 
���6� 	
�3 ��U� C�#�� .����) 

 ��.� �&"2/37 � �_��?3 
D�-� �  ;<=5 
V[ ]�3 ����" �� ��
 ��#  .
"� ?-)  �
 <��$� �> ����&�  ��1.�

$�2- # �. � �
  ��� !��� J&H� +�I2D� ��&@ P��G� �� ��#��@ ��
  �> b�3�� �� ?��( !.� .��
� 	.�<�� �� ;<=5

����.���� J&H� �� ?��&( �.�"��� .��2-
 �[\� �
  ��
100<  �600-300 �> �2� ����� �� ;<=5 J&H� +�I2D� !.�2�

 42"�3 $������ 
V-� ��<�� �� 4'_�� 	.�<�� �> � $� $"��> .�&# ���� �
 ?-) �&K� 43 
"� !.� ���
�  ��� $'_�

!��� J&H� �>$> 46W�� �� ;<=5  c'2N� ?_�&� �� $���B2� ��
��2�� ����K �� 4'_�� ?��( �� .
"� ��&V� ��[��

_�� �� .�# ��
��� �.� 4'250  �
�"�-D 	.�<�� �2�1500 -250  �E �� Y� � 
�"�-D 	
�3 �2����>��  	.�<��

$� ��
��� 
�"�-D $> !.� 
'( .�&# $� �� $I^���� 4V'i �� ��&�  ��� a@�# �b�# ��^� ��.� ?��&( ��


��� �> $)����> � $���)&�&� 6D !.� �� 4�.� J&A&� !.� .
-��� ���K �� 4'_�� ?��( ��
 �[&� ?��&( 43 ���� 
6�

!��� J&H� �� ���d�� Cn���� � 	� I
�> ;<=5 $� ��.� <�� 
��VG �� J&A&� !.� 4 �.� �I3 �42#�� �� ME .�&#-

> $hW" ��
44��@��� v&X@$'_� �� $ . `
 �
4��@��� .��2-
 	.�"�� ?��&( !.��4���� b�# ��� ��
 � �


���&.� $� 	.�"�� �� �&@ ��-� ��
$� �(�> b�# ��� �� �&K&� t5�X� ?ID � 	.�"�� .��
� �� $�N> �&#

4���� ;<=5 ?>�6� �� 43 %��6� ��
����$� 
���6� �
����3   J�&�� �.�" � ;<=5 ���> L.��# � ����> !�> ��

����.����!.��� .���) `
��� �
���  
V-� ���6� �4��@��� �� 4'_�� 	.�<�� �> <�� 4�5�W� !.� ��$� 	
�3 $������  ��>�.

4>��&G ��� 43100< $� ���� ;<=5 J&H� �� �� ���~)��[�� !.�2��> �2� $#�� u��h�� C��[� .�#�>   43 
"� $5�2�3 ��

4���� �� ME T.�" 
3�D � q�@ 	.�"�� ��.�� �> u��h�� �.��6�  u��h�� � u��h�� ?��( �� �� �2"�� !�I
 �� .���� �


��� �tW"  +) ��6�`�� u��h�� �&23�� �� � (��� O�  �&@ 4> �� $������ 
V-� ��<�� !.�2��> M�h� � ��6� ��
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