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; ������ ASAR ���
N�� ENVISAT ���; �� C 

�� ���; .���� 
	 )�� � � �N ��
� \����7 ���H 
�'�� {
;�� � 
; ������ PALSAR ���
N�� ALOS ���; �� L 

F
$��! �^
7 HH �� ���;. 2��A) �� �I�� D�gQ�� 
	1( . 6�� ��� ���� F���  

  

j�=D1 :���� ��_�	�  �=J�J> 5�
ASAR  �ALOS 

�����# �H,�   &� ���:0

��
�� SE��  

 ���=�� ���X0

 !�D ��

 �@�.&�

(K"A�
)  

 ���=�� ���X0

 c�� !�D ��

(K"A�
)  

 ���:0�� e��#�

(�%�)  

    �`E�=F

 &��� ��;�-

 ���@
�� ��

(�%�)  

 �� ��;�-

 e�6J
 ���@
��

 5����# �.@_0

(�%�)  

 
e�� 

 U�& /.��0

�.@_0  

1705,227  6,230  24,712 -  26,885  76,664  2158,191  240,858  C 29/01/2007  

28/04/2008  

2159,827  3,308  13,536  11,498-  242,250  6545,574  265,034  L 20/09/2007  

07/05/2008  
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��E 7��  

�N��� ���� \�� 
; �U�� �N�u7 \��- �N ���� \����7 �
V�� 
; �N��� ���� )�N \�� 64Q� .6�� �� �0$7

 cd� �6'�� j���� � ��g, ����K�  � ��� ��� 
.<�� �� .�� )������ ����$� )�N ���� �N��� ���� )�N 
�'�  �;

�� �� .�� )��� 2�� P� ��k ���, )�N ���� �; �N��� ���� \����7 ���
N�� )����� )�N ���� �� �N��� ���� 
.<

 )�N ENVISAT  �PALSAR  ������ �� |$,�, 
; )�����ASAR  �ALOS  \����7 �� �+; .�� ���[���

 �� YL��� �)����� ���� G���, \�� )�$� ��	 
; � ��	 8 � j���� )��; �ggQ, )�N ��!'� j�� Y �L �� )�,
$d��	

; cd� .�� 8$$+, 64�� M�+� 
.<�� �� ��� �'�+� YL��� � �<�
� �64�� �� �7 �� ���� M��
/ 6���� )��

 ��
� 
_:�� �� 8$�� 64�� G./ 8$$K, �
V�� 
; �+; 
.<�� �� .6'�� ���H � ����� 8$�� 9:� �� �N��� ����

�� 8$�h0N .�� G$.?, 
 !�, !$� )%
&���$N �W��� )�;��	 ������ 8$�� 
; {
;�� )�N ���� 
+&�:�  Y$_?, 8 �

 P� � ��4 � 9:� D��$$E, �� G]�< j�H�� �; 64����' 
���� � F�!$� )��; )����� ���� G���, \�� )�N 
�'� 

 
	 6'�� ���H )���� G$.?, � 
4 �_� ��
� ��
; �� �$&
, )����!$7 � �N ��N��� )�N ��k 
.$�
; 
	 ��$��� �

�� 
+&�:� 8 � �� Y$_?, j���� G<��� )  GU�3( ���� ���� �. 6�   

  
KA 3 : 7&���
 KF��� � 7�� �� �.��#�D �	,�  =�+@0D-INSAR   ������ :`K��2016 

  

��I�. ���� �
5 �J> KQ�=0 �� ���:%>� ��@�� 

���� �� �.W�[, ���� G���, @$�U, �� �� ���[��� )���� 
���� �; )����� )�N ���� T�� �; .�
�  
	 �� � )�N

���� �6�� �
A
� G4U$7 �N )��; b
� 
���� � ��_� �I�,  G]�< (
����) 
.]�' � ��' ����$��; �� )���� 
���� �; )�N

 ��$4; D�/�L� )��< ��' 8 � .6�� �&���� b
� �� � 8$�� 9:� � ������) ��� �L 6'�4� :G$KH �� �0I�

�����) ����� S�4$� b
� 2
L 
; 6K4� (������ �] 6K4� 
; ���  G0+&� cU/ � ��
��; 8$�h0N � (���
.$	 �N
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 ���[��� G;�H �$O � �I�, 
; � 
g, @  �� G]�< ��' 2�< 8 � �; �6�� 8$�� 9:� M��
/ � ��� 2���� b
� 8$;

6�� � �	��)  �F���U0N1997(1.  

)1(   ��' 
���� = tan � ��    √�	 + �	          

a  �b , ��
� � ��g���[��� G���, ��  

���� � �N ��� G���, 6IA 
	� �� ���H ���[��� ��
� ����$ �V�� @, D�
] 
;SLC  ��  a.�Q� P�W �; � ����; 

a+ib  
g, ���  � ���� G���, �V�� @,���  �� ���� .�
� �N) ��� G���, �� ���[��� ��
�� 7 �N ��G4U$  ��

���/� 6&�<) 8 ;6$ ?] 6&�< �� �9$ ����) 4 ;6$ ��  ����; ������)2016.(  

  

P�JA0 ��J> KQ�=0 ��R�:0 5�����  

 G���, �� ���[��� @$�U, ���� G���,b�
��  G���, .6�� ��
; D�/�L� b��Q��� �
V�� 
; c$L��E� ���U&�

 �/�[,�� 2�� �$&
, 2�K�� 
; ^�; ���U� @$U[, �< �; )����� � 
g, b�� ��' T���� �� ���[��� �; )����� ����

 �84��N) ���K$� 8$�� 
��
7 � ��;�A � GU� �$$E, F�!$� �����; � 
_:��2001(2@$�U, . ���[�����
� �� 8 � 

\�� 
; @$�U,  G���, ���� )����� D-InSAR  |_.� 6�� .�� G���, ���� �)����� ��' G]�< �� �� � 
g, 


�'�� ��� �� @  
_:�� 8$+� 6IA �$&
, G���, ���� G���, ���� �� .`H���� G���, ���� G]�< P�W a.�Q� �� 

� 
g, )����� 6��. 8 � �� � 
g, 8U0� 6�� G���, ���� �; �
K/ � ��[�� �  �; \�� G���, ���� �; �
K/ ��U� 

��� R��  � ��g, � ��N�$� j���� �� )����; � 
g, G0/ 8$�� 9:� �� ��; @  a_' ���KU  �
K/ S�4$� .����;

 
 ��� ���� T���� �; F��!0N � 
g, �� 
	 D�
] 8 � 
; .����� �
A� f.�Q� )�N F��� �� 
_:�� @  �� )��+��

�; �� 8$+� 
.]�' �; 8��� �� )���� 
	 � �e' �  � �
N )
U� @  �� )� �� 8 � F��� G���, �; � ��
� �� 
$I, ��

GU�) ��	 ��� � ���� G���, F�
�$� � 
g,5  8 � �6�� ���KU  �
K/ S�4$� �� �, ��;��	�7 j���� �
K/ S�4$� .(f&�

 
; ��
�$� ���[��� ���� G���, �� ��� ��� 
$I, f.�Q� )�N F��� �� 
	 )���� 
���� �; )����� � 
g, �� S�4$�


U� � {��  ���H ��
7 6?, �� �	���� 
_:����N� 
	 .�
� �� G]�< ���� G���, � 
g, �� 8 � F��� G���, �; �

�
� �� j���� ��
7 6?, 
_:�� �� �/�[,�� )�N ����; F� B��� �;  �����$��)2005GU�) (4 T���� .(P ��' 

�
A
� �� �� � 
g, 
; D�
] 
K& �  
$��< �� G���, ���� � �0� ���� ��� 
	 �N 
$��< �  
K& ) ��N��� ��� �; 

T���� )��' 
; F�!$� 2π {
;�� 6������ 
.$�
; 8$�� 9:� D��$$E, ����; 2
]� ���0, .  �; ���K� )����� )�N

 � 
g, �� �� �
A
� )�N��' F��� G���, �� G]�< )� 
g, ���� G���, 6_$_< �� .6�� ���� G���, @  ��� �


_:�� @  )��; �)����� )� 6�� 
;��� ������)2016.(  

                                                      
1 - Rocca et al 
2 - Hanssen ,2001 
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KA  )4:l+� (  ��J> KQ�=0 7�� �>=J
  $��& �� ��A� �@�� ��R�:0  ��J> KQ�=0 7�� :V   ��:J� �@�� (t0), (t) ������ :`K��2016  

  

��� G���,� �.W�[, D-InSAR )�����; �� D��$$E, 9:� SN �V��� �,�?:4� SN� �/�[,�� a�
, ��� G���,� 

�� F�$; �� ��	 .B��� F� 
;���  
�_� )����; )��; 
	 6�� ��$�� `0A )��� ���� �� 
$I, 
�_� ��?�� F�!$� 
	 5 

2�� GKH 
$I, ��� 6�� @ � 
�_� ��?�� F�!$� 
	  @  
�[N GKH 
$I, ���� 
�_�  .S ��� �� ��� 6����; {�_� 

6�� ���� 6�� 
; 
	 � ��_� )��/ 
:_� �N ����$; s�[,�� .6�� ��� �� 
�_� x�_$H� 
;��� �����; GW�[,�� 
:_� 
; 


:_� �� 
�_� 
 ��� )� �� �[] G]�< �N�
� �� .��� �e+; � ��_� �� � 
g, G]�< GW�[, �� 
�_�  ����;�[]�$O 

����$; F� 6�� 
	 �� ���� )�$$E, z� ���� 6�� .
;��� 8 � ��	 ���� F�
, )��; �� DEM G]�< �� � ��g, SAR 
	 

GKH � �+; �� ��� �� �0I� �$V� 
&!&� 
$I, ��� ���� 
; ��	 6'�� .T���� 8$; �� �� ��� ���[��� � 
g,  G���,

���� � D��$$E, �
A
� �� 9:� 
	 ���� �� 
&!&� 6�� F����� �� �N� .)��; �$&
, �� DEM� ��Ik � 
g, SAR �; 

6��' SLC ��$���
� 6�� .
	������ 8$&�� DEM G]�< �� ��� G���,� � �; | �_, �;
� �� s�[,�� 9:� 8$�� �� 

F�$; ���	 c7 � �; a�
, @  b�� � 
g, ����� �; 2
L ��; ��.; ����$&
, ���; .�&�<�� 
	 F
k 8$��� DEM G]�< 

�� ��� G���,� � �; 8 ���$; D�$ !A 9:� F�����  �N� � �; �� b�� )� 
g, �; 2
L ��; ��,
	 �, G]�< �
� .

� �N�A�� 
	 �����, �$V� �
	 6	�<�� �Q  6�� 2
L ��; )��; 8$��� b�� � 
g, SAR �; 6��' SLC � �; 

��,
	 �, ���; .2
L a� ��; � �; 
; |$,�, �� 
K,�� 300 ����20 ��� � 5 ��� )��; �$&
, DEM� )��; ����; 


;�A � �A 8$�� � )�N��;��	 
 !�, G$.?, 6	�<  �84��N) ���;2001(1. )��; 
U� � DInSAR �; 6$_'
� ���0N 

����; F�!$� ���4K0N 8$ �7 8$; �� ��� G���,� � �; �, �< F�U�� @k
	 ���; .�� YL��� ��;� �  �<�
� �; 

��
7 ��.��A ���4K0N 8$ �7 
; 6/�� z� �� �N� 
; )�
L 
	 ��A F��	 D��=� �$$E, GU� �8$�� 6����' 8$�� 

�  6	�< ��
, �Q  �� D��=� ���4K0N 8$ �7 8U0��$O �� �
� .2
L b
� )�N ��.; ��0	 �� 2
L b
� )�N ��,
	 

���4K0N 8$ �7 ������ 
; )�
L 
	 F� �N �� ���
7 b�,  F�N�$� ���$; }
[� �� ���	 � ��0	 6?, �$=>, 
���N 


7���	 F�N�$� �����H ���$� .|$/ j�� F� 6�� 
	 
;�A � �A �I�, �� 2
L a� � � SAR ������ )�$� �� �
� . @ 

��� G���, ���H ���� ��
� @  �� 
	 
:_� �� .6�� ��� G$U�, ��
�$� ��$��� ~� �' 
	 ���� )�N GU� �� �

                                                      
1 - Hanssen, 2001 



  

  

  

  

9   --------------------------------------  ��,#�- ��.�/ ��#��0 �1� 2�34 �#�$ 5.����� ...  

 

 ��� ��� ��;�A ������ @  
; ���; ���U� �
K/ )�� � l�� ~$N �� 
:_� �� 8$; �$4� 
	 �L�� 
; �����

������)2016D��=� .( )�[40,� 8U0� 6�� ~� �' )�N ������ ��� G���,� �$&
, 
; ���	 �u � ��� 
.]�' 8$; 

i ��, )�N R�� �� � 
g, x��K4� �� � ���; .
k��� \�� DInSAR �� ���� �  )�V� ���H 6�� 
;�A � �A �N �� �, �< 

�.$� ��� ������ )�$�  ��	) �F���U0N � �&�0	 s���2017 .( )��; 
$I, ��� G���,� �; 8���� b�� �K���� �� 

� ��g, SLC�; � ����0N x��K4� �^�; )�N������7 )���� Y$H� j
.+� � 2
L a� ��; �|���� �� ���
, \����7 j���� 

�
� .�� ������7 
	 T�N �$&
, DEM ���; �� 64 �; �� 2
L )�N��; ���U� ��!; �, � G]�
' ����� ��0	 ���[��� 

��� ���	 �� �,�$.0/ ����� 8 �  �N�u7 
	 T�N �$&
, 
�_� � ��;�A �� ���; �� 64 �; �� 
.]�' ����� �V��� 
	 

�� ���
, 2�� .���; ���� � �N P�Q��� �
0� 
	 )���� 2
L ��; S	 ����; �, F�U�� ������ 
; �����0N  �,^�; 8$; 

�N��' F����� )�N 1 t � 2 t � �!'� �;�  . 
k �4; �� G]�
' �����  
	 P�Q���  �� S$�	  9:�  8$�� ��k� � ��;�A  

��� ��� 
; G$&� 2
L ��; �� � � 
�$����  ����0N  8$ �7 8$; �� � 
g, ��
� \����7 F�U�� )�����U��  F� )��; 

�� �4$� ���K� .G<��� �.]�  \����7 ���� )�N ����	} T�N�; �;�$���  
; � ��;�A 9:� 8$�� D��K/ ��� ��: 

)��4$A� F��	  �� � 
g, SLC  6K4� 
;  �SN )��4$A� F��	  @  � 
g, SLC � @   )� 
g,  
	 �; ���[��� 

�� DEM )���� ��' )����  ��� 6K4� 
; �SN P�W a.�Q�  � ��g, ��$4A� ��� �� ���N 6&�< )��; �$&
,  G���,

���� � 
K��?� 
�_� TR< � ����0N )�N
�&�  ~� �' 
	 ���� 6 ��	�� 8$��  .6�� ����� 8 � ����� G���,� �

� 
g, @  GU� 
; )����;� 
g, F��� �� 8$; 
.]�'�� �� 8$�� 9:� )�I$ ��;�A  6K4� 
	 �N� �� 
(��� � ��;�A

��� G���, F
k .6�� ���� ��K$&�	 �gQ�� � 
g, S�4$� �  o�� )��K� 9:� @  
;�  G �� ��� )����� ��

 
	 �
� �� ���� 6_$_< 8 � �� s
W
� 8 � ��
� �� F�$; )�N S�4$� |.O�SAR   ���;� 8 ��;��; ����4N ���
.I7

��� G���,� ^�; �� S(�H � � )��+� 
; Y'� )����� �� � �;   .�
� G �K, �� j���� f/�e� 9$?g,�
V�� 8 � )��;

 �
A
� ���� G���, �� �
�N 6�� 8U0� ����; ���� �
A
; )���� � ��;�A �=� �� 
	 S<�!� )�N ��' ���; .�
�

���; ��' �� 8$�h0N �/�[,�� ��
H� 2�� �� �9$?g, )��; �SINT  �� ���� ���� 6��; ��' T���� .�
�$� ���[���

 \��& 
; {
;�� )�N ��' TR< 
; ��$� Y.:� ��' 
; F�$�� )��; .6�� Y.:� ��' � ��_� � 
U� \��& �)���� T��?��

��� 
.<�� .S$�4N )���� T��?�� � 
U�  F��	 �	
(% G���Wrap ��� G���, �� G]�< � ��;�A 
�_� F��	� 

���K$� )���� � ��;�A ��' TR< �; �6�� b
� 2
L fg� ������ 
; �/�[,�� D��$$E, �����	 F�$; ��' D��$$E, � ��_� .

 ��	 G �K, �/�[,�� )�N � ��;�A 
; �� G]�< Y.:� ��' F�
, �� ��<�� 
; �
U� \��& 
; {
;�� ��' �) � ����0&�

F���U0N �2016.( Phase unwrapping   )�N��' G �K,unwrap  � �I� 
�_� F��	 c��'�
(% � � ��;�A 
; ��� 

 �;  .6�� 8$�� 64�� �  8$ �7 60� 
; 6	�< ����	 F�$; �[�� � ��_� 64����' 
�_� �� .6�� 8$�� 64����'

�.W�[, ���� G���, G<��� ��
� �� ����	} |&�:� 
; 
A
,�$; G<��� ���0, � )�� �; ��� F� ��g, �����  

 )�N ALOS PALSAR�  ENVISAT ASAR �; ���[��� �� ��!'� j�� SARScape 2�0/� � ���  
�_� 
$I, F� 
�$�� �

6�� 
+&�:� ��
� 
_:�� �� � ��g, 
$I, F��� �� 64����' )�N. ���� G���, � ��� cd�  �  D��$$E, �; 64����'

��k 9:� ���;�� )����!$7 )�N  )��4&�� �V� ��
� ����� )�N�� �  �,� )�N 2�� �� 64����' F�!$� \�� 
;

 �:� F
$����8$;  ��$��� � P� 6����; � 8$�� 64�� F�!$� ��� 8$0Q,��  .  
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C��& !"	���- 5&�> j=� �J��& �.& 5�
 VM ! ���# $�S�� �   

 6�� 
; �
V�� 
;��k P� s�[,�� D��$$E, � 8$�� 64����' F�!$� 8$; 2�� F����  F
$���� \�� �� )����!$7 )�N

��:�  �� 
L
;�� � 
g, ����� 
.]�' �� 6�� ��� `H�� ��k 
	 )� 
:_� �N �� 8$�� � ��;�A ���_�S ���� 6��; .

��k P� 6����; F�!$� � 8$�� 64���' F�!$� 8$; a;���  ����; �N��. cd� �;B��� 2�� �:� F
$����  F�!$�

P� 6����; F�!$� Y �L �� 64����' �N ��k  �$7  ��$; �� 
	 ���K$� � � D�
] 
; �:� F
$���� 
&��+� .��

 ���0� 
&��+�2 .6�� ����  

)2 (  Y= a+bx  

  

Y�$7 ���_� = 
�4;�� ��$; :8$�� 64����' F�!$�  

a  6;�= ���_� =�� 
	 ����� �� 
�4;�� �$E�� F�!$����; �[] G_�4� �$E�  

b F
$���� | �W �  a� |$� =  

xG_�4� �$E�� � ��_� =: ��k P� 6����; ����!$7 )�N)  

  

�%�.c m�# �  

�.��_0 e��I��-�%J.� ENVSAT ASAR  �ALOS PALSAR  

j�����'��� � � ��g, ENVSAT ASAR   )�I&�� � 
g, b��2007  �2008  GU�) ��5.6�� ��� ���� F���  ( 
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A  K5� : �	,e��I��-�%J.�   !��- �#fint   :�.��_0  ENVSAT ASAR    

 � ��g, j�����'��� �ALOS PALSAR  )�I&�� � 
g, b��2007  �2008  GU�) ��6.6�� ��� ���� F��� ( 

  
A  K6� : �	,e��I��-�%J.�   !��- �#fint     �.��_0ALOS PALSAR    
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� �	, �.��_0 �"��
@EENVSAT ASAR  �ALOS PALSAR 

V

 

l+�

  
A  K7� : �	, :�.��_0 �"��
@E  (l+�ALOS PALSAR     (V ENVSAT ASAR  

  !"	���- $�S�� 

����?� 
	 6�� ��
; 
_:�� 64����' 
�_� �$&
, �@$�U, 8 � �� G]�< � ���  8$�h0N � 64����' )���� )�N

���; �� �� 64�� ��	��< F�!$� 6�� ���	 F�$; �� ZQ�� ����� )�N  GU�)8.(  2��A �� 64����' F�!$� f$]
,

)2.6�� ���� (  

����� o����� C�6���� ��.SE�� ���J��    �.�
 ���� 

0,011512 0,002188-  0,035260 -0,141633 C 

0,007901 0,002405 -  0,176862 -0,12079 L 
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A  K8� :!"	���- �	,  :�.��_0 C��&  (l+�ALOS PALSAR     (V ENVSAT ASAR   

 
.]�' �� 9:� 8$�� F��� ^�; F�!$� 6K�� ���/� � 8$�� 64����' F�!$� �[�� ���/� �8$�� 64����' 
�_� ��

� 
g, �� 64����' F�!$� .6�� ���� F��� �� )� ���
N�� � ��g, ����� ALOS PALSAR  �� 64����' ��	��<

 �; �;��; ����� 
_:��0,12 9:� D��$$E, F�!$� .� ��� �����; ���  ���� F��� !$� �� YL��� 
$_; �� 8$��

GU�)6��9 .(f&�  ���
N�� � 
g, ��ENVSAT ASAR  �; �;��; ����� 
_:�� �� 64����' ��	��<0,14  ���

GU�)6�� ���� F��� �� YL��� 
$_; �� 8$�� D��$$E, F�!$� .� ��� �����;8 
+�
, j�/ G$&� 
; �<�
� �e+; .(P

 6����; j�/ � )�����	 
]�/.����� ���H )��0	 64�� M�+� �� ��$��� � P�  

  

5&�> j=� �# VM ! ���# $�S��   C��& !"	���-ALOS PALSAR(HH), ENVISAT ASAR   

 .6�� 8$�� 9:� 64�� � ��$��� � )�N 
 ^ �����' F�U�� )��� SN��' G��/ �P� `;��� 
 �� �; )����; ��I;

 ��	��< )�N F
��	64�� YK:�� �; 604H � �N �� 
_:�� 6�� 
	 )���� 8 ���$; ���+, ��k �N ���
; � 
	 �_L��� 

��k ���+, �� ��0	 ���; �N�� F�!$� 64����' )��0	 S$�4N. 8 ���$; F�!$� 64����' T��L��� ��k D�'���	� 

�40� `H�� �� 
_:�� �6�� ����� 
	 F�!$� �N�	 P� �
A
� �� F� ��k 8$; 2�� )�N  1385 -1387
; 
A
, �; � 

�!  F����I� )� 
_:�� P� F����� �� ��� 
$I, )����!$7 ��k )�N ���� 5/3 ��� ��
; GU�)6��9 (P � f&� .  
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A  K9� :�	, $�S�� � �,HJ� 5��
�B VM !-� $�S�� p��H�� !"	���-  : (�%�)�.��_0 C��&  (l+�ALOS PALSAR     (V ENVSAT  

ASAR  Y$_?, )�N 
�'�  :`K��  

 ��X%��%"#��  

 � ��g, �� 
_:�� )����!$7 )�IN�k G?� �� 64����' F�!$� 8 ���$; ENVISAT ASAR� )ALOS 

PALSAR(HH   �; �; ��; |$,�, 
;13/0  �12/0 .���; ��  

j�=D 2 : C��& !"	���- ��X%�(�%�)5�%��S�
 5�
 ��B !��L@� ��  

����� o����� C�6���� ��.SE�� ���J��   �.�
 ���M 

026/0  0196/0  0102/0  1311/0 -   1385 -1387   ENVISAT ASAR 

022/0 -  015/0 -  0072/0  1211/0 -  1385 -1387   ALOS 
PALSAR(HH) 

 

 ��X%�K,%"� 

 ��� ���[��� � ��g, ����� 
.]�' �� ��$��� � P� 6����; 8 ���$;5/36�� ��� �����; ���.  

 j�=D3:  ��X%� l�;@0 �����X0! ���# M��B V 5�%��S�
 5�
(�%�)  

����� o�����  C�6����  ��.SE��  ���J��     �.�
 ���M  

756/0 969/0 -  390/0 5/3 - 1387 -1385 ENVSAT ASAR 

759/0  876/0  39/0 5/3 -  1387 -1385 ALOS 
PALSAR(HH) 

 

�HQ $@�>�I�  

 ��!'� j�� �� )���� G$.?, 
 !�, �
V�� 
;spss  64����' F�!$� �$E�� .6�� ��� ���[��� �:� F
$���� \�� �

 2���A �� G]�< � ��� .6�� ��� f �+, G_�4� �$E�� ��$��� � P� 6����; F�!$� �$E�� � 
�4;�� �$E�� F�
�/ 
;

4 �5 .�
� �� ��N���  
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 j�=D4: j=� �;qQ  

�%-�. K.=�0 C���0 O.�R  C���0 O.�R  �6%"��
 O.�R   j=�    

610/0  65/0  726/0  1 ENVSAT ASAR 

531/0  59/0  740/0  2 ALOS 
PALSAR(HH) 

  

�F�!$ ��4K0N �F��� 
:;�� D�� ���N� ;8$ � P� s�[,���  ����$ 
g, �; 
_:�� �� 64����' �;�  ASAR 

�� .���;  2��A YKL 
	4 ��F�!$ ��4K0N �726/0  �� �� F��� 8$$+, | �W .���;  �N�65/0 �F�!$  64����'

 6����; 
;���4; P�  � ����35 � G��
/ 
; �]����  ��4;� ���� 
A�� ���+, 
	 6�� 8 � | �W 8 � 2�U�� .

�� ���[��� ��� G �+, | �W �� x^
0+� GU�� 8 � `'� )��; G$&� 8$0N 
; .��$� �0� �V� �� �� )����  
	 ����

 ^�; 2��A YKL610/0�� �] ��  .���;���4K0N F�!$� � ��g, 8$; PALSAR(HH)  P� ���  

����$743/0��  8$$+, | �W .���;� 59  �]�� ��� G �+, | �W F�!$� �53/0  �� .���;  

  

 j�=D5. �HQ $@�>�I� O.�Rb  

$�@# �HQ �
  �J�� GH>

5��� 

 ����M

�0 

 O.��R

 ���=��%>�

�=  

 ���=��%>� O.��R

�=	� 

j=�  

 e�@0 K���

r��.��� 

r����0 Beta Std error B  

1 1 432/0  798/0  726/0  005/0  004/0  !#�^ ENVSAT ASAR 

00/0  588/5  004/0  025/0  VM ! ���# 

1 1 219/0  258/1  740/0  005/0  006/0  !#�^ ALOS 
PALSAR(HH) 

000 814/5  004/0  021/0  VM ! ���# 

 

�HQ $@�>�I� c.�%� l�;@0   ALOS PALSAR(HH)  �ENVISAT ASAR  

 ��, ����� ���� ��������� | ��W ����� ��������� | ��W �6;�= ���_� 
.0A �� F
$���� G$.?, �.]� �A��� 2��A

9:�  2��A) 6�� ��
0� 
K��?� �� F�
; �:� SN � )��� ��+�5 F
$���� | �W .(B  �� ���� 6�� 
; � ���

 2��A5 �� F���  � ��g, �� 64����' �$E�� F
$���� | �W 
	 �N�ENVSAT ASAR  �ALOS 

PALSAR(HH)  �; �;��; |$,�, 
;004/0 �006/0�� �  ���;  

 | �W���������  ���Beta  2��A )�N 
�'�  YKL5  ��� ��������� | �W F�!$�726/0  �740/0  )��; |$,�, 
;

 � ��g,ENVSAT ASAR � ALOS PALSAR(HH)  .6�� ��� ���� �;  

 ���� ��������� | �W 2��A )�N 
�'�  YKL5  ��������� | �W F�!$�����  P� 6����; F�!$� )��; 025/0  �

021/0  � ��g, )��; |$,�, 
;ENVSAT ASAR � ALOS PALSAR(HH)  .6�� ��� ���� �; 
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2��A �� !$� F
$���� F�
; ��� ��+�5  9:� 
	 ����99%,  Sig =0.0   �� ��0	05/0 �� �� ���;  {�K���� F�
,

�
0� 
	 ��� ��+� 
:;������ �
A� 8$�� 64����' F�!$� � ��$�� � � )�N P� 6����; 8$; ).  

  

�HQ �
  

����; 
���� �
A� F
$���� 
&��+� @  �� �:� SN ��� :c���.,( f&�  2����0  .���; ����
��; � ^�; ��K�/� �� ���
,

��0	 �:� SN F�!$� ���; �, @ �!� @  ��/ 
; 
k �N c���., ���_�  2��A 8 � �� F� ���_� 
	 .6��1  �����;

.������ �:� SN ��u � 
�4;�� � G_�4� )�N�$E�� 8 ��;��; �6�� ���  

)c�� ��� j�
, G��/ ( PVIF�� 
�$�� ���; ���$; G_�4� �$E�� )��; ���_� 8 � 
k �N (  �_� �$E�� 
	 S �$�

�����7 8 � 
k �N .����� �N �$E�� 
$_; 6K4� 2�� �� )�� � �� �2  2��A .6�� ���$; �:� SN ���; ����!;5  ���_�

 .�N�$� F��� �� ������7 8 �  

 
; 
A
, �;� ���  
; ��$�� � � P� 6����; �=� �; 8$�� 9:� D��$$E, F�!$� ��$; �$7 
&��+� F�
, �� G]�<

 )�N 
&��+� �� F� � ��� 
	 .6�
� � � D�
]3�4 .6�� ����   

)3 (  x ×y=0.004+0.025  

x  : P� 6����; F�!$�  

Y  :  � ��g, 64����'ENVSAT ASAR  

 : 6;�= ���_�004/0  

 | ��W  :P� 6����;025/0  

 � ��g, �� ���[��� �; 8$�� 64����' F�!$� � ��$�� � � P� 6����; )��� 2�� � ���ENVSAT ASAR  F�$;

 
	 ��U$� �N )��� 
;��� P� 6����; �� �$$E,025  /0  ���[,�� �� �$$E,6�� ��� ��� �  s� . 

)4 (   x×y=0.006+0.021 

  

X  :   P� 6����; F�!$�  

Y  :  � ��g, 64����'PALSAR(HH)  

 : 6;�= ���_�06/0  

 | ��W  :P� 6����;021/0  

 � ��g, �� ���[��� �; 8$�� 64����' F�!$� � ��$�� � � P� 6����; )��� 2�� � ���ALOS PALSAR  ��� F���


	  �N )��� 
;��� � 6����; �� �$$E, P021/0  ���6�� ��� ��� �  s�[,�� �� �$$E, . 
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�� �W�< �N�u7 F��� �;�  ���� ���[��� �; �N �� \��IDW :Inverse Distance Weighted  �� � 6�� ��� j����

F��� .6�� 
���� �;�  F��� )�I��� � �� 
; 6K4� )��0	 �:� F�!$� �;�  ���� )�N D��$$E, s�[,�� �k� )�N 

D��$$E, �)����!$7 9:� ��k P� )�N ���;�� �� )����!$7 )�N ��
� ����� ����; 6?, �V� 
	 ����� ���H �N�	 

s�[,�� P� ��k )�N �[�� ���/� �; �� )����!$7 � � �!'� s�[,��  P� ��k )�N )�N��/ �; �)����!$7 6K��   ���� F���

GU�) 6��10.(  

  
KA 10 (�%�) $�E��� �S. �,HJ� 5�%��S�
 5�
�B VM g�:0�� �����X0 �#�. $��� :  

  

 
	 )� 
+&�:� YKL��m$ 7� F���U0N � ���� �� �N)  ���,�;�  ;8$ 2�� �N)1372 -1380 ��g, ��   
; {
;��

ENVSAT ASAR  �����; �����1382 -1388  6�� ���!  - ���
0� ���[��� F�	���  
	 ���$�� 
�$�� 8 � 
; �;

������ B��� �)�$ )�N  ���,�;�  H�Y$ �� ��	��<z 4����' 687/11 ����� ��� ������ B����; � 2�� �� �)�$  G���,

����  64����' z�� ���_� ��	��< �����12 ���� � ��� ���� 6��; 2�� �� .����   ���,�;�  H�Y$ ��� G���, �� 

�����) ;����$ 
� Y;�:,� P8  ����   ��
;� �7 m$��) 6��2007 �� 6����' F�!$� ��	��< �W�< �N�u7�� �&� .(

 � 
g,ALOS-PALSAR  �; �;��;12/0  � 
g, �� �ENVSAT ASAR  F�!$� 
;14/0  6�� ��
;  ���.  

  

���%� 5��I  

8 � 6 � �� � 2���	 �� ����� j�!& �F�� � �� 64����' )���� ��+�� YL��� �
A� G$&� 
;  
; )���W )��� YL���

6�� ��
��� � �7 � Z$Q�, ���$; �$7 G]� 
� �; 64����' �:� �; � ��� �� .���$� �V�.  �$7 ������ 8 � ��

 ��I; �64����' YL��� � ����� 8$�h0N � 2���	 � ��$; �$7 �
V�� 
; �� �7 8 � ����N )��4&�� 
�
� �N ��$�

^�; �
A
� �U$,�
(% )�N ��!;� �� )�$� .���; �� Y$H� �;�  ���, � )����� ���� G���, @$�U, Z� �� �7 F�� � ��
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2�� �� 64����' \��!� � ��� j���� �,�+&�:� )�N��	 YL��� �� ���; �� � 
���� �
A� 
��R� )�N  �� � �N

6�� ��� F�$; 
_:�� 6$+W� .2�� �� !'� F� 
; {
;�� �&�4U�� � )
A D^�!� �N�	 G$&� 
; �$�� )�N � �

 P� b��Q��� ����k P� )�N 
�'�� D��  �� �7 � ��, J/�; G��/ 8 � �  64����' 6./ 8 ��0I� .6�� ���


_:�� 64����' 
W
< �� 8$�� 9:� )� ��[� S	��, �@�� 
0$� � @�� YL��� �;
�� )�N  ��$��� � P� )�N

�; b��Q��� �=� �� �� `;��� 8 � �� 
 ��� ���� .6 )�N � �$0$� ��� A��
 @0� )�N G;�H G< �� P� �� G��/ 

 �  ���$K��E Kanikau F���  ���) �F���U0N � �� ���	2012.(   

 �K���� 6$'�t Y$_?, 8 � �� )����� ���� G���, \�� )�$���U; 
	 �� ���� F��� ��� 
(��� J<�K� 
; 
A
, �;

 8$$+, �� �� F� )�N 6$.;�H ��F�!$�  ����?� 9:� �� 64����' 
���� � 
$<�� a$?� �U�� .��	 �'�+� ��

 T���� ���� �� �K���� 6H� ���	 G �+, �� 6;
L� �=� �u � 
; �[40,� D�K$	�, �� ���� ��' �$$E, �=� �
+&�:���
�

 �� )����� � ��g, ��' �� ����0N �� �&�k �N�$� ��
7 F��_' 8$�h0N .��	 SN��' �� 9:� � ��;�A �� ���� ��'

 ���; ��C  H��< 
;���; ���� )��; 
��$&�� ����� ���; �� ��' �$$E, ���� F�U�� � .����� GC   .��	 �4$� ��w4 �_� 

8$; 8 � �� w�_� � ��;�A ���/� 
	 ��� F��� � ��;�A �� �� 
�_� �; 2
L )�IA
� @ �!� �D��[�� ���K$� .�; 
A
, 


; ��N��� 
_:�� @�� � j�� �0$.H� a ��� S$�U$� 
	  F�!$��� 64����' ��	��< �� 
�_� � �I� x�K �_, 
;��� 

.���; ��  
	 ��� F��� \�� 8 � )�$� ��U; �� G]�< )�N 
�'�  {�K,�� ���,���, ��$�� � � P� 9:� �N�	 8$;� 

.���� �
A� 
+&�:� ��
� 
_:�� �� 64����'  ���$; �
� �� j���� P� 6����; 
	 � �N F�U� �� 64����' F�!$�

 .6�� ��
;GU�) 6�� ��� �� � ���� � ����� ���_/ ����] �
$(��[; �F�	��� YL��� �� ���$; 64����'9.( 

 .���; �� �N ��k T��L� �� 8$�� 64�� �; ���0N 6'� 8 � � ��� �N�;� � �� 6'� ��k� 
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Abstract  
The phenomenon of the subsidence of the Earth is called the downward movement of the Earth's surface, which 
is not easily identifiable and quantifiable due to its slow evolution. The most appropriate method is to use radar 
data and differential interferometry techniques. Since physical compression and pressure drop are the main 
causes of subsidence in the places where water is extracted, D-InSAR's integrated zoning and its simultaneous 
investigation with subsurface factors reflect the anomalous deformation pattern created by subsurface factors. It 
shows well and demonstrates that the use of D-InSAR has been helpful in subsidence navigation. For this 
purpose, the D InSAR radar data interferometry method was applied to ENVISAT and PALSAR radar satellite 
data from ASAR and ALOS sensors in 2006-2008, respectively. Ambient drought moderated the effect of phase 
change caused by atmospheric compounds, and the lack of challenge vegetation minimized the coherence of the 
phase radar images and made it possible to measure changes in the C and L band radar data annually. The 
maximum displacement was estimated by the C band of 0.14 m and by the L band of 0.12 m. Finally, we 
modeled the statistical results of the groundwater of the region and the amount of subsidence estimated by the 
mentioned radar images by the linear regression method. There is groundwater, concerning ASAR image per 
meter change in groundwater level we will have 0.025 meter change in ground-level elevation and PALSAR 
(HH) image per meter change in groundwater level, 0.021 meter change in height we will have.  

 
Keywords: Land subsidence, Groundwater, Differential interferometry, ENVISAT, PALSAR. 

 

  

                                                      
* Corresponding Author Email: Almodaresi@iauyazd.ac.ir 



 

 

 
2  ------------ ---------------------- - - -------------------  Radar Analysis Approach to Assess the Status of Hydromorphotectonic … 

 
References  
References (in Persian) 
Almodaresi al Hosini, Ali, Hatami, Javad, & Sarkargar Ali. (2016). Calculation of Physical Properties of Snow Using 
Differential Interference Interference Interference (SARS) and Radar Transducer (MODIS) and Modis (TerraSAR-X), 
Remote Sensing System of Geographic Information System in Natural Resources (Seventh Year, No. 2), Summer 2016, p. 7 
[In Persian]. 
AmighPayam, Masumeh, Arabi, Siavash, Talebi, Ali & Jomour, Yahya. (2007). A survey of subsurface regions of Iran based 
on geostationary data. Geomatical survey. 2007, Tehran, Iran [In Persian]. 
AmighPayam,Masumeh, Arabi, Siavash & Talebi,Ali 2009). the application of interferometry radar techniques in the studies 
of the drawdown areas (case study: Yazd drawdown) geomatics meeting articles Conference, Tehran, Iran [In Persian]. 
Emami, Sedighe. (2016). Evaluation of active regional dynamics using D Insare technique and comparison between 
wavelengths C, L, Yazd Ardakan [In Persian]. 
Gobadian, A, (1982). Natural Image of Yazd Province concerning Desert Issues [In Persian]. 
Komakapanah, Ali, (2007). Study of the causes of land degradation in Yazd plain-Darkan, Transportation Research, Faculty 
of Engineering, Tarbiat Modares University, Tehran, Iran [In Persian]. 
Omidvar, Kamal. (2005). Final Report of the Research Project Synoptic Analysis and Analysis of Sandstorms in Yazd Plain 
of Ardakan, Yazd University of Humanities. [In Persian]  
Porkermani, Mohsen. (2000). Seismic zoning plan of Yazd province, Volume I Geology of the construction of Yazd 
University. [In Persian]. 

Soheilifar, Mohamad. Reza, (2010). Radar, Ailar Publications, Tehran. [In Persian] 

Zarea Kamali, Mojtaba, Almodaresi al Hosini, Ali & Naghdi, Karim. (2017). Comparison of vertical displacement of the 
ground using SBAS algorithm in radar bands X & C (Case Study: Land of Tehran). Remote Sensing System of Geographic 
Information System in Natural Resources (Year 8, Issue 3) Pitch 2017 Page 2,15. [In Persian] 
 
References (in English) 

Cascini, F., Fornaro, G &  Peduto, D.( 2012). Advanced low- and full-resolution DInSAR map generation for slow-moving 
landslide analysis at different scales. Engineering Geology 112, 29–42. 
Cigna, F., Osmano˘glu, B., Cabral-Cano, E., Dixon, T.H., Avila-Olivera, J.A., Gardu˜no- Monroy, V.H., DeMets, C & 
Wdowinski, S., 2012. Monitoring land subsidence and its induced geological hazard with Synthetic Aperture Radar 
Interferometry: a case study in Morelia, Mexico. Remote Sensing of Environment 117, 146–161. 
Chaussard. E, Wdowinski, S, Cabral-Cano, E & Amelung, F. (2014). Land subsidence in central Mexico detected by ALOS 
InSAR time-series, Remote Sensing of Environment Volume 140, Pages 94-106. 
Hanssen RF. (2001). Radar interferometry: data interpretation and error analysis. Springer Science & Business Media. B.V, 
page 308. 
Herrera.G.Al Varez Fernandez,M,L,Tomas , R,Gonzalez-Nicieza, C,Lopez-Sanchez,J,M & Alvarez Vigil, A,E (2012). 
Forensic analysis of buildings affected by mining subsidence based on Differential Interferometry (part III), Engineering 

Failure Analysis, Volume 24, Pages 67-76. 
Mather, PM, Koch, M. (2011). Computer processing of remotely-sensed images: an introduction. John Wiley & Sons, 460 
pp. 
Paul E. (2011). Detecting Prehistoric Landscape Use through Remote Sensing in NW Arizona, USA. 2011 GSA Annual 
Meeting in Minneapolis, 9–12 October 2011, Page 111-14. 
Rocca, F, Prati, C. & Ferretti, A. (1997). An overview of ERS-SAR interferometry, 3rd ERS Symposium, ESA, SP-414, 
volom1, Florence, Italy, 14-21 March 1997. 
Salvi S., Stramondo S., Funning G.J., Ferretti A., Sarti F. & Mouratidis A. (2012). The Sentinel-1 mission for the 
improvement of the scientific understanding and the operational monitoring of the seismic cycle. Remote Sens.Environ., 120, 
164-174. 
USGS (United States Geological Survey), Research and Review Information Located, Assess on September 

2011:http://water.usgs.gov/ogw/pubs/fs0016. 




